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Soil is a form of existence of dispersed systems.
O.E. Fersman

Abstract. The weather is one of the determining factors in crop productivity. The purpose of this
publication is to experimentally confirm and highlight the mechanism of the emergence of the dynamics of
pore solution’s chemical composition and its thermodynamic accessibility to plants during the interaction of
black soil with thermodynamic weather factors in the daily cycle. It has been established that the dynamics
of availability should be sought precisely in the daily cycle of soil interaction with the environment. The
basis of experimental laboratory research was the thermodynamic hydrophysical method. Samples of
typical light loamy black soil of undisturbed structure from the Obukhiv district of the Kyiv region were
studied. The studies have found that the emergence of the dynamics of thermodynamic accessibility of
the pore solution and its chemical composition is ensured by subordinate processes that occur in the soil
under the influence of cyclic environmental factors — temperature, atmospheric pressure, and moisture
saturation. During the laboratory experiments, reproducible dynamics of the chemical composition of the
pore solution were obtained in the daily range of changes in the specified factors. It is likely that the
formation of such dynamics in three cycles of desorption — sorption is provided by all five categories
of soil absorption capacity. The chemical composition of the pore solution is functionally related to the
heterogeneity parameter of soil environment, which is determined by the thermodynamic potential of
moisture. Among the components of the chemical composition, the dynamics of the content of nitrate ions
(NOs), as one of the most important biogenic compounds, deserves an increased attention. The unique
dynamics of NOs content consists in its increase as the heterogeneity (desorption) of the soil (soil moisture)
increases, approximately to the values of field capacity. This is explained by the specific behavior of these
ions, which have a negative adsorption capacity (physical absorption capacity), between the two surfaces:
solid particles-liquid and liquid-air, namely their concentration near the surface of separation in contact
with the atmosphere. For structured soil with the presence of trapped air in macropores, nitrate ions are
protected from leaching by the flow of moisture and are released into the pore solution in a volley when
the macropores open, which is important for the conditions of nitrogen nutrition of plants. The conducted
research outlines a whole section of thermodynamic research of soils with undisturbed structure, the
implementation of which will result in parametric models for ensuring the production process of plants.

Keywords: thermodynamic system of soil, thermodynamic weather factors, heterogeneity, hysteresis,
dynamics of moisture availability, dynamics of pore solution'’s chemical composition, nitrates

Relevance of the research. The soil fertility
is understood as the property of soil to satisfy the
needs of plants for the nutritional components
necessary for the production process [1]. Despite
the existing of its various forms and types, the
concept of fertility remains unspecified due to the
consideration of soil as a container with nutrients,

which can be controlled by adding or consuming
nutrients, in accordance with the agricultural law
of return [2].

However, the sacred phenomenon of
fertility has a much more complex nature. In
particular, the productivity of the same soil can
vary significantly from year to year, although
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according to agrochemical indicators, the nutrient
content in it remains practically unchanged. This
difference is believed to be due to the weather
conditions of each year. However, the real
mechanism of the influence of weather conditions
on productivity is not considered in this case.
According to chemists&apos; calculations, the
gross reserves of biogenic elements in a 20 cm
layer of typical black soils will be enough
for obtaining a wheat yield of 3 t/ha during
60-150 years regarding nitrogen, during
85-250 years regarding phosphorus, and during
530-870 years regarding potassium [3]. But
this can be only under the condition of their full
mobilization. It is obvious that weather conditions
affect the availability of nutrients from the soil
and the optimality of their provision for the
production process. At the same time, they affect
both the transpiration capacity of the plants and
the availability of nutrients from the soil, from
those the plants choose the most optimal in space
and time for their own production process. After
all, it is an axiom that plants have followed the
path of adapting and harmonizing their production
cycle with the functional cyclical dynamics of
the interaction of the soil, as a heterogeneous
system, with the cyclicity of external weather
disturbances. At the same time, attention should
be paid to the predominantly daily cyclical nature
of the production process of plants, and therefore
the dynamics of the availability of nutrition from
the soil to them, as adaptive systems, should be
sought precisely in the daily functional cycle of
soil condition.

In a heterogeneous system of soil, the
thermodynamic moisture potential is an indicator
of dynamics status [4]. After all, the most plant
nutrients are obtained from the pore solution, the
availability of which is determined by the value
of the moisture potential. Agrochemists also pay
attention to the thermodynamic nature of the
biogenic elements availability for plants [5].

ecently, agrochemists have also started paying
increasing attention to determining the content
of readily available forms of biogenic elements:
available forms of nitrogen (N), mobile potassium
(K), and mobile phosphorus (P) [6].

However, it is not entirely correct to
determine such availability only by agrochemical
methods. After all, according to K.K. Gedroits
[7], the absorption capacity of the soil is divided
into five categories: mechanical, physical,
physicochemical, chemical, and biological,
which differ in their strength of stabilization of
the components of soils’ thermodynamic system
and the degree of conservatism or dynamism for
the each of indicator categories. By considering
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only the level of chemical absorption capacity,
which to a greater extent characterizes the gross
content of elements, we effectively exclude the
participation of available nutritional components
of other categories of absorption capacity.
And the nature of these different categories
and their intertransitions are determined by the
heterogeneity of the four-phase soil system,
where the fourth phase, in addition to solid
particles, liquid and gas, is an alive matter
[8]. However, when conducting agrochemical
analyses, this heterogeneous soil structure, which
depends on moisture content and other factors,
is completely ignored: the soil is dried, ground,
sieved, and treated with certain chemicals, after
which the resulting solution is analyzed [9].
In due time, V.I. Vernadsky has very critical
opinion regarding the analysis of “air-dry” soils,
devoid of moisture, gases, and organic matter,
believing that such soils do not exist in nature
[10]. Insisting on the need to study soils in their
natural state, Vernadsky focused on the complete
lack of knowledge of soil solutions, which, in
his opinion, represent the “substrate of life”,
an extremely complex and dynamic system of
equilibrium. Supporting the life and enabling
terrestrial vegetation to exist, soil solutions, as
V.I. Vernadsky pointed out, are obviously “the
main element of the biosphere mechanism”
[11].  Therefore, agrochemical indicators,
although they are the most conservative, do not
fully characterize the availability of nutrients
from the soil. Above we draw attention to the
predominantly daily cycle of the bioproduction
process. Therefore, the basis for the dynamics of
the indicators, which are the least stabilized in
the soil&apos;s absorption capacity of biogenic
elements, should be sought precisely in the daily
cycle of the dynamics of nutritional components
stabilization. And, first of all, it is necessary to
establish the cause and possible mechanism
of the emergence of the daily dynamics of the
availability of biogenic elements in natural pore
solutions as a result of the interaction of all
categories of soil absorption capacity as a integral
system. After all, plants, as adaptive systems,
react sensitively by concentrating fast-growing
root hairs precisely in the direction of horizons
where nutrition is most accessible to them [12].
Plants have mechanisms, which vary
subject to the intensity for providing their own
production process with nutrients — from the
slowest chemical leaching from crystalline
rocks, e.g., as performed by lichens, to the most
intense thermodynamic availability based on the
dynamics of the potential pore solution in the soil.
The latter mechanism can provide the highest
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intensity of the production process, which, e.g.,
is required by steppe cereal ecosystems. After
all, the vegetation season of steppe forbs is quite
short requiring a high intensity of the production
process to form biomass and reproductive organs
of grasses during the short vegetation season, in
which the decisive role is assigned to moisture
reserves in the Steppe soils.

We consider it appropriate to first study this
specific intensive mechanism for ensuring the
availability of nutrients for agricultural crops
for the most productive soils from the black
soils&apos; variety. After all, the preservation of
these soils is a priority task for Ukraine, where
the largest area of black soils is located. And
it is in Ukraine, as the successor of one of the
most ancient agricultural civilizations — Trypillia,
where the conditions are created and the highest
motivation is present for revealing the sacred
phenomenon of fertility, and accordingly, the
ways of preserving and effectively managing the
productive function of the national heritage of
Ukraine — black soils.

Therefore, it is in Ukraine, where there is the
highest motivation to reveal the mechanism of
the influence of weather cyclicity on ensuring
the dynamics of the availability of nutrients from
black soils, which is an element of the strategy
of conscious preservation and management
of the productive function of this national
heritage, which is being actualized by modern
global climate changes. Accordingly, the very
mechanism of the emergence of the dynamics of
availability of nutrients from the soil for plants
should be sought in the daily cycle of soil-
environment interaction when considering the
soil as a complete thermodynamic system, in
which a dynamic equilibrium of the chemical
composition of natural pore solutions arises in
the heterogeneous structure of soil framework.

The purpose of the conducted research
is to experimentally confirm and highlight the
probable mechanism of the emergence of the
dynamics of pore solution’s chemical composition
and the availability of plant nutrition components
from black soils, as an integral heterogeneous
thermodynamic system of natural composition,
in interaction with weather factors of the external
environment, which ensures its productive
function.

Materials and research methods. The basis
of this scientific research is thermodynamic
methods of laboratory and field experimental
studies of the natural soils and their regimes,
a systematic analysis of functional parameters
of soils based on the proposed dynamic
functional model in interaction with the external

environment [13]. This dynamic model is
based on the principles of synergetics, which
consider the soil as a thermodynamically
non-equilibrium system and a dissipative active
kinetic environment, in which self-stabilization
and self-organization processes are constantly
present, ensuring their evolution in accordance
with the cyclicity of external weather conditions
[13]. It is the permanent thermodynamic
disequilibrium of the soil that provides local
and periodically increasing thermodynamic
availability of nutritional components for plants,
taking into account local phase transitions of
matter. Research was conducted for over thirty
years on various types of soils belonging to
the sites in the drainage and irrigation ones.
The most large-scaled agro-landscape studies
were conducted in the Forest-Steppe zone in
the Obukhiv district of the Kyiv region at the
experimental agro-ecological polygon during
1989-2005, where typical light loamy black
soils of varying degrees of washout are spreaded
and a soil conservation system of agriculture
with contour-ameliorative organization of the
territory was implemented [14].

It was for these soils that in-depth laboratory
studies of the dynamics of availability and the
dynamics of the chemical composition of pore
solutions were conducted under the conditions
of targeted management of soil heterogeneity.
Chemical analyses of pore solutions were carried
out in the certified hydrochemical laboratory
of the Geological Faculty of Taras Shevchenko
National University of Kyiv under the leadership
of PhD in Chemical Sciences T.V. Gerbunova.

Research results and their discussion.
The first stage in achieving the goal of the
study was to consider the regularities of the
specific structure of a real dispersed soil system.
When considering the structure, the traditional
assessment of soil structure for agrophysics,
which is based on the principle of reductionism,
i.e. the assessment of soil fragments, into which
it breaks down when its integrity is violated,
was abandoned. After all, the plants, climatic
factors, and moisture interact with the soil as an
integral dispersed thermodynamic system, where
many microprocesses of transformations of
matter, energy, and information occur, and those
processes are characterized by the structure of the
pore space. At the same time, its heterogeneity is
decisive, and it is characterized by the surface of
the solid-liquid and liquid-air interfaces, as well
as the biomembranes of organisms. And it is the
structure of the soil’s pore space that determines
the dynamics of interface surfaces when moisture
saturation changes. To characterize the pore
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space, a new physical model was created in the
form of a corrugated equivalent of capillary [15].
This model takes into account the irregularity of
the intersection of imaginary capillaries, which
is characterized by the well-known model of the
Jamin capillary [16]. Another, also well-known,
model of the so-called equivalent capillary of
A.V. Lykov integrally takes into account the
combination of imaginary capillaries of all sizes
[16]. The new model of the corrugated equivalent
capillary combines the benefits of both of these
physical models of soil pore space and thereby
acquires a new quality. It is used to substantiate
the existence of air bubbles trapped by liquid
membranes in the pore space of the soil. The
main condition for the equilibrium existence of
this air is the equality of the radii of curvature of
the liquid membrane from the outside, in contact
with the atmosphere (r.), and inside this bubble
of trapped air (rw), i.e. the equilibrium condition
r.=rw. Since the real dispersed soil system can
be characterized, according to the Jamin model,
by two characteristic dimensions I'min and max, in
the model of a corrugated equivalent capillary,
a segment is determined, where the condition
Tmin < Ta < I'max 1S fulfilled, which is the justification
for a certain group of pores, where air trapped
by liquid membranes exists in an equilibrium
state. It is the presence of this air that is the main
factor in the occurrence of capillary hysteresis in
the soil. The famous scientist O.O. Rode drew
attention to this unique phenomenon back in the
previous century and emphasized that, despite
the fact that in the thermodynamic interpretation
of soil-hydrological phenomena, hysteresis is
quite deliberately not taken into account, it is
actually a phenomenon of extreme importance
not only in theoretical terms, but also in solving
quite practical problems [15]. Thus, capillary
hysteresis is one of the fundamental properties
of soil, which is directly related to its other
fundamental property — heterogeneity [18].
Thermodynamic potential dynamics. The use
of the physical model of a corrugated equivalent
of capillary allowed to create a “Method for
Determining the Structure of the Pore Space of
Soils (Dispersed Media)” [19], which became
an applied aspect of the use of the hysteresis
phenomenon. The patented utility model is
based on the study of the capillary hysteresis
loop obtained in a special mode: desorption
from full capacity as quickly as possible when
there is practically no trapped air in the soil, and
sorption as slowly as possible when equilibrium
is established in the soil in the expansion of
pores with trapped air. The difference in moisture
saturation between the fast desorption and slow
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sorption branches for fixed values of capillary
potential characterizes the moving average
value of the total volume of trapped air in the
group of pores, where the equilibrium condition
Tmin <Ta<I'max 1S satisfied. The graph aggregates
points with different values of capillary potential
(Pi and different volumes of trapped air V.= (P;)
is called a structural characteristic of the soil pore
space). In fact, the curve, graphically plotted
as the difference in moisture content between
the branches of the hysteresis loop, represents
a differential curve of the distribution of pore
space by radii. As the pore radii are related to the
Jurin’s functional dependence on the capillary
potential: P=—0,15/r or r=—0,15/P [16]. Air
trapping in pore expansions increases the overall
heterogeneity by the amount of the total internal
surface area of the bubbles. Therefore, it is
necessary to distinguish between the area of the
liquid-air surface interface in contact with the soil
atmosphere, which was called extra-heterogeneity
(external) [20], and the area of the liquid-air
surface interface in the trapped air bubbles
themselves, which was called intra-heterogeneity
(internal). It is the intra-heterogeneity that most
actively responds to the changes in external
thermodynamic conditions, because air separated
from the atmosphere by liquid membranes
reacts sensitively to the changes in external
thermodynamic conditions — temperature (T°C),
atmospheric pressure (Pam), and moisture
saturation (0) — by changing gas pressure and
moisture saturation of the pore’s body. In this
case, a change in gas pressure in the bubble leads
to the displacement of the liquid, or its entry into
the pore’s body, depending on the direction and
combination of directions of change in external
thermodynamic parameters. The cooperativity
of such microprocesses in the pore space of the
soil leads to the redistribution of moisture in it
and a change in the thermodynamic state of the
soil at the level of the macroparameter of the
system of unsaturated soil, and, accordingly, to a
change in the availability of moisture for plants.
The presence of such a dynamics of capillary
potential has been experimentally studied under
the changes in temperature [20], humidity, and
gas pressure in the range, which corresponds
to the daily cycle of their variability. It has
been found that a rapid change in any external
parameter causes a self-oscillating process of
capillary potential dynamics in the soil [20].
Therefore, the combination of two
fundamental properties — the heterogeneity
and hysteresis — ensures the dynamics of pore
solution availability during soil interaction with
changing external environmental conditions.
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Naturally, such processes develop in the time
and space of the soil environment, to which
plants and plant communities and biota in
general, have been adapted. Therefore, the
overall response of the thermodynamic state
of moisture to changes in external conditions
depends not only on the absolute amplitude of
changes in thermodynamic parameters, but also
on the speed of their changes [15]. And it is the
daily cycle that provides the highest speeds,
and, accordingly, the highest amplitude of the
reaction of the soil thermodynamic system to
external changes, which coincides with the daily
bioproduction cycle of plants. Therefore, it is the
hysteresis of the soil that provides the dynamics
of stabilization of the pore solution, within the
capillary hysteresis loop, when interacting with
the daily variability of external thermodynamic
(weather) parameters.

Analysis of soil structure through the structure
of its pore space based on the thermodynamic
methods allows us to differentially consider the
spatial continuum of pore space, quantitatively
characterize the dynamics of soil heterogeneity,
and also identify specific local subordinate
(internal) processes of the microgradient
structure of the soil environment, which ensure
local transportation and phase transitions of
matter.

Chemical composition dynamics. One of
the most important issues is the assessment of
the influence of the daily cyclicity of weather
factors on the chemical composition of the
pore solution, since both its thermodynamic
availability and its chemical composition are the
results of the same internal (subordinate) soil
processes. In particular, the reaction of trapped
air bubbles to the cyclical variability of external
thermodynamic environmental conditions leads,
in addition to intra-pore moisture redistribution,
to the emergence of gas saturation dynamics of
the pore solution, which has local nature around
the bubbles and provides gas concentration
gradients in the liquid of around the pores with
trapped air. The carbon dioxide (CO:), which has
the highest solubility in the pore solution among
atmospheric gases, deserves special attention in
these processes. But the main thing is that, when
it dissociates, it increases the concentration of
hydrogen ions, that is, it lowers the pH. In fact,
trapped air becomes a local source of carbonic
acid in the soil environment [20]. In turn, radial
acidity gradients become a factor in phase
transitions of matter, primarily for compounds
that cement soil particles. In particular, the
dissolution of these compounds, which have
predominantly carbonate composition, releases

cemented soil particles, which can enable their
relative movement under the action of external
forces. It is likely that this mechanism ensures
the self-development of the soil in the direction
of its decompression by increasing the volume
of elementary pores and transforming them into
structural macropores.

The influence of capillary potential on
the dynamics of the chemical composition
of the pore solution for a typical light loamy
black soils, which is shown in Fig. 1, has been
experimentally confirmed. The experimental
setup was as follows: a cylindrical soil sample of
undisturbed structure with a diameter of 12 cm
and a height of 10 cm, located in a plastic cutting
ring and waterproofed from above and below
with paraffin-bitumen caps, was equipped with
two ceramic probes of control tensiometers on
the side surface of the soil cylinder and a central
working probe, through which the moisture
saturation of the soil sample was changed
according to the hydrophysical tests methodology
[21]. The experimental methodology provides for
the sampling of 10 ml portion-wise microsamples
of pore solution through a central working
ceramic probe during the desorption process of
a soil sample, which is saturated to full moisture
capacity. The decrease in soil moisture saturation
during the sampling was equal to the 1-2,5 % of
the volume. The extraction of pore solution in
the radial space of the sample actually simulated
the extraction of solution from the soil by plants’
roots.  Semi-microhydrochemical  standard
analyses was performed on the selected samples
to determine the main macrocomponents Ca?’,
Mg*, Na*, HCOs, SO4*, CI', NO3, and pH when
diluting the sample to the volume required for the
analyses. The results of the determinations are
shown in Fig. 1, where the concentration of each
macrocomponent, presented in mg.eq./l, and pH
are functionally related to the capillary potential
expressed in absolute values (|P|), kPa, at which
the samples were taken. Thus, it has been shown
that there is a dynamic change in the chemical
composition of the pore solution as the soil
desorption progresses, which may be associated
with a decrease in the radii of curvature of the
liquid-air interface in a heterogeneous soil
system, that is, in fact, with an increase in its
heterogeneity. Three desorption cycles were
carried out and after each cycle the soil monolith
was saturated with distilled water through the
central working ceramic probe.

According to the results of chemical analysis
of pore solution samples, a certain reproducible
regular dynamics of the chemical composition
components content is visible, although the
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Fig. 1. Dynamics of the chemical composition of the pore solution for a typical light loamy black
soil, interval 0,0-0,1 m (placore)

small volume of samples reduces the accuracy
of their determination, which sometimes violates
the monotony of the obtained dependences.
In particular, the following regularities are
noteworthy:

— the acidity of the pore solution tends to
increase by almost an order of magnitude (a decrease
in pH of 1) in each of the three desorption cycles;

— the content of hydrocarbons (HCOs)
naturally decreases as desorption (decrease in
soil moisture) occurs in all three cycles;

— the content of sulfates (SOs") decreased in
the first cycle, however, in repeated cycles there
is a clear tendency towards an increase in their
content;

— chlorine ions (CI), which have a negative
adsorption capacity and can only be found in
solution without a replenishment source, were
recorded only in the first desorption cycle, and
were no longer detected in repeated cycles;

— unfortunately, nitrate ions (NO3") were not
determined in the first cycle, however, in repeated
cycles, a clear tendency towards an increase
in their content in the solution as desorption
proceeds is observed;

— the dynamics of the content of Ca*, Mg**
and Na“ cations have common features: at the first
stage, their content decreases from the highest
absolute values, but during repeated desorption
cycles, a tendency towards an increase in their
content is recorded as the soil is desorbed.

The obtained patterns were reproduced on
other soil samples, so their trend has important
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consequences. In particular, the increase in nitrate
content as desorption proceeds can be explained
by the fact that nitrate ions have a negative
adsorption capacity, which is a manifestation
of the physical absorption capacity of the soil
[22], therefore, in unsaturated soil they gravitate
towards the surface of the liquid-air interface.
That is, they concentrate directly below the
surface of the liquid-air interface, acquiring the
ability to slide and flow along this surface when
a moisture potential gradient appears. It is likely
that this mechanism of pulling nitrates to the roots
operates during pore solution extraction. Under
the conditions of air compression, nitrate ions
concentrate near the inner surface of this bubble
(intra-heterogeneity) and when it opens or a plant
roots penetrates it, a volley of these ions occurs,
which is a source of one of the most important
biogenic elements for plants — nitrogen.

This is the way how we see the experimentally
found mechanism of increasing the content of
nitrate ions in the pore solution due to their
volley ejection during the opening of pores
with trapped air during the soil drying process,
which directly affects the availability for plants
of the nitrogen from the pore solution. The
reproducibility of this extremely important
pattern is experimentally confirmed by the results
of tests of a typical black soil’s sample from the
depth interval of 0,20-0,30 m of the same soil
profile on the plateau (Obukhiv district, Kyiv
region). Table 1 contains the absolute values
of the capillary potential |P|, kPa, at which
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samples of the pore solution were taken, and the
corresponding values of the nitrate ion content
(mg-eq/1) for the II and III desorption cycles for
two samples of typical black soil taken from two
depth intervals. Figure 2 presents the graphs of
the dynamics of the nitrate ions content in the
drained pore solution and a graph of the water
retention curve of sample No. 1 in the second
desorption cycle with the designation of the
points of micro-sampling of the pore solution
on this curve (see Table 1).

The common nature of the nitrate content
dynamics during the soil desorption process

is noteworthy: this is an almost monotonic
increase in their content to absolute values of
capillary potential of 30—45 kPa, after which a
certain decrease in their content is observed. This
decrease is most likely related to the nature of the
pore space structure of the studied soil and gives
grounds for concluding that further soil desorption
will worsen the conditions for providing plants
with the nitrate form of nitrogen.

In the heterogeneous environment of
unsaturated soil, there is likely to be an uneven
distribution of nitrate ions in the pore solution, as
they are under the influence of both solid-liquid
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Fig. 2. Graph of repeated desorption of a sample of the typical light loam black soil (placor) from
depth intervals of 0,00-0,10 m and 0,0-0,30 m with designations on the , kPa, curve of average
moisture values of pore solution sampling and the curves of the dynamics of the nitrate nitrogen

content in the drained solution over two desorption cycles , mg-eq/l

1. Nitrate nitrogen (NOs") content (mg-eq/l) in drained pore solution depending on absolute values
of capillary potential (|P|, kPa) for typical black soil samples from two depth intervals on the second

and third desorption cycles

Sample 1, interval 0,00-0,10 m Sample 2, interval 0,20—0,30 m
N 2" cycle 31 cycle 2" cycle 3rd cycle
PLkPa | €% 1ippkpa| ©7 | pkpa | C | plkpa | O
mg-eq/l mg-eq/l mg-eq/l mg-eq/l
1 2,4 0,13 1,9 0,08 4,5 0,18 2,5 0,37
2 5,8 0,21 6,5 0,07 11,5 0,49 9,4 0,69
3 14,2 0,27 11,7 0,07 19,3 0,78 14,7 0,85
4 20,0 0,47 16,2 0,11 27,7 0,89 21,6 0,69
5 29,1 0,68 21,5 0,15 36,4 0,89 31,2 0,85
6 414 0,95 30,6 0,49 49,9 0,81 45,8 0,91
7 56,2 0,98 50,1 0,89 56,0 0,78 56,5 0,85
8 63,1 0,98 62,1 0,85 — — — —
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and liquid-air interfaces. Therefore, these ions,
“repelling” from solid particles, gravitate to the
surface of the liquid-air interface, due to negative
adsorption capacity, therefore, these ions will
experience the least the influence of the solid soil
skeleton in the most powerful zones of capillary
moisture, which are usually observed in the form
of joint cuffs at the contact of dispersed soil
particles or in water-filled pores. Therefore, it is
possible to assume that the distribution of nitrate
ions is extremely uneven in the heterogeneous soil
environment and may have a network structure,
also taking into account the intra-heterogeneity of
macropores with trapped air and the presence of a
constant source of nitrification of organic matter in
the soil. It is these macropores that play a role of a
storage, a reserve of nitrate ions, preventing their
migration and leaching by the free pore solution.

An important point is the interpretation of
the dynamics of the cation content in the pore
solution, in particular their almost monotonic
decrease in the first desorption cycle and increase
in repeated desorption cycles.

Conclusions. The influence of weather
thermodynamic factors in the daily cycle,
namely temperature, atmospheric pressure, and
precipitation, on the emergence of the dynamics
of thermodynamic availability for plants of soils’
pore solution and the dynamics of its chemical
composition has been experimentally confirmed.
The general formula for the influence of weather
looks like the following: the dynamics of weather
factors — the dynamics of soil heterogeneity — the
dynamics of moisture potential and its chemical
composition, which determines the dynamics of
nutrient availability.

The dynamics of the soil pore solution’s chemical
composition is determined by the dynamics

of heterogeneity (soil moisture), which occurs
under the influence of external thermodynamic
disturbances and leads to the destabilization of all
categories of soil absorption capacity.

The amplitude of the soil heterogeneity
dynamics under the influence of weather
is determined by the rate of variability of
thermodynamic factors, and their greatest
influence on the degree of soil heterogeneity is
provided by daily fluctuations in weather factors.

The different distribution of ions — components
of nutrition in the pore solution — between the
two interfaces of solid particles — liquid and
liquid-air — is significantly different from their
distribution in the free solution, which is due
to the property of different adsorption capacity
(physical absorption capacity), which leads to
their uneven spatial distribution and a certain
selection in the structure of the soil pore space.

A unique phenomenon of an increase in
the nitrate content (NOs’) in the pore solution
as the heterogeneity (desorption) of the soil
increases, which is determined by the structure
of the pore space, in particular the presence of
structural macropores with trapped air, has been
experimentally found. This phenomenon is of a
great importance for the conditions of nitrogen
nutrition of plants and requires further studies.

Without providing ready-made management
solutions for regulating the nature of fertility,
the conducted studies outline the direction of
thermodynamic microgradient studies of soils of
undisturbed structure based on the miniaturization
of sensors and the priority of in-situ and on-line
real-time studies, which will allow combining in
parametric models the cyclical nature of external
weather factors with the cyclical dynamics of the
plant production process.
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Ipynm — ye popma icnyéanns OucnepcHux cucmem.
0.€. depcman

Anomauia. [lo2o0a € 00HuM i3 6UBHAUATLHUX YUHHUKIE NPOOYKMUSHOCHII CiIbCOKO2OCHO0APCLKUX KYILIMYP.
Memoro nybaikayii' € excnepumenmanvHe niOmeepONCeHHs i UCEIMIEHH MeXAHI3MY GUHUKHEHHSA OUHAMIKU
XIMIYHO20 CKIAOY NOPOBO2O POIUUHY MA U020 MEPMOOUHAMIUHOT QOCMYNHOCNI OJIsL POCIUH NPU 83AEMOOTT
YOPHO3eMHO20 TPYHMY 3 MEPMOOUHAMIYHUMY (Dakmopamu noeoou 8 0060eomy yukii. Bcmanosneno, ujo
OUHAMIKY OOCIYRHOCHI CNIO wyKamu came 8 000080MY YUKIL 63AEMOOTL IpyHmy 3 006KiIsAM. OCHOBO
EeKCNEePUMEHMATbHUX  1AO0PAMOPHUX  00CAI0JICeHb  OY8  MepMOOUHAMINHULL  2I0pODIZUUHUL  MemOO.
Hocnioacysanu 3pazxu uopHozemy munogoco 1e2Kocy2nuHKo802o nenopyuiernoi cmpykmypu 3 O6yxiscoko2o
pationy Kuiscwvroi obnacmi. J{ocnioxnceHHAMU CIMAHO8EHO, WO UHUKHEHHA OUHAMIKU MepUMOOUHAMIUHOT
00CMYNHOCIMI NOPOB02O PO3UUHY T 1020 XIMIUH020 CKIAdy 3abe3neuyioms CyOopouHayitiHi npoyecu, wo
BUHUKAIOMb Y [DYHMI 34 GNIUGY HA HbO2O YUKIIUHUX (DAKMOPI6 O06KILIL — meMnepamypu, ammocghepHozo
MUCKY | 801020HACUYEHHSA. Y 1a60pamopHux eKcnepumeHmax ompumana 8i0meopiogand OUHAMIKA XiMiy-
HO20 CKAAOY NOPOBO2O PO3UUHY 8 000080MY OIaNA30HI 3MIH 8KA3AHUX akmopis. Bipociono gopmysanus
maxoi OUHAMIKU y MPbOX YUKAAX decopoyii — copoyii, 3abe3neuyioms yci n’ame kamezopii 60UpHoi 30am-
nocmi tpyHmy. Ximiunuil ckiao nopogoeo po3uuny QyHKYIOHANbHO N0 SA3YEMbCA 3 NAPAMEMPOM 2emepo-
2EHHOCMI IPYHIMOB020 Cepedosuuld, Ky GUHAYAE mepmMoounamiynuil nomenyian eonoeu. Ceped Komno-
HEHMI8 XIMIUH020 CKAAY HAUOLIbUOT y6azu 3aciy208ye OuHamixa emicmy ionie nimpamis (NO5s), sk ooniel
3 HAUANCIUBIUUX Ol02eHHUX CNOAYK. YHikanvua ounamixa emicmy NOs nonseac y 1020 3p0CMAHHI no
Mipi 3pocmanns 2emepoceHHoCHI (0ecopbyii) tpyHmy(801020Cmi IPYHMY) OpieHmMosHo 00 3navens HB. L]e
NOSACHIOEMBCS. OCOONUBOIO NOBEOIHKOW YUX [OHIB, WO MAOMb 80 €EMHY a0copOyiliny 30amuicms ((hizuuna
BOUPHA 30AMHICIb), MIHC 080MA NOBEPXHAMU PO3OLTY MEepdi YaCmKU-piOuHa ma piouna-nogimps,a came
ix Konyenmpayicto 6ina nogepxui po30iny Ha KOHMaxkmi 3 ammocgepoio. [ns oCmpykmypeHo20 Ipyumy i3
HAsIBHICMIO 3AMUCHYMO20 NOGIMPSL Y MAKPONOPAX HIMPAm-iOHU 3axXueri 8i0 BUMUBAHHS NOTMOKOM 801102U
i 341080 BUKUOAIOMbCA Y NOPOBULL POZYUH NPU BIOKPUMMI MAKPONOP, W0 MAE 8AICTUBE 3HAUEHHS 05
VMO8 a30MHO20 JHcugieHHs: pocaut. [Ipoeedeni docniodicents oKpecaoioms Yinull HanpsamMoK mepmoouHa-
MIYHUX OOCTIONCEHD IPYHMIE HENOPYULEHOT CIMPYKMYPU Pe3YIbIMamom peanizayii AKo2o Cmanyms napame-
mpuyni Mooeni 3abe3neuents npoOYKYiliHo20 nPoyecy POCIuH.

Knrouosi cnosa: mepmoounamiuna cucmema IpyHmy, mepMOOUHAMIYHI (hakmopu no2oou, eemepoceH-
HiCmb, 2icmepe3uchicms, OUHAMIKA OOCMYNHOCHI 80102U, OUHAMIKA XIMIYHO20 CKAdY NOPOBO2O PO3UUHY),
Himpamu
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