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ABSTRACT
In this research paper analysis of the dynamics of the moisture content of the soil layer of chernozem and the accumu-
lation of productive moisture reserves in its thickness was carried out, based on a set of data from 1947 to 2022. The 
change in the moisture regime within the periodically leaching water regime of the central part of the Left Bank Forest-
Steppe of Ukraine has been analyzed. The analysis was performed under the crops: winter wheat, spring barley, corn 
for grain and silage, sugar beet, sunflower in crop rotations of various types to a depth of 0–100 cm to 0–300 cm. The 
purpose of the research was to establish the features of the formation of reserves of productive moisture in the cherno-
zem thickness in a seasonal dimension upon the dynamics of climatic parameters against the background of their intra-
century climatic variability for the conditions of the left bank part of the central Forest-Steppe of Ukraine. The gener-
ally accepted research methods were used: field, laboratory, mathematical, statistical and comparative calculation. 
Based on the conducted research, the following results were obtained. In order to form a non-flushing humidification 
regime, it is necessary to accumulate 117–135 mm in the thickness of 0–100 cm, which will correspond to a reserve 
in the thickness of 0–200 cm – 117–167 mm. For periodic flushing water regime 160–165 mm of moisture should be 
accumulated in the 0–100 cm thickness, which will provide a moisture reserve of 300 mm in the 0–200 cm thickness. 
The flushing water regime is formed with a moisture reserve in the thickness of 0–100 cm in the amount of 175 mm, 
which provides a moisture reserve in the thicknesses of 0–150 cm and 0–200 cm – 250 mm and 315 mm, which cor-
responds to the reserve of NV-VRK, and the thickness of 0–300 cm is saturated with moisture in an amount of more 
than 400 mm (HB-VK). Calculation of the paired correlation coefficients showed that an inverse strong correlation 
(R > –0.70) was found between the amount of precipitation for November – March and the supply of moisture to the 
meter layer of soil (R > –0.70), and the consumption of moisture from the soil for April – July correlated with the pre-
cipitation for November – March at the level of direct strong correlation (R ≥ 0.70). The relationship with the moisture 
consumption from the moisture potential for April – August was at the level of an inverse strong correlation (R < 0.70), 
i.e. the higher the amount of precipitation during the autumn-winter-spring period (cold period), the less moisture is 
recorded in a meter-thick layer, the greater its consumption in April-July from the soil and the smaller consumption of 
moisture potential in April-August. The zone of the central Forest-Steppe is characterized by a periodically leaching 
water regime, when an average of 165 mm of moisture accumulates in a meter-thick chernozem, and therefore gravi-
tates towards the values of the moisture reserve in the non-flushing water regime, which exceeds its value by 25 mm, 
which is a stable trend of aridization of soil conditions in spring period. The conditions of moistening chernozems, 
formed in a long-term time interval under the present climatic conditions of the central part of the Left Bank Forest-
Steppe, cannot be shifted under the influence of agrotechnical influences beyond the parameters of the non-leaching or 
periodically leaching water conditions in the agrocenosis. There is manifested the process of the self-regulation stabil-
ity of the Forest-Steppe zone against active aridization and the “attack” of the Steppe on the Forest-Steppe.

Keywords: productive moisture reserve, volatility, precipitation of the cold period, moisture index (indiator), fac-
tor analysis, climate, correlation, Left Bank Forest-Steppe.
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INTRODUCTION

In the family of soils of a non-leaching and 
periodically leaching type of the water regime, 
typical chernozems of the Forest Steppe zone are 
the most optimally moistened since they do not 
have the disadvantages of soils of the leaching 
regime and the disadvantages of soils of the non-
flushing mode of moisture, which contributes to 
the manifestation of the chernozem type of soil 
formation The formation of the water mode of 
chernozems in agrocenoses is determined pri-
marily by changes in the nature of consumption 
by the crops of different depth and volume in the 
structure of the root system in agrocenoses. The 
water balance of chernozems in agrocenoses is 
formed at a lower level, compared to virgin cher-
nozems [Ivanov et al., 2013]. In agrocenoses a 
consequence of “aridization” of chernozems is 
manifested – a lesser supply of soil moisture to 
the chernozem thickness than is possible under 
the particular climatic conditions. In chernozems 
of agrocenoses the water conditions are formed 
in two opposite directions: the total volume of 
moisture is reduced and, at the same time, the 
moisture of the lower horizons is not completely 
consumed, but accumulates in a long-term cycle 
[Kukharchuk et al., 2017].

The change in the hydrological profile of the 
chernozem decreases from the chernozem in the 
Forest-Steppe to a chernozem in the southern 
part of the Forest-Steppe zone, and the Northern 
Steppe, which is manifested in a decrease in the 
degree of stability of hydrological profiles relative 
to weather conditions: in virgin chernozems, the 
layer-by-layer moisture reserves for the dry and 
wet years deviate from the norm by 35%, in cher-
nozems of the Forest-Steppe – by 10–15%, and un-
der the present climatic conditions of global warm-
ing, deviations can reach up to 25–30%, or more, 
especially in the dry and acutely dry years [Med-
vedev et al., 2011; Demydenko, 2021; Lebedeva et 
al., 2013; Bazykina and Boyko, 2008; Kuznetsova, 
2013, Lebedeva, 2002; Lebedeva, 2004].

In the Forest-Steppe the virgin chernozems 
and chernozems of agrocenoses differ in the na-
ture of moisture consumption during the growing 
season: in th virgin analogues there is a gradual 
and consistent consumption of moisture from 
spring to autumn, as the drying front deepens 
deeper into the profile, and in the hydrological 
profile of chernozem in agrocenoses there are 
three zones with differently directed, relatively 

natural chernozems, the dynamics of soil mois-
ture: the upper half meter is characterized by an 
unstable actively variable water regime, the mid-
dle part of the profile, corresponding to the accu-
mulative carbonate horizon, is drier in all seasons, 
and the lower part of the profile is always, even in 
the dry years, wetter than in the virgin soils. [De-
mydenko, 2023; Belolipsky and Bulygin, 2009; 
Belolipsky and Polulyakh, 2015].

A negative change in the water-physical prop-
erties naturally leads to a decrease in the income 
items of the water balance of chernozems in ag-
rocenoses and the moisture-releasing capacity of 
the agrohorizon, in which the bulk of the roots 
of agricultural crops are concentrated [Medve-
dev et al., 2013; Medvedev, 2013; Medvedev and 
Plisko, 2014; Kovalev et al., 2023]. The lack of 
atmospheric precipitation and the active physi-
cal evaporation of the soil moisture is facilitated 
by the low water permeability of the arable layer, 
which is close to critical (about 50 mmꞏh–1) and 
does not sufficiently ensure the absorption of 
moisture from the soil, the absorption of mois-
ture from the cold period of the year in the spring 
and moisture from the intense rainfalls during the 
growing season of agrocenosis crops [Voytovik 
et al., 2023; Medvedev et al., 2012; Medvedev, 
2017; Kramarev and Bandura 2023; Medvedev et 
al., 2013]. An important feature of the moisture 
supply to crops in agrocenoses during the grow-
ing season, associated with changes in the water-
physical properties, is manifested in the sharply 
changing nature of the moistening of the arable 
layer: relatively short periods of water logging, 
when there are no cracks, occupied by air in the 
thickness of 0–30 cm, repeatedly alternating with 
periods of complete drying [Medvedev et al., 
2013; Batey, 2009; Zabrodskyi et al., 2021; Med-
vedev and Bigun, 2013; Demydenko and Velych-
ko, 2013; Armindo and Wendroth, 2016; Bach-
er et al., 2019; Khan et al., 2013; Hallett et al., 
2013; Nichols and Samson-Liebig, 2011; Nich-
ols and Toro, 2010; Lanying et al., 2006; Tang 
et al., 2010; Feiziene et al., 2007]. In the works 
of Mikhailovich et al. [Chendev et al., 2012] and 
Ciric et al. [Mihailovich et al., 2016] it was found 
that typical chernozems turned out to be more 
sensitive to climatic parameters (air temperature 
and amount of precipitation) than soils with an in-
creased level of moisture (Fluvisols, Gleysols and 
Vertisols). Chernozems have higher values, char-
acterizing the evaporation of soil moisture from 
the profile and its internal soil migration [Purton 
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et al., 2015; Routschek et al., 2014; Demydenko 
and Shapoval, 2015; Demydenko, 2023].

The topicality of the investigation lies in 
the fact that, in order to deepen the fundamen-
tal understanding of the impact of global climate 
change upon the development and functioning of 
agrocenoses, it is necessary to conduct a compre-
hensive analysis of the available long-term data 
on the state of the moisture conditions of cherno-
zems, especially on the formation of the spring 
wet reserves, within the non-flushing and periodi-
cally leaching water mode, and the nature of the 
formation of the spring moisture reserves of cher-
nozems in agrocenoses is an indicator of the re-
sponse to synoptic changes in the composition of 
the climatic factors in the central part of the Left 
Bank Forest-Steppe of Ukraine. It is important 
to make complex analysis of the obtained data 
in a long-term dimension (76 years) regarding 
the moisture accumulation on chernozems and 
climatic indicators in agrocenoses of the central 
part of the left-bank forest-steppe agrolandscape, 
as well as normalization of the processes of for-
mation of reserves of productive moisture in the 
thickness of chernozem under the influence of 
changing climatic factors and conditions.

Purpose of the study establishment of peculiari-
ties of the formation of reserves of productive mois-
ture in the thickness of chernozem in a seasonal 
dimension in the dynamics of climatic parameters 
against the background of their intra-century cli-
matic variability for the conditions of the left bank 
part of the central Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The research was conducted in the Central part 
of the Left Bank Forest-Steppe of Ukraine in a 
long-term stationary experiment of the Drabovsky 
experimental field of the Cherkassy State Agricul-
tural Experimental Station of the NSC (Institute of 
Agriculture of the National Academy of Sciences).

Geographically the research was implement-
ed in the Middle Dnieper-Seim agro-soil district, 
covering the lands of the Kyiv, Poltava, Sumy, 
Chernigov and Cherkassy regions. The experi-
ment was laid in the Drabovsky agro-soil region 
of the forest-steppe zone of the Left Bank low-
land province, the northern subprovince on typi-
cal low-humus light loamy silt chernozems.

Analysis of the dynamics of the soil mois-
ture and accumulation of the productive moisture 

reserves in the chernozem layer was conducted, 
based on a set of data from 1947 to 2022 (field 
research by I.G. Zakharchenko, Yu.T. Beskrovny, 
I.S. Shapoval), based on the materials from sci-
entific research reports by Drabovskaya experi-
mental station and Drabovsky experimental field 
of the Cherkasy State Agricultural Experimental 
Station. The change in the moisture conditions 
within the periodically leaching water of the 
central part of the Left Bank Forest-Steppe of 
Ukraine has been analyzed at the NSC (Institute 
of Agriculture of the National Academy of Sci-
ences). Specifications were determined for the 
crops (winter wheat, spring barley, corn for grain 
and silage, sugar beet, sunflower) in the crop ro-
tations of various types to a depth of 0–100 cm 
to 0–300 cm. There were analyzed the primary 
initial data about the moisture content as a per-
centage of weight to the dry soil. Long-term data 
on the moisture content of typical chernozem 
are unique data since observations throughout 
all years of observation, starting from 1947 to 
2022, were and are done according to the unified 
methodology, and the determination of the soil 
moisture was based on the method of thermo-
stat-gravity drying. Samples were taken with a 
drill to a depth from 0–100 cm to 0–300 cm in 
the layers of every 10 cm. The repetition when 
taking samples up to 0–100 cm is fourfold, and 
in the lower horizons – twofold.

The present period of the water condition re-
search was based on: DSTU ISO 16586:2005. The 
quality of soil. Determination of the volumetric mois-
ture of soil by the known packing density on the dry 
mass. The graviometric method. (ISO 16586:2003, 
IDT); DSTU ISO 15709:2004 The quality of soil. 
The soil moisture and unsaturated zone. Definition, 
designation and theory. (ISO 15709:2002, IDT). 
The frequency of observations of the moisture con-
dition is during the warm period of the year, from 
March to November, once a month.

There were analyzed the data of meteorologi-
cal parameters, obtained at the weather station of 
the Drabovsky experimental field [Demydenko 
and Shapoval, 2015]. The complex of weather 
data is presented by year on a monthly basis: the 
amount of precipitation, the average monthly air 
temperature, the sum of active and efficient tem-
peratures and the calculated HTC indicator ac-
cording to Selyaninov on a monthly basis. The 
assessment of climate parameters was based on 
the methodological principles of earlier publica-
tions [Demydenko, 2023b].
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The results of the field research were sub-
jected to statistical processing by the method of 
analysis of variance according, using statistical 
methods: dispersion, factorial and nonparametric 
statistics. The research results were summarized 
using the ‟STATISTICA-10” program.

RESULTS AND DISCUSSION

As it is commonly mistakenly believed, the 
water mode and the moistening mode of cherno-
zems are synonymous. However, there are prac-
tically no investigations that through our actions 
and technological influences (soil cultivation, ap-
plication of mineral and organic fertilizers, intro-
duction of intensive crop rotations, etc.) we have 
an opportunity to change the water mode of cher-
nozems in the central part of the Left Bank Forest-
Steppe to the parameters when the water mode 
changes its zonal parameters. Under contempo-
rary climatic conditions the moisture conditions 
of chernozems in the long-term time dimension 
determine the water conditions of the agricultural 
landscape, which is ultimately difficult to shift 
beyond the parameters of the non-leaching or 
periodically leaching water mode in the agroce-
nosis. There is a process of self-regulation of the 
stability of the Forest-Steppe zone against active 
aridization and the “attack” of the Steppe upon 
the Forest-Steppe [Feiziene et al., 2007].

Under the water mode should be understood a 
totality of all the phenomena of the flow of atmo-
spheric moisture into the thickness of the cherno-
zem, its movement, changes in the physical state 
and flows from the soil of the Forest-Steppe agro-
landscape [Medvedev et al., 2011].

The moistening mode is a change in the ele-
ments of the water balance in the zone of vital ac-
tivity of the root systems of the agricultural crop 
species of an agrophytocenosis within a certain 
type of water mode (non-flushing or periodically 
leaching) [Medvedev et al., 2011].

The moisture mode, in the most general terms, 
consists of the influx of moisture (precipitation, 
surface and soil inflow, condensation moisture, 
and so on) and its consumption (evaporation from 
the underlying surface, surface and underground 
runoff, transpiration of plants, and so on). The 
moisture mode of specific agrophytocenoses and 
their typological associations (phytocenoses) de-
pends on many indirect local causes (relief condi-
tions, soil, vegetation itself).

The reserve of the productive moisture in 
November for the period 1947–2023 averaged 
about 62 mm, and the median was 10 mm less. 
The amplitude range of the moisture reserve was 
128 mm, and the normalized range was 24.5 mm 
(50%) and 33 mm (10%). At the same time the 
moisture reserve along the median tended to a 
greater extent to L0.25 = 44 mm, which indicates 
a decrease in the moisture reserve in the meter 
layer of soil from 1947 to 2023. The coefficient 
of variation was 54.4%, which corresponds to a 
very high level of variation. The variability of the 
moisture reserves in the meter-thick soil layer in 
November exceeded the variability of precipita-
tion 2.3 times. The amount of precipitation for 
April – August during the observation period av-
eraged 257 mm, and beyond the median the aver-
age value of precipitation was 9 mm higher, and 
the amount of precipitation itself at the median 
tended to a greater extent towards the upper typi-
cal value, which is associated with their increas-
ing amount since 1947 to 2023 (Table 1).

The amplitude range of precipitation for No-
vember – March was 145 mm, and the normal-
ized AH = 49 mm (beyond the 50% significance 
level). During the observation period the average 
amount of precipitation was about 191 mm, and 
its amount beyond the median was by 4 mm more. 
Amplitude range AH = 129 mm. The coefficient of 
variation exceeded 20%, indicating insignificant 
variability. The average reserve of productive 
moisture in the meter layer of soil in April was 
about 156 mm, and the median value was about 
158 mm. The amplitude range was 58 mm. The 
normalized range was 20 mm (50%) and 35 mm 
(10%), which is close to the normalized range of 
the moisture reserves of 0–100 cm in November.

The coefficient of variation of the moisture 
reserves in April was at the level of 10%, and, 
compared to the variation of reserves in Novem-
ber, it was 5.3 times less. The variation in precipi-
tation in November – March was 2.3 times higher 
than the existing reserves of the productive mois-
ture in April. On average, during the cold period 
of the year, the soil accumulated about 94 mm of 
moisture from the atmospheric precipitation, and 
beyond the median–5 mm more.

The moisture accumulation in the soil tended 
to a greater extent towards the upper typical value 
(L0.25 = 105 mm) indicating that the less mois-
ture was accumulated before entering winter, the 
greater the amount of moisture from precipitation 
was absorbed by the soil layer in spring, which is 
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more characteristic of earlier observation periods, 
while in 2020–2023 the pattern was reversed. 
The amplitude range of the moisture input into a 
meter-long thickness was 92 mm, and the normal-
ized range was 13 mm (50%), and 35 mm (10%) 
with a coefficient of variation of more than 25%, 
which indicates a high level of variation.

The average potential moisture reserve (re-
serve in April in a meter layer of soil + precipi-
tation for April – August) was 421 mm, and the 
median was about 420 mm. The amplitude range 
was 111 mm, and the normalized range was 36 
mm (50%) and 69 mm (10%). The moisture po-
tential along the median was more inclined to 
L0.25 = 405.5, which indicates a steady downward 
trend in its level from 1947 to 2023. The coef-
ficient of variation of the moisture potential was 
7.3%, which is 3.5 times lower in variability than 
the variability of the productive moisture accu-
mulation in April, indicating a high level of sta-
bilization of the growing season conditions by 
precipitation in April – August (Table 1).

The reserve of the productive moisture in a 
meter-thick layer in July during the observation 
period was about 50 mm, and behind the median 
it was 5 mm less, which caused the value to de-
cline to L0.25 = 39 mm, indicating a decrease in 
the amount of moisture in the meter-long soil 
layer in July from 1947 by 2023. The amplitude 
of the moisture reserve in July was 56 mm, and 

the normalized range was 24 mm (50%) and 35 
mm (10%). The coefficient of variation in the 
formation of the moisture reserves in the 0–100 
cm layer in July exceeded 30%, which indicates 
a high level of variability, exceeding the variabil-
ity in April by 3.2 times, and was 1.65 times less 
relative to November.

The consumption of the productive moisture 
reserves from a meter-thick soil layer for April–
July, according to the average and median, was 
105 mm. The consumption of moisture from the 
soil, according to both statistical indicators, tended 
to the upper typical value (L0.75 = 122 mm), which 
indicates intensive consumption of moisture from 
the soil over the entire observation period. The am-
plitude range of moisture consumption from the 
soil was Δa = 35 mm, and the normalized one was 
Δн = 8.5 mm (50%) and Δн = 23 mm (10%). The 
coefficient of variation in the consumption of the 
productive moisture reserves was less than 10%, 
which indicates a constant increase in the moisture 
consumption from the soil thickness over time.

The average consumption of the moisture po-
tential for April – August was 363 mm, and, ac-
cording to the median, it was 13 mm more. The 
median flow rate tended to the upper typical val-
ue L0.75 = –384 mm, which indicates an increase 
in the moisture potential flow rate from 1947 to 
2023. The amplitude range of the moisture con-
sumption was Δа = 84 mm, and the normalized 

Table 1. Typification of the atmospheric precipitation, reserves and consumption of the productive moisture from 
the soil for 1947–2023

Parameters Mean Median
Amplitude range Normalized range Coefficient 

of variationsMin Max L0.25 L0.75 L0.10 L0.95

Precipitation, mm

XI – III 190.6 195.0 121.0 266.0 160.5 209.0 128.0 257.0 23.2

IV – VIII 257.2 266.0 200.0 292.0 239.5 277.0 218.0 285.0 11.0

Reserve of the productive moisture in 0–100 cm, mm:

XI – November 61.6 51.5 32.0 160.0 44.0 68.5 42.0 75.0 54.4

IV – April 155.7 157.5 130.0 188.0 145.0 165.0 135.0 170.0 10.3
Moisture that entered 

the soil in spring 93.9 99.0 26.0 118.0 91.5 105.0 80.0 115.0 25.3

Pt 421.1 419.5 362.0 473.0 405.5 442.0 388.0 457.0 7.3

VII – July 50.1 45.5 25.0 81.0 39.0 63.0 35.0 70.0 32.8

Moisture consumption from soil, mm

IV – VII –105 –105 –125 –90.0 –108 –99.5 –122 –99.0 9.3

IV – VIII from Pt, mm 362.7 376.0 307.0 391.0 340.5 384.0 317.0 389.0 8.4

Evaporation, mm 428.4 392.5 325.0 561.0 385.0 507.5 350.0 535.0 18.2

КZ.V 1.02 1.02 0.75 1.41 0.88 1.13 0.77 1.22 18.56

Note: KZ.V – moisture coefficient; Pt – moisture potential – moisture reserve in April in a meter layer of soil + precipitation 
for April – August (mm).
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range was Δн = 43 mm (50%) and Δн = 72 mm 
(10%). The closeness of the flow rate at Δ(10%) to 
the amplitude range indicates the stability of this 
parameter, reflected by the coefficient of varia-
tion, which, being less than 10%, was 1.2 times 
lower than the moisture flow from the soil.

The average evaporation for April–August 
was 428 mm, and in terms of amplitude the evap-
oration reached a maximum value of 561 mm; the 
minimum value is 325 mm. The amplitude range 
was Δa = 236 mm. The normalized range of evap-
oration was Δн = 122 mm (50%), and Δн = 185 mm 
(10%), and the coefficient of variation of evapora-
tion was 18.2%. The median value of evaporation 
tended to a greater extent towards the upper typi-
cal value (L0.75 = 507.5 mm), which indicates an 
increase in evaporation from 1947 to 2023.

The average value of the moisture coef-
ficient (Ksv.) was at the level of Ksv. = 1.02 
(optimal humidity), and the median value of 
Ksv. = 0.98, which tended more toward the lower 
typical value (L0.25 = 0.88) or increasing drought 
conditions. Amplitude range Δkz(а) = 0.66, and 
normalized Δн/р = 0.25 (50%) and Δн/р = 0.45 
(10%). In addition, the coefficient of varia-
tion Ksv. amounted to 18.6%, which indicates a 

progressive increase in drought conditions over 
the observation period from 1947 to 2023.

During the observation period (1947–2023), 
the moisture indicator for November aver-
aged Pz = 0.42, and the median Pz = 0.35, with 
an amplitude range Δpz(a) = 0.90 and normalized 
Δpz(n) = 0.16 (50%) and Δpz(n) = 0.23 (10%) with a 
high level of the coefficient of variation exceed-
ing 50%. The average value of Pz in April was 
Pz = 1.05, which corresponds to optimal mois-
ture. By the amplitude range Δpz(а) = 0.71, while 
the normalized range at the 50% and 10% sig-
nificance level was at the level of Δpz(n) = 0.12 and 
Δpz(n) = 0.42, respectively, with a level of variation 
of the indicator of 17.5%, which indicates a stable 
level of Pz in April for the entire observation pe-
riod with a weak tendency towards a decrease in 
Pz in the period 2010–2023 (Table 2).

On average, the humidity indicator in July was 
1.23 times lower than the value in November, and 
in relation to April, P3 was 3.1 times lower. The am-
plitude range was Δpz(n) = 0.38, and the normalized 
Δpz(n) = 0.16 (50%) and Δpz(n) = 0.25 (10%) with an in-
crease in the coefficient of variation to 32.9%, which 
indicates a rapid increase in aridization in the meter-
long thickness soils in July (Table 2).

Table 2. Typification of climatic parameters of the conditions for the formation of the humidity mode for 1947–2023

Parameters Mean Median

Amplitude range Normalized range
Coefficient of 

variationsMin Max
L0.25 L0.75 L0.10 L0.95

50% significance 
level

10% significance 
level

Humidity index, Pz

*Pz for XI 0.42 0.35 0.21 1.11 0.30 0.46 0.28 0.51 56.01

Pz for IV 1.05 1.10 0.65 1.36 1.01 1.13 0.79 1.21 17.48

Pz VII 0.34 0.31 0.17 0.55 0.27 0.43 0.24 0.48 32.92
**Dv XI 0.59 0.65 0.00 0.81 0.54 0.70 0.49 0.72 35.04

Dv VII 0.66 0.69 0.45 0.83 0.57 0.73 0.52 0.76 17.02

Average daily air temperature, t °C

IV–V 12.3 12.1 10.4 14.5 11.5 13.2 11.2 14.3 10.2

V–VIII 19.9 19.9 16.7 22.0 19.3 21.2 18.5 21.6 7.40

IV–VIII 16.27 15.90 14.60 18.00 15.40 17.35 15.10 18.00 7.19

Sum of active temperatures

IV–V 766 753 685 875 705 829 695 875 9.35

V–VIII 1857 1837 1702 2025 1771 1959 1720 2000 5.93

IV–VIII 2610 2553 2355 2955 2473 2760 2405 2860 7.20

Hydrothermal moisture indicator (HTC according to Selyaninov)

IV–V 1.00 0.95 0.65 1.51 0.79 1.19 0.69 1.29 26.3

IV–VIII 0.99 1.00 0.76 1.21 0.91 1.09 0.79 1.13 13.5

VI–VIII 0.97 1.06 0.61 1.18 0.78 1.13 0.66 1.15 21.2

Note: *Pz – moisture indicator; **Dv – moisture deficit, mm.
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The average moisture deficit coefficient (Dv) 
in November was Dv = 0.59 with a median value 
of Dv = 0.65, which indicates that the Dv indicator 
in November was close to the upper typical value, 
and a high range in the amplitude and normalized 
values was associated with a high value of the co-
efficient of variation exceeding 30%. The mois-
ture deficit coefficient in July was Dv = 0.66, and 
with a median value of Dv = 0.69, which tended 
towards the upper typical value, and the level of 
amplitude and normalized value corresponding to 
Dv in November provided a coefficient of varia-
tion of 17%, which indicates the formation of 
drier conditions in the soil in July (Table 2).

The normalized HTC parameter, according to 
Selyaninov, shows that in the period April–May 
over the observation period (75 years) it was 
HTC = 1.0, and behind the median HTC = 0.95, 
which was more inclined to the lower typical val-
ue and the formation of arid conditions. Accord-
ing to the amplitude range, the spring period was 
characterized by excessively moist conditions 
(GTC > 1.5) to arid (GTC = 0.79) with ampli-
tude range ΔGTC(a) = 0.86. The normalized range 
was ΔGTC(n) = 0.40 (50%) and ΔHTC(n) = 0.60 (10%) 
with a coefficient of variation of more than 25%, 
which indicates high variability and an increase 
in high droughts, especially since 2010. The 
average HTC value for the summer period was 
HTC = 0.97 with an amplitude range ΔGTC(a) = 0.57 
and a normalized range ΔGTC(n) = 0.35 (50%) and 
ΔGTC(n) = 0.49 (10%) with a coefficient of varia-
tion of more than 20%, which is 1.2 times lower. 
On average for April–August, HTC = 0.99 with 
an amplitude range ΔHTC(a) = 0.45. The HTC 
(State Customs Committee) indicators for the 

minimum value of the spring and summer peri-
ods were HTC = 0.61–0.76 (dry conditions), and 
with a normalized range according to L0.1 and 
L0.25, HTC = 0.78–0.91 and HTC = 0.66–0.79, 
which corresponds to arid and acutely arid con-
ditions. The indicator of hydrothermal condi-
tions for the summer period had a coefficient of 
variation of 13.5%, which indicates the stability 
of the prevailing conditions for 1947–2023 with 
a persistent tendency of increasing the dry con-
ditions in the summer period.

It was established that between the amount of 
moisture in a meter thick layer in November and the 
reserve in April the lower the moisture reserve be-
fore entering winter, the higher its reserve in April 
and July (R = 0.78–0.84). A direct correlation was 
established between the April soil moisture reserves 
and the July moisture reserves (R = +0.82).

A direct correlation was established between 
the precipitation for April–August and the con-
sumption of moisture potential for this period 
(R = 0.95). A direct correlation was found between 
the reserves of the productive moisture in No-
vember and April and the moisture indicators 
(R = 0.65–0.84), and an inverse strong correlation 
with the moisture deficiency (R = –0.80–0.84). 
The moisture reserve in the soil in July correlated 
with Pz in November by a direct strong correlation 
R = +0.83, in April R = +0.65, and in July at the 
level of direct functional connection. 

The correlation between the humidity indica-
tors in July and April was at the level of direct 
average correlation, and between Pz in Novem-
ber and July, the correlation was at the level of 
direct strong correlation (R = +0.83). The rela-
tionship between the soil moisture deficit and Pz 

Table 3. Matrix of paired correlation coefficients between the parameters of input and output of the atmospheric 
moisture and the soil moisture

Parameters
Precipitation 

for November-
March, mm

November, 
mm

April, 
mm

Receipts for 
November-
April, mm

Precipitation 
for April-
August

July, 
mm

Soil 
consumption for 
April-July, mm

Consumption 
for April-August 

according to 
potential,mm

Precipitation for XI–III, mm 1.00 – – –0.74 –0.58 – 0.77 –0.78

*November (0–100 cm), mm 1.00 0.78 –0.91 – 0.84 – –

*April (0–100 cm), mm 1.00 – 0.82 – –

Moisture intake for X–IV, mm 1.00 – –0.64 – 0.62
Precipitation April-August 
IV–VIII, mm 1.00 – – 0.95

*July (0–100 cm), mm 1.00 – –

Consumption for I–VII from 
soil, mm 1.00 –

Consumption I–VIII from 
Пт, mm 1.00

Note: *moisture reserve in the soil, mm.
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for November – July, was reversed at the level of 
strong correlation: R = 0.65 – 0.87 (Table 4).

The calculation showed that correlations were 
found between the evaporation and thermal cli-
mate indicators. With SCC (IV – VIII) and SCC 
(VI – VIII) at the inverse average correlation lev-
el (R = 0.74–0.96). The relationship between the 
moisture evaporation for April – August and the 
humidification coefficient was at the level of an 
inverse strong correlation (R = –0.91), (Table 5).

The block of thermal indicators (the aver-
age monthly air temperature and the sum of ac-
tive temperatures) across observation periods 
correlated with each other at the level of direct 
correlations (R = 0.86–0.99), and the Ksv indi-
cator had correlations with the block of thermal 
indicators at the level of strong inverse correla-
tion (R = –0.83–0.91). The relationship between 
the moisture index (Ksv) and SCC for the spring-
summer period was at the level of direct strong 
correlation (R = 0.68–0.72) (Table 5).

The factor analysis showed that using factor 
F1 as the main component, according to a direct 
strong correlation, forming a direct functional 
connection, the moisture reserve in November, 
April, July and Pz for the indicated months and 

the moisture coefficient were linked. According 
to the inverse correlation the indicators of the 
moisture deficit in November and July, the evapo-
ration and temperature indicators were linked to 
F1: the average daily temperature in April – May 
(t, °C) and April – August (t, °C), and the sum 
of the active temperatures for June – August and 
April – August. The indicated directional param-
eters are inversely functional in nature. The ratio 
of the backward and forward connections is 1 to 
1, which is the most weighted (Table 6).

According to factor F2, by direct correlation, 
the link to the factor was precipitation for Novem-
ber – March, and by inverse correlation, the link 
to factor F2 was with the indicators: the precipita-
tion receipt for November – April, precipitation 
for April – August, the moisture consumption 
April – September, SCC for April – August. The 
link by F3 and F4 was a direct correlation between 
the moisture potential and the moisture consump-
tion for April – July. In total, there were 14 direct 
and reverse connections for F1, 6 for F2, and 3 for 
F3 and F4. A total of 23 connections with a ratio of 
the forward and the backward connections of 0.76 
to 1. Factors F1 and F2 account for 37% and 33% 
of the total variance, and F3 and F4 account for 

Table 4. Matrix of paired correlation coefficients between the moisture indicators and the soil moisture deficit
Climatic parameters Pz for XI Pz for IV Pz VII Dv XI Dv VII

Pz for XI 1.00 0.63 0.83 -0.96 -0.83
Pz for IV 1.00 0.65 -0.66 -0.65

Pz VII 1.00 -0.87 -0.95
XI 1.00 0.87

DV VII 1.00

Note: Pz – moisture indicator; Dv – indicator of moisture deficiency.

Table 5. Matrix of paired correlation coefficients between the climatic parameters of the atmospheric soil moisture 
supply and consumption

Parameters Volatility, 
mm

State 
Customs 

Committee 
(IV–VIII)

State 
Customs 

Committee 
(VI–VIII)

April–May, 
T°

Summary 
T°, April– 

May

T°, June–
August

Summary T°, 
June–August

T° 
April–

August

Summary T°, 
April-August Ksv.

Volatility, mm 1.00 –0.64 –0.66 0.91 0.74 0.87 0.96 0.96 0.95 –0.91

SCC (IV–VIII) 1.00 0.86 – – –0.60 –0.59 - - 0.72

SCC (VI–VIII) 1.00 – – –0.63 –0.66 –0.61 –0.58 0.68

April-May, T° 1.00 0.69 0.86 0.89 0.97 0.97 –0.77

Summary Т° for ІV–V 1.00 – 0.66 0.68 0.72 –

Т° for VI–VIII 1.00 0.93 0.92 0.90 –0.83

Summary Т° for VI–VIII 1.00 0.97 0.96 –0.91

Т° April-August 1.00 0.99 –0.86

Summary Т° for ІV–VIII 1.00 –0.86

Ksv 1.00
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20%, which is 90% of the total factor variance. F1 
and F2 account for 20 indicators, which is 86% of 
their total number. It is the parameters, associated 
with F1 and F2 that are the main component pa-
rameters that need to be taken into account when 
forming a model ensuring the conditions for the 
formation of the soil water regime in the central 
Forest-Steppe of Ukraine.

During the observation period in the thickness 
of 0–50 cm, the average reserve of the productive 
moisture was about 81 mm, and the median value 
was 80 mm. The normalized typical range of the 
moisture reserve was 21.5 mm at 50% probability 
and 45.0 mm at 10% probability. The median re-
serve tended to the average value, which indicates 
the stability of the moisture accumulation in the 
0–50 cm soil layer. The coefficient of variation 
was less than 30% (Table 7).

In a thickness of 50–100 cm the moisture 
reserve in terms of the average and median val-
ues was almost equal, and the amplitude range 

was 128 mm. The normalized range at the 50% 
and 10% significance level was 25.5 mm and 
57.5 mm, which is 1.2–1.3 times greater. In ad-
dition, the coefficient of variation was 1.3 times 
higher, compared to the thickness of 0–50 cm. In 
general, in the thickness of 0–100 cm the average 
moisture reserve was about 155 mm, and the me-
dian was 2.7 mm more. The normalized range at 
the 50% and 10% probability level was 40.3 mm 
and 51.5 mm, respectively, and the coefficient of 
variation was 25%.

In a thickness of 100–150 cm the average mois-
ture reserve was 36.8 mm, while the median was 
31.0 mm, which is 1.2 times less. The amplitude 
range was 62 mm, and normalized by 50%, and 
the 10% significance level was 43 mm and 54 mm. 
If the normalized range in the 0 – 50 cm thickness 
relative to the 50–100 cm thickness was 2.1–2.3 
times less, then in the 100–150 cm thickness the 
reserves were 1.7 times less at a significantly low-
er quantitative level. Besides, the coefficient of 

Table 6. Factor load of the water regime formation parameters
Parameters Factor – 1 Factor – 2 Factor – 3 Factor – 4

Precipitation for November–March, mm 0.02 0.81 – 0.38 0.35

November, mm 0.73 0.64 – 0.02 0.01

April, mm 0.78 0.30 0.43 – 0.29

Inflow for November–April, mm – 0.52 – 0.72 0.33 – 0.20

Precipitation for April–August, mm – 0.11 – 0.71 0.40 0.50

Precipitation + moisture reserve in April, (potential) 0.00 – 0.15 0.87 0.05

July, mm 0.71 0.56 0.38 0.15

Soil consumption for April–July, mm – 0.08 0.45 – 0.08 0.72
Consumption for April–August according to potential – 0.08 – 0.80 0.39 0.23

Pz for XI 0.73 0.65 – 0.02 – 0.01

Pz for IV 0.70 0.16 0.40 – 0.49

Pz VII 0.71 0.55 0.37 0.15

Dv XI – 0.76 – 0.62 – 0.02 – 0.01

Dv VII – 0.71 – 0.55 – 0.37 – 0.15

Volatility, mm – 0.83 0.49 0.21 – 0.08

SCC (IV–V) 0.14 0.18 – 0.10 0.63

SCC (IV–VIII) 0.30 – 0.83 0.24 0.38

SCC (VI–VIII) 0.31 – 0.84 0.20 0.06

April-May, Т° – 0.82 0.40 0.31 0.09

Summary Т° April–May – 0.42 0.47 0.59 – 0.08

Т° June–August – 0.67 0.60 0.18 0.10

Summary Т° June–August – 0.77 0.53 0.21 0.01

Т° April–August – 0.83 0.48 0.25 0.06

Summary Т° April–August – 0.80 0.49 0.27 – 0.00

Ksv 0.80 – 0.50 0.14 0.17

Expl.Var 9.33 8.19 2.93 1.98
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variation increases by 1.6–2.1 times relative to the 
thickness of 0–50 cm and 50–100 cm and indicates 
a large variability in the saturation with moisture of 
the thickness of 100–150 cm, which gives grounds 
to consider this thickness as indicative in the for-
mation of the type of the water condition in differ-
ent years of observation.

The average moisture reserve in the 0–150 cm 
thickness was 195.9 mm, and, according to the 
median, it was 2.6 mm less. The amplitude range 
reached 161 mm, and the normalized range 
reached 97 mm (50%) and 129 mm (10%) with a 
coefficient of variation of 25.9%.

The thickness of 150–200 cm accumulated 
on average 39.3 mm, and the median was 4.8 mm 
more. The normalized range at the 50% and 10% 
level of significance was 28 mm and 35 mm, 
which is 1.5 times lower than in the 100–150 cm 
thickness, with a coefficient of variation that was 
1.6 times lower, which indicates less moisture 
accumulation in the 100 cm thickness–150 cm, 
compared to a thickness of 150–200 cm, that is, 
wetting of the specified thickness is limited.

On the whole, the moisture reserve in the 
thickness of 0–200 cm was 253 mm, while in the 
median it was 300 mm. The amplitude range was 
180 mm, and the normalized ranges were 139 mm 
(50%) and 152 mm (10%). The normalized rang-
es in the indicated thickness account for 31% and 
16% of the change in the moisture reserves rela-
tive to the 0–150 cm thickness, which indicates 
a decrease in the level of the moisture saturation 
in the 0–200 cm thickness. Enrichment by mois-
ture occurs to 69% and 84% due to the thickness 
of 0–150 cm, which affected the coefficient of 

variation of the moisture reserve in the thickness 
of 0–200 cm, which was at the level of 28.8% and 
which corresponds to a high variation and indi-
cates a high periodicity of saturation of this thick-
ness soils up to 200 cm.

The average moisture reserve in the thick-
nesses of 200–250 cm and 250–300 cm was 44.5–
44.8 mm, and the median was 44–46 mm. The 
amplitude range was 18% and 28%, and the nor-
malized range was 6–9 mm (50%) and 18–28 mm 
(10%), which is less, on average, by 1.6 and 3.7 
times relative to the amplitude and normalized 
range at the 50% significance level and 1.5 times 
less than the normalized range at a 10% signifi-
cance level in a thickness of 150–200 cm. Besides 
that, the coefficient of variation in the thickness of 
200–300 cm was 2.3 times less, which indicates a 
stable undersaturation of moisture in the formation.

On the whole, in the thickness of 0–300 cm 
the average moisture reserve was 402.1 mm, 
while in the median was 4.6 mm less. The am-
plitude range was 69 mm, which is 2.3–2.6 times 
less relative to the thicknesses 0–100 cm, 0–150 
cm, and 0–200 cm. The normalized range at 
the 50% significance level was 2.1, 5.1 and 7.3 
times less, and the normalized range at the 10% 
significance level was 1.14, 1.95 and 2.3 times 
less relative to thicknesses 0–100 cm, 0–150 cm 
and 0–200 cm. The coefficient of variation was 
4.8% in the 0–300 cm thickness, which is 5.2–6.0 
times less than in the 0–100 cm, 0–150 cm and 
0–200 cm thicknesses and it is evidence that ac-
tive moisture circulation in the soil is formed to 
a depth of 0–200 cm, and, in general, the mois-
ture reserve in the 0–300 cm thickness remains 

Table 7. Typification of layer-by-layer reserves of the productive moisture under sowing of winter wheat for 1947–2023

Thickness of 
the soil layer, 

cm
Mean Median

Amplitude range Normalized range

Coefficient of 
variations, %Min. Max.

50% 10%

L0.25 L0.75 L0.10 L0.90

Δа = mах – min Δn = L0.75 – L0.25 Δn = L0.90 – L0.10

0–50 80.8 80.0 11.2 231.4 70.7 92.2 60.0– 105.0 26.9

50–100 74.5 75.0 69.4 197.4 61.5 87.0 42.5 100.0 34.6

0–100 155.3 158.0 66.7 232.2 135.0 175.4 117.6 193.0 20.0

100–150 36.8 31.0 6.0 68.0 18.0 61.0 11.0 65.0 56.0

0–150 195.9 193.0 111.0 272.0 151.0 248.0 135.0 264.0 25.9

150–200 39.3 44.0 19.0 56.0 25.0 53.0 20.0 55.0 36.1

0–200 253.1 300.5 141.0 321.0 177.0 316.0 167.0 319.0 28.8

200–250 44.8 44.0 37.0 55.0 40.0 49.0 37.0 55.0 14.1

250–300 44.5 46.0 30.0 58.0 41.0 47.0 30.0 58.0 17.7

0–300 402.1 397.5 368.0 434.0 395.5 414.5 368.0 434.0 4.8
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relatively constant, and the variation in the total 
moisture reserve is determined to a greater extent 
by the reserves in the 0–100 cm and 0–150 cm 
thicknesses and to a lesser extent in the 0–200 cm 
thickness cm. Normalization of the moisture re-
serves for thicknesses of 0–100 cm, 0–150 cm, 
0–200 cm and 0–300 cm allowed one to establish 
the pattern of formation of the moisture reserves, 
which are diagnostic in the formation of the mois-
ture mode in various years of observation.

Calculation of paired correlation coefficients 
among the moisture reserves in the thicknesses 
0–100 cm, 0–150 cm, 0–200 cm and 0–300 cm 
showed that the moisture reserve in the thick-
ness 0–100 cm is determined by the moisture re-
serve in the thickness 0–50 cm (R = 0.81 ± 0.02, 
R2 = 0.65), in the thickness 0–150 cm – mois-
ture reserve in the thickness 0 – 50 cm and 
0 – 100 cm (R = 0.79–0.94 ± 0.02, R2 = 0.62–
0.88), in the thickness 0–200 cm – reserves 
in the thicknesses 0–100 cm and 0–150 cm 
(R = 0.80–0.87 ± 0.02, R2 = 0.64–0.75), and in 
the thickness 0–300 cm – reserves in the thick-
nesses 0–100 cm, 0–150 cm, 0–200 cm and in 
strata 200–250 cm and 250–300 cm (R = 0.67–
0.87 ± 0.02, R2 = 0.44–0.75) (Table 8).

The moisture reserve in the half-thicknesses 
of 150–200 cm directly correlated with the mois-
ture reserve in the thickness of 50–100 cm, and 
the moisture reserve in the thickness of 200–250 
cm correlated with the reserve in the thickness 
of 0–200 cm at the level of direct strong corre-
lation (R = 0.74 ± 0.02, R2 = 0.54). It should be 
remarked that the deeper the stratum is located, 
where moisture is localized due to wetting, the 
weaker the correlation with the more superficial 
horizons. Thus, the correlation between the mois-
ture reserve in the thickness of 0–100 cm and the 

reserve of 0–300 cm was R = 0.67 ± 0.02, and 
increased with depth to R = 0.80–0.87 ± 0.02, 
and between the reserve in the thickness of 250–
300 cm and the reserve in three-meter thickness 
decreased to the level of R = 0.68 ± 0.02, which 
indicates that the decisive role in the enrichment 
of moisture in the 0–300 cm thickness is played by 
the increasing moisture reserves in the 0–150 cm, 
0–200 cm and 200–300 cm thicknesses, which is 
a sign of through spring wetting.

The factor analysis showed that according to 
factor F1, the correlation was based on moisture 
reserves in the thickness of 0–100 cm, 0–150 cm, 
0–200 cm and 0–300 cm at the level of inverse 
strong correlation R = –0.87–0.96 ± 0.02, R2 = 0.75–
0.92. The moisture reserve in the 200–250 cm layer 
was tied to F1 at the level of inverse strong correla-
tion. According to factor F2, the moisture reserves 
were tied at the level of inverse strong correlation 
(R = –0.72–0.85) with half-thicknesses of 50–100 
cm and 150–200 cm. The total variance for F1 and 
F2 was 74%. According to factor F3, the moisture 
reserve was tied to the thickness of 100–150 cm 
according to a direct strong correlation, which in-
dicates that the thickness of 100–150 cm in terms 
of the moisture reserve has a functional role in the 
formation of the water regime, and other soil thick-
nesses play a self-regulating role in the formation 
of the water mode.

The cluster analysis made it possible to es-
tablish a relationship between the half-thickness-
es (0–50 cm, 50–100 cm, 100–150 cm, 200–
250 cm, 250–300 cm) and thicknesses 0–100 cm, 
0–150 cm, 0–200 cm and 0–300 cm. These objects 
formed two clusters: half-thickness and thickness. 
Thus, the half-meter soil layers formed a cluster 
at the level of 25% similarity, and half-thicknesses 
of 100–150 cm, 200–250 cm, 250–300 cm formed 

Table 8. Matrix of paired correlation coefficients among the layer-by-layer reserves of the productive moisture
Depth, cm 0–50 сm 50–100 сm 0–100 сm 100–150 сm 0–150 сm 150–200 сm 0–200 сm 200–250 сm 250–300 сm 0–300 cm

0–50 1.00 – 0.32 0.81 – 0.21 0.79 – 0.28 0.47 0.27 0.36 0.47

50–100 1.00 0.29 – 0.22 0.23 0.72 0.54 0.56 – 0.34 0.32

0–100 1.00 – 0.35 0.94 0.16 0.80 0.62 0.16 0.67

100–150 1.00 – 0.01 0.10 0.04 – 0.12 0.61 0.23

0–150 1.00 0.20 0.87 0.61 0.39 0.80

150–200 1.00 0.66 0.54 – 0.00 0.51

0–200 1.00 0.74 0.30 0.87

200–250 1.00 0.36 0.85

250–300 1.00 0.68

0–300 1.00
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clusters at the level of 18% and 10% degree of sim-
ilarity, and the unification of all half-thicknesses 
occurred at a level of about 29. Thicknesses of 
0–100 cm, 0–150 cm, 0–200 cm and 0–300 cm 
were clustered with a higher degree of similar-
ity, from 58% to 70%. Clusters of thicknesses and 
semi-thicknesses were clustered at a high distance 
from each other (> 90%) (Fig. 1).

There is a probability (10%) of the formation of 
a through leaching mode of water when the mois-
ture reserve in the thickness of 0–100 cm exceeds 
190 mm (> NV) at Pz = 1.33, in the thickness of 
0–150 cm – 265 mm (> NV) at Pz = 1.21, 0–200 cm 
– 320 mm (> HB) at Pz = 1.08 and in the thickness 
of 0–300 cm – 435 mm (0.85% HB) at Pz = 0.98.

To determine the moisture mode within the 
periodically leaching water mode and the required 
moisture charge of the soil layer in April, the mois-
ture supply parameters were determined (Table 9).

Mode of a very dry and arid moisture

The moisture reserves in the 0–100 cm thickness 
are 117–135 mm, which corresponds to 0.68–0.76% 
HW with a moisture index Pz = 0.80–0.93 (arid and 
slightly arid conditions). The moisture reserve ≤ 
VRK. In a thickness of 0–150 cm, the moisture re-
serve is 135–151 mm (< VRK); Pz = 0.61–0.69% 
(moderately dry conditions). In a thickness of 
0 – 200 cm the moisture reserve is 167–177 mm (< 
VRK) or 0.48–0.51% HW at Pz = 0.56–0.60 (acute 
and arid conditions). The moisture reserve in the 
0–300 cm thickness is 368–396 mm (0.71–0.76% 
HW) at Pz = 0.83–0.90. Moisture reserve < VRK.

Optimal humidification mode

The moisture reserve in the thickness of 
0–100 cm is 160–165 mm at saturation of 

Figure 1. Clustering of the constituent horizons of the soil column 
within the periodically leaching modes of water

Table 9. Parameters of the mode of the soil moisture within the mode of periodically leaching water of the central 
part of the Left Bank Forest-Steppe

Soil layer, 
cm

Mode of aery dry and dry humidification Mode of optimal 
humidification Wet and overly wet humidification mode

Insignificant soaking
L0.10

Shallow soaking
L0.25

Moderate soaking
L0.50

Deep soaking
L0.75

Through soaking
L0.90

10% probability 50% probability 10% probability
Moisture 
reserve, 

mm

% НВ
Pz

Moisture 
reserve, 

mm

% НВ
Pz

Moisture 
reserve, 

mm

% НВ
Pz

Moisture 
reserve, 

mm

% НВ
Pz

Moisture 
reserve, 

mm

% НВ
Pz

0–100 117
<ВРК

0.68
0.80

135
>ВРК

0.76
0.93

160
>ВРК

0.92
1.08

175
НВ

1.02
1.20

193
>НВ

1.12
1.33

0–150 135
<ВРК

0.52
0.61

151
<ВРК

0.58
0.69

195
ВРК

0.75
0.88

250
НВ-ВРК

0.96
1.13

265
>НВ

1.03
1.21

0–200 167
<ВРК

0.48
0.56

177
<ВРК

0.51
0.60

300
>ВРК

0.86
1.02

315
НВ-ВРК

0.91
1.07

320
>НВ

0.92
1.08

0–300 368
<ВРК

0.71
0.83

396
>ВРК

0.76
0.90

398
<ВРК

0.77
0.90

415
НВ-ВРК

0.80
0.94

435
НВ-ВРК

0.84
0.98
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0.90–0.92% HB at Pz = 1.05–1.08 (optimal 
conditions). The moisture reserve > VRK. The 
moisture reserve in the thickness of 0–150 cm is 
250–265 mm (NV–VRK and > НВ) at 7 = 1.13–
1.21 (optimal conditions), which corresponds to 
the moisture reserve at the level of NV–VRK 
and > НВ. Formation of moderate wetting: about 
195 mm (0.75% HW) should accumulate in the 
thickness at Pz = 0.88 (slightly arid conditions), 
which corresponds to the moisture reserve during the 
water-cooling. In a thickness of 0–300 cm 398 mm 
(0.77% NV) should accumulate at Pz = 0.90, which 
will correspond to a reserve < VRK.

Wet and excessively wet humidification mode

The moisture reserve in the 0–100 cm soil layer 
is 175–193 mm with moisture saturation > 100% HB 
at Pz > 1.20 (humid conditions). The moisture re-
serve > VRK. The moisture reserve in the thickness 
of 0–150 cm is 250–260 mm (> NV) at Pz = 1.13–
1.21 (humid conditions), which corresponds to the 
reserve > NV. Formation of deep and through wet-
ting: in a thickness of 0–300 cm, the moisture should 
accumulate > 415 mm (NV–VRK) at Pz = 0.95–0.98 
(optimal conditions), which corresponds to the mois-
ture reserve of NV – VRK.

Formation of deep and through wetting: in 
a thickness of 0–300 cm, moisture should accu-
mulate > 415 mm (NV – VRK) at Pz = 0.95–0.98 
(optimal conditions), which corresponds to the 
moisture reserve of NV – VRK.
 • the moisture reserve in the thickness of 

0–100 cm at the level of 175 mm (> HB) with 
a moisture index Pz = 1.20;

 • the moisture reserve in the thickness of 
0–150 cm – 250 mm (НВ – ВРК 0.96% НВ) 
at Pz = 1.13;

 • the moisture reserve in the thickness of 
0–200 cm is 315 mm (0.91% NV), which cor-
responds to Pz = 1.07, and the moisture reserve 
is VRK – NV;

 • the moisture reserve in the thickness of 
0–300 cm is 415 mm (0.80% NV) at Pz = 0.94, 
which corresponds to the reserve in the 
NV – VRK interval. 

 • With a small probability (10%) a type of 
through-wetting water mode is formed with 
the following parameters:

 • the moisture reserve in 0–100 cm thickness > 
190 mm 112% NV at Pz = 1.33;

 • the moisture reserve in 0–150 cm thick – 
265 mm (1.03% HW) at Pz = 1.21; 

 • the moisture reserve in 0–200 cm thick – 
320 mm (92% MV) at Pz = 1.08;

 • the moisture reserve in the thickness of 
0–300 cm – 435 mm (0.85% HW) at Pz = 0.98.

The obtained data on the dynamics of climatic 
parameters, especially from the long-term 
measurements (over many years), in particular 
the parameters of the state of the moisture con-
dition of chernozems, encode information about 
their past and present state; and obtaining this 
information, using the statistical analysis methods 
is extremely important since this information 
may be used to predict further dynamics of the 
climate change and soil moisture in the future, 
and, therefore, the crop yields.

CONCLUSIONS

On the whole, the obtained long-term 
indicators of the state of the dynamic systems 
under study, regarding the formation of reserves of 
productive moisture in the chernozem layer serve 
as the basis for analysis, modeling and forecasting 
of further development of the systems mentioned.

In order to form a non-leaching moisture mode, 
it is necessary to accumulate 117–135 mm in the 
0–100 cm soil thickness, which will correspond 
to a reserve of 117–167 mm in the 0–200 cm soil 
thickness. For a periodic flushing water mode, 
160–165 mm of moisture should be accumulated 
in the 0–100 cm thickness, which will provide 
a moisture reserve of 300 mm in the 0–200 cm 
thickness. The leaching water mode is formed 
with a moisture reserve in the thickness of 0–100 
cm in the amount of 175 mm, which provides 
a moisture reserve in the thicknesses of 0–150 
cm and 0–200 cm – 250 mm and 315 mm, that 
corresponds to the reserve of NV-VRK, and the 
thickness of 0–300 cm is saturated with moisture 
in an amount of more than 400 mm (HB-VK).

The leaching water regime mode is formed with 
a moisture reserve in the thickness of 0–100 cm in 
the amount of 175 mm, which provides a moisture 
reserve in the thicknesses of 0–150 cm and 
0–200 cm – 250 mm and 315 mm, that corresponds 
to the reserve of NV-VRK, and the thickness of 
0–300 cm is saturated with moisture in an amount 
of more than 400 mm (HB-VK).

Calculation of paired correlation coefficients 
showed that an inverse strong correlation 
(R > –0.70) was found between the amount of 
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precipitation for November – March and the 
supply of moisture to the metre layer of soil 
(R > -0.70), and the consumption of moisture 
from the soil for April – July, correlated with 
the precipitation for November – March at the 
level direct strong correlation (I ≥ 0.70). The 
relationship with moisture consumption from 
moisture potential for April – August was at the 
level of inverse strong correlation (R < 0.70), i.e. 
The higher the amount of precipitation during the 
autumn-winter-spring period (the cold period), 
the less moisture is recorded in the metre-thick 
layer, the greater its consumption in April-July 
from the soil, and the smaller consumption of the 
moisture potential in April-August.

The zone of the central Forest-Steppe is 
characterized by a periodically leaching water 
mode, when an average of 165 mm of moisture 
accumulates in the thickness of 0–100 cm, that 
corresponds to the median values, and, therefore, 
tends to the values of the moisture reserve in a 
non-flushing water mode, exceeding its value by 
25 mm, which is a stable trend of aridization of 
the soil conditions in spring.

REFERENCES

1. Armindo R.A., Wendroth O. 2016. Physical soil 
structure evaluation based on hydraulic energy func-
tions. Soil Sci. Soc. Am. J. 80, 1167–1180.

2. Bacher M.G., Schmidt O., Bondi G., Creamer 
R., Fenton O. 2019. Comparison of soil physical 
quality indicators using direct and indirect data in-
puts derived from a combination of in-situ and ex-
situ methods. Soil Sci. Soc. Am. J. 83, 5–17.

3. Batey T. 2009. Soil compaction and soil management 
– a review. Soil Use and Management. 25, 335–345. 
doi.org/10.1111/j.1475-2743.2009.00236.x

4. Bazykina G.S., Boyko O.S. 2008. The influence of 
abnormal weather conditions of recent decades on 
the water regime of thick chernozems of the reserved 
steppe (Kursk region). Soil Science. 7, 833–844.

5. Belolipsky V.A., Bulygin S.Yu. 2009. Ecological 
and hydrological analysis of soil and water conser-
vation agricultural landscapes of Ukraine. Soil sci-
ence. 6, 733–743.

6. Belolipsky V.A., Polulyakh M.M. 2015. Assessment 
of moisture accumulation in soils of steppe agricul-
tural landscapes. Agrochemistry and soil science. 
84, 63–72.

7. Chendev Yu.G., Petin A.N., Lupo A.R. 2012. Soils 
as indicators of climatic changes. Geography, En-
vironment, Sustainability. 1, 4–17.

8. Ciric V.I., Dreskovic N., Mihailovich D.T., Mimich 
G., Arsenis I., Burdevis V. 2017. Which is the re-
sponse of soils in the Vojvodina Region (Serbia) to 
climate change using regional climate simulations 
under the SRES-A1B. Catena, 158, 171–183.

9. Lan Y.C., Ling Y.Z., Jia H.L., Jia H.L., Hui T.G. 
2006. China Agricultural University, Rapidly esti-
mating fertilizer value of dairy manure based on 
physical and chemical properties. 11(2), 98–102.

10. Demydenko A.V. 2023. Productivity of agricul-
tural crops under climate change in the Central 
Forest-Steppe of Ukraine. Agriculture and crop 
production: theory and practice. 4(10), 14–28. doi.
org/10.54651 / agri.2023.01.09

11. Demydenko A.V. 2023. Water regime of chernozem 
in forest-steppe agrocenoses. Chernobay. 484.

12. Demydenko A.V., Shapoval I.S. 2015. Agroclimatic 
conditions for the formation of crop rotation productiv-
ity in the Left Bank Forest-Steppe of Ukraine: [mono-
graph]. Chernobay: Chernobaevskoe checkpoint. 152.

13. Demydenko A.V., Velychko V.A. 2013. Agrophysi-
cal conditions of soil formation of chernozems in 
agrocenoses. Bulletin of Agrarian Science. 2, 14–19.

14. Demydenko O.V. 2021. Moistening regime of pod-
zolized chernozem under different fertilization sys-
tems. Bulletin of Agrarian Science. 10, 14–22.

15. Feiziene D., Feiza V., Lazauskas S., Kadžienė G., 
Šimanskaitė D., Deveikytė I. 2007. The influence 
of soil management on soil properties and yield of 
crop rotation. Lietuvos zemes ukio univ. Akademija, 
94(3), 129–145.

16. Hallett P., Mooney S., Whalley R. Soil physics: 
2013. New approaches and emerging challenges. 
European Journal of Soil Science. 64(3), 277–278. 

17. Ivanov A.L., Lebedeva I.I., Grebennikov A.M. 
2013. Factors and conditions of agrogenic trans-
formation of chernozems. Methodology for study-
ing the evolution of soil formation. Bulletin of the 
Institute named after. V.V. Dokuchaeva. 72, 26–46.

18. Khan F., Hayat Z., Ahmad W., Ramzan M., Shah Z., 
Sharif M., Mian I.A., Hanif M. 2013.Effect of slope 
position on physico-chemical properties of eroded 
soil. Soil Environ. 32, 22–28. 

19. Kovalev M.M., Medvedeva O.V., Krapovny V.M., 
Mirzak T.P. 2023. Transformation of typical cher-
nozem as a result of agricultural use. Agricultural 
innovations. 43–51. https://doi.org/10.32848/agrar.
innov.2023.21.6

20. Kramarev S.M., Bandura L.P. 2023. Comparison of 
agrophysical indicators and humus content in virgin 
soil and arable land. Cereals. 7(1), 3–4. https://doi.
org/ 10.31867/2523-4544/0278

21. Kukharchuk N.S., Smyrnova A.G., Narozhnaya 
A.G., Chendev Yu.G., Glazunov G.P. 2017. Dy-
namics of soil moisture in protected forest-steppe 



238

Journal of Ecological Engineering 2024, 25(10), 224–238

areas against the background of intraspecific cli-
matic variability. Scientific bulletins. Series: Natural 
sciences. 25(274), 41, 79–90.

22. Kuznetsova I.V. 2013. Change in the physical state 
of typical and leached chernozems in the Kursk re-
gion over 40 years. Soil Science. 4, 434–441.

23. Lebedeva I.I. 2002. Hydrological profiles of migra-
tion-carbonate (typical) chernozems and agrocher-
nozems. Soil Science. 10, 1274–1283.

24. Lebedeva I.I. 2004. Hydrological profiles of 
southern chernozems and agrochernozems. Soil 
Science. 7, 837–846.

25. Lebedeva I.I., Korolova I.E., Grebennikov A.M. 
2013. The concept of the evolution of chernozems 
in the conditions of agroecosystems. Bulletin of the 
Institute named after. V.V. Dokuchaeva. 71, 16–26.

26. Medvedev V.V. 2013. New technologies and pro-
cessing tools for preserving the physical properties 
of soils. Bulletin of Agrarian Science. 8, 5–9.

27. Medvedev V.V. 2017. New properties of anthropogeni-
cally modified soils. Scenarios of anthropogenic evo-
lution of soil cover. Kharkov: FLP Brovin O.V., 162.

28. Medvedev V.V., Bigun A.N. 2013. On the optimal, 
permissible and unacceptable density of plowed 
soils. Gruntoznavstvo. 14, 6–18.

29. Medvedev V.V., Laktionova T.N., Dontsova L.V. 
2011. Water properties of soils in Ukraine and 
moisture availability of agricultural crops. Kharkov: 
Apostrophe, 224.

30. Medvedev V.V., Plisko I.V. 2014. Manifestation of 
physical degradation in arable soils. Agrochemistry 
and soil science. 81, 16–28.

31. Medvedev V.V., Slovinska-Yurkevich A., Brik M., 
Bigun A.N. 2013. Criteria for physical degradation 
of soils. Agrochemistry and soil science. 80, 5–16.

32. Medvedev V.V., Slowinska-Jurkiewicz A., Brik M. 
2012. Physical degradation of soils, its diagnostics, 
areas of distribution and methods of prevention. Soil 
science. 13(1–2), 5–22.

33. Medvedev V.V., Titenko G.V., Plisko I.V., Krylach 

S.I., Borodin A.L., Klisak G.A. 2017.Physical deg-
radation (destructuring and overcompaction) - a 
factor of modern agriculture worsens the environ-
mental and productive functioning of the soil. Grun-
toznavstvo. 18, 5–24.

34. Mihailovich D.T., Dreskovic N., Arsenis I., Ciric 
V., Durdevis V., Mimich G., Pap I.I., Balazh. 2016. 
Impact of climate change on soil thermal and mois-
ture regimes in Serbia: An analysis with data from 
regional climate simulations under SRES-A1B. 
Science o f The Total Environment. 571, 398–409.

35. Nichols K.A., Samson-Liebig S. 2011. An inexpen-
sive and simple method to demonstrate soil quality 
parameters. Journal of Natural Resources and Life 
Sciences Education. 40, 51–57.

36. Nichols K.A., Toro M. 2010. A new index for mea-
suring whole soil stability. Soil and Tillage Re-
search. 111(2), 99–104.

37. Purton K., Pennock D., Leinweber P., Walley F. 2015. 
Will changes in climate and land use affect soil or-
ganic matter composition Evidence from an ecotonal 
climosequence. Geoderma. 253–254, 48–60.

38. Routschek A., Schmidt J., Kreienkamp F. 2014. 
Impact of climatechange on soil erosion – A high-
resolution projection on catchment scale until 2100 
in Saxony. Catena. 121, 99–109.

39. Tang L., Ling X. Z, Xu P.J., Wang D. 2010. Shake 
table test of soil-pile groups-bridge structure inter-
action in liquefiable ground. Earthquake Engineer-
ing and Engineering Vibration. 9(1), 39–50.

40. Voytovik O.V., Panchenko O.B., Primak I.D., Tsyuk 
A.A. 2023. Comparative assessment of agrophysical 
properties of different soil cultivation technologies 
in crop rotation. Scientific reports NUBIP (agron-
omy). 6(106), 10–19. http://dx.doi.org/10.31548/
dopovidi6(106).2023.004

41. Zabrodskyi, A., Šarauskis, E., Kukharets, S., Juostas, 
A., Vasiliauskas, G., Andriušis, A. 2021. Analysis of 
the impact of soil compaction on the environment and 
agricultural economic losses in Lithuania and Ukraine. 
Sustainability. 13, 7762. doi.org/10.3390/su13147762


