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Aim. To investigate the process of enhancing the self-organization and self-regulation of chernozem towards
natural organization under the impact of long-term soil-protective surface tillage and to determine its impact
on enhancing the ability of chernozem to adapt to environmental changes, preserving agroecological stability
of the agroecosystem of the Left-Bank Forest-Steppe of Ukraine. Methods. Field, laboratory, computational,
mathematical and statistical. Results. The complex years-long studies (1992—-2015) demonstrated that the com-
bination of soil-protective technologies of cultivating crops in the agroecosystems is a factor of affecting the
character, orientation and self-regulation of energy- and mass exchange in a complicated network of interac-
tions and interrelations of chernozems in agroecosystems. The determinant and governing impact in restoring
the fertility of typical chernozem in the Left-Bank Forest-Steppe of Ukraine is soil-protective technologies of
cultivating agricultural crops, based on surface tillage. The energy-wise appropriateness of creating the porous
space of chernozem in conditions of soil-protective treatment should be deemed as thermodynamic code of
soil formation or the process of implementing the “memory” about the morphogenicity of spatial soil form of
chernozem of a high self-organization degree, which is in direct correlation with the process of enhancing the
residual features of natural soil formation and accumulative orientation of fertility indices. Conclusions. The
soil-protective system of agriculture should be viewed as a complex of methods and technologies of systemic
or ecologically reasonable use of anthropogenic and natural energy resources. It creates the background to
solve the main problem of agriculture — rational use of chernozem fertility with simultaneous extensive resto-
ration, which ensures more complete use of the bioclimatic potential with optimal exploitation of natural and
anthropogenic resources of the Left-Bank Forest-Steppe territory.
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INTRODUCTION

Modern agriculture is organized with the violation
of the systemic principles, due to which the ecological
crisis is in the very conceptual essence of its classic
paradigm. Soil-protective agriculture (SA), based on
soil-protective technologies of cultivating agricultur-
al crops using surface tillage, should be organized in
accordance with the laws of systemic integrity of the
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functioning of non-living systems, where the appro-
priateness and reasonability of the internal structural
composition should be viewed as a reason of ecological
stability of agroecosystems [1-8].

Modern agricultural soil science is based on the
principles of the general theory of soil fertility, and
the determinant notion here is the self-organization of
processes and regimes in soil. From the standpoint of
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achievements of natural and exact sciences, this ap-
proach should be viewed as a synergic one [6], and soil
should be perceived as an open non-linear system in the
state of thermodynamic non-equilibrium with environ-
ment, developing as a self-organized system, remark-
able for “remembering” certain rules of development.

The aim of this work was to investigate long-term
impact of surface tillage on the restoration of typical
chernozem fertility in the agroecosystems (Left-Bank
Forest-Steppe of Ukraine).

MATERIALS AND METHODS

Field experiments were conducted in Vorskla-Sula
and Middle Dnieper-Seym districts. In 1990-1996 the
studies were carried out in the southern part of Vorskla-
Sula district. The soil surface in the range of southern
part of Poltava region is presented with typical medi-
um-humic (5.55-5.65 %) chernozem (> 50 %). By the
content of physical clay (PC) and physical sand (PS)
chernozem may be referred to light clay: PC = 62.9—
— 64 % and PS = 35-37.1 %. These technological in-
dices of granulometric condition are remarkable for
typical chernozem of the southern-eastern part of
Poltava region and practically the whole territory of
Kharkiv region.

From 2001 till 2014 the work was performed in the
Middle Dnieper-Seym agrosoil region, which cov-
ers the lands of Kyiv, Poltava, Sumy, Chernihiv and
Cherkasy regions. The experiment was performed
in Drabiv agrosoil district of the Forest-Steppe zone
of the Left-Bank lowland province, northern sub-
province, on typical low-humus light loamy clay silt
chernozem. The structuredness index (SI) is: SI =
25-38 %. The PC:PS ratio equals 1.76:2.52 which is
3.2 times higher compared to typical medium-humic
light loamy chernozem. The factor of potential ag-
gregation (FPA): FPA = 0.25-0.27 which is 2.78-2.96
times lower compared to typical medium-humic light
loamy chernozem.

Climatic conditions of the studies. Period of 1990-
1996. The climate of the southern part of the Left-Bank
Forest-Steppe is moderate continental (C, = 168); by
warmth the eastern part of the Forest-Steppe agrocli-
matic province belongs to the stripe of medium-late
crops, the sum of active temperatures is +2810 °C; the
vegetation period — 163—-165 days; the coefficient of
atmospheric moistening (MC): MC = 0.62; the prob-
ability of dry and drought years (MC < 0.55) is 33 %.
The biological efficiency according to Shashko by the
climatic index (B, = 124) is increased. The sum of pre-
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cipitations in April-October is in the normal range at
the optimum of 518 mm.

Period of 2000-2014. The average daily air tempera-
ture increased by 0.9 °C in the central part of the Left-
Bank Forest-Steppe in spring, and years-long average
values — by 1.7 °C. Summer period became +1.8 °C
warmer, and the average daily temperature reached
20.4 °C at the norm of 18.8 °C. Autumn was found to
be 0.5 °C warmer, and the whole warm period of the
year — 0.8 °C warmer. The sum of active temperatures
during the warm period of the year increased consider-
ably (by 987 °C): spring was found to be warmer by
85 °C; summer — by 802 °C, autumn — by 101 °C. The
sum of effective temperatures in summer increased by
256 °C. The sum of precipitations in spring and sum-
mer was at the level of 89-93 % from the norm, and in
autumn this amount decreased by 13—18 mm.

Permanent experiment No. 1. The study was con-
ducted in 1990-1996 in a permanent multifactor ex-
periment of the Department of soil science and soil
protection of the National University of Life and Envi-
ronmental Sciences of Ukraine in the following chain
(sugar beet—green peas—winter wheat—corn for grain—
corn for silage) of 10-course grain-beet crop rotation
for the southern part of the Left-Bank Forest-Steppe
(cereals — up to 40 %, technical crops — up to 30 %,
grain legumes — up to 10 %, forage crops —up to 20 %),
where four ways of tillage were investigated: tillage of
different depth (22-32 cm); subsurface tillage (2232
cm); shallow surface tillage (10-12 cm) and minimal
surface tillage (5—6 cm) on the background of four fer-
tilization systems — without organic and mineral fertil-
izers; 15 t/ha humus + NssPssKys (low dose); 15 t/ha
humus + NgsP,sKgs (medium dose); 15 t/ha humus +
Ni1oP100Kss (high dose). The variants were located by
the method of split blocks with three repeats. The size
of first order plots was 928 m?, the second one —232 m?,
the area under registration — 100 m?,

Permanent experiment No. 2 (The registry of cer-
tificates of NAAS No. 040 “The scientific foundations
of establishing crop rotations, tillage and fertilization
systems in conditions of the Left-Bank Forest-Steppe of
Ukraine”). The experiments were conducted in 2001—
2014 during the permanent multifactor experiment of
the Cherkasy State Experimental station of NSC “Insti-
tute of Agriculture of NAAS”. Two types of five-course
crop rotations were investigated: A: perennial grass—
winter wheat—sugar beet—corn—barley + perennial grass
(cereals — up to 60 %, technical crops — up to 20 %;
perennial grass — up to 20 %); B: green peas—winter
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wheat—sugar beet—corn for grain—corn for grain (cere-
als — up to 60 %, technical crops — up to 20 %; grain
legumes — up to 20 %).

Fertilization system: 2001-2014 — 6.0 t/ha of by-
products; N3 P3;Ky, (average dose); Ng,PgsKs, (doub-
le dose).

The ways of the main tillage: tillage of different depth
(22-25 cm) for all the crops; subsurface tillage (22—
25 cm) for all the crops; surface tillage (8—12 cm) for
all the crops. There were three repeats in both experi-
ments. The area of the experimental plot was 250 sq.m.
The area under registration was 100 sq.m.

The methods of determining the indices of study
objects. To determine the changes in agrochemical,
physical and chemical, and agrophysical indices while
studying the nutrition regime, humus and agrophysical
conditions, mixed samples were selected from one me-
ter deep soil layers in 10 cm distance on different land
plots following the schemes of experiments according
to DSTU 7030:2009 (GSTU 46.001-96). The analyses
of the samples of soil and vegetative material, the reg-
istration and calculations were conducted according to
special methods: humidity — by the thermogravimetric
method in terms of the main periods of crop growth
(DSTU ISO 11465:2001); granulometric composition —
according to Kachynsky N. A. (DSTU 4730:2007),
the density of composition (structure) — by the method
of cuter rings in the modification of Kachynsky N. A.
during the periods of intense growth of crops and the
periods of harvest formation (DSTU ISO 11272:2001);
the structural-aggregate composition — by the sieve
method in the modification of Savinov M. 1. (DSTU
4744:2007) and by the method of Baksheev 1. M.;
moisture reserves — by theoretical calculations up to the
depth of 150-180 cm.

The content of total humus was found according to
Turin 1. V. (DSTU 4289:2004); pHk — potentiometri-
cally (DSTU ISO 10390:2007); the hydrolytic acid-
ity — according to Kappen in the modification (GOST
26212-91); the sum of absorbed alkali — by the method
of Kappen-Hilkovits (GOST 27821-88); the degree of
alkali saturation — theoretically; labile phosphorus —
photocolometrically; exchange potassium — flame pho-
tometry (DSTU 4405:2005 in the modification of NSC
“Institute for Soil Science and Agricultural Chemis-
try” (ISSAC); the content of mineral nitrogen — by the
photometric method with Nessler’s reagent; humus
substances, occurring in the process of peptization of
soil colloids — according to Hodlin; active and passive
humus (active humus was determined by chromatog-
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raphy) — by the method of Sokolovsky; the content of
peculiar humic substances (PHS) and detritus (D) — ac-
cording to Springer in the modification of NSC ISSAC;
group and fraction composition of humus — according
to Ponomariova and Plotnikova.

The calculation method was used to determine: the
dispersion factor (DF) according to Kachynsky N. A;
the coefficient of structuredness (K ) according to
Fageler, the degree of aggregation (Ka) according to
Baver and the granulometric index of structuredness —
according to Vadiunina; saturation of physical clay
(PC) with humus —according to Hodlin, and the indi-
ces of erosion resistance — according to Voronin. The
content of soil air was determined by the tube method
(according to Matskevich) with subsequent analysis
of soil air in the gas analyzer GVV-2; the content of
carbonates — by the volumetric estimation (DSTU ISO
10693-2001); the respiratory coefficient (Rc) — by cal-
culations (according to Zboryshchuk); the intensity of
CO, emission — by Shtatnov’s method. The field con-
ditions were used to determine: the least water field
capacity (WFC) — by the method of flood filling; the
humidity of a break in capillary links (HBC) — accord-
ing to Abramova, the maximal hygroscopic moisture
(MH) and humidity of crop withering point (CWP) —
by calculations according to Michurin and Litaev; the
total specific surface area —by the method of Kutilik;
the volumetric moisture of soil — by the known density
per dry mass (DSTU ISO 16586:2005).

The results of field studies were statistically pro-
cessed by the dispersion analysis method using Stati-
ca-6 statistical program.

RESULTS AND DISCUSSION

From the standpoint of cybernetics, the systems,
capable of preserving their productivity (in our case —
fertility) during unexpected changes in the properties
of the natural object, management purposes or envi-
ronment with the change in the functioning algorithm
or search for optimal solutions, may be called self-or-
ganized and self-regulated systems. A specific way of
revealing self-regulation is the organization and evolu-
tion of soil fertility [2]. The process of restoring cher-
nozem self-organization should be related to the occur-
rence of a coherent relation between the elements of
the soil system (SS), which leads to the formation of
stable and significant relations between its constituents,
i.e. the ones, forming the order and acquiring the qual-
ity of structure and composition laws [8]. The notion
of ecologic sustainability is considerably dependent

65



DEMYDENKO et al.

on the self-organization processes, which is material-
ized in enhancing chernozem capability of adapting to
environmental changes by minimal changes in its op-
timized parameters, preserving agroecosystem sustain-
ability [9].

It is common to distinguish between the relations of
the first order, which are functionally necessary, i. e.
the system cannot exist without them, and those of the
second order, which stabilize SS activity, improve its
quality condition considerably, but are not functionally
necessary. Taking this distribution into consideration,
the self-organization means ensuring higher efficiency
of an integral soil system, compared to the sum of in-
teraction effects of specific subsystems and elements
[9, 10].

The relations of the first order may be referred the re-
lation between the humus content and structure densi-
ty, structure density and field humidity, humus content
and field humidity, and the relation of the mentioned
parameters and constituents of structural composition
of soil. The relations between the elements of struc-
tural condition belong to the relations of the second
order. The calculation of matrices of even correlation
coefficients between the elements of structural con-
dition, humus content (%), structure density (g/cc)
and field humidity (%) in 0—-100 cm chernozem layer
demonstrated that long-term surface tillage affects the
percentage of correlation coefficients of the medium
and strong relations (R > £0.45) of both direct and
reverse action. There were 29 % of them at systematic
ploughing, and 43-52 %, i. e. 1.5-1.8 times more, at
surface tillage. There were 1.3—1.9 times more direct
correlation coefficients at minimal surface tillage and
1.7-2.2 times more reverse action coefficients com-
pared to ploughing. With surface tillage, there were
1.2—-1.5 times less weak correlation coefficients com-
pared to ploughing.

The total amount of even correlation coefficients
(Table 1), defining the second order relations (XX ,),
was as follows: with ploughing — 22 %, with subsur-
face tillage for 22-32 cm — 39 %, with subsurface till-
age for 10—12 cm — 44 %; for 5-6 cm — 50 %. There
were 36 % of correlation coefficients of the medium
and strong levels, defining first order relations (X ,—X,)
and (X —X,) x (X,-X,,) at ploughing, and 57-83 % in
case of surface tillage. Of these, there were 41-54 % at
ploughing and deep subsurface tillage and 50-60 % —
at minimal surface tillage for 5-12 cm. The depen-
dence between the humus content, content of structural
separates and water-resistant aggregates with the size
of 2-5 and 0.5-3 mm at ploughing had a reverse rela-
tion: R =—0.2+0.9)and R = —(0.54 + 0.06)

X4-X1 X1-X8

at deep subsurface tillage: R =—(0.59 £ 0.05) and

X1-X4
R, = —(0.45 + 0.05). At minimal tillage for 5-12
cm the relation between parameters was direct at the
level of medium and strong correlation: R

(X1-X4 and X8)
+(0.51-0.91) £ 0.07.

The ratio between the content of the mentioned frac-
tions of agronomically valuable aggregates and struc-
tural separates to field humidity at ploughing and deep
surface tillage was reverse — at the level of values of
strong correlation: R 3 x4 and x8) = —(0.69-0.79) £ 0.05 i
R s xaanaxgy = —(0-55-0.71) £ 0.07 respectively, where-
as at tillage minimization up to 5-12 cm: Rixa =
= —~(0.50 £ 0.07) and Ry, = —(0.48-0.25) + 0.03,
which testifies to the weakening of the relation of water
resistance of the structural state and the humidity factor
and enhancing the impact of the humus condition of
chernozem on quality indices of chernozem structured-
ness (Table 1).

The correlation relation between structure density
(X,) and constituents of the structured composition
(X,—X,) confirms the weakening of its force down to
the level of weak correlation in ploughing conditions.

Table 1. The impact of tillage system on the percentage distribution of correlation coefficients of different strength and ori-
entation between agrophysical indices in 0—100 cm layer of typical medium-humic light loamy chernozem

. ) Subsurface tillage for

Value of correlation Tillage for

coefficient 22-32 cm
22-32 cm 10-12 cm 5-6 cm

R >+0.45 29.2 43.1 52.8 46.0
R>+0.45 16.7 15.3 32.0 22.2
R=>-0.45 12.5 27.8 20.8 24.0
R <+0.45 70.8 56.9 47.2 54.0
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A reliable reverse correlation was found between the
structure density and field humidity (R = —(0.65 +
0.07)). At subsurface tillage the amount of strong cor-
relation relations increases with transition from deep
tillage to the minimal one, and the relation between
field humidity and structure density in humus-contain-
ing horizon weakens. The reverse dependence at the
level of strong correlation occurs between the structure
density (X,) and variables X ; X, (content of fractions
0.5-0.25 mm and < 0.25 mm), which are formed less
at surface tillage compared to the variant of systematic
ploughing.

Self-organization principles, determined on typical
medium-humic light loamy chernozem, are manifested
during the formation of structural-aggregate composi-
tion of typical low humus light loamy chernozem in
case of long-term (for over 36 years) implementation
of ploughing, subsurface and surface tillage and keep-
ing the wild fallow.

Table 2 presents the matrices of even correlation
coefficients between agrophysical indices for differ-
ent ways of tillage of typical low humus light loamy
chernozem and percentage correlation of even correla-
tion coefficients of different strength and orientation in
matrix fields.

It was determined that long-term ploughing impacted
the re-distribution and percentage ratio of even correla-
tion coefficients between the constituents of the mix-
ture of structural separates (X ,—X,), aggregation for-
mation index (X ), structure density (X, ) and content
of CaCO, (X,,). The total amount of correlation rela-

tions (R >=+0.45) was 72.7 %, and that of reliable ones
—66.7 %. The direct action relations were 39.7 %; reli-
able ones — 38.0 %, reverse action relations — 33.0 %
and 26.7 % respectively. With long-term surface tillage
the total amount of correlation relations (R > +0.45)
decreased 1.22 times, and that of reliable ones — 1.1
times. There were 1.47 times fewer direction action re-
lations and 1.45 times fewer reliable ones. The reverse
action relations remained as they were at systematic
ploughing.

With long-term surface tillage, the total amount of
correlation relations of direct and reverse action (R >
>=+0.45) decreased 1.15 times, and that of reliable ones
— 1.06 times. Here the direct action relations were 1.35
times fewer, and reliable relations of reverse action —
1.31 times more, which is an indirect evidence to the
enhanced agrophysical self-organization of the 1 m
layer of typical chernozem, which changes towards the
formation of the structural condition at long-term pres-
ervation of wild fallow. The ratio of the number of di-
rect action relations and reverse action relations was as
follows: 1.21:1 (ploughing), (0.80—0.85):1 (subsurface
and surface tillage) and 0.92:1 (keeping wild fallow).
The ratio of reliable relations of different orientation
was as follows: 1.5:1, 1.25:1, 0.85:1, 0.75:1 respec-
tively.

Table 3 presents the matrices of even correlation coef-
ficients between the humic condition, agrophysical, ag-
rochemical and physical-chemical indices in 1 m deep
layer of chernozem. It was revealed that at systematic
ploughing and subsurface tillage the total amount of
correlation coefficients (R > £0.45) was 75.2-78.3 %,

Table 2. Long-term (for 36 years) impact of tillage system on the percentage distribution of correlation coefficients of
diffe-rent strength and orientation between agrophysical indices in 0—-100 cm layer of typical medium-humic light loamy

chernozem
Value of correlation Tillage for Subsurface tillage for Wild fallow for
coefficient 22-32 cm 2932 em 10-12 cm 36 years
R>+045 *72.7 60.0 04.5 62.0
66.7 61.0 62.8
R >+0.45 39.7 27.0 29.5 29.5
38.7 34.0 28.8 22.6
R>-0.45 33.0 33.0 35.0 32.0
26.0 27.0 34.0 30.0
R <=+0.45 27.3 40.0 35.5 38.5

Note. *Here and in Table 3 above the line — total amount of correlation relations; below the line — % of reliable correlation

relations.
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Fig. 1. The dendrograms of similarity degree between 1 m soil layers of typical low humus light loamy chernozem depending

on the ways of tillage (2010-2012)

and the amount of reliable relations — 44.0-46.0 %. The
direct action relations were 49.0-51.3 %; reverse ac-
tion relations — 25.6-27.0 %, and reliable relations —
32.0-33.0 and 12.0-13.0 % respectively.

With systematic surface tillage the total amount of
correlation relations of direct and reverse action (R >
>+0.45) was 1.17-1.22 times higher than for deep till-
age, and that of reliable ones — 1.24—1.30 times higher.
There were 1.88—1.22 times more direct action rela-
tions and the number of reliable ones was the same.
There were 1.20—1.25 times more reverse action rela-
tions, and 1.69-1.83 times more reliable ones, which
is an indirect evidence to enhanced processes of self-
regulation and self-organization of agrophysical, hu-
mic, agrochemical and physical-chemical conditions
towards keeping wild fallow for 36 years.

The ratio of the number of reverse action relations
(R > —0.45) and the number of reliable ones while
keeping wild fallow was 1.10:1; at ploughing and sub-
surface tillage — 2:1; at surface tillage — 1.5:1. The ratio
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of direct action relations to the reverse action relations
was 2:1, 1.9:1, 1.85:1 and 1,35:1, 2.6:1, 1.59:1 accord-
ing to the total amount of reliable relations (Table 3).

24 parameters of calculating even correlation rela-
tions were used in the classification of similarity values
between 10-cm layers of the 1 m layer of typical low hu-
mus chernozem. At systematic ploughing, a soil profile
without clearly expressed features of 10 cm soil layers
grouping into subhorizons is formed (Fig. 1). There is
gradual (declining) distribution in terms of similarity of
some 10-cm soil layers in the humus bedrock down to
the depth of 60 cm, and a subhorizon-cluster is formed
in the lower part of the 1 m layer (soil layer of 70-100
cm), where the similarity between 10-cm-deep layers
is the lowest.

The systematic surface tillage leads to enhancing the
differentiation of the 1 m layer by the qualitative esti-
mation of 10-cm-deep soil layers. Soil layers of 0-20
cm and 20—40 cm are referred to a separate cluster. A
subhorizon cluster with different properties and simi-
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larity degree with the 50-70 cm layer is formed at the
depth of 70—-100 cm. The character of changes in the
similarity degree for the 1 m layer has a more expressed
differentiation compared to the profile at systematic
ploughing (Fig. 1). The differentiation of 1 m layer by
the qualitative condition of similarity of specific soil
layers is expressed in the highest degree at systematic
surface tillage.

The formation of structural-aggregate condition is
based on the periodicity of subordinate local processes
(SLP) with phase transitions. The flows of external
energy, spent on the dissipation processes in the soil
system, depend on the intensity of external conditions,
state of typical chernozem and water saturation of its
porous medium. Moisture redistribution in the porous
space of chernozem promotes the formation of au-
towave processes of the changes in its thermodynamic
state and is the essence of the energy dissipation pro-
cess in soil [11].

Long-term surface tillage improves the agrophysical
condition of the humus horizon (0-70 cm) due to the
increase in the volume of aggregate pores by 15-20 %,
which is directly related to the increase in the content
of aggregates and 2—5 mm structural separates (dry) by
15-18 % . The abovementioned process is oriented to-
wards the formation of agrophysical state at long-term
preservation of typical chernozem of different granulo-
metric composition and humus content in the state of
long-term fallow (10-36 years). Permanent ploughing
results in the destruction of natural organization of ag-
rophysical state of chernozem, which is a manifestation
of agrophysical degradation.

The re-grouping of aggregates and separates from
small fractions to the mentioned sizes defines the tex-

tural porosity which reflects the boundary level of soil
density at drying and determines the volume of pores,
containing the resources of soil biota activity. Agro-
physical self-regulation leads to the increase in the ho-
mogeneity of the porous space and the formation of a
certain amount of their prevailing sizes, remarkable for
structural separates of 2—5 mm.

The macroporosity is optimized and the ratio of
sizes of pores with moisture to the volume of pores
with air is stabilized (1.1-1.7 to 1 regarding total
moisture content and 1-1.4 to 1 regarding the re-
serves of productive moisture) which ensures the
stability of optimal ratio with time. The humus hori-
zon of chernozem acquires its optimal ratio of water
preserving and water lifting capability, and the loss
of productive moisture reserves is reduced by 25—
30 %, which enhances the degree of chernozem hy-
dromorphism as an automorphous system due to
higher (by 25-76 mm) reserves of productive mois-
ture in the soil in July compared to the traditional
agriculture system.

The decrease in the structure density and the increase
in total porosity in 50-120 cm chernozem layer are
related to the accumulation of organic substance, the
change in carbonate form (the content of granular cal-
cite, which has other properties compared to calcite-
lublinite, is reduced in the soil volume unit) and en-
hanced profile biogenicity due to the enhanced degree
of hydromorphism of soil conditions. The process of
dissolving cementing compounds and the presence of
excessive pressure of soil air at subsurface tillage cre-
ates conditions for the transfer of solid particles, which
fluff chernozem depth of the whole humus horizon, es-
pecially its middle part (5075 cm).

Table 3. Matrices of even correlation coefficients between fertility indices in 1 m layer of typical low humus chernozem at

different ways of tillage (2010-2012)

Value of correlation Tillage for Subsurface tillage for Wild fallow for
coefficient 22-32 cm 2232 em 10-12 em 36 years
R >+0.45 *78.3 75.2 92.0 75.0
46.0 44.0 57.0 54.0
R >+0.45 51.3 49.0 60.0 50.0
33.0 32.0 35.0 31.0
R>-0.45 27.0 35.6 32.0 25.0
13.0 12.0 22.0 23.0
R <+0.45 21.7 25.7 10.0 27.0
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Fig. 2. The impact of the tillage system of typical chernozem of the Left-Bank Forest-Steppe of Ukraine on profile distribu-
tion of field moisture (%) per a crop rotation: 1 — dry conditions; 2 — optimal moisturization; 3 — excessive moisturization

At ploughing, when macropores prevail in the porous
space, there is a process of chernozem drying — blowing
away of CO, and moisture from soil. In conditions of
subsurface tillage, the optimum of the structure of the
porous medium of chernozem promotes the saturation
of CO, soil solution and its acidification, which condi-
tions the change in conditions of carbonate equilibrium
and regulates the motility of micro- and macroelements
in their most optimal ratio.

In conditions of surface tillage, there is a stable re-
lation between the tension of external conditions and
dissipativity of chernozem, which ensures the subor-
dination of local processes of self-regulation in the
agroecosystem: the activity of kinetic soil medium of
chernozem is stabilized [12, 13].

The range of the thermodynamic condition, limit-
ing homeostatic plateau of typical chernozem resis-
tance to the environmental elements in the interval
of moisture, available for plants, is scheduled by the
irregularity of porous space transition, and the above-
mentioned condition is a fundamental property of
chernozem, which ensures the irreversibility of the
action of cyclic elements of external flows of energy
and substance [14, 15].

The self-development of soil medium in time and
space should be ensured by the stability of cherno-
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zem in the mentioned thermodynamic state, which
defines the periodicity of processes in the soil-plant-
atmosphere system. This condition of chernozem is en-
sured when the moisture in the chernozem layer does
not drop to the values of WP and is mostly manifested
in the interval of humidity of delayed growth (MDG)-
HBC-75 % WEFC. The study of the impact of different
tillage systems on the water saturation of soil layer of
chernozem demonstrated that permanent surface till-
age with a strong tendency towards the minimization
of tillage leads to the mentioned range of water satura-
tion in the 0—100 cm layer in the driest summer period,
whereas with systematic ploughing it decreases down
to the values under CW (Fig. 2).

Due to the enhanced volume of aggregate pores in the
0-100 cm chernozem layer and higher and more stable
saturation of this volume with soil moisture, there is
separation of some volume of soil air from atmosphere
by water membranes, as the air perceives the fluc-
tuation of environmental thermodynamic conditions,
changing its volume.

The integrity of the interaction of elementary vol-
umes of pressed air is manifested in the change of its
thermodynamic state due to the transition of general-
ized soil meniscus, which leads to autowave thermo-
dynamic processes and is the essence and agent of
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self-regulation process of soil processes in chernozem
layer in conditions of soil-protective technologies.
The result of cultural soil formation in agroecosys-
tems depends on the prolonged duration of the men-
tioned chernozem condition during the vegetation
period. At ploughing and deep subsurface tillage the
permanence of soil formation in agroecosystems is
disrupted by the drying-up of the chernozem layer in
June—August, whereas at surface tillage the enhanced
biogenicity in the chernozem layer is maintained dur-
ing the whole vegetation period.

Table 4 presents the values of even correlation coef-
ficients of the relation between the content of elements
of agronomically valuable structure of chernozem
and hydrothermal coefficient of Selianinov (HTCS)
in April-August. With minimal tillage, the elements
of the structural state of chernozem in humus horizon
weaken their relation to hydrothermal conditions of the
first half of crop vegetation in the crop rotation, and
with ploughing, the correlation coefficients become
stronger up to medium and high values.

At long-term (over 10-36 years) minimal surface till-
age, the soil profile of chernozem acquires more au-
tonomous properties regarding the impact of climatic
factors, which is manifested in the ability to preserve
the optimal parameters in the ecologically appropriate
range of values, which corresponds to the conditions of

cultural soil formation in agroecosystems of the Left-
Bank Forest-Steppe of Ukraine.

The restoration of energy-wise appropriateness of
creating the pore medium of typical chernozem of the
Left-Bank Forest-Steppe of Ukraine under the impact
of long-term (10-38 years) surface tillage should be
deemed as the process of implementing the “memory”
about the natural morphogenetic structure of spatial
soil form of typical chernozem of a high self-organi-
zation degree, which is in direct correlation with the
process of enhancing the residual features of natural
soil formation and accumulative orientation of fertility
indices in time. The extension of the amplitude of the
tolerant fluctuation of thermodynamic condition, not
sufficiently saturated with soil moisture of the porous
space and the development of the process of autowave
intercorrelation in soil with boundary autowaves of
climatic parameters and informational interaction of
typical chernozem with modern anthropogenic com-
plex of the external and climatic impacts is the essence
of self-regulation and a basic mechanism of reflecting
the extensive restoration of typical chernozem fertility
in agroecosystems of the Left-Bank Forest-Steppe of
Ukraine.

The fertility of typical chernozem in a wide sense
is an integrated systemic index of soil processes and
properties, reflecting the specificities of soil function-

Table 4. The impact of the tillage system on the value of even correlation coefficients between the components of agronomic
structure in the 0—40 cm soil layer and the hydrothermal coefficient in April-August on typical chernozem of the Left-Bank

Forest-Steppe of Ukraine

Size of aggregate Ploughing Subsurface tillage for
fractions, mm for 22-32 cm 2232 em 512 em
For dry sowing
>5 R =-0.65+0.03 R=-0.53+0.03 R=-0.45+0.03
>3 R=-0.65+0.02 R=-0.55+0.02 R=-0.43+0.02
2-5 R=-0.70+0.05 R =-0.60=+0.05 R=-0.41+0.05
0.5-2.0 R=0.65+0.04 R=0.55+0.04 R=<0.40+0.03
0.5-3.0 R=0.70+0.05 R=0.50+0.05 R=<0.40+0.03
*dg R=-0.67+0.05 R=-0.43+0.05 R=<0.40+0.03
For wet sowing
0.5-3.0 R=0.63+0.03 R=0.65+0.03 R=-0.41=+0.03
0.50-0.25 R=<040+0.03 R=<0.40+0.03 R=<0.40+0.03
0.25 R=0.66+0.05 R =+0.66 £ 0.05 R=-0.55+0.05
Water resistance coefficient R=-0.81+£0.05 R=-0.75+£0.05 R=-0.53+£0.05
e R=0.68+0.03 R=0.65+0.05 R=0.45+0.05

Note. *d, and **d,, — the average geometric diameter of structural separates and water-resistance aggregates respectively.
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ing, its internal structure and external relations in agro-
ecosystems. In the general form the structure of soil
fertility model in agroecosystems may be defined as
the estimation of the condition of the complicated soil
system by the combination of features, carrying the in-
formation about fertility [1].

The order of switching-on the self-regulation of soil
fertility may be different, but it is determined by the
main impact, playing the role of the “trigger” mecha-
nism, forming the mechanisms of reverse relations in
the soil, which give the non-living system the guaran-
tees of stability in terms of environment. If soil as a
system loses the ability of perceiving the information-
al code of self-development, there is a start of degrada-
tion process, when the “untouchable” reserves of soil
self-organization are consumed. The restored capabil-
ity of the soil medium to respond to the flows of infor-
mational impacts is the impulse for further develop-
ment of soil due to the functioning of reverse relations
of the higher order. An important agent of “imposing”
chernozem self-development is the wrapping of root,
after-harvest and post-cut remains and manure into
the 0—15 cm soil layer and specific conditions of bio-
genic organic substance transformation into humus.
With time the systematic surface tillage restores the
morphological structure of chernozem, which is ma-
terialized in enhancing the morphological features of
natural soil formation.

This is achieved by restoring the natural state of
the humus profile of chernozem [16]. The essence of
chemical restoration of the morphological “image”
of the soil form of chernozem is manifested in the
clear interrelated correspondence between the spatial
structure of the organic matter of humus, the chemi-
cal landscape of soil biocatalysts, and the orientation of
morphogenesis conditions of typical chernozem. The
restored natural status of the organic matter of cherno-
zem humus is a matrix, defining the “image” of mor-

Table 5. The percentage distribution of even correlation co-
efficients in matrix fertility models

Value of . Subsurface tillage for
. Tillage for
correlation 29-39 em
coefficient 22-32 cm 5-12 cm
R>+0.50 29 35 40
R>0.50 15 17 21
R >-0.50 14 18 19
R>+0.50 71 65 60
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phological soil forms. The formation of self-organized
spatial soil forms may be considered as the main nature
law, similar to the fundamental principles of mechan-
ics, biology, chemistry, thus, the criterion of restoring
soil fertility is the accumulative orientation of the main
fertility indices and the increase in the residual features
of natural soil formation in agroecosystems. The task
of the systematic soil tillage in the agroecosystem is for
the energy of potential fertility to be maximally trans-
formed into the energy of efficient fertility [6, 17].

The parameter structure of typical chernozem fertil-
ity model was studied by us in the agroecosystem. The
combination of functionally related parameter charac-
teristics reflects the fertility model in the general form.
The matrices of even correlation coefficients contain
29 variables, which may be divided into the following
blocks: agrophysical, humic, agrochemical, aqueous,
and climatic. The analysis of the percentage content of
correlation coefficients above R = +0.50 of different
orientation demonstrates (Table 5) that at ploughing,
the total number of correlation coefficients is 1.21-1.39
times lower compared to surface tillage for 22-32 and
5-12 cm. There were 1.4 times fewer direct correla-
tion coefficients and 1.36 times fewer reverse action
coefficients compared to minimal surface tillage. The
comparison of correlation matrices highlights different
degrees of dissipation of correlation coefficients in ma-
trix fields. The intensity of chernozem tillage enhances
the chaotization degree of correlation relations in dif-
ferent blocks of parameters. The agrophysical block is
the most resistant block of soil parameters. Intense till-
age leads to chaotization of correlation relations in the
matrix field, and at surface tillage, the orderliness of
orientation and the force of reverse relations increases.
A similar regularity is observed between the indices of
humic, agrochemical and aqueous blocks of soil pa-
rameters of fertility.

It is noteworthy that there are 23 strong correlation
relations between the values of HTCS (X, ) and
the amount of precipitation in April-August (X,,) and
other fertility parameters at ploughing. Of these, nine
have reverse orientation and 14 — direct one at deep
subsurface tillage — 19, 13, and 6; and at the minimal
one — 7, 4, and 3 relations respectively, which testifies
to weaker impact of climatic factors on the stability of
chernozem fertility parameters at minimal tillage in
agroecosystems.

At ploughing and deep subsurface tillage, the agro-
physical condition of the 0—30 cm chernozem layer is
determined by hydrothermal conditions and the amount
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of precipitations in the warm period of the year, which
testifies to the aridization of soil conditions and the
manifestation of agrophysical degradation. The realiza-
tion of natural and efficient fertility and productivity of
the agroecosystem depends on the condition of climatic
factors more and less at the systematic ploughing and
deep subsurface tillage, respectively. At subsurface till-
age, chernozem acquires some autonomy, and potential
and efficient fertility is not limited in its realization,
which defines the level of agroecosystem productivity
and conditions of extensive restoration of chernozem
fertility.

Different tasks of managing the fertility, isolation
and selection of corresponding determinant variables,
character of applied determinant impacts requires three
subsystems of management [1]:

optimization of natural fertility (Fm'cpt');

operational management of fertility (F

mopcn);

extensive restoration of fertility (F_ ).

The subsystems should be interrelated and at the
same time be the constituents of productive process
management in the agroecosystem (Fig. 3).

The system of managing the chernozem restoration
in the agroecosystem (Fig. 3, Table 6) as a subsystem
involves the informational-estimating systems and
management technology, ensuring the operational con-
trol over parameters, processing, analysis of the data
obtained, working out of some determinant impacts
and the technology of their application.

The determinant impact in the extensive restoration
of typical chernozem fertility is the system of soil-pro-
tective technologies of cultivating agricultural crops
with the minimization of chernozem tillage in the agro-
ecosystems down to 5—12 cm. The optimization of the
processes of natural fertility of chernozem in the agro-
ecosystem is related to enhancing the self-organization
process of the soil system, which has direct impact on
self-regulation processes of soil fertility. In its turn, a
non-high level of self-regulation ensures simple res-
toration of fertility, and high level of self-regulation
ensures the management of restoration of chernozems
fertility or extensive restoration of their fertility. Strict
management of fertility may have a high economic ef-
fect, but only for a relatively short time period. In case
of large scales of strict management, there are condi-
tions of disrupting the natural resources potential of the
territory — high ploughness (84 %) of Ukraine’s terri-
tory and anti-natural ways of soil tillage — annual deep
intense ploughing (with a plough) [18, 19].
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Fig. 3. Block-scheme of extensive restoration of typical
chernozem of the Left-Bank Forest-Steppe of Ukraine

Extensive restoration of fertility is solved via gradual
optimization of natural fertility and operational man-
agement of fertility. The main strategic task while de-
veloping the management systems in the process of re-
storing soil fertility of chernozem is to enhance natural
soil formation in agroecosystems, to select correspond-
ing managing effects, to forecast management results
in time during the period of soil development in the
agroecosystem.

Chernozem reclamation in the agroecosystem as soil
formation is ensured by simple or extensive restoration
of soil fertility [20, 21] and is diagnosed by the content
of total humus, mobile forms of phosphorus and potas-
sium on an obligatory condition of the increase in their
content and directed seasonal rhythmicity. Only on this
condition there is cultural soil formation, ensuring the
preservation and improvement of other soil parameters
of fertility. The reclamation should be perceived as a
modified sod-forming process of soil formation with
substance accumulation, the degree of manifestation of
which depends on the farming standards.

The systematic application of soil-protective tech-
nologies corresponds to the logics of optimal sustain-
able management of natural resources in the highest
degree and at the first approximation it is a reasonable
extension of the process of managing the agroecosys-
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Table 6. The system of managing the fertility of typical chernozem of the Left-Bank Forest-Steppe of Ukraine

Optimization of natural fertility
and restoration
of potential fertility (Fop)

Simple restoration
of fertility (Fu.oper)

Extensive restoration
of fertility (Fprest)

Aim

To optimize the manifestation condi-
tions for potential fertility of chernozem
due to the restoration of the natural
sequence of regimes and processes to
weaken internal and external limitat-
ons of efficient fertility manifestation
and agroecosystem productivity (self-
organization).

To provide the conditions of crop
growth based on the restoration of in-
ner properties of the soil system, en-
hancing the reverse relations between
different hierarchy levels in soil to
achieve homeostatic balance in the sys-
tem of external interactions (self-re-
gulation).

The self-maintenance of the energy-
wise appropriate state of chernozem
due to the manifestation of a high
autocorrelation level between self-or-
ganization, self-regulation of soil struc-
tures of different hierarchy, directed to-
wards the realization of energetic code
(memory) of natural soil formation
for extensive restoration of cherno-
zem fertility and increase in the agro-
ecosystem productivity (management).

Determinant soil characteristics

Restoration of seasonal and annual cyc-
les of humus. Accumulation of detritus
and humus. Re-grouping of structural
separates and aggregates by increasing
size. Changes in the agrophysical struc-
ture of humus horizon of chernozem.
Change in oxidation-reduction potenti-
al (ORP), pH. Optimization of gas re-
gime. Change of nutrition orientation:
a) nitrogen; b) phosphor; ¢) potassium.
Optimization of moisturization regime
for crop vegetation. Expanding the pe-
riod of biological activity of chernozem.

Intercorrelation of seasonal periodicity
of humus and water resistance of
micro- and macroaggregates in time.
Intercorrelation of oxidation-reduction
conditions and nitrogen-phosphor nutri-
tion. Intercorrelation between ORP, gas
regime and mineralization of organic
matter. Restoration of heterotrophic fi-
xation of carbon by saprophyte micro-
organisms of soil. Provision of hydro-
morphism parameters of soil layer of
chernozem as a soil formation factor.
Optimization of acid-alkali balance of
the soil solution. Enhancing the inter-
correlation of biochemical processes in
soil. Self-regulation of the microbio-
logical condition of the soil. Optimiza-
tion of nitrogen-carbon circulation in
agroecosystems.

Restoration of an interrelation between
the physiological periodicity of growth
and development of crops, restored pe-
riodicity of the activity of soil micro-
organisms of different trophic levels
and self-regulated mechanism of the
main processes and regimes in soil
(activation of seasonal periodicity of
the small biological circulation of the
matter, energy, and biophile elements
in the agroecosystem). Stimulation of
motility, form and increase in the
content of carbonates (regradation).
Enhanced autocorrelation in nitrogen-
carbon circulation and the impact of
effects of N and CO, on the activation
of soil formation towards natural
systems.

Determinant impacts

The system of soil-protective (for 5—
12, 22-32 cm) tillage with mulching
of the field surface with by-products.
The introduction of the optimal dose
(10—14 t/ha of manure or 5—7 t/ha of
by-products) of organic and mineral
fertilizers (Ngo-65 Pso-65 Kes-70) and their
surface covering. Compliance with
scientifically grounded system of crop
rotations.

System of plant protection. System of
melioration. Organization of territory.

Gradual reduction in the intensity and
depth of soil-protective tillage to 5—
12 cm. Optimization of the ratio of
organic and mineral fertilizers (t/kg of
active substance): 1:(15-30) — simple
expansion of fertility; 1:(8—15) — ex-
tensive restoration of soil fertility (in-
tense biologization of the processes of
cultural soil formation). Reduction of
chemical pressing on soil microflora —
limitation of the use of pesticides. Or-
ganization of territory.

Maintenance of non-deficient balance
of organic matter, energy, and bio-
phile elements in agroecosystems. Ap-
plication of highly productive varieties
of agricultural crops. Application of
growth biostimulators for agricultural
crops. Improving the interrelation and
interinfluence of phytocenoses of agro-
ecosystems with natural ecosystems by
applying soil-protective tillage of cher-
nozem. Organization of territory.
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Fig. 4. The scheme of interrelations and interaction of agrophytocenoses of agroecosystems with natural ecosystems by ap-

plying soil-protective agriculture

tem organization phenomenon using biocenotic prin-
ciples and should be viewed as a natural message of
noosphere, the development laws of which are formed
in the process of conscientious human activity using
systemic laws of biogeocenosis organization with qual-
itatively determinant role of social factors [22-31].

The agriculture system may be managed via the
regularity of facial humus formation both towards en-
hancing the xeromorphism of moistened chernozem
(systematic intense tillage) and towards enhancing
facial humus formation via increasing the moisturiza-
tion degree of the soil layer in the seasonal and annual
cycles under the impact of systematic application of
soil-protective technologies in the agroecosystem. The
principle of managing the facial humus accumulation
of typical chernozem of the Left-Bank Forest-Steppe
of Ukraine should be perceived as one of the laws of
adaptive agriculture with increasing dryness of the cli-
mate of the Forest-Steppe zone of Ukraine.

In the agronomic (technological) sense, the restora-
tion of chernozem fertility in the agroecosystem should
be perceived as an enhanced capability of soil under the
impact of agrotechnical (agriculture system, cultiva-
tion technologies) meliorative events and organization
of the territory to provide for the needs of agricultural
crops in ecologically relevant factors of life and en-
hancing the soil resistance to degradation factors [30].
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Chernozem restoration in the agroecosystem is a
wider notion than restoration of its fertility, it covers
two aspects: extensive restoration of fertility and cul-
tural soil-formation in the agroecosystem.

Cultural soil-formation should be viewed as en-
hancing the cumulative impact of the biological factor
of soil-formation in conditions of agricultural exploi-
tation of typical chernozem via improving hydrother-
mal soil conditions, which results in enhancing resid-
ual morphological features, accumulative orientation
of regimes and processes of natural soil-formation,
and the restoration of functional-ecological and fa-
cial regularities of humus formation in agroecosystem
conditions.

The restoration of chernozem fertility in the agro-
ecosystem — chernozem restitution of the capability
(with anthropogenic and technogenic effects and the
impact of external forces of natural-climatic origin) to
preserve its parameters in the optimal ecologically and
agroecologically approved range of values at the im-
pact of cultural soil formation. It promotes keeping the
balance of the very agroecosystem via enhancing the
self-organization, self-regulation, and self-preservation
of processes and regimes, ensuring extensive restora-
tion of chernozem fertility in the agroecosystem.

Soil-protective agriculture with contour-meliorative
organization of territory in the structural-landscape or-
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ganization of the agroecosystem is a significant factor,
affecting the character, orientation, and self-organiza-
tion of energy- and mass-exchange in the complicated
network of interactions and interrelations from a spe-
cific field to large territories, including agrolandscapes,
natural landscapes and their combination.

The more structural-landscape elements of the agro-
ecosystem will be covered with soil-protective agricul-
ture, the more optimal the productivity and stability of
agroecosystem functioning will be in general. There
is a process of self-organized restoration of the pro-
grammed evolution of the agroecosystem productivity
per unit of cumulative energetic resource in time and
space (Fig. 4).

The application of soil-protective technologies al-
lows approximating the logics of human activity in the
agroecosystem to the logics of biogeocenosis function-
ing, when remote consequences of human impact on
environment will not contradict the nearest and previ-
ous aims. The transition to qualitatively new technolo-
gies in production with the closed cycle of substance
and energy exploitation will promote the reduction in
spending the environmental resources, and new ex-
penses will be related only to extensive restoration of
soil fertility and increased productivity of the agroeco-
system.

The soil-protective agriculture corresponds to the
logics of optimal nature management in the highest de-
gree, and is a relevant step towards qualitatively new
state of farmer’s conscience, which is a reasonable
continuation of the process of acquiring the agroceno-
sis organization phenomenon, based on biogeocenotic
principles, and in the first approximation should be
viewed as a natural message of noosphere, the develop-
ment laws of which are formed on the basis of optimal
synthesis of natural and social factors in the process
of conscientious human activity using systemic laws
of natural environment at the determinant role of the
social factor.

CONCLUSIONS

The determinant and governing impact in restoring
the fertility of typical chernozem in the Left-Bank
Forest-Steppe of Ukraine should be soil-protective
technologies of cultivating agricultural crops, based
on surface tillage. The technologies and methods of
using natural energetic resources of the agrolandscape
(the combination of soil-protective technologies),
aimed at ensuring the ecologic stability of chernozem
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and the restoration of its natural state in the agroeco-
systems lead to the formation of conditions, when
the volumes of the used energy of potential fertility
of chernozem do not exceed the level, above which
the loss of agroecosystem starts, and the volumes of
disposal of efficient fertility do not exceed the com-
pensatory volume of energy of ecologically safe qual-
ity due to anthropogenic input into the agrosystem.
There are conditions to solve the main problem of
agriculture — rational use of chernozem fertility with
extensive restoration of its fertility and simultaneous
simulation of natural soil formation (restoration) of
chernozem in the agrocenosis.

The energy-wise appropriateness of creating the
pore space of chernozem in conditions of soil-protec-
tive agriculture should be deemed as the thermody-
namic code of soil formation or the process of imple-
menting the “memory” about the morphogenicity of
spatial soil form of chernozem of a high self-organi-
zation degree, which is in direct correlation with the
process of enhancing the residual features of natural
soil formation and accumulative orientation of fer-
tility indices. The extension of the amplitude of the
tolerant fluctuation of thermodynamic condition, not
sufficiently saturated with soil moisture of the porous
space and the development of the process of autowave
intercorrelation in soil with boundary autowaves of
climatic parameters and informational interaction of
chernozem with modern anthropogenic complex of
the external impact is the essence of homeostasis or
self-regulation and a basic mechanism of reflecting
the extensive restoration of chernozem fertility in the
agroecosystem.

The soil-protective agriculture system should be
viewed as a complex of technologies and methods of
systemic or ecologically reasonable use of anthropo-
genic and natural energetic resources due to the fact
that the volumes of using the energy of potential fertil-
ity of chernozem do not exceed the level, above which
the loss of agroecosystem starts, and the volumes of
disposal of efficient fertility do not exceed the com-
pensatory volume of energy of ecologically safe qual-
ity due to anthropogenic input into the agrosystem. It
creates the background to solve the main problem of
agriculture — rational use of chernozem fertility with
its simultaneous extensive restoration, which ensures
more complete use of the bioclimatic potential with
optimal exploitation of natural and anthropogenic re-
sources of the territory.
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UYepkacbka 0011, Ykpaina, 20731
2 HHII «IHCTHTYT IpyHTO3HABCTBA 1 arpoXimii
imeni O. H. Cokonoscskoron» HAAH Ykpainn
Byn. Yaiikocrkoro, 4, Xapkis, Ykpaina, 61024

Merta. [locminuTa mporec IMOCHISHHS caMOOpraHizalii Ta
caMOpeTyIAIii 9OpHO3eMY Y HampsIMKy MPHPOIAHOI opra-
Hi3allii MiJ] BIUIMBOM JIOBTOCTPOKOBOTO TPYHTO3aXHCHOTO
6e3monuIeBoro 0OpoOITKy Ta BH3HAYATH HOTO BIUTMB Ha
MiCUIICHHS 3JAaTHOCTI YOPHO3EMY aJalTyBaTUCS IO 3MiH
30BHIIIHBOTO CEPEIOBHUINA, 30epirarodM arpoeKoNOTidHy
CTiHiKicTh arporeno3y JliBobepesxnoro Jlicocreny Ykpainm.
Metonu. [TompoBuii, mabopaTopHuUii, po3paxyHKOBHH, Ma-
TeMaTuKo-cTaTucTHyHnil. Pe3ynasTrarn. Ha ocHOBI komm-
nekcHuxX Oararopiuaux (1992-2015 pp.) mociiKeHs Io-
Ka3aHo, IO CYKYITHICTh I'PyHTO3aXHCHUX TEXHOJIOTiH BH-
pOIIYBaHHS KYJIBTYp B arpoleHo3ax € (haKTopoM BIUTUBY
Ha XapakTep, CHPSMOBAaHICTh Ta CaMOPETYJIALII0 €Hepro- i
MacoOoOMiHy y CKJIaIHiif Mepexi B3aeMOJIili Ta B3a€EMO3B’I3KiB
YOPHO3EMIB B arporeHo3ax. [leTepMiHyIo9uM 1 yIIpaBIsiio-
YYM BIUIMBOM Yy BiITBOPEHHI POIOYOCTI YOPHO3EMIB THIIO-
BuX JiBoOepexxHoro Jlicocreny YkpaiHM € IpyHTO3aXHCHI
TEXHOJIOTIT BHPOLIYBAaHHS CUILCBKOTOCIOAPCHKUX KYJIBTYD,
sKi 0a3yroThCsl Ha OesmonuieBoMy 00poOiTky. Enepro-
JIOLUTBHICTh TIOOY/IOBU MOPOBOTO MPOCTOPY YOPHO3EMY B
YMOBaX I'DyHTO3aXHCHOTO OOpPOOITKY CJIiJl PO3LIHIOBATH SIK
TEPMOIMHAMIYHUI KO TPYHTOTBOPEHHS a0 Tpolec pea-
mizauwii “mam’saTi” 1po MOpP(QOreHETHYHICTh IPOCTOPOBOT
IpyHTOBOI ()OPMH YOPHO3EMY BHCOKOIO PiBHSI caMoopra-
Hi3allii, M0 MpsSMO IOB’SI3aHO 3 MPOIECOM ITiJCHICHHS
3aJIMIIKOBUX O3HAK HPUPOJHOTO TPYHTOTBOPEHHS 1 aKy-
MYJISITHBHOIO ~ CIIPSIMOBAHICTIO  TTOKa3HMKIB  POJIOYOCTI.
BucnoBku. [pynrosaxucHa cucTeMa 3eMiepo0CTBa MO-
BHHHA PO3IISIATHCS SIK KOMILUICKC METOMIB Ta HMPUHOMIB
CHUCTEMHOro a0 eKOJIOTIYHO JOIIIBHOTO BHUKOPUCTAHHS
AQHTPOIIONCHHUX Ta HPUPOJAHUX EHEPreTHYHHX PECypCiB.
CTBOPIOETBCSL YMOBA BUPILIEHHSI OCHOBHOI ITPOOJIEeMH 3eM-
JIepoOCTBa — PALliOHATBHOTO BUKOPUCTAHHSI POIIOYOCTI YOp-
HO3EMIB 3 OJIHOYACHHUM Ii PO3LIMPEHUM BiITBOPEHHSM, IO
3abe3rneyuye OUIbII MOBHE BUKOPUCTAHHS O10KIIMaTHYHOIO
MOTEHIIaIy TIPH ONTHMAIbHOMY BHKOPHCTAHHI MPUPOIHHUX
Ta aHTPOIOIeHHUX pecypciB Teputopii JliBodepexxHoro Jli-
COCTeILy.

KuarouoBi cioBa: rpyHTO3aXHCHUI 00p0O0OITOK, ccTemMa 00-
poOITKy, arpoleHo3, NPUPOHa POAIOYICTh, CAMOPETYJISLIIs,
camooprasizatisi, KyJIbTypHe IPYHTOyTBOPECHHSI.
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Camoperyasinus U ynpaBJjeHHe BOCIIPOU3BeleHHEM
NJ10/10POUsl YePHO3eMOB THIIMYHBIX B arPOLEH03aX

A. B. Jlemunenxo ', B. A. Beanuxko 2,
e-mail: dem006@yandex.ua; agrovisnyk@ukr.net

"'Yepkacckasi rocyIapCTBEHHAsl CEIbCKOX03IHCTBECHHAS
oneiTHas cranuusa HHILL «MucTutyT 3emnenenus
HAAH Vkpaunbn»

Vn. Hokyuaesa, 13, c. XononusHuckoe, CMHJISIHCKUIA P-H,
Yepxkacckas o011., YkpanHa, 20731
2 HaroHanbHbIN HAyYHBIH CHTP
«VHCTUTYT OYBOBEICHHS M AT POXHUMUH
nmenu A. H. Coxonosckoro» HAAH Ykpaunsl
V1. HaiikoBckoro, 4, XapbpkoB, YkpanHa, 61024

Heab. VccnenoBarh npouecc yCUIEHHUsI caMOOpraHUu3aluu
U CaMOPETYIALUU YepHO3eMa B HAlpaBJICHUHM €CTECTBEH-
HOM OpTaHM3alMH T0J] BIUSHHUEM JOJITOCPOYHOTO IIOYBO-
3aIIUTHOTO OE30TBAJIBLHOTO PBIXJICHUS M OIPEACIUTH €ro
BIMSHAE Ha YCHJCHHE CHOCOOHOCTH UYepHO3eMa aJalTH-
poBaThcA K M3MEHEHHUSIM BHELIHEH Cpelbl, COXpaHss arpo-
HKOJIOTHYECKYIO YCTOHUMBOCTD arporieHo3a JlepobepexHoi
Jlecocrenn Ykpaunsl. Metoasl. [ToneBoii, 1abopaTtopHBIH,
pacyeTHbId, MaTeMaTHKO-CTaTUCTUYECKU. Pe3yabrarsl.
Ha ocHoBe MHoOrojerHux komuiekcHbIX (1992—-2015 rr.)
HCCIIEIOBAaHNH MOKa3aHO, YTO COBOKYITHOCTH ITOYBO3AIIUT-
HBIX TEXHOJIOTHH BBIPAIMBAHUS KyJIbTYp B arpOLE€HO3aX fB-
nsiercst (JaKTOpOM BIIMSIHMSL HA XapakTep, HalpaBlICHHOCTh
M CaMOpEryJIIUI0 SHEPTO- U MacCoOOMEHa B CIIOXKHOH ce-
TH B3aMMOJIEMCTBUI M B3aMMOCBS3€l uepHO3eMa B arpo-
[[eH03ax. JleTepMUHUPYIOMNM M YIIPABISIOMINM BO3/EHCT-
BHEM B BOCIIPOM3BOJICTBE IUIOJOPOANS YEPHO3EMOB THITHNY-
HBIX JleBoOepexxHO# JlecocTenn YikpaWHBI SBISIOTCS TIOYBO-
3alUTHBIC TEXHOJIOTUH BBIPAIMBAHUS CEIbCKOXO3SIHCTBEH-
HBIX KYJIBTYp, KOTOpbIE 0a3upyroTcsi Ha OeCIuIykKHOH 00-
pabotke. DHeprouenecoodpasue IOCTPOCHHUS IIOPOBOTO
MIPOCTPAHCTBA YEPHO3EMa B YCIOBHAX MOYBO3ALIUTHOTO
BO3/I€/IBIBAHUS CIIENyeT paclieHUBaTh KaK TepMOAWHAMHU-
YeCKHH KOJ MOYBOOOPA30BaHMS HIIM IPOLECC peallu3alnu
“naMsATH” 0 MOP(OTreHETHUECKOH MPOCTPAHCTBEHHOH 110Y-
BEHHOW (hOPMBI BBICOKOTO YPOBHSI CaMOOPTaHU3AIMU, UTO
IPSIMO CBA3AaHO C MPOLIECCOM YCUIIEHHUS! OCTAaTOYHBIX MPU3-
HAaKOB NPHUPOTHOTO MTOYBOOOPA30BAHUS M AKKYMYJISATHBHOM
HANpaBJIEHHOCThIO MOKa3zaTenell miuogoponus. BbIBoABI.
ITouBozammTHast cucTeMa 3eMIIe/IeNUsl JOJDKHA paccMar-
pHUBAThCSl KaK KOMIUIEKC METOIOB M IPHUEMOB CHUCTEMHOTO
WJIN 9KOJIOTHMYECKH I1e1eCO00Pa3HOr0 HCIOJIb30BaHUS aH-
TPOIOTEHHBIX M MNPHUPOAHBIX AHEPrETHUECKUX PECYpPCOB.
Co3naercst yclIOBHE pEIIEHHs OCHOBHOHM IpPOOJIEMBbI 3eM-
nenenuss — paldoOHAIBHOIO MCIOIb30BAHUS IUIOJOPOAUS
YEepHO3EMOB C OJHOBPEMEHHBIM €0 PaCIIUPEHHBIM BOC-
MIPOMU3BOJICTBOM, 4TO 0OecreynBaeT 0ojee MOJIHOE UCIIOIb-
30BaHME OMOKIMMATHYECKOTO TOTEHITHATIA TPH ONTHMAIEHOM
WCIIONIb30BaHUU TIPUPOJHBIX W AHTPOIOTEHHBIX PECYPCOB
tepputopun JleBobepexHoii Jlecocrenu.
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KiroueBrble ciioBa: moyBo3ammTHas 00padoTK, cuctema 00-
pabOoTKH, arpoleH03, ECTECTBEHHOE ILIOMOPOINE, CaMOpery-
JISIIMS, CAMOPTaHU3AIINs, KyIBTYpHOE TOYBOOOpa30BaHuUE.
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