HALIIOHAJIbHA AKAJJEMIS ATPAPHUX HAVK YKPATHU
IHCTUTYT BOAHMX ITPOBJIEM I MEJIIOPALIII

ISSN 2616-5562 (Online)
ISSN 2616-5643 (Print)

MEAIOPALIIA
I BOAHE TOCIIOAAPCTBO

Ne 2 - 2023

Mixnapoauui :xypHaa

(Bunyck 118)

Kuis
2023



DOI: https://doi.org/10.31073/mivg202302

3acHOBHUK — [HCTUTYT BogHUX TpoOieM i Memiopariii HamionansHo1 akageMii arpapHUX HayK
VYkpainu. CBiIonTBo mpo AepkaBHy peectpaiiro — cepist KB Ne 24001-13841P.

Kypuan BxiroueHo a0 «llepeniky Haykosux axosux e6uoaHv Yxpainuy (kameeopis «by)
3a cneyianvrocmamu. 201 — Aeponomis, 208 — Aepoinscenepis, 101 — Exonoeia, 192 — Bydienuymeo ma
yusinona inocenepis, 194 — l'iopomexniune Oy0isHUYMBO, BOOHA THICEHEPIsi MA BOOHI MeXHONO02li Ha T
cTtaBi Haka3iB MiHicTepcTBa ocBiTH 1 Hayku Ykpainu Ne 409 Big 17.03.2020 p. ta Ne 320 Bin 07.04.2022 p.

VY xypHaii BifoOpakeHO Pe3yIbTaTH TEOPSTUIHUX Ta EKCIIEPUMEHTAIBHUX JOCIIIKEHB 13 IpiopH-
TETHUX HAIPSMIB: arpoOpeCypCH, BOIHI PECYPCH, 3POIICHHSI, OCYIIICHHS, T1IPOJIOTs, SKOJIOTIs, TiApOTeX-
HiKa, arpoimkeHepis Tomlo. JKypHasl po3paxoBaHUil Ta Oyje KOPUCHHUM JJIsi HAyKOBIIIB, (DaxiBIliB BOJHOTO
Ta CUIbCHKOTO rocrojapctsa. /IBa BHIAHHS KypHAIy 3a PiK MyONiKYIOTh OpHUTiHAbHI HAYKOBI CTaTTi,
a TaKOX OIVISIIH, TTOB’sI3aHi 3 mpodisieM KypHary.

JKypHas BKIIOYEHO 10 MIKHAPOAHMX Ta HAalliOHANBHUX iH(OpMaLiliHUX Ta HAyKOMETPUYHHUX 0a3,
peno3uTapiiB i MOITYKOBUX CHCTEM:

The International System
for Agricultural Science
and Technology (FAO)

(@)AGRIS [y &

Research Bib Journal CrossRef BASE — Bielefeld

Database (Anonis) (CLLIA) Acadezz;;iic;};c:afng me

ResearchBib

DOAJ (Directory of Open Access Hayionanvua 6ioniomexa Yxpainu
Journals) im. B.1. Beprnaocwrozo

DOAJ

il HamionatsHa 6i61i0Teka YKpainn

OPEN ACCESS 4 1MeHi B. I. BepHagcekoro
JOURNALS

Open Ukrainian Citation Scientific Indexing Services CIARD RING

Index (OUCI) (Ukraine) (CILIA) (Imaﬂiﬂ) Google Scholar (CLII4)
S@ﬁ@mﬁ@ Indesting CIAR D
oucl 00QIC
Services RI N G Axzemin
The German Union Catalogue of Serials (ZDB) (Himeuuuna) Internet Archive (Fatcat) (CLLIA)
e -
I

ZEITSCHRIFTEN
/ DATENBANK

[TpucrareitHuil CIUCOK JiTepaTypH MpoayOIbOBaHO BIAMOBIIHO O BUMOT MI>KHAPOTHUX
cUcTeM TpaHciiTepanii (30kpema HaykoMmeTpuuHoi 6a3u SCOPUS)

PexoMen10BaHO 10 APYKY BYeHOIO pajo10 IHCTHTYTY BOZHHMX npodiem
i meaqiopanii HAAH 21 rpyans 2023 poky (mpotoxoa Ne 12).

Anpeca penakiii:
IacTuTyT BomHUX TIpo6aeM i Memiopamii HAAH
Byn. BacunbkiBcrka, 37, Kuis, 03022
Ten. (044) 257-40-30, 067-791-67-11
http://mivg.iwpim.com.ua/index.php/mivg

ISSN 2616-5562 (Online)
ISSN 2616-5643 (Print)

© IrcTuTyT BomHUX mpobnem i memiopanii HAAH, 2023

2023 « Ne 2 MEJIIOPAIILA I BOOHE 'OCIIOAAPCTBO



INTERNATIONAL JOURNAL
“LAND RECLAMATION AND WATER MANAGEMENT”

Ne 2 2023

«MEJIOPALIA I BOAHE 'OCIIOJAPCTBO»

EDITORIAL BOARD:
M. ROMASHCHENKAO, Doctor of Engineering Sciences, Prof, Academician of NAAS (Editor-in-Chief’)

T. TROSHYNA, N. LOGUNOVA, K. SHATKOVSKA, O. VOITOVYCH (Executive Editors)

TECHNICAL SCIENCES
(192 — Construction and civil engineering,
194 — Hydraulic engineering, water engineering
and water technologies):

B. FAYBISHENKO,
Doctor of Engineering Sciences, Prof. (USA)

V.ADAMCHUK,
Doctor of Engineering Sciences, Prof.,
Academician of NAAS of Ukraine

V. BULGAKOY,
Doctor of Engineering Sciences, Prof.
Academician of NAAS of Ukraine

A. ROKOCHYNSKIY,
Doctor of Engineering Sciences, Prof.

D. CHARNYI,
Doctor of Engineering Sciences.

V. KOVALCHUK,
Doctor of Engineering Sciences

V. BOHAIENKO,
Ph.D. in Engineering Sciences

P. KOVALCHUK,
Doctor of Engineering Sciences, Prof.

P. KOVALENKO,
Doctor of Engineering Sciences, Prof., Academician of
NAAS, 144 Georgofili (Italy)

V. TURCHENIUK,
Doctor of Engineering Sciences, Prof.

Y. MYKHAILOY,
Doctor of Engineering Sciences

V. POPOV,
Doctor of Engineering Sciences

L. KUZMYCH,

Doctor of Engineering Sciences

V. VYSHNEVSKY]I,

Doctor of Science in Geography, Prof.

M. YATSIUK,
Ph.D. in Geography, Senior Researcher

T. MATIASH,
Ph.D. in Engineering Sciences

S. SHEVCHUK,
Ph.D. in Engineering Sciences

0. MUZYKA,
Ph.D. in Engineering Sciences

AGRICULTURAL SCIENCES
(201 — Agronomy, 208 — Agroengineering,
101 — Ecology ):

B. SCHULTZ,

Dr. habil., Prof. (The Netherlands)
R.ISLAM,

Ph.D. (USA)

V. USHKARENKO,

Doctor of Agricultural Sciences, Prof.,
Academician of NAAS of Ukraine

O. TARARIKO,

Doctor of Agricultural Sciences, Prof.,
Academician of NAAS of Ukraine

S. BALIUK,

Doctor of Agricultural Sciences, Prof.,
Academician of NAAS of Ukraine

V. PICHURA,

Doctor of Agricultural Sciences, Prof.
V. MOSHYNSKYT,

Doctor of Agricultural Sciences, Prof.
O. TONKHA,

Doctor of Agricultural Sciences, Prof.
A. SHATKOVSKYI,

Doctor of Agricultural Sciences, Prof.,
Corresponding Member of NAAS of Ukraine
V. VERGUNOY,

Doctor of Agricultural Sciences,

Prof., Academician of NAAS of Ukraine
Y. TARARIKO,

Doctor of Agricultural Sciences, Prof.,
Academician of NAAS of Ukraine

I. SLIUSAR,

Doctor of Agricultural Sciences, Prof.,
Corresponding Member of NAAS of Ukraine
0.ZHOVTONOG,

Doctor of Agricultural Sciences, Prof.
V. VASIUTA,

Doctor of Agricultural Sciences

P. PYSARENKO,

Doctor of Agricultural Sciences

N. DIDENKO,

Ph.D. in Agricultural Sciences

L. SHAWN,

Ph.D. (USA)

S. RETMAN,

Doctor of Agricultural Sciences, Prof.
Y. MAKUKH,

Doctor of Agricultural Sciences, Prof.
F. MELNYCHUK,

Doctor of Agricultural Sciences

M. PIKOVSKY]I,

Doctor of Agricultural Sciences

KYIV - 2023

LAND RECLAMATION AND WATER MANAGEMENT Ne 2 « 2023



MIKHAPOJIHUM KYPHAJ
«MEJIOPALIA I BOAHE 'OCIIOAAPCTBO»

Ne 2 2023

“LAND RECLAMATION AND WATER MANAGEMENT”

PEJAKIIMHA KOJIET'IS:
M.I. POMAIIEHKO, 1. 1. 1., npo¢., akax. HAAH (2onosnuil pedaxmop)
T.I. TPOILIUHA, H.B. IOI'YHOBA, K.b. IIATKOBCBKA, O.I1. BOUTOBUY (suxonasui pedakmopu)

TEXHIYHI HAYKH
(192 - Byoienuymeo ma yueinvHa iHxceHepis,
194 — I'iopomexniune 6ydienuymeo, 600na indHcenepisn
ma 800HI MexHOoN02il):
B.0. PAUBUILEHKO,
0. m. ., npogecop (CLLA)
B.B. ATJAMYYK,
0. m. n., npogecop, axaoemix HAAH
B.M. BVJITAKOB,
0. m. H., npogecop, akademix HAAH
AM. POKOUNHCBHKHUI,
0. m. H., npogecop
J.B. YAPHUI,
0. m. H., C.H.C.
B.Il. KOBAJIBY YK,
0. m. H., C.H.C.
B.O. BOTA€EHKO,
K. M. H.
I.I. KOBAJIBY YK,
0. m. H., npogecop
I1.I. KOBAJIEHKO,
0. m. H., npogecop,
axaodemix HAAH, unen [4A Georgofili
B.O. TYPUEHIOK,
0. m. H., npogecop
10.0. MUXAMJIOB,
0. m. H., C.H.C.
B.M. IOIIOB,
0. m. H., C.H.C.
JL.B. KY3bMNUY,
0. m. H., doyenm
B.I. BULIHEBChKHIA,
0. eeoep. H., npoghecop
M.B. SIOK,
K. eeoep. H., cm. OOCHIOHUK
T.B. MATSIILI,
K. M. H., C.H.C.
C.A. LIEBYYK,
K. M. H., C.H.C.
O.I1. MY3HKA,

K. M. H., C.H.C.

CIIbCBKOI'OCIIOJAPCBKI HAYKH
(201 — Azponomisn, 208 — Azpoinscenepis,
101 — Exonocis):

b. IIVJIBII,

0. H., npoghecop (Hioepnanou)

P. ICJIAM,

Ph. D. (CILIA)

B.O. YIIKAPEHKO,

0. c.-e. H., npogecop, akademix HAAH
O.I. TAPAPIKO,

0. c.-e. H., npogecop, akademix HAAH
C.A. BAJIIOK,

0. c.-e. H., npogecop, akademix HAAH
B.I. TITYVYPA,

0. ¢.-e. H., npogecop

B.C. MOIIMHCBKU,

0. c.-e. H., npogecop

0.J1. TOHXA,

0. c.-e. H., npogecop

AL IIATKOBCHKUH,
0. c.-e. H., npogecop, un.-kop. HAAH

B.A. BEPT'YHOB,

0. c.-e. H., npogecop, akademix HAAH
10.0. TAPAPIKO,

0. c.-e. H., npogecop, akademix HAAH
LT. CJIFOCAP,

0. c.-e. H., npogecop, un.-kop. HAAH
0.I1. )KOBTOHOT,

0. c.-e. H., npogecop

B.B. BACIOTA,

0. c.-2. H., C.H.C.

I.B. MIUCAPEHKO,

0. c.-2. H., C.H.C.

H.O. IIJJEHKO,

K. C.-2. H., CM. OOCHIOHUK

JI. LIOBH,

Ph. D. (CLLIA)

C.B. PETBMAH,

0. c.-e. H., npogecop

SLII. MAKYX,

0. c.-e. H., npogecop

®.C. MEJIbHUYVYK,

0. c.-2. H., C.H.C.

M.I. NIKOBCHhKWI,
0. c.-e. H., Q0YeHm

KUiB « 2023

2023 « Ne 2 MEJIIOPALLA I BOOJHE TTOCIIOJJAPCTBO



3POIIEHHA — OCYIIIEHHA { 5 ’

DOI: https://doi.org/10.31073/mivg202302-370
Available at (PDF): https://mivg.iwpim.com.ua/index.php/mivg/article/view/370

UDC 624.131.6

FORMATION OF THE WATER REGIME OF THE SOIL ON DRAINED LANDS
IN MODERN CLIMATE CONDITIONS
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Abstract. The results of analytical and field studies of the influence of modern climatic conditions on the
formation of the soil water regime on drained lands are presented. It has been determined that an increase
in air temperature and uneven distribution, changes in the nature, intensity, and structure of precipitation,
and an increase in the number of cases of heavy rainfall, which are local during the warm period of the
year, do not allow for the effective accumulation of moisture in the soil. The formation of new conditions
for the cultivation of crops and changes in the directions of the use of drained lands requires expanding
the functional tasks of drainage systems and improving the efficiency of water regulation on drained lands.
Due to the discrepancy between the technological integrity embedded in the existing drainage systems
at the stage of their design, the technical and technological capabilities of the systems, and the modern
infrastructure of the users of drained lands, operational management of the technological processes of
water regulation and maintenance of the optimal water regime of the soil is not ensured today.

Studies at production sites on drainage systems typical for the drainage reclamation zone have
established that carrying out a set of works to restore the channels of the open and collector-drainage
network to design indicators, repairing and equipping hydraulic structures, the presence on the drainage
systems of the possibility of water accumulation and the use of irrigation systems (drum-type sprinkler),
made it possible to regulate the water regime of the soil and maintain humidity in the active soil layer
within the limits close to optimal during the growing season. By regulating the groundwater level, the
increase in the yield of crops was: spring wheat — by 19.8 %, oats — by 26.5 %, corn for grain — by 24.6 %,
and soybeans — by 48.0 %. The cost of the increase in yield obtained by the water regime regulation during
the study period averaged: spring wheat — 5.1 thousand UAH, oats — 4.8 thousand UAH, corn for grain —
12.9 thousand UAH, soybeans — 16.0 thousand UAH for 1 hectare. Information materials on the influence
of modern climatic conditions on the formation of the soil water regime on reclaimed lands were obtained,
which serve as the basis for the development of a methodology for substantiating the parameters for
managing the soil water regime on reclaimed lands, taking into account the peculiarities of its formation
under modern economic conditions and climate change.

Key words: drainage system, drained lands, climate changes, soil water regime, water regulation
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Relevance of research. Globally, climate
changes are manifested in different ways in the
regions of the globe, and their impact on the
state of the environment and socio-economic
development of the regions is becoming more
and more noticeable and is turning into one of
the key problems. Climate change already today
poses a potentially serious threat to the global
economy and international security due to the
increase in risks of various levels, which are
associated with providing the population with
food, drinking water and the stable existence of
ecosystems [1-3].

First of all, climate change has a significant
impact on agricultural production, one of the
most climate-sensitive sectors of the economy.
They lead to a lack of moisture supply, which
is the main limiting factor in the sustainable
functioning of agriculture [4-8]. The impact
of weather conditions on yield is on average
52% [9]. Therefore, in the context of climate
change, modern agriculture needs to develop and
implement measures to adapt to it [10].

Modern climate changes make adjustments
to technological maps and the structure of
crop rotations of agricultural enterprises in the
drainage reclamation zone. At the same time, a
number of economically attractive crops (corn,
sunflower, soybeans, rapeseed, etc.) have taken
leading positions in agricultural production, the
cultivation of which is subject to the conditions
of the agricultural market [11].

Considering that climate change impedes
sustainable agricultural production, there is a need
to use the potential of drainage systems, which
is an untapped resource for increasing the
efficiency of agricultural production through the
introduction of modern technologies for growing
economically attractive crops and obtaining stable
yields [12]. At the same time, the formation of
new conditions for growing crops and changing
the directions of use of drained lands determines
the need to expand the functional tasks of
drainage systems and restore water regulation on
drained lands.

Taking into account changes in natural
moisture supply, an important limiting factor for
the effective management of modern agricultural
production is the reserves of moisture in the
active layer of soil, the required amount of which
is not provided during the growing season also on
drained areas.

Analysis of the latest research and
publications shows that climatic changes are
manifested in an increase in air temperature, the
average annual indicator of which in the period
1991-2020 compared to the period 1961-1990,

in general, in Ukraine, increased by 1.2 °C. At the
same time, in the zone of drainage reclamation,
its increase is more significant: in the western
regions — by 1.2-1.3 °C, in the northern and
central regions — by 1.4-1.5 °C [3, 5, 13, 14].

In general, there is an increase in the duration
of the warm period in Ukraine, which begins
15-20 days earlier in the spring and ends 1-6
days later in the autumn, while in Polissia and
Forest Steppe zones, the duration of the warm
period increased by an average of 4—10 days.

According to the estimates of world and
domestic climatologists, there is a high probability
of a further increase in air temperature in the future
both on a global scale and in various natural and
climatic regions of Ukraine [9, 10, 14—17].

Atmospheric precipitation is one of the main
factors that determine the features of the regional
climate. Their quantity and seasonal distribution
are determining indicators of the formation of the
territory’s wetting regime, which determine the
hydrological regime, the nature of soil wetting
and other characteristics of the ecological state
and climatic resources. In contrast to the air
temperature, the annual amount of atmospheric
precipitation compared for the periods
1991-2020 and 1961-1990, both in Ukraine
in general and in the drainage reclamation
area, changed insignificantly (within 5-10 %).
The general trend is the redistribution of their
seasonal and monthly amount, which is manifested
in a decrease in the amount of precipitation in
winter and summer and an increase in spring
and autumn. The decrease in the amount of
precipitation during the growing season is most
noticeable for the drainage reclamation zone in
the Kyiv, Vinnytsia, Zhytomyr, and Chernihiv
regions, whose territories already today
correspond to the zone of insufficient hydration
in terms of water availability. In the autumn
period, especially in October, a significant (up to
20 %) increase in precipitation is noted [18, 19].

With an insignificant change in the amount
of atmospheric precipitation in general for the
territory of Ukraine, the nature and intensity of
their precipitation has changed noticeably [20,
21]. Their structure has also changed, which
with a significant increase in air temperature in
the cold period is manifested in an increase in
the frequency of rains and a decrease in snowfall
and an increase in the number of cases of wet and
sleet snow; in the warm period — in a decrease in
the number of days with rains, an increase in the
number of days with showers, and an increase in
the duration of the rainless period [18].

The increase in the probability of excessive
precipitation is noted in the reports of the
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Intergovernmental Panel on Climate Change
(IPCC). It is noted that against the background
of moderate changes in the total amount of
precipitation, their daily amount in many regions
of the planet has significant positive trends [22].

In Ukraine, excessive precipitation in summer
can have particularly dangerous consequences,
including the formation of floods in any region of
the country, especially in the west [23]. Therefore,
their consideration is particularly relevant for
the adaptation of the economy, especially the
agricultural sector [24].

Literary sources indicate that at the beginning
of the 21st century, both in Ukraine in general
and in the area of drainage reclamations, there
is a tendency to increase the number of heavy
downpours (the amount of precipitation is
30 mm or more, falling in 1 hour or less). The
largest number of heavy downpours in the period
19862015 occurred in the Ivano-Frankivsk
and Transcarpathian regions, slightly less in the
Kyiv, Cherkasy, Chernivtsi, and Lviv regions.
In the period 2001-2010, the number of heavy
downpours more than doubled from 1991-2000.
In 2011-2015, the number of heavy downpour
attacks in Kyiv and Chernihiv regions increased
significantly [22, 25-27].

In the period 1991-2015, the largest number
of rains in the area of drainage reclamations was
observed in June and July. Heavy downpours
with 30-40 mm of precipitation are frequent.
It was established that there is a close
relationship between the duration of rains and
their average intensity. The highest average
intensity values are observed during short-term
rains. The longer the downpour, the lower its
average intensity [28, 34].

Despite the wide range of possible future
changes in the average amount of atmospheric
precipitation, it is predicted that extreme
precipitation in all seasons may become more
intense, which will cause an increase in the
number of high water days per year by 10-25 %
and surface runoff and rain floods by the end of
the century [29, 30].

An increase in air temperature and uneven
distribution, change in the nature, intensity,
structure of precipitation and an increase in the
number of cases of heavy downpours, which are
local in the warm period of the year, do not allow
for effective accumulation of moisture in the soil.
In general, the frequency of droughts in different
soil-climatic zones of Ukraine has increased by
20-40 %, which prevents sustainable agricultural
production also in the zone of sufficient
atmospheric moisture, which covers Polissia and
the northern territories of the Forest-Steppe.

&

Deterioration of the conditions of natural
moisture supply in an increasingly large part of
the territory of the zone of drainage reclamation,
as well as the formation of conditions not only of
overwetting of soils, but also of moisture deficit in
them, especially in the second half of the growing
season, increases the role of drainage systems in
the sustainable management of agriculture on
drained lands [31, 32].

As a result of climatic conditions, there was
a change in the specialization of agricultural
production, which changed the structure of
cultivated areas. Traditional crops (rye, oats, corn
for silage, flax, sugar beets, etc.) were replaced
by economically attractive ones (corn, sunflower,
soybeans, etc.), the cultivation of which is
subject to the market conditions of agricultural
goods. Since modern agricultural production
is accompanied by non-observance of crop
rotations and inadequate scientific justification of
agrotechnical and hydromelioration measures, for
the effective use of drained lands it is necessary
not only to develop the structure of cultivated
areas, but also water regulation technologies that
take into account the specialization and needs of
modern agricultural production [11, 31].

The latest studies and publications show
that modern climate changes are one of the
main factors that determine the conditions for
the formation of the water regime of the soil on
drained land, affect the water supply of reclaimed
territories and the technical and technological
features of the functioning of drainage systems,
the water regulation capacity of which depends on
the effectiveness of water regulation technologies
soil regime [33-35].

The impact of climatic changes on the natural
moisture supply of drained territories and the
requirements of modern agricultural production
to ensure water regulation on reclaimed land
during the cultivation of economically attractive
crops make it necessary to conduct research into
the processes of forming the water regime of
the soil under the conditions of the functioning
of drainage systems, taking into account various
regime-forming factors.

The aim of the research is to study the
influence of modern climatic conditions on the
formation of the soil water regime on drained
areas.

Materials and methods of research.
The basis of methodological approaches to
conducting field research is the use of generally
accepted methods for conducting meteorological
observations (air temperature and precipitation),
determining the groundwater level (GWL), soil
moisture, biometric characteristics (the onset of
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the main phenological phases, yield) of crops
during the growing season.

Measurements of groundwater levels in the
field experiment were carried out using pentads.
To determine soil moisture using the thermostat-
weight method, ten-day sampling was carried out
in the experimental plots along the depth of the
root layer of the soil.

Sowing and caring for the studied crops
were carried out following generally accepted
technologies for their cultivation using
mechanisms and tools directly in production
conditions. Crop harvest recording was carried
out using a continuous method throughout the
entire recording area.

Research results and discussion. To study
the processes of formation of the water regime of
soils on reclaimed lands, experimental production
sites were selected on drainage systems typical
for the drainage reclamation zone (taking
into account natural and climatic conditions
and design and technological features) in the

Rivne, Volyn and Sumy regions: reclamation
systems of the Sarnenska Research Station
(SRS) IWPaLR of NAAN and Agrarian Polygon
LLC “ZAHIDAGROPROM” (Rivne region),
drainage-irrigation system (DIS) “Romen”
(SE DG “Nadyua” NAAN, Sumskyi region),
drainage systems (DS) “Melnytska” and
“Bobrovka” (Volyn region).

According to the research methodology,
meteorological parameters were determined on the
reclamation system of the SRS at the meteorological
post of the station. It was established that in the
growing season of 2022, 244.3 mm of precipitation
fell, which is 155.7 mm less than the average long-
term norm. Precipitations fell extremely unevenly,
and more than 80 % of total amount were torrential
rains (Fig. 1).

May was especially cold, with the average
monthly temperature 1.4 °C lower than normal;
during June, July and August — higher by 3.2,
respectively; 1.2 and 2.6 °C, and in September —
2.8 °C lower than the long-term norm (Fig. 2).

Precipitations, mm

april may june

o N 2
Tt -
Fix w8

b= Precipitations, 2022, mm  s=@==Plot 1

453

july august september
e=@==Plot 2 emsmmPlot 3

Fig. 1. Precipitation and dynamics of the groundwater level (GWL) in the 2022 growing season,
reclamation system of the Sarnenska Research Station (SRS)
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Fig. 2. Average monthly air temperature in the growing season of 2022, SRS reclamation system
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The following promising crops were studied in
the field experiment based on the basic cultivation
technology on the background of 3 variants of
GWL maintenance: spring wheat — Kitri variety,
oats — Zubr variety, winter rape — Atlant variety,
corn for grain — DK 315 hybrid, soybean — Astor.
Regulation of the water regime of the soil in
the experimental areas was carried out with the
help of sluicing. During the growing season of
2022, observations of GLW were carried out at
the experimental sites, the results of which are
shown in Fig. 1.

It was established that in the conditions of
2022, high productivity indicators were obtained
for all studied crops, and the potential of corn
grain of the DK 315 hybrid of the Dekalb (USA)
selection was 100 % realized. Depending on the
GWL, the yield of spring wheat was 53.5-64.1;
oats — 43.4-54.9; corn per grain — 147.1-183.3
and soybean — 28.1-41.1 t/ha (Table 1).

1. Crop productivity on the background
of 3 options of GWL’s maintaining
on sod-podzolic light loamy soils

Variety/ Yielb by the GWL options,
Crop hvbrid c/ha
y 100-140 | 85-100 | 75-85
SPINE 1 Kitri 535 589 | 64.1
wheat
oat Zubr 434 49.1 54.9
corn DK 315 147.1 173.9 183.3
soybean | Astor 28.1 36.3 41.1

Due to the regulation of GWL, the increase in
yield for spring wheat was 19.8 %, oats —26.5 %,
corn for grain — 24.6 % and soybean — 48.0 %.
Among the studied crops, soybean is the most
sensitive to moisture supply.

The average cost of the increase in yield
obtained by regulating the water regime was:

2
spring wheat—5.1 thousand UAH, oats —4.8 thou-
sand UAH, corn for grain — 12.9 thousand UAH,
soybeans — 16.0 thousand UAH for 1 hectare.

Determination of meteorological parameters
on the drainage systems “Maryanivka”
and “Olshanka” was carried out at the
meteorological station of the Agrarian Polygon
of “ZAKHIDAGROPROM” LLC (Figs. 3, 4).

It was established that 4453 mm of
atmospheric precipitation fell in the 2022
growing season, which is close to the average
long-term norm. June (90.4 mm), July
(112.6 mm) and September (87.3 mm) were the
wettest months. The warmest months were June
and August — average monthly temperatures
were 20.2 and 20.0 °C, respectively.

In production conditions, according to the
basic technology of agricultural production, the
research was carried out during the cultivation of
the following crops: winter rye — KVS Eterno,
winter rapeseed — KVS Alvaro, winter wheat —
KVS Ronin, sunflower — Sumiko, corn for
grain — LN30273.

In2021, at the “Maryanivka” DS, a complex of
works was carried out on the restoration of open
channels and the collector and drainage network
to the design parameters and the completion of
hydrotechnical structures and restoration of their
stability. Atthe same time, within the boundaries of
the “Vilshanka” DS, irrigation was implemented
on an area of 80 hectares. The system was used
to accumulate additional volumes of water in the
MK-1 channel (length 1000 m), which made it
possible to provide irrigation during dry periods
of growing crops using a drum-type sprinkler.

Therefore, the renewal of both systems
made it possible to ensure the regulation of
the water regime of the soil and maintain the
moisture of the active layer of the soil during the
cultivation of the studied crops within optimal
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Fig. 3. Precipitation,
growing season of 2022,
DS “Maryanivka” and “Olshanka”

Fig. 4. Average monthly air temperature,
growing season of 2022,
DS “Maryanivka” and “Olshanka”
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Fig. 5. Moisture’s dynamics in the active soil layer, the growing season of 2022,
DS “Maryanivka” and “Olshanka”

limits throughout the entire growing season. The
dynamics of soil moisture in the aeration zone is
presented in Fig. 5.

The yield characteristics of the studied crops
were established (Table 2).

2. Yield of crops on the drained lands of the
agrarian landfill of “ZAHID AGROPROM”
LLC, Rivne region.

Ne Crop Area, ha | Yield, t/ha
1 winter rye 220.0 54
2 winter rape 210.0 2.8
3 winter wheat 154.0 6.2
4 sunflower 1394 34
5 Corn for grain 420.0 9.2
Total 1143.4
Indicators  of  meteorological  factors

(precipitation, air temperature) were determined
on reclaimed lands of the “Romen” drainage
and irrigation system (DIS) (Figs. 6, 7). It was
established that in the growing season of 2022,
the amount of precipitation was 493.6 mm, which
is 171.6 mm more than the average long-term
value. The average daily air temperature during
the growing season was 1.7 °C less than the
long-term value (14.5 °C) and only the average
temperature for June was 0.8 °C higher.

Cultivated crops — plot No. 1: corn for grain
mid-season hybrid DK315, FAO 310 (on an
area of 1.5 hectares) and buckwheat of the
Slobozhanka variety (on an area of 28 hectares);
plot No. 2 — perennial grasses (on an area
of 12 hectares); plot No. 3 — perennial grasses
(on an area of 5.3 hectares).

Regulation of the soil water regime in the
experimental plots was carried out using sluicing.
If necessary, it is possible to supply water for
humidification from existing water sources
(storage tank, Karabutiv reservoir).

A study of the dynamics of GLW and moisture
of the active soil layer during the growing season
was conducted (Fig. 8, 9).

Under the conditions of the growing season of
2022 at experimental plot 1 (mineral soils), the
actual GWL was on average within the following
range: in May — 75-95 cm; June — 100-145
cm; July — 150-170 cm; August — 170-200 cm;
September — 190-200 cm from the soil surface.
Taking into account the fact that the GWL of
the experimental plots at the end of the growing
season were quite low from the surface, namely:
in the spring period 0.6—1.2 m, during the summer
1.2—-1.8 with a decrease until autumn within 2.0
m, the formation of soil moisture took place due
to atmospheric precipitation.The GWL of plots 2
and 3 (peat soils) during the growi ng season
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Fig. 9. Dynamics of moisture in the active soil layer (0—50 cm, peat soils) in the growing season of 2022,
DIS “Romen”

was within the limits: in spring — 0-65 cm, in
summer — 45-110 cm, in autumn — 50-115 cm
from the soil surface.

The productivity of buckwheat and corn per
grain was determined depending on the application
of mineral fertilizers, respectively, at the rate of
N;oP30K5, (for buckwheat) and N, Py K¢, (for corn
per grain), which contributed to an increase in
productivity by 26 and 38 %, respectively.

It was established that the yield of perennial
grasses of 1 and 2 mowings, with different options
for water regulation on peat soils, averaged 260
and 170 c/ha of green mass, respectively. High
yields of perennial grasses of 1stand 2nd mowings
were achieved in the area where water regulation
is carried out through the use of steady drainage
and moistening. The introduction of mineral
fertilizers in all variants of the experiment helped
to increase the yield of perennial grasses by 23

Fig. 10. Technical condition of the MK-28 open channel and restoration of the mouth of the closed

and 48 %, respectively.

Based on the results of research into the
structural and technological parameters of
the drainage systems (DS) “Melnytska” and
“Bobrovka” (Kovelsky district, Volyn region),
the need to restore the engineering infrastructure
within the agricultural lands of the “Vasyuty”
and “Bilynske” water treatment plant farms was
established, and it was carried out clearing of
drainage channels (up to design marks) and the
mouths of drains and collectors from siltation,
the operation of hydrotechnical structures has
been restored (Fig. 10).

The dynamics of weather factors (Fig. 11),
growth and biometric indicators of cultivated
crops were observed at the experimental sites
(Agricultural Limited Liability Company (ALLC)
“Vasyuty” — sunflower and corn for grain; ALLC
“Bilynske” — corn for grain and winter wheat),

g

collector at DK-1 on the Melnytska DS
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Fig. 12. Dynamics of GWL in the growing season of 2022, ALLC “Vasyuty”

the water-physical properties of soils were
determined, five observation wells were equipped
to measure groundwater levels, and a study of the
dynamics of RHV was conducted (Fig. 12).

On the reclaimed lands of ALLC “Vasyuty”,
according to the results of research (well No. 1,
the cultivated crop is sunflower), the GWL in the
period from the end of May to the middle of June
was in the range of 0.28—1.1 m. Starting from the
middle of June and until the beginning of August,
the GWL gradually dropped to a mark of 2.3 m.
Regulation of the water regime of the soil was not
carried out. There was no water in the well since
the beginning of August.

According to the results of research on the
reclaimed lands of the ALLC “Vasyuty” (well 2, the
cultivated crop is corn for grain), the GLW during
the growing season was in the range of 0.5-1.4 m.
From the end of July until the end of the growing
season, growing corn for grain The GWL was at the
marks 1.0 m lower than the soil surface.

On the reclaimed lands of the ALLC
“Bilynske” (well 3, the cultivated crop is corn
for grain), the GWL at the beginning of June
was at the mark of 0.78 m. Subsequently, there
was a gradual decrease in the GWL to 1.38 m
(08/04/2022).

In the area where winter wheat was grown
(well 4), by the beginning of June the GWL
was at the level of 1.38 m, by the end of June
(06/23/2022) the GWL reached the level
of 1.77 m and subsequently there was no water
in the well. Consequently, regulation of the soil
water regime at the site was not carried out.

Conclusions. It has been determined that
due to an increase in air temperature and uneven
distribution, changes in the nature, intensity
and structure of precipitation and an increase
in the number of cases of heavy rainfall, which
are local in the warm season, it is impossible
to ensure effective accumulation of moisture
in the soil. Due to the discrepancy between
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the technological integrity inherent in existing
drainage systems at the stage of their design, the
technical and technological capabilities of the
systems and the modern infrastructure of users of
drained land, today the operational management
of technological processes of water regulation
and maintaining the optimal water regime of the
soil is not ensured.

Research at production sites of drainage
systems typical for the drainage reclamation
zone has established that carrying out a set of
works to restore the channels of the open and
collector-drainage network to design indicators,
repairing and equipping hydraulic structures, the
availability of drainage systems for accumulating
additional water reserves for irrigation and the
use of irrigation systems (drum-type sprinkler)

made it possible to regulate the soil water regime
and maintain humidity in the active soil layer
within limits close to optimal during the growing
season. It was determined that by regulating the
groundwater level (GWL), the increase in crop
yield was in the range of 20-48 %, and the cost of
the increase in yield was 4.8—16.0 thousand UAH
per | hectare.

Information materials were obtained on the
influence of modern climatic conditions on the
formation of the soil water regime on reclaimed
lands, which will be the basis for the development
of a methodology for substantiation of the
parameters for managing the soil water regime
on reclaimed lands, taking into account the
peculiarities of its formation in modern economic
conditions and climate change.
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Anomauia. Haseoeno pezynomamu ananimuyHux i HAMypHUux 00Caiodcenb wooo 6NAUEY CYHUACHUX KIIMA-
MUYHUX VMO8 HA (POPMYBAHHS BOOHO20 PENCUMY IDYHIY HA OCYULYBAHUX 3eMIsAX. Busnaueno, wo niosu-
WeHHs memnepamypu nogimps ma HepiHOMIpHULL PO3N00LL, 3MIHA XApaKmepy, iHIMEeHCUBHOCI, CIMpPYK-
mypu onaoie i 30i1bUeH A KiTbKOCMI 8UNAOKI8 CUTbHUX 31U, AKI MAIOMb JOKAILHUL Xapakmep Y menaui
nepioo poxy, He 003601A10Mb 3a0e3neyumu egpexmugne HaKonU4eHHs 60102u 8 ipynmi. PopmyeanHs HOGUX
VMO8 BUPOULYBAHHSL CLIbCLKO2OCHOOAPCHKUX KYIbIMYP | 3MIHU HANPSIMI6 BUKOPUCAHHS OCYULYBAHUX Y2i0b
BUMAAE POUUPEHHS (DYHKYIOHATLHUX 3A0a4 OPEHANCHUX CUCTEM Ma NiO8ULeH s eqheKmueHocni 6000-
PecYniosants Ha oCyulysanux 3emisx. depes HeionoGioOHIiCmb Midc MEXHONOSIYHOW YITICHICMIO, 3aK1d-
0€HOI0 8 ICHYIOUI OPEHAJICHT cucmemu Ha cmaoii ix npoEKMYBaHHs, MEXHIKO-MEXHOLOTUHUMU MONCIU-
B0CMAMU CUCEM MA CYYACHOIO IHPPACMPYKMYPOI0 KOPUCTTYBAUIE OCYULY8ANHUX 3eMeNb, HA CbO20OHI He
3abe3neuyemvcs onepamusHe YNpaeuinHi MexHON02IUHUMU HPOYecamu 8000pecyI08anHs ma niompu-
MAHHI ONMUMATILHO20 800HO20 PEXCUMY IPYHMY. J[0CHIOHCeHHAMU HA SUPOOHUYUX OLIAHKAX HA MUNOBUX
0711 30HU OCYULYBANLHUX MeNIOpayill OPEHAdNCHUX CUCMeMAX 6CHIAHOBIEHO, WO NPOBEOeHHs KOMNIEKCY
pobim i3 6IOHOBNIEHHA KAHANIE GIOKPUMOI MA KOAEKMOPHO-OPEHANCHOT Mepedci 00 NPOEKMHUX NOKA3-
HUKIB, peMOHm Ma YKOMNIEKMYSAHHS 2i0POMEXHIUHUX CNOPYO, HAABHICMb HA OPEHAMNCHUX CUCTEeMAX
ModcIugocment akymya08ants 000amro8UX 3anacie 600u OJis NPOBeOeHH s 36010HCEHHS MA 3ACMOCY BAHHS
cucmem 3poueHHs (00WY8anbHOI MawuHu 6apabanHo2o muny), 003601UMU 3a0e3neyumu pecyno8aHHs
B00HO20 PeXCUMY IPYHMY ma RIOMPUMY8AmMU 80102iCMb 8 AKMUSHOMY WAPI IPYHMY 8 MeXcax, ONU3bKux
00 ONMUMATLHUX, BNPOO0BIHC Nepiody ecemayii. 3a paxyHoK pe2ynio8anHsl pigHs IPYHMOBUX 600 NPUPIcm
VPOACATIHOCTE BUPOWLYBAHUX KYIbMYP CMAHO8UB: Apa nuenuys — na 19,8 %, osec — 26,5 %, kykypyosza na
3eprno — 24,6 % ma cos — 48,0 %. Bapmicmov npupocmy ypodicaio, 00epiHcanoco 3a paxyHox peyiioeaHHs.
B00HO20 pedtcuMy y 00CIIOANCYBAHUIL NEPIOO 8 CEPEOHLOMY CIMAHOBUNA. Apa nuleHuys — 3,1 muc. epH, ogec —
4,8 muc. epH, KyKypyo3a na sepro — 12,9 muc. epu, cos — 16,0 muc. epu na 1 ea. Ompumano ingopma-
Yitni Mamepianu wooo 6nauUsy Cy4aACHUX KIIMAMUYHUX YMO8 HA (DOPMYBAHHA 8OOHO20 PEXCUMY TPYHIMY HA
MeniopoBaHux 3emisx, i € 0CHOB0I0 OISl pO3POOIEHHs. MemoOoN02Ii 0OTPYHMYBAHHs NAPAMempie ynpas-
JIHHA BOOHUM DENCUMOM TPYHMY HA MENiOPOBAHUX 3eMISAX 3 YPAXy8aHHAM ocobrusocmell 11020 opmy-
BAHHSL 8 CYUACHUX YMOBAX 20CNOO0APIOBAHHS MA 3MIH KAIMamy.

Knrwuosi cnosa: Openasicha cucmema, OCYULYBAHI 3eMai, 3MIHU KAIMAMY, BOOHUL PeXCum IPYHNLY,
6000pecyNI08aANH S
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Abstract. The article highlights the main provisions of setting tariffs for water removal services
for drainage. The application of tariffs is considered as an economic tool for increasing the efficiency
of the use of drained lands when implementing the Strategy of Irrigation and Drainage in Ukraine
[1]. An analysis of the provisions of the Law of Ukraine “On the Organization of Water Users and
Stimulation of Hydrotechnical Land Reclamation”[2] regarding the provision of water users with
water removal services for drainage by water user organizations and the payment of services by water
users by the established water removal tariff was carried out. Emphasis is placed on the priority of the
efforts in the field of hydraulic reclamation, namely proper operation and restoration of the country’s
drainage systems. The main point of the study is to realize the role of the status of water users who
use water bodies to meet the needs of agriculture. According to the current legislation of Ukraine, the
methodology of tariff formation should be based on a single basis — both for water supply and water
removal.

It is necessary to take into account the requirements of EU regulations regarding the consideration
of the activities specifics in the field of water policy. Information on the development of water user
organizations in Ukraine is provided and the operation costs of reclamation infrastructure facilities on the
country s drainage systems are analyzed. The practice of foreign countries regarding the application of
tariffs for water removal is given and the factors of the natural environment that were taken into account
when selecting the option/options of water management in agriculture on drained lands of the country are
outlined. The vision of researchers regarding the method of establishing and applying tariffs is given and
a thorough assessment of the reasoning of scientists is provided. The areas for further research in the field
of tariff formation for drainage are indicated. The base of tariff formation and methodical approaches to
the formation of tariffs for water removal in the drainage area in Ukraine are proposed. The normative
legal acts of Ukraine, the UN, EU bodies, the World Bank, data from scientific studies on tariff formation
in agriculture on drained lands for 1991-2023, and administrative data were used as the main sources of
information for the article.

Key words: tariffs, water removal, tariff formation, reclamation infrastructure, drainage

The relevance of the research. The responce
to the challenges of the times is a sustainable
course for the development and increase of the
volume of agricultural production in Ukraine
by ensuring the necessary water and air regime
of the soil. Solving this task will require the
application of economic mechanisms to increase
the productivity of drained lands, in particular
through the introduction of water removal tariffs
for drainage, which is provided for in the Strategy
of Irrigation and Drainage in Ukraine for the
period until 2030 [1]. This economic instrument
is considered as an important component of

© Romashchenko M.I., Panteleev V.P., Saidak R.V., 2023

increasing the efficiency of drainage systems
functioning in the Polissya area, along with
their reconstruction and modernization into the
combined irrigation systems and increasing the
efficiency of drainage reclamation measures,
growing new crops on the drained lands, which
was previously impossible due to unfavorable
natural conditions. Until now, tariffs for water
removal in agriculture have not been applied in
Ukraine.

The purpose of the study is to substantiate the
main provisions of tariff formation for drainage
by a unified approach to the formation of tariffs
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in Ukraine, based on the analysis of normative
legal acts of Ukraine and a critical study of best
practices in the application of tariffs for drainage
needs.

Analysis of the latest research and
publications. In literary sources, the issue of
tariffs in irrigation is most often considered anong
with drainage. Tariffs for water removal when
draining land were not considered separately. The
regulatory acts indicate the cost of services for
irrigation of drained agricultural land, which is
determined by water management organizations
depending onthe distance from a water distribution
point [3]. The list of paid services includes:
recommendations for improving the condition
of water bodies and drained lands; services on
water supply from reclamation systems and
water sources for irrigation of drained lands and
water regime regulation on combined irrigation
systems [4]. The indicator “Area of drained
land” provided by the recommendations on water
resources statistics [5] is also used in Ukraine.
In Ukraine, there are no publications regarding
proposals for the introduction of water removal
tariffs when draining.

Researchmethodology.Analysisofregulatory
acts, learning the experience in providing paid
services for the maintenance of reclamation
systems of the drainage zone of Ukraine, critical
study of best international practices in tariff
formation for water removal services, logical and
abstract methods (implementation of positive
experience of using tariffs in drainage practice
in Ukraine, attracting data from literary sources);
analytical and synthetic methods (system
analysis, generalization and synthesis of research
results). The publication data were used to justify
the mechanism of tariff formation for water
removal services in Ukraine.

Research results and their discussion. By
the statistical data as of January 1, 2021, that is,
before the full-scale aggression of the Russian
Federation, 5.48 million hectares of reclaimed
land were accounted for in Ukraine, including
2.17 million hectares of irrigated and 3.3 million
hectares of drained land with the appropriate
reclamation infrastructure.

Atthe sametime, the engineering infrastructure
of the existing irrigation and drainage systems
is out-of-date, practically physically worn out
(more than 85%) and needs reconstruction
and modernization. The pumping and power
equipment of reclamation systems is out-of-date
and energy-consuming, its condition poses threats
to ensuring water supply and removal during the
irrigation season [6]. Given that a significant part
of the infrastructure, especially the irrigation

(1]

one, has been decommissioned due to damage,
destruction or deprivation of water sources caused
by the military actions of the Russian Federation,
the need in necessary reconstruction measures in
the post-war period is growing significantly. The
progressive lack of natural water supply in the
territory of Ukraine due to climate change even
worsens the situation.

Therefore, in our opinion, a significant part of
the drainage systems in the Polissia zone, which
were less affected than the irrigation systems due
to the Russian aggression, has to be reconstructed
[1, 7, 22], without waiting for the end of the war.

In 2021, in Ukraine, bilateral water regulation
was performed in the area of more than
300,000 hectares, which is less than 10 % of the
available drainage areas. In addition, despite the
important document adopted by the Cabinet of
Ministers of Ukraine [ 1], the primary task of which
is to restore drainage systems in the drainage area
through their reconstruction and modernization
and the Action Plan for its implementation [7],
which defines the formation of a tariff system
for drainage services, the process of increasing
the areas of water regulation and introducing
a tariff system for drainage has not started yet.
The adoption in 2022 of the Law of Ukraine
“On Water Users Associations and Stimulation
of Hydrotechnical Reclamation” [2] did not
activate this process, but its provisions enable to
accelerate the development of the methodology
for setting tariffs for water removal by drainage
systems.

It is worth considering the status of the water
user in water removal processes. According to the
law, a water user is a private or legal person who
uses water (water bodies) to meet the needs of the
population, industry, agriculture, transport and
other sectors of the economy, including the right
to water withdrawal, discharge wastewater and
other types of water use [8]. Water resources are
qualified as partially non-renewable resources,
i.e., they are those elements of the enterprise’s
property, the rate of recovery of which is
lower than the level of economic consumption,
therefore, at the enterprises effective measures
should be taken to restore water resources,
prevent or reduce water pollution, introduce the
integrated water use, etc.

The above definition of water user by the
legislation of Ukraine is closely related to the
importance of water use [9], as a type of water
services (any activity that has a significant
impact on the status of water), namely the
collection, accumulation, storage, treatment and
distribution of surface or underground water;
collection and treatment of wastewater, which
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is discharged then into surface water. All these
are the functions of a water user. Dispite the fact
that water removal/drainage of agricultural land
differs significantly in terms of work technique
from such a “canonical” and “stereotypical” land
irrigation, is valued as an effective, necessary,
technically justified type of water use, to which
the principle provisions of irrigation tariffs can
be applied to implement the water-regulating
functions of drainage systems.

When applying economic levers (tools, water
prices, tariffs, levies, taxes, subsidies, evaluation,
financing and investment of some measures, etc.),
therequirementsofEUlegalactsshouldbefollowed
to take into account the specifics of activities in
the field of water policy: implementation of the
general program of measures for the effective
use of water resources; following the rule of of
water supply costs reimbursement, when the
“polluter pays”; conducting an economic analysis
of water supply services; collecting information
and preparating relevant reports, etc. The member
states of the European Union can thus take into
account the social, environmental, and economic
consequences of costs reimbursement, as well as
the geographical and climatic conditions of the
water supply of the regions. When implementing
a sustainable water policy, the available scientific
and technical data are taken into account, the
potential benefit and cost of the measures or loss
from not implementing water removal measures
are estimated [10]. It is appropriate to note that
the regulatory documents of Ukraine take into
account the key requirement of the Directive —
inter-basin and/or intra-basin redistribution of
water resources [2].

The already mentioned Law [2] defines
the legal status of water user associations
(WUASs), the procedure for their establishing,
operation and termination, etc. The law also
regulates appropriate services for water users
and the procedure of payment for them using
the established water removal tariff. WUAs
services include water removal from drained
lands. WUAs serve the land plots of water users,
from where water is removed for hydrotechnical
amelioration needs. The water users’ needs
in engineering infrastructure of amelioration
networks for water removal are determined. The
regulations for water removal services provide for
the existence of rules for the provision of water
supply and removal services by the associations
to water users and proposals from the water
users regarding water removal, conclusion of a
contract for services, and provide for payment
by the water users for the services based on the
water removal tariff.

The tariff includes the cost of services for
water transportation and the cost of electricity
necessary for water removal, as well as other
costs, the size of which depends on the volume
of removed water and the cost of maintaining
the WUAs. The right of WUASs to stop providing
services to the water users for water removal in
case of delay in payment for WUAs services is
also noted. It should be noted that the fact that
the water user has paid for water removal/water
regulation services is a requirement for state
compensation for his losses.

In addition to the legally regulated works of
the WUAs regarding water removal from the
lands of water users, the researchers propose a
wider range of relations between partners when
removing water from drained lands. It is noted
that tariffs for water removal should reflect
the fact that drainage of one area may benefit
not only farmers, but also other landowners
elsewhere. Tariffs for drainage must ensure
economic efficiency, financial sustainability
and fiscal transparency, and also ensure equity,
namely when rain on one land plot may cause a
need for drainage on another, and consequently
that drainage may benefit a third downstream
area and such fair interactions usually involves
the establishment of a single fee per hectare for
the entire drainage area. Agricultural drainage
can also help protect houses, roads and other
infrastructure against flooding, so the funding
system should ensure a fair balance between the
various beneficiaries.

One special case is the combined irrigation
systems found in the northwestern part of
Ukraine, where open canals and closed drainage
are used to lower the groundwater level in winter
and early spring and to raise it in late spring
and summer. Water used for irrigation often
comes from an upstream drainage system, rather
than from purpose-built irrigation canals, so its
volumes cannot be measured. In most such cases,
the most appropriate financing mechanism will
be a single tariff per unit of both irrigation and
drainage area during the year.

Upon acquisition of ownership rights to
agricultural land plots, large farms may wish to
build and operate their own pressure pumping
stations and pipeline networks, so the WUAs
should be ready to attract private investment to
expand drainage area. At that the tariff system
is expected to remain the same as it is for small
farms that pump water directly from the canal to
the irrigation system. However, the WUAs have
to ensure that this approach will not lead to the
situation when small landusers will not have
an access to irrigation services and that private
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pumping stations will comply with the control
system of water supply and distribution along the
secondary canals.

First stage of the implementation of the
Strategy includes: (a) reforming the system of
water management and land reclamation by
separating the functions between the State Water
Agency and the newly formed business entity
for managing the engineering infrastructure
of irrigation and drainage systems (it has been
implemented through the formation of the State
Agency for Land Reclamation and Fisheries);
(b) modernizing the system of monitoring and
management of water resources in the State
Water Agency and providing financing for the
reconstruction of critical state water infrastructure
within the State Fisheries Agency system;
(c) developing the Law on the WUAs (the Law
was adopted by the Verkhovna Rada of Ukraine
in 2022) and starting establishing the WUAs
(34 WUAs were established, in particular 4 in
the drainage area: “Lesyni Dzherela” WUA on
the Tesnivska system and “Tovscha” WUA on
the Tnyanska system (Zhytomyr Region); “Sylna
Voda” WUA on the Brovarka system (Kyiv
Region) and “Subotiv” WUA on the Tyasmynska
Drainage System (Cherkasy Region)) [13];
(d) forming financial mechanisms to support the
investments of WUAs and farmers (the relevant
procedure approved by the CM of Ukraine is
applied); (e) establishing a regular structure and
procedure for financing tariffs and subsidies [11].

The strategy stipulates finding a balance of
the interests of the state, WUAs and water users
and establishing the actual state of managing
drainage facilities through inventory and timely
implementation of measures for its improvement,
improvement of operational practices and
reasonable and effective spending of limited
budgets. In some cases, it will be necessary to
include in the tariffs the costs of improving water
quality and the ecological condition of drained
lands [12]. The application of tariffs for water
removal will contribute to the efficient use of
water resources and is considered as the provision
of water services [9].

The formation of tariffs based on the cost
of services for the transportation of water and
electricity, necessary for water removal, increases
the importance of the analysis of the actual costs
of maintaining the infrastructure in the drainage
area. It is necessary to compare the for operation
costs for reclamation systems in Ukraine by the
data of the State Water Agency of Ukraine for
2020. According to the data on the irrigation
systems budget expenditures ranged from UAH
2.782/ha for the Black Sea and Lower Danube

B8

Basin Administration of Water Resources
(BAWR) to UAH 3.481/ha for the Lower Dnipro
BAWR and accounted for from 46 to 260 % of the
total costs for their operation. The budget funding
for the drainage systems of the Rivne region was
much lower compared to the irrigation systems
(139 UAH/ha), but its share in the total funding
of the operating costs was significantly higher
(more than 85 %) compared to irrigation systems.

This indicates that in the drainage area the
state of the existing infrastructure of drainage
systems is much worse compared to irrigation
infrastructure, because the income from farms
for the maintenance of drainage systems does not
exceed 10 % of the budget funding. It is expected
that introducing two-way regulation of the water
regime with the help of more complex drainage
and irrigation systems will provide farms with a
guaranteed water regime for more efficient crop
cultivation and will require greater participation
of agricultural producers in financing the
implementation of water regulation, which is
possible only by increasing the tariffs for these
services.

Practices of applying water removal tariffs
in foreign countries. It is known from the
history of irrigation of agricultural lands [14]
that in the practice of draining lands, tariffs for
water removal have been used for a long time.
The table 1 provides the information about the
practice of applying tariffs for water removal
when draining land.

Legal relationships on water removal for
drainage between free market agents, who benefit
from the use of drained land, are formalized by the
payment by water users of fixed and variable fees
for services, area of drainage, use of water, etc.

The basis for the formation of tariffs in
the drainage zone of Ukraine. On the basis of
the current legislation of Ukraine, in particular
the Law [2], the above analysis of the foreign
practice in tariff formation, it is possible to
propose the following provisions regarding the
establishment of tariffs for water removal in
the drainage area of Ukraine (Table 2). They
should take into account the benefit as a result
of reclamation systems operation, saving and
rational use of water by farms, the category of
land tenure, the implementation of high-quality
climate-optimized water regulation technologies,
the consequences of climate change, etc.

Increasing pressure on land and water use
requires larger integrated drainage strategies,
including the transfer of responsibility, decision-
making and funding for irrigation and drainage
systems from the public sector to water user
associations.
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1. Best practices in the application of tariffs for water removal in drainage services

France [15]

Country, . . .
source The practice of applying tariffs for water removal
Ne t};re Irllean ds Water boards/water administrations are responsible for land drainage and flood protection.
[12] Water board costs including the full cost of drainage are fully covered by water users.
Switzerland, . . .
) It was established a fee for water removal in agriculture

Croatia [15]

Portugal,

It was established a fee for land drainage

Italy [15]

Consorzio di Bonifica e Irrigazione Company specialized in drainage and water supply uses
2 payment instruments: (i) tariffs and (ii) the self-service fee (both for abstraction of surface and
groundwater). At the same time, the fee for water removal services is calculated in proportion to
the benefit received (ranking plan) taking into account the served area. The organization splits
the costs between drainage services and the supply of irrigation water to end users.

Serbia [16]

Based on the climatic conditions of the country, water excess causes higher economic costs
than its deficit. Operation and maintenance costs have always been much higher for drainage
than for irrigation, therefore, funds obtained as water removal fees must be earmarked funds
used to maintain and improve the operation of publicly owned water bodies and systems used
for drainage purposes.

Great Britain
(England and
Wales) [17]

It is considered that all land and property within the drainage district benefits from the drainage
facilities and therefore the land owners are obliged to pay contributions to the operation and
maintanence of the drainage facilities. Water removal and special fees have been established.
The drainage fee includes a fee that combines a fixed right-of-delivery fee, based on the
recovery of capital costs incurred in case of drainage works, and a variable fee per megaliter of
distributed water. Both types of fee may differ depending on the category of land tenure, as it is
specified in the List of Fees and Prices.

Australia [18]

Irrigation and drainage areas were transferred from state control to the private sector or under
the control of water user cooperatives. There are capital and operating costs. The operation and
maintenance costs for evaporation basins are covered by a tariff system based on a service fee,
which includes a fee “per hectare” and “per megaliter”* when irrigating land. There is a service
fee (annual cost for being connected to the system), an area fee (paid by all landowners in the
area regardless of water use) and a water use fee, which is paid based on the total supply of
water for irrigation.

*Megalitre ML = 1 000 cubic metres m® [5, p. 206]

Georgia [19]

There are separate tariffs for irrigation and drainage services

India [20]

There is a fee for drainage maintenance. In the state of Tamil Nadu there is a fee for pumping
and treatment of drainage water for agricultural needs.

Turkey [21]

Farmers, farmer cooperatives, or appropriate government agencies perform cost-effective
cleaning and repair of subsurface drainage systems in case of clogged or visible damage to
pipes or old sludge chambers.

Methodical approaches to the formation
of water removal tariffs in the drainage area
in Ukraine. The main goal of introducing
tariffs on drainage systems of Ukraine should be
reimbursement of costs, and the main measure
of tariffs in drainage should be the fixed cost
of services per hectare of area and the cost of
removed water (in the areras where measuring
devices are installed). On drainage systems, the
basis of tariffs will be a fixed cost of services per
hectare of drained land area, while on combined
two-way drainage systems it is reasonable to
apply a two-rate tariff, which includes a fixed

rate per a unit of drainage area and a variable
rate per a unit volume of water supplied to the
plot or removed from the plot. In some cases, it
may vary depending on crop type, and the more
moisture-loving crop, the higher is the water fee.
It is necessary to adapt the legislation in terms of
introducing water removal and supply tariffs in
accordance with the established rules, to enlarge
public participation in water management,
participation of water users in the development
of the fariff system for water removal, as well as
of the adaptation systems to climatic conditions.
State support for maintanence, reconstruction
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2. The general technical and economic basis for setting tariffs for water removal on reclamation

systems in Ukraine

-
&

Elements of the tariff formation mechanism

On drainage systems

On combined two-way
drainage systems

Land plots of the water users that require water
removal (bilateral regulation), total area

area of the system,
type of drainage

area of the system, type of
drainage, availability of
two-way water regulation

Reclamation facilities (reservoirs, canals, drains,
pumping stations, roads, protective dams, observa-
tion network and other hydrotechnical structures
and objects)

reclamation facili-
ties provide water
removal

reclamation facilities provide
two-way water regulation

Rules for the provision of water supply and water
removal services, developed by the WUAs, condi-
tions of service provision, water user applications
for the provision of water removal/water regula-
tion services, contracts with the WUAs for water
removal/water regulation services, compliance with
the rules for the provision of the WUAS services to
the water users, timely payment for services

existence of rules,
contracts for water
removal

existence of rules, contracts for
water removal/water regulation

Schemes of engineering infrastructure facilities of
reclamation networks, which ensure water delivery
and removal for the needs of water users.

existence of schemes

existence of schemes

Developed tariffs for water removal /water regula-
tion services; established fee for the WUASs services
for water removal/water regulation; formation of
the Budget Plan for maintenance of the systems,
payment for electricity/fuel for the operation of
pumping stations; income and expenses; schedule
of services payment by water users by the tariffs

the cost of water and
electricity trans-
portation services
necessary for water
removal, as well

as other costs, the
amount of which
depends on the
volume of removed
water, the costs for
operation of the
WUASs

the cost of water and electricity
transportation services neces-
sary for water removal, as well
as other costs, the amount of
which depends on the volume
of removed water, the costs for
operation of the WUAs

taking into account the changes in natural and
climatic conditions, actual capability of water-regu-
lating function of reclamation systems

water removal from
the area

water removal and water supply
to the area

*the possibility of introducing differentiated tariffs
drainage and under different crops

for services on drainage systems with pottery/plastic

protection of the objects of state and communal
property against flooding, damage, etc.

protection of the
objects on the system

protection of the objects on the
system

establishing the mechanisms to support the invest-
ments of the WUAs and farmers in improving the
reclamation infrastructure

applying on the
system

applying on the system

capability of transferring removed or supplied water
from one area to another one

water removal from
the area

water removal from the area
and water supply to the area

and modernization of reclamation infrastructure
should be maintained. The introduction of tariffs
will require a higher level of qualification of
workers in the field of drainage and agricultural
use of reclaimed land, and personnel of the
reclamation infrastructure management services.
The level of self-organization of water users will
be important.

Tariff formation

should display the

reclamation infrastructure management schemes,
local and regional water removal/supply
characteristics, water availability, structure and
number of cultivated crops, use of alternative
water-saving technologies, drainage/irrigation
methods, and existing subsidy systems. Different
regions and drainage facilities in Ukraine require
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different approaches to setting tariffs. The cost
of services paid by water users will depend on
the water intake facilities and the state water
removal systems. A detailed economic analysis
with different pricing scenarios for both drainage
and irrigation tariffs will help to choose more
efficient alternatives to the tariff system. At that,
it is also necessary to take into account the need
to develop effective mechanisms for controlling
and accounting for the use of water resources, as
well as the mechanisms of preventing the cases
of unauthorized water withdrawal from natural
water bodies.

The law [2] establishes the principles of
tariff formation for water removal and the tariff
components, specifies the activity of the WUAs
on water removal and its cost, as well as the
rules of providing services. The conditions for
the performance of contracts for the provision of
services are recognized as relevant for the parties.
Based on the existing tariff formation mechanism,
investments will be attracted in the modernization
and restoration of the network of drainage
systems, pumping stations, reduction of energy
consumption and non-productive water losses.

The water-user as a business entity and a
beneficiary, receives economic benefits from
maintanence of optimal water and air regimes,
which are formed as a result of proper functioning
of'drainage systems and water removal from them.
Tariffs for water removal services for drainage,
paid by the water user, connect the interests of
the beneficiary, water removal service, territorial
communities, the state, regional and national
economy.

Conclusions. Applying tariffs in water
removal is considered as an innovative area in

the relations of water users and the state through
the interaction of the WUAs. They must take
into account the availability of engineering
infrastructure facilities of reclamation networks,
features and specifics of the reclamation
complex, control the compliance with the
requirements for ensuring hydraulic connectivity
and technological integrity of reclamation
systems. When transferring from the payment
procedure for water removal services to the
introduction of tariffs, it is advisable to use the
successful experience of developed countries
in terms of agriculture. The imperative of the
state’s interests under market conditions in
developing drainage in the agricultural sector is
manifested in the monitoring of the proper use of
reclaimed land and control of the responsibility
of landowners and the WUAs through services
payment by tariffs. The aim of introducing paid
water use based on drainage tariffs in Ukraine
is a cost reimbursement. The fixed service cost
per hectare of reclaimed land should be a main
measure of tariffs in drainage.

The areas of further research should be the
following: development of legislation in the area
of introducing water removal tariffs, learning
the current state of reforms in the introduction
of tariffs, generalization of the best practices of
managing reclamation infrastructure based on
tariff application both in Ukraine and in the world,
development of the method of applying tariffs for
drainage systems, conducting a survey/study of
the practices of tariff formation, development
of adequate water drainage infrastructure
management schemes and providing water
services taking into account ecological and
economic justifications.
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AHoOTANisI. ¥V cmammi uceimieno 0CHOBHI NONOICEHHS BCIMAHOBIEHH Mapu@ie Ha Nocayau 3 60006i08e-
OenHs 0ns Openadicy. 3acmocysants mapuie po3enioaemovcs K eKOHOMIUHULL THCIPYMEHM NiOSULUYEHHS
ehexmusHoOCmi BUKOPUCTNAHHA OCYULYBAHUX 3emenb npu peanizayii Cmpameeii 3poulenHs ma OpeHaxcy
6 Ykpaini [1]. bye nposedenuii ananiz nonosxcensv 3axony Yrpainu «Ilpo opeanizayiio 6000Kkopucniyeayis
ma Cmumyio8ans 2iopomexuiunoi meniopayii 3emenvy[2] upo0o nadanms opeanizayismu 6000KOPUCHILY-
8auie nocuye i3 60008i06edenHs Olisl OPEHANCY KOPUCYBAYAM MA CHIAMI 6000KOPUCHTY8AUeM NOCIYe 3d
BCMAHOBNIEHUM Mapug)om Ha 60008i06edenHs. Hazonoweno nHa npiopumemi 3ycunv y chepi ciopomex-
HIYHUX Meniopayiti Ha eKCnayamayii ma 8i0HOGIEeHHI OCYULYBAILHUX CUCTeM Kpaitu. Buxionum momenmom
00CHIONCEHHS € POSYMIHHA POLL Cmamycy 6000KOPUCHY8AYd, AKULL BUKOPUCTIIOBYE B0OHI 00 '€kmu Os
300080/1eHHsT NOMped CLIbCLKO20 20CN00APCMEd. 3a YUHHUM 3AKOHO0A8CMEOM YKpainu, mMemooono2isi
mapupoymeopenHs. noGUHHA IPYHMYSAMUCS HA €OUHIL OCHO8L — K npu noodaui 6oou, max i i ii eioee-
Oenni. Cnio dpamu 00 ysazu eumocu HopmamusHux axkmie €C wo0o epaxysanms cneyu@iku OisibHOCmI
y eanysi 600H0OI nonimuxu. Haoano inghopmayito wo0o pozeumxy opeanizayiti 6000Kopucmysauie ¢ Yxpaini
ma NPoananizoeaHo GUMpPAMU HA eKCNayamayilo 06’ ekmie meriopamugHoi iHppacmpyKkmypu Ha ocyuiy-
BANBHUX cucmemMax Kpainu. Bukiadeno npaxmuky 3apyOinchHux Kpaidn wo0o 3acmocysamHs mapughie
npu 6i08e0eHHi 600U Ma 3A3HAYEHO YUHHUKU NPUPOOHO20 Ccepedosunyd, sSKi 8paxo8yeanucs npu 6i0oopi
eapianmy/seapianmis ynpasninns 2iopocgeporo y 3emuepobcmsi na ocyuienux semisix kpainu. Hasederno
bayenHs 00CIIOHUKIB U000 MEMOOUKY 6CIMAHOGIEHHS MA 3ACMOCY8AHH Mapudie ma Hadana IPYHMOBHA
OYIHKA MIDKYBAHHAM HAYKOBYIB, 3A3HAYEHO HANPAMU NOOATbUUX 00cniodcens y cehepi mapugoymeo-
PpeHHsA 01151 OpeHadicy. 3anpononosano 6azy gopmyeants mapugie ma memoouuHi nioxoou 00 opmysanns
mapugie Ha 80008i06e0eHHA Y 30HI oCyuweHHs 8 Yrpaini. Tonosnumu Oaceperamu ingopmayii cmammi
cmanu Hopmamuero-npasosi akmu Ykpainu, OOH, opeanie €C ma World Bank, oani naykosux docii-
Ooicenv i3 mapugoymeopenns y zemaepobemsi Ha ocyutysanux zemasx za 1991-2023 pp., aominicmpa-
MueHi Oami.

Knrouosi cnosa: mapugpu, 60006i06eoenus, mapugoymeopenns, meniopamusHa iHppacmpykmypa,
Operaoic
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Abstract. The article analyzes the results of using the decision-making support system to identify the
destruction areas of reclamation systems and evaluates the state of irrigated agriculture by the remote
sensing, as well as proves its ability to form and provide the user with preliminary information about the state
of reclamation infrastructure. Most of the relatively new and functioning irrigation systems are currently
out of the control of the Government of Ukraine due to the occupation of the Kherson and Zaporizhzhia
regions by the Russians. Irrigation and drainage systems, over which control was restored and which were
in the zone of direct hostilities, were in a destroyed state, and the undermining of the Kakhovska HPP by
the occupiers makes it impossible to further use the irrigation systems of both the occupied and unoccu-
pied parts of Ukraine, which were provided with water directly from the Kakhovska reservoir. To provide
a rapid visual identification of destruction areas of reclamation systems for evaluating damage to irrigation
and drainage infrastructure in 2023, the capabilities of the information system developed at the Institute of
Water Problems and Land Reclamation of the National Academy of Agricultural Sciences of Ukraine have
been expanded. On the example of the Odesa region, based on basic information about pumping stations
of reclamation systems and available information using ACLED technology about hostilities, explosions,
artillery attacks, etc., as a result of Russian aggression, a synthesized image was formed, which can be
used for visual evaluation of the impact of hostilities on reclamation systems in both individual areas and
the whole country. The information system was used for zoning regions by the intensity of military impacts
and expected damage to the infrastructure of irrigation and drainage systems. The evaluation of indirect
damage zones was carried out using remote sensing data by the NDVI index, which indicates a decrease in
the accumulation of biomass in the areas of irrigation systems. The forecast for the further use of irrigated
land is based on a statistical analysis of the data on the conclusion of contracts for special water use, which
proved a four-fold decrease in water demand, planned for 2022.

The study results can be used to evaluate the damage caused to Ukraine as a result of the war and
confirm the devastating impact of the war on the irrigation and drainage sectors.

Key words: remote sensing of the Earth, irrigation, information system, damage, irrigation management,
special water use, irrigation

The relevance of the research. Since 2022,
because of the full-scale armed aggression of the
Russian Federation in the territory of Ukraine,
the agricultural sector of our country has been
suffering from a significant negative impact of
war. According to the FAO report [1], agriculture

© Matiash T.V., Butenko Ya.O., Krucheniuk A.V., Saliuk A.F.,
Soroka N.V., Matiash E.I., 2023

is of crucial importance for the economy of
Ukraine. Before the war, it produced about
20 percent of the country’s GDP and more than
40 percent of the total revenue from exports, and
its decline in the first year of the war amounted
to more than 30% [2]. The war is expected
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to continue to have far-reaching consequences
for Ukraine’s economic growth and affect global
food security.

The war damaged agriculture and its
infrastructure across the country, affecting
irrigation, crop storage and processing facilities,
machinery and equipment, port storage and
transport infrastructure, greenhouses, livestock,
etc. The carried out analysis indicates that as of
July 2022, preliminary losses to the agricultural
sector amount to 4.3—6.4 billion US dollars [3],
that is 15-22 percent of the total value of the
country’s agriculture before the war, estimated at
29 billion US dollars. The actual figures are likely
to be much higher, as the above estimates do not
include the potential damage to the agricultural
capital of smallholders located in war-affected
areas, who on average produce about 40 percent
of Ukraine’s total agricultural production, which
inevitably indicates a much greater losses in the
sector.

Unfortunately, it is currently impossible
to identify the real areas of damage caused
by military actions and to calculate the actual
damage on reclaimed systems due to a number of
restrictions, in particular, due to active hostilities
and the occupation of part of the territory. In
this case, a remote sensing approach is the only
possible way to estimate damage, especially on
a larger scale — from point, regional to national
scales. This approach is considered cost-effective
and time-efficient, as a single image can be used
to estimate damage over a large area [4].

This work is part of research conducted by the
Institute of Water Problems and Land Reclamation
of the National Academy of Agricultural
Sciences of Ukraine to evaluate the damage and
local needs experienced by reclamation systems
and producers on these lands. For this purpose,
territories that were unoccupied, de-occupied, and
free of active hostilities as of January 31, 2023
were specifically studied. A general methodology,
which included four key components:
(1) surveys at the state and local levels of
owners and producers on reclamation systems,
(2) interviewing of territorial communities,
(3) mapping and analysis of remote sensing data,
(4) working with databases on armed conflicts
and statistics published in the ACLED database
for the period 24.02.2022-31.01.2023.

The result of processing a large amount of
information was an economic evaluation of the
losses suffered by reclamation systems and the
producers working on reclaimed lands since
the beginning of full-scale aggression. In this
article, the authors present a part of the materials
and methodology that were used to identify the

areas of destruction of reclamation systems and
evaluate the state of irrigated agriculture by the
remote sensing data.

Analysis of recent research and
publications. For the rebuilding of Ukraine, the
“Plan for the post-war reconstruction of Ukraine”
was developed, and the UNITED24 fundraising
platform was established for cooperation with
charitable foundations, partners, donors and
public figures around the world. The World Bank
(WB) together with the government of Ukraine,
based on a joint evaluation of the ministries using
the RDNA (Rapid Damage Need Assessment)
method, evaluated the damage caused to Ukraine
as a result of military operations. The results of
this evaluation were approved by the Government
of Ukraine [5].

In the first report made by the World Bank,
the Government of Ukraine and the European
Commission [5] on the evaluation of damage
and recovery needs for Ukraine, the total amount
of damage and recovery needs of the irrigation
and water sector was estimated as $8 billion as
of June 1, 2022. This amount partially includes
the damages caused to water management
infrastructure in the amount of $0.2 billion,
and provides for the reconstruction of the
irrigation and drainage sector by the principle of
reconstruction at a qualitatively new level “We
will rebuild better [than it was]“, “Build Back
Better”, which is valued at $7.5 billion.

Based on the data of the Ministry of Agrarian
Policy and Food, the Ministry of Environmental
Protection and Natural Resources and the State
Water Agency, as the balance keeper, a rapid
damage, loss and needs assessment (RDNA) was
conducted in the irrigation and drainage sector.

The Ministry of Agrarian Policy and Food
deals with recording losses in the irrigation and
drainage sector at the local level. In view of
recording the effects of the war, this ministry is
responsible for recording losses in the sectors
of agriculture, land reclamation, and fisheries.
The Ministry of Environmental Protection and
Natural Resources of Ukraine and the State Water
Agency record the damages to the surrounding
natural environment, water resources, including
damages to water management infrastructure.
The State Environmental Inspection deals with
the formation of a list of all breaches in the field
of environmental protection (including water
resources) during the war.

The ministries have developed and approved
at the legislative level the methods of damage
evaluation along with relevant cases [6]. These
methods assume that the damage to objects
in the country is caused by an entity or person
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who operates or resides in the country in a legal
manner. Damage to the infrastructure by the
developed methods involves the assessment
of assets by a residual book value. Methods
for calculating the amount of environmental
damage and compensation for damages (direct
or indirect) are currently adopted taking into
account the so-called “war coefficients”, that is,
costs for environmental damage to the object are
calculated according to the methods in force in
Ukraine for its citizens and multiplied by a certain
coefficient, which may be subject to doubt during
the consideration of cases in international courts.

The evaluation of damage to the irrigation
and drainage system is constantly carried out by
the Ministry of Environmental Protection and
Natural Resources along with the State Water
Agency using the inventory method, but currently
contains only separate/fragmentary estimates of
the financial value of the damage to the irrigation
and drainage sector as well as water resources that
was caused to Ukraine as a result of hostilities.
Information about recorded violations in the field
of environmental protection and infrastructure is
placed on interactive maps [7, 8].

The purpose of the research is to identify
the state, scale of destruction, areas of possible
damage, and calculate actual damages on
reclaimed territories caused by military actions
by applying the methodology of using data from
remote sensing of the Earth and information
technologies.

Research conditions. The research was
conducted during 2022-2023 on the lands of the
unoccupied part of the territory of Ukraine. The
identification of risk zones of potential destruction of
reclamation systems and infrastructure was carried
out using the information system for supporting
decision-making in agriculture, developed at
IWPLR [9]. A detailed analysis was carried out for
the territory of the Odesa region, the results were
scaled to the entire territory of Ukraine.

Research methods and materials. Data on
actual damage in the territories were obtained
using the ACLED methodology [ 10] for the period
24.02.2022-31.12.2023 (The Armed Conflict
Location & Event Data Project (ACLED) — real-
time databases on locations, dates, parties to the
conflict, casualties and types of all registered
events of political violence and protests around
the world, including Ukraine. Evaluation of
indirect damage to agriculture on irrigated lands
was carried out in 2019-2022, when comparing
irrigated massifs by the NDVI index, as well
when using statistical methods.

To clarify the direct and indirect losses, the
variety of crops was evaluated, and the recognition

(2]

of crops was verified using the data of remote
sensing of the Earth and the Hydrosolution
software complex [11].

To evaluate the intensity of agricultural
production on irrigated lands, permits for special
water use issued for irrigation on the territory of
Ukraine were analyzed.

Research results. The reports on damage
evaluation in the irrigation and drainage sector
are obviously not final, given the ongoing nature
of the war and the lack of access to the areas,
which temporarily are not controlled by Ukraine.
The lack of inventory materials at the state level
regarding the state of the irrigation and drainage
system, the lack of data on private infarm
infrastructure, which is an important part of the
lost asset base, also delay damage evaluation.
Another cost item not estimated in the described
documents is the damage to private irrigation
systems, which are generally smaller in size.

At the same time, at the local levels, there is
no integrated monitoring of damage evaluation,
in particular to water resources, integrated
irrigation and drainage systems, and there is no
economic assessment of the effects of the war on
the production process of agricultural products.

As evidenced by the data of IWPLR [12,
13] and World Bank [13], even before the war
started, the irrigation and drainage sector as
well as the water management sector had been
in a transition period. Some irrigation systems
were already unviable, and the irrigated areas
of others were significantly reduced. A number
of systems were identified for reconstruction
and/or modernization. There is a clear need to
improve the operation of irrigation and drainage
systems and to combine rehabilitation and
reconstruction efforts with ongoing institutional
reform. The Irrigation and Drainage Strategy
sets a medium-term goal of restoring irrigation
on the area of 810,000 hectares with possible
further expansion to 1.5 million hectares
and restoring drainage systems, taking into
account 3 million hectares of already drained
areas with the possibility of restoring the
irrigation functions on such systems in the area
of 1 million hectares.

To carry out a rapid visual evaluation
of damage to the irrigation and drainage
infrastructure, the capabilities of the information
system have been expanded this year [14, 15].
The following software solutions were used for
data preparation:

* geoinformation system QGIS;

* postgresql database (with PostGIS extension
module);

* QGIS geoinformation system;
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Python programming for
developing scripts;

 Pandas, Folium and Leaflet library for data
processing and visualization.

To fulfill the task of identifying the destruction
areas of reclamation systems, in the current year
the work with databases has been supplemented
with new possibilities when using the PostGIS
module, namely an extension of the PostgreSQL
object-relational DBMS. This module helps
to store geographic data in the database and
facilitates the work with such data. PostGIS
includes support for R-Tree/GiST spatial indexes
and geodata processing functions.

PostGIS is a geographic information system, or
GIS, implemented as an extension to PostgreSQL.
GIS enables to store spatial or geographic data,
such as points, broken lines, and polygons, perform
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various operations including efficient searches
using them. During the work, the database was
connected to QGIS. Layers with pumping stations
can serve as an example for analyzing potential
damage due to military actions (Fig. 1).

Based on the example of the Odesa region,
using the basic information on the pumping
stations of reclamation systems and available
information about hostilities, explosions,
artillery attacks, etc., as a result of Russian
aggression in this region, a synthesized image
was made, which can be used for a rapid visual
evaluation of the impact of military actions on
the reclamation systems of the Odesa region.
Of course, such information can and should
be clarified in the future. A fragment of the
inventory database of the reclamation systems as
of 2019 is shown in Fig. 2.

© PS are under operation
@ PS are out operation

@ explosions. drone attacks, mortar

attacks, military clashes

Fig. 1. Identification of risk zones of potential destruction of reclamation systems

using the information system

pump_stations — Features Total: 1293, Filtered: 1293, Selected: 0

[~ & LT ESJ rE #
id name pump nrg_sys type
295 290 HC1 «lepemoras KOTNOBMHCLKE 3C | niakauyioua

206 291 HCN «MNepemoran KoTnosuHceka 3C | nepekavyioya

297 292 MHC Hosocinbceka 3C Hosodinecuka 3¢ |THC

293 HCM Hosocinbcbka 3C Hosocinbcoka 3C | nepexasyioda

299 294 HC1 «Pein Penificeka 3C nepekauyiova
300 295|HC2 «Perin Pexifcbka 3C nepekavyoNa
301 296 HC1 [lonuHebka 3C JlonMHceka 3C nigkauytoua

302 297 HCN JonHHcbka 3C AonuHceka 3C nepeKavyioda

303 298 BHC OKN «NpopsaCkyHaa» MNpuayHaiAcska 3C  nigkadyloua, ApeHaxHa

304 299 BHC pny «PeHinCcbKMiAn YyaHOBCLKS 3C nepexauyona

305 300 MHC Annyrceka 3C Annyrceka 3C rHC

-

area

781

D O
district cost  power name_chane activity

I3MAINLELKNA paio... 0.44 528 o3.Annyr Alova
I3MaiNbCBKWA pafio... 0.44 800 Aioya
Iamainscokni pae... 0.875 1000  o3.Annyr nilova
13MainbebKWA pafio... 0.8 1000 He filoya
Iamainscekni pafio... 0.24 120 p.Ayrai He niloya
I3Mainbebkni pafo... 0.16 80 p.flyHai HE filoya

3 I3mainbcekmit paito... 0.8 1000 ©3.Karyn Airoua

3 13MAINbCLKWA pafo... 0.7 1000 nioya
I3Mainsceknid pado... 1.05 480 p.OyHai He ailoya
13MaiNbCbKMA paio... 0.54 410 He filo4a
BoNrpaacsknil pa... 1.5 2400  oa.Annyr Airoda

Fig. 2. A fragment of the inventory database of reclamation systems
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After analyzing the territory using the ACLED
database, which collects real-time data on the
locations, dates, parties to the conflict, casualties
and types of all recorded events of political
violence and protests worldwide, including
Ukraine, the military impacts that can affect the
functioning of irrigation and drainage systems
are mapped.

The thematic map (Fig. 3) shows the territory
of Ukraine with territorial communities and
hydrotechnical facilities according to the State
Water Agency’s inventory data (green symbols
on the map). Red symbols indicate military
intervention on the territory of Ukraine, which
could potentially negatively affect the efficiency
of irrigation and drainage systems. Data for the
period 02.24.2022 — 02.01.2023 were used to
make this map. The damaged infrastructure in the
occupied regions was evaluated by the distance
to the site of hostilities or explosions recorded in
the ACLED database [10].

Using the available information in the
database, a rapid evaluation of damage and needs
was carried out within the territory controlled
by Ukraine. Working and non-working pumping
stations, hydrotechnical structures and recorded
explosions, drone attacks, mortar attacks,
combat clashes, as well as the risk zones of
potential destruction of reclamation systems and
infrastructure facilities were identified on the
map (Fig. 3).

For the period since the beginning of the full-
scale invasion (24.02.2022) and till January 31,

® PS and hydraulic facilities are under operation
® PS and hydraulic facilities are out operation

(51

2023, the areas were classified by the intensity of
hostilities, where the most intense color indicates
more than 16,000 documented cases of enemy
damage to the territory, namely explosions, drone
attacks, mortar attacks, combat clashes, which
could potentially affect the operation of irrigation
and drainage systems, while the least intense
color indicate less than 100 cases. It is obvious
that in these areas the intensity of damage to the
irrigation and drainage infrastructure at different
levels will be distributed accordingly.

Regions were zoned by the intensity of
military impacts (Fig. 4), where the color scheme
indicates the number of military events within
the regions. It is obvious that in these regions
the intensity of damage to the irrigation and
drainage infrastructure at different levels will be
distributed accordingly.

Explosions, remote impacts such as artillery
and drone attacks, and direct combat operations
in the territories are considered as potential
sources of destruction.

The refined methodology for determining
the destruction will be based on the automatic
determination of the components of reclamation
systems, in particular the pumping stations and
the reclamation network, which are in the area
of negative impacts (explosions, hostilities,
etc.), and further actual research of these zones.
In fig. 5 there is the ranked infrastructure of
the reclamation network in the Odesa region
depending on the distance to the places of
explosions (from 0 to more than 40 km).

A explosions, drone attacks, mortar attacks, military clashes

Fig. 3. Synthesized image of the state of reclamation systems in the Odesa region and the risks
of the impact of military operations in the period 24.02.2022-31.01.2023
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Fig. 4. Zoning of the territory of Ukraine depending on the number of military impacts
and the intensity of hostilities

Fig. 5. Identification of potential destruction zones of reclamation systems based
on the database of the information system

The identification of potential destruction
zones of reclamation systems was carried out
on the online platform developed and placed on
the IWPLR server [9]. This approach enables to
identify the risk zones of potential destruction of
reclamation systems and infrastructure objects,
to prioritize the restoration of infrastructure
across the country and in the Odesa region
in particular by the distance to hostilities
or places of explosions using the data from

constantly updated sources. Remote sensing
data, in particular the NDVI index (Normalized
Difference Vegetation Index) [16, 17], were used
to evaluate the indirect losses and confirm the
reduction in production intensity. The irrigated
massifs in the Kherson region, in particular in
the Chaplynsky district, where field research was
already conducted in last years by the authors of
this paper [18], were taken as the main area for
comparison.
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NDVI can be a useful tool for evaluating the
condition of vegetation and identifying patterns in
its growth, but accurate yield forecasting requires
the use of more complex models that combine
many factors, including weather conditions, soil
quality, agricultural technology, etc. To confirm
the fact of a decrease in the intensity of farming
in 2022, data on a decrease in the accumulated
biomass were used. This change was estimated
using the NDVI index, which was specified in the
period from 2019 to 2022 for selected irrigated
areas in the Kherson region.

Special attention should be paid to the
significant decrease in the NDVI index values
in the zone where intense hostilities took place.
This testifies to the significant impact of military
actions on vegetation and agricultural land in this
region and emphasizes the need to take measures
to restore the agricultural infrastructure and the
infrastructure of irrigation systems in this area
(Fig. 6).

For a detailed evaluation of damages to
agriculture and clarification of direct and indirect
damages in terms of changes in the types of

(3]

cultivated crops, the diversity of crops was
evaluated according to the methodology [11].
The study of the accuracy of machine learning
algorithms was carried out by the authors from
IWPLR and “Hydrosolutions” as part of a joint
research (Fig. 7).

Verification of crop recognition using machine
learning algorithms was carried out at 287
observation points by the authors. The accuracy
of the algorithms was estimated to be 93.4 %.

Based on the developed technologies, it is
possible to further specify the amount of direct
and indirect damage caused to the irrigation and
drainage sector using remote monitoring [19].

The analysis of the concluded contracts for
special water use, where irrigation is defined
as the purpose of taking water from surface or
underground sources, also testifies the losses
in the irrigation and drainage sector (Table 1).
The set obtained from the open data portal [20]
contains a list of issued permits for special water
use, including the information provided in the
permit form. In particular, the obtained tables
included the number, date of issue, status of

2020 NN 2021 N 2022

Fig. 6. Decrease in NDVI index values on irrigated massifs of the Chaplynsky district
of the Kherson region in 2022
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Crop Map 2021 (10 m resolution) ¢
0 Wheat or Barkey

R Rapeseed

Spiea

el

Legend

[ Administrative Boundanies (Oblasts)
[] Figds with in-situ crop data

Il Imgated Area (Year 2021)

Fig. 7. Verification of the crop recognition system by the authors, “Hydrosolutions”, and World Bank
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1. The established limit of water intake for irrigation, by the Register of issued permits for special
water use in general in Ukraine, thousand m?/year

Regions 2021 2022 2023 2022 compared to 2021
thousand m’ thousand m’ thousand m’ %

Vinnytska 2531,2 1006,2 50,6 40 %

Volynska 757.2 0 0% ]
Dnipropetrovska 63 158,6 6662,5 9,0 11 %
Donetska 4167,7 8183,2 196 %
Zhytomyrska

Zakarpatska 110,1 177,8 161 %
Zaporizhska 140 975.,9 22 951,1 16 %
Ivano-Frankivska 33,1 109,5

Kyivska 2638,9 246,7 59,8

Kirovogradska 139103 3308,1 40,7 24 %
Luhanska

Lvivska 412,8 4479 108 %
Mykolaivska 79 188,8 10 328,6 1277,0 13%

Kyiv city

Odeska 168 697,8 357948 21 %
Poltavska 9750,0 3228,8 33%
Rivnenska 96,0 405,5

Sumska 40,8

Ternopilska 513,0

Kharkivska 6901,8 148,8

Khersonska 1 270 640,0 310 600,2 24 %
Khmelnytska 2491,6 723,2 29%
Cherkaska 19 681,8 17 9244 91 %
Chernivetska 207,9 70,0 34 %
Chernihivska 688,6 F
In total 1787 593,9 422 317,1 1437,1 24 %
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Zakarpatska region

Zaporizhzhia region

Ivano-Frankivsk region

Zhytomyr region

Donetsk region

Dnipropetrovsk region

Kyiv region
Kirovohrad region

Luhansk region
Lviv region
Mykolaiv region
the city of Kyiv

Odesa region
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Sumy region
Ternopil region
Kharkiv region

Kherson region

Khmelnytskyi region

Cherkasy region
Chernivtsi region
Chernihiv region

Fig. 8 The established limit for water intake for irrigation needs, according to the register of issued
permits for special water use in Ukraine, thousand m*/year
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the permit, name and code of the water user’s
USREOU, validity period of the permit, purpose
of water use, limits of water intake and use,
volumes of water intake, transfer and discharge
by various categories of water users, and others.

The authors analyzed the permits for special
water use, where the purpose of water use is
specified as “irrigation”, issued during the years
of 2021-2023, as they indicate the intensity of
water use and irrigation intentions.

Since the permitting process is statistically
evenly distributed over the years, the number of
permits issued annually is roughly the same. With
the growth of production on irrigated lands in
2020-2021, the number of issued permits tended
to increase. The last column in Table 1 shows the
percentage of the actual volume of planned limits
for water intake for irrigation needs in thousands
of cubic meters by the issued permits in 2022
compared to 2021.

The actual volume of water planned for
irrigation in 2022 in total for the country is 24 %
of the planned in 2021. That is, the decrease in
the intensity of consuming water for irrigation is
76 %. To visualize the data in Table 1, a diagram
of the distribution of water intake limits for
irrigation by regions for three years was built
(Fig. 8).

The data for 2023 are given only until January
31, 2023, so it is appropriate to compare the
intensity of obtaining permits in January with
previous years (Table 2).

2. Month-by-month comparison of established
water intake limits for irrigation needs,
according to the register of issued permits for
special water use in Ukraine, thousand m*/year

January | January | January
2021 2022 2023
Permit limits, | so077 | 60637 1437
thousand m

The analysis of issued permits month-by-
month, at the beginning of the year, also testifies
the future reduction of water intake for irrigation
needs in 2023 and a decrease in the intensity of
water use for irrigation.

Discussion. Given the scale and intensity
of damage to the infrastructure of reclamation
systems as a result of military operations, as
well as the difficulty in specifying the actual
performance of irrigation and drainage systems,
there is a need for re-evaluation and analysis
based on data that will be available after the end
of hostilities.

Identification of the destruction areas of
reclamation systems by the remote sensing data

(3]

requires a mandatory verification at the local
level when performing field surveys. Such
studies are particularly relevant, since the correct
identification of the areas of the destruction
of reclamation systems and reclaimed lands
is important in the development of economic
assessments, policies and practices aimed at their
restoration. It is clear that during the war conflict,
an independent monitoring system becomes
important, which will allow timely obtaining the
information on the state of reclamation systems
and infrastructure in war conditions.

In view of the significant scale of damage to
the territories, appropriate measures are needed
to solve this problem. The complexity of the
processes of reclamation systems destruction
and deterioration of territory conditions require
a combination of various data sources and
approaches for proper interpretation.

In conclusion, further areas of research should
be the development of a strategy for restoration
and improvement of the state of reclamation
infrastructure on the principle of better than it was,
identification of needs, science-based planning
of restoration and international cooperation to
ensure the sustainable functioning of reclamation
systems.

Conclusions. Large areas of regions, UTCs
bordering the territories where the active
hostilities take place, are often minded and
subject to periodic artillery fire, so there is actual
physical destruction of irrigation and drainage
infrastructure there. So, there is a need of a rapid
expert evaluation of damage to the functionality
of the irrigation and drainage infrastructure. The
developed methodology for the use of remote
sensing data of the Earth and information
technologies to identify the areas of possible
damage to reclamation infrastructure in the
decisionsupportinformationsysteminagriculture
allows making preliminary conclusions about
its malfunction and identifying probable areas
of direct destruction and, accordingly, damage.
To identify indirect damages, an analysis of
received permits for special water use was
carried out, which testified that the total amount
of water intended for irrigation needs by the
issued permits in 2022 amounted to only 23 %
compared to 2021. That is, a decrease in the
intensity of concluding the contracts for special
water use for irrigation needs in 2022 was about
77 %. To visualize the obtained results, mapping
and analysis of the studied areas were made
by the ACLED methodology. Thematic maps
containing the layers of territorial communities
and hydrotechnical structures were made
based on the data of the State Water Agency’s
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inventory. The maps also show the types of
military impacts on the territory of Ukraine that
could potentially negatively affect the efficiency
of irrigation and drainage systems. To evaluate
in details the damages to agriculture, namely to
clarify direct and indirect damages to cultivated
crops, crop diversity during the cultivation was
evaluated and crop recognition was verified
using machine learning algorithms, which
allows analyzing the change in the structure

of crops and profitability. Identification of the
destruction areas of reclamation systems by
the remote sensing data requires a mandatory
verification at the local level when performing
field surveys. These measures are particularly
relevant, as the correct identification of the
destruction areas of reclamation systems and
reclaimed lands is important for economic
assessments, policies and practices aimed at their
restoration.
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Anomauia. Y cmammi npoananizosano pe3yismamu GUKOPUCIIAHHA CUCEMU NIOMPUMKU NPULHAMMS
pliwens 01 ioenmu@ikayii 304 pylUHY6aHb MeTIOPAMUBHUX CUCTEM MA NPOBEOEHO OYIHIOBAHHA CIAHY
3POULYBAHO20 3eMAePOOCMBA 34 OAHUMU OUCTAHYILIHO20 30HOVBAHHA 3eMai ma niomeepodiceHo ii 30am-
Hicmb ghopmysamu i HA0a8amu KOpUCTY8auesi Nonepeorio iHghopmayito npo cmam MeriopamusHoi ingpa-
cmpykmypu. Binowicme 6i0HOCHO HOBUX | (DYHKYIOHYIOUUX CUCTNEM 3POUIEHHS HAPA3T 3HAXOOUMbCS NO3d
xoumponem Ypaoy Vkpainu uepes oxynayiro Xepcoucwvkoi i 3anopizvkoi obnacmetl. 3powysanvhi ma
OPEHAdICHI cucmemit, Ha0 AKUMU BIOHOBIEHO KOHMPOIb i AKI nepebysanu @ 30Hi be3nocepedHix HOoiosux
Oitl, ONUHUAUCA 8 3PYUHOBAHOMY cmaHi, a niopus oxynammamu Kaxoecvrkoi 'EC pobums Hemodciusum
nooanvuie BUKOPUCTNAHHS 3POULYBATIHUX CUCTHEM OKYNOBAHOI I HeOKYnoeanoi uacmuHu YKpainu, o
opanu 600y besnocepednvo 3 Kaxoscvkoeo éodocxosuuya.

st nposedentst weuoKoi 8izyanvhoi i0enmughikayii 301 pyluHy8aHb MELIOPAMUSHUX CUCHEM OJis OYIHIO-
8aHHs 30UMKIG 3POULY8albHOL | Openadchol ingpacmpyxkmypu ¢ 2023 poyi pozwupeni modxcausocmi ingop-
Mmayitnoi cucmemu, pospoorenoi ¢ IBITIM HAAH. Ha npuxiadi Odecvroi obnacmi ma ocHosi 6a30601
iHhopmayii npo Hacocui cmanyii MeriopamusHUX cucmem ma OOCMYnHoI IH@opmayii 3a MexHON02IEr
ACLED npo 60ti06i 0ii, 8ubyxu, apmuiepiticbKi amaxu mowo 6HACIIO0K POCilicbKoi agpecii cghopmosano
cunme308ame 300padcen s, 3a AKUM MOJICHA NPOGECMU GI3YaANbHY OYIHKY 6NAUGY GIICLKOGUX Oill HA Mei-
OpPAMUBHI cucmemu sIK OKpemux oonacmetl, max i 30ilCHUMU MaKy OYIHKY 8 Medcax Kpainu. 3a inmen-
CUBHICMIO BIIICLKOBUX GNAUBIE 30 OONOMO2OI0 IHGOpMayilinoi cucmemu nposedere 30Hy8aHHs obracmet
30 KIMbKICMIO BIUCHKOBUX BNAUGIE | OUIKYBAHO2O YUIKOOJICEHHS THOPACPYKIMYPU CUCMEM 3DOULEHHS |
Operaoicy. OYiHKy 30H HENnPAMUX 30UMKI6 NPOBEOEHO 3 BUKOPUCTAHHAM OAHUX OUCTIAHYIUHO20 30HOY8AHHS
3a inoexcom NDVI, axuil ciouums npo 3HUNCEHHS HAKONUYeHHs Oiomacu Ha mepumopii 3pouty8aibHux
cucmem, NPo2HO3 NOOANLUIO20 BUKOPUCTNAHHS 3POULYBAHUX 3eMeNb HABEOeHO HA OCHOGI CIAMUCMUYHO20
aHanizy OaHUx npo YKiaoaHus 002080pie HA CNEYBOOOKOPUCTIYBANHSL, SIKULL 3ACBIOYUUE SHUNICEHHSL 8 HOMUPU
pasu 06cs2i8 600U, 3anianosanux s sukopucmarts ¢ 2022 poyi.

Peszynomamu mosxcyms 6ymu euxopucmani 015 npogedents oyinKu 30umxie, Hanecenux Yipaini é pesyno-
mami 60EHHUX Ol Ma NIOMBEPOICEHHS PYUHIBHO20 6NIUBY BILIHU HA CEKMOPU 3POUUEHHS | OPEeHANCY.
Knrouosi cnosa: oucmanyiiine 30H0y8anna 3emi, 0owy8anns, iHghopmayitina cucmema, 30UmKuy, ynpas-
JUHHA 3DOUEHHAM, Cney800OKOPUCHIYBAHHSL, 3POUUEHHS
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Abstract. Abnormally heavy rains in the first two spring months of 2023 revealed the unpreparedness
and lack of protection of many settlements in the Kyiv region from excessive moisture and inundation.
Among them, is Novi Petrivtsi village, where the natural conditions for surface runoff and precipitation
infiltration (lack of visible surface slopes and poorly permeable cover sediments) are unfavourable and
significantly complicated by buildings, and a network of highways. The long-term retention of water on
the surface, the rise of groundwater levels, and the layered structure of the upper part of the geological
section provide grounds for the use of combined local drainage systems with compliance with drainage
standards of at least 3.0 m. Since the high density of buildings often does not allow for contour drainage
around residential buildings, it is necessary to lay single-line horizontal drainage to a greater depth than
for a conventional contour drainage of 3.5 meters or more. However, the lack of roadside ditches and
other water intakes and means of orderly drainage do not allow homestead drainage systems to work as
efficiently as possible. This requires the creation of an orderly system of water intakes (trenches and closed
collectors) on the scale of the village. Foreign experience convinces that the rational planning of such
systems is possible under the conditions of establishing the character of rainfall distribution with a reso-
lution of 1-5 minutes in time and a step of 500 m across the area. Meteorological radar is used to record
radar images of rain and study its intensity. An effective solution to the water drainage problem is impos-
sible without detailed engineering and geological investigations. Due to them, litho-facies inhomogeneities
in the aeration zone and water-saturated stratum, which lead to the retention and support of groundwater,
were discovered in the local area. Taking into account the spatial boundaries of these engineering and
geological elements allow drainage more efficiently. Drainage capacity is substantiated by forecasts of
changes in the maximum amount of precipitation per day and two days in a row. Due calculating the
drainage capacity, it should be taken into account that the maximum amount of precipitation in the future
period will have a guarantee of 0.5-2.0 % less than the actual maximum values. In the calculation part,
the main attention is paid to the selection of equations for determining the width of influence of a single
horizontal drain. Five formulas have been selected that can be used to solve similar problems. The time of
onset of the established mode of operation of a single drain was calculated. Future research should focus
on the collection of high-resolution rainfall and local urban runoff data, as well as the implementation of
urban drainage models.

Key words: drainage, groundwater level, flooding, private construction, inundating, precipitation,
provision, sewerage, climate change

Relevance of research. The high density
of private buildings in small settlements of the
Kyiv agglomeration, and the unpredictability of
weather anomalies are increasingly exacerbating
the problems associated with the harmful effects
of water and forcing the search for optimal means
of countering flooding and inundation.

There is a noticeable increase in the amount
of precipitation associated with the beginning
of the high-water cycle after the end of the
abnormally low water cycle of 2009-2020.
According to the forecast scenarios of changes

© Shevchenko O.L., Streltsov A.O., 2023

in the amount of precipitation in the third decade
of the 21* century, there will be an increase in the
amount of precipitation in the winter (according
to three executed scenarios) and spring (two out
of three scenarios) seasons in the greater territory
of Ukraine [19]. Moreover, the increase in the
amount of spring precipitation is determined
by the frequency of heavy daily precipitation.
Compared to the period of 2001-2010, the
maximum precipitation of the spring season of the
20s (the third decade) will increase by 45-92 mm
(according to the three executed scenarios).
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Although it is doubtful that such an increase is
justified in the Ukrainian Polissia zone, it has
been recorded that the precipitation in April 2023
at the Vyshhorod weather station (68.6 mm)
had a rather low coverage of 13.5% and was
higher than the average values of 2001-2010 by
31.5 mm (85 %), and in 2011-2020 by 39.6 mm
(137% of the average value for the compared
period). Since the maximum value of spring
precipitation for the third decade has probably
not yet been reached, it can expect an increase in
the amount of spring precipitation until 2030 and
an increase in the risks of flooding and inundation
of poorly drained areas. The main problem
will be related to the significant unevenness of
precipitation when short-term showers with a
supply of less than 10 % will create a large load
on sewerage systems, which will force them to
increase their carrying capacity. This prompts the
search for ways to quickly drain a large amount
of water in a short period of time.

Analysis ofrecentresearch and publications.
A review of the current state of rainwater
drainage systems in the territories of the newest
private buildings in Ukraine gives the impression
of neglecting the problem of -centralized
drainage. The attitude to this issue in Ukraine is
especially contrasted with the rainwater sewerage
control system in settlements abroad [24, 29].
As a result of the artificial overlapping of the
natural surface, small urban and village catchment
basins are characterized by fast runoff processes
and a short response time to precipitation. Due
to this, they are extremely sensitive to the spatial
and temporal variability of precipitation (in cities,
this variability is significant even on a small scale)
[26, 27]. The development of urban construction
leads to the planning and overlapping of zones
of the natural flow of excess stormwater [24].
In addition, runoff problems in urbanized areas
are created due to the clogging of storm drains,
collectors, and hidden riverbeds. Separate
studies demonstrate an increase in the amount
of precipitation in large urban agglomerations,
compared to their periphery, which may be
associated with raised evaporation of moisture
from impermeable surfaces due to increased
temperature and boosted updrafts [25]. Services
that control stormwater drainage have concluded
that high-resolution precipitation information is
needed to manage urban runoff processes [28].
Increasing the temporal resolution of rainfall has
a greater impact on the results of hydrodynamic
modelling than increasing the spatial resolution
[29]. A theoretical study by Schilling (1991)
suggests that rainfall data with a resolution of
at least 1-5 min in time and 1 km in distance

B

should be used for urban drainage modelling.
Bern et al. (2004) investigated the temporal and
spatial scales of various urban catchments and
established the required temporal and spatial
resolution of rain measurements for urban
hydrological applications. The spatio-temporal
resolution proposed by [30] (1-5 min in time and
100-500 min space) is used for detailed modelling
of sewage systems in European cities. Using a
geostatistical approach, an analysis of variograms
of non-zero precipitation is performed. Periods
of rain are recorded by the Treier meteorological
radar, which provides radar images of rain with
a high level of spatial resolution (250 x 250 m)
and instantaneous temporal resolution [26].
In addition, the UKCEH Gridded Estimates
of Areal Rainfall (CEH-GEAR) at 1 km resolution
is available for many countries, particularly
the UK.

In Ukraine, more attention is paid to the
flooding of settlements as a result of the load from
buildings, the crossing and support of natural
streams by underground structures, operational
and emergency losses of water from urban water
supply and sewage networks, etc. [14, 20,22, 23].

The main task of drainage systems in flooded
built-up areas is to ensure the necessary reduction
in the level of groundwater (LGW), which is
determined by the deepening of basements,
communications, and other underground
structures. To avoid flooding of buildings in
populated areas, drainage should intercept and
divert at least 45 % of the amount of precipitation
[24]. When protecting buried structures from
underground water, the lowered LGW should
be below the base of these structures at least
to the height of the capillary rise of water
in draining soils [13]. The type of drainage
that can be applied is horizontal, vertical, or
combined, including radial, depending mainly
on the lithological composition and structure of
the drained soils, and the degree of density and
character of the building [15]. From experience,
on draining areas with poorly permeable soils
on the surface, collector-drainage systems are
well known [6], and draining poorly permeable
rocks at depth, vacuum drainages are effective,
the water-receiving part of which is sealed and
a vacuum is maintained in it with using of a
vacuum pump, which allows the removal of
only free, but also bound (capillary) moisture.
The discharge of drainage water is carried out
into open watercourses, reservoirs, ditches,
and in their absence into absorbing wells and
boreholes or into water receivers (pre-chambers)
of pumping stations through dead pipelines [2—4].
The optimal option in terms of economic
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indicators is when water flows by gravity to the
water intake. However, if the settlement is located
on a lower terrain, forced pumping of water is
resorted to.

Although the tasks of the drainage system
on agricultural land and in built-up areas are
different, the requirement for optimization of
drainage parameters is common, which consists
of determining such values for which capital
investments in construction would be minimal,
while ensuring that the groundwater level is
below critical depths and norms drying [7, 9].
The approaches and principles of drainage
calculation are also similar. In one case, the load
on the drainage is formed as a result of infiltration
of atmospheric precipitation, irrigation water,
and filtration losses from channels (for irrigation
systems) or infiltration of precipitation and
lateral inflow (for drainage systems), in the other
atmospheric precipitation, lateral inflow from the
higher territory and possible losses from sewage
facilities and septic tanks.

Therefore, for the calculations of local
sewerage systems, it is possible to rely on the
fundamental works on determining the optimal
parameters of the operation of horizontal and
vertical drains [1, 10, 11, 13]. The principles
of modelling drainage systems formulated by
Polyakov [12], allow the development of reliable
algorithms for drainage engineering calculations.
The method of calculating water inflow to
horizontal drainage proposed in [8] is quite
simple and therefore attractive.

However, despite the high level of existing
methods for determining the main parameters of
drainage and a large number of calculation options
[7, 8, 10—13], which is associated with significant
variability of hydrogeological conditions and a
large list of agricultural and technical tasks, there
is a lack of rational approaches to calculation
substantiation of the method of drainage of small
built-up areas, where the arrangement of contour
drainage is impossible. For this, in most cases, it
is necessary to use the formulas for single drains,
while the possibility of the existence of drainage
inneighboring areas should be taken into account,
which is mostly designed without taking into
account the combined operation (superimposed
action of the drainage).

When substantiating and calculating drainage,
special attention is paid to additional infiltration
feeding of groundwater. The intensity of this
feeding in the Kyiv region is quite high and,
in some areas, reaches 102 m/day, on average
it ranges from 5-103 to 5-10* m/day [5, 21],
increasing significantly during the spring snow
melting. However, in Ukraine, there is a complete

absence of the application of a geostatistical
approach using meteorological radars, which
would ensure the differentiation of the territory of
populated areas by the frequency of maximums
and amounts of precipitation and would allow
for the rational distribution of rainwater drainage
systems.

The purpose of the research is to select
the optimal calculation models and constructive
and technological solutions for local drainage
systems in modern conditions of climate change
(taking into account changes in the amount
of precipitation) in the territories of private
development.

Asking the question and justifying the
research methodology. It would seem that the
Novi Petrivtsi village in Kyiv region, located
much above the level of the Dnipro River, has
no prerequisites for crises during high floods and
high waters. However, the naturally low drainage
in the greater part of its territory, associated with
the uneven topography and poorly permeable
sediments from the surface, is currently
significantly complicated by dense buildings and
the lack of an orderly drainage system. In the
yard of a private house on Nova Kyivska Street is
periodic flooding of basements with groundwater
and retention of meltwater and rainwater on the
surface (Fig. 1). There is no natural open drain
within a radius of at least 1.0 km from the site.
There are also no artificial drainage ditches
along the roads that pass from the southwest and
northeast of the house.

Briefly will consider the main characteristics
of natural conditions, which are important from
the point of view of identifying the causes of
flooding and calculating drainage parameters.

Characteristics of the research object.
The research territory is located on the high
(watershed) territory of the right bank of the Kyiv
Reservoir. The surface is very poorly drained,
and flat. The main drain of the Dnipro River
is located approximately 3.2 km to the east. In
terms of geomorphology, the area belongs to the
moraine-zandr plain, which is connected with the
distribution of heavy glacial loams. Only loose
sedimentary rocks are present in the geological
structure of the overburden. Up to a depth of
at least 8.0 m, they are represented by modern,
upper- and middleneopleistocene eolian-diluvial,
as well as moraine and hydroglacial light sandy
loams with the inclusion of pebbles and gravel
of crystalline rocks (Fig. 2) and supramoraine
and submoraine fluvioglacial sands (the depth of
the sole is about 9.0-9.5 m). Below are Pliocene
eluvial-diluvial brown clays, which gradually
turn into variegated Miocene clays, with a total
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Fig. 1. Inundation roads (a) and yards (b) in Novi Petrivtsi Vlllage April 2023

thickness of 18-22 m [16, 21]. Of course, in the
zone of draining influence of the Dnipro River,
the aquifers of the Neogene and Paleogene do
not have significant pressure. Therefore, the
flow from the bottom to the first aquifer from
the surface of the pressure less aquifer can be
neglected.

The level of groundwater (LGW) at the time
of searches (end of October to the beginning of
November) was 1.95-2.15 m from the surface.
In wet periods of the year, the LGW can rise
by an additional 1.0 m (to a depth of 0.9-1.1 m
from the surface). After reconnaissance and a
thorough study of the engineering-geological
and hydrogeological conditions of the site, it was
possible to establish the main reasons for water
retention and flooding of the territory:

1) climatic conditions — the territory belongs
to the zone of sufficient moisture (in the case of
poorly permeable cover soils, a layer of runoff
is formed on the surface or water is retained in
micro depressions of the terrain);

2) the flat topography causes very weak natural
drainage of surface sediments; the presence of
an elevation in the central part of the site and
significant built-up of the territory significantly
complicate the runoff of meltwater and rainwater;

3) lack of channelized drainage of stormwater
runoff and meltwater runoff, which, after flowing
from the roofs of 4 buildings and artificial
surfaces (tiles), is localized in depressions or
enters the surface of lawns and gardens;

4) occurrence of poorly permeable sediments
from the surface, whereby a layer of fluvioglacial

170
ﬂ_}‘:ﬁ?ﬁfﬁ'@‘#m' 3 'w‘rmqrmwﬂ T =159 554
169 oBLis s S, @ paeln R AR
L }:-%g i< .r.r".-mrun' 1288 7
i % g
wa Ny _v195 g 2[%&{1 1.5?/? '
X fﬂ? ﬂ /7—»‘/ ! 157 4
o TS (l; U.22- . v
17 269157 /’ BN 2 L1670
bR W I HT166.87
3 166 3
166 o Q0
Q0
165 00
oA Vot
0000 Tadlad 2
164 . & LB TR 20
%3
Product name | ‘ ‘
and number -3 -z -1
o Lny hoy
Absolute mark, m : : -
= = =]
Distance, m | 790 ‘ 371 ‘

Fig. 2. Engineering-geological section along a private area in Novi-Petrivtsi village for drainage design
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loam builds up power inversely to the general,
very weak slope of the surface and the direction
of the flow of groundwater (toward the Dnipro
River), which contributes to the local support
of the local flow of perched, which is seasonal
(during the melting of snow) is formed close to
the surface;

5) wedging of a layer of fluvioglacial sands
in the middle part of the section and the area with
its replacement by less permeable sandy loam
with a layer of light loam, which creates filtration
resistance and groundwater support downstream,
as evidenced by a significant decrease in the flow
gradient in the upper part (I = 0.00137) compared
to the lower I =0.0084 on the northeastern edge
of the site;

6) the shallow location of the local relative
aquifer — a layer of moraine loams — at an average
depth of 3.5 m with its roof approaching the
surface in the direction of the groundwater flow,
which also slows down their natural filtration
downstream;

7) a filtration well in the upper part of the
natural flow of groundwater creates an additional
dome of water spreading (as evidenced by a
higher LGW), which is slowly activated due to
the peculiarities of the geological structure of the
upper part of the section and weak drainage.

In addition, pressure feeding of the upper
water-saturated layer of sand and sandy loam is
possible due to the formation of its pressure in
the submoren sand layer, which will reduce the
efficiency of horizontal drainage. Undoubtedly,
the choice of water-lowering method will also be
influenced by the lack of possibility of discharge
of drainage water outside the site.

If the fight against flooding and / or
inundation is carried out at the level of an entire
settlement, then in each specific case, factors are
ranked, which allows for the development of
generalized recommendations for the prevention
or elimination of inundation [17]. At the same
time, it is necessary to be guided by the principle
of maximum use and even return of the natural
conditions of the runoff, which have been changed
as a result of economic activity, in certain areas
of the territory. However, in the built-up area,
it can only use the natural landscape conditions
to the maximum to ensure gravity drainage of
excess water, and geological and hydrogeological
conditions to transfer excess moisture into
aquifers with better collector properties and
accelerated unloading.

Technological solutions should be aimed at
ensuring the drainage of rain and melt runoff,
lateral inflow of groundwater, and lowering
their level. To eliminate the causes of flooding

according to 2 and 3, it is expedient to ensure
the drainage of surface rain and melt runoff from
the roofs of buildings through the storm collector
to the absorbing well; and according to 4 and
5 lay two links of linear horizontal drainage with
discharge into the intake borehole.

Results and their discussion. At the
beginning, it is advisable to calculate the
total load on the receiving drainage collector
and, accordingly, determine its hydraulic
parameters.

Assessment of the load on the drainage (Fd,
m’/m?) allows establishing the drainage flow
module gp, m*/day from 1 m? the main indicator
of the efficiency of the drainage [7], which
combines hydraulic and filtration calculations
and can defined as:

q,=Fd/1, (1)

where ¢ is the duration of the settlement period,
days. Fd can be determined by the formula
modified for local drainage on a built-up plot
with a garden when the collector combines the
functions of sewerage, drainage, and storm (rain)
drainage:

Fd=V,+V, +V, %V, , 2)

where Vp is the infiltration supply of groundwater
by atmospheric precipitation; Vy is the difference
between inflow (from building roofs) and outflow
of surface water, m®; V. is water loss from the
septic tank, m®; V.« is the vertical water exchange
of the balance layer with the groundwater located
below, m?’, which can be neglected under the
given conditions.

First, the total maximum load on the drainage
is determined due to infiltration on the open
surface, rain and melt runoff from roofs and
artificially covered surface, as well as losses from
the filtration well.

The capacity of drainage collectors and the
speed of water movement in them is calculated
or selected according to the formulas of uniform
water movement and when the pipes are
completely filled can be calculated according to
the Chesy formula: Q =S V, where

n-d’
S 7 3)

The Chesy coefficient (C) for drainage pipes
is taken according to the formula:

oo TR

= , 4
VR @
2
where R=2T =i, ®)
2n-r 4
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If assumes a collector diameter of 110 mm,
then the desired flow rate in the pipe will be
equal to 3.33 1/s (at a roughness of 0.08). In a
day, at such costs, the drainage can pass 287 m?,
which fully satisfies the need to remove the
maximum possible daily load on the drainage
of 167.0 m*day (corresponds to a provision
of 0.1%). Most of the components of the total
amount of water to be diverted are predictable.
The largest volumes are caused by water
consumption and its removal through the sewer
to the septic tank, from which the water enters the
groundwater through the filtration well. That is,
the greatest load will be on the closed part of the
drainage. Obviously, to reduce this load, surface
runoff should be intercepted and diverted through
a separate rain collector.

Calculations of stormwater sewerage
taking into account climatic changes. As
is known, in built-up areas the percentage of
surface runoff in the water balance increases
(the share of infiltration decreases accordingly)
compared to natural surfaces. The collector
should be calculated for costs that will be higher
by 4.4 % than the actual spring precipitation for
the period 2001-2010 (according to forecasts), or
the actual maximum precipitation of the summer
season (according to all variants of the forecasts,
summer precipitation in the third and fourth
decades is not will increase, and most likely will
decrease [19]). In fact, in 2023, frequent and
significant precipitation in April led to surface
flooding and inundation of buildings. According
to the Vyshhorod weather station, the amount
of precipitation for this month was 68.6 mm,
which, according to the analysis of data from
1971 (53 values), corresponds to a supply of
14.4%. The coverage for each member of the
series was calculated according to the equation:

P="7%3100%. (©6)
n+0,4
where m is the ordinal number of a member of the
series of studied values, arranged in decreasing
order; n is the total number of members of the
series.

Since the empirical curve ends at a value of
122.3 mm, which corresponds to a coverage
of 1.3%, a theoretical curve was constructed,
according to which a coverage of 1 % corresponds
to a sum of precipitation of 131 mm. However,
more important is the maximum amount of
daily precipitation, as well as precipitation
during two consecutive days. The first value for
April in the period 1976-2023 is 42 mm (1987)
(P =1.4%), for the period 2001-2010 is 22,3 mm
(P=13.8%), the second respectively, 73 mm

@

(1976) and 25.2 mm (P =20%). Precipitation
with a 10 % guarantee will amount to 28.3 and
38.7 mm, respectively. According to forecasts,
these values are expected to increase to 29.6
and 39.2 mm, which should be foreseen in the
projects. The maximum daily precipitation for
April 2023 amounted to 32.2 mm (P =7.6%),
which significantly exceeds the forecast
(increase by 4.4%) relative to the maximum
value of 2001-2010. In fact, the maximum daily
precipitation at the beginning increased by 44 %
in the third decade.

The maximum daily amount of precipitation
in the warm period of 2001-2010 consists of
62.9 mm (May 2002), which corresponds to a
coverage of 6.7 %. Since these are precipitations
of the spring period, they can increase by 4.4 %,
that is, reach 65.7 mm, which corresponds to
6.1 % of security. Therefore, the storm collector
should be calculated for costs derived from the
amount of precipitation, which corresponds to a
provision of no more than 5 %.

According to the results of the wavelet
analysis of daily precipitation for the period
of 19762002, a significant increase in the
frequency of minimum and maximum daily
precipitation was established: before 1991, the
maxima alternated with a frequency of about
10—11 years, and after 1991 with a frequency of
5.4-5.5 years.

According to the dynamics of precipitation
recorded at the Kyiv weather station, the largest
amount of precipitation in September-October,
when 34—40 mm can fall per day. The biggest risk
is heavy precipitation for 2 days in a row. Such
cases have been recorded in Vyshhorod weather
station for the past 12 years in June and August,
in particular, on June 26 and 27, 2011, 42.1 and
61.8 mm fell, respectively, and on August 13 and
14, 2012 of 48.9 mm, respectively and 38.5 mm
of precipitation, which confirms the validity of
the forecasts made in 2010 [11]. Based on the
maximum daily precipitation of 62 mm, the
consumption will be 21.2 m3/day.

It should be noted that the calculations of
rainfall are necessary not so much to justify the
diameter of the collector (the set of standard
pipe diameters is limited and a diameter of
110 mm with a margin meets the needs of local
drainage), but to account for the total load on
the collector network of the built-up area of
the village. A pipe with a diameter of 110 mm
at a slope of its laying of 0.002 and working
with a full cross-section at a roughness of
n = 0.1 provides a throughput of 3.08 1/s, which
fully satisfies the requirements for the removal
of high storm runoff.
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Calculations of closed horizontal drainage.
Since the drain must be laid from the wall
(foundation) at a distance exceeding the minimum
Lin, formula [1] should be used to determine it:

Ly, =1, +1,/2+Ah!1gg, (7)

where /; is the protrusion (lower extension) of
the foundation, /; is the width of the drainage
trench, @° is the angle of internal friction of the
drained soil; A/ is the vertical distance from the
base of the foundation to the horizontal axis of
the tubular drain.

The determined distance was 3.15 m, which
meets the necessary conditions.

Taking into account the area of the required
drain, it can determine the total costs for a
perfect drain (in this case, 200.5 m?/day). At the
first variant of an imperfect drain, they amount
to 113 m?/day, which also satisfies the hydraulic
parameters of linear drainage (3.33-3.77 I/s).

The most important indicator of the efficiency
of the drainage is the width of the spreading zone
of water lowering from a horizontal narrow drain
which can be approximately calculated using the
formula for the period of the unstable filtration
regime for the time of the formation of the
depression funnel:

L=H \/%[1 —exp(—%)J O ®)

where ¢ is draining operation time, day; ® is
infiltration, m/day; k is filtration coefficient,
m/day; p is the water yield coefficient.

If the infiltration supply will be 0.01 m/day,
and the actual pressure H = 7.5 m (from the water
table), then according to formula (8), the width
of the water lowering zone will be about 23.6 m,
which is typical for the values of the inter-drain
distances for similar hydrogeological conditions.
At the same time, the drainage flow module can
be about 0.03 1/s per ha. That is, in one direction
from the drain, the water lowering extends for
almost 12 m. The practically identical value of
24 mis obtained from equation (9), which does not
take into account infiltration over the area, which
corresponds well to the conditions of construction
and artificial covering of the surface and drainage
of rain runoff by a separate overflow collector:

L=1.73 /@. (9)
n

The total maximum distance to which the
action of the drain should extend ensuring the
drainage rate (2.5 m) should be 14.55 m.

It should be taken into account that although
the zone of influence of a single drain can be

greater than the inter-drain distance under the
same parameters of two parallel drains, the
reduced LGW at a distance of L4/2 from a single
drain will be higher than under the influence of
two drains.

In order to estimate the total distance over
which the influence of the drain extends in
one direction, we determine the dynamics of
the spread of the influence and the limit of this
influence (where the reduction of LGW becomes
infinitely small) on the tenth day of operation of
the drain in a quasi-steady (or unstable) mode
using the formula of I. N. Pavlovtsia:

L :3.16~1/ay -t (10)
where a, =—k(3hL +h"), (11)

4p

According to calculations, at 4.=1.7 m
(natural LGW), h=0.5 m — water pressure
above the drain, the coefficient of conductivity a,
will be equal to 38 m*day, and the influence of
the drain in one direction will extend to a distance
of 61.6 m, and with compliance of drainage norm
by 20 m (Fig. 3).

o]
h, m
05

]

15
2

25 /
. / -

35
4

~ 7885

Fig. 3. Spread of water lowering (pressure line)
in one direction from the drain on the 10" day
under an unstable regime (solid line) and on the
17"-18" day under a stable regime (when the
drain is operating in full section) (dashed line);
the horizontal line of 1.7 m is the natural level
from the surface at the edge of the drain

Since the construction area is located
practically on a watershed with a slight slope
of the soil flow and the absence of an obvious
contour of the area of supply and pressure
formation, the unstable mode of filtration in
the zone of influence of the drain can continue
for a long time. If the unstable regime continues
for up to 30 days, the influence of the drain can
spread to 105-106 m.

Let’s assume that after a certain time, a stable
filtering regime will be established and the
contours of the depression funnel and the zone
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of influence of the drain will stabilize. The width
of the influence zone in one direction from the
horizontal drain can be roughly calculated using
the equation:
2 2
K(H; 1) 02
2w

where £ is the filtration coefficient (2.31 m/day);
tp is the natural pressure from the aquifer at the
edge of the drain, or the natural capacity of the
aquifer for the depth of laying the drain 3.5 m
and LGW = 1.7 m equals 1.8 m; Ay — pressure
in the drain from the water resistance (taken to
be equal to 0.2 m); w — infiltration supply (about
0.0006 m/day). Hence, L, under the established
filtration regime will be equal to 78.5 m.
Provided that the pressure does not exceed the
limits of the drain, i.e. hs= 0.1 m, L, will change
insignificantly, increasing only to 78.85 m (Fig.
3), the zone with compliance with the drainage
norm, will be about 40 m. Based on the values of
L,, which can be obtained from equation (13), it
can be assumed that the steady state will come on
the 17%—18% day of operation of the drain.

L s kt hh,
" Nuth -ho)+P-e’

where £ is the filtration coefficient, m/day; #, is the
estimated (or normative) time for the reduction of
LGW to the drainage norm hnat a distance of L./2
from the drain. For conditions when the main
volume of water comes from the filtration well,
which is located next to the septic tank, #, is taken
equal to 2 days; h; = h — hmin, Where hmin is the

L =

0

(13)

Filtration well 169 85

169.9 169,9, 169 89

Rain collector @110 Absorbing borehole @250

@

depth of LGW from the surface during a typical
wet period or under natural flooding conditions,
taken as equal to 1.5 m; h> = h — h,.

Therefore, in order to prevent the flooding of
the plot with a residential building, it is necessary
to lay a single-line horizontal drainage to a depth
of at least 3.5 m, which makes it conditionally
perfect. It is necessary to maintain a distance
from the foundation of the house to the drain
of 3.0-3.15 m. This drainage link (D-1) is laid
with a slope of at least 0.002 and extends to the
absorption well (Fig. 4), crossing the area of
natural support of the soil flow (due to facial
replacement, see Fig. 2).

The fourth and fifth causes of flooding are
eliminated due to the arrangement of the closed
tubular drain D-1 and the absorbing borehole.
The 6.3 m deep well is drilled to the lower
water-saturated sand layer with better reservoir
properties than the wedged upper layer. It is
equipped with a pump to ensure the removal of
excess water during peak periods of rain and
snowmelt in the event of a rise in the LGW above
2.0 m (to eliminate the cause of flooding Ne 6).
Its purpose is to divert water coming from the
horizontal drain and reduce the pressure level
of the sub-pressure horizon in the submoren
sands. Drainage of the pumped water through
the pipeline (T-1) to the rear edge of the site with
distribution over the garden area is carried out
using 5 underground sprinkler pipes (Fig. 5) with
a diameter of 40 mm.

The necessity for the equipment of an
absorbing inspection well (K) in the rear part of

Absorbing well
RC-2 o F1100 v

170

66 45— 169,54

982/

168,49 /

/

169
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168
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Tl 168
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Fig. 4. Section along the plot of a private building with removal of drainage means
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two-chamber
septic tank

garden

RC-1

D-2

undersoil
gutters-irrigation

.~~~ Closed pipe drainage of the house, 3.5 m deep

_-~ Plastic drainage in the garden, 1.4 m deep

“® Absorption wells (1100 mm)-w

or borehols [#250 mm) -B

_~~ Tubular rain collector {110 mm)

. Tubular rain collector with perforation {50 mm) - RC
(gutter-irrigator)
Septic wells
Sewage pipes - Sp

Fig. 5. Plan of the local drainage design site

the site (Figs. 4, 5) is due to the lack of natural
and artificial means of accelerated water drainage
near the site of works (including beams, ravines,
roadside ditches, centralized storm sewers). In
compressed building conditions, it is advisable
to use polymer sand wells, which are assembled
from individual rings 0.2 m high, 1100 mm in
diameter, and weighing 44 kg. An absorbing
well is drilled through the bottom of the well; a
working column is installed, the bottom 40 cm
is perforated, and the bottom is covered with a
metal mesh and geotextile or fiberglass. A thread
is cut in the upper part of the head, which will
allow the well to be tightly covered with a lid
in case of pressure feeding from below (from a
layer of submoren sand).

Conclusions. Unfortunately, the problem of
lack of orderly drainage in built-up areas subject
to periodic flooding is systemic. It is obvious that
it would be more rational to design centralized
water lowering and drainage systems (at least to
the level of lateral collectors and main ditches)
simultaneously with the general development

plan of villages and small cities. After dense
construction, it becomes almost impossible to lay
optimal drainage routes. The algorithm proposed
by us for substantiating measures to combat
inundation and flooding under the following
conditions includes: a) zoning of the territory
of the settlement according to the nature of the
distribution of precipitation and storm runoff based
on radar imaging of rain by a meteorological radar
with a high level of temporal (1-5 min) and spatial
resolution ability (500 x 500 m); b) calculations
of the capacity of the storm network based on
radar observations and forecasts of seasonal
rainfall, taking into account artificial surface
covering; c) detailed study of engineering and
geological conditions; d) diagnosis of the causes
offlooding and water retention in individual areas,
highlighting meteorological, geomorphological,
hydrogeological, geological and anthropogenic
factors; e) storm water drainage calculations
based on actual and forecast data; f) selection
of technological scheme and calculations
of closed drainage.
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The design and construction of the drainage
system, even in small areas, should be preceded by
detailed engineering and geological investigations
to a depth of 6-8 m. In the presence of several
interconnected aquifers (horizons), the nature of
their interaction should be clarified (the presence
of pressure feeding of the upper horizon).

The capacity of the collector for the
removal of atmospheric precipitation must be
substantiated on the basis of climatic forecasts.
However, the current changes in the amount of
extreme precipitation, in particular the maximum
daily precipitation in April 2023, exceed the
predicted values by more than 40 % (compared
to the period 2001-2010). When calculating the
drainage capacity, it should be taken into account
that the maximum amount of precipitation in the
future period will have a guarantee of 0.5-2.0 %
less than the actual maximum values.

In the conditions of dense construction, if
it is impossible to arrange a contour drainage,

@

a single-line horizontal drainage at a depth of
3/5 m can be effective enough to reduce high
LGW. Calculations of the zone of influence
of the drainage can be performed according
to the equations for the inter-drain distances in
conditions of unstable and steady inflow regimes.
It was established that the influence of the drain
in fluvioglacial sand-clay deposits extends in
one direction for a distance of about 60 m in
an unstable regime, and about 80 m in a stable
regime. The technological drainage solution,
in our case, included an absorbing well, which
was determined by the peculiarities of local
conditions: the wedging of the main water-
permeable collector in the upper part of the cut
and the absence of an open water receiver.

Future research should focus on the collection
of high-resolution rainfall and local urban runoff
data, as well as the implementation of urban
drainage models and the development of compact
and efficient drainage facilities.
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Anomayin. AnomanvHo pscHi oowi 3a 0ea neputi eecHaui micsayi 2023 p. euAsuIU HENiO20MOBIEHICMb
ma HesaxuweHicms 6aeamvox Hacenenux nynkmie Kuiswunu 6i0 HAOMIpHOIL KiTbKOCmi 601021 Ma 3amon-
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nenns. Ceped maxux i c. Hogi [lempisyi, e necnpusmaugi npupooni ymosu 0isi NOGEPXHEB020 CMOK)
ma inginempayii onaodis (8iOCYmMHICMb GUOUMUX YXULIE NOGEPXHI Ma CIAOONPOHUKHI NOKPUBHT GIOKIAOU),
icmomHo yckaaoneni 3a6y008010 ma cimxorw asmouliaxie. Tpusana 3ampumka 600U Ha NOBEPXHi, NiOom
PIBHI6 TpYHMOBUX 800 ma wapyeama 0y008a 8epxXHbOI YACMUHU 2e0102IUH020 PO3PI3y 0aloms niocmasu
071 3acmocy8ansi KOMOIHOBAHUX JOKANbHUX CUCIEM OpeHajicy 3 OOMPUMAHHAM HOPM OCYUIEHHS He
menue 3,0 m. OcKinbKu 6ucoka winbHicms 3a0y0068u 4acmo He 0036014€ 00NAUIMO8YS8aAmMY KOHMYPHULL
OPEHAdC HABKOIO JHCUMAOBUX OYOUHKIB, 00800UMbCIL 3AKAA0AMU OOHOIIHIUHUL 20PU3OHMATILHULL OPEHAMNC
Ha OinbutLy, HIdIC 018 36UUALIHO20 KOHMYPHO20 OpeHadcy 2aubuny — 3,5 1 binvue mempis. IIpome, ¢iocym-
HICMb NPUOOPONCHIX KAHAB MA THUWUX 800ONPULIMAYIE MA 3AC00i8 BNOPSAOKOBAHO20 80008I08€0CHHS He
0036071A10Mb NPAYIOBAU NPUCAOUOHUM CUCTNEMAM OPEHANCYy MAKCUMATbHO eghekmusHo. Lle nompebye
CMBOpenHst BNOPSIOKOBAHOI CUCIEMU B0OONPUUMAYi6 (mpaHuiell | 3aKpumux KoieKxmopis) 6 macumaoax
cenuwa. 3akopoOOHHULL D0C8I0 NEPEKONYE, WO PAYIOHATbHE NIAHYBAHHS MAKUX CUCTIEM MOXCIUBE 3d YMO8
BCMAHOBIEHHS XapaKmepy po3nooirny 0oujoeux onaoie i3 po30invHo 30amuicmio 1—-5 xeuiun 3a uacom
i kpokom 6 500 m no nnowi. /{ns 3anucy padionokayitiHux 300panjicernb 00wy ma 6UGUeHHs 1020 IHMeHCUs-
HOCMI BUKOPUCMOBYEMbCA Memeoponodiunuil padap. Egexmusne supiwenus npodoremu 600068i06edeHHA
Hemoolcuse 6e3 0emanbHux [HICeHEPHO-2eON0LIUHUX BUULYKYBAHL. 3A60aKU HUM HA JOKANbHIU OiNAHYI
0110 8UABLEHO NTMON020-hayianbHi HEOOHOPIOHOCMI 6 30HI aepayii ma 6000HACUYEH Il MOBUYL, Ki 3yMO6-
JI0I0Mb 3AMPUMAHHsL I RIONIp IPYHMOBUX 600. Bpaxysanns npocmopogux medc yux iHoceHepHo-2eono-
2IYHUX eleMenmi6 00380s€ po3mautysamu OpeHaxc oinvu echexmugno. Ilponyckny soammuicme openasicy
0OIPYHMOBAHO NPOSHO3AMU 3MIH MAKCUMATLHOL KITbKOCmi 0nadie 3a 000y i 08i dobu nocnine. Ipu pospa-
XYHKAX NPONYCKHOT 30amHOCIi Openaicy cio 8paxo8y8amu, Wo MaKCUManbia KilbKicms onaoie manoym-
Hb020 nepiody mamume sabesneuenicmv Ha 0,5-2,0 % menuty, Hidc axmuuri MAKCUMATLHI 3HAYEHHS.
B pospaxynxogiti yacmuni conosna yeaea npudinena niodoopy pieHaHb Ol GUSHAYEHHSA WUPUHU BNAUSY
00unounoIl 2opuzonmanvhol Openu. Iidibpano n’smo opmyn, aKi Moxcyms Oymu 3acmocosani s 6Upi-
wenHs1 NoOiOHUX 3a680aHb. Bupaxyeano uac Hacmanms yCmaieHo2o pexicumy pobomu 00UHOYHOI OpeHu.
Maiibymmui docniodcenuss maroms Oymu 30cepedceti Ha 300pi OaHuX npo onadu 8UCOKOI po30inbHOT 30am-
HOCmI ma Micyesuil MiCbKUll CIK, @ MAKodiC Ha peanizayii Mooenell MiCbKo2o OpeHaicy.

Knrouosi cnosa: openadic, pigeHv IpyHmosux 600, NiOMonJieHHs, npueamna 3a0y008a, 3amonients, onaol,
3abe3neuenicms, 60006i08€0eH s, KAIMAMUYHT 3MIHU
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Abstract. In order to check the possibility of using electrochemically activated water (ECHAW) in
irrigation, a study was conducted to determine the influence of anolyte on biological pollutants of waste-
water and the reduction of water mineralization by electrochemical activation, as well as the influence of
catholyte and anolyte on the germination of seeds of cereal crops, the development of seedlings of pepper
and tomato, and the yield of tomato. The research was conducted in laboratory conditions on two varieties
of pepper and four varieties of tomato. ECHAW was obtained using laboratory water activators of our
own production. Wastewater samples were taken at the Bortnychy wastewater aeration station in Kyiv.
Experiments were carried out using vegetation containers of various types and one-time bacteriological
tests. It was found that by electrochemical activation of mineralized water it is possible to reduce the level
of its total mineralization by more than 50 % and, with an anolyte, to destroy disease-causing bacteria in
wastewater. The use of ECHAW accelerates the germination of seeds of cereal crops. On the 3rd day of
germination, wheat grain germinated using EHCAW has a 9 % longer root length than the grain germi-
nated under the same conditions using non-activated water. Wheat grain germinated using EHCAW also
has 33 % longer sprouts. The growth rate when irrigated with activated water, depending on the variety
of tomato plants, increases by 9.8...25.2 %, the increase in stem diameters was equal to 11.3...22.4 %.
The yield of tomatoes when irrigated with activated water is 12.6...15.8 % higher than in the case of irri-
gation by ordinary water, the size of the fruits is 15.4...25.1 % larger. The results of the conducted research
indicate the possibility and perspective of using EHCAW to increase the yield of crops under irrigation and
improving the quality of drainage and wastewater by reducing their mineralization and providing their
disinfection.

Key words: electrochemical activation of water (ECHAW), anolyte, catholyte, reduction of drainage
water mineralization, wastewater disinfection, irrigation with activated water

Relevance of research. The water shortage
in Ukraine, which exists on the background of
intense global warming, is intensificated as a
result of the military aggression of the Russian
Federation, in particular, the destruction of the
Kakhovsky reservoir and other facilities intended
for the storage, distribution, and supply of water to
settlements, industrial and agricultural structures.
In this situation, saving water when using it
for various purposes, as well as the efficiency
of this use, is of high importance. One of the
promising means of increasing the efficiency of
water use in irrigation, according to the results
of the analysis of information sources, is the use
of electrochemical activation of water to increase

the yield of crops, to reduce the mineralization of
drainage water, and to disinfect wastewater with
the aim of using it for irrigation.

Analysis of recent research and
publications. Studies devoted to the possibilities
of using electrochemical activation and anolytes
to reduce mineralization and to disinfect
irrigation water have recently been conducted by
K. Ghebremichael, E. Muchelemba, B. Petru-
sevski[1], Geletu Qing, Zahra Anari, Shelby L. Foster,
Marty Matlock, Greg Thoma, Lauren F. Greenlee,
Mojtaba Abolhassani, Raheleh Daneshpour [2, 3],
John W. Bartok jr. [4] and other researchers.
The Royal Brinkman company proposes the
use of electrochemically activated water as an
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environmentally sound alternative to modern
chemicals for disinfecting irrigation water in
horticulture [5]. The prospects of electrochemical
activation to reduce mineralization and anolytes
for disinfection as an alternative to traditional
disinfectants in agriculture were investigated
by Ukrainian scientists H.S. Stolyarenko,
R.O. Azizov, B.l. Tupytskyi, A.V. Lysitsa,
Yu.M. Mandigra [6, 7] et al.

The works of Abdullaev M.T., Zakirov K.R.,
Khaitov B.A. and some other authors are devoted
to the use of electrochemically activated water in
the pre-sowing treatment of vegetable seeds [8].
Regulation of acidity in conditions of covered
soil and improvement of vegetable crops with
the help of electrochemically activated water
was studied by D.S. Tsokura, S. Ya. Semenenko,
M. N. Belitskaya, S. M. Lykholetova [9, 10] et al.
O. L. Chushkin, S. Ya. Semenenko, M. N. Lytov,
A. N. Chushkin, O.V. Amcheslavskyi [11-17]
et al. investigated the issue of using ECHAW
to increase the productivity of tomato and
other vegetables under drip irrigation, which
is considered the most promising method of
irrigation for the use of -electrochemically
activated water.

The purpose of the research is to determine
the possibilities of improving drainage and
wastewater with components of electrochemically
activated water for irrigation purposes, as well
as to determine the effect of irrigation with such
water on the germination of seeds of cereal crops,
the development of seedlings and the yield of
vegetable crops.

Research materials and methods. The
devices for electrochemical activation of water,
determination of its acidity and oxidation-
reduction potential, air temperature, nutrient
content and soil moisture, measuring instruments,

(51

scales, etc. were used. The following theoretical
and practical methods of scientific research are
applied: analytical method, modeling, laboratory-
vegetation method.

Research results and their discussion.
Research on the possibilities of reducing the
mineralization of drainage waters by means of
their electrochemical activation and disinfection
of wastewater with an anolyte. In connection
with the metastable properties of the components
of the electrochemical activation of water and the
need to have freshly prepared volumes of anolyte
during the experiments, according to the well-
known scheme of Krotov D.I. [10], a laboratory
device was developed and manufactured.
It allows us to obtain catholytes with pH values
up to 10 and ORP up to =500 mV and anolytes
with pH values up to 4 and ORP up to +600mV
(Fig. 1a). The anolyte container is made of cotton
ultrafiltration material Belting “BF” 2030 C-1
with the density equal to 1000 g/m? (Fig. 1b), the
electrodes are made of VT1-00 titanium (Fig. 1c).

To determine the possibility of reducing
the total mineralization of drainage waters
by means of their electrochemical activation,
laboratory studies using model solutions were
conducted. Considering that Na and CI ions
significantly determine the level of general
mineralization of drainage water and are the
most difficult components in terms of removal
during electrolysis, model solutions were
prepared by adding table salt to tap water. Water
solutions of table salt were prepared in volumes
of 1 dm® with levels of total mineralization from
2100 ppm to 6900 ppm. These solutions were
electrochemically activated in a 1 / container
for 4 to 14 minutes. The activation time was
limited by raising the temperature to 55...60 °C.
The following devices were used during the

Fig. 1. Device for obtaining catholyte and anolyte in laboratory conditions: a — general view;
b — cotton container for anolyte (ultrafiltration membrane); ¢ — electrical unit
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experiments: pH meter, TDS meter, ORP meter,
thermometer, DT-830 multimeter.

Table 1 shows the changes in the general
mineralization of water solutions under the
influence of electrochemical activation.

The data given in Table 1 show that the
electrochemical activation of mineralized water
solutions allows after 4...14 min to reduce their
total mineralization by 48,3...66,7%. When
conducting these experiments, the activation
time and the activation electric current were
also recorded. In view of this, it was determined
that the energy intensity of the electrochemical
activation of water by the laboratory activator
was 30.5...39.7 kWh/m’. The energy intensity
of industrial facilities, as evidenced by literature,
is almost an order of magnitude lower. The
conducted studies confirm the possibility of
reducing the mineralization of mineralized, in
particular, drainage water by means of their
electrochemical activation.

To assess the antimicrobial effect of anolyte,
experimentswereconductedonitsabilitytodestroy
widespread and dangerous microorganisms —
E. Coli coliform bacteria, which are quite resistant
to many standard disinfectants. The WaterWorks
™ Bacteria Check tests of the Industrial Test
Systems Inc (USA) company were used for the
experiments, which meet the requirements of the
EPA — the US Agency for the Protection of the
Environment and Human Health (Fig. 2a, 2b).

Theeffectofanolyte onimproving the biochemical
composition of wastewater was studied by adding
anolyte water to selected wastewater samples and
further observing the result of the destruction of
pathogenic microorganisms present in the water.
Wastewater samples were taken at the
Bortnychy wastewater aeration station in Kyiv (Fig.
2¢). The collection was carried out in accordance
with the requirements of the “Instructions for
the collection and preparation of water and
soil samples for chemical and hydrobiological
analysis by hydrometeorological stations and
posts”, approved by the order of the Emergency
Department of Ukraine dated 19.01.2016 No. 30.
First, the presence of bacteria in each of the
selected samples was tested (Fig. 3a, 3b). To do
this, according to the instructions for using the
tests, 100 ml of water from each sample was
collected in 2 jars with bacteria and thoroughly
mixed with the contents of the jars. After that, the
mixture was left in the room for 48 hours. The
results of this test demonstrated the presence of
E. Coli bacteria in both water samples (Fig. 3c).
The volume of anolyte required for the
destruction of biological pollutants in wastewater
samples was calculated taking into account the
existing information on this matter. The volume
of 90 ml of waste water of each sample was
collected in two jars and 10 ml of anolyte with
values of ORP =+600 and pH 4 was added and
thoroughly mixed with the contents of the jars. In

1. The change in the level of general mineralization of water solutions under the influence

of electrochemical activation

Primary total mineralization, g/dm? 2.1 3.2 3.9 4.8 6.0 6.9
Activation time, min 14 12 10 8 6 4

Total mineralization after activation, g/dm? 0.7 1.1 1.6 2.3 3.1 3.5
Reduction of total mineralization after activation, % 66.7 65.7 59.0 52.1 48.3 49.3
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Fig. 2. WaterWorks ™ Bacteria Check tests on E. Coli bacteria and a sample of wastewater from
the Bortnychy aeration station: a — the jar with the Bacteria Check test; b — the samples of tested
subjects (on the left — yellow color — bacteria are present, on the right — purple color — bacteria are
absent); ¢ — the wastewater sample
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Fig. 3. Testing the presence of E. Coli bacteria in wastewater samples: a — the laboratory
electrochemical water activator; b — WaterWorks ™ Bacteria Check tests; ¢ — the test of wastewater
samples without anolyte disinfection (positive — living bacteria are present); d — the test of
wastewater samples after disinfection with anolyte (negative — no living bacteria present)

the same way, 95 ml of water from each sample
was collected in two more jars, 5 ml of anolyte
with values of ORP = +600 and pH 4 was added,
thoroughly mixed, and left for 48 hours. The
results of all tests proved the absence of living
bacteria in the wastewater (Fig. 3d).

The conducted experiments demonstrate
the possibility of using anolytes for wastewater
disinfection during its preparation for irrigation.

Research on the influence of electrochemically
activated water on the germination of cereal
crops seeds. The influence of electrochemically
activated water on the germination of cereal crop
seeds was determined by conducting comparative
experiments (when irrigated with activated and
non-activated water) on the germination of wheat
and corn seeds. Germination was carried out using
germinating jars (Fig. 4a) and an automatic grain
and seed germinator (Fig. 4b), which provides
optimal temperature and humidity. Wheat of the
“Diana” variety and corn of the “DB Khotyn”
variety were used for the experiments. For
germination, 100 g of corn and wheat grains were

a

placed in germinating jars soaked in activated
water (anolyte pH 4,6...5,1; ORP 480...550mV;
catholyte pH 8,5...9,3; ORP: — 260... —480 mV)
and ordinary water. The seed were also placed in
the automatic germinator.

Studies on the germination of wheat and corn
seeds were carried out for 3 days. Fig. 5 shows
the appearance of wheat and corn seeds at the end
of the 3rd day of germination.

On the third day, 20 seeds with the largest roots
and sprouts were selected from the germinated
wheat and corn grains of each variant, their sizes
were measured and the average values were
determined. All variants were weighed. The results
of the morphological indicators of the germination
of wheat and corn seeds when soaked with ECHAW
and ordinary water are given in table. 2.

From the analysis of the data given in Table 2
it can be seen that the wheat seeds germinated
using ECHAW on the third day have a 9 % longer
root length than in the case when non-activated
water was used. They also have 33 % longer
sprouts. For corn, it is 20 % and 3 %, respectively.

Fig. 4. Germination of wheat and corn seeds: a — the germinating jars; b — the automatic germinator
of grain and seeds
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Fig. 5. Sprouts of wheat and corn seeds on the third day of germination: a and b — in the jars for
germination; ¢ — in the automatic seed germinator

2. Morphological indicators of germinated wheat and corn seeds when soaked in ECHAW
and ordinary water

Activated water Non-activated water
Seeds type
roots, mm sprouts, mm roots, mm sprouts, mm
wheat 33 24 30 18
corn 18 36 15 35

3. Weighted indicators on the 1st and 3rd day of germination of wheat and corn seeds when soaked

with ECHAW and ordinary water

Seeds weight, g
Activated water Non-activated water
Seeds type . PP
germination day % germination day %
1st mass, g 3rd ? 1st 3rd ’
wheat 100 201 101 100 191 91
corn 100 154 54 100 152 52

Table 3 shows weighted indicators on the 3rd
day of germination of wheat and corn seeds when
soaked in ECHAW and ordinary water.

According to the analysis of the data from
Table 3 it can be seen that the use of activated
water during the germination of corn and wheat
seeds at the temperature of 18...21 °C and water
changes three times per day ensures an increase
in the mass of germinated wheat by 10 %, and
corn by 2 %.

Research on the influence of electrochemically
activated water on the development of seedlings
and the yield of vegetables. The influence of
irrigation with ECHAW on the development
of vegetables seeds was studied by conducting
laboratory vegetation experiments during irrigation
with activated and non-activated (control) water
in vegetation containers made of polyethylene
bottles (Fig. 6a, 6b). Establishing the influence
of irrigation with ECHAW on the development
and yield of vegetables in covered soil conditions
was carried out using “Grow Bag” vegetation
containers made of moisture-resistant “breathable”

eco-fabric (Fig. 6¢). Agrotechnical characteristics
of the soil was as follows: pH level — 6.0...6.5;
total nitrogen — 80...120 mg/l; phosphorus —
100...150 g/I; potassium — 140...180 g/l; trace
elements — B, Cu, Fe, Mn, Mg, Mo, Zn.

Experiments on growing seedlings of
vegetables were conducted on two varieties
of peppers (“Gourme” and “Lecho”) and two
varieties of tomatoes (“Orange” and “Cardinal”).
Seeds were sown directly into the soil in
vegetation containers. Soil moisture during
sowing was 70...89 % of field capacity (which is
the optimal moisture level for tomato and pepper),
air temperature — 18...20 °C, air humidity —
50...60%. Parameters of electrochemically
activated water were as follows: ORP of
anolyte = + 500....+550 mV, pH — ~5; OVP of
the catholyte — 260...—480 mV at pH 8.5...9.3.

Evaluation the effect of ECHAW on the
development of tomatoes from sowing to
harvesting was carried out for two varieties of
dwarf tomatoes: indoor “Bonsai” and balcony
“Cherry gold”.
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b c

Fig. 6. Vegetation containers for conducting research in laboratory conditions:
a, b —made of 2 and 5 / polyethylene bottles for germination and seedling growth;
¢ — 20-liter containers “Grow Bag”

Peppers were sown on March 4, 2023. 80
seeds of the “Lecho” variety and 80 seeds of the
“Gourme” variety were selected for sowing. The
seeds of each variety were sown into a depth of
7 mm in four 2-liter PET bottles with soil. The
soil was irrigated with the mixture of catholyte
with the following parameters: pH — 8.5...9.3;
ORP: —260...—480 mV and anolyte with
pH 4.6...5.1; ORP 500...550 mV. The watering,
in accordance with existing information on this
matter, were carried out with a ratio of anolyte
to catholyte equal to 1:4 in one irrigation with
separation of non-activated water in a ratio
of 1:1 with non-activated water. The total
mineralization of non-activated water (from the
city water network) during the experiments was
from 120 to 180 ppm. After each watering with
activated water, 3 irrigations with ordinary water
were carried out. Soil moisture was monitored
using a conductometric soil moisture sensor
and maintained at the level of 75...90 % of field

capacity. Germination of pepper plants appeared
from March 18 to March 23, 2023.

Table4 contained the data on seeds germination
and average plant height of pepper seedlings as
of April 27, 2023. As it can be seen from Table
4, watering pepper seeds with electrochemically
activated water increased the percentage of
germination of the “Gourme” variety by 3,3 %.

On the 37th day of development, watering
with activated water ensured an increase in the
height of “Lecho” and “Gurme” pepper plants
by 13.2...18.1% compared to plants irrigated
with non-activated water, and on the 46th day of
development — by 14...19.2 %. Tomatoes of the
“Orange” and “Cardinal” varieties were sown on
March 30, 2023, and sprouted from April 5, 2023
to April 09, 2023. Table 5 contained the data on
seeds germination and average plant height of
tomato seedlings as of April 27, 2023.

During the experiments on the development
of tomato seedlings, the increase in the diameters

4. Germination of seeds and average height of pepper plants as of 27.04.2023.

Germination of seeds . The average height Increase
Variety . . Increfase in : of plants, Cll.l in growing,
Activated | Ordinary | growing, % | Activated | Ordinary o,
water water water water
Lecho 28 28 0 53 4.6 13.2
Gourme 30 29 33 5.5 4.5 18.1
5. Germination of seeds and average height of tomato plants as of 27.04.2023.
Germination of the Increase in The average height Increase
Variety seeds growing of plants, cm in growing
Activated | Ordinary % ? Activated | Ordinary % ’
water water water water
Orange 30 30 0 6.5 4.8 20.1
Cardinal 39 34 18.8 73 5.5 24.6
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of plant stems at the height of 10 mm above
the soil was also analyzed. The average stem
diameter of tomato plants of the “Orange” variety
at the height of 10 mm above the soil on the
45"-50th day of development under irrigation
with activated water was 22.4 % larger than the
average diameter of plants irrigated with ordinary
water. For the “Cardinal” variety this percentage
was equal to 11,3 %.

Evaluation of the influence of electro-
chemically activated water on the development
of vegetables from sowing to harvesting was
carried out on two varieties of dwarf tomatoes:
indoor “Bonsai” and balcony “Cherry gold”.
These tomatoes were sown in two-liter seedling
containers on May 14, 2023. 12 seeds of each
variety were sown, half of which were irrigated
with activated water and another half — with
ordinary water according to the above-described
scheme. The seeds of these tomatoes germinated
on May 19...20, 2023. After growing the
seedlings, 8 plants of each variety were planted
in the “Grow Bag” containers (Fig. 6b) for
the continuation of laboratory vegetation
experiments, 4 of which were irrigated with
activated water and 4 with non-activated water
(16 plants in total).

“Bonsai” tomatoes entered the flowering
phase on July 03, 2023, “Cherry Gold” — on
July 12, 2023. “Bonsai” tomatoes began to bear

fruit on August 14,2023, and “Cherry Gold” — on
August 23, 2023 (Fig. 7).

Table 6 contains data on the collection period
and the yield obtained from § tomatoes bushes
of the “Bonsai” variety and from 8 bushes of the
“Cherry Gold” variety.

Analysis of the data in Table 6 shows that
the use of electrochemically activated water
for irrigating balcony tomatoes of the “Bonsai”
variety led to an increase in their yield by 15,8 %.
When irrigating “Cherry Gold” tomatoes an
increase was equal to 12,6 %. Weighing and
comparing the geometric dimensions of “Bonsai”
and “Cherry Gold” tomatoes showed that
watering with activated water leads to an increase
in the size of the fruits of the “Bonsai” variety
by 15.4...25.1% and an increase in weight by
15.3 ... 38.5%. For the “Cherry Gold” variety,
this increase was, respectively, 16.2...17.4 % and
17.9...28.2 %.

Taking into account that this paper is prepared
on the basis of the results of exploratory scientific
research, statistical substantiation, with high
reliability of the given data, can be obtained only
after the implementation of full-fledged projects
in this scientific field.

Conclusions. The performed studies
confirmed the possibility of reducing the
mineralization of drainage waters by means of their
electrotechnical activation and of disinfection of

—N

Fig. 7. Appearance of tomato fruits and plants in the fruiting phase: a and b — “Bonsai”; ¢ — “Cherry Gold”

6. Dates and yield of “Bonsai” and “Cherry Gold” tomatoes

“Bonsai‘

Water dates 15.08 | 19.08 | 23.08 | 28.08 | 5.09 | 11.09 | Total |Increase, %
Activated . 532 | 890 | 1760 | 733 | 583 | 207 | 4705 15.8
Non-activated | Y8 308 T 739 [ 1643 | 652 | 430 | 188 | 3960

“Cherry Gold”
Water dates 23.08 | 28.08 | 3.09 | 10.09 | 17.09 Total Increase, %
Activated . 315 | 634 | 512 | 436 186 | 2083 12,6
Non-activated | V8 7377 [ 520 [ 472 | 306 | 136 1820
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wastewater with anolyte during their preparation
for irrigation. Final recommendations on the
use of electrochemically activated water and its
components for these purposes can be formulated
after full-fledged research on this topic. It was
established that the use of electrochemically
activated water improves the germination of
cereals and has a positive effect on the growth
of sprouts and roots of the germinating seeds.
Wheat seeds germinated using electrochemically
activated water on the 3rd day of germination has
a 9% longer root length than grain germinated
under the same conditions using non-activated
water. The sprout length in this case was 33 %
longer. Irrigation of pepper and tomato with
electrochemically activated water confirmed
its influence on accelerating the development
of these crops. The germination of tomatoes

(7]

when watering with activated water increased
by 18.8%, the growth of the height of pepper
plants — up to 19.2 %, tomatoes — up to 25.2 %.
The yield of tomatoes irrigated with activated
water increased by 15.8%, the size of the
fruits — by 25.1 % (with an increase in weight
by 38.5%). Detailed recommendations for the
use of electrochemically activated water in the
cultivation of vegetable crops can be developed
after conducting full-fledged research. Taking
into account the peculiarities of the components
of electrochemically activated water — a short
relaxation time of the catholyte and a rather long
relaxation time of the anolyte, as well as the
scope of their application in irrigation abroad —
the use of electrochemically activated water in
drip irrigation systems can be considered the
most promising.
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Anomauia. 3 memoio nepegipKu MOMCIUBOCMEU 3ACMOCY 8AHHS eeKMPOXIMIYHO akmueosanoi 600u (EXAB)
01 yinell 3poulerts NPoBe0eHO OOCHIONCEHHS 3 GU3HAUCHHS 6NIUGY AHONIMY HA 0i0N02IUHI 3a0pyOHIO-
6aui CMIYHUX 800 [ 3MEHUIEHHS eIeKMPOXIMIYHOI AKMUBAYIEI PIGHS MIHepanizayii 600, a MaKoic GNiusy
KQmonimy i aHOimy Ha NPOPOCMAHHS HACIHHA 3EPHOBUX KbLYD, PO3GUMOK PO3Ccaou nepyie i momamis
ma @pooicavinicme momamia. [locniodcenns npoeoounu 8 Jla60pam0pHux YMOBAX HA 080X COPMAX Nepyio
i womupvox copmax momamy. Ompumanna EXAB 30iticniosanocs i3 8UKOPUCMAHHAM Jza60pam0pm4x
akmueamopie 600U 811ACHO20 6UcOMOGIeHHsA. [Ipobu cmiunoi 600u 6i0OuUpanu Ha EopmHuubmu CmaHlﬂl
aepayii cmiynux 600 micma Kuesa. /locniou nposoounu 3 UKOPUCMAHHAM Ge2emayiliHux KOHmMeunepia
PI3HUX 6UdiI6 Ma 00HOPA306UX OAKMEPIONOSIUHUX mecmis. Bcmanosneno, wo enekmpoxXiMiuHow axKmu-
8AYIEI0 MIHEPANIZ08AHUX 800 MOICHA OOCA2AMU 3HUICEHHS PIGHS IX 3a2anbHOi MiHepanizayii Oinbu, Hidic
Ha 50 %, a anonimom 3HuWY8amu X80poOOYymMeoprwui bakmepii ¢ cmiunux ooax. 3acmocyeanns EXAB
NPUCKOPIOE NPOPOCAHHA HACIHHA 3ePHOBUX KVIIbMYP. 3epHo nuienuyi, npopoujene 3a gukopucmanns EXAB,
Ha 3-U 0eHb NPOPOWYBAHHS MAE 008HCUHY KOpeHie Ha 9 % doeuty, HixHC 3epHO, WO NPOpoujeHe 6 MAaKux
camux yMo8ax 3a GUKOPUCMANHS HeAKMU8o8aHoi 6oou, a 008xcurny napocmxie — na 33 %. Llleudkicmo
pocmy npu 3pouteHHi akmu8o8aHOI 800010, 3ANIEHCHO 8I0 COPHY POCIUH MOMAMIB, NIOBUWYEMbCS HA
9,8-25,2 %, 30invwennsn diamempie cmeben — na 11,3-22,4 %. Bpooicatinicme momamis npu 3pouieHHi
aKmueo8anor 600010 Ha 12,6—-15,8 % euwa, Hixe npu 3pouienHi 36UtAUHO 800010, KPYNHICMb N100i8
oinvwa na 15,4-25,1 %. Pesynomamu npogedenux 00CnioxHcenb ceiouams npo MOXCIUBICb [ nepchnex-
muenicmu 3acmocyeanns EXAB 0ns nioguweHts 6podcaiHoCmi C.-2. KYIbmyp 6 3pOUleH i ma nOoNiNueHHs.
AKOCMI OPEHANCHUX T CIIYHUX 800 ULTISIXOM 3HUINCEHHS IX Minepanizayii ma 3ue3apaicenisl.

Knrouosi cnosa: enexmpoximiuna axmusayis 600u (EXAB), anonim, xamonim, 3HudiCeHHs MiHepanizayii
OPEHANCHUX 800, 00e33aPANCEHHS CIIYHUX 800, 3POULEHHS AKMUBOBAHON) 8000
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Abstract. The paper presents the results of monitoring the state of water bodies and reclaimed lands
affected by warfare using remote sensing methods and in-situ surveys. On the example of the flooding of
the floodplain of the Irpin river by the waters of the Kyiv reservoir as a result of the destruction of the
culvert structure, as well as the flooding of the floodplain of the Dnipro river near village Otradokamyanka
after the explosion of the Kakhovska hydro power plant (HPP), the change in the area of inundation was
calculated based on spectral index maps and surface classification using Sentinel-2 L2A imagery. On the
base of Sentinel-2 L2A images, maps of SAVI and NDWI indices were obtained. They revealed the places of
soil cover by sediments and the increase of the area of water bodies. Monitoring of reclaimed lands affected
by warfare was carried out in the floodplain of the Irpin river on the Irpin Drainage and Moistening System
during three time intervals: before the war in 2019, during the fighting in the spring of 2022 and a year
after the end of military actions. Studies have shown a significant prevalence of waterlogged areas in the
present time, which confirms the destruction of drainage network.

The calculated values of the NDVI index turned out to be too high for agricultural crops, which indicates
that the lands is overgrown with shrubs. Based on the results of the conducted monitoring, the territory
was classified according to the degree of its damage by shell craters. Based on the results of the studies,
it is recommended to monitor water bodies and reclaimed lands that have been affected by the war using
images of different spatial resolution, a complex of spectral indices, a combination of image bands and
in-situ surveys.

Key words: water bodies, reclaimed lands, military actions, satellite images, spectral indices, level of
damages

Relevance of research. Since the beginning
of the war with the Russian Federation, Ukraine
has faced significant negative consequences
of hostilities, which led not only to direct
destructions and economic losses, but also
affected the environment, in particular, water
bodies and land resources. The problems related
to the use and ecological condition of reclaimed
lands due to their fouling, pollution, damage
or destruction of hydraulic facilities, objects
of engineering infrastructure of irrigation and
drainage systems, etc., have been significantly
aggravated. The destruction of the Kakhovska
hydro power plant (HPP) dam and, as the result,
emptying of the Kakhovska reservoir caused
extra damages and losses to both the population
and the economy of the country, as well as the

environment. Assessing the effects of military
actions and large-scale destruction of hydraulic
facilities on the environment using in-situ
methods is quite difficult. For its practical solution,
the development and elaboration of scientific
approaches with the use of remote sensing
technologies and the application of independent
spatially distributed satellite information is
relevant. This especially applies to the levels of
river floodplains flooding after the detonation of
hydraulic facilities and damages to drainage and
irrigation systems on reclaimed lands.

Analysis of recent studies and publications.
The most common and unpredictable natural
phenomena are floods and man-made disasters
that cause great economic losses, harm
communities, and affect human lives. Therefore,
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quick and accurate determination of areas
flooded by surface waters is of a great necessity
for monitoring the changes that occur within
river basins, especially as a result of military
actions [1-6]. In this context, multispectral
(multiband) satellite images of the Landsat § and
Sentinel-2 L2A systems can be an accessible and
irreplaceable source of information [7-10]. In
global practice, based on the difference between
spectral reflectance of water, soil, and vegetation
covers, spectral indices for water, soil, and
vegetation are calculated as the indicators of
the natural state of mentioned surfaces [6, 12].
Spectral indices are used to classify a certain
type of land cover [13, 14]. The Normalized
Difference Water Index (NDWI) is used to
identify water bodies on a background of soil
and vegetation covers [15, 16], the Normalized
Difference Vegetation Index (NDVI) is used for
vegetation cover, etc. Recently, the use of various
combinations of satellite images’ bands has
become widespread. For example, we can single
out Red8, SWIR1, Red (abbreviated as RSR).
This combination of the near, mid-IR bands, and
the visible red band makes it possible to clearly
distinguish the boundary between water and land,
as well as to emphasize hidden poorly visible
details when using only a range of visible bands
[17-19].

In the literature, the issue of flooded areas
identification with the help of multispectral
satellite data and spectral indices obtained on
their basis is sufficiently covered [20-23]. A lot
of attention is paid to the use of SAR images and
the determination of catchment area structure,
the study of climate changes, soil and climate
potential, and the ecological state of river basins
[24]. However, practice shows that incorrect or
unsuccessful use of calculated spectral indices
leads to erroneous results and conclusions. Only
the integrated application of indicators such
as spectral indices in their certain combination
and comparison makes it possible to perform
operational monitoring of water bodies and
reclaimed lands. In addition, the analysis of the
detected changes makes it possible to determine
the reasons for the deterioration or improvement
of the situation on a certain territory and to plan
further actions for its preservation or restoration.

The aim of the research is to determine
the optimal set of indicators — spectral indices
and combinations of satellite images’ bands for
monitoring water bodies and reclaimed lands
affected by military actions.

Research methods and materials. The
essence of technologies for obtaining satellite
spatially distributed data is defined by the

observation and measurements of energy and
polarization characteristics of own and reflected
radiation of water, soil-vegetation surfaces, and
the atmosphere in various ranges of the spectrum
of electromagnetic emission. During the research
with the use of satellite data such methods as
geospatial analysis, mathematical modeling,
systems of experts evaluations, and field surveys
were used.

In the course of research, system analysis was
applied. The research methodology included the
following components:

— search, analysis of available free
information and application of required types of
satellite data (multispectral, panchromatic with
high spatial resolution);

— calculations of spectral indices for
vegetation, soil, and water, comparison of bands
combinations;

— analysis of the obtained results and changes
that occurred with water bodies and reclaimed
lands under the influence of military actions.

During the monitoring based on satellite data
and field surveys, observations of water bodies,
the condition of agricultural lands located on
reclaimed territories, their soil and vegetation
cover were performed. The research materials
were satellite images and in-situ verification
information.

Research results and discussion. In the
conducted studies, the main attention was paid
to the fixation of negative processes and their
consequences in the floodplain of the Irpin river,
in particular, in the area of the Irpin drainage and
moistening system (DMS) within the Bilohorodka
territorial community of the Buchanskyi district,
Kyiv region, Ukraine, as well as on the territory
along the Dnipro and Kozak rivers within
Kherson region.

The floodplain of the Irpin river is wide (about
1-2 km), cuted by a dense network of reclamation
canals. According to the nature of hydrological
regime, the Irpin river and its tributaries belong
to the type of rivers mainly fed by snow.
Fluctuations in water levels are characterized by
a distinct spring flood, low summer-autumn and
winter baseflow. Annual short-term rain floods
are observed during summer and autumn periods.
The peculiarities of river’s hydrological regime
are caused mainly by the significant regulation
of surface runoff, intensive reclamation of the
floodplain and the river valley in general, as well
as the construction of a polder protective dam at
the mouth of the river [25].

During the military actions in the Kyiv
region, as a result of the destruction at the
end of February 2022 of the culvert structure
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ofthe Kozarovytsky protective dam, the floodplain
of the Irpin river was flooded by the waters of the
Kyiv reservoir in the area of Kozarovychi and
Demydiv villages. Later, the flooding reached
the outskirts of the villages of Huta Mezhyhirska,
Chervone, Moschun, Gorenka, and the settlement
Gostomel. We used Sentinel-2 L2A satellite
images to assess the impact of the destruction and
the scale of the territory flooding. The first image
was obtained on March 18, 2022. The flooded area
was calculated based on the following indicators:
the map of the spectral index — Normalized
Difference Water Index (NDWI), which uses
reflectance in near-infrared spectrum and visible
green light (flooded area was determined on the
territory of 17,98 km?); the map of the Normalized
Difference Snow Index (NDSI) (flooded area was
determined on the territory of 17/68 km?); and
surface classification with a combination of RSR
bands for the separation of land and water bodies
(flooded area was determined on the territory of
23/7 km?) (Fig. 1).

Further, Sentinel-2 L2A images acquired
on 07.04.2022, 21.03.2023, 30.05.2023 and
Landsat 8 image acquired on 03.06.2022 were
used to determine the flooded areas based on the
calculated NDWI, NDSI indices, and RSR bands
combination. According to the Sentinel-2 L2A
image acquired on 07.04.2022 the flooded areas
were: NDWI —17.56 km?, NDSI—16.17 km?, and
RSR bands combination — 16.14 km?. According
to the Landsat 8 image acquired on 03.06.2022,
the flooded areas were: NDWI — 16.32 km?,
NDSI — snow index was not used during summer
period, and RSR bands combination — 19.13 km?.
According to the Sentinel-2 L2A image acquired
on March 21, 2023, the flooded areas were:

(a1

NDWI — 12.74 km?, NDST — 11.40 km?, and RSR
bands combinations — 15.03 km? According
to the Sentinel-2 L2A image acquired on
30.05.2023, the flooded areas were: NDWI —
8.50 km?, NDSI — snow index was not applied,
and RSR bands combination — 14.04 km?. With
the help of this technology, separation of surface
water and dry land was carried out, flooded areas
were calculated for different dates, and their
decrease was recorded. In the course of the study,
the Normalized Difference Water Index (NDWI)
was used to identify excessively wet areas and the
presence of water bodies on the earth surface. For
its calculation, reflected near-infrared radiation
and visible green range were used.

The Normalized Difference Snow Index
(NDSI) is commonly used to establish the spectral
differences of snow in the short-wave infrared
and visible spectral bands of satellite images. In
this case, in the spring, when the ice on the Irpin
river began to melt and flooding began, the maps
of this index came in handy when calculating
the flooded areas taking into account additional
water income. The combination of the near,
mid-infrared, and visible red RSR bands is taken
as the third indicator of flooded areas. This made
it possible to clearly distinguish the boundaries
between water and dry land, to emphasize
imperceptible details when using only bands of
the visible range. The usage of a combination of
RSR bands was the most effective.

Another water body that was significantly
affected by the military actions is the Kakhovsky
reservoir. After the explosion of the dam at the
Kakhovska HPP on June 6, 2023, significant
volumes of water from the Kakhovsky
reservoir caused flooding of coastal settlements,

Fig. 1. Delineation of the flooding zone on March 18, 2022 according to the data from Sentinel-2 L2A:
a— NDWI map; b — NDSI map; ¢ — map of the RSR bands combination
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agricultural lands, and conservation areas. A fast
waterwave washed up the high right bank of the
Dnipro river in the first days after the flooding
began, which may continue in the future.

The scale of flooding on the studied area along
the Dnipro and Kozak rivers near the village
Otradokamyanka (Shylova Balka — an object
located on the territory of the Kakhovka district,
Kherson region, 2,5 km up north from the village
Vesele was established using Sentinel-2 L2A
satellite images. Maps of the calculated SAVI
and NDWI indices are presented (Fig. 2) in the
form of a comparison of the situation before the
flood (as on 05.06.2023) and after the flood (as
on 18.06.2023).

As a result of the monitoring, the places
of soil cover damages by sediments and the
increase in the area of water bodies were found.
On the maps of the soil index the territories with
SAVI=0-0.1 for different dates had the area
from 2.49 km? to 5,5 km? (dark brown color),
with SAVI = 0.1-0.2 — from 4.32 km? to 8.74 km?
(light brown color). The greatest damages
have been found on the territory of 7.43 km?.
According to the water index maps, the areas
increased with the value: for NDWI = 0-0,1 total
area was in the range from 0.40 km? to 6.16 km?
(green color of water), for NDWI =—-0,3-0 —
from 2.98 km? to 7.95 km? (dark green color of
water). The greatest damages have been found
on the territory of 10.73 km?. It should be noted
that over time along the coast line, wind erosion
can cause migration of heavy metals with
the dust.

Monitoring of reclaimed lands affected by
military actions was carried out in the basin of
the Irpin river. The research was conducted at the
Irpinska DMS within the Bilohorodka territorial
community during three time intervals: before
the war — the growing season of 2019 (according
to Landsat 8 satellite data), in the spring of 2022,
when military actions were actively taking place,
and in the summer of 2023 (according to data from
the Sentinel-2 L2A satellite). On the base of the
image dated 2019, a working area with coordinates
was distinguished and classes of the surface were
established, which was confirmed by field surveys.
The researched plot with a total area of 466 ha
includes fields of agricultural crops (cereals,
oilseeds, fodder, root crops), hayfields, pastures,
gardens, locally built-up areas, and peats burn by
the fires, as well as the lands that are not currently
in use. All the lands are characterized by different
requirements for water regime and moisture supply
conditions. Based on the 2019 Landsat 8 image
three spectral indices were calculated and the maps
were obtained for the NDVI index, which acts as
an indicator of the state of vegetation cover, the
ir/r ratio, which made it possible to single out
overmoistened areas, and the iron oxide index (10),
which is used to estimate soil fertility (Fig. 3).

As of 2019, the NDVI vegetation index had
high values from 0.21 to 0.51, which indicates a
developed vegetation and a satisfactory condition
of agricultural crops. However, high values of the
ir/r ratio in the range of 3.5-4.0 indicate that the
existing drainage system does not cope with the
removal of excess moisture along the Irpin river

V%?oﬁégozs T
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Fig. 2. Maps of calculated indices based on Sentinel-2 L2A images to compare the situation
on different dates: a — soil index SAVI, b — water index NDWI.
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Fig. 3. Maps of calculated spectral indicators based on the Landsat 8 image in 2019:

a — vegetation index NDVI; b —

and does not ensure a good (quality indicator)
conditions of the territory in general. The values
of the IO index on the plot are 1.03—1.09, which
indicates a sufficient supply of soil with nutrients.
In general, the situation was satisfactory.

Over the time, namely in April 2022, shell
craters were recorded on the Airbus image.
A Sentinel-2 L2A image from June was used to
compare the situation one year later and to find
out what damage the warfare has done to the
territory. According to the combination of RSR
bands, wetted and dry areas were estimated, as
well as a map of the vegetation index NDVI
was obtained, which proves the restoration of
the experimental plot (Fig. 4 d). On the RSR
map the overwetted areas are predominate,
which indicates the destruction of the drainage
network. On the NDVI map (Fig. 4 ¢), the values
of the vegetation cover indicator are too high
for agricultural crops — from 0,8 to 0,9, which
indicates that the land is overgrown with shrubs.

In order to verify the satellite data, on-situ
surveys within the studied plot of the Irpin DMS
were carried out (Fig. 5). The photos show large
craters from the shells, which over time become
overgrown with grass. Therefore, it is necessary
to carry out such surveys in a timely manner,
because the landscape changes with time. The
photos show the destruction of the drainage
network and the fragments of the tile drainage.

ir/r ratio; ¢ —

index of iron oxide 10

According to the results of the analysis of
high spatial resolution images acquired on March
21, 2022 and April 15, 2022, and field surveys
within the studied plot, the territory was classified
according to the damage caused by explosive
craters, which made it possible to build damages
maps (Fig. 6). We have proposed a separate
degree of the territory damages by the percentage
of the area of craters within the plots: 0—-10 % —
slightly affected, 10-30 % — moderately affected,
more than 30 % — strongly affected area.

As a result of the conducted monitoring, it
was determined that on the image dated April
21, 2022, the area of severe damage is 130
hectares, which is 28 % of the total area of the
research plot; the area of moderate damage is 139
hectares, which is 29 % of the plot; the area of
slight damage is 197 hectares, which is 43 % of
the plot. On the image dated April 15, 2022, the
area of severe damage is 229 hectares, which is
49 % of the plot; the moderate affected area is
237 hectares, which is 51 % of the plot.

So, it can be noted that the determined
necessary set of indicators — spectral indices and
the combination of RSR bands is an effective
mean of assessing the state of water bodies
and reclaimed lands that have been affected by
military actions. The proposed approach can be
further developed into a separate methodology
for monitoring water bodies and reclaimed lands.

LAND RECLAMATION AND WATER MANAGEMENT Ne 2 « 2023



MEJIIOPALIA I BOJHE I'OCIIO/JAPCTBO, Ne 2 » 2023

M ra %

09501
087009
08

M ra %

09801
080009
08

Fig. 4. Airbus image and maps of calculated spectral indices based on Sentinel-2 L2A images:
a — Airbus image dated 04.15.2022 with shell craters, b — combination of RSR bands
of the Sentinel-2 L2A image (23.03.2023), c — NDVI vegetation index (March 23, 2022);
d — Sentinel-2 L2A image of plot restoration (01.06.2023), d — Sentinel-2 L2A RSR bands
combination (01.06.2023), e — Sentinel-2 L2A NDVI vegetation index (01.06. 2023)
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Fig. 5. Consequences of military actions in the area of the Irpinska DMS:
a — a crater from a shell, shown on a satellite image (see Fig. 4 a); b — grass overgrowth of the craters
over time; ¢ — closed drainage network damaged by explosions; d — fragments of tile drainage
(photos by A. Shevchenko)
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Fig. 6. Maps-schemes of the area of the Irpinska DMS that was damaged in the result of military
actions: a — due to the conduct of military actions, b — overgrowth of the area with vegetation
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Conclusions. It was established that the
integrated application of spectral indices in their
certain combination and comparison makes it
possible to monitor water bodies and reclaimed
lands. The comparison of processed satellite data
(images) at different moments of time made it
possible to follow the progress of flooding of the
floodplain of the Irpin river, which was caused
by the destruction of the hydraulic facility in
Kozarovichi village. The applied method makes
it possible to solve a number of problems, in
particular, to quickly diagnose the flooded area, to

quantify the areas that are flooded or polluted by
sediments, to predict the possible consequences
of the impact on reclaimed lands.

A comparative analysis of the state of
reclaimed lands before and after military actions
using high-resolution satellite images makes it
possible to determine the extent of damage of
the territory by shells, mines, and aerial bombs,
and to create maps-shemes based on the degree
of damage of reclaimed lands, which indirectly
indicate the degree of destruction of canals,
closed drainage networks, etc.
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Anomauyia. Y cmammi 6uK1a0eHO pe3yibmamu CHOCIMeEPeXCetb 3a CIAHOM 800HUX 00 €Kmig i meniopo-
BAHUX 3eMeb, SIKI 3a3HAU 6NAUEY OOU0BUX Oill, 30 OONOMO20I0 CYNYMHUKOBUX 3HIMKI6 PI3HO20 NpOCHO-
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HaboOpy NOKA3HUKIE — CHEeKIMPATbHUX THOEKCI68 ma KOMOIHAYII KAHALIE CYNYMHUKOBUX 3HIMKI6 O/l BEOCHHS.
MOHIMOPUHEY BOOHUX 00 €KMI I MENIOPOBAHUX 3eMelb, KT 3A3HAAU 6NIUBGY OOUOBUX OIll, € MemOot 00CIi-
Ooicenv. Ha npuxnaodi 3amonnenns sannagu p. Ipnine eooamu Kuigcbko2o 6000cxosuwua YyHACIiooK pyliHy-
BAHHA 800ONPONYCKHOI CNOPYOU NiOPAx08aHO 3MIHY NAOWI 3AMONIEHHA HA OCHOBI Kapm CHeKmpAaibHUX
inoexcie NDWI, NDSI ma xnacughikayii nosepxui 3a snwimkamu Sentinel-2 L2A npu xombinayii kananie
Red8, SWIRI, Red (RSR). 3a yieto memooukoio 6y10 6upiuieHo axmyaibHe 3a60aHH 3 GUOKDPEMIeHHs
NOBEPXHEBUX 800 [ CYX000y ma pikcayii 3MiHU NIOWI 3aMONIeHHs NPomscom nepiody bepesenv 2022 p. —
mpasenv 2023 p. Inwe macuwmabne 3amonnenns nicis niopugy epeoni na Kaxoecwriii ['EC 6 uepens
2023 p. 6yno docnioaxcero Ha mepumopii 63006 pivoxk /JHinpo ma Kosax 6ina c¢. Ompadoxkam 'auka 6
Xepconcokiii oonacmi. Ha ocnosi snimxie Sentinel-2 L2A ompumarno kapmu inoexcie SAVI ma NDWI, 3a
AKUMU BUABTEHO MICYS YPAIICEHHS TPYHMOB020 NOKPUBY HAHOCAMU MA 30iN1bUEeHHS NI0W BOOHUX 00 €KmMi6
3a nepiod 05.06 — 18.06.2023 p. Heobxiono 3a3nauumu, wo 3 4acom 830084 Y30epedtciicst 8imposa epo3is
MOdHCe CRPULUHUINY MI2PAYTIo 8AXNCKUX Memalie 3 nuiom. Mouimopune mMeniopoeanux 3emens, wo 3a3Hanu
6naugy 6otiosux Oiil, nposedero y 3anaasi p. Ipninb Ha [pRiHCHKIL 0CYULYBATbHO-380110ICY BANbHIL CUCTEMT
y mexcax binocopodcvroi mepumopianvnoi epomadu Byuancwvroeo pationy Kuiscvroi obnacmi npomszom
MPbOX Yacosux inmepsanis: 0o bouosux oiti y 2019 p. (suxopucmano NDVI, koegiyicum ir/r, inoexc oxcudy
saniza 10), nasecni 2022 p. ma nicna 6ois y 2023 p. (suxkopucmano RSR, NDVI). ¥V nepuiomy eunaoky
BCMAHOBNIEHO 3A00BLIbHULL CIMAH METIOPOBAHUX 3eMelb, Y OPYeOMY — 3a(DIKCOBAHO 8UpSU 60 cHapsdis
ma pytnayilo openadicroi cucmemu. byno euseneno, wo npomseom mpemvozo nepiody npesanionms
nepesgonodiceri oinsnku. Lle niomeepoicye pyiinayito openasxcroi mepedici. Pospaxosari 3nauenus iHoexcy
NDVI suasunucs 3aHaomo UCOKUMU OISl CLIb2OCHKYIbIYD, WO 8KA3YE HA 3APOCMANHA Y2i0b YALAPHUKOM.
3a pezynvmamamu nposederH020 MOHIMOpuUH2Y 30TUCHEHO Kidacugixayito mepumopii 3a cmyneumem ii
ypasiceHocmi 8ubyxo8umMu 60poHKamu 3 suokpemnennam: (0—10 %) cnabo ypasxcenux, (10-30 %) cepeonvo
ypasxceHux i cunbHo ypaxcenux (nonao 30 %) oinaunox. 3anpononosanutl nioxio y nooarbuomy mModxce
Oymu po36unymo 6 okpemy mMemooonozilo 6e0eHHs MOHIMOPUHZY BOOHUX 00 €KMIG I MeniopoOBaAHUX 3eMeb.
Oyintoeants cmary 600HUX 00 €KMI8 | MENIOPOBAHUX 3eMenb, SKI 3A3HANU GNAUBY OOUOBUX Oill, PEKOMEH-
008aHO 30IUCHIOBAMU 30 KOMNJLEKCOM CNEKMPATbHUX IHOEKCI8, KOMOIHAYIT KaHANi@ 3HIMKIE ma HAMYPHUX
cnocmepedicenb.
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Abstract. The article presents the results of long-term experimental studies on the effect of different
methods of main tillage on soil fertility and crop productivity when applying different degrees of
fertilization. Field research was conducted during 2013—2020 on the lands of the Poltava Research Station
of the Institute of Pig Breeding and Agro-Industrial Production of the National Academy of Agricultural
Sciences. It has been established that the systematic use of organic and organic and-mineral fertilization
systems improves the nutrient regime of typical black soil with differentiation of the arable layer by the
amount of phosphorus and potassium when applying long-term minimal loosening. There is a tendency
towards an increase in density in the layers of 20-40 and 40—-60 cm when applying systematic shallow
tillage, where this indicator exceeds the upper limit of the optimal range of 1.0-1.3 g/cm®. Application of
manure and mineral fertilizers compared to surface loosening makes it possible to additionally annually
sequester 0.3—0.4 t/ha of carbon, which is equivalent to 1.2—1.6 t of carbon dioxide. By the average multi-
year yield of corn per silage, shallow loosening is inferior to combined tillage by an average of 10 %.
Tendencies to a decrease in the average long-term productivity of soybean, spring barley, and pea crops
when using minimal tillage compared to the combined one are manifested only in certain fertilizer options.
Under optimal conditions of heat and moisture supply, the ratio of grain and straw in soybeans decreases.
On winter wheat, after peas, there is a tendency towards the preference of shallow loosening. The ratio
of wheat grain to straw increases significantly under favorable conditions. Corn responds better to the
combined tillage system, which prevails shallow loosening in terms of grain yield by the fertilizer options
by 6—10%. Under favorable conditions, the ratio of stems to grain increases significantly, especially on
fertilized grounds. From the studied crops, the productivity of sugar beets fluctuates to a greater extent
in relation to the conditions of the year, and to a lesser extent — winter wheat, grown after peas and
corn for grain. By the average long-term crop productivity, shallow tillage is inferior to combined tillage
by 4—8 % having a confidence level as 5 %. When applying manure, it is advisable to use a combined system
of soil tillage, for plant-oriented agrarian production, it is economically advisable to use surface loosening
for all crops.

Key words: soil tillage, fertilizers, specialization, agricultural production, crop rotation, moisture

supply, productivity, efficiency
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Relevance of research. Agriculture is a land
use that inevitably leads to the greatest soil loss
on all continents and in all climates [1, 2]. Soil
degradation is recognized as a serious problem
of the 21st century worldwide in the global
agroecosystem [3]. Increasing soil degradation
threatens agricultural production and food supply
forthe growing populationin developing countries
and regions [4, 5]. The basic cultivation plays not
the last role in the degradation processes. The
analysis of global trends in this area indicates a
gradual elimination of deep moldboard tillage in
favor of shallow or surface tillage. The transition
from plowing to shallow tillage includes a
reduction in the depth of the basic cultivation, the
absence of direct soil overturning, and a change in
energy consumption. All this affects the physical
characteristics and functioning of the soil [6].

Along with this, it is well known that modern
climate changes have a negative impact on the
moisture supply of soils, and this factor limits
the use of their fertility potential. Also, scientific
research and practical experience have proven
that irrigation is the most effective measure
to prevent this impact. However, given the
significant shortage of water resources in Ukraine,
widespread irrigation is problematic. Under such
conditions, regulation of the water-air regime
of soils is carried out by other agrotechnical
measures, in particular, soil cultivation systems.
Therefore, the issue of controlling soil processes
under the effect of minimal and differentiated
tillage systems, taking into account their influence
on moisture accumulation, is relevant.

Analysis of recent research and
publications. The main task of soil cultivation in
modern agriculture is to create optimal conditions
for sowing, further growth and development of
agricultural crops [7, 8]. At the same time, to
increase the profitability of production activity, it
is important to reduce the costs of chemical and
technological resources without reducing crop
yield and the productivity of crop rotations [9, 10].
Therefore, special attention is currently being paid
to the issue of improving existing and developing
new energy-saving cultivation technologies,
taking into account their impact on agrochemical,
water-agrophysical, physicochemical and other
soil properties [11].

In the agricultural system, tillage is one of
its effective components in view of combating
various harmful organisms, particularly weeds
[12-15]. They are closely related to erosion
processes and the intensity of mineralization of
soil organic matter [16-20]. Rational tillage of
the soil improves the supply of cultivated plants
with elements of mineral nutrition, moisture, and

it largely determines the final productivity of
agrocenoses [21-23].

Solving many issues related to soil cultivation
largely depends on the physical and mechanical
properties of the soil, and in particular the soil
compaction density. The physical parameters
of the soil should be as close as possible to the
optimal ones, that is, those that provide the best
conditions for plant development. Increased soil
density negatively affects the processes of gas
exchange between the soil and the atmosphere,
assimilation and evaporation of moisture [24-26].

If there is optimal soil density of the sowing
layer before sowing and in the initial phases
of development, agricultural crops form the
maximum yield. Therefore, the prerequisite for
reducing the intensity of mechanical loosening,
in particular, the application of the “No-Till”
system, is achieving such a state when the
equilibrium density of the soil corresponds to the
characteristics and requirements of the cultivated
crop [27, 28]. Therefore, the problems related
to the determination of the optimal system of
soil cultivation in crop rotation, taking into
account the specific features of soil and climatic
conditions, production specialization and
fertilization systems are relevant. In this regard,
the study of the long-term impact of different
cultivation systems on the properties of typical
black soil and the productivity of the main crops
grown on it in the Left Bank Forest Steppe of
Ukraine is practical and scientific interest.

The purpose of the research is to establish
the dynamics of the changes in the properties
of typical black soil, the crop yield and the
productivity of crop rotation typical for the
Left Bank Forest Steppe under the influence of
minimal and combined tillage systems against
the background of organic and organo-mineral
fertilization systems that correspond to crop or
livestock specialization of agricultural production.

Research  materials and  methods.
To analyze the practicability of minimizing
tillage, the information base of the long-term
stationary field experiment of the Poltava
Experimental Station of the Institute of Pig
Breeding and Agro-Industrial Production of the
National Academy of Agricultural Sciences of
Ukraine “The effect of systematic application of
fertilizers when applying various types of tillage
on crop productivity and quality as well as soil
fertility” was used. The field experiment was
made in 1987. The soil was a typical black soil
with a humus content of 5%, low availability
with  plant-available nitrogen compounds,
medium availability with phosphorus and high
availability with potassium.
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Soil samples were taken in accordance with
DSTU [29], namely: the content of organic matter
in the soil, total nitrogen, mobile compounds of
phosphorus and potassium [30, 31, 32] and soil
density [33]. Analytical study of the soil was
carried out in the agrochemical laboratory of the
Poltava Research Station of the Institute of Pig
Breeding and Agro-Industrial Production of the
NAAS.

Crop rotation included corn for silage, winter
wheat, soybeans, sugar beet, spring barley, peas,
winter wheat and corn for grain.

The following basic tillage systems were
studied: combined (plowing for row crops,
surface tillage to the depth of sowing with a
combined unit for other crops); shallow boardless
tillage (surface tillage to the sowing depth with
a combined unit for all crops). The fertilization
systems were the following (Table 1): without
fertilizers — reference area (RA); manure 10 t/ha
(M); manure + Ns5;Ps:Ks: (M+NPK); by-products
(BP); by-products +NPK (BP+NPK).

The coefficient of variation was used to
estimate the range of fluctuations in crop yields
and productivity of crop rotations by years. The
estimated variation coefficient of the studied
indicator can be grouped by the accepted scale
of qualitative assessment: less than 15 % is low;
15-30 is medium; more than 30 is high.

Research results. First of all, it should be
noted that at the time of the experiment was
started, the content of easily hydrolyzable
nitrogen compounds, available phosphorus, and
exchangeable potassium in the 0—20 cm soil layer
averaged 155, 70, and 152; in the 20—40 cm soil
layer it was 137, 58 and 124 mg/kg respectively.
Over the years of conducting research, the
improvement of the nutrient regime of typical
black soil on all fertilization grounds was
recorded, especially when applying the minimal
system of basic cultivation, where soil nitrogen
content has changed from low to medium, for
phosphorus and potassium — to high and very
high.

One of the negative consequences of applying
minimal or zero tillage systems can be soil over-
compaction. This leads to oversaturation of the
upper layers with moisture, which can cause a
lack of oxygen for the roots. Under anaerobic
conditions, denitrification can lead to significant
losses of nitrogen to the atmosphere. In case
of overcompaction detection, the expected
economic effect of its elimination is significant,
and the increase in yield can reach 20%. The
optimal value of soil density (bulk mass) of the
soil for most agricultural crops is 1.0-1.3 g/cm’,
and when the density is higher than the optimal by

(1]

0.1 g/cm?, the grain yield decreases by 10-30 %
[34].

Study on the effect of fertilization and tillage
systems on the agrophysical properties of typical
black soil has not established reliable changes in
the equilibrium density of the soil arable layer,
which fluctuated between 1.30-1.35 g/cm? by the
experiment variants. There is a tendency towards
an increase in the compaction density in layers of
2040 and 40—60 cm when applying systematic
shallow tillage, where this indicator also exceeds
the upper optimal limit of 1.0-1.3 g/cm? for all
fertilization variants except the reference area.
This may be due to the formation of various
moisture reserves deeper than 20 cm during
the long-term applying the investigated soil
loosening methods, and also it was possible due
to the formation or destruction of the tillage pan.

If traditional and minimal tillage systems have
different effects on the agrophysical parameters of
typical black soil, then we can make assumptions
about changes in its other properties over time
[35]. Thus, it was established that tillage systems
did not reliably affect the amount of nitrogen
and phosphorus in the 0-20 cm layer. At the
same time, it can be seen from Figure 1 that
when minimizing loosening, there is a tendency
to the decrease in the amount of these nutrients
in the 2040 cm layer. Only the content of
exchangeable potassium when applying shallow
tillage in the lower part of the profile is higher,
which is obviously can be explained by its greater
mobility compared to phosphorus.

On fertilized grounds, differentiation of
the upper part of the soil profile was traced by
the total phosphorus content. When applying
plowing, its amount is higher in the deeper 20—40
cm layer, and lower in the upper 0-20 cm layer
compared to surface loosening. Such trends were
not found for total nitrogen.

All this may indicate that in view of the
hydrothermal conditions of the year and
biological characteristics of individual crops,
their yield may also depends on the technology
of soil cultivation and the location of nutrients.

When applying both investigated tillage
systems, humus reserves in the 0—40 cm layer
in the reference area without fertilizers amount
to 277 t/ha. At first glance, it seems that the
systematic application of manure is accompanied
by an increase in the amount of organic matter
(Fig. 2). It seems logical that the organo-mineral
fertilization system contributes to the increase
in crop yield and thanks to the additional
accumulation of root and post-harvest residues
the humus condition of the typical black soil
significantly improves, especially when applying
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parameters, which in turn should obviously
lead to the fluctuations in the yield of individual
crops compared to the traditional combined
tillage system, especially in relation to variable
agrometeorological factors. That is, in some
specific conditions of a particular year, one
system may prevail in favor of growing a certain
crop, in others — another. To determine such
features of the studied cultivation technologies,
the following were compared: the average long-
term and maximum yield in the most favorable
year of 8 crops on 5 fertilization grounds; the
multiplicity of crop productivity growth as a
result of the combined effect from applying the
methods of loosening and fertilizers compared to
the natural ground of fertility.

The analysis of the research results showed
that both by the average multi-year and
maximum yield of corn per silage, shallow
loosening is inferior to the combined tillage by
10% on average on the variants of experiment.
Multiplicity of increase in the average crop yield
when applying fertilizers for both loosening
methods is 1.2 times. In favorable growing
conditions, applying fertilizers increases the yield
of green mass only when applying the combined
tillage. On all fertilizer variants, when applying
shallow loosening in favorable conditions the
crop productivity increases to the average long-
term one (Table 2).

On winter wheat, after corn for silage, there is
also a tendency to the decrease in the yield when
applying shallow tillage (Table 3). Compared to
the other fertilization systems, the multiplicity of

290
288
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280
278 277 277

276

274
272
270

Reference area Manure Manure+NPK

H Combined M Shallow

Fig. 2. The effect of fertilization and tillage
systems on humus reserves in the 0—40 cm layer
of typical black soil, t/ha (2013-2020)

rise of both medium and high yields compared
to the reference area without applying fertilizers
did not depend on tillage; it was the lowest with
long-term manure application and amounted to
1.1-1.2 times, on other variants — 1.5—1.6 times.

On the contrary, the ratio of high yield in a
favorable year and average multi-year yield
(1.6-1.7) is larger when applying manure, which
indicates an increase in its efficiency in near-
optimal hydrothermal conditions. In general,
it can be noted that under all investigated
fertilization systems, winter wheat responses
poorly to cultivation methods, so, to reduce the
cultivation costs, it is advisable to use shallow
loosening during its cultivation.

From a technological point of view, an
important indicator is the ratio of straw to grain,

2. The effect of tillage methods on the yield of corn for silage under different fertilization systems

(2013-2020)

Fertilizer variants
Crop yield Tillage Reference Manure Manure + BP | BP+NPK
area NPK
Combined 30.8 35.8 40.1 38.2 39.5
Average, t/ha Shallow 29.0 32.0 354 33.6 36.4
Difference, % -7 -13 —-15 -8 -3
Multiplicity of yield Combined - 1.2 1.3 1.2 1.3
growth compared to the Shallow - Il 12 |12] 13
reference area
Combined 65.1 75.0 82.1 70.5 74.6
Maximum, t/ha Shallow 69.6 65.2 70.1 65.1 72.3
Difference, % -6 -10 -12 -12 -8
Multiplicity of yield Combined — 1.2 1.3 1.1 1.1
growth compared to the Shallow - 0.9 10 09| 10
Maximum compared to Combined 2.3 1.8 1.7 1.7 1.8
average, multiplicity Shallow 2.4 2.0 2.0 1.9 2.0
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3. The effect of tillage methods on the yield of winter wheat after corn under different fertilization
systems (2013-2020)
Fertilizer variants
Crop yield Tillage Reference |\, |Manure+| oo BP +
area NPK NPK
Combined 2.2 2.5 3.5 3.2 3.6
Average, t/ha Shallow 2.2 2.4 34 3.1 3.4
Difference, % —2 -5 -3 -2 —4
Multiplicity of yield Combined — 1.1 1.6 1.5 1.6
rowth compared to
o Shallow - 1.1 1.6 1.5 1.6
Combined 3.7 4.8 5.6 5.4 5.9
Maximum, t/ha Shallow 3.7 4.5 5.6 53 5.7
Difference, % 0 —6 0 -1 -5
Multiplicity of yield Combined — 1.3 1.5 1.5 1.6
growth compared to Shallow - 1.2 1.5 1.4 1.5
e reference area
Maximum compared to Combined 1.7 1.9 1.6 1.7 1.7
average, multiplicity Shallow 1.7 1.9 1.6 1.7 1.6

which is used for making balance calculations.
By the average long-term yield data, this indicator
varied between 1.3 and 1.4 depending on the
fertilization and tillage variants. However, under
favorable conditions of the most productive year,
this ratio significantly gets bigger and is 2.3-2.4
in the reference area, 1.8-2.0 — when applying
manure and by-products, and 1.5-1.8 — when
applying organo-mineral fertilization system.

On sugar beet, we also note a tendency
to decrease both average and maximum
productivity in a favorable year when applying
shallow loosening of soil; on average it is 10 %

on the fertilization variants (Table 4). At the
same time, it should be noted that during the
long-term use of crop production waste for
fertilizer, this negative effect grows significantly
weaker, and in near-optimal conditions of heat
and moisture supply, it is completely eliminated.
The average long-term root yield growth factor
when applying manure compared to the reference
area is 1.2—1.3 and 1.6—1.8 on the other fertilizer
variants. This also indicates the leveling effect
of fertilizers on the negative impact of shallow
tillage. In favorable hydrothermal conditions,
similar, but less pronounced patterns can

4. The effect of tillage methods on sugar beet yield under different fertilization systems (2013-2020)

Fertilizer variants
Crop yield Tillage Reference Manure Manure+ BP | BP+NPK
area NPK
Combined 25.4 31.3 40.1 39.5 41.6
Average, t’/ha Shallow 21.3 26.8 35.8 36.9 38.2
Difference, % —-16 -14 —11 -7 -8
Multiplicity of yield Combined — 1.2 1.6 1.6 1.6
growth compared to the | gljow - 13 17|17 | s
Combined 37.6 42.8 52.7 50.5 52.9
Maximum, t/ha Shallow 354 39.8 43.4 53.8 53.6
Difference, % -6 -7 -18 7 1
Multiplicity of yield Combined — 1.1 1.4 1.3 1.4
growth compared 0 the | gpajjou - 1.1 1.2 1.5 1.5
Maximum compared to Combined 1.5 1.4 1.3 1.3 1.3
average, multiplicity Shallow 1.7 1.5 1.2 1.5 1.4
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5. The effect of tillage methods on soybean yield under different fertilization systems (2013-2020)
Fertilizer variants
Crop yield Tillage Reference Manure Manure + BP BP +
area NPK NPK
Combined 1.2 1.4 1.7 1.5 1.6
Average, t/ha Shallow 1.2 1.3 1.7 1.6 1.7
Difference, % 3 -7 -1 3 9
Multiplicity of yield Combined — 1.2 1.5 1.3 1.3
growth compared to the | gp - 1.1 1.4 13 | 14
reference area
Combined 1.9 2.2 3.1 2.6 2.3
Maximum, t/ha Shallow 2.2 2.7 2.8 3.1 2.8
Difference, % 17 19 -10 21 18
Multiplicity of yield Combined — 1.2 1.6 1.3 1.2
growth compared to the | gpaliow - 1.2 1.2 14 | 12
Maximum compared to Combined 1.6 1.6 1.8 1.7 1.5
average, multiplicity Shallow 1.9 2.0 1.6 2.0 1.6

be noted. Comparing the root yield in such
conditions with the average long-term indicator,
it can be noted a higher multiplicity of growth
on the variant without fertilizers, which also
indicates an increase in the efficiency of the
sugar beet plants’ use of the natural fertility in
favorable weather conditions.

Tendencies to a decrease in the average long-
term productivity of soybean crops when applying
minimal tillage compared to the combined tillage
are manifested only on certain fertilizer variants
(Table 5).

In favorable conditions of the most
productive year, the positive effect of soil
loosening minimization on crop yield compared
to the traditional technology is mostly noted.
Multiplicity of growth compared to the reference
area for different variants of fertilization and
tillage fluctuates significantly, which can be
caused by other factors of plant growth and
development. In favorable hydrothermal
conditions when having natural soil fertility, as
well as when applying organic fertilizer systems
under soybeans for a long time, it is advisable
to use the shallow tillage, while when applying
organo-mineral fertilization systems it is more
reasonable, to use the combined one.

By the long-term yield data, the grain-to-
straw ratio on the investigated variants is mostly
1.4 with a tendency to its increase shallow
tillage, in particular when applying by-products
for fertilizer constantly (1.6). In contrast to
previously described winter wheat and sugar
beets, in close to optimal conditions of heat and
moisture supply, the ratio of grain and straw in

soybeans does not increase, but, on the contrary,
decreases to 0.9-1.2.

The response of spring barley, which is
considered to be an indicator crop in crop rotation,
to the tillage methods is ambiguous. Based on the
average long-term data on its yield, it is possible to
note the advantage of the combined tillage when
applying organic fertilization systems (Table 6).
This is obviously related to the more uniform
mixing of organic biomass of by-products with
the soil and the formation of a better nutritional
regime as it decomposes.

In the conditions of the most productive
year with active microbiological processes in
the soil, combined loosening has an advantage
only on the variants with manure application,
which indicates the need to plow it after
application. That is also proven by the fact that
the multiplicity of barley grain yield growth
when applying manure fertilization systems
is always significantly lower when applying
shallow tillage. Moreover, the degree of crop
yield growth in favorable conditions compared
to average data is also significantly higher when
manure is plowed.

In most studied variants, the ratio of barley
grain to straw fluctuates at the level of 1.3-1.4.
It is also possible to note a tendency towards a
slight increase of this indicator in close to optimal
hydrothermal conditions. Both by the average
multi-year yield data for peas and by the data of
the most productive year, it is possible to note
a tendency towards the prevailing (by 5-10 %)
of the combined tillage over the shallow one on
almost all fertilizer variants (Table 7).
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6. The effect of tillage methods on spring barley yield under different fertilization systems (2013-2020)

Fertilizer variants

Crop yield Tillage Reference Manure Manure+ BP | BP+NPK
area NPK
Combined 1.7 2.2 2.7 2.6 2.7
Average, t/ha Shallow 1.7 2.0 2.7 2.5 2.7
Difference, % 1 -9 -1 -5 0
Multiplicity of yield Combined - 1.3 1.6 1.5 1.6
growth compared to the
reference area Shallow — 1.1 1.5 1.5 1.6
Combined 3.0 4.5 4.9 4.6 4.7
Maximum, t/ha Shallow 32 32 4.6 5.0 4.7
Difference, % 9 -28 -7 8 0
Multiplicity of yield Combined - 1.5 1.7 1.6 1.6
growth compared to the Shallow - 1.0 14 | 16 | 15
Maximum compared to Combined 1.7 2.0 1.8 1.8 1.7
average, multiplicity Shallow 1.9 1.6 1.7 2.0 1.7

7. The effect of tillage methods on peas yield of under different fertilization systems (2013-2020)

Fertilizer variants
Crop yield Tillage Reference Manure Manure+ BP |BP+ NPK
area NPK

Combined 2.4 2.6 3.0 2.8 2.8

Average, t’/ha Shallow 2.2 2.5 2.7 2.6 2.7
Difference, % —6 —6 -10 -5 -7

Multiplicity of yield Combined — 1.1 1.2 1.2 1.2
growth compared to the Shallow - 1.1 12| 12 1.2
Combined 3.9 5.1 4.6 4.0 4.4

Maximum, t/ha Shallow 33 4.9 4.1 4.0 4.2
Difference, % —15 —4 -10 0 -3

Multiplicity of yield Combined — 1.3 1.2 1.0 1.1
growth compared to the Shallow - 1.5 13 | 12 13
Maximum compared to Combined 1.6 1.9 1.6 1.5 1.5
average, multiplicity Shallow 1.5 2.0 1.6 1.5 1.6

The average productivity of this crop
is almost independent of the fertilization
system, with the exception of the aftereffect
of applying manure with a significant negative
difference compared to other fertilizer variants,
where the growth factor of crop productivity is
1.2 compared to the reference area. At the same
time, it is rather difficult to explain why, in a
favorable year, a significantly higher grain yield
was obtained under this fertilization system
compared to other variants. Accordingly, the
increase in the productivity of peas from the
optimization of growing conditions when
applying the organic fertilization system with

manure reaches 100% against 50-60 % on
other variants.

The ratio of peas grain to straw by the average
multi-year yield data is mostly 1.1 with a range of
1.0-1.3. In a favorable year, there is a tendency to
increase this indicator to 1.3—1.5, excluding the
organic system with manure — 1.1.

Unlike other crops, winter wheat after peas
both by the average and high yields practically
does not respond to the tillage system for all
fertilizer variants (Table 8).

As in the case of peas, the organic system
with manure is distinguished from other variants
by significantly lower yield and crop growth rate
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8. The effect of tillage methods on winter wheat and peas yield of under different fertilization systems
(2013-2020)
Fertilizer variants
Crop yield Tillage Reference Manure Manure+ BP | BP+NPK
area NPK
Combined 3.0 3.4 3.9 3.8 3.8
Average, t/ha Shallow 3.2 3.4 3.9 3.9 3.9
Difference, % 6 0 1 2 2
Multiplicity of yield Combined - 1.1 1.3 1.3 1.3
growth compared to
the reference area Shallow - 1.1 1.2 1.2 1.2
Combined 5.1 52 5.6 5.7 5.2
Maximum, t/ha Shallow 5.0 5.5 5.7 5.6 5.9
Difference, % -3 7 1 -1 12
Multiplicity of yield Combined - 1.0 1.1 1.1 1.0
growth compared to
the reference area Shallow — 1.1 1.1 1.1 1.2
Maximum compared Combined 1.7 1.5 1.5 1.5 1.4
to average,

compared to the reference area. It is obvious
that under the favorable conditions of the most
productive year, the positive effect of peas as a
forecrop results in a high yield in the reference
area and a low coefficient of its growth under
almost all investigated fertilization systems.
At the same time, the role of near-optimal
conditions is manifested in a significant increase
in the productivity of wheat crops compared to
the average long-term indicators, which in turn
indicates the low frequency of such conditions.

The assessment of the grain-to-straw ratio by
the average long-term yield data shows that the
systematic application of the entire low-value
part of crops as fertilizer can contribute to the
increase of this indicator from 1.3-1.4 to 1.4-1.5,
and in close to optimal conditions even up to
1.7-2.2. There is also a tendency to increase this
ratio when applying shallow tillage.

Unlike the other crops, all studied fertilization
systems have a lesser effect on the yield of corn
per grain (Table 9). The multiplicity of its growth
compared to the reference area is 1.1-1.2, which
is obviously related to biological features and the
ability to more fully use the available soil and
climatic potential.

Corn responds better to the combined tillage,
which prevails in terms of grain yield, shallow
loosening on the fertilizer variants by 6 — 10 %.
In near-optimal conditions of the most productive
year, this advantage is preserved only when
applying manure fertilization systems. In such
conditions, on the soils with natural fertility,

on the contrary, when applying shallow tillage,
the productivity of corn is 10% higher than
when applying the combined one, 8.1 versus
7.4 t/ha, respectively. The multiplicity of crop
yield growth in a favorable year compared to the
average multi-year yield data turned out to be
higher when applying shallow loosening for all
investigated fertilization systems.

When having the average multi-year yield of
corn, the ratio of grain to stalks on the fertilizer
variants in most cases is 1.7. In favorable
conditions of the most productive year, this
indicator increases to 2.1. In the reference area
without fertilizers, as well as under the organic
and mineral fertilization system with plowing
crop by-products, the ratio is 2.6 and 2.5,
respectively, with a tendency to decrease it when
applying shallow tillage.

As the previously presented research results
show, the crop yields fluctuate significantly under
the influence of various factors. In particular,
the effect of the studied fertilization and tillage
systems on individual crops is completely
different, especially in different conditions.

A variation coefficient was used to estimate
the range of fluctuations in crop yield and
productivity of crop rotation by year. The
fluctuations in crop yield data over time in
studied variants in view of applying fertilization
systems and soil tillage indicate that a variation
coefficient of crop productivity is high for all
crops. Such a situation, in turn, testifies to the
significant influence of weather conditions on the
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(2013-2020)

9. The effect of tillage methods on the yield of corn for grain under different fertilization systems

Fertilizer variants
Crop yield Tillage Reference Manure Manure+ BP BP+NPK
area NPK
Combined 4.7 5.2 5.4 5.4 5.5
Average, t’/ha Shallow 43 4.7 5.1 4.9 5.1
Difference, % -8 -10 —6 -8 —7
Multiplicity of yield Combined — 1.1 1.2 1.2 1.2
growth compared to the | g )00 - 1.1 12 1.1 12
reference area
Combined 7.4 9.1 9.9 8.6 8.4
Maximum, t/ha Shallow 8.1 8.3 9.7 8.7 8.7
Difference, % 10 -9 -2 2 4
Multiplicity of yield Combined — 1.2 1.3 1.2 1.0
rgé;’;rvgﬁcce";f:red othe | g tiow - 1.0 12 1.1 1.1
Maximum compared to Combined 1.6 1.7 1.8 1.6 1.5
average, multiplicity Shallow 1.9 1.8 1.9 1.8 1.7

processes of plant growth and development. Of
the investigated crops, the productivity of sugar
beets fluctuates to a greater extent (50 %), to a
lesser extent — winter wheat after peas and corn
for grain (30 %).

Havingaratherhighinstability in hydrothermal
conditions over the years, crop rotation
productivity fluctuates much less. The variation
coefficient for this indicator varies in the range of
15-18 % for fertilization systems, having 13 % for
the reference area without fertilizers. This is one
of the most important functions of crop rotation —
crops response differently to different factors,
accordingly, the more crops, the more diverse the

system is, which in general significantly increases
the sustainability of agriculture.

Therefore, by the general indicator of the
average long-term productivity of crop rotation,
shallow tillage is inferior to combined tillage
by 4-8%, when having 5% confidence level
(Table 10). That is, the systematic application of
manure along with shallow loosening is inferior
to the combined cultivation system in terms of
the yield of fodder units, which is obviously
related to the different quality of plowing
the organic fertilizers in the arable layer. The
disadvantages of shallow tillage are leveled by
the effect of by-products on fertilizer. Optimizing

10. The effect of tillage on crop rotation productivity under different fertilization systems (2013-2020)

Fertilizer variants
Crop yield Tillage Reference Manure + BP +
P i area | Manure | “npp | BP 1 Npk
Combined 3.2 3.6 4.2 4.1 4.2
Average, t’ha Shallow 3.0 3.4 4.0 3.9 4.1
Difference, % -5 -8 —6 -5 —4
Multiplicity of yield Combined — 1.1 1.3 1.3 1.3
growth compared to the Shallow - 1.0 13 1.2 13
reference area
Combined 5.4 6.5 7.2 6.5 6.6
Maximum, t/ha Shallow 5.5 6.0 6.7 6.6 6.7
Difference, % 3 -7 -7 1 2
Multiplicity of yield Combined — 1.2 1.3 1.2 1.2
growth compared o the| g jjqy, - 1.1 12 | 12| 12
Maximum compared to Combined 1.7 1.8 1.7 1.6 1.6
average, multiplicity Shallow 1.8 1.8 1.7 1.7 1.7
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hydrothermal conditions makes it possible to
increase the average long-term crop rotation
productivity for all tillage and fertilization
variants by 1.6-1.8 times up to the level of
6.0—-7.0 tons of fodder units per hectare.

When applying fertilizer systems with
manure, the productivity of crop rotation under
the traditional combined tillage system is
significantly higher by 0.2 tons of fodder units
per hectare compared to the variant with shallow
loosening. In terms of the profitability of winter
wheat grain, it will be about UAH 400 /ha (prices
in 2021). At the same time, fuel consumption in
the first case will be higher than in the second
one by 5 1/ha, which is equivalent to UAH 150/ha
at current prices. This indicates that when having
livestock specialization with the production of a
significant amount of organic fertilizers of animal
origin, it is advisable to use a combined system
of soil cultivation, for plant-oriented agrarian
production to save fuel surface loosening should
be used for all crops.

Conclusions. The methods of soil cultivation
under different fertilization systems significantly
affect some properties of typical black soil. When
applying shallow loosening, there is a tendency
to increase the density of the subsoil layer, the
differentiation of the upper soil layer by the
content of nitrogen, phosphorus and potassium,
and the growth of humus reserves.

From the studied crops, only winter wheat
almost does not respond to the tillage method, in
particular after peas, which can be explained by
a rather long period from the previous plowing
and better conditions of nitrogen nutrition. When
applying shallow tillage, row crops reduce their
productivity, especially when applying manure
for a rather long time. Obviously, this situation
can be explained by a decrease in the effectiveness

B

of organic fertilizers during surface distribution
without their plowing due to uneven mixing with
the arable layer of the soil.

In years of favorable moisture conditions, the
negative impact of shallow tillage is leveled by
the systematic use of plant waste as a fertilizer
when growing sugar beet, corn for grain, peas
and barley. This can be explained by the positive
effect of mulch, previously left by-products for
fertilizer, which decompose faster in the years
with favorable hydrothermal conditions, with the
release of additional macro- and microelements.
Moreover, soybeans always respond well to straw
fertilization under both studied tillage systems.

The multiplicity of crop productivity growth
when applying different fertilization systems
fluctuates greatly by crops in terms of favorable
conditions and tillage systems, and by the
indicator of crop rotation productivity, it mostly
varies in the range from 1.2 to 1.3. The yields of
fodder units in favorable years prevail over the
ones obtained in average years by 1.7—1.8 times.

When applying fertilization systems with
manure, the productivity of the crop rotation
under the traditional combined tillage system
is significantly higher by 2 centners of fodder
units per hectare compared to the variants with
shallow loosening. In terms of the profitability of
winter wheat grain, it will be about UAH 400/ha.
At the same time, fuel consumption in the first
case will be higher than in the second one by
5 I/ha, which is equivalent to UAH 150/ha at
current prices. This indicates that when having
livestock specialization with the production of a
significant amount of organic fertilizers of animal
origin, it is advisable to use a combined system
of soil cultivation, for plant-oriented agrarian
production to save fuel surface loosening should
be used for all crops.
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Anomauin. Y cmammi Hnasedeno pe3ynomamiu 00820CMPOKOGUX EKCHePUMEHMATbHUX O0O0Ci-
021CeHb 8NIUBY PISHUX CNOCODI8 OCHOBHO20 0OPOOIMKY TPYHIY HA NOKAZHUKU POOIOYOCI IPYHIY Ma
NPOOYKMUBHICIb KVILIMYP CI603MIHU HA PI3HUX (ponax yoobpenns. Ilonbosi 0ocniocents npoeo-
ounu npomsicom 2013-2020 poxie na zemasx Ilonmascvkoi 0ocnionoi cmanyii incmumymy ceuHap-
cmea ma azponpomuciosoco eupoonuymea HAAH. Bemanosneno, wo cucmemamuune 3acmocy-
BAaHMST OP2AMIYHUX [ OP2AHO-MIHEPATbHUX CUCTEM YOOOPeHHs CYNPOBOOIUCYEMbCS NOMINUUEHHIM
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NOJCUBHO2O PENCUMY YOPHOIEMY MUNOBO20 3 OUDepeHyiayicio OPHO20 wapy 3a KiibKicmio ghocgopy
[ Kanito 3a mpusano2o MiHIMAIbHO20 PO3NyuleHHs. BiosHauaemvcs menOeHyisi 00 3p0CMAHHS Wilb-
Hocmi y wapax 20—40 i 40—60 cym Ha Goni cucmemamuuno2o MiKko2o 06podImMKYy, 0e yell NOKA3HUK
nepesuwye 6epxuio pucky onmumanvhux medxc 1,0—1,3 e/cm’. @on 3aopiosanns eHow i MiHepanrbHux
000pUB NOPIGHAHO 3 NOBEPXHEBUM PONYULYBAHHAM 0AE 3MO2Y O0OAMKOB0 WOPIUHO CeK8eCpysamu
0,3-0,4 m/2a eyeneyto, wo exsisarenmuo 1,2—1,6 m gyenexuciozo 2asy. 3a cepednvbor bazamopiunoo
BPOANCAUHICNIO KYKVYPYO3U HA CUNOC MLIKE PONYUEHH NOCMYNAEMbC KOMOIHOBAHOMY 00pOOImKy
vy cepeonvomy Ha 10 %. Tenoenyii 00 3uudicenHs cepednvboi bazamopiunol npooyKmueHOCmi nocigie
COl, AUMEHIO SIPO20 | 20POXY NPU 3ACMOCYBAHHI MIHIMAILHO20 0OPOOIMKY IPYHMY GIOHOCHO KOMOIHO-
8aH020 NPOAGIAIOMBCS AUUle HA OKpeMUX gapianmax yooopenus. B onmumanvnux ymosax menno-
i 80N1020300€e3neUeHHsL CNIBEIOHOWIEHHSL 3ePHA | conomu Y col 38yacyembcest. Ha nuenuyi ozumiti nicis
20pOXY BIO3HAUAEMbCSL MEeHOeHYIsl 00 nepesazu Minkozo posnyuienius. Cniggionoulenns 3epra 00
CONOMU KYLIYPU Y CIPUSIAUBUX YMOBAX 3HAUHO 3pocmac. KyKypyodsa kpawe peazye Ha KomOiHo8any
cucmemy 06pobImKY, KA Nepesadcae 3a UX000M 3epHA MIIKe PO3NYVUIeHHS 3a 8apiaHmamu y000-
pennsi Ha 6—10 %. B cnpusmausux ymosax cnisgionouter s cnmeben 00 3epHa iCMomHo 3p0Cmae, 0coo-
JUB0 HA y0obpenux Gonax. 3 00CaioNHcysanux Kyiomyp y Olbutii Mipi CMOCO8HO 0COOTUBOCMEN YMO8
POKY KOIUBAEMbCS NPOOYKMUBHICIb OYPSIKI6 YYKPOBUX, 8 MEHWLII MIDI — NUEHUYL 03UMOL nO 20pOXYy
I KyKypyo3u Ha 3epHo. 3a NOKA3HUKOM CepeOHbol 6a2amopiuHoi npoOyKMUHOCmI Ci603MIHU MIIKULL
00pobimok nocmynaemucsi Kombinosanomy Ha 4—8 % 3a pienst docmosipnocmi 5 %. 3a 6HecenHs: 2HOI0
O00YLIBbHO BUKOPUCIOBY AT KOMOIHOBANY CUCIEMY 00pOOIMKY IPYHMY, 3a POCIUHHUYLKOL CHPIMO8A-
HOCMI A2papHO20 8UPOOHUYMEA Nio YCi KYIbmypu eKOHOMIYHO 0OYLIbHO 3ACMOCO8Y8AMU NOBEPXHEBEe
PO3NYULEHHA.

Knrouosi cnosa: oopodbimox tpynmy, dobpusa, cneyianizayis, azpapHe 6upoOOHUYME0, CiBO3MIHA,
80710203a0e3neUenHsl, YPOUCAUHICb, eeKmueHicms
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FEATURES OF MAIZE GROWING FOR GRAIN
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Abstract. Modern climatic changes, namely significant warming in the northern Forest-Steppe and
Polissia zones of Ukraine, provide opportunities for the cultivation of a number of grain and leguminous
crops (maize for grain, soybeans, sunflower, and others), previously uncharacteristic of this region. Among
the above-mentioned crops, corn has the greatest grain yield potential, therefore it is one of the most
common crops in world agriculture. If 10—15 years ago corn was not grown for grain in the Polissia zone,
then in recent years its sown areas have grown significantly, and the yield in some years is not inferior to
the regions of the Forest Steppe and Steppe, which are traditional for this crop. The results of experimental
studies of the station showed that under favorable conditions on the most fertile slopes of the drained
sod-podzolic soils of the Western Polissia zone, with intensive technologies, it is possible to obtain more
than 10—12 t/ha of corn grain.

The analysis of hydrothermal indicators shows that with the current indicators of heat supply of the growing
season in the zone of Western Polissia on mineral soils, it is possible to achieve not only early-ripening, but
even medium-early hybrids of corn with FAO up to 280-300. Drained peat soils, due to their high nitrogen
content and sufficient amount of moisture, have sufficient potential for obtaining a high yield of corn
grain. However, its indicators over the years of research vary greatly and depend to a large extent on the
agro-meteorological conditions of the growing season. It has been established that the main limiting factors
for achieving a high yield of corn grain on peat soils are less favorable microclimatic features (less amount
of active heat, shorter growing season and frost-free period, etc.) compared to adjacent sod-podzolic soils
located nearby on dry land. It has been experimentally established that under conditions of minimum duration
without a frost period, only the most early-ripening hybrids of corn with FAO up to 220-240 will have time to
Jorm a full-fledged crop of grain on drained peat soils in the Western Polissia zone. By choosing late-ripening
hybrids, there is a risk of a significant shortfall in the harvest due to the premature termination of vegetation
caused by early autumn frosts. It was established that the highest yield of corn per grain, both on sod-podzolic
and peat soils, was provided by the organo-mineral fertilization system, which was based on the application
of complete mineral fertilizer at the rate of NooPowKoo on turf-podzolic soils and Ns3sPsKi20 on peat soils in
combination with phosphorus mobilizing drug Rice Pi. The use of the organo-mineral fertilization system
(NowPoKoo + phosphorus mobilizing drug Rice Pi) ensured an increase in the yield of corn on sod-podzolic
soils by 30.2 ct/ha compared to the basic fertilization system (N3oP3Ksg). The use of the organo-mineral
fertilization system (N3sPsoK 120 + phosphorus mobilizing drug Rice Pi) ensured an increase in the yield of corn
on peatlands by 56.8 ct/ha compared to the natural background of fertility.

Key words: drained lands, corn, varieties and hybrids, zone of Western Polissia, climate changes,
fertilization system
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The relevance of research. Corn is one of
the most common crops in world agriculture.
Its main acreage is concentrated in the USA,
Argentina, and Brazil. In the USA, there is a corn
belt where it has been grown in monoculture for
more than 40 years, and its yield is consistently at
least 12—16 t/ha. In addition to the United States,
corn monoculture is also practiced in France.
Two-field crop rotation is common in the United
States, consisting of alternating soybeans and
corn. For corn farmers in Canada and the USA,
the grain yield standard is 20-25 t/ha [1-3].

The world’s highest corn grain yield (total of
irrigated and irrigated plantations) is 41.44 t/ha,
obtained in 2019 by farmer Dave Hula from
Virginia (USA). Hula uses mulching, minimum
tillage and irrigation on his farm [1, 4].

On unirrigated fields, the last world record for
corn yield was reached in 2002 by Francis Child
with a result of 29.73 t/ha. Twenty years later, in
2022, this record was broken by farmer Russell
Hendrick from North Carolina (USA). For more
than 10 years, Hendrik has been innovating on
his 300-hectare farm to improve the properties of
his soils. His unirrigated, no-till corn plantation,
has reached the 30 t/ha mark. The current yield
record is 30.9 t/ha [4]. It is worth noting that
the climate of North Carolina is classified as
subtropical. The average annual rainfall in this
area is about 1100—1300 mm

In Ukraine, irrigation yields 13—15 t/ha of corn
grain, in some farms, under favorable conditions,
the yield reaches 16 or more t/ha [3—4].

Over the past decade, the corn sown area in
Ukraine has increased from 1.9 million hectares
in 2007 to 5.3 million hectares in 2021, or more
than 2.5 times, and the area of its cultivation has
also expanded. It is characteristic that the rate of
increase in the average yield of corn per grain in
Ukraine is the highest in the world [5]. This is
a consequence of the introduction of progressive
technologies in its cultivation and the introduction
of new highly adapted varieties and hybrids of
the world’s leading breeding companies.

If 10-15 years ago corn was practically not
grown for grain in the Western Polissia zone,
recently its sown areas have grown significantly,
and the yield in some years is not inferior to the
regions of the Forest Steppe and Steppe that are
traditional for this crop [2, 4, 6].

There are also examples of corn cultivation
in monoculture in Ukraine. In particular, the
agricultural company “Zemlya 1 Volya” in
Chernihiv Oblast is a vivid example of successful
corn cultivation in monoculture. In recent years,
the area under monoculture of corn in this
enterprise is about 30.000 hectares, and the yield

of grain consistently reaches more than 810 t/ha.
The technology is based on the plowing of crop
residues, the use of trichogram, as well as the
introduction of anhydrous ammonia. Periodic
analyses of the soil indicate that its quality
is gradually increasing due to the constant
introduction of organic matter with plant residues.
At the same time, there are no outbreaks of
diseases or an increase in the number of pests [7].

Studies have proven that the potential yield
of corn grain under favorable conditions in the
Western Polissia zone can be more than 11-12 or
more t/ha, however, to obtain such a yield, many
factors and technological nuances specific to this
zone should be taken into account [2, 3, 8, 9, 10].

Analysis of recent research and
publications. A significant amount of research
on the selection of the most highly productive
and adapted corn hybrids for the Western Polissia
zone, including on drained lands, is being
conducted by Zakhidagroprom LLC, which in
2019 launched the Agrarian Polygon project in the
village of Yarynivka, located in the north of the
Rivne region. The data obtained at the Agrarian
Polygon show that the yield of corn grain in the
Western Polissia zone significantly depends on
the cultivated hybrid, its maturity group and the
weather conditions of a particular year. Thus, in
2020, certain hybrids of corn under production
conditions ensured a grain yield of more than
14-15 t/ha. It was also established that the
difference in productivity between individual
hybrids can differ quite significantly [6].

Researches of the Polyssia Institute of
Agriculture of the National Academy of Agrarian
Sciences of Ukraine have established that
among crops, corn has a high yield potential on
sod-podzolic soils. Thus, in the conditions of
drained soddy-podzolic soils, the highest yield
of grain (6.05 t), feed (6.56 t) and feed protein
units (5.66) per 1 ha of area was obtained in a
three-field crop rotation with 66.6% corn per
combination by-products with an increased rate
of mineral fertilizers (Ne3PssKoo).

A decrease in the share of corn to 33.3% in a
three-field crop rotation and to 25 % in a four-field
crop rotation under a similar fertilization system
led to a decrease in their productivity — to 4.52
and 4.23 tons of grain or 5.44 and 4.52 tons of
fodder units, in accordance. Crop rotation without
corn reduced harvest by an average of 50 % [11].

It should be noted that most of the studies on
the cultivation of corn for grain in the Polissia
zone were conducted on sod-podzolic soils and
their variations. Regarding the cultivation of corn
for grain on drained peat soils, this issue has not
been sufficiently studied until recently, as it was
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grown here mainly as a fodder crop to obtain
high-quality silage.

Peat soils naturally have a high supply of
nitrogen [9, 10], therefore, in the conditions of
a significant increase in the price of nitrogen
fertilizers, they can be considered as a significant
reserve for expanding the area of corn for grain in
the Polissia zone.

The research of the Sarnenska Research
Station in recent years shows that with proper
phosphorus-potassium nutrition and the correct
selection of hybrids on peat soils, it is possible
to obtain a high yield of corn grain. However,
on peat soils, there are many limiting factors and
nuances of technology, and not taking them into
account makes it impossible to fully realize the
potential of this crop. In particular, peat soils,
compared to adjacent mineral soils located
on dry land, have specific water-physical and
microclimatic features. Here, the vegetation and
frost-free period is much shorter, which greatly
complicates the corn’s cultivation [13].

Therefore, the issue of growing corn for
grain in the Western Polissia zone has not been
sufficiently studied until recently, especially on
peat soils, as well as the selection of varieties
and hybrids according to maturity groups, the
establishment of optimal sowing dates, the
effectiveness of fertilization and the use of plant
growth regulators, etc.

The aim of the research. The purpose of
the research is to carry out an agroclimatic
substantiation of the possibility and feasibility of
growing corn for grain on the drained lands of the
Western Polissia zone.

Research materials and methods. In 2019,
the Sarnenska Research Station of the National
Academy of Agrarian Sciences of Ukraine began
studying the possibility of growing corn for grain
on drained sod-podzolic and peat soils.

Research methodology. Research on the
selection of the most productive and adapted corn
hybrids for grain is carried out on the drained
peat-boggy massif of the “Chemerne” Sarnenska
experimental station (Rivne region).

In terms of morphological characteristics,
botanical composition, water-physical and agro-
chemical properties, this massif is typical for the
Western Polissia — a deep, medium-ash non-floo-
ding hypnotic-sedge swamp of the lowland type.

In addition to peat soils, the land use of the
station includes turf-podzolic soils. These soil
types are the most common in the Western Polissia
zone, so the data obtained here are representative
for the entire region.

The soils of the experimental sites (peat and
sod-podzolic soils) have a slightly acidic reaction

=)
of the soil environment (pH s 4.6-5.0).

Research results. When planning the
cultivation of corn in the Western Polissia zone,
it should be remembered that there are many
limiting factors and nuances of the technology,
without taking into account which it is impossible
to fully reveal its potential. These main limiting
factors include the low natural fertility of
most soils in this zone, high acidity, and high
variegation of the soil cover, and corn is one of
the most demanding crops in terms of the level
of fertility and fertilization of crops. In addition,
one of the main conditions for obtaining a high
grain yield of this crop is a sufficient amount of
moisture in the soil [3, 10, 12].

Thermal resources are also more limited in
the Polissia zone compared to the Forest-Steppe
and Steppe zones (shorter growing season, lower
sum of active temperatures, etc.). In addition, it
is necessary to approach the timing of sowing
and the choice of maturity group of hybrids very
carefully, because in Polissia there is always a
threat of late spring frosts, which can be observed
even at the end of May, and the first autumn frosts
can come already at the beginning of September,
causing significant damage to crops. However,
the western and northern regions of Ukraine are
a territory where there is still enough moisture,
without which it is problematic to achieve a good
corn harvest [11-14].

The main indicators that characterize the heat
supply of plants during the growing season are
the average monthly air temperatures and their
anomalies, the dates of the beginning and end
of different temperature periods, in particular,
the growing season (warm) and the period of
active vegetation, the sum of active and effective
temperatures, and others [15].

The dates of stable transition of the average
daily air temperature through 0, 5, 10, and 15 °C
and the duration of periods with temperatures
above these limits are used to determine the
duration of vegetation of cold-resistant (period
with a temperature above 5 °C) and heat-loving
(above 10 °C) crops, during the period of their
intensive growth (over 15 °C), when planning the
dates of the start of fieldwork in the spring (dates
of transition through 5 °C) and their termination
(transition through 0 °C) in autumn, etc. (Table 1).

Analysis of the dates of stable temperature
transition confirms the tendency of recent decades
towards an earlier start of the growing season (on
average 10 days earlier than normal) and a later
end, which ultimately results in an increase in the
duration of the growing season by an average of
11 days. Over the years of research, its duration
ranged from 186 to 248 days with an average
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1. Dates of stable transition of temperature through 0, 5, 10, 15 °C and the duration
of the corresponding periods on the drained peat-boggy massif “Chemerne” (Rivne region),

average for 2007-2021

The dates of the temperature transition through certain limits
Value and the duration of the corresponding periods
>0° | <0° | days | >5° | <5° | days |>10°| <10°| days | >15° | <15°| days
Daverage 24.02| 5.12 | 284 [25.03|30.10| 217 |22.04| 3.10 | 163 |12.05| 7.09 | 116
Duin 26.01| 9.11 | 254 [14.03| 6.10 | 186 | 4.04 [24.09| 128 [27.04|24.08 | 100
Dinax 30.03 | 31.11| 331 |11.04|25.11| 248 |30.04|23.10| 188 | 7.06 | 18.09| 141

of 217 days. The duration of the active growing
season (with temperatures > 10 °C) exceeded the
norm by an average of 5 days, and the intensive
growing season (>15 °C) by 10 days. In most
cases, the growing season on the station’s peat
swamp massif began in the Ill-rd ten days of
March, and the active growing season began in
the II1-rd ten days of April.

It should be noted that according to the data
of Belarusian scientists (Republican Center of
Hydrometeorology) in the territory of Belarusian
Polissia, since 1989, an abnormally early steady
transition of the air temperature past 0 °C in
spring has also been registered. On average, from
1989-2015, the transition of air temperature
through 0 °C in spring occurs 8—13 days earlier
than the multi-year dates. The transition of air
temperature by 5 and 10 °C in spring also occurs
earlier than multi-year dates by 7-10 and 2-7
days, respectively [16, 17]. These data are fully
consistent with the data of our weather station in
almost all key indicators.

When planning the cultivation of corn for
grain in the Western Polissia zone, it should be
remembered that this is a heat-loving crop, so the
selection of the maturity group of hybrids should
be carefully considered, taking into account the
limited thermal resources of this soil-climatic
zone [3, 9, 10].

Recently, breeders have created many new
precocious corn hybrids specifically for growing

in conditions of limited thermal resources, which
significantly expands the window of opportunity
for growing corn for grain [3].

Itis known that the sums ofactive temperatures
during the period of active vegetation in the
Polissia zone in different years range from 2140 to
2600 °C. The sum of active temperatures at which
early-ripening hybrids reach is 2100-2200 °C,
mid-early and mid-ripening — 2400-2600 °C, and
late-ripening — 2800-3200 °C. There are several
options for dividing hybrids by maturity groups.
One of them is given in the Table. 2.

However, during the vegetation period, crops
of heat-loving crops use less active heat than
the amount that enters the areas of the Western
Polissia zone. This is because the growing season
is limited by spring and autumn frosts, as well as
the late sowing of corn. According to the data of
scientific institutions, the frequency of reaching
different maturity groups of corn hybrids with
different heat supplies is characterized by the
following data, fig. 1.

Research by scientific institutions has
established that in the Polissya zone, stable
growth of early hybrids is possible only with
the sum of active temperatures above 10°C —
2800°C. These materials indicate that at an
active heat of 2400°C, early-ripening varieties
of corn reach 60 %, medium-ripening — 50 %,
medium-early — 30%, and medium-late —
10%. Full maturation of medium-early and

2. The need of different groups of varieties and hybrids of corn in warmth during the growing season

Ripeness group The sum of the active FAO number Vegetation Number
temperatures, above 10 °C period, days** | of leaves
Very early ripening 2100 100-149 80-90 10-12
Early ripening 2200 150-199 90-100 12-14
Mid-morning 2400 200299 100115 14-16
Medium ripe 2600 300-399 115-120 17-18
Mid-late 2800 400499 120-130 19-20
Late ripening 2900-3000 500-599 135-140 21-23
Very late ripening > 3000 >600 >140 >23

* the temperature exceeding 10 °C is summed
** from emergence to maturity.
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Fig. 1. The probability of reaching corn hybrids of different maturity groups at different sums
of active temperatures

early-ripening hybrids occurs at the sum of active
temperatures — 2800 °C, medium-late — 3200 °C
and medium-ripening — 3000 °C.

Based on the above data, when choosing corn
hybrids by maturity groups, one should be guided
by the recommendations for the zonal placement
of corn crops depending on the FAO index [18],
which is shown in Fig. 2.

It should be noted that since 2000, both the
duration of the growing season and its heat supply
have been increasing most intensively. Since
2010, the sum of active temperatures during
the period of active vegetation in most years
has consistently exceeded 2600 °C, while
25-30 years ago this indicator reached this mark
only in some years (Fig. 3).

The dynamics of the sum of active
temperatures (>10 °C) over the last 10 years
exceeded 2600 °C in 8 years. Based on the above
data, it can be stated that on the sod-podzolic

Zonal placement of corn crops
depending on FAO

soils of the Western Polissia zone, it is possible to
grow not only early-ripening, but also mid-early
hybrids of corn with FAO 250-260. However,
in years with minimal amounts of active heat, it is
sufficient only to reach the earliest varieties and
hybrids of corn.

The hydrothermal conditions of the period of
active vegetation (PAV) on the drained peat-boggy
massif of the Sarnenska research station for the
last 5 years are shown in the table 3.

The coefficient of significance of deviations
(anomalies) of the weather indicator of
a specific year from long-term average annual

Ki <1 agro-climatic characteristics of the year
are close to usual (long-term average annual)

1 < Ki £ 2 agroclimatic characteristics of
the year are significantly different from long-term
average annual — italics.

Ki>2 agroclimatic characteristics this year are
approaching rare (exceptional, extreme) — bold.

B polissya
| Forest steppe
Steppe

FAO >500

Fig. 2. Recommended zonal placement of corn crops depending on the FAO indicator
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Fig. 3. Dynamics of the sum of active temperatures above 10 °C for the peat-boggy massif
“Chemerne” in 1980-2022

3. Hydrothermal conditions of the period of active vegetation (PAV) on the drained peat-boggy

massif of the Sarnenska research station

Period of active vegetation The The sum
(PAV) average t‘;ﬁ;g::_ Angou.mt.of
Year start finish duration t&i:l(ﬂ'e;z-V tur.es precllslnlt:lltlon, HTC
(spring) | (autumn) oC ’|  during
PAY, °C
2018 4.04 19.10 198 16.9 3186 247.8 0,78
2019 23.04 28.10 188 16.2 2864 323,1 1,13
2020 28.04 16.10 171 16.7 2760 3419 1,24
2021 30.04 18.09 141 18.0 2477 2282 0,92
2022 24.04 20.09 149 16.8 2412 200,5 0,83
Average 22.04 08.10 169 16.9 2740 2683 0,98
Minimum 04.04 18.09 141 16.2 2412 200,5 0,78
Maximum 30.04 28.10 198 18.0 3186 3419 1,24
i amplitude, | 40 57 18 774 1414 046
ays

long-term 2604 | 30.09 158 16.3 2498 302,2 1,23
average annual
A aver.
to long-term —4 +8 +11 +0,6 +243 -33.9 —0,25
average annual

The duration of the period of active
vegetation in 2018 was 198 days, and this is the
second indicator for the entire time of systematic
weather observations at the station (78 years, in
1967 it was 214 days). Reliability of indicator P=
2.2 %, repeatability N= once every 46 years.

The sum of active temperatures according to
PAW in 2018 was 3186°C, which is the highest
indicator during systematic weather observations
at the station (reliability of indicator P = 0.9 %,
repeatability N = 111 years, ie. 1 time in
111 years)

In general, it should be noted that the
hydrothermal conditions during the period of

active vegetation in the peat-boggy massif of the
Sarnenska experimental station were characterized
by high variability over the years of research.

One of the dangerous meteorological
phenomena that complicates the cultivation
of corn for grain in the Polissia zone is a short
frost-free period. The dates of late spring and
early autumn frosts over the past 5 years in the
“Chemerne” peat-boggy massif (Rivne region)
are given in the Table. 4.

According to the weather station of the
Sarnenska research station, which is located
directly on the peat-boggy massif, in some years
the last spring frosts in the Western Polissia zone
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4. The duration of the frost-free period on the drained peat-boggy massif of the Sarnensk¢ Research
Station over the past 5 years
Year Date of last spring frost| Date of first autumn The duration of the
in the air frost in the air frost-free period
2018 28.04 26.09 150
2019 09.05 19.09 132
2020 21.05 20.09 121
2021 09.05 05.09 118
2022 24.05 01.09 99
2023 14.05 8.09 117
Long-term 08.05 23.09 137
average annual

can be observed even at the end of May, and the
first autumn frosts can be observed already in the
first days of September, as it was in 2021-2022.
The average long-term duration of the frost-free
period on the “Chemerne” peat-boggy massif
is 137 days. However, there are years with
an abnormally short frost-free period. So, for
example, in 2022, the frost-free period was only
99 days.

A valuable biological feature of corn is that
until the 5-6 leaf phase, its growth point is in
the soil, which allows the crops to withstand
late spring frosts, which in the Polissia zone
can be observed throughout May. According to
long-term observations of station scientists, late
spring frosts in very rare cases can destroy corn
crops. Usually, only the above-ground part of
the plant is damaged, while the growing point
of corn remains undamaged in 90% of cases.
A valuable biological feature of corn is that up
to the 6-7" leaf, the growth point of corn is still
in the soil, therefore, even if the above-ground
part is severely damaged by frost, its root system
continues to develop during this period and the
regrowth of the crop occurs with an already
well-developed root system [3, 4].

In the experiments of the station, which were
carried out on drained peatlands, cases were
repeatedly noted when corn seedlings completely
died due to the harmful effects of frost, but the
growth point in the soil remained intact, and after
8—10 days, regrowth of corn plants took place. In
addition, reseeded plots of corn did not provide
higher grain yields than those that were affected
by frost and re-grown again without reseeding.

The station’s research shows that early
autumn frosts are extremely dangerous for corn,
as adult corn plants die already at a temperature
of —1°C. In some years, the first autumn frosts
in the Polissia zone can be observed in the first
decade of September (especially on peat soils and
low relief elements). Therefore, only the most

early-ripening hybrids of corn with FAO up to
200-220 will have time to form a full-grain crop.
By choosing late-ripening hybrids, there is a risk
of a significant shortfall in the harvest or even its
complete loss due to the premature termination of
vegetation caused by frost.

Changes in the temperature regime of
the soil. Climate changes observed in the last
decade create new conditions for growing crops.
Knowledge of changes in the parameters of the
hydrothermal regime of the soil in the context of
climatic changes and, accordingly, clarification of
the terms of sowing ofthe main crops are especially
relevant. The key indicator for determining when
to sow corn is the temperature of the 0—10 cm soil
layer. The optimal indicator for its sowing is the
soil temperature in the 0—10 cm layer — 10 °C.
According to the archive data of the station,
50-60 years ago, such soil temperature on the
peat soils of the station occurred at the beginning
of the second 10 ten days of May [19]. Based on
the data of the temperature regime of the soil of
the last 5 years (data of the meteorological station
of the station), the temperature of the soil in the
layer of 0—10 cm on peat soils reaches 10 °C at
the end of the third ten-day period of April, which
is optimal for sowing corn for grain [20]. This
indicates the expediency of shifting the terms
of sowing corn for grain in the Western Polissia
zone to earlier — by 8—12 days.

The research conducted in recent years at
the Agrarian Polygon of “Zakhidagroprom”
LLC shows that due to modern climate changes,
namely the significant warming of the climate, it
is possible to grow corn for grain in the Western
Polissia zone. In some years, even medium-ripe
corn hybrids with FAO 310-330 had time to form
physiologically ripe grain [6].

In addition, in recent decades, breeders have
created many early-ripening and cold-resistant
corn hybrids, suitable for growing in conditions
of limited thermal resources.
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So, summarizing the above, corn should be
sown in the Western Polissia zone as early as
possible, as soon as the temperature in the 0—10
cm soil layer reaches 8—10 °C, which mostly falls
at the end of the third ten-day period of April.
If cold-resistant hybrids are used, sowing can be
started from April 22-23, when the temperature
in the 0-10 cm soil layer reaches 8 °C. In the
spring, mineral soils warm up faster than peat
soils, so corn sowing can be started here a few
days earlier.

Early periods of corn sowing contribute to
the effective use of winter moisture reserves, and
the flowering of plants does not fall on a critical
temperature period. Late sowing times slow
down the ripening period by 17-20 days, while
the moisture content of the grain is quite often
30 % or more, and its drying to basic indicators
requires almost half of the energy resources from
the total amount of them for cultivation [3, 4, 10,
11, 21].

The research of the station shows that the
relative humidity of the air on peat soils is
10-12 % higher than on the adjacent terrestrial
soils, which is associated with a significant
saturation of the ground air layer with water vapor
due to the evaporation of the peat soil. Therefore,
when growing on peat soils, corn hybrids with
the highest moisture yield should be chosen.

The yield of corn on drained sod-podzolic
and peat soils of the Sarnenska Research Station
of the IWPaLR of NAAS of Ukraine in the
cross-section of hybrids of different maturity
groups is shown in the table. 5-6.

As the conducted studies showed, during
2019-2021, the highest grain yield indicators
had the Dekalb company’s hybrids — DK 315 and
DKS 3969 — 10.30 and 9.43 t/ha, respectively.
A high yield rate was also noted for the Pandoras
hybrid of Syngenta selection — 9.27 t/ha. Hybrids
of domestic selection — Yarovets 234 MV and
Orlyk were inferior to hybrids of foreign selection

in terms of grain yield. Their average yield over
3 years was 7.68 and 7.50 t/ha.

Drained peat soils have a high nitrogen
content and sufficient moisture, making them
well-suited for growing corn. However, there
are several limiting factors and nuances of
technology, which have to be taken into
account to achieve a high yield of corn grain
on peat soils. The main limiting factor in
achieving a high corn grain yield on peat soils
is less favorable microclimatic conditions (less
amount of active heat, shorter growing season
and frost-free period, etc.) than on nearby land
soils. Therefore, the yield of corn on peat soils
varies significantly over the years of research
and largely depends on the agrometeorological
conditions of a particular year. The most
significant influence is exerted by the duration
of the frost-free period of a particular year and
especially the timing of the onset of the first
autumn frosts, most of which cause premature
termination of the growing season and a
shortage of crops due to insufficient grain filling.
Comparing the data in tables 4 and 5, it can be
seen that with a reduction in the duration of the
frost-free period, there is a significant decrease
in the yield of corn grain.

When growing corn for grain in the Western
Polissia zone, one of the important elements of
growing technology is the sowing time. Their
effect on corn yield is reflected by the research
results obtained in field experiments in 2022
(Table 6).

The data in Table 6 confirm the critical
importance of observing the optimal corn sowing
dates in the Western Polissia zone. A 16-day
delay in sowing led to a decrease in corn yield
to 30-35%. Corn hybrids sown later did not
have time to form a well-filled grain before the
onset of the first autumn frosts, which in 2022
occurred abnormally early — in the first ten days
of September.

5. The yield of corn hybrids of different maturity groups when grown on drained peat soils,

(application of N3sPs0Koo)

Productivity at 14 % basic
Hybrids ml:ﬁ:))er humidity, t/ha Average
2019 2020 2021
JIK 315 (Dekalb) 310 10.67 11.06 9.17 10,30
JKS 3969 (Dekalb) 310 9.79 10.29 8.20 9,43
Pandoras (Syngenta) 250 10.01 10.22 7.57 9,27
Kan’yons (KWS) 230 7.95 8.96 6.79 7,90
Yarovets 234 MV (NAAS) 240 8.01 8.54 6.48 7,68
Orlyk (NAAS) 280 8.12 7.98 6.39 7,50
LSDy;s t/ha 0,441 0.389 0.402
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6. The yield of corn hybrids on sod-podzolic light loamy soils of the Sarnenska Research Station, 2022
. . . . FAO Productivity, t/ha
Sowing date Hybrid Originator number | sod-podzolic soils | _peat soils
P 8521 Pioneer USA 220 9.33 8.22
P 7948 Pioneer USA 210 10.30 8.39
JKS 3730 Dekalb USA 280 12.48 8.44
9.05.2022 P 9234 Pioneer USA 320 12.81 6.73
P8834 Pioneer CILIA 280 13.45 7.47
P 8812 Pioneer USA 290 13.64 7.01
JK 315 Dekalb USA 310 14.88 9.24
The average of 7 hybrids 12.41 7.93
P 7043 Pioneer USA 160 7.61 6.26
JIKS 3441 Dekalb USA 220 8.37 5.86
. Syngenta
27 052020 | HMbE | syitzerland 240 8.25 4.44
T Syngenta
Fortago Switzerland 260 8.04 521
Syngenta
Foton Switzerland 260 9.55 4.55
The average of 5 hybrids 8.36 5.26

Fertilization system (NooPsoKoo + phosphorus-mobilizing agent Rice Pi turf-podzolic soils; and NeoPsoKi2o +

phosphorus-mobilizing agent Rice Pi — peat soils)

In the technology of growing corn, the
fertilization system is important, because it is
one of the most demanding crops in terms of
soil fertility and the level of mineral nutrition
[1,3,12].

The results of studies on determining the
effect of fertilization systems on the yield of corn

on sod-podzolic and peat soils are shown in the
Table 7.

Theanalysis of cornyield shows thatdepending
on the fertilization system, the grain yield on
peat soils was in the range of 3.66-9.34 t/ha and
10.91-13.93 t/ha on sod-podzolic light loamy
soils. The significantly lower yield of corn per

7. The influence of fertilization systems on the yield of corn hybrid DK 315 (Dekalb) on the drained
lands of the Sarnenska experimental station of the IWPaLR of NAAS of Ukraine, 2021-2023

Fertilizations options and biopreparations Pmdtl/lﬁgwty’ :;l:g crnt:;: ! d;/ﬁ)astrnc};)rt
Sod-podzolic light loamy soils
N30P30K30 (control) 10.91 — — — —
PPP (Biosil + Stimpo + Regoplant) 12.19 1.28 | 1.17 — —
Phosphorus-mobilizing agent Rice Pi 12.67 1.76 | 1.61 — —
NooP9oKoo (standart) 13.03 2.12 | 1.94 — —
NooP9oKoo+ PPP (Biosil + Stimpo + Regoplant) 13.56 2.65 | 243 | 0.53 | 041
NooP9oKogo + Phosphorus-mobilizing agent Rice Pi 13.93 3.02 | 277 | 090 | 0.69
LSDos, vha 0.409
Peat soils

Without fertilization (control) 3.66 — — — —
PPP (Biosil + Stimpo + Regoplant) 4.83 1.17 | 3.20 — —
Phosphorus-mobilizing agent Rice Pi 5.25 1.59 | 4.34 — —
NisPsoKi20 (standart) 8.08 4.42 | 12.08 - —
NisPsoKi20 + PPP (Biosil + Stimpo + Regoplant) 8.75 5.09 | 13.91 | 0.67 | 0.83
Ni5PsoKi20 + Phosphorus-mobilizing agent Rice Pi 9.34 5.68 | 1552 | 1.26 | 1.56
LSD o5, vha 0.334
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grain on peat soils is explained by the fact that
the corn vegetation here for 2 years in a row
(2021-2022) was stopped in the first ten days
of September due to abnormally early autumn
frosts, which did not allow the full potential of
the studied hybrids to be realized.

During this period, no frost was observed on
turf-podzolic soils located nearby on dry land,
which allowed the full potential of the studied
corn hybrids to be realized.

Regarding the effectiveness of the researched
fertilization systems, the use of plant growth
regulators Biosil, Stimpo, and Regoplant ensured
an increase in the yield of cormn per grain on
sod-podzolic soils by 1.28 t/ha or by 11.7%
and on peat soils by 1.17 t/ha ha or 32.0 %. The
use of the phosphorus-mobilizing drug Rice
Pi increased the yield of corn on sod-podzolic
soils by 1.76 t/ha or 16.1 % and on peat soils by
1.59 t/ha or 43.4 %.

Application of the mineral fertilization system
on sod-podzolic soils ensured an increase in
yield by 2.12 t/ha or 19.4 % and on peat soils by
4.42 t/ha or 120.8 %.

The use of a mineral fertilizer system in
combination with plant growth regulators Biosil
and Stimpo ensured an increase in the yield of
corn on sod-podzolic soils by 2.65 t/ha or by
24.3 % and on peat soils by 5.09 t/ha or 139.1 %.
The combination of the mineral fertilizer system
with the phosphorus-mobilizing agent Rice
Pi ensured an increase in the yield of corn on
sod-podzolic soils by 3.02 t/ha or by 27.7 % and
on peat soils by 5.68 t/ha or 155.2 %.

Apart from small-scale experiments, in
2019-2021 the Sarnen research station carried
out research on the adaptation and introduction
of new varieties and hybrids of crops and their

cultivation technologies in modern soil and
climatic conditions for the maximum realization
of the agricultural resource potential of the
reclaimed agro-landscapes of Western Polissia.

During 2019-2021, researches were carried
out with corn on 3 types of drained soils
(organogenic, mineral, and organomineral).
Organogenic soils are represented by thick
peat soils, mineral soils are soddy-podzolic
sandy loam soils, and organic-mineral soils are
soddy-podzolic peat soils.

The total area of experimental plots in
20192021 on soddy-podzolic sandy loam soils
was 89.0 hectares, peat soils — 292.0 hectares,
and organomineral soils — 19.5 hectares. For the
research, a mid-season corn hybrid DK 315 of the
Dekalb brand from FAO 310 was chosen.

The fertilization system for mineral and
organomineral soils consisted of applying com-
plete mineral fertilizer at the rate of NiooPsoKso.
Mineral fertilizers were applied in the form of
nitroammophoska NPK 16:16:16 and carbamide.

On peat soils, the fertilization system
consisted in the application of complete mineral
fertilizer at the rate of NisPsoKoo + application of
2 t/ha of dolomite flour. Mineral fertilizers were
applied in the form of polyphoska 6-300 kg in
physical weight. Additionally, 2 c/ha of dolomite
flour was applied.

In addition, to reduce the acidity of peat soils,
liming was carried out at the rate of 2 t/ha of
CaCO:s.

In general, during 2019-2021, the yield of
corn per grain was as follows (Fig. 4):

2019 on turf-podzolic soils 7.75 t/ha, on peat —
8.81 t/ha, on organic-mineral — 10.36 t/ha.

2020 on sod-podzolic soils — 11.51 t/ha, on
peat — 11.05 t/ha, on organo-mineral — 13.67 t/ha.
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Fig. 4. Maize yield of the DK 315 hybrid on different types of drained soils
of the Sarny Research Station
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2021 on sod-podzolic soils — 4.00 t/ha, on
peat — 4.04 t/ha, on organo-mineral — 7.22 t/ha.

In the conditions of 2021, the lowest yield of
corn grain was obtained in 3 years. Such a decline
in productivity is explained by a complex of
negative factors that developed in the conditions
0f 2021, namely:

— in July, there was a long-term air drought,
which led to poor pollination of corn heads,
which resulted in a significant shortfall in harvest
compared to previous years;

— premature cessation of vegetation caused
by abnormally early autumn frosts noted in the
first ten days of September;

— abnormally cold April, due to which corn
sowing in 2021 was carried out 12—14 days later
compared to the previous 2019-2020 years.

The above complex of factors caused a sharp
decrease in the yield of corn in 2021 compared to
the previous 2 years.

On average, over the 3-year cycle of research,
the yield of corn per grain on sod-podzolic
soils was 7.75 t/ha, on peat soils — 7.97 t/ha,
on organo-mineral soils — 10.96 t/ha. It should
be noted that the highest rates of corn yield per
grain were obtained when grown specifically on
organo-mineral soils (peatted sod-podzolic soils
bordering lowland peat soils).

In general, the results of field studies
2019-2021 indicate a significant impact of
weather conditions during the active growing
season of a particular year on corn yield.
Analyzing the data in Table 3, it was established
that the most favorable hydrothermal conditions
for growing corn for grain were in 2019-2020,
when the HTC was 1.13 and 1.24, respectively,
and the duration of the period of active vegetation
was 188 and 171 days, respectively. The amount
of precipitation in these years was 323 and
342 mm, which is close to the long-term norm.
The analysis of the yield of corn per grain shows
that it was in 2019-2020 that the highest yield
indicators were obtained in the experiments,
regardless of the type of soil.

Also, studies have shown that when planning
to grow corn in the Western Polissia zone,
especially on peat soils, it is necessary to observe
the earliest possible sowing dates, as well as to
choose early-ripening corn hybrids with FAO up
to 220240, so that before the first autumn frosts,

03]

the plants have time to form a well-filled and
physiologically ripe grain.

Conclusions. The analysis of the main
hydrothermal indicators shows that with the
current indicators of the heat supply of the
growing season in the zone of the Western
Polissia on sod-podzolic soils, it is possible
to achieve not only early-ripening but even
mid-early hybrids of corn with FAO up to
280-300. At the same time, when growing on
peat soils in years with minimal amounts of
active heat, it is enough only to reach the most
early-ripening hybrids of corn with FAO up to
220-240. By choosing late-ripening hybrids,
there is a risk of a significant crop shortage.

The results of the station’s experimental
research showed that under favorable conditions
on the most fertile slopes of drained sod-podzolic
soils of the Western Polissia zone, with intensive
technologies, it is possible to obtain more than
12.0 t/ha of corn grain.

Drained peat soils, due to their high nitrogen
content and sufficient amount of moisture,
have sufficient potential for obtaining a high
yield of corn grain. However, its indicators by
research years vary greatly and largely depend on
the agrometeorological conditions of the growing
season of a particular year.

It was established that the main limiting
factors for achieving a high yield of corn grain
on peat soils are less favorable microclimatic
features (less active heat, shorter growing
season and frost-free period, etc.). It was found
that the highest yield of corn per grain both on
sod-podzolic and peat soils was provided by the
organo-mineral fertilization system, which was
based on the application of complete mineral
fertilizer in the norm of NooP9oKoo on turf-podzolic
soils and N3sPsKi20 on peat soils in combination
with phosphorus-mobilizing agent Rice Pi.

Theapplicationofanorganomineralfertilization
system (NooP9oKoo + phosphorus-mobilizing drug
Rice Pi) increased the yield of corn on sod-
podzolic soils by 3.02 t/ha compared to the
basic fertilizer system (N3oP30K30). The use of an
organo-mineral fertilization system (N3sPsoKi20+
phosphorus-mobilizing agent Rice Pi) ensured
an increase in the yield of corn on peat soils by
5.68 t/ha compared to the natural background of
fertility.
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Anomauyia. CyuacHi KiiMamuuui 3MiHU, a came Cymmeee NOMeNnIiHHA, 6 30HAX nigHiunoeo Jlicocmeny ma
Honices Yrpainu cnpuse supouysannio HUKU 3epHOBUX MA 3ePHOO0O0BUX KYIbmYp (KYKypy03a HA 3epHO,
COsl, COHAWHUK Md [H), paniuie Henpumamanuux 011 ybo2o peciony. Cepeod 8UUeBKAZAHUX KYTbMYP KVKY-
pyo3a 60100i€ HAUOIILUWUM NOMEHYIAIOM YPOACAUHOCMI 3PHA, MOMY € OOHIEN 3 HAUOITbW NOWUPEHUX
KyIomyp y ceimogomy 3emaepobcmei. Axwo we 10—15 poxie momy eupowsyeanus KyKypyosu Ha 3epHO 8
3omui [loniccs He npakmukyeanu, mo OCMAaHHiM YacoM ii NOCI8HI NaOWi iICMOMHO 8UPOCIU, A BPONCAUHICTb
He nocmynaemuvca mpaouyitinum 0ns yiei kynemypu pecionam Jlicocmeny ma Cmeny. Pesynomamu excne-
pumenmanvhux 00cnioxcenvb CapHeHcvbkoi 00CHioHol cmanyii noxkasaiu, wo 6 CNpusimiusux yMosax Ha
HAtPOOKOYIUUX BIOMIHAX OCYULYBAHUX 0ePHOBO-NIO30IUCTIUX TPYHMIE 30HU 3axionoeo [lonices npu inmen-
CUBHUX TNEXHONI02IAX MOJiCHA odepacamu nonad 10—12 m/za 3epra Kykypyosu. Ananiz eiopomepmiunux
NOKA3HUKIB CEIOUUMb, WO NPU HUHIWHIX NOKAZHUKAX MeN103a0e3neueHocmi 8ecemayiiino2o nepiooy 8 30Hi
3axionozo [loniccs na minepanbHux IPYHMAax ModtcauUGe 0OCMULAHHA He MINbKU PAHHbOCTUSIUX, d HABIMb
cepednvopannix 2iopudis kykypyosu 3 @AO oo 280-300. Ocywysani mopghosi rpynmu 3a605Ku 6UCOKOMY
emicmy azomy ma 00CMamuil KiTbKOCMi 60J102U 80100110Mb NOMPIOHUM NOMEHYIANOM 0TI 00EPHCAHHSL
sucokoi ypoorcatinocmi 3epra KyKypyosu. Oonax ii nokasuuku no pokax 00caiodicenb CUlbHO 8apiioromy i
3HAYHOIO MIPOIO 3ANeHCAMb 8i0 APOMEMEOPONOSTUHUX YMOB 8e2emayiliiHo20 nepiody KOHKPEMHO20 POKY.
Bemanogneno, wo ocHo8HUMU 00MENCYIOUUMU YUHHUKAMYU 01 O0CACHEHHS 8UCOKO20 YPOACAIO 3ePHA KVKY-
pyo3u Ha mopgosux IpyHmax € MeHul CHpUsmIUGi MiKpOKIIMAMU4Hi 0coOIU80CMIi (MeHwa KilbKicmb
AKMUBHO20 Menjid, KOpoOmuull eecemayiinuil ma 6e3 MOpo3HULl nepiod Mowo) NOPIGHIHO 3 NPUTLETUMU
0epHOBO-NIO30IUCIIUMU TPYHIMAMU PO3MAULOBAHUMU NOPSIO HA CYXOOOIL.
Excnepumenmanono 6cmanogneno, wo 8 ymogax MinimanbHoi mpuganocmi 6e3mopo3nozo nepiooy cgop-
MY8amu NOBHOYIHHULL YPOIICAll 3ePHA HA OCYULYBAHUX MOpdoux TpyHmax y 3oui 3axionoeo [loniccs ecmue-
Hymb quue Hauoinbw panHvocmueii iopuou kykypyosu 3 @AO 0o 220-240. Obpaswiu Oinbut nizHbo-
cmueni 2ibpudu iCHye pusuk cymmesoz2o Heoobopy ypodicaio uepe3 nepedyacHe npunuHeHusr gecemayii,
cnpuduHene paHHiMu OCIHHIMU 3aMOPO3KAMU.

Bcmanoesneno, wo uaiisuwgy ypooicatiHicms KyKypyO3u HA 3epHO, K HA O0EPHOB0-NIO30IUCTUX,
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max i mopghosux Ipynmax, 3ab6e3neyysana OpeaHo-MiHepanbHa cucmema yOoopenus, axka 0a3yead-
JIACh HA 6HECEHHI NOBHO20 MIHepalbH020 Y000penHs 6 nopmi NopPoKoe Ha O0eproso-nidzonucmux
rpyumax ma N3sPsoKi20 na mopgosux tpynmax y noeonanui 3 ghocgpopmobinisyrouum npenapamom
Paiic I1i. 3acmocysanns opeano-minepanvnoi cucmemu yooopents (NooPooKoo + pocchopmobinizy-
rouutl npenapam Paiic 11i) 3a6e3neuuno nioguwenHs yporcaunocmi KyKypyo3u Ha 0epHOB0-NiO301u-
cmux tpynmax Ha 3,02 m/ea nopiensino 3 6a306010 cucmemoro yooopennst (N3oP3oKsg). 3acmocysanns
opeano-minepanvhoi cucmemu yooopenns (NisPsoKizo + ocgopmobinizyiouuti npenapam Paiic 11i)
3a6e3neyuno ni0gUeHHs YPOUCAUHOCIE KYKYPYO3u Ha mopghosux tpynmax na 5,68 m/2a nopienano 3
NPUPOOHUM (POHOM POOHOHOCHII.

Knrouosi cnosa: ocywysani zemui, Kykypyosa, copmu i 2iopuou, 30na 3axionozo Ilonices, 3minu kiimamy,
cucmema y0oopenns
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Abstract. The article presents the results of experimental studies of the relationship between the normalized
differential vegetation index and the yield of winter wheat at different rates of nitrogen fertilizers and
the nitrification inhibitor 3.4-dimethylpyrazole phosphate with carbamide-ammonia mixture (CAM-
32). Field research was carried out in 2018-2021 in the research department of the Limited Liability
Agricultural Company (LLAC) “Druzhba Nova” of the Varvyn district of the Chernihiv region (department
of the “Kernel” agricultural holding). Analytical and mathematical and statistical methods were used to
process experimental data. The normalized differential vegetation index (NDWI) was determined from
the satellite images of WorldView-2, WorldView-3, Geoeye-1 (Maxar USA). The scheme of the one-factor
field experiment was the use of options with different rates of nitrogen fertilizers (Nioo and Nizx), as well
as the use of the nitrification inhibitor 3.4-dimethylpyrazole phosphate in mixture to CAM-32. The control
(backgroung) option was the application of fertilizers at the rate of N1oP3oKs. The results of experimental
studies proved that NDWI is directly correlated with the yield of winter wheat for all 4 years of research.
It was established that the NDWI, on average over three summer months, was higher in 2018 in the range
0f0.56-0.67 and in 2020 — 0.53—0.66. The yield of winter wheat was also higher in 2018 and 2020, namely:
in 2018 from 3.72 t/ha to 8.14 t/ha and in 2020 — from 3.77 t/ha to 7.25 t/ha. The NDWI, in 2019 and
2021, averaged over three summer months according to the experiment options was lower and amounted
to 0.33-0.38 in 2019, and 0.30—-0.33 in 2021. This trend correlates with winter wheat yields, which
were also low during this period. So, in 2019 it was 3.63 t/ha — 5.10 t/ha and in 2021 — 3.83—4.81 t/ha.
The correlation coefficient between NDWI and the yield of winter wheat was high: in July and August, it
was from 0.93 to 0.97 on the options with nitrogen fertilizer rates Nioo and Nizo.

Key words: nitrification inhibitor, 3.4 dimethylpyrazole phosphate, carbamide-ammonia mixture,
normalized differential vegetation index, yield, winter wheat

The relevance of research. Growing crops,
as a rule, is carried out over fairly large areas,
which makes crop monitoring more difficult and
expensive. In addition, each culture has its own
different phases of growth and development,
phenological rhythms are inherent in it, etc.
Therefore, at the present stage of agronomic
practice, remote sensing of fields is optimal as
a more advanced and accessible technology for
monitoring such crops [1-4].

Over the past 40 years, many vegetation
indices have been developed and implemented,
but the normalized differential vegetation index
(NDWTI) [5] has become the most widely used.
NDWI shows the coverage of the vegetative

© Muntyan S.V., Shatkovskyi A.P., Semenko L.O., 2023

mass with the difference between the visible and
infrared spectrum of radiation. It is essentially a
measure of plant health based on the reflectivity
at specific frequencies of the various wavelengths
being absorbed. This index is most used for
monitoring the dynamics of crop vegetation at the
regional and global levels [6, 7]. NDWI is also
widely used in determining the density of crops,
which shows the amount of active photosynthetic
biomass [6, 8, 9]. In practice, the processing of
digital data and images from satellites provides
tools for data analysis through mathematical
indices and algorithms [10]. Remote satellite
sensors provide digital and graphical data
for monitoring of cultivation areas use and
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changes in the vegetation cover of these areas
in approximately real-time at different scales
[11, 12]. Crop monitoring by standard methods,
such as visual crop diagnosis or sampling, usually
requires human resources, time-consuming,
lengthy procedures, and is inaccurate for
evaluating changes in plant development over
large areas [13, 14]. Therefore, we can conclude
that the use of crop monitoring using the NDWI
index is quite relevant.

Analysisofrecentresearchand publications.
An important component in the direction of
crops’ sensing, despite its shortcomings, is
understanding the potential, interpreting the
data obtained, fixing errors and the relationship
with the final result and sensing goals [5, 15].
Such experiments were carried out in the USA,
in the state of Kansas. They concerned the
measurement of NDWI and the mapping of
crops that were grown in relatively large areas.
The accuracy of the measurements was high and
amounted to more than 84 % [16]. In addition,
field experiments were conducted in Denmark to
measure the NDWI index on winter wheat during
different growing seasons on the background of
different nitrogen’s rates application. The use of
the NDWI index has been found to be a useful
tool, but is dependent on the choice of spectral
length [17]. In 2000-2013 Ukrainian scientist
[.G. Semenova studied NDWI and established
quantitative relationships between the index and
the productivity and yield of individual crops for
seasonal forecasting for all 25 regions of Ukraine.
[18]. Also, the obtained results of experiments on
the use of materials taken from the MSU-E space
sensor or similar systems proved the possibility of
their use for early prediction of the winter wheat
productivity with a high level of correlation [19].

Therefore, the study aimed to establish
the actual correlation between the level of the
normalized differential vegetation index NDWI
and the grain yield of winter wheat with the
use of different rates of nitrogen fertilizers and
nitrification inhibitors (NI) in combination with
the application of CAM-32.

Research  materials and  methods.
Experimental studies were carried out in the
production conditions of the Limited Liability
Agricultural Company (LLAC) “Druzhba
Nova” of the Varvyn district, Chernihiv region
(department of the “Kernel” agricultural
holding). The soil of the experimental plot is
typical chernozem with low humus, the arable
layer is characterized by the following main
indicators: humus content — 3.4 %, pH neutral
and close to neutral — 5.7-7.0, the content
of mobile forms of phosphorus — from high

to very high — 15.4-26.3 mg/100 g of soil,
exchangeable potassium — from medium to high —
7.1-16.2 mg/100 g of soil, lightly hydrolyzed
nitrogen — from high to high — 5.7-7.9 mg/100 g
of soil. The studies were carried out according
to a single-factor experiment design. The sown
area of the experimental plot is 0.6 hectares,
and the alternation of options is sequential.
Field experiments were laid out and carried out
according to the generally accepted methodology
for field experiments (Dospehov B.A., 1985).
The harvest was taken into account by the
method of continuous harvesting and weighing
of the bunker mass from each plot, followed
by recalculation to standard humidity and weed
content according to DSTU 2240-93 in triplicate.
Mathematical and statistical calculation of the
data was carried out using the Agrostat software
and information complex. The normalized
differential vegetation index (NDWI) was
determined based on the results of images from
satellites WorldView-2, WorldView-3, Geoeye-1
(Maxar USA). The images were taken by a
separate satellite, depending on its location and
cloudiness level, three times during the growing
season: in June, July, and August. According to
the decision of the regulatory commission of the
European Union No. 1257/2014, which corrects
the regulation of EC No. 2003/2003 of the
European Parliament and the Council regarding
fertilizers and changes to supplements I and IV of
November 24, 2014, the norm for the use of the
nitrification inhibitor (NI) 3.4-dimethylpyrazole
phosphate has been established (DMPP) (EU
No. 424-640-9), which ranges from 0.8 % to
1.6 % [20]. Per the regulation, the minimum rate
of IN DMPF of 0.8 % was used on amide NHy
and ammonium NH4" forms of nitrogen.

According to this minimum calculated rate of
0.8 %, the rate of use of NI DMPP on CAM-32
is 7.02 1 per 1000 kg of CAM-32. Accordingly,
the calculated rate of IN DMPF for CAM-32with
a rate of 250 kg/ha was 1.76 1/ha according to
CAM-32 norms, and 300 kg/ha — 2.11 l/ha,
respectively.

The following options for applying mineral
fertilizer rates were used in the experiment:

1. Background — NioP30K4, NPK 7-20-28
granular fertilizers were applied at the rate
of 150 kg/ha per sowing.

2. Background+Nio+ NI  (granulated
ammonium sulfate at a rate of 100 kg/ha on
frozen soil and CAM-32 at a rate of 250 kg/ha
with the application of NI in the spring after the
resumption of the vegetation).

3. Background+Niot+ NI  (granulated
ammonium sulfate at a rate of 100 kg/ha on
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frozen soil and CAM-32 at a rate of 300 kg/ha
with the application of NI in the spring after the
resumption of the vegetation).

4. Background+Niy (granulated ammonium
sulfate at a rate of 100 kg/ha on frozen soil
and CAM-32 at a rate of 300 kg/ha without an
application of NI in the spring after the resumption
of the vegetation).

Research results and discussion. NDWI
is a numerical indicator of the condition and
number of plants in a certain area of the field. It
is calculated by satellite imagery and depends
on how plants reflect and absorb light waves
of different lengths. According to the study
results, winter wheat NDWI for 2018-2021
varied throughout the growing season and was
highest in June and decreased in July and August
(Table 1). Thus, the NDWI level in June was the
highest in the years of research and was at the
level of 0.74-0.82 in 2018, 0.69-0.77 in 2019,
0.71-0.80 in 2020 and 0.42—0.48 in 2021. During
July and August, NDWI was lower than in June.
So, in July, according to the years of research, it
was in the range of 0.49-0.60 in 2018, 0.16-0.20
in 2019, 0.47-0.61 in 2020, and 0.23-0.26 in
2021 In August, NDWI was respectively in the
range of 0.44-0.58 in 2018, 0.13-0.17 in 2019,
0.42-0.57 in 2020 and 0.24-0.26 in 2021.

If we consider the level of NDWI in the
context of field experiment options, then there is
a clear tendency to correlate the level of NDWI
depending on different rates of nitrogen fertilizers
and the application of the nitrification inhibitor

(9]

(NI) 3.4-dimethylpyrazole phosphate (DMPP)
both separately by month and on average over
three months. Thus, in 2018, in the control variant
NioP30K4o (background), the NDWI level was the
lowest in June, July and August, 0.74; 0.49 and
0.44, respectively, which averaged 0.56 over three
months. With an increase in the nitrogen rate and
the addition of NI DMPP, the NDWI increased:
in the background+Nio+ NI experiment in June,
July, and August, the NDWI was 0.79; 0.57 and
0.55, which averaged 0.64 over three months.
NDWTI slightly increased in the variant of
the experiment with an increased nitrogen rate —
background+Nix+ NI — and was 0.80 in June,
July and August; 0.59 and 0.57, which averaged
0.65 over three months. The highest level of
NDWI was in the variant of the experiment with
an increased nitrogen rate, but without the use of
NI — background+Niz — and was 0.82 in June,
0.60 in July and 0.58 in August, and on average
over three months — 0.67. A similar trend was
observed during other years of research. The
lowest NDWI level was observed on the control
variant NioP30K4o (background) in June, July and
August and on average for three months in 2019,
namely: 0.69; 0.16; 0.13 and 0.33, in 2020 - 0.71;
0.47;0.42 and 0.53 and in 2021 —0.42; 0.23; 0.24
and 0.30. The level of NDWI increased with an
increase in the nitrogen rate and the addition of
NI DMPP. Thus, in the experimental option —
background + N100 + NI — the NDWI level in
2019 in June, July and August was 0.74; 0.19;
0.16 and on average for three months 0.36;

1. Normalized differential vegetation index of winter wheat depending on the application of different
rates of nitrogen fertilizers with the addition of a nitrification inhibitor (2018-2021)

Experiment options Month Years of research Correlation
2018 2019 2020 2021 coeficient
June 0.74 0.69 0.71 0.42 —0.67
(background) August 0.44 0.13 0.42 0.24 0.38
Average 0.56 0.33 0.53 0.30 —
June 0.79 0.74 0.77 0.46 0.71
Background+Ni o+ July 0.57 0.19 0.55 0.25 0.97
NI August 0.55 0.16 0.54 0.28 0.93
Average 0.64 0.36 0.62 0.33 —
June 0.80 0.74 0.78 0.47 0.75
Jul 0.59 0.18 0.61 0.25 0.94
Background +Niz+NI Aungt 0.57 0.15 0.55 0.27 0.93
Average 0.65 0.36 0.65 0.33 —
June 0.82 0.77 0.80 0.48 0.70
July 0.60 0.20 0.61 0.26 0.97
Background *Nuzo August 0.58 0.17 0.57 0.26 0.97
Average 0.67 0.38 0.66 0.33 —
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in 2020, respectively — 0.77; 0.55; 0.54 and 0.62
and in 2021 — 0.42; 0.23; 0.24 and 0.30. In the
experiment variant — background + Nz + NI —
the NDWI level in 2019 in June, July, and August
was 0.74; 0.18; 0.15, and on average for three
months 0.36; in 2020, respectively, 0.78; 0.61;
0.55 and 0.65 and in 2021 — 0.47; 0.25; 0.27
and 0.33.

The highest level of NDWI was observed
in the variant with an increased nitrogen rate —
background + N, but without the application
of NI DMPP. Thus, the NDWTI level in 2019
in June, July and August was 0.77; 0.20; 0.13
and on average for three months 0.38; in 2020
0.80; 0.61; 0.57 and 0.66, respectively, and in
2021 - 0.48; 0.26; 0.26 and 0.33. The correlation
coefficient was high: in July and August in the
variants of the experiment — background+Nig+
NI at the level of 0.93-0.97, in the variant —
background+Ni;o+ NI at the level of 0.93-0.94
and in the variant — background+N2 — 0.97.

As for NDWI indicators of winter wheat in
termsofyearsofresearch, thetrendofdependence
of NDWI on meteorological parameters can be
traced. Thus, on average over three months in
the section of all variants of the experiment,
NDWTI was higher in 2018 (0.56—0.64) and in
2020 (0.53-0.66), which is associated with the
optimal water regime of the soils. On the other
hand, in 2019 and 2021, the NDWI values on
average for three months across all variants
of the experiment were lower and ranged
from 0.33 to 0.38 and 0.30—-0.33, respectively.
In a mixture with CAM-32 NI DMPP makes it
possible to preserve the main supply of mineral
nitrogen for a longer period until the moment
when it is most needed by wheat plants.
It is NI DMPP in a mixture with CAM-32 that
is able not only to prolong the use of available
nitrogen in the soil but also to significantly
optimize its assimilation by plants. Table 2
shows data on the yield of winter wheat
depending on different rates of nitrogen
fertilizers and the use of NI DMPP as an
addition to CAM-32 and their combined use.

According to the results of the research,
the yield of winter wheat varied by year. Thus,
the highest yield was obtained in 2018, when
it ranged from 3.72 t/ha to 8.14 t/ha (LSDos in
2018 was 1.33 t/ha) and in 2020 — from 3.77 t/ha
to 7.25 t/ha (LSDes in 2020 was 2.03 t/ha).
A relatively lower level of winter wheat grain
yield was observed in 2019: from 3.63 t/ha to
5.10 t/ha with LSDos 1.86 t/ha and in 2021 —
from 3.83 t/ha to 4.81 t/ha with LSDys 2.49 t/ha.
The average grain yield of winter wheat according
to the experimental options during 2018-2021
ranged from 3.74 t/ha to 6.30 t/ha.

A clear trend towards an increase in the
yield of winter wheat has been established, both
individually by year and on average over 4 years
of research with an increase in the application rate
of nitrogen fertilizers and the use of NI DMPP.

Thus, the lowest yield of winter wheat was
obtained in the control option with the application
of N1oP30K4o (background), where it was 3.72 t/ha
in 2018, 3.63 t/ha in 2019, 3.77 t/ha in 2020 and
3.83 t/ha in 2021, which averaged 3.74 t/ha over
4 years. With an increase in the rate of nitrogen
fertilizers and the use of NI DMPP, the yield
of winter wheat increased. So, on the variant —
background+N;p+NI, the yield of winter wheat
was 8.00t/hain 2018, 5.05t/hain 20219, 7.20 t/ha
in 2020, and 4.81 t/ha in 2021, which averaged
6.27 t/ha over the 4 years of research. With a
further increase in the rate of nitrogen fertilizers
and the application of NI DMPP, the yield of
winter wheat also increased. The only exception
was 2021, when in the background+Nix+NI
option, the yield of winter wheat was 8.14 t/ha in
2018, 5.10 t/hain 2019, and 7.25 t/ha in 2020 and
4.72 t/ha in 2021, which averaged 6.30 t/ha over
4 years of research. With the application of the
maximum rate of nitrogen fertilizers, but without
the use of NI DMPP (background+Nx), the yield
was higher than the control option (NioP30Ku4o
(background), but lower than the options with
the same rate of nitrogen fertilizers and the use
of NI DMPP (background+Nix+ NI) and the
option with a reduced rate of nitrogen fertilizers

2. Grain yield of winter wheat depending on the application of various rates of nitrogen fertilizers
with the addition of a nitrification inhibitor (2018-2021), t/ha

Experiment option Yield, t/ha Average productivity
2018 2019 | 2020 | 2021 2018-2021, t/ha
NioP30Ka40 (background) 37.2 363 | 37.7 383 37.4
Background+N oo+ NI 80.0 50.5 72.0 48.1 62.7
Background +Ni2+NI 81.4 51.0 72.5 47.2 63.0
Background +Ni2 74.0 46.4 | 68.5 45.0 58.5
LSDos 1.33 1.86 | 2.03 2.49 -

2023 « Ne 2 MEJIIOPAIILA I BOOHE 'OCIIOAAPCTBO




AI'POPECYPCU

101

and using DMPP NI (background+N¢+NI). So,
in the option — background+Nz - the yield was
7.40 t/ha in 2018, 4.64 t/ha in 2019 year, 6.85 t/ha
in 2020 and 4.50 t/ha in 2021, which averaged
58.5 t/ha over the 4 years of research.
Conclusions. According to the results of
experimental studies, it has been proven that
NDWI correlates with the yield of winter wheat
grain. [t was found that NDWI during the summer
growing season of winter wheat plants in the
context of experimental variants was higher
in 2018 and 2020 and amounted to 0.56-0.67
and 0.53-0.66, respectively. The grain yield of
winter wheat was also higher in these years of
research: in 2018 — from 3.72 t/ha to 8.14 t/ha
and in 2020 — from 3.77 t/ha to 7.25 t/ha. During

2019 and 2021, NDWTI indicators on average
for three summer months in the context of
experience options were lower and amounted
to 0.33-0.38 in 2019 and 0.30-0.33 in 2021.
Winter wheat grain yield was also at its lowest
level in these years of study: in 2019 ranging
from 3.63 t/ha to 5.10 t/ha and in 2021 — from
3.83 t/hato 4.81 t/ha. The correlation coefficient
between NDWI and winter wheat yield was
the highest in July and August in the variants:
background+Noo+NT; background+N,0+NI
and background+Ni20 and ranged from 0.93
to 0.97. So, the possibility and feasibility of
using of this indicator for remote monitoring of
the condition of winter wheat crops have been
confirmed.
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Anomauia. Y cmammi HagedeHo pe3ynbmamu eKCnepUMenmaibHux 0OCHiOdNCeHb 13 8UBYEHHS B3AEMO-
36 A3KY MINC HOPMANI308AHUM OUpepeHYiliHuUM 8ecemayitiHuM THOeKCOM Md 6POJNCAUHICMIO NUeHUY]
03UMOI 30 BUKOPUCTAHHL PISHUX HOPM A30MHUX 000pus ma ineibimopa Himpugixayii 3,4-oumemuinipaso-
agocpam 3 KAC-32. [lonvosi docniosxcenusn nposedeno npomszom 2018-2021 pp. y Haykoso-00ciionomy
6i0oini CTOB «/pyoicb6a Hosa» Bapsuncvkoeo pationy Yepniciecvkoi obnacmi (8i00inents acpoxonouney
«Kepneny). [{ns 06pobku excnepumeHmanibHux OaHUX 6UKOPUCHIAHO AHATIMUYHT A MAmMeMamudHo-Cma-
mucmuyri memoou. Hopmanizosanuii ougepenyiiinuii gecemayitinuii inoexc (NDWI) suznauanu 3a pesyno-
mamamu 3HimKxie i3 cynymuuxie WorldView-2, WorldView-3, Geoeye-1 (Maxar USA). Cxemor oonogax-
MOPHO20 NONBLOBO2O 00CAIOY OYI0 BUKOPUCTNAHHA 8APIAHMIE I3 PISHUMU HOpMAMU a30MHUX 000pus (N
ma Ni2), a maxooic suxopucmannsi ineioimopa nimpughixayii 3,4-oumemuanipazongocgam npu dooasamnmi
6 KAC-32. Konmponvnuum 6y6 eapianm i3 neceHusim 000pus y nopmi NioP3oKq. Pezyriemamamu excnepu-
MeHMANbHUX 00CaiddceHb 0osedeno, wo NDWI npsamo kopenioe 3 ypodcarinicmio nuienuyi o3umoi 3a 6ci
4 poxu docriddcenv. Becmarnosneno, wyo NDWI 6 cepednvomy 3a mpu micayi 3a sapianmamu 0ociioy 6ys
suwum y 2018 p. y mexcax 0,56—0,67 ma ¢ 2020 p. — 0,53—0,66 Bpooicavinicme nuienuyi o3umoi maxoic
oyaa oinvuwor 6 2018 ma 2020 poxax, a came: y 2018 p. 6i0 3,72 m/ea do 8,14 m/ea ma y 2020 p. — 6i0
3,77 m/ea 0o 7,25 m/ea. B 2019 p. may 2021 p. NDWI 6 cepedHbomy 3a mpu iimui micayi 3a eapianmamu
docniody 6ys nudicuum ma ckaaoas: y 2019 p. 0,33-0,38, y 2021 p. — 0,30-0,33. [{a menodenyis xopenio-
EMbCSL 3 YPONUCAUHICIIO NULEHUYT 03UMOI, KA MaKodic 6y1a Ha Huicuomy pieHi 6 yeti nepiod. Tak, y 2019 p.
6ona cmanosuna 6i0 3,63 m/za 0o 5,10 m/za ma y 2021 p. — 3,83—4,81 m/ea. Koegiyicum xopensyii misc
NDWI ma epooicatinicmro nuiernuyi o3umoi Oy8 UCOKUM: Yy TUNHI MA CEPRHI HA 8APIAHMAX i3 HOPMAMU
asomuux 006pus Nioo i Ni2o cmanosus 6io 0,93 0o 0,97.

Knrouosi cnosa: incioimop nimpughixayii, 3,4 oumemunnipasonghocgham, xapdoamiono-amiauna cymiud,
HOPMANI308aHUL OUGhepeHYIHULL 6e2eMayitiHULl IHOEKC, YPOICAUHICTIb, NULEHUYS 03UMA
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Abstract. The results of the conducted research made it possible to establish that in EU countries
chlorine dioxide (CD) is more often used for secondary or final disinfection of drinking water. By-products
of this process are chlorites and chlorates, which are subject to control in the drinking water of all EU
countries. Aldehydes and carboxylic acids can also be formed in drinking water, which leads to a decrease
in the microbiological stability of tap water. Ozonation and filtration using a carbon filter are used in the
final stage of drinking water purification, which contributes to a significant reduction in the dose of CD and
water contamination with toxic chlorites. In the case of pre-oxidation of water with sodium hypochlorite,
the largest amount of chlorites and chlorates is formed, while in the case of using potassium permanganate
for the same purpose, the need for CD and the amount of chlorites and chlorates in drinking water reduced.
Chlorination of natural water that has undergone CD pre-oxidation leads to complete oxidation of the
chlorites that have formed, increases the effectiveness of disinfection, and provides a bacteriostatic effect
in the distribution network. During 2021-2022, when using CD for the treatment of drinking water at
the Dniprovska WTP in Kyiv it was established that the process of treating natural water with CD is
accompanied by the formation of its by-products, mainly toxic chlorites, the levels of which depend on the
applied doses of CD and are the lowest in winter, while the largest ones are observed in summer and do
not always reach regulatory values (0.2 mg/l) and range up to 0.7 mg/l, which corresponds to the WHO
recommended standard for this substance in drinking water. Italian scientists focus their attention on the
fact that during the first years of using CD at each water supply station, optimal conditions must be ensured
Jfor the safe and effective use of this reagent. Therefore, CD is becoming widespread in the EU countries and
Ukraine for the treatment of tap drinking water, it is an alternative method of water effective disinfection
at water supply stations with traditional surface water purification technology. Using such a method for
treating surface water requires a preliminary pilot experiment and should be carried out along with an
analysis of the feasibility of using the methods for preliminary and/or final purification of drinking water
from organic substances and additional disinfection. Today, based on experimental and natural studies, it
is relevant to expand knowledge about the properties of CD in the case of its use in drinking water supply
Jor the treatment of surface water with a high content of organic substances.

Key words: chlorine dioxide, chlorites, oxidation by-products, water supply stations

Relevance of research. For the population
of Ukraine, as in many European countries, the
problem of providing drinking water of guaranteed
quality is particularly relevant [1]. Data from
scientific sources indicate the unsatisfactory
quality of surface water in Ukraine in general
and their critical condition in certain regions. Its
condition is directly related to the composition and
volume of return water, in particular, the efficiency
of wastewater treatment and disinfection at sewage
treatment plants in settlements and industrial
enterprises. Climate change also has a significant
negative impact on surface water quality [2-4].
Screening monitoring of the Dnipro River basin
showed extremely high levels of predicted safe
concentrations in water of herbicides, insecticides,
fungicides, as well as pharmaceutical substances

© Mavrykin E.O., 2023

such as carbamazepine, lopinavir, diclofenac,
efavirenz, etc.

As a result of the intensive inflow of biogenic
compounds into rivers and reservoirs, the latter
have a massive development of phytoplankton,
which complicates the processes of treating
high-quality drinking water at water supply
stations (WSS) [5]. In the zone of active
hostilities, providing a drinking water supply
to the population is a particularly difficult
task. Enterprises of centralized drinking water
supply bear the burden of problems due to the
non-guaranteed quality of the source water, the
lack of stable conditions for the technological
process of water treatment as well as for the
operation of water treatment facilities and
networks, etc. [6, 7].
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Thus, in general, in the current conditions of
anthropogenic load and climate change, which
negatively affect the quality of surface water,
namely, lead to an increase in the concentration
of the organic component of water pollution,
deterioration of microbiological indicators, etc.,
traditional coagulants and disinfectants are not
able to ensure the normative quality of drinking
water [8]. Disinfection is the priority process of its
treatment. Due to the low cost, ease of operation,
high efficiency, and stability in the distribution
network, drinking water is chlorinated (with
chlorine or sodium hypochlorite), but the
identified shortcomings of the chlorination
process became the basis for the application of
chlorine dioxide (CD) in disinfecting tap drinking
water [9—11].

Scientists have carried out a wide range of
research on the properties of CD, in particular,
when applying it at water supply stations,
the advantages of using CD for disinfection
of drinking water compared to chlorine, its
disadvantages, features of combined action
with other disinfectants, etc. However, today
disinfection of drinking water with CD is
becoming widespread in the EU countries and
Ukraine [12]. Scientists emphasize the relevance
of researching and analyzing an appropriate
applied technology for each drinking water supply
station, primarily due to the large difference in the
composition of the source water and the applied
technological approaches at WSS [13]. Because
of the above, we analyzed data from the scientific
sources on the experience of using CD at WSS.

Analysis of recent research and publications.
For the first time in the world, CD was used to
disinfect drinking water in Germany in 1894.
The use of this reagent in water supply was
restrained for a long time, but after solving the
problem of industrial production of sodium
chlorite, which is the main component in
obtaining CD, as well as after establishing
the fact that in the process of chlorination
carcinogenic organochlorine is formed in water,
CD started to be used for decontamination of
tap drinking water [14, 15]. At the end of the
20th century, this reagent was already widely
used, primarily for the secondary disinfection
of drinking water at water treatment plants in
the USA and Western Europe, and it also began
to be used in Ukraine [16—18]. Today it is used
for treating municipal water supply in 13 EU
countries — Austria, Finland, France, Germany,
Greece, Hungary, Italy, Luxembourg, Poland,
Portugal, Romania, Slovenia, and Spain [19].

The purpose of the scientific research is to
analyze the features of using CD for surface water

treatment based on literary sources regarding the
relevant field studies conducted.

Research materials and methods. Theoretical
methods of scientific research such as analysis
and synthesis, comparison, classification, and
generalization were used in the study.

Research results and their discussion. Based
on the analytical studies, it was established that
in the EU countries, CD is more often used for
secondary orfinal disinfection of drinking water, in
particular for the treatment of surface water at the
stage of disinfection after preliminary ozonation
and before UV disinfection. For example, in
the south-east of Poland in the Subcarpathian
Voivodeship, there are the following water
intakes and their water treatment technologies:
A — the Wistok River (capacity — 84,000 m*/day,
drinking water treatment technology: preliminary
ozonation, coagulation, filtration (anthracite-sand
layer), secondary ozonation, filtration (carbon
layer), CI2 disinfection, CD, UV disinfection);
B — the Yasiolka River (capacity — 7000 m*/day,
drinking water treatment technology: preliminary
oxidation, coagulation, filtration (sand-gravel
layer), CD disinfection, UV disinfection); C — the
Besko reservoir (17,000 m*/day, drinking water
treatment technology: preliminary oxidation,
coagulation, filtration (anthracite-sand layer), CD
disinfection, UV disinfection) [20].

Following the literature data, by-products are
formed in drinking water after CD disinfection,
the main of which are chlorites (standard by
Directive 2020/2184/EU — < 0,7 mg/l) and
chlorates (standard by Directive 2020/2184/ EU —
<0,7mg/1), which are subject to control in drinking
water in all EU countries. In particular, 50—70 %
and 0-10% of applied CD are transformed
into chlorite and chlorate, respectively
[21]. Carboxylic acids and aldehydes — low
molecular weight organic compounds with
high biodegradability can also be formed in
drinking water treated with CD. CD, like ozone,
reacts with organic substances in surface water
as a result of which aldehydes are formed.
Their presence in the water supply network is
extremely undesirable due to the possibility of
secondary growth of microorganisms present in
running water and forming biofilms on the inner
walls of distribution pipes, especially when the
disinfectant remains disappear at the same time
[22-27].

The other researchers [13], in the city of
Poznan (Poland), conducted a research for
several years on the method of using CD in
the centralized drinking water supply for the
treatment of surface water with high reactivity of
natural organic matter, which led to a decrease in
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the microbiological stability of water. A particular
increase in this phenomenon was observed after
using CD for secondary disinfection. The sourse
water of the Mosina WTP, located approximately
20 km from Poznan, is a mixture of groundwater
and infiltration water (40 %) of the wells drilled
on the shoreline in the Warta River dam to reduce
organic matter in source water.

Despite numerous attempts, it was impossible
starting use only CD due to the growth of
psychrophilic bacteria in the water supply system.
Therefore, the water was constantly disinfected
with a mixture of two agents: gaseous chlorine
and CD in a ratio of 60-40 %. However, mixing
disinfectants with a seasonal change in their rate
was not completely effective and worsened the
organoleptic parameters of the water.

Cast iron and PVC/PE are the basic
materials of the pipes; there are some sections
of the water supply pipeline, which are made of
asbestos-cement pipes, which can be successively
replaced. The age of almost half of the pipes is
10-40 years; 15 % of the network was constructed
more than 40 years ago [28]. Modernization of the
WTP was carried out during 2010-2015, which
primarily included the construction of the facilities
for the final stage of purification, which involved
ozonation and sorption with activated carbon, as
well as an increase in the capacity of the WWTP
from 100.000 to 150.000 m*day, while liquid
chlorine was replaced with sodium hypochlorite.
Figure 1 shows which technologies are correlated
with the CD rate used at the Mosina WTP.

25 +
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After the two-stage treatment, the water at
the Mosina WTP was characterized by a reduced
content of disinfection by-products and organic
substances, which led to a decrease in the need
for disinfectants. In 2015, the leaching of organic
compounds, which were in the water supply
network before the reconstruction was observed
(in 2019, it was not observed) [13].

Another article presents the results of
experiments conducted at the Fortore (Foggia,
Southern Italy) and Mosina (Poznan, Poland)
WTPs. Chlorine was added to the CD solution
used for preliminary water disinfection.

The results showed high chlorite removal
efficiency on GAC filters up to 5.500 and 10.000
bed volumes for mineral and vegetable GAC at
Fortore and up to 11.000 bed volumes at Mosina.
Natural organic matter (NOM) dissolved in raw
Fortore water was also characterized. The presence
of small molecules (< 500 Da) in water that was
previously disinfected led to the formation of
trihalomethanes (THM) and carboxylic acids due
to a rapid reaction with C1,-Cl1O2. Low molecular
weight carboxylic acids are effectively removed
from water during filtration through biologically
active carbon layers. GAC filters showed removal
percentages from 60 to 72 % for THM and from
14.6 to 43 % for total organic carbon (TOC) [29].

CD is usually used in medium and large
drinking water treatment plants due to high
production and management costs. Practical
experience has shown that the service life of
polyethylene pipes is significantly reduced due to
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Fig. 1. Dynamics of CD rates depending on the drinking water treatment technology at the second
stage: 2005 — modernization of post-filters for cleaning from iron and manganese compounds;
2012 — a new aeration plant was put into operation; 2014 — powdered coal was dosed;

2015 — the entire technological line was put into operation, including ozonation and filtration
through a carbon filter (without powdered coal)
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their being affected by the water with CD. The CD
is more aggressive to plastic pipes, in particular
polyethylene (PE) ones than other chlorine-based
disinfectants. That can be explained by the fact
that CD is a dissolved gas that diffuses faster into
the polymer compared to other disinfectants that
accelerate degradation reactions. Recently, many
companies have offered new polyethylene pipes
with a modified formulation, more resistant to
CD. However, there is still no standardized test
method for evaluating the long-term performance
of polyethylene pipes. Further experiments
are necessary to correlate the parameters of
the chemical and mechanical characteristics of
polyethylene pipes with their service life [30].

According to the research results of Italian
scientists, it has been established that in the
case of preliminary oxidation of water with
sodium hypochlorite, the need for CD is
high, and the largest amount of chlorites and
chlorates is formed. At the same time, in the
case of preliminary oxidation with potassium
permanganate, coagulation with both iron
chloride and aluminum sulfate reduces the need
for CD, as well as the number of chlorites and
chlorates in drinking water. Activated carbon
reduces the content of CD by about 50% and
leads to a decrease in the formation of chlorite
and chlorate [31].

Data from field studies on the combined use
of CD and chlorine for the treatment of surface
water in five cities of Ukraine (Zaporizhia,
Dnipro, Sevastopol, Kremenchuk, Zhovti vody)
showed that the most optimal is the use of CD
for primary disinfection, while chlorine (liquid
or sodium hypochlorite) is effective to be used
at the stage of post-disinfection. Depending on
the quality of the source water, the effective rate
of CD at the pre-oxidation stage is 1.0—1.5 mg/I,
which is 3—4 times less than the CD rate sufficient
to achieve a similar effect. Chlorination of natural
water that underwent peroxidation with CD
leads to complete oxidation of formed chlorites,
increases the effectiveness of disinfection, and
provides a bacteriostatic effect (prolonged effect)
in the distribution network [32].

By the literature sources, at the stage of
industrial research (2017) on the use of CD for
the treatment of drinking water at the Dniprovska
WTP in Kyiv city, for primary disinfection
a rate of 1.2-1.5 mg/l was used [15], for the
secondary disinfection — 0.3-0.45 mg/l, and

after its introduction into the technological
process (2021-2022) [33] — 0.8-2.5 mg/l, and
0.2-0.6 mg/1 respectively. Before entering clean
water tank (CWT), the water undergoes the
stages of treatment with CD, coagulation (with
aluminum sulfate and iron chloride), settling,
filtering, and disinfection with CD. The process
of treating natural water with CD is accompanied
by the formation of its by-products, mainly toxic
chlorites, the concentrations of which depend
on the applied rates of CD and are the lowest in
winter and the largest in summer. In the summer
period, the maximum concentration of chlorites
in drinking water from CWT can be higher than
the national hygienic standard (0.2 mg/l) and
range up to 0.7 mg/l, which corresponds to the
WHO recommended standard for this substance
in drinking water. Based on the hygienic
assessment of individual options for using CD in
technology of drinking water preparation from
surface sources compared to traditional chlorine
technology, the advantages of using CD in water
treatment instead of ordinary chlorine at the
initial and final stages of surface water treatment
are shown.

Italian scientists emphasize that in the case of
applying CD, the staff of each WTP accumulate
their own experience for the implementation of
the optimal technological process. During the
first years of applying CD, the personel at WTP
should elaborate on their optimal conditions for
the safe and effective use of this reagent. Correctly
conducted pilot studies are a mandatory element
of planning modernization changes in water
supply facilities [13].

Conclusions. The CD is becoming widespread
both in the EU countries and in Ukraine for the
treatment of tap drinking water. It is an alternative
method of an effective disinfection for water
treatment plants with traditional surface water
purification technology. It was established that the
use of CD for surface water treatment requires a
preliminary pilot experiment and should be carried
outtogether with an analysis of the feasibility of using
methods for preliminary and/or final purification
of drinking water from organic substances and
additional its disinfection. Thus, today it is relevant,
based on experimental and natural studies, to
expand knowledge about the properties of CD in
the case of its use for the treatment of surface water
with a high content of organic substances in the
field of drinking water supply.

2023 « Ne 2 MEJIIOPALLA I BOOJHE TTOCIIOJJAPCTBO



AI'POPECYPCU 107

References

1. Grigorenko, L. V. (2015). Gigienichne obgruntuvania dotsilnosti vykorystania doochish-
chenoyi pitnoyi vody sered silskykh I miskyikh respondentiv Dnipropetrovskoyi oblasti [Hygienic
substantiation of the feasibility of using purified drinking water among rural and urban respondents
of the Dnipropetrovsk region]. Gigiena nasalenykh mists [Hygiene of populated areas], 66, 65-74
[in Ukrainian].

2. Romashchenko, M., Husyev, Y., & Shatkovskyi, A. (2020). Impact of climate change on water
resources and agricultural production. Melioratsiya i vodne gospodarstvo [Land Reclamation and
water management], 1, 5-22. https://doi.org/10.31073/mivg202001-235.

3. Romashchenko, M., Shevchenko, A., & Shevchuk S. (2023). Prospects and problems
of using local water resousces for irrigation in the basins of small rivers of the forest-steppe of
Ukraine. Melioratsiya i vodne gospodarstvo [Reclamation and water management], 1, 75-84. https://
doi.org/10.31073/mivg202301-351.

4. Stankevich, V. V., &Tarabarova, S. B. (2017). Normativno-metodychni pytania otsinki
poverkhnevykh vodoym. [Normative and methodical issues of assessment of surface water bodies].
Gigiena nasalenykh mists [Hygiene of populated areas], 67, 56—60 [in Ukrainian].

5. Charnyyi, D. V., Matseliuk, Yi. V., & Levitska, V. D. (2021). Osoblyvosti formuvania yakosti
vody poverkhnevykh dzherel vodopostachania yak chinnyk vyboru vodopidgotovky [Peculiarities of
the formation of water quality of surface water supply sources as a factor in the choice of a water treat-
ment method]. Melioratsiya i vodne gospodarstvo [Reclamation and water management], 2, 45-54.
https://doi.org/10.31073/mivg202102-307 [in Ukrainian].

6. Zorina, O. V., Ivan’ko, O. M., & Danilenko, O. M. (2022). Naukovi aspekty rozrobky novogo
v Ukraine normatyvno-pravovogo aktu shchodo yakosti pitnoyi vody [Scientific aspects of the
development of a new normative legal act in Ukraine regarding the quality of drinking water under
martial law]. Vodopostachanie. Vodovidvedenia [ Water supply. Drainage], 3, 11-17 [in Ukrainian].

7. Zorina, O. V., Ivanko, O. M., Danilenko, O. M., Skapa, T. V., Mavrykin, Y. O., & Polishchuk,
0. S. (2022). Scientific substantiation of conceptual approaches to the development of a regulatory
document on the quality of drinking water under condition of martial law. Ukrainian Journal of
Military Medicine, 3 (2), 37-45. https://doi.org/10.46847/ujmm.2022.2 (3)-037.

8. Matseliuk, Ye., Charnyyi, D., Levytska, V., & Marysik, S. (2021). Novi tkhnologichni rishenia v
suchasnykh umovakh. [New technological solutions for water treatment systems in modern conditions].
Melioratsiya i vodne gospodarstvo, 2, 201-209. https://doi.org/10.31073/mivg202102-303 [in Ukrainian].

9. Binbin. Shao, Leyuan. Shen, Zhifeng. Liu. (2023). Disinfection byproducts formation from
emerging organic micropollutants during chlorine-based disinfection processes. Chemical Engineering
Journal, 455, 140476. https://doi.org/10.1016/j.cej.2022.140476.

10. Evlampidou, 1., Font-Ribera, L., & Rojas-Rueda, D. (2020). Villanueva. Trihalomethanes
in Drinking Water and Bladder Cancer Burden in the European Union. Environmental Health
Perspectives, 128 (1). 017001-1-017001-14. https://ehp.niehs.nih.gov/doi/full/10.1289/EHP4495.

11. Tsitsifli, S., & Kanakoudis, V. (2018). Disinfection Impacts to Drinking Water Safety — A
Review. Insights on the Water-Energy-Food Nexus : proceedings the 3rd EWaS International
Conference, 2 (11), 603. https://doi.org/10.3390/proceedings2110603.

12. Mokienko, A. V. (2022). Znezarazhenia vody: gigienichni ta medico-ekologichni aspekty. Kurs
lektsiy [ Water disinfection: hygienic and medical-ecological aspects. Course of lectures]. Odesa, 288
[in Ukrainian].

13. Lasocka-Gomuta, I, & Swietlik, J. (2022). Impact of the modernized technology on the quality
of water supplied to the extended distribution system of the city of Poznan. Appl Water Sci., 12, 109.
https://doi.org/10.1007/s13201-022-01658-8.

14. Prokopov, V. O., Lypovetskaia, O. B., Kulish, T. B., & Sobol, V. A. (2018). Obgruntuvanie
vykorystania dioksidu chloru dlia znezarazhenia vody na dnoprovs’komu vodoprovodi m. Kyyiva
[Justification of the use of chlorine dioxide for water disinfection on the Dnieper water supply in
Kyiv]. Aktual’ni pytania gromads ’kogo zdorovia ta ekologichnoyi bezpeky Ukrayiny [Current issues
of public health and environmental safety of Ukraine] a collection of abstracts of reports of the scien-
tific and practical conference Kyiv, 18, 221-223 [in Ukrainian].

15. Novitskiy, D. Yu., Kostiuk, V. A., & Kobulianskiy, V. Ya. (2019). Dioksid khloru v aspekti
mikrobiologichnoyi bezpeky vodoprovidniyi vody [Chlorine dioxide in the aspect of microbio-
logical safety of tap water]. Science Review, 4 (21), 9—14. DOI: https://doi.org/10.31435/rsglobal
s1/31052019/6487 [in Ukrainian].

LAND RECLAMATION AND WATER MANAGEMENT Ne 2 « 2023



108 MEJIIOPALIA I BOJHE I'OCIIO/JAPCTBO, Ne 2 » 2023

16. Ozdemir, K. (2020). Chlorine and chlorine dioxide oxidation of natural organic matter in water
treatment plants. Environment Protection Engineering, 46 (4), 87-97.

17. Babienko, V. V., & Mokienko, A. V. (2022). Znezarazhenia vody : kurs lektsiy [Water
disinfection: a course of lectures]. Odesa, 276 [in Ukrainian].

18. Mesanagrenou, M. (2020). Water chlorination as a metod of disinfection. [Electronic resource].
https://www.zythopedia.eu/50.

19. Tsitsifli, S., & Kanakoudis, V. (2018). Disinfection Impacts to Drinking Water Safety — A
Review. Insights on the Water-Energy-Food Nexus : proceedings the 3rd EWaS International
Conference, 2 (11), 603. https://doi.org/10.3390/proceedings2110603.

20. Szpak, D., Boryczko, K., & Zywiec, J. (2021). Risk Assessment of Water Intakes in
South-Eastern Poland in Relation to the WHO Requirements for Water Safety Plans. Resources, 10.
105. https://doi.org/10.3390/resources 10100105.

21. Han, J., Zhang, X., & Liu, J. (2017).Characterization of halogenated DBPs and identification
of new DBPs trihalomethanols in chlorine dioxide treated drinking water with multiple extractions.
Journal of Environmental Sciences, 58, 83-92. https://www.sciencedirect.com/science/article/abs/pii/
S1001074217303200

22. Wolska, M., &Motczan, M. (2015). Stability assessment of water introduced into the water supply
network. Ochrona Srodowiska, 37 (4), 51-56. http://www.os.not.pl/docs/czasopismo/2015/4-2015/
Wolska 4-2015.pdf.

23. Zimoch, 1., & Paciej, J. (2020). Use of water turbidity as an identifer of microbiological
contamination in the risk assessment of water consumer health. Desalin Water Treat., 199, 499-511.
https://doi. org/10.5004/dwt.2020.26426.

24. Jing, Z., Lua, Z., Mao, T., & Cao, W. (2021). Microbial composition and diversity of drinking
water: a full scale spatial-temporal investigation of a city in northern China. Sci Total Environ., 776,
145986. https:// doi.org/10.1016/j.scitotenv.2021.145986.

25. Lin, H., Zhu, X., Wang, Y., & Yu, X. (2017). Efect of sodium hypochlorite on typical bioflms
formed in drinking water distribution systems. J Water Health., 15 (2),218-227. https://doi.org/10.2166/
wh.2017. 141.

26. Liu, S., Gunawan, C., & Barraud, N. (2016). Understanding, monitoring, and controlling bioflm
growth in drinking water distribution systems. Environ Sci Technol., 50 (17), 8954-8976. https://
doi.org/ 10.1021/acs.est.6b00835.

27. Mokienko, A. V., Petrenko, N. F., & Gozhenko, A. 1. (2012). Obezzarazhivanie vody.
Gigienicheskie i medico-ekologicheskie aspekty. Tom 2. Dioksid khlora [ Water disinfection. Hygienic
and medical-ecological aspects. Volume 2, Chlorine Dioxide]. Odessa, 605 [in Russian].

28. Lasocka-Gomuta, 1., Maciotek, A., Kania, P., & Karolczak, P. (2007). Experience with the
implementation of chlorine dioxide for water disinfection in mosina water treatment plant. Ochrona
Srodowiska, 29 (4), 53-56.

29. Ranieri, E., & Swietlik, J. (2010). DBPs control in European drinking water treatment plants
using chlorine dioxide: two case studies. Journal of environmental enginnering and landscape
management, 18 (2), 85-91.

30. Lancioni, N., Parlapiano, M., & Sgroi, M. (2023). Polyethylene pipes exposed to chlorine
dioxide in drinking water supply system: A critical review of degradation mechanisms and accelerated
aging methods. Water Research., 120030.

31. Sorlini, S., Gialdini, F., Biasibetti, M., & Collivignarelli, C. (2014). Influence of drinking water
treatments on chlorine dioxide consumption and chlorite/chlorate formation. Water Research., 54 (1),
44-52. https://www.sciencedirect.com/science/article/abs/pii/S0043135414000761.

32. Petrenko, N. F. (2012). Naukove obgruntuvania kombinovanykh metodin znezarazhenia
pitnoyi vody [Scientific substantiation of combined methods of drinking water disinfection]. Abstract
of the dissertation of the Doctor of Biological Sciences: 14.02.01 / State University “IGME NAMNU”.
Kyiv, 36 [in Ukrainian].

33. Prokopov, V. O., Lypovetskaia, O. B., & Kulish, T. B. (2023). Nebezpechni khlority u pytniy
vodi: utvorenia ta vydalenia z vykorystaniam dioksidu khloru u tekhnologiyi vofopidgotovky
[Hazardous chlorites in drinking water: formation and removal using chlorine dioxide in water treat-
ment technology]. Dovkilia ta zdorov ia [Environment and health], 1 (106), 43—50 [in Ukrainian].

2023 « Ne 2 MEJIIOPALLA I BOOJHE TTOCIIOJJAPCTBO



AI'POPECYPCU 109

VIIK 628.1

AHAJII3 3ACTOCYBAHHS TEXHOJIOTTI OBPOBKHU MOBEPXHEBOI BOAU
JIOKCHUIOM XJIOPY HA BOAONPOBIAHUX CTAHIIAX

€. O. MaBpukiH, acnipant

TactuTyT BogHuX mpobnem i memiopauii HAAHY, Kuis, Ykpaina
https://orcid.org/0000-0002-6193-8890; e-mail: evgeniy mavrikin@ukr.net

Anomayia. Pesynomamu npogedenux 00Caiodicens 00360auUIU 6cmanosumu, wo 6 kpainax €C diokcuo
xnopy (X) wacmiwe suxopucmogyiomo 015 GMOPUHHO20 AOO 3AKTIOUHO20 3HE3APANACEHHS NUMHOT BOOU.
Tobiunumu npodykmamu makoeo npoyecy € Xi10pumu ma Xa0pamu, wo niojsearons KOHMpPOIO y RUMHI
600i acix kpain €C, a maxosic y numtitl 600L MOACYMb YMEOPIOBAMUCS AlbOe2iou [ KapOOHOGI KUCIOMU,
Wo npuzBooUms 00 3HUNCEHHST MIKPOOION02IUHOI cmabiibHOCmi 8000NPosioHoT 6oou. Yepes 3aznauene
Ha 3aKIAIOUHOMY emani o4uujeHHs NUMHOL 600U BUKOPUCIOBYIOMb O30HYBAHMS Mma hitbmpayilo uepes
8y2iNbHULL Qinbmp, Wo CNpuse cymmesomy 3meHulenuio oo3u [X ma 3a6pyoHennio 00U MOKCUUHUMU
xnopumamu. Y paszi nonepeoHvb020 OKUCHEHHS 800U 2INOXIOPUMOM HAMPIIO0 YMEOPIOEMbCA HAOITbULA
KIIbKICMb XJIOpUmMIi6 ma Xaopamie, a y pasi SUKOPUCMAHHA 3 YIEI0 JC MEmoi0 NepMananamy Kauiio
3nudACyemvcsi nompeba y J[X ma KineKicmov X10pumis ma Xaiopamis y numuitl 600i. X10pyeanus npupooroi
600U, Wo npotiuwna npeoxuctenns X, npuzeo0ums 00 NOBHO2O OKUCHEHHS XA0PUMIG, SKi YMEOPUIUCS,
niosuUWyE ephekmuHicmy 3He3apadiceHHs ma 3abesneuye daxmepiocmamudnuil egpekm y po3nooinbHill
mepedici. Ilpomseom 2021-2022 pp. suxopucmanns JX ona odpobku numnoi 6oou Ha /[Hinpoecekiti BC
M. Kueea ecmanoeneno, wjo npoyec 0b6pooku npupoonoi oou /X cynpogooscycmuvcs YmeopeHHIM
Hill 11020 NOOIYHUX NPOOYKMIB, NEPEeSANCHO MOKCUUHUX XJAOPUMI8, PIGHI AKUX 3anexcams 6i0 3acmoco-
sysanux 003 J[X i € HauMeHWUMU 63UMKY, d HAUOLIbUUMU — GTIMKY MA He 3A8HCOU Q0CA2AI0Mb HOPMA-
muenux 3nauers (0,2 me/n) i konusaromucs y medicax 0o 0,7 me/n, wjo gionosioac pexomernoosaromy BOO3
Hopmamugy 0ns yici pevosunu y nummitl 600i. Imaniticbki HaAyKo8Yi aKyeHmyms C80k0 y6azy Ha Momy,
wo npomsa2om nepuiux poxie euxopucmarnun /X Ha KodcHill 6000npoGiOHIll cmanyii nosuHHI 3abe3ne-
4yeamucy c80i ONMUMANbHI YMOGU 0151 6e3neuno20 ma epekmuHoco GUKOPUCMAHH YbO2O pPeazeHmy.
Omorce, [{X nabysae nowupenns 6 kpainax €C ma Yxpaini 0na 00podxu 6000npogioHoi numuoi 6oou,
€ AnbMEPHAMUBHUM MemOoO0oM T egheKmusHo2o 3He3apadcents. Ha 8000NPOBIOHUX CIAHYIAX 13 Mpaou-
YITIHOIO MEXHONO2IEIO OYUUeHHs NOBEPXHEeBOI 800U. 3ACMOCYB8ANHS MAKO20 Memody 0 00pOOKU NoGepx-
Hegoi 800U nompebye NonepeoHbO20 NIIOMHO20 eKCHepUMEHmy mda NOBUHHO 30IUCHIOBATNUCA PA3OM 3
AHAni30M OOYITLHOCHI 3ACTOCY8AHH MemOo0ig 0Ji1 NONEPEOHbO20 MaA/ab0 3aKIIOUHO20 OYUUJEHHS NUMHOT
800U 8i0 OP2AHIUHUX PEYOBUH A 000AMK08020 ii 3He3apadcenns. Ha cb0200Hi € akmyanbHum Ha niocmasi
EKCHEePUMEHMANbHUX Md HAMYPHUX 00CTI0NHCeHb POZWUPUMU 3HAHHSL w000 éracmusocmett /IX y pasi 1io2o
BUKOPUCTNAHHSL 8 NPAKMUYT NUMHO20 8000NOCMAYAHHS /s 00POOKU NOBEPXHEBOT 600U 3 BUCOKUM 8MICHOM
OP2AHIYHUX PEYOBUH.

Knrouosi cnosa: diokcuod xaopy, xaropumu, noOiuHi npoOyKmu OKUCHEHHs, B000NPOGIOHI Cmanyii
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