HAYRKOBITOPHU3OHTH

3aCHOBHUK, peJlaKllisi, BUJaBelb
MOJIICbKUH HALIIOHAJIbHUHM YHIBEPCUTET

CBiaouTBO Npo AepKaBHY peecTpaLiio

Cepiss KB N2 24997-14937 NP Bin 11.10.2021 p.

HaykoBuit XypHan BKueHo Oo kateropii b lepeniky
HayKoBMX (axoBuX BuAaHb YKPaiHW, B SAKUX MOXYTb
nybnikyBatucs pe3ynstatv  AMceprauimHux  pobiT  Ha
3000yTTS  HAyKOBMX CTyMeHiB [JOKTOpa | KaHauAaTa
BETEPUHAPHUX, EKOHOMIYHMX, CiNIbCbKOroCnoAapcbkmx Ta
TeXHIYHMX HayK 3i cneuianbHocTen - 071,072,073,075,
076, 101, 133, 201, 202, 203, 204, 205, 206, 208, 211
(Haka3z MOH Ykpainn N2 1643 Big 28.12.2019 p., Haka3
MOH Ykpainn N2 409 Big 17.03.2020 p.).

ISSN: 2663-2144
e-ISSN: 2709-8877

YKypHan BK/OYEHO [0 MiXKHAPOAHUX HAYKOMETPUYHMX 6a3 i
KaTanoris HaykoBmx BuaaHb: Index Copernicus; Directory
of Open Access Journals (DOAJ); Open AcademicJournals
Index (OAJl); Google Scholar; Crossref; HauioHanbHa
6ibnioteka YkpaiHu iMeHi B.l. BepHancbkoro, AGRICOLA,
CAB Abstracts and Global Health (CABI), Open Academic
Journals Index, Scopus.

LpykyeTbca 3a piweHHsM BueHoi pagm [lonicbkoro
HauioHanbHOro YyHiBepcuteTy, npotokon N2 9 Big
25.05.2022 p.

Mipnucano go opyky 25.05.2022 p.

Mopmart 210x297. YM. gpyk. apk. 14,6

Haknag 300 npumipHukis

© [lMonicbknit HauioHanbHWIA yHiBepcuTeT, 2022



SCIENTIFIC HORIZONS

Founder, Editorial and Publisher
POLISSIA NATIONAL UNIVERSITY

Certificate of state registration

KV No. 24997-14937 PR of October 11, 2021.

The scientific journal is included in category B of the List
of scientific professional periodicals of Ukraine. It enables
publishing the thesis results for Doctor and Candidate
degrees in economic agricultural,technical and veterinary
sciences (Order of the Ministry of Education and Science
of Ukraine No 1643 of December 28, 2019; Order of the
Ministry of Education and Science of Ukraine No 409 of
March 18, 2020). It comprises the following specialties -
071,072,073,075,076, 101, 133, 201, 202, 203, 204, 205,
206,208, 211.

ISSN: 2663-2144
e-ISSN: 2709-8877

The journal is included in the international scientific
databases and catalogs of scientific publications: Index
Copernicus; Directory of Open Access Journals (DOAJ); Open
Academic Journals Index (OAJl); Google Scholar; Crossref;
National Library of Ukraine named after V. I. Vernadskiy,
AGRICOLA, CAB Abstracts and Global Health (CABI),
Open Academic Journals Index, Scopus.

Recommended for publication by the decision of the
Academic Council Polissia National University Minutes
No. 9 of 05/25/2022.

Signed for publication 05/25/2022

Format 210x297. Conventional Printed Sheet 14.6
Circulation 300 copies

© Polissia National University, 2022



HAYKOBI
rOPU30HTH

Tom 25,Ne 1
2022

HAYKOBHH KYPHAJI
3acHoBaHO 12 6epe3Hs 1998 p.

[lepioguyHicTh BUNYCKY: ABAHAALSATH Pa3iB Ha PiK

fonoBHuUI pepakTop
Oner BacunboBumy CknaaH

3acTynHUK ronoBHOro
penakTopa
J1. PomaHuyk

UneHu pepakuiiHoi konerii
t0. PamaHayckac

A-Y. Canpan

E. LWapayckic

C. 36irHeB
J1. boHpapesa

C. BepemeeHko

B. lamatoHoOBa
J1. Topanbcbkuin
. Tpabap

B. laHkeBuy

B. Xypasnbos
A.3nmapoeBa
B. 3iHoBuUYyK

T. 3iHuyK

l. IBaHOBa

. IBaweHkKo

H. KonecHik

J1. KoTiok

C. KynbmaH

H. Kyposcbka
C. Kyxapeub

H. Kyumyc

0. MapkoBcbka
0. MenBencbkui
A. Muxannos
B. MovicieHko
K. Monogeubka
M. MnoTHikoBa

PepakuiiiHa Koneris

peKkTop, A-p €KOH. HayK, npodecop, MNonicbkui HauioHanbHWI yHiBEpCUTET, YKpaiHa

A-p C-T. HayK, [onicbkui HauioHanbHUI yHiBEPCUTET, YKpaiHa

[-p Hayk, Knavnencbkuii yHiBepcuTerT, Jutea

pekTop, npodecop, A-p dinon. Hayk, IHcTuTyT [lokTopa AHa-Y. Canpgana, Hopserig
npodecop, IHCTUTYT CiNbCbKOroCNOAAPChKOI iHXeHepii Ta 6e3neku yHiBepcuTeTy
BiTaytaca Marnyca (VMU), Jlutea

A-p Hayk, [pupoaHuunii yHisepcuteT y Mo3HaHi, Monbua

KaHQ. C-T. HayK, HauioHanbHWit yHiBepcuTeT GiopecypciB i MpMPOAOKOPUCTYBAHHS
YKpainu, YkpaiHa

4-p C-T. HayK, npodecop, HauioHanbHUIM yHiBEpCUTET BOAHOMO rocnogapcrea Ta
NMPpUPOAOKOPUCTYBaAHHSA, YKpaiHa

A-p C-T. HayK, MMKONaiBCbKMI HALLIOHaNbHUI arpapHUin yHiBepcuTeT, YKpaiHa

[-p BET. HayK, [1oNicbKMI HaLioOHanbHWIA YHiBEpCUTET, YKpaiHa

A-p TeXH. HayK, MonicbKMI HaLioHanbHUI yHiBEpCUTET, YKpaiHa

[-p eKOH. HayK, [onicbkuit HauioHanbHUIM YHiBEpCUTET, YKpaiHa

A-p @i3-MaT. Hayk, [MonicbKMi HaLioHaNbHUI yHiBepcuTeT, YKpaiHa

KaHA. 6ion. HaykK, MonicbkMi HAaLiOHANbHWIA YHiBepcuTeT, YKpaiHa

A-p eKOH. HayK, [TonicbKnit HauioHanbHWUIt yHiBepcuTeT, YKpaiHa

A-p eKOH. HayK, [TonicbKnit HauioHanbHWUIt yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, TaBpiMCbKMI [epXaBHUM arpoOTEXHONOTIYHUI YHIBEPCUTET M.
[. MoTopHoro, YkpaiHa

KaHA. C-T. HayK, [oNicbKnit HauioHanbHU yHiBepcuTeT, YKpaiHa

KaHA. BET. HAyK, MonicbKMi HauioHanbHUI yHiBepcuTeT, YKpaiHa

A-p 6ion. Hayk, MonicbkMit HaLiOHaNbHWUIA YHIBepcUTeT, YKpaiHa

KaHA. TeXH. HayK, [onicbKMi HauioHanbHMI YHiBEpCUTET, YKpaiHa

KaHA. eKOH. HayK, [TonicbKMi HauioHanbHUI yHiBepcuTeT, YKpaiHa

A-p TeXH. HayK, MonicbKMI HaLioHanbHUI yHiBEpCUTeT, YKpaiHa

A-p eKOH. HayK, [TonicbKnit HauioHanbHWUIt yHiBepcuTeT, YKpaiHa

[-Pp C-T. HAyK, XepCOHCbKMI AepPXKaBHWUI arpapHO-eKOHOMIYHMI YHiBepcUTeT, YKpaiHa
KaHA. TeXH. HayK, [onicbKMi HauioHanbHMI YHiBEpCUTET, YKpaiHa

A-p eKOH. HayK, CYMCbKWIA HaLLiOHaNbHWIA arpapHuUii yHiBepcuTeT, YKpaiHa

A-p C-T. HayK, MNonicbkMi HauioHanbHUI yHiBEpCUTET, YKpaiHa

A-p TeXH. HayK, MonicbKMI HaLioHanbHUI yHiBEpCUTET, YKpaiHa

KaHA. eKOH. HayK, [TonicbKMi HauioHanbHUI yHiBepcuTeT, YkpaiHa




H. Copoka

P. CraBeupbka
T. TuMoLLYK
T. ®enoHtoK
H. LlnBeHkoBa
J1. YnkeBcbka
0. YankiH

M. Yymak

N. WipinsH

B. lnanak

. Apow

|. JleBKOBMY

I. Tony6

C. TawnynaTos

[-p BeT. HayK, HauioHanbHWiA yHiBepcuTeT BiopecypciB i NPMPOAOKOPUCTYBAHHS
YkpaiHu, Ykpaina

[-p C-T. HayK, binouepKiBCbKMIM HaLiOHANbHUI arpapHKin yHiBepcuTeT, YKpaiHa
KaHA. C-T. HayK, Monicbkni HauioHanbHUI yHiBepcuTeT, YKpaiHa

[-p C-T. HayK, [TonicbKni HaUioOHaNbHWUI yHiBepcuTeT, YKpaiHa

KaHA. TeXH. HayK, [onicbKuniA HaLioHanbHUI YHiBEpCUTET, YKpaiHa

[-p €KOH. HayK, [lep>xaBHuI yHiBepcUTeT « KUTOMUPCbKA NoniTexHiKay, YKpaiHa
KaHA. EKOH. HayK, MNonicbKMi HauioHanbHMI YHiBEPCUTET, YKpaiHa

KaHA. C-T. HayK, MonicbKni HauioHanbHUI yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, HauioHanbHUIM yHiBEPCUTET XapYOBMX TEXHONOTIN, YKpaiHa

[-p C-T. HayK, YMaHCbKMIM HALOHAIbHUI YHIBEPCUTET CaAiBHULITBA, YKpaiHa

KaHA. TeXH. HayK, [onicbKuniA HaLioHanbHUI YHiBEpCUTET, YKpaiHa

[O-p Hayk, JTeMOHIUbKKUIA IHCTUTYT PO3BMTKY CiNlbCbKOTO rOCMOAAPCTBA Y KpaiHax 3
nepexigHo eKoHOMIKoto, HiMeyunHa

[-p TexH. Hayk, HauioHanbHuii yHiBepcuTeT HiopecypciB i NpUpPOAOKOPUCTYBAHHS
Ykpainu, Ykpaina

[O-p TeXH. HayK, TaWKEeHTCbKMM IHCTUTYT TEKCTU/IbHOI Ta nerkoi NpoMMCI0BOCTI,
Pecnybnika Y3bekucraH

Anpeca pepakuii Ta BupasHuura: 10008, 6-p Crapui, 7, M. XXutomup, Monicbkuid HaLioHanbHUIA yHiBepcuTeT, YkpaiHa.
Ten. (0412) 22-04-17; E-mail: info@sciencehorizon.com.ua; www: https;//sciencehorizon.com.ua.



SCIENTIFIC
HORIZONS

Vol. 25, No. 1
2022

SCIENTIFIC JOURNAL

Year of establishment: Since March 1998.
Publication frequency: Twelve times a year

Editor-in-Chief
0.V. Skydan

Deputy Editor-in-Chief
L. Romanchuk

Editorial Board Members
J. Ramanauskas
Ja-U. Sandal

E. Sarauskis

S.Zbigniew
L. Bondareva

S.Veremeienko

V. Hamaiunova
L. Goralskiy

I. Grabar

V. Dankevych
V. Zhuravlov

A.Zymaroieva
V. Zinovchuk
T. Zinchuk
I.Ivanova

I. Ivashchenko
N. Kolesnik

L. Kotyuk

S. Kulman

N. Kurovska

S. Kukharets
N. Kutsmus

0. Markovska
0. Medvedskyi
A. Mykhailov
V. Moisiienko
K. Molodetska
M. Plotnikova

Editorial Board

Rector, Full Doctor of Economic Sciences, Professor, Polissia National University,
Ukraine

Full Doctor of Agricultural Sciences, Polissia National University, Ukraine

Dr. Habil., Klaipeda University, Lithuania

Rector, Professor, Full Doctor of Philological Sciences, Jan-U. Sandal Institute,
Norway

Professor, Institute of Agricultural Engineering and Safety of Vytautas Magnus
university (VMU), Lithuania

Dr. Habil., Poznan University of Life Sciences, Poland

PhD of Agricultural Sciences, National University of Life and Environmental
Sciences of Ukraine, Ukraine

Full Doctor of Agricultural Sciences, Professor, National University of Water and
Environmental Engineering, Ukraine

Full Doctor of Agricultural Sciences, Mykolayiv National Agrarian University, Ukraine
Full Doctor of Veterinary Sciences, Polissia National University, Ukraine

Full Doctor of Engineering Sciences, Polissia National University, Ukraine

Full Doctor of Economic Sciences, Polissia National University, Ukraine

Full Doctor of Physical and Mathematical Sciences, Polissia National University,
Ukraine

PhD of Biological Sciences, Polissia National University, Ukraine

Full Doctor of Economic Sciences, Polissia National University, Ukraine

Full Doctor of Economic Sciences, Polissia National University, Ukraine

PhD of Agricultural Sciences, Dmytro Motornyi Tavria State Agrotechnological
University, Ukraine

PhD of Agricultural Sciences, Polissia National University, Ukraine

PhD of Veterinary Sciences, Polissia National University, Ukraine

Full Doctor of Biological Sciences, Polissia National University, Ukraine

PhD of Engineering Sciences, Polissia National University, Ukraine

PhD of Economic Sciences, Polissia National University, Ukraine

Full Doctor of Engineering Sciences, Polissia National University, Ukraine

Full Doctor of Economic Sciences, Polissia National University, Ukraine

Full Doctor of Agricultural Sciences, Kherson State Agrarian and Economic University
PhD of Engineering Sciences, Polissia National University, Ukraine

Full Doctor of Economic Sciences, Sumy National Agrarian University, Ukraine

Full Doctor of Agricultural Sciences, Polissia National University, Ukraine

Full Doctor of Agricultural Sciences, Polissia National University, Ukraine

PhD of Economic Sciences, Polissia National University, Ukraine




N. Soroka
R. Stavetska

T. Tymoshchuk
T. Fedoniuk

N. Tsyvenkova
L. Chyzhevska
0. Chaikin

P. Chumak

L. Shirinian

V. Shlapak

Y. Yarosh

I. Levkovych

G. Golub

S. Tashpulatov

Full Doctor of Veterinary Sciences, National University of Life and Environmental
Sciences of Ukraine, Ukraine

Full Doctor of Agricultural Sciences, Bila Tserkva National Agrarian University,
Ukraine

PhD of Agricultural Sciences, Polissia National University, Ukraine

Full Doctor of Agricultural Sciences, Polissia National University, Ukraine

PhD of Engineering Sciences, Polissia National University, Ukraine

Full Doctor of Economic Sciences, Zhytomyr Polytechnic State University, Ukraine
PhD of Economic Sciences, Polissia National University, Ukraine

PhD of Agricultural Sciences, Polissia National University, Ukraine

Full Doctor of Economic Sciences, National University of Food Technologies, Ukraine
Full Doctor of Agricultural Sciences, Uman National University of Horticulture, Ukraine
PhD of Engineering Sciences, Polissia National University, Ukraine

Dr.Habil., Leibniz Institute of Agricultural Development in Transition Economies (IAMO),
Germany

Full Doctor in Engineering Sciences, National University of Life and Environmental
Sciences of Ukraine, Ukraine

Full Doctor of Engineering Sciences, Tashkent Institute of Textile and Light Industry,
Republic of Uzbekistan

Address of the publishers: 10008, 7 Staryi Bvld., Zhytomyr, Polissia National University, Ukraine. Tel. (0412) 22-04-17;
E-mail: info@sciencehorizon.com.ua; www: https://sciencehorizon.com.ua/en.



3MICT

. B. IBaHuyk, O. [. Manxinescbkuii, P. C. Benseubkuii, O. [l. 3amkoBmii, P. |. MaBnosuu

MogentoBaHHS TEXHOMOMYHOIO NPOoLLeCy 3aHypPeHHs nasb Bi6poyAapHUM NPUCTPOEM 3 TiAPOIMAYAbCHUM MPUBOAOM ....veervenrvenrenne 9

0.A. iy60Ba, [I. B. ®eweHko, 0. A. 3rosiHcbKa, I. B. Yana, A. A. [ly6oBuii

OcobnuBocTi renatonaTii Ta reMaTonoriYHMX YCKNaAHEHb 3@ FOCTPOro CMOHTaHHOro H6abesio3y cobak 21

0. l. lukpoMapa, A. B. MixTipboBa, f. B. Tutyx, 0. A. baitaeBnaTos, A. . ®oTiH

JlikyBaHHS cy6KNiHIYHOrO MacTUTY KOPiB 3@ LOMNOMOrot NpobioTukis 30

0. B. Konbuuk, T. B. InnapioHoBa, A. |. BysyH, A. . Manin, A. I1. Maniin

Bnnue npo6ioTMUHUX MiKpOOPraHi3MiB Ha MikpobHi 6ionniBkM y KOpMax 41

0. C.Topau, P. I. Knumuwena, B. M. Cyuek

YpOXKanHiCTb TOBaPHOIO HACiHHA KOHOMNEb TEXHIYHMX 3aN1eXHO Bif BM/IMBY HOPM BUCIBY Ta COPTY 51

I. 4. binosyc, M. |. Tepneubka, B. I. Mywak, O. A. BawmwmH, O. H. lNMpucraubka

OuiHKa copTo3paskiB SYMEHI0 03MMOTO 3a CTINKICTIO [0 IMCTKOBMX rPMBHMX XBOPOO Ta ypoxkalHICTI0 B yMoBax 3axigHoro Jlicocteny
YkpaiHu 60

B. . KpacHos, I. 1. IBaHioK, O. B. XKykoBcbkuit, T. B. Kyp6erT, O. 0. Opnos

[nHamika HakonuyeHHs 37Cs xypaBnuMHO 60N0THO Ha charHoBux 6onotax Moniccs Ykpainu 68

C. 0. Uumbaniok, 0. M. NMonnaecbka, H. C. JaHunesuny

KonekTuBHi neperoBopw Ta peryntoBaHHs OMIaTM HA PerioHasIbHOMY PiBHi: OLiHKa Ta NepcrneKkT1BM (Ha Npuknagi YKpainy)............ 76

M. B. Ky3y®6, O. I. 3agHinpoBcbkmit, 0. M. Pomawuko, O. O. ABrycToBa, |. K. Lywakosa

[MopiBHANbHMIA aHANI3 YKPATHCbKMX Ta EBPOMENCbKMX CTAaHAAPTIB Byxrantepcbkoro 06iky 96

OrnAno0BA CTATTS
M. 1. KanauescbKa, I. I. Ko6naHcbka, M. XonbuHep

KoHuenuis Ta BUMiptoBaHHS CTanocTi NpoAoBobYOi cucTeMu: BibnioMeTpuyHe AOCNiLKEHHS 104




CONTENTS

Ya. Ivanchuk, 0. Manzhilevskyy, R. Belzetskyi, 0. Zamkovyi, R. Pavlovych
Modelling of Piling Technology by Vibroimpact Device with Hydropulse Drive 9

0. Dubova, D. Feshchenko, O. Zghozinska, |. Chala, A. Dubovyi

Features of Hepatopathy and Hematological Complications in Acute Spontaneous Babesiosis of Dogs 21

0. Shkromada, A. Pikhtirova, Ya. Tytukh, Yu. Baydevliatov, A. Fotin
Treatment of Subclinical Mastitis of Cows with Probiotics 30

0. Kolchyk, T. Illarionova, A. Buzun, A. Paliy, A. Palii
Influence of Probiotic Microorganisms on Microbial Biofilms in Feeds 41

0. Horash, R. Klymyshena, V. Suchek
Yield of Marketable Seeds of Technical Hemp Depending on the Impact of Sowing Rates and Variety 51

H. Bilovus, M. Terletska, V. Pushchak, O. Vashchyshyn, O. Prystatska

Evaluation of Winter Barley Cultivars for Resistance to Leaf Fungal Diseases and Yield in the Conditions of the Western
Forest-Steppe of Ukraine 60

V.Krasnov, l. Ivaniuk, O. Zhukovskyi, T. Kurbet, O. Orlov

Dynamics of **’Cs Accumulation by Cranberry on Sphagnum Bogs of Polissia of Ukraine 68

S. Tsymbaliuk, O. Poplavska, N. Danylevych
Collective Bargaining and Payment Regulation at the Regional Level: Assessment and Prospects (on the Example of Ukraine)...76

M. Kuzub, O. Zadniprovskyi, 0. Romashko, O. Avhustova, . Shushakova
Comparative Analysis of Ukrainian and European Accounting Standards 96

REVIEW ARTICLE
L. Kalachevska, I. Koblianska, J. Holzner
Concept and Measurement of the Food System Sustainability: A Bibliometric Research 104




SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua

Scientific Horizons, 25(1), 9-20

UDC 62-932.4
DOI: 10.48077/scihor.25(1).2022.9-20

Modelling of Piling Technology by Vibroimpact Device with Hydropulse Drive

Yaroslav lvanchuk’, Oleksandr Manzhilevskyy, Ruslan Belzetskyi,

Oleksandr Zamkovyi, Roman Pavlovych

Vinnytsia National Technical University

21021, 95 Khmelnytske Shose Str., Vinnytsia, Ukraine

Article’s History:

Received: 16.02.2022
Revised: 14.03.2022
Accepted: 15.04.2022

Suggested Citation:

Ivanchuk, Ya., Manzhilevskyy, O.,
Belzetskyi, R., Zamkovyi, O., &
Pavlovych,R.(2022). Modelling of
piling technology by vibroimpact
device with hydropulse drive.
Scientific Horizons, 25(1), 9-20.

Abstract. Based on the analysis of the developed mathematical model, this
paper proposes optimal operating modes of the vibroimpact device to ensure
the intensification of driving construction piles. It is an original design of a
modern, highly efficient device for driving construction piles, equipped with
a compact, powerful hydraulicimpulse drive unit.To develop a mathematical
model of the construction pile driving technology, the following methods were
used: mechanoreological phenomenology, hydrodynamics,and generalised
laws of mechanics. Mathematical models of the dynamics of technological
processes of driving construction piles with a vibroimpact device are improved
based on a hydraulic impulse drive unit in the form of a spatial non-stationary
formulation of the problem and integral equations of dynamic characteristics
of the moving elements of the drive unit.The study obtained the distribution
of the pressure and velocity of the working fluid in the hydraulic unit of
the vibroimpact device, as well as changes in the kinematic parameters of
the elements of the technological equipment based on the mathematical
model developed by the finite volume method, using numerical modelling
and high-performance computer systems. Optimal modes of operation of a
hydraulic impulse drive of a vibroimpact device are proposed to provide an
intensification of the construction pile driving technology. It was found that
when low-frequency vibration is applied, the driving of construction piles is
intensified. Application of a hydraulic impulse drive that is based on two-
stage vibration excitation allowed implementing the vibroimpact modes of
the device. The average pile driving speed with a vibroimpact interaction is
five times higher compared to conventional driving methods

Keywords: impulse, impact, vibration, mathematical model, hydraulic drive,
valve, construction pile
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Modelling of piling technology by vibroimpact device with hydropulse drive

INTRODUCTION

The growth of construction volumes is an essential sign
of development as a separate construction industry,and
of the country in general. Due to the large volume of
housing and industrial construction, arises a need to build
more structures in unfavourable soil conditions, which
requires the use of special means, that often complicate
and increase the cost of the construction process of facil-
ities and buildings. The tendency to reduce these costs
and the continuous advance of construction technology
are leading to a wider introduction of pile foundations.
That is why the problem of satisfying the increased re-
quirements for reducing the cost of construction and
increasing labour productivity by increasing the effi-
ciency of the construction pile driving is relevant and
acute (Bullock & William, 2001).

The main and the best way to intensify the pile
driving is the use of vibroimpact loads (Glushak et al., 1992).
Vibroimpact (VI) load is created by a hammer equipped
with a hydraulic impulse drive (HID) (Iskovych-Lototsky
etal.,2018a),the advantages of which include the inten-
sification of the flow of several technological processes,
ensuring optimal load parameters and high-quality re-
sults of technological processing (Fossen & Nijmeijer,
2012). However, the practices of using impact machines
necessitated the solution of some issues, understanding
which is impossible without analysing the effect of im-
pact pulses on the object, as well as without analysing
the dynamics of attachment equipment and the entire
machine under the effect of loads from the working im-
pact mechanism (lvanchuk, 2020). Currently, mathematical
modelling of physical processes is common (Guang &
Min, 2005), using which allows deeply and fully explor-
ing the influence of design and mode factors on the main
characteristics of the construction equipment operation,
to outline particular ways of their improvement while
considerably reducing the amount of experimental re-
search (Kang et al., 2008). Despite the complexity of the
calculations and the assumptions made in the mathe-
matical description of the workflow, which can be clar-
ified upon the accumulation of experimental data, the
perspective of using such models for the development
of effective structures of the VI attachments equipment
for construction based on HID for pile driving, is evident
(Ivanchuk, 2020).

The purpose of this article is to increase the effi-
ciency of the theoretical study of the pile driving tech-
nology through the development of promising mathe-
matical models of the physical processes of operating
the hinged construction HID-based VI equipment. This
will allow achieving several high-quality practical re-
sults: increasing the reliability of determining the oper-
ating characteristics upon designing a hydraulic drive;
the possibility of developing systems with improved
operational characteristics; reducing the time spent on
development of certain technologies.

Scientific Horizons, 2022, Vol. 25, No. 1

To achieve this purpose, the following tasks were
solved:

— to improve the mathematical model of the pile
driving technology based on a pre-made design of the
developed hinged HID-based VI device;

— to determine the hydrodynamic parameters of the
working fluid in the HID, which will allow analysing the
operating modes of the hinged pile driving VI equipment;

— to determine the operating parameters of the HID
to identify the efficient operating modes of the pile driving
technology with a hinged VI device.

THEORETICAL OVERVIEW

The main apparatus of the mathematical modelling of
VI processes includes exact methods of nonlinear me-
chanics based on adjustment solutions (Alessandro, 2016),
describing adjacent intervals of movements of the exec-
utive body. These methods allowed thoroughly investi-
gating the complex dynamic picture of the movements
of several VI machines and revealing many of their inher-
ent fundamental properties. However, the use of these
methods for creation of mathematical models of a wide
range of HID-based VI systems is laborious and limited
by the scope of their application, especially when the
dimension of the systems is increased, as well as when
it is necessary to consider added nonlinear factors and
the complication of the nature of disturbances from the
action of non-periodic and random forces. A generally
accepted approach for modelling VI systems is the asymp-
totic representation of solutions according to the degrees
of a small parameter (Voskresenskiy,2001) upon analysing
the fundamental harmonic components of fluctuation.
It is based on the selection of simpler ratios from their
general mathematical description, while transitioning
to spectral representations (Li et al., 2019) and ideas of
equivalent linearisation (Jorg et al., 2010) but does not
allow finding an acceptable mathematical model for
vibration systems. This necessitates the development
of new methods and approaches to create standard
mathematical models of VI systems for a wide range of
VI equipment.

The increase in speed, energy saturation, and
compactness of the HID for VI machines are greatly in-
fluenced by the physical parameters of the energy car-
rier (working fluid) and the design parameters of the
pressure pulse generator (PPG) (Iskovych-Lototsky et
al., 2018a), which provides control of the function of
VI equipment. This leads to the development of math-
ematical models in the form of systems of differential
equations of motion of the structural HID elements
(Shatokhin et al., 2019) based on an artificial dynamic
model with the given coefficients for the oscillatory
system. The practical implementation of the given ap-
proach is possible only for mathematical models mainly
of low-dimensionality and describes the properties
of objects in a narrow range of variation of operating




parameters such as the amplitude and oscillation fre-
quency of the impulse drive elements. Available practices
indicate that to overcome these difficulties, it is necessary
to formulate a new objective of mathematical modelling
of the pile driving technology by VI machines in a spa-
tial non-stationary form. There is a need to develop new,
more comprehensive and adequate mathematical mod-
els based on a system of differential equations in partial
derivatives with coefficients in the form of integral func-
tions of independent variables (Iskovych-Lototsky et al.,
2018b). At present, he possibility of replacing a physical
experiment with a numerical one, involving the use of
computer modelling methods, is still a relevant issue.

MATERIALS AND METHODS

This paper presents an original methodology of mathe-
matical and computer modelling of the pile driving tech-
nology by HID-based VI systems, considering the specific
features of this class of objects, to ensure high design
efficiency of a corresponding type of technical systems:

1.Based on the design methodology of road-building
machinery with HID, an effective design of a hinged VI de-
vice has been developed, wherein a two-stage pulsator
valve is used as a vibration exciter (Iskovych-Lototsky et
al., 2018a; Iskovych-Lototsky et al., 2018b).

2. Based on a systems-technical approach (Barkan,
1952; Manzhilevsky, 2019; Iskovych-Lototsky et al., 2018b),
structural and functional connections between the com-
ponents of the hinged VI device were synthesised, which
allowed determining the interconnection between the
state parameters of the HID subsystems with the quality
readings of the technological object.

Ivanchuk et al.

3.Dynamic characteristics of the movable functional
objects of the HID are described using linear inhomo-
geneous second-order differential equations, where the
free term function is presented in the form of linearised
functions of external forces,and the linearised coefficients
express both elastic and dissipative force connections
of the drive elements and rheological properties of the
processing environment.

4. Mathematical model of the movement of functional
objects of the HID is supplemented with a mathematical
model of the working fluid movement, based on the sys-
tem of nonlinear differential equations, in partial of the
derivatives of Navier-Stokes and the continuity conditions
for viscous fluids.

5.The developed mathematical model of the pile driv-
ing technology is implemented using separate software
packages, which implement a corresponding numerical
calculation method for solving mathematical models
involving simulation modelling methods.

6.The analysis of the results of computer modelling
of the dynamic processes of the HID-based VI system was
carried out, which allowed determining the dynamic
characteristics of the PPG function to determine the im-
plementation of effective VI modes of operation.

RESULTS

For the pile driving technology (Barkan, 1952), a hinged
HID-based VI device was developed, where a two-stage
pulsatorvalve is used as a vibration exciter (Iskovych-Lo-
totsky et al., 2018a; Iskovych-Lototsky et al., 2018b). The
CAD software was used to develop a three-dimensional
model of a mounted HID-based VI attachment (Fig. 1).

Figure 1. Hinged HID-based VI device: a - view of the section from the side of the executive HID body;
b - sectional view from the HID side and the accumulator
Notes: 1 - headpiece; 2 - impact mass; 3 - executive hydraulic cylinder; 4 - elastic elements; 5 - HID; 6 - accumulator; 7 - drain line; 8 - second

stage; 9 - servo valves; 10 - working body
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The mounted inertial HID-based VI hammer (see
Fig. 1) comprises a headpiece (1), which is connected to
the pile and the impact mass (2), which is set in motion
using the HID, which in turn consists of the executive
hydraulic cylinder (3) and the HID (5). The HID is con-
nected to the executive hydraulic cylinder (3) according
to the “inlet” scheme (Manzhilevsky, 2019) through the
hydraulic accumulator (6). This type of HID connection
allows applying a power load to the working body (10)
(plunger) of the executive hydraulic cylinder, which
has the function of changing the impulse forces forms
(Glushak et al., 1992). The HID working cycle begins
with filling the accumulator (6), and, accordingly, accu-
mulating pressure in it up to a certain pre-set value p,,
which is set by the control spring on the servo valves (9)
of the HID (5). Having reached the specified pressure p,,
the second stage valve (8) opens in the HID (5), which
connects the cavity of the accumulator (6) with the
working cavity of the executive hydraulic cylinder (3).
A sharp increase in pressure in the working cavity of the
executive hydraulic cylinder (3) forces the working body
(10) (plunger) to move upward, which forces the inertial
mass (2) to rise while compressing the elastic elements (4).
The movement of the inertial mass (2) upward leads to

the accumulation of potential energy from the action of
the forces of attraction and elastic forces. After a pres-
sure drop p, in the HID system, the opening moment of
which is determined according to the design parame-
ters of the servovalves (9), the inertial mass (2) begins
to move downward, which leads to shock interaction
with the headgear (1), which in turn is transmitted to
the count. In addition, when the pressure in the HID sys-
tem drops to p,, the working cavity of the executive hy-
draulic cylinder (3) is combined with the drain line (7)
using the second stage valve (8). In this case, the drain
line (7) is connected to the supra-plunger cavity of the
actuating hydraulic cylinder (3), additionally creating
loads on the plunger (10) upon the downward stroke.
This design solution gives added kinetic energy to the
impact mass (2), which allows increasing the energy of
the shock load on the headgear (1).

To develop a mathematical model of the pile driv-
ing technology with a mounted HID-based VI device, a
three-component (flat multi-mass) inertial model with
contacts between masses (Fig. 2) was developed, which
allows simulating elastic-plastic deformations of the
soil and the stress-strain state of a pile immersed in the
soil.

Yor

Figure 2. Calculation model of the technological process of driving the piles of the HID-based VI device

Notes: 1 - hull; 2 - boom vehicle; 3 - inertial mass; 4 - plunger; 5 - second stage valve; 6 - first stage valve; 7 - hydro accumulator spring; 8 - check
valve spring; 9 - pressure head hydraulic lines; 10 - pressure channels; 11 - drain line; 12 - hydraulic lines; 13 - pile; 14 - throttle; 15 - hydraulic tank;
16 - first stage throttle; A - lower internal pressure chamber of the second stage valve; B - cavity of the hydro accumulator; C - pressure cavity of device 1;
D - internal pressure chamber two-stage of the pulsator valve; E - upper internal pressure chamber of the second stage valve; T - drain cavity of device 1;
K - internal pressure chamber of the first stage valve; c, - the coefficient of the forces of viscous friction between the walls of the body of the device 1 and
the second stage valve 5, ¢, - the coefficient of the forces of viscous friction between the walls of the body of the VI device 1 and the first stage valve 6,
¢, - coefficient of viscous friction forces between the walls of the body of the device 1 and the check valve 8; c, - the coefficient of the forces of viscous
friction between the walls of the body of the device 1 and the accumulator 4; ¢ - coefficient of forces viscous friction between the walls of the body
of the device 1 and the inertial mass 4; c, ¢, - are the vertical and horizontal components of the coefficient of viscous friction forces of the damping
component of the shock-absorbing unit connecting the HID device with the boom vehicle 2 (Manzhilevsky, 2019); k, - is the stiffness of the valve spring of
the second stage 5; k', k", - is the stiffness of the valve spring of the first stage 6; k, - is the stiffness of the check valve spring 8; k, - is the stiffness of
the accumulator spring 4; k - is the stiffness of the spring of the inertial mass 3; k ., k_- is the vertical and horizontal components of the stiffness of the
elastic component of the shock-absorbing unit of the connecting HID device with the boom of the vehicle 2 (Thiimmel, 2012);y', - is the pre-tension
of the valve spring of the first stage 5; y', - is the pre-tension of the inertial mass spring 3; X" ,, X',, - is the pre-tensioning of the valve springs of the
first stage 6, y' ..~ is the pre-tension of the check valve spring 8, X', - is the pre-tension of the hydro accumulator spring 7; M, - mass of the device;
M - mass of the inertial mass 3; m, - mass of the second stage valve 5; m, - mass of the first stage valve stage 6, m, - mass of the check valve 8 with;
m, - mass of the hydro accumulator 7; S,, - small surface of the second stage valve 5; S,, - external surface of the second stage valve 5; S,, - small
surface of the first stage valve 6, S,, - external surface of the first stage valve 6, S; - surface area of the check valve surface 8; S, - inner surface of the
hydro accumulator plunger 7; & - is the second stage valve overlap 5; g - acceleration of gravity
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The absolute xOyz and the movable coordinate
system x'O’’z’ are introduced, which are rigidly con-
nected to the hull (1) of the attachment with a mass M,
and the movable coordinate system x"0"y"z" is rigidly
connected to the submerged pile (13) (see Fig. 2). It is
expedient to divide the pile driving technology with a
hinged HID-based device into two periods: the period
of accumulation of kinetic energy and the period of im-
pact interaction of the inertial mass (3) by driving the
pile (13) into the soil (Bingham et al., 2000). The period

where: ps(t) is the function of changing the pressure of
the working fluid in the internal cavity hydraulic channels
of the VI device; j:pf(t)dsy' ﬁ ps(t)dS, are the correspond-
ing components of the forces, acting on the inner surface
S of the cavity of the hydraulic channels of the device;
N, are the vertical components of the reaction forces
of a cylindrical support of the second stage valve (5) on

the body of the two-stage pulsator valve; N, are the

Ivanchuk et al.

of accumulation of the kinetic energy of the HID by the
device consists of the characteristic working movements
of the locking elements (5-7) and the plunger (4). In turn,
the period of impact interaction is characterised by vis-
coplastic deformations of the soil and the stress-strain
state of the pile (13). Next, this study considers the working
period of the accumulation of kinetic energy in more detail.
The equations of motion for body (1) of a device (see Fig. 2)
with mass M, is written as follows:

—Mj=-M g +k (v, + ¥) + k(i + V) +k(yy + ) —
~[[ ps)dS, + ¢, 3+ .3+ .3 + i = Nyg, = Nog, = Ny,
S

—M i =—[[ ps(6)dS, +2¢,5 + 2k x — I (x), — ;) +
s

! !’ U ’ U . ./
+h, (xoz + xz) +ky (X, +X3) + X0, = €4%, — Nog,

vertical components of the reaction forces of the check
valve (8) on the conical support device body (1); N,
is the reaction force of the inertial mass (3) into the
device body (1); N, is the horizontal component of the
reaction forces of the first stage valve (6) on the body
of the device (1).

The equations of motion for the inertial mass (3)

weighing Mg are as follows:

My ==Mg—k(y; + )+ [[ ps(0)dS — i} + Ny, @
N

where p(#) is the function of changing the pressure of
the working fluid in the internal pressure C and drain
T cavities of device (1); [[ »s®)ds is the corresponding
components of the forces, acting on the inner surfaces
§ of the plunger (4) of the inertial mass (3); N,, is the

30

reaction force of the device body (1) to the inertial mass (3).

Since the first stage valve (6) along the y-axis
moves together with the body of the hinged VI device (1),
the equation of motion for the first stage valve (6) with
mass m, along the x-axis is as follows:

mzjéz = k2” (xgz - x; ) - ké (x(’n + x; ) - sz; + _U pszz—s21 (t)dS + NGOx (3)

where Ps, s, () is the function of changing the
pressure of the working fluid in the internal pressure
chambers D and K two-stage of the pulsator valve;
)P, (045 s the corresponding components of the
forces acting on the inner surface of the S, S, of the

S0=8

first stage valve (6); N, is the horizontal component of
the reaction forces of the housing of device (1) on the
first stage valve (6).

Equations of motion for the second stage valve (5)

with mass m

m 3, =—mg—k (yo +y)—cy + ” p(slfs”)(t)dS"‘Nsoy (4)

where p¢ ¢ (#) is the function of changing of the
pressure of the working fluid in the internal pres-
sure chambers A, E of a two-stage pulsator valve;
N P55 (0495 are the corresponding components of
the forces acting on the area S S, of valve surface of

the second stage valve (5); N, is the vertical components

(SIZ_SII)

of the reaction forces of the device body (1) on the lower
cylindrical surface of the second stage valve (5). Since
the plunger valve of the accumulator (7) on the y-axis is
moving together with the hinged device (1), the equations
of motion for the plunger of the hydro accumulator (7)
with mass m, along the x-axis are as follows:

m, ==k, (v, +x,) =&, + [[ ps, (6)dS (5)
Sy
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where pg ¢ (¢) is the function of changing the
pressure of the working fluid in the internal pressure
chambers D and K of the two-stage pulsator valve;
J.J-p& (t)dS is the corresponding components of the
Sy

where pg (¢) is the function of changing of the pres-
sure of the working fluid in the internal pressure cham-
bers A, E of the two-stage pulsator valve; _f Ps, (DS
are the corresponding components of the forces acting on
the surface area S, of the surface of the check valve (8);
N, are the vertical components of the reaction forces
of the device body (1) on the conical surface of the
check valve (8).In this case, it is a neglect of the inertial
forces of the working fluid acting on the working parts
of the HID as bearing an insignificant contribution to
the changes of the device movement in general. To fully
write down the mathematical model of the VI device

_” Ps,, s, (H)dS < kyxg, —

SZZ_SZI

forces acting on the inner surface S, of the plunger of the
hydro accumulator (7).

Equations of the motion for check valve (8) with
mass m, are as follows:

my, = Ny, —ky (Vo3 +15) — 6304 "'J.J.ps3 (H)dS —m,g (6)
S;

operation, it is necessary that the operation of the HID
for the corresponding working phases of the two-stage
of the pulsator valve is considered.

Pressure build-up phase. In this phase, the first
stage valve (6) and second stage valve (5), as well as
the inertial mass (3) with the check valve (8) are at rest.
At this phase, the second stage valve (5) overclocks the
pressure chambers A and C, causing a pressure build-up
in the cavity B of the hydro accumulator (7). In this case,
the cavity 4 is connected to the cavities D and £ through
the pressure channels (10). The initial conditions for this
phase 0=t<¢,_are as follows:

2o [ Dsus,) ©OdS <k J [ ps, (0dS <kyis;

(SIZ_SII)

(7)

Do) = Ji(0) = 35 (0) = 0.5 (£) = 0,0 < X (1) <

where X, . is the maximum stroke of the plunger of the
hydro accumulator (7).

Pulsator valve actuation phase. In this phase, the
first stage valve (6) opens, since the pressure in the cavity
D acting on the working area S, —S,, got equated with
the force adjustment of the sprlngs k"xg2 kyx;, . The
first stage valve (6) leads to a pressure change in cavity
E, causing a pressure drop across the working area S, -S|
of the second stage valve (5) and making it move upward.

For this phase t_<t=t , the initial conditions (Eq. 8)
are written. The phase of the rise of the inertial mass (3).
At this phase, there is a communication between the
pressure cavities 4, B, and the cavity C. At the same
time, the internal cavities D, K, E are connected through
the drain lines (11-12) and a throttle (14) with a drain
cavity 7. The combination of cavities 4, B, and C through
the piston (4) makes the inertial mass (3) move up:

H Ps, s, (S = kxg, — kixg,5 ” Pis,-s.) (t)dS 2k Yo ijs (DS <kyyos;

S227S21
Vo) = 73() = 0; 0<y{(1) <6 Ngy, =
N,

where x;max is the maximum stroke of the first stage
valve (6), 0 is the overlap of the second stage valve (5).

[[ po. s, 0dS >kt —k

where y/ is the maximum stroke of the second stage
valve (5); y(;max is the maximum stroke of inertial mass (3);
y;max is the maximum stroke of the check valve (8).

The phase of lowering the inertial mass (3). At
this phase, there is a drop in pressure in the cavity C and
through the hydraulic lines (9, 12) the working fluid
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(8- Sn)

6x = 0’ (8)

05y =N50y =0’0Sx;(t) Sxémax;osx:l(t) S'xé,lmax

For this phase t, <t<t ,the following initial con-
ditions are recorded as follows:

xoz; jj Ps,-s,) (t)dS>k1yow

S227SZI (SIZ Sll)

[[ Ps, (1S 2 k,y56 < 31(0) < Vs 02X (0) € X ©)
s,

NOSy:NSOyZO;NOG.r:me 0; Nos; N80y 0; N30y N03y =0

flows into the drain cavity 7 and, accordingly, into the
hydraulic tank (15). At the same time, the first stage
valve (6) returns to the initial position and causes the
overlap of the cavities K and D, while the throttle (16)
allows the working fluid to drain into the drain line (11).
After the overlap of the cavities K and D, the pressure in




the cavity £ drops, which forces the second stage valve (5)
to rotate to its original position.

8227‘5‘21

The period t, <t<t _ of the impact interaction
of the inertial mass (3), the immersed pile (13) with
the soil (17), is being considered (Fig. 3). Experimental
studies of the immersion impact of piles (Manzhilevsky,
2019; Goncharevich, 1981) indicate that the immersion
occurs as follows. During the inertial movement of the
submerged pile (13), deformation of the soil occurs upon
contact with the conical surface of the submerged pile
with an inner cone angle a. Multiple frequency deforma-
tions of the contacting soil layer (17) contribute to the
opening of internal cracks and to the accumulation of
residual deformations, which, as a result, reduce the frac-
ture stress and contribute to a relative displacement with
subsequent compaction of the contacting soil layers (17)
with the surface of the submerged pile (13). Consider-
ing the given regularities of the submersion process,

(l—l)fm)'é = N13,17x

(l_i)émy = N13,17y _cy(j’_).’o)_ky(y_yo)a

where (1-1)¢m is the vibrational free mass of the soil
layer 17; x, y are the mass movement (1-4)¢m towards X,
y axes; x,, y, are the mass movement A{m towards the

’h

[ s (DS 2 kyyigs 0< H(0) < ¥ips 0K (0) < X 5
S
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For this phase t, S t<t , the initial conditions (10)
are recorded as follows:

[[ Pows, @ds =k ~kxts ([ ps, ) (0dS 2 ki
)

(Slzisll

Os‘x:t(t)gx;max; Osy(,)(t)sy(’)max; Osyé(t)sy;max;
NOSy :NSOy =0; Ny, = N, =05 N08y :NSOy =0; N30y :N03y =0

a phenomenological model of the soil layer has been
developed, which is subjected to shock strain from the
conical surface of the submerged pile (13) (see Fig. 3).
The soil model is a trimass-elasto-viscoplastic rheological
body (Israelashvili, 2004; Magnus et al., 2008). Elastic
deformations of the model are reproduced by radially
distributed elastic elements with vertically and hori-
zontally constituent stiffness coefficients ky and k , and
dampers with vertically and horizontally constituting vis-
cous resistance coefficients ¢ and ¢, respectively.

The process of deformation (destruction) and
displacement of the two-mass model of the soil layer
in projections on the x, y axis at the stage t, St<t
spring-viscous deformation of the soil layer is described
by a system of differential equations as follows:

—c,(X=X) =k (x—x,);

(11)

axes Xy, ¥; Ny, 1, are the components of the reaction
forces of pile 13 with soil 17 from the interaction with
a conical surface /-1.

Figure 3. Dynamic model of the VI pile driving
Notes: 3 - inertial mass; 13 - pile; 17 - soil; I-I - conical pile surface; II-1l - cylindrical submerged in the ground 17 pile surface 13; k # k. - vertically and
horizontally constituent stiffness coefficients, respectively; c G = vertically and horizontally constituting viscous resistance coefficients, respectively; (1-&)
m - specific gravity of interacting soil 17; (1-2)ém - is the vibrational free mass of the soil layer 17; im& - mass of the contacting soil layer 17; kﬂy ik, -are
the vertical and horizontal components of the deformation coefficients; m; - mass of the pile 13, o. - pile cone angle; [, - submerged pile length; [ - total
pile length; L, - length of the vertical part of the pile buried in the ground; F, - specific reaction force of the soil 17 during the interaction of piles 13 along

the vertical plane 1I-1I; g - acceleration of gravity
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Plastic deformations of the soil layer 17 at the
stage t St< t ,are described by the following equations:

(1 —/1)§m)'c' = N13,17x —k, (x—x.");
(1=2)gmj= N,y 0, =k, (v =)

where kI1y i k_are the vertical and horizontal components
of the deformation coefficients.

Equations of motion for the y-axis of the pile 13
of the VI device with mass m; is as follows:

(12)

Is
my=msg+ Ny, _N17,13(Sina+ﬂy)_ﬂyJ.Eldy (13)
0

where JFldy is the reaction force of the soil (17) with
interaction with the pile 13 along the vertical plane //-17;
1, is the vertical component of the soil (17) and pile (13)
friction coefficient; N, ,is the component of the reaction
forces of the soil (17) from the interaction with the conical

surface /-1 of the pile (13); N; ;5 is a compound of the

B 15570007
W 919300008
 s.50160-00

7.084e+006
| 5.6663e+006
W 424670000

B #2060
W 1421900008
B 2.6396¢.006

reaction forces of the inertial mass (3) with the upper base
of the pile (13).

DISCUSSION

The mathematical model of the pile driving technology
involving a HID-based VI device, which is represented
by the systems of equations (1-13) and additionally by the
Navier-Stokes hydrodynamics equations (Iskovych-Lototsky
et al., 2018b; Iskovich-Lototsky et al., 2019), was imple-
mented according to numerical modelling methods based
on software systems FlowVision (Iskovich-Lototsky et al.,
2019), Matlab Simulink (Iskovych-Lototsky et al., 2018a;
Shatokhin et al., 2019) powered by computing clusters
of the V.M. Glushkov CS Institute of Cybernetics of the
NAS (National Academy of Sciences) of Ukraine (Yarovyy
etal.,2012).The result of the calculation in the FlowVision
software package was the distribution of pressure (Fig. 4,
a) and velocity (Fig. 4, b) of the working fluid in the HID
cavities.

zzzzz

sssss

41484
0.00552

b)

Figure 4. Distribution of pressure (a) and velocity (b) of the working fluid in the HID cavity
of the VI device for pile driving

The numerical result of the calculation in the
FlowVision software package is the diagrams of changes

P,MPaA
20.0¢4
15.0%
10.0%1

501

]

Q<
Q

'

0

in the integral value of pressure in various HID cavities
of a VI device for pile driving (Fig. 5).

Figure 4. Diagrams of pressure changes in the HID cavities of the VI device for pile driving

Notes: 1 - change in pressure in the accumulator cavity; 2 - pressure change in the pressure chamber of the executive hydraulic cylinder; t o~ charging
time of the accumulator; p, - pressure pulsation amplitude in the executive hydraulic cylinder; p, - pressure pulsation amplitude in the accumulator
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The next result of the calculation in the FlowVi-
sion software package is the diagrams of changes in the

S.m A

ol 0.4 1.2

Ivanchuk et al.

movement of the moving elements of the HID of the
VI device for pile driving (Fig. 6).

2.8

2.0 t-10°',sec

Figure 6. Diagrams of changes in the movement of movable elements of the HID of a VI device for pile driving

Notes: 1 - change in the displacement of the impact mass; 2 - change in the movement of the accumulator; 3 - change in the movement of the first
stage valve; 4 - change in the movement of the second stage valve; H__ - oscillation amplitude of the impact mass

Additionally, using the Matlab Simulink software
package, motion diagrams (Fig. 7) of a pile submerged

y”ﬂ 2‘ y? am ‘y’,’m‘

into a soil layer of the “quartz sand” type were obtained
during a two-time impact interaction.
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Figure 7. Diagrams of the change in the kinematic parameters of the pile submerged during operation
of the HID-based VI device
Notes: 1 - change in the movement of the submerged pile; 2 - change in the speed of the pile submerged driven; 3 - change in the acceleration of
the submerged pile; 4 - experimental data on changes in the displacement of a submerged pile (Manzhilevsky, 2019; Guo et al., 2014)

In the middle of the second stage valve cavity (8)
(see Fig. 1), the pressure is considerably higher than in
the lower cavity of the first stage valve (9), and this differ-
ence is approximately 1.5 MPa (see Fig. 4, a). This pres-
sure difference creates an added force that allows the
second stage valve (9) to move while connecting the
pressure cavities of the accumulator 6 and the hydrau-
lic cylinder (3). It is also noted that the pressure in the
drain channel after the first stage valve (9) is 1.5 MPa is
bigger than in the main drain channel (7) of the HID (see
Fig. 4, a). This fact indicates the high efficiency of the
throttle assembly (14) (see Fig. 1). The use of an added
control stage in the form of the first stage valve allows
considerably reducing the dimensions and, accordingly,
the total weight of the control hydraulic equipment.
Figure 4, b, demonstrates the extreme velocity values
in the pressure channel (9) of the executive hydraulic

cylinder (3) (see. Fig. 1), which is a consequence of the
movement of the total flows of the working fluid from
the hydraulic pump and accumulator. The second stage
valve (8) is under an additional action of a dynamic force
occurring from the velocity head in the middle of the
valve itself at the conical chamfer. This added component
of the hydrodynamic force requires an additional increase
in the rigidity of the elastic element of the second stage
valve (8) (see Fig.1).

The analysis of the pressure diagrams (see Fig. 5)
demonstrates that at the opening phase of the second
stage valve (8) (see Fig. 1), the pressure in the pressure
cavity of the actuating hydraulic cylinder (3) is 3 MPa
more than the maximum pressure in the cavity of the
accumulator (6), which is a consequence of hydraulic
shock (Wilcox, 1994; Teng et al., 2010). In addition, during
the second period of the pressure drop phase in the
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pressure cavity of the actuating hydraulic cylinder (3),
there is a certain pressure drop by 2 MPa compared to
the nominal initial pressure in the hydraulic system. This
phenomenon indicates the presence of weakness in the
working fluid (Wilcox, 1994; Sevostianov et al., 2021).
The presence of pressure pulsations in the second phase
of the pressure drop (see Fig. 5), both in the cavity of
the accumulator (6) and in the pressure cavity of the
actuating hydraulic cylinder (3) (see Fig. 1) indicates
the presence of accumulated resonance phenomena in
the working fluid and is the result of the presence of
wave processes in a moving working fluid (Iskovych-Lo-
totsky et al., 2018a; Iskovych-Lototsky et al., 2018b; Wil-
cox, 1994). The diagram in Figure 5 suggests that the
amplitude of the pressure pulsations for the pressure
cavity the accumulator p,=8 MPa, and for the pressure
chamber of the executive hydraulic cylinder p,=12 MPa.
The accumulator build-up time (energy storage time) is
t,=0.14s.

Analysis of the diagrams of changes in the dis-
placement of the movable elements of the HID of the
VI device for pile driving (see Fig. 6) allows determining
the following operating parameters of the technological
process:

- the oscillation amplitude of the impact mass of
the HID H_=140.6 mm, the first stage valve - 6.0 mm;
the second stage valve - 8.0 mm; hydroaccumulator -
48.2 mm;

- the frequency of operation (vibration) of the shock
mass and, accordingly, the device itself is 5.8 Hz.

The diagram of the change in the kinematic pa-
rameters of the pile being driven during the operation
of the HID-based VI device (see Fig. 7) suggests that the

depth of immersion during the first shock interaction,
on average, is 0.23 m, and during the second - 0.18 m.
Average pile sinking speed at the first impact interac-
tion is 0.4 m/s, and at the second - 0.27 m/s. The aver-
age acceleration of pile sinking during the first impact
interaction is 35.0 m/s?, and at the second - 28.0 m/s.
Average error in approximating the change in the dis-
placement of a submerged pile in a soil medium of the
‘quartz sand” type in comparison with experimental
data amounted to 10.40% (Manzhilevsky, 2019; Guo
et al., 2014), which allows considering the developed
mathematical models highly adequate to real systems
(Mori, 2017; Palm, 2007; Shabana, 2019; Spreemann &
Manoli, 2012).

CONCLUSIONS

As a result of the performed research, the authors of this
paper offer a design of a VI device for pile driving with
a highly efficient and compact HID based on two-stage
pulsator valve. A mathematical model has been improved
for studying the pile driving technology for a HID de-
vice based on the laws of hydrodynamics using mech-
anoreological phenomenology and generalised laws of
mechanics.

Based on the developed mathematical model by
finite volume methods using numerical modelling, work-
ing dependences were obtained to determine the main
performance characteristics of the pile driving technol-
ogy using the HID-based VI device. Comparative results
of numerical modelling of the pile driving technology
demonstrated the advantages of the chosen design ap-
proach and proved the efficiency of the developed HID
design based on a two-stage pulsator valve.
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MopenioBaHHSA TEXHONONYHOro Npouecy 3aHypeHHs nanb
Bi6poyaapHMM NPUCTPOEM 3 rigpoiMnyNbCHUM NPUBOAOM

fApocnas Bonoaumuposuu IBaHuyk, Onekcanap JMutposuy MaHxinescbkuit,
Pycnan CranicnaBoBuy benseubkuii, OnekcaHap AmutpoBuy 3amMmkoBuii, PomaH IropoBuy NMaBnoeuy

BiHHMUbKMIA HALiOHANbHWUI TEXHIYHWI YHIBEPCUTET
21021, Byn. XMenbHuUbKe woce, 95, M. BiHHMuA, YKpaiHa

AHoTauis. PospobneHa MaTeMaTMyHa MOAEb TEXHOMOrYHOIO NpoLiecy poboTu BibpoyaapHOro NpUCTpoto A1 3aHYpPeHHS
byniBenbHUX Nasb Ha 6a3i rigpoiMnynbCHOro NpMBoay. Ha 0CHOBI aHanisy po3pobneHoi MaTeMaTMUYHOI MOAENi 3anponoHOBaHO
ONTUManbHI pexxnumMm poboTK BibpaLifMHOro NpucTpoto AN 3abe3neyeHHs iHTeHCHikaLii NpoLecy 3aHypeHHs nanb.
3anponoHOBaHO OpUriHaNbHY KOHCTPYKLLiK CY4acHOro BUCOKOE(MEKTUBHOIO NMPUCTPOI ANt 3aHYPEHHS OyLiBeNbHUX
nanb, SKUM OCHALLEHO KOMMNAKTHUM MOTYXXHUM TiApoiMNyNbCHUM NpUBOAOM. N po3pobKM MaTeMaTUUYHOI MoAeni
TEXHONOrYHOrO NPOLLECY 3aHYPEHHS Naslb BUKOPUCTOBYBANMCh METOAN MEXAHOPEOOriYHOI (peHOMEeHONOTIi, MApoaAMHAMIKK
i y3aranbHeHi 3aKOHM MeXaHiKW. YLOCKOHaNeHo MaTeMaTUYHI Moaeni AMHAMIKM TEXHONOMYHMUX NPOLECiB 3aHYPEHHS
nanb Bi6pOyAapHUM NPUCTPOEM Ha 6a3i rigpoimMnynbCHOro NpMBoAa, y GopMi NPOCTOPOBO-HECTALLIOHAPHOI MOCTAHOBKM
3a4a4i Ta iHTerpanbHUX PiBHSAHb AMHAMIYHUX XapaKTEPUCTUK PYXOMMUX eNleMeHTiB NpunBoaa. Ha ocHoBi po3pobneHoi
MaTeMATUUYHOI Moaeni MeTooM KiHLEeBUX 0GEMIB, 3a LONOMOTOK YMCENbHOO MOLENOBAHHS | BUCOKOMPOLYKTUBHUX
064MCNIoBaNbHUX KOMMHOTEPHUX CUCTEM, OTPMMAHO PO3MOLIN TUCKY | WBMAKOCTI po6040i piAnHU B riapoiMnynbCHOMY
NPUBOAI BiOPOYAAPHOro NPUCTPOHD, @ TAKOXK 3MiHM KIHEMATUYHMX NapaMeTpPiB €/1eMEHTIB TEXHOMOTYHOro 061afHaHHS.
3anponoHOBaHO OMTUMAsbHI peXX1MKM poboTH TiApOiMNYIbCHOTO NPUMBOAY BiOPOYyAapPHOIO NPUCTPOLD A5 3abe3neyeHHs
iHTeHCUiKaLIT TEXHONOTIYHOro NpoLecy 3aHyPeHHS Nanb. BCcTaHOBNEHO, LLLO MPU 3aCTOCYBaHHI HU3bKOYACTOTHOI BibpaLii
BiAOYBa€ETbCA iHTEHCMDIiKALLA NpoLecy 3aHYpeHHS ByaiBenbHMX Nasb. 3aCTOCYBaHHS TigpOiMMYbCHOrO NPMBOAY HA
OCHOBI IBOKaCKaAHOro Bibpo30yaKeHHs [,03BONMN0 peani3yBaTi BibpoyaapHuii pexxum pobotu npuctpoto. CepeaHs
LUBWMAKICTb 3aHYpeHHS Nani 3a yaapHo-BibpaLiMHOi B3aEMOAIT y cepefHbOMY B MATb Pa3iB BMLLA NOPIBHSAHO 3 TPaAMLiMHUMM
MEeTOAAMM 3aHYPEHHS

KntouoBi cnoBa: imnynbc, yaap, Bibpadii, MaTeMaTMyHa Mogenb, riaponpuBoL, Knanax, byaisensHa nans
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Features of hepatopathy and hematological complications in acute spontaneous babesiosis of dogs

INTRODUCTION

Babesiosis of dogs is an urgent problem of veterinary
medicine today. The disease is characterised by severe
course and causes significant damage to the animal’s
body, even life-threatening. In the seasons of tick activity
mortality can reach 50%. The causative agents of this
disease are blood spores, representatives of the series
Piroplasmida Wenyon 1936 (Bili¢ et al,, 2018; Vishwakarma
& Nandini, 2019). Known large forms of pathogens - Babesia
canis Piana et Galli-Valerio 1895; B. vogeli Reichenow
1977; B. rossi Nutall 1910. The first two species are
cosmopolitan, and the latter is more typical of regions of
Africa. These forms are characterised by a fairly large size
of zoites at the stage of paired pear-shaped formations.
The length of such zoites exceeds the radius of the
erythrocyte, so the paired forms are placed at an acute
angle to each other. In the form of odd generations, zoites
are also quite large (Vishwakarma & Nandini, 2019; Dubova
et al, 2020).

Representatives of babesia of small forms are:
B. gibsoni Patton 1910; B. vulpes Baneth, Florin-Christensen,
Cardoso & Schnittger 2015; B. conradae sp. nov. - a
recently discovered species of “small” babesia in the
United States, B. microti-like sp. nov. (Bilic et al., 2018,;
Azagi et al., 2021; Hussain et al., 2021). In small forms of
babesia, paired pear-shaped zoites have a length shorter
than the radius of the erythrocyte. In the form of odd
formations, such zoites resemble small round inclusions,
which are microscopically different from prokaryotes in
the existing nucleus. Pathogen B. equi Laveran 1901 (syn.
Theileria equi, Nuttalia equi ) is an obligate parasite of
horses, but cases of lesions in dogs have been identified,
as confirmed by genetic identification of the pathogen
(Vishwakarma & Nandini, 2019).

Babesia species are confined to certain vectors.
Thus, for B. canis the relevant vector is Dermacentor re-
ticulatus, which is common in Europe, in the temperate-
continental climate zone. For B. vogeli, a specific vector
is the brown dog mite Rhipicephalus sanguineus. It is wide-
spread in the Mediterranean, prefers temperate climates,
and is found in Central Europe and the British Isles (Bili¢
et al., 2018; Vishwakarma & Nandini, 2019).

Small forms of pathogens (B. gibsoni, B. microti-like,
B. vulpis ) use mites of the genus Ixodes as a biological
vector - . hexagonus Leach 1815, /. canisuga Johnston 1849,
sometimes /. ricinus. Small pathogens do not occur in
Ukraine (Vishwakarma & Nandini, 2019; Dubova et al,, 2020).

Conditioned upon its landscape and climatic char-
acteristics, the Polissya Lowland Zone of the Western part
of the Eastern European Plain is the optimal territory
for the formation of a stable epizootic center of dog ba-
besiosis. The structure of the soils of this area, climatic
conditions, the presence of appropriate biocenoses are
ideal for creating an area of Ixodes mites - vectors of
babesiosis. In the region, specific vectors of large forms
of Babesia spp. Dermacentor reticulatus Fabricius 1794
(main vector) and Ixodes ricinus Linnaeus 1759 (Dubova
et al., 2020) are the causative agents of canine babesiosis.
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Different types of pathogens have different virulence.
There is information that among the largest forms of
the most virulent species of B. vogeli. The virulence of
small forms is still being studied (Bili¢ et al.,, 2018;
Vishwakarma & Nandini, 2019).

In the dog’s body, the blood parasite begins its
pathogenic effect after inoculation with the saliva of
the tick. First of all, the pathogen destroys red blood
cells. This leads to the development of hemolytic ane-
mia, which results in most of the clinical symptoms of
babesiosis (Azagi et al., 2021; Ortiz et al., 2020). Location
Babesia spp. inside erythrocytes leads to the transfor-
mation of their discoid form, there are various patho-
logical formations - spherocytes, planicites, fragments,
etc. Such cells are actively destroyed in the liver and
initially stimulate its hyperfunction, and then cause in-
flammatory and dystrophic processes (Bili¢ et al., 2018;
Wesley et al., 2021). At the same time, the activated blood
coagulation cascade causes thrombosis in the microcir-
culatory tract of the liver, which is accompanied by the
appearance of ischemic areas. Necrobiotic and subse-
quent necrotic changes in hepatocytes exacerbate liver
failure, increase hypoxic, acidotic and intoxication pro-
cesses, both in the liver and in the body as a whole (Gil,
2019; Liu et al., 2019).

Finding out the pathogenetic mechanisms and
processes of hepatopathy in babesiosis, the sequence
of their manifestation and consequences for the body
is an urgent problem of veterinary therapy. In the ab-
sence of pathogenetic treatment aimed at stopping the
development of complications and eliminating their
consequences, the course of acute spontaneous babe-
siosis in terms of prognosis has a clear tendency to an
unfavorable end.

Thus, given the special danger of the acute form
of spontaneous babesiosis of dogs and the severity of
concomitant complications, there is a need for the for-
mation of scientifically sound protocols of pathogenetic
therapy. This will allow to determine the priorities and
sequence of treatment of drugs against the development
of severe complications, such as shock and disseminated
intravascular coagulation syndrome (DIC).

The purpose of the work is to establish the patho-
genetic links between hepatopathy and disseminated
intravascular coagulation syndrome in acute spontaneous
babesiosis of dogs.

THEORETICAL REVIEW

The leading pathogenic factor of babesiosis is hypoxia
due to erythrocyte damage. In addition, Babesia spp. have
pyrogenic properties, have a toxic-allergic effect on the
body and stimulate the emergence of immune com-
plexes (Bilic et al., 2018; Hussain et al., 2021). The content
of destroyed erythrocytes, and the damaged cells them-
selves are biologically active substances (Vishwakarma
& Nandini, 2019). They react to the activation of immune
processes: in particular, reactive changes in the vascular




endothelium, aimed at preventing the loss of circulating
blood volume (Oaks et al., 2020). The system of mono-
nuclear phagocytes with the main function of protecting
the body from invading agents is also activated. Indeed,
mononuclear cells attack and destroy erythrocytes affected
by babesia (Ortiz et al., 2020; Roopali et al., 2018). How-
ever, in the case of an autoimmune reaction, phagocytes
will destroy completely healthy erythrocytes, which will
greatly complicate the pathogenesis of the disease and
the condition of the animal. Thus, as a result of a complex
set of reactions in response to the invasion, all organs
and systems are involved in the pathogenic process.

Previous studies have shown that the toxic-aller-
gic effects of Babesia spp. causes severe complications
that primarily affect the microcirculatory tract of organs
(Ortiz et al., 2020; Hildebrandt et al., 2021; Rodeghiero
et al, 2019). The organs in which gas exchange and excre-
tion of end products of metabolism (lungs and kidneys),
and the liver, as the leading metabolic organ (Dubova et
al.,2020; Levi, 2018), suffer the most. In addition, patho-
gens spend some time of their prepatent period in liver
cells and destroy them (Bili¢ et al., 2018; Vishwakarma
& Nandini, 2019). Thus, the pathogenesis of babesiosis
is characterized by the development of complex multifac-
torial hepatopathy, which is exacerbated by the wrong
circle of the axis of complication of the disease - DIC
blood (Dubova et al., 2020).

The destruction of erythrocytes causes the re-
lease of free biologically active hemoglobin and other
substances into the blood plasma, which stimulates the
activity of vascular endothelium and platelets (Roopali
etal,, 2018; Gupta et al.,,2020).Their adhesive and aggre-
gation properties increase, the process of activation of
vascular-platelet hemostasis is started - the first link in
the coagulation cascade (Quach & Li, 2020; Rayes et al.,
2018).Because the pathogenicstimulus Babesia spp. con-
tinues, the coagulation process becomes avalanche-like,
further enhancing the primary vascular-platelet link of
hemostasis (Tyutyumova et al., 2019). Thus, a kind of vicious
circle of activation of extensive blood clotting is created.
DIC syndrome occurs throughout the bloodstream, and
thrombosis and insufficiency of tissue perfusion develop
at the level of microcirculation (Dubova et al,, 2020; Saini
& Dunn, 2019).

Inadequate tissue perfusion, the development of
hypoxia and ischemia is reflected in the processes of
cellular metabolism. Necrobiotic and necrotic changes
occur in cells. This condition is a pathomorphological
criterion of shock. The development of shock changes
at the level of organs shifts the local metabolism in the
direction of toxic and hypoxic processes, which increases
thrombosis and blood clotting. Thus, the next generalised
vicious circle of shock is created (Dubova et al,, 2020; Liu
et al,2019).

Conditioned upon the abundant blood supply net-
work of the liver, thrombosis and shock changes, which
initially occur only in hepatocytes, later spread to the
liver lobes and the whole body. This leads to functional
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liver failure. Thus, the liver becomes unable to detoxify
the body and perform its synthetic functions (Thakur et
al, 2018).

Thus, the study of the pathogenesis of compli-
cations of acute spontaneous babesiosis and their re-
lationship with the development of functional and or-
ganic changes in the liver is necessary to understand the
nature of hepatopathy and develop scientifically sound
schemes of pathogenetic therapy of sick dogs.

MATERIALS AND METHODS

The research was conducted during 2020-2021 on the
basis of the educational-research-production clinic of
veterinary medicine of Polissya National University, Zhy-
tomyr, Ukraine.

The research was conducted in accordance with
the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986), the General Ethical Principles
of Animal Experimentation (Kyiv, 2001) and the Law of
Ukraine “On the Protection of Animals from Cruelty” The
compliance of the conducted research with the princi-
ples of bioethics and protection of animals from cruel
treatment during scientific work was confirmed by the
commission on bioethical examination of Polissya Na-
tional University (Minutes No. 1 of 01/10/2022).

40 dogs of different breeds, age 2-4 years, body
weight 20-30 kg were studied. 2 groups were formed -
control and experimental, 20 animals in each, on the
principle of pairs of analogues. The experimental group -
dogs with acute spontaneous babesiosis. Control group -
clinically healthy animals (no clinical signs, no history of
contact with ticks, hematological and biochemical labo-
ratory parameters were within the established standards).

Clinical and microscopic studies. Clinical studies of
animals were performed by general methods. The diag-
nosis of babesiosis was established by light microscopy
of thin fixed blood smears stained by the method of
Pappenheim on the device V-Chromer® 1l (West Medica,
Austria). Microscopy was performed using a KERN OBE
digital microscope (KERN, Germany). Generic identifica-
tion of the pathogen and group size determination was
conducted. Species identification of the pathogen has
not been established. The intensity of parasitemia was
determined by the percentage of affected erythrocytes.

Hematological, hemorheological, hemodynamic studies.
Venous blood samples taken from the right vena subcuta-
nea antebrachii were examined. For this group of studies
used Vacumed tubes with anticoagulant EDTA-K3, the
concentration of which is 1.8 mg/mL.

The hemoglobin content, the amount of formed
blood cells, the erythrocyte sedimentation rate (ESR) and
the hematocrit were determined using an automatic
hematology analyzer RT-7600 (Rayto, China). Spontaneous
aggregation capacity of erythrocytes (spEAC) and plate-
lets (spPAC) was determined by shaking a blood sample in
a laboratory shaker S-3 MICROmed (MICROmed®, Ukraine)
according to N. Tarasova (Barkagan & Momot, 2008).
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Circulating blood volume (CBV) was calculated by
diluting T-1824 blue Evans. Deficiency of blood volume
was calculated by hematocrit using Moore's formula (1):

(thorm - Htresearch) (1)
Htporm

BLV = CBV,p;m X

where BLV - blood loss volume, ml; CBV - circulating
blood volume normal, ml; Ht - hematocrit value
normal, L/L; Ht . - hematocrit value of the animals’
research group, L/L.

Investigation of the coagulation link of hemostasis.
This series of studies was performed using a two-channel
coagulometer RP-2202C (Rayto, China). Coagulogram param-
eters were studied: time of spontaneous coagulation of
Lee-White blood, silicone time of blood coagulation, pro-
thrombin time (prothrombin time) (PT), activated partial
thromboplastin time [activated partial thromboplastin
time] (APTT), and also determined the content of fibrin-
ogen (Rayes et al., 2018; Saini & Dunn, 2019).

Determination of markers of DIC syndrome. The
concentration of soluble fibrin-monomer complexes (SFMC)
was measured colorimetrically by a quantitative variant
of the orthophenanthroline method.

Fibrinogen/fibrin degradation products (FDP) and
D-dimer were determined by enzyme-linked immunosor-
bent assay (Slater et al., 2019).

Biochemical research. For this group of studies,
whole blood samples were taken from EximLab vacuum
tubes with coagulation activator and demarcation gel.
Obtained serum, which served as material for the study.

The studies were performed using a semi-automatic
biochemical analyzer Chem 7 (Erba Mannheim, India).

The concentration of total and conjugated bili-
rubin (Malloy-Edeline method), the activity of the en-
zymes alanine aminotransaminase (ALT) and aspartate
aminotransferase (AST) (Reitman-Frenkel method), gam-
ma-glutamyltranspeptidase (GHT) method (phosphate
method) Bodansky), lactate dehydrogenase (LDH) (Berg-
meier method). The concentration of urea was determined
by the Rashkovan method.

Statistical analysis. Statistical processing of the
obtained data was carried out using the application pack-
age SPSS Statistics 23.0 (IBM Company). ANOVA analy-
sis of variance was performed to compare the variance
caused by group differences with the variance caused
by intragroup variability. The reliability of the obtained
data was evaluated by Fisher’s F-test at a confidence level
of p<0.05.

RESULTS AND DISCUSSION

The following clinical signs were observed in dogs with
acute spontaneous babesiosis: pyretic fever, mucosal
anemia, loss of appetite, intoxication syndrome (nausea,
vomiting,abdominal pain). The primary acute process of
development of the pathogen in the body developed
without jaundice. Hemoglobinuria was observed in the
period from the 15 to the 3™ day of the patent period.

Later in 3 days and later jaundice of mucous mem-
branes and skin developed. The general condition of the
animals deteriorated, the phenomena of intoxication in-
tensified.Vomiting in the early stages was characterized
by mucous and foamy masses, then there were impurities
of bile, which soon turned reddish-brown.

In the area of the right hypochondrium palpation of
the liver increased by 1.5-2 times. Manipulations were
accompanied by a significant pain response of the ani-
mal. Subsequently, the dog went into a stupor-soporous
state and coma. In the icteric form of acute spontaneous
babesiosis,according to clinical statistics, mortality was
about 40%.

Blood tests of dogs with acute spontaneous ba-
besiosis were performed at different stages of the dis-
ease, which were defined as anemic (early) and jaun-
diced (late) forms. It was found that the changes found
in sick animals are dynamically deteriorating and in
the jaundiced form is more severe than in the anemic.
The intensity of parasitemia remained throughout the
observation period at the level recorded in the initial
examination (Table 1).

Table 1. Hematological parameters in acute spontaneous babesiosis of dogs, M*m

Experimental group (n=20)

Control group

Indicator
Anemic form Jaundiced form (n=20)
Hemoglobin, g/l 98.6%4.2** 80.2£5.2** 128.9+6.3
Erythrocyte srt;crI;Thentation rate, 18.3+3 3+ 26.7+4.6* 4.4+0.18
Erythrocytes. T/ L 3.4£0.6™* 3£0.6"* 6.8+0.36
Leukocytes, G/L 19.2£3.1* 13.6%2.1 10.2%0.7
Platelets, G/L 201£12.2*** 164.4+10.8*** 312%26.3
Intensity of parasitemia, % 13.4+1.8 11.2%1.2 -

Note: Difference between investigated and control groups is significant (p<0.001)

Anemia and progressive erythrocytopenia were
noted in both forms of the disease (p<0.001). Anemia is
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normochromic in nature, and therefore has a hemolytic
origin. In the anemic form of babesiosis hyperleukocytosis




was observed (p<0.001). In the jaundiced form, a tendency
to return the number of leukocytes towards the reference
values was observed. The number of platelets decreased
dynamically in the progression of the disease (p<0.001),
which was synchronized with the increase in spontaneous
aggregation ability of the formed elements (p<0.001).
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ESR increased during the development of ba-
besiosis (p<0.001), and the number of platelets pro-
gressively decreased. Against the background of spPAC
growth (Table 2), this picture indicates the release of
platelets into blood clots and the area of the microcir-
culatory bed - thrombocytopenia ‘consumption”.

Table 2. Hemodynamic and hemorheological parameters in acute spontaneous babesiosis of dogs, M*m

Experimental group (n=20)

Control group (n=20)

Indicator
Anemic form Jaundiced form

Hematocrit, I/ 0.340.07 0.27+0.08* 0.45+0.04
CBY, ml 338657.2"** 2943+66.5** 4508+89.6

Specific CBV, ml/kg 81.6%4.8"* 76.2%6.3* 122.5¢71

Deficiency of blood volume, ml 1100.3%96.3*** 1526+88.6™** _
% 24 34

SpEAC, % 37.3£5.6™* 44 8£9 4+ 8.4%1.8

spPAC, % 43.8£5 5" 61.2+7.3* 15.5¢¥2.4
The index of wetting 0.7220.04"" 0.910.04" 0.3120.02

the vascular wall

Note: difference between investigated and control groups is significant: *p<0.05; ***p<0.001

In terms of hemodynamic and hemorheological
parameters, progressive changes were observed in all
parameters. CBV, respectively, and the specific CBV in
the anemic form is significantly reduced relative to the
control group. In the jaundiced form of the disease, all
indicators are significantly lower (p<0.001) and much
lower than the parameters of the anemic form.

SpPAC and spEAC were significantly increased
throughout the course of babesiosis (p<0.001). Thus, there
was a dynamic increase in the intensity of the shock pro-
cess. It was expressed in the blockade of microcircula-
tion conditioned upon the high aggregation capacity of
blood cells (in particular, platelets) (Tyutyumova et al.,
2019; Ho-Tin-Noé et al., 2018), including the loss of cir-
culating blood conditioned upon the release of liquid
component in interstitial edema explained by increased
vascular wall permeability (Levi, 2018; Saini & Dunn, 2019).
The calculated CBV deficiency (p<0.001) determined the
development of shock in acute spontaneous babesiosis
(Dubova et al., 2020; Liu et al., 2019). In the anemic form,

the shock was characterised as subcompensated to mod-
erate, and in the jaundiced form - severe with a persistent
tendency to decompensation (Dubova et al., 2020).

Indicators of coagulation hemostasis, established
in different forms of acute babesiosis in dogs, confirmed
the presence of DIC (Levi, 2018). Significantly altered
and dynamically progressive index of vascular wall wet-
ting indirectly is an indicator of electrophysical proper-
ties of the vascular wall and determines the state of
the endothelium, which may be a strong accumulation
of platelets and erythrocytes (Saini & Dunn, 2019). This
figure increases with the growth of spPAC, spEAC.

In the anemic form of babesiosis in coagulation
tests, which characterize the activity of blood coagulation
by external (PT) and internal (APTT) mechanism (Roshal
& Gil, 2019), there were divergent changes: reducing the
role of external mechanism and increasing the role of
internal (Table 3). This determined the second, transi-
tional phase of DIC syndrome - consumption coagulop-
athy (Levi, 2018; Saini & Dunn, 2019).

Table 3. Indicators of the hemostasis system in acute spontaneous babesiosis of dogs, M*m

Experimental group (n=20)

Control group

Indicator Anemic form Jaundiced form (n=20)
PT,s 22.7+0.3 32.4%0.6™ 20.8+0.6
APTT,s 38.3¥2.4 52.2%7.2 44%29
Fibrinogen, g/l 1.34+0.3*** 0.83+0.13*** 2.45%0.27
FDP, g/l 0.28+0.022™* 0.32+0.043*** 0.075%0.002
D-dimer, pg/L 0.42+0.08*** 0.66+0.07** 0.15+0.02
SFMC, g/L 0.25+0.017** 0.51+0.03*** 0.03+0.005

Note: difference between investigated and control groups is significant (p<0.001)
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In the jaundiced form of the disease in both indi-
cators there was a tendency to hypocoagulation, which
characterised the beginning of the third phase of the
syndrome - hypocoagulation and fibrinolysis.

Criteria for the diagnosis of DIC are the appearance
of the following markers: hypofibrinogenemia (p<0.001),
increase in FDP (p<0.001), including D-dimer (p<0.001),
and SFMC (p<0.001). Fibrinogen is blocked as a result
of its “‘consumption” in blood clots. Conditioned upon
fibrinogen deficiency and “‘consumption” of other co-
agulation factors, full-fledged fibrin cannot be formed.

Improper fibrinogen fermentation leads to increased
levels of FDP, in particular D-dimer, and SFMC. Such
markers are pathognomonic for DIC (Levi, 2018; Saini &
Dunn, 2019).In the anemic form, these markers were re-
liable; in the jaundiced form, their numerical expression
increased to the maximum. Thus, the degree of power of
the DIC syndrome increased, the process tended to be
irreversible.

Functional changes that occurred in the liver of
sick dogs were clearly characterised by specific biochem-
ical parameters of the “liver profile” (Table 4).

Table 4. Biochemical parameters of the liver profile in acute spontaneous babesiosis of dogs, M=m

Experimental group (n=20)

Indicator

Control group

Anemic form Jaundiced form (n=20)

Total bilirubin, ymol/L 10.2£1.2** 26.7x4.2** 2.96%0.7
Conjugated bilirubin, pmol/L 2.8£0.4™ 15.2+3.7* 0.01+0.002

AST,od / L 102£6.4™* 139.2£7.4** 20.6%1.8

ALAT, od/L 122.4+8.4™ 156.7£9.2"** 17.6%1.7

GGT, od/L 28.5%2.6™* 74.8%6.1*** 5.2%0.7
LDH, od/L 382.7+3.1** 500.6+40.6"* 120.4+11.3

LF, od/L 170.4£13.8** 208+11.2" 125%8.3

Urea, mmol/L 15.3£2. 7% 26.3x4.1** 4.9%1.2

Note: difference between investigated and control groups is significant: **p<0.01; ***p<0.001

In the anemic form of the disease there was a
significant increase in the level of total and conjugated
bilirubin (p<0.001), hyperfermentation of transferases
(p<0.001), GGT, LDH (p<0.001), LF (p<0.01), uremia (p<0.001).
Thus, during the anemic form, functional disorders of the
liver are pronounced and caused by the processes of
destruction of hepatocytes. However, clinical signs and
laboratory parameters indicated the development of
subacute hepatitis. In this form of babesiosis, the func-
tional state of the liver was within the reversibility of
processes. Hyperactivity of indicator enzymes indicated
the onset of insufficiency of bile production and bile
excretion, and the tendency to develop toxic hepatitis.

In the jaundiced form of babesiosis,all indicators of
the functional state of the liver significantly increased
even in comparison with the anemic form. Increased ac-
tivity of transaminases (7 and 9 times), GGT (14 times),
LDH (4 times), LF (1.7 times), and hyperbilirubinemia
(9 times), including an increase in the concentration of
conjugated bilirubin (1.5 thousand times) indicated the
course of reactive hepatitis of toxic nature, cholestasis,
massive destruction of hepatocytes (Thakur et al., 2018).
Oversaturation of blood with bile pigments exacerbated
intoxication and further stimulated the power of patho-
genic secondary complications, such as shock and DIC
(Dubova et al., 2020; Liu et al., 2019). Jaundice was he-
molytic-parenchymal in nature (Levi, 2018).

The increase in urea levels determined the state
of uremia, which aggravated the general intoxication
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syndrome. At this stage, the liver was no longer able to
perform detoxification functions, in particular, to dispose
of hazardous and toxic to the animal residual nitrogen
products (Ortiz et al.,, 2020; Thakur et al., 2018).

Liver damage in dogs with acute spontaneous ba-
besiosis is primarily due to exposure Babesia spp., which,
according to the ideas accepted today in science, spends
a certain period of its development in this body (Bili¢ et al.,
2018; Vishwakarma & Nandini, 2019). In addition, condi-
tioned upon its functions, the liver becomes the center
of pathogenetic events during the development of the
disease (Vishwakarma & Nandini, 2019).

Summarising the results of our own research, we
can note that the course of the pathological process of
babesiosis in sick dogs becomes more powerful and is
characterised first by anemic and then jaundiced form.
One of the leading roles in the emergence of these
forms is played by impaired Lliver function conditioned
upon the development of severe processes with a per-
sistent tendency to decompensation and irreversibility
(Liu et al,, 2019; Saini & Dunn, 2019). The initial link of
involvement in the pathogenic process of the vital organs
of the body, including the liver, is the activation of the
vascular-platelet link of hemostasis by the products of
Babesia spp., immune complexes and consequences of
erythrocyte destruction (Dubova et al, 2020; Ho-Tin-Noé
et al,2018).

According to the results of the obtained hema-
tological parameters, the pathogenetic mechanism of




changes can be expressed as follows. The systemic in-
flammatory response of the whole organism is reflected
by leukocytosis as the patent period of babesiosis pro-
gresses (Ortiz et al, 2020; Tyutyumova et al, 2019). The
increase in ESR also confirms the redistribution of plasma
proteins in favor of the globulin fraction, which once
again indicates the development of a systemic inflam-
matory process (Rayes et al., 2018). Decreased white blood
cell counts in the jaundice stage of the disease may
indicate that the body develops cytopenia explained by
hyperstimulation of the spleen and the occurrence of
hypersplenism (Levi, 2018; Saini & Dunn, 2019).

Anemia with erythrocytopenia develops condi-
tioned upon the activity of the pathogen and is the ba-
sis of the pathogenesis of the disease. Destruction of
erythrocytes with the release of hemoglobin into the
blood plasma causes insufficient oxygen supply to or-
gans and tissues, causing metabolic disorders and the
development of hypoxia (Wesley et al., 2021; Rodeghiero
et al, 2019).

The main arena of pathological processes is the
microcirculatory bed of organs, which first suffers from
thrombosis conditioned upon increased adhesive-ag-
gregation properties of platelets and then erythrocytes
(Dubova et al., 2020; Levi, 2018). Given the abundant
network of hepatic capillaries, thrombosis in the micro-
circulatory tract becomes the morphological equivalent
of shock at the organ level (Liu et al., 2019). At this time,
the process of blood coagulation, activated by external
and internal mechanisms, is intensifying (Levi, 2018; Saini
& Dunn, 2019). DIC syndrome occurs. According to the
pathogenesis of severe complications, such as DIC and
shock, these processes cause and reinforce each other,
forming vicious circles at different levels of the body
(Dubova et al.,, 2020; Liu et al., 2019).

The release of platelets into blood clots determines
‘consumption thrombocytopenia” - one of the leading
factors in the development of DIC syndrome (Levi, 2018).
Circulatory platelet deficiency damages the vascular en-
dothelium explained by the lack of vascular wall nutri-
tion factor (Gupta et al., 2020; Ho-Tin-Noé et al., 2018).
Loss of vascular elasticity enhances the adhesion-ag-
gregation capacity of platelets, causing the above-men-
tioned vicious circle of the process. The release of the
liquid component of the blood into the surrounding
interstitial space leads to a decrease in CBV, resulting in
a lack of tissue perfusion, as well as efficient heart func-
tion. Hypoxia is exacerbated (Liu et al,, 2019).

Hepatocytes due to hypoxia lose their metabolic
functions. Enzymes capable of transporting bilirubin and
utilising endotoxins are gradually being lost. Intoxication
of the body is increasing, which in turn increases the
intensity of DIC and shock syndrome (Levi, 2018; Saini
& Dunn, 2019).

Conditioned upon the sinusoidal structure of the
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liver lobes, the body is able to resist vasoconstrictor ef-
fects, the formation of sludge and pooling as the main
morphological criteria for shock, and thrombotic man-
ifestations in the development of DIC (Liu et al.,, 2019).
However, if the etiological factor does not stop its ac-
tion (babesia continues to multiply in the body), there is
a depletion of the enzymatic capacity of the liver. There
are organic changes, which are manifested in the death
of hepatocytes with the formation of scars. The organ
becomes a “shock liver”, developing acute liver failure,
which often ends in death (Levi, 2018; Liu et al.,, 2019).
Thus, hepatopathies in acute spontaneous babesi-
osis of dogs occur as a result of secondary complications -
DIC and shock. Complications develop as a universal re-
sponse to the activity of Babesia spp., and their patho-
genetic mechanisms cause hemodynamic and hemorhe-
ological disorders in the hepatic vascular bed. As a result
of reduced tissue perfusion of the organ, reduction of
CBV and the development of hypoxia, there is a violation
of the functional activity of the liver, distortion of enzy-
matic processes, which increases the intensity of compli-
cations. This is how the vicious circle “shock-syndrome
DIC-liver failure” is formed, in which there is a mutual
strengthening and interdependence of these pathologi-
cal processes. Hepatopathy in the anemic form of canine
babesiosis manifests itself as subacute hepatitis and
functional liver failure. In the jaundiced form - as acute
reactive toxic hepatitis and severe acute liver failure,
which is prognostically life-threatening for animals.

CONCLUSIONS

In the process of acute spontaneous babesiosis of dogs,
hepatopathy develops, which is registered in the anemic
form of the disease, and then progresses, causing a jaun-
diced form of the disease. Complications such as DIC and
shock occur during babesiosis. In the anemic form, the
shock is subcompensated, has a moderate degree, and
DIC syndrome is in the stage of consumption coagulop-
athy. In the jaundiced form of severe shock acquires a
steady tendency to irreversibility. DIC syndrome enters
the stage of hypocoagulation/fibrinolysis.

Hepatopathy in the anemic form of the disease
is in the form of subacute hepatitis and functional liver
failure. In the jaundiced form develops acute reactive
hepatitis of toxic nature, cholestasis, acute liver failure.

DIC syndrome, shock, hepatopathy are closely re-
lated and are involved in the vicious circles of increasing
intensity of each other. The factor of activation of false
circles is the DIC syndrome, which develops in response
to the pathogenic influence of the pathogen.

Thrombotic lesions of the microcirculatory bed of
the liver are a trigger for the development of shock and
hepatocyte damage. In turn, pathological processes in the
liver exacerbate the state of shock and DIC syndrome,
closing the vicious circle.
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Oco6nuBocTi renaTtonarTii Ta reMaTosIOriYHUX YCK/IaAHEHb
3a rocTporo cnoHTaHHoro 6a6esiosy cobak

OkcaHa AHatoniiBHa [ly6oBa, [iaHa BanepiieHa @elweHko, OkcaHa AHaToniiBHa 3rosiHcbKa,
IHHa BaneHnTuHiBHa Yana, AHaToniii AHgpiitoBuu [ly6oBuii

MonicbKnin HaLioHaNbHUIM YHiBEpPCUTET
10008, 6-p Crapwui, 7, M. XXutomup, YkpaiHa

AHoTauisa. CnoHTaHHMI 6abe3io3 cobak HanexuTb [0 HAaNbiNbLW NOWKMPEHMX | HeBe3MeYHNX 3aXBOPIOBaHb. YPaXKeHHS
epuUTPOLMTIB BHACNILOK BMAMBY 30YAHUKIB € MYyCKOBUM (DAKTOPOM FeMaToONOMYHMX YCKNAAHEHb | YpaXKeHHA
MiKpOLMPKYNSTOPHOro pycna. PO3BUTOK TPOMBOTUYHMX NPOLLECIB Befe L0 HE3BOPOTHMX 3MiH Ta NoAanbLuoi 3arnbeni
opraHi3my. [eyiHka € 0OA4HUM 3 MepLlnx opraHis, aKi NOTEPNaOTb Bif MNOLWKOMKEHb. MeTa focCnigXeHb nongarana y
BUSIB/IEHHI 3B’A3KiB NaToreHe3y renatonatii Ta reMaTonoriYHnx po3nagis 3a nepebiry roctporo crnoHTaHHoro 6abesiosy
cobak. 1ng ii pocarHeHHs cdopMoBaHo ABi rpynu cobak no 20 ocobuH: gocnigHa rpyna — TBapuHK 3 6abesiosom,
KOHTPO/IbHA — KNiHIYHO 340pOBi. BcTaHOBNEHO, WO rocTpuii CNoHTaHHKUIA 6abesios nepebirae y nocnigoBHUX popmax —
QHEMIYHIl i )XOBTSIHWYHII. BUusiBneHi aHeMis HOpMOXPOMHOIO TUMY, NENKOLMTO3, TpoMboLMTONEHIS. [eMopeonoriyHi
napaMeTpu BKa3ytoTb HA MOCKUIEHY arperaLito epUTPOLMTIB i TPOMOOLIMTIB, LLLO 3yMOBWI0 TPOMBOTUYHWMI CTaH. BcTaHoBneHO
KPUTEPIW LLOKY — 3HUXKEHHS 06’EMY LIMPKYOKOYOI KPOBI; Moro fediunt cknae 24 % 3a aHeMiyHoi popMu Ta 34 % 3a
YKOBTSIHWYHOI. TakoX BU3HAYEHi MapKepu CUHAPOMY AMCEMIHOBAHOMO BHYTPILWHbOCYAMHHOrO 3ropTaHHs (0B3) kposi -
rinodibpuHoreHeMis, 36inbweHHS PiBHS PO34YMHHMX HiBPMH-MOHOMEPHUX KOMMEKCiB, NPOAYKTiB Aerpaaauii GibpuHa,
B TOMY umchi [-aimMepy. 3MiHM NOKa3HMKIB HAPOCTaNM y Mipy nepexony 3aXBOPIOBAHHS 3 aHEMIYHOI Y XXOBTAHUYHY
dopmy. 3a aHeMiUYHOT HOPMM LLIOK BU3HAYEHMI K CYOKOMNEHCOBAHWI CepeHboi BaXKOCTI, a [1B3-cuHapom -y cTasii
Koarynonarii CNOXMBAHHS. YCKNaAHEHHS XapaKTepu3yloTb NepexifHui CTaH, Skui nepebyBaE y HeCTIilKIM piBHOBA3I.
32 XXOBTSHUYHOT GOPMM LLIOK BU3HAYEHMI 9K LEKOMMNEHCOBAHMIA BaxKMI, a [1B3-cuHapom - y cTagii rinokoarynauii.
Takuit CTaH XapaKTepU3YETbCA SK KPUTUYHWUIA, 3 BUPAKEHOH TEHAEHLLIE A0 HE3BOPOTHOCTI. 3MiHM NOKA3HMKIB MEYiHKK
BKA3YHTb Ha FiNepakTMBHICTb YCiX iHAMKATOPHWUX GepMEHTIB, rinepbinipybiHeMmito Ta rinepypemito. 3 po3BUTKOM XBOPOOM
MOKA3HWKM 3HAYHO 36inbluytoTbes. CuHapom [1B3, wok i renatonatis BCTYNaroTb Y XMOHE KON0, 33 KO0 remMaTosoriyHi
YCKNAAHEHHS BUK/IMKAKOTb renaTonaTito, @ BOHa, 3i CBOro 60Ky, ix nocuntoe. lenatonatia 3a 6abe3io3y cobak BBAKAETbCS
BaXXKMM CTAHOM, L0 BUMAra€e NpoBefeHHs iIHTEHCUMBHOI HEBiAKNAAHOI Tepanii

KntouoBi cnoBa: Wok, neviHka, cuHapom [1B3, remopeonorig, reMoanHaMika, nedyiHkoBuii npodinb
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Abstract. A large number of dairy cows in Ukrainian farms suffer from subclinical
mastitis, which leads to significant economic losses in agriculture. Conditioned
upon the lack of clinical manifestations it is difficult to detect, in particular,
explained by insufficient information about the microbial composition of milk.
The ban on the use of antibiotics for productive animals is forcing new safe and
effective remedies. The aim of the study was to determine the therapeutic effect
of Bacillus megaterium NCH 55 in subclinical mastitis of Holstein cows.Research
materials — milk of cows with subclinical mastitis,isolates of microorganisms and
B.megaterium NCH 55.Methods used: California test for mastitis; microscopic test
to count the total number of somatic cells by the method of Prescott and Britt;
bacterial method for the study of microorganisms; polymerase chain reaction
to determine Mycoplasma spp. in milk; spectrophotometry; method VI Brillis to
determine the adhesive properties of Bacillus megaterium NCH 55; determination
of antagonistic properties of B. megaterium by diffusion into agar wells; the
method of flow cytometry using the device “SomaCount Flow Cytometer”;
physiological. The experiment was conducted in dairy farms of the North-Eastern
region of Ukraine: LLC agrofirm “Lan”, LLC agrofirm “Vorozhbalatinvest’,
LLC agrofirm “Vladana” in the period February-August 2021. Isolates of S. aureus,
S.agalactiae, E. coli enterohemorrhagic, E. coli, Candida, E. fecalis, S. epidermidis and
Mycoplasma spp.were detected in milk samples from cows with subclinical mastitis.
Microscopic studies have shown that Bacillus megaterium NCH 55 are white
gram-positive rods that have low adhesive properties and form spores. The
greatest antagonism of B. megaterium is shown in relation to bacterial isolates
in concentration of 1x10° CFU/g. In 70% of cows that reached a productivity
of more than 30 kg/day on the 30™ day of research, milk parameters such as the
number of somatic cells (CSC <400 thousand/cm?®) and the number of mesophilic
aerobic and facultative anaerobic microorganisms (kMAFANM) (<100 thousand
CFU/cm?) corresponded to the class “Extra”. The recovery time of animals with
subclinical mastitis depended on the degree of damage to the breast and
individual characteristics of the organism. Cows that did not reach a productivity
of 30 kg/day continued treatment individually. The number of somatic cells in
the milk of cows was <500 thousand/cm?* and kMAFANM <200 thousand CF/cm?

Keywords: inflammation of the breast, Bacillus megaterium, mastitis pathogens,
somatic cells, milk productivity
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INTRODUCTION

Mastitis is a common and economically important disease
of dairy cows and has a clinical or subclinical nature (Olde
Riekerink et al., 2008). Clinical mastitis leads to visible
changes in milk and is easily diagnosed during a rou-
tine clinical examination (Sepulveda-Varas et al., 2016).
Subclinical mastitis is not detected during a routine clinical
examination, but is identified by identifying existing bio-
markers of inflammation or causative agents of masti-
tis in glandular secretions (Sinha et al,, 2014). Mastitis
can also be caused by mechanical damage to the udder
during milking. Tire rubber loses strength, shape and
elasticity during long-term technological operation and
exposure to disinfectants (Paliy et al,, 2021a).

A. Paliy et al. (2021b) sought to improve milking
equipment to reduce the risk of injury to cows. Recon-
struction of milking equipment managed to increase milk
hopes by 1.1 times, which allowed to gain an additional
132.5 kg. In addition, the fat content of milk increased,
and the number of microorganisms decreased 2.2 times
and mechanical particles - 4.6 times.

Epithelial cell models are used to study the level
of mammary gland damage. In Ukraine, a culture for in
vitro research has been created from the epithelial cells
of Holstein cow exchange (Xu et al., 2021).

Pathogens of mastitis can be transmitted from
sick cows to subclinical mastitis in healthy animals, which
is a cause for concern. Bacteriological culture of milk is
the gold standard in the detection of subclinical masti-
tis (Anderson et al., 1991). Unfortunately, the results of
such a study are not available for at least 24-48 hours.
This means that bacterial pathogens can spread among
dairy cows before the results of the sowing are known.
Testing cows for mastitis using the California test is
constantly used in farms, because this express method
takes about 5 minutes and is performed in a production
environment (Barth, 2008). The degree of inflammation
of the udder depends on the pathogen, the activity of
its influence and the resistance of the cow’s body.

S. Manyi-Loh et al. (2018) investigated that an-
tibiotic resistance of bacteria associated with animal
diseases can be pathogenic to humans, easily transmit-
ted through food chains and spread in the environment
through animal waste. They can cause complex, incur-
able and long-lasting infections in humans, leading to
increased medical costs and sometimes death. Antibiotic
resistance is so complex and difficult due to the irrational
use of antibiotics in both clinical and agricultural con-
ditions, low socioeconomic status, poor sanitation and
hygiene, and irregular cultivation of zoonotic patho-
gens that are resistant to almost unused antibiotics.
Manyi-Loh et al., 2018).

Currently, a growing number of drug-resistant
strains of bacterial pathogens are disrupting the effec-
tiveness of existing treatments and increasing the inci-
dence of new bacterial infections. These circumstances
prompted researchers Ye. Karpun, V. Parchenko, T. Fotina,
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D. Demianenko, A. Fotin, V. Nahornyi, N. Nahorna (2021)
to the search for new effective and at the same time
low-toxic drugs that have innovative mechanisms of
action. It was determined that triazole-3-thiols, which
can be used as an alternative to antimicrobial agents,
have bactericidal action against Staphylococcus aureus,
Enterococcus faecalis, Salmonella pullorum, Salmonella
typhimurium, Salmonella enteritidis, Escherichia vulgaris
coli O 2 Clostridium perfringens (Karpun et al., 2021).

Researchers have also shown the effectiveness
of destroying Escherichia coli (Zhao et al,, 2021) and
Salmonella enterica (Wang et al., 2019) using the anti-
microbial peptide mastoparan. An option to solve the
problem of antibiotic replacement may be a biological
method of antagonism. The practice of using bacterio-
phages and probiotic microorganisms is known in veter-
inary medicine (Shively et al., 2018).

Antibiotic treatment, even short-term (De Vliegher
et al, 2012) is an effective measure for the prevention
of mastitis for pregnant heifers. However, there is a
negative impact on milk productivity. Also, the use of
complex therapy based on antibiotics, vaccination and
nanoparticles (Gomes & Henriques, 2016) had a signif-
icant effect in the treatment of mastitis. However, the
widespread use of antibiotics leads to the formation of
antibiotic-resistant biofilms in mastitis and reduced re-
sponse to treatment (Babra et al, 2013). In addition, most
of the vaccines used in mastitis in cows have not shown
a high level of protection and are very expensive from
an economic standpoint (Coté-Gravel & Malouin, 2019).

An experiment on buffalo in patients with subclin-
ical mastitis has shown that treatment of Lactobacillus
rhamnosus in vivo has an anti-inflammatory effect, re-
ducing the number of somatic cells and suggests new
research in this area (Catozzi et al., 2019).J. Gao et al. (2020)
proved that oral intake of yeast and lactic acid bacteria
reduced the content of somatic cells and improved the
quality of cow’s milk. Therefore, studies in this direction
on the use of probiotic strains of microorganisms for the
treatment of subclinical mastitis in cows are promising.

The aim of the study was to study the microbio-
logical composition of Holstein cow’s milk in subclinical
mastitis and to determine the therapeutic effect of Bacillus
megaterium NCH 55. The objectives of the study were: study
of cows for subclinical mastitis, determination of the
properties of Bacillus megaterium NCH 55, study of the
therapeutic effect of use in cows with subclinical mastitis
Bacillus megaterium NCH 55.

MATERIALS AND METHODS

The research was conducted in dairy farms of the
North-Eastern region of Ukraine (Lan Agricultural Com-
pany LLC, Vorozhbalatinvest Agricultural Company LLC,
Vladana Agricultural Company LLC) on Holstein cows
in February-August 2021 in accordance with Directive
2010/63/EU (Hartung, 2010), which were approved by
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the conclusion of the Commission on Ethics and Bioethics
of the Faculty of Veterinary Medicine of Sumy National
Agrarian University from 12/02/2021.

Study of cows for subclinical mastitis. A total of
50 cows were involved in the study. Milk samples were
obtained from each quarter of the shift separately during
maximum lactation in a separate sterile cup in the amount
of 50 ml. The test for mastitis using the California test
was performed on site in Petri dishes. Milk was mixed
with the reagent, if a clot was obtained at the bottom
of the cup, subclinical mastitis was diagnosed (Bhutto
et al.,, 2012). Milk smears were made in the laboratory.
Dried at a temperature of 18-20°C and stained accord-
ing to Romanowski-Gimza. Microscopic testing to count
the total number of somatic cells was performed by the
method of Prescott and Britt (Prescott & Breed, 1910)
and to determine their species composition.

To study the microflora in cow’s milk, the bacterial
method was used and the composition of microorgan-
isms and their number were determined. As an elective
medium for intestinal bacteria: Salmonella and Escherichia
used Endo agar on Petri dishes; presence and quantity
of Staphylococcus aureus - on Chistovich’s yellow-salt
agar, presence and quantity of molds and yeasts - on
Saburo nutrient agar. The presence of Mycoplasma spp.
in milk was determined by polymerase chain reaction.
The count of microorganisms was performed after cul-
tivation on elective media, determined the number of
colony-forming units in CFU/cm? in accordance with
DSTU 7357: 2013 “Milk and dairy products. Methods of
microbiological control” (DSTU 7357:2013).

Determination of the properties of Bacillus megaterium
NCH 55. Cultivation of Bacillus megaterium NCH 55 was
performed on meat-peptone agar for 72 hours at 37°C.
The color and shape of the colonies were determined
macroscopically. CFU/g every 6 hours was determined in
the meat-ash broth. The activity of cellulose and amylase
enzymes for colonies of Bacillus megaterium NCH 55 was
determined by mixing 0.5 ml of enzyme with 1 ml of
0.05 M citrate-phosphate buffer pH 4.8. This was followed
by incubation at 50°C for 1 hour. The reaction was stopped
by adding 3 ml of 3.5-dinitrosalicylic acid. The solution
was then heated to 100°C for 5 minutes. After cooling, it
was centrifuged at 3000 rpm for 15 minutes. The study was
performed using a spectrophotometer at a wavelength of
575 nm (Andriani, 2015).

The adhesive properties of Bacillus megaterium

NCH 55 were investigated by the method of VI Brillis.
Mean adhesion index (MAI), erythrocyte participation
coefficient (EPC) and erythrocyte adhesion index (EAI)
were determined. The calculation of these indicators was
carried out according to formula (1):

EAI = MAI * 100/EPC (1)

Based on what we get MAI=1.70£0.09; EPC=
=84.25%2.53; EAI=2.00+0.11. Bacteria do not show ad-
hesive properties at EAI<1.77; 1AM from 1.77 to 2.49 -
low-adhesive, from 2.51 to 4.0 - medium-adhesive and
>4.0 high-adhesive (Brilis et al., 1986).

Determination of antagonistic properties of B. me-
gaterium. The study was performed by diffusion into agar
wells. The size of the growth retardation zone was de-
termined by macroscopic method using a ruler in mm
around different dilutions of Bacillus megaterium NCH
55 cultures: 1x10°%, CFU/g; 1x107, CFU/g and 1x10°, CFU/g
(Garkavenko et al., 2021). An appropriate concentration
of probiotic strain of the microorganism Bacillus mega-
terium NCH 55 was poured into each well on the IPA with
the corresponding isolate of the mastitis pathogen, in-
cubation was performed for 24 hours at a temperature
of 37°C. The demarcation zone around each well with a
different degree of dilution of Bacillus megaterium was
then determined.

Study of the therapeutic effect of use in cows with
subclinical mastitis Bacillus megaterium NCH 55. The Cali-
fornia test was used to detect cows with subclinical mas-
titis. A total of 50 heads were studied, of which 10 were
patients and participated in a further experiment. The
research period lasted from Februaryto August 2021.The
cows were of different ages and lactations, to prevent the
study from being tied to these indicators. After determining
the antagonistic properties of Bacillus megaterium, an ef-
fective concentration of 1x10° CFU/g was established.
Ten sick cows were given for 30 days together with con-
centrated feed Bacillus megaterium NCH 55 in the form
of powder (spores) at a concentration of 1x10° CFU/g
35 g/animal per day. During the six months of the ex-
perimental period, the clinical condition of the animals,
productivity and signs of mastitis were evaluated. The
number of somatic cells in milk was determined once a
week using the SomaCount Flow Cytometer (flow cytom-
etry method). DSTU 3662: 2018 (DSTU 3662:2018) was
used in the research. Milk was considered high-quality if it
met the requirements of the “Extra” class (Table 1).

Table 1. Criteria for raw milk in accordance with DSTU 3662:2018 Raw cow's milk. Specifications

Name of indicator, unit of measurement

Norm for varieties

Extra Higher First
Number of mesophilic aerobic and facultative anaerobic
microorganisms (kMAFANM), thousand CFU/cm? =100 <300 =500
The number of somatic cells, thousand/cm? <400 <400 <500
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Statistical analysis. Microsoft Excel 2010 was used
to process the obtained data, as well as statistical analysis
using the Fischer-Student method, taking into account
statistical errors and probabilities of more than 95%
(p<0.05).

RESULTS AND DISCUSSION

The results of a study of cows for subclinical mastitis

The study began with the identification of cows with
subclinical mastitis in the herd. Causes of mastitis in
cows can be microorganisms and non-infectious factors.
Violations of milking technology, metabolic diseases,
udder injuries, postpartum stress give reason to consider
mastitis a multifactorial disease (Holko et al, 2019). In
January 2021, the herd was monitored for subclinical
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mastitis. The study involved 50 heads. 10 of them had
subclinical mastitis, three of them were diagnosed with
subclinical ketosis and delayed manure with subsequent
development of endometritis. This whole set of symptoms
suggests a polyetiological mechanism of mastitis in cows.
Cows for subclinical mastitis were examined using the
California test and smear microscopy (Figs. 1, 2).

It is known that the number of somatic cells during
lactation should be within 400 thousand/cm?, according
to DSTU 3662:2018 (2018). Somatic cells divide into lym-
phocytes, neutrophils and monocytes, which indicate the
level of inflammation of the breast (Fig. 1, 2). Figure 1
shows the microscopy of the milk of a healthy cow. We
observe a small number of epithelial cells, segmental
neutrophils, single basophils and monocytes.

Figure 1. Light microscopy of healthy cow's milk
(magnification x 400) in the field of view:
1 - segmental neutrophil; 2- monocyte; 3 - basophil;
4 - not differentiated (epithelial) somatic cells

Figure 2 shows a mass accumulation in the field
of view of the microscope of epithelial cells, and a sig-
nificant number of lymphocytes, basophils, segmental
neutrophils and monocytes, which is characteristic of
subclinical mastitis. Inflammation of the breast leads to
a cellular reaction in which the number of somatic cells
increases tenfold or more. Researchers have found that
the amount of neutrophils in cow’s milk can change
constantly. Somatic cells (SC) are mainly represented by
epithelial cells (60%) and a small number of granulocytes
and lymphocytes (Shkromada et al., 2019a). A similar
trend was registered when determining the content of
SC subpopulations in goat’s milk. When the SC in milk
increases to 2 million cells/ml, the number of neutrophils,
macrophages and eosinophils increases (Fotina et al,, 2018).
Therefore, the species composition of somatic cells may

Figure 2. Light microscopy of cow's milk, with subclinical
mastitis (magnification x 400). Mass accumulation of somatic
cells: 1 - lymphocyte; 2 - basophil; 3 - segmental neutrophil;
4 - monocyte; 5 - not differentiated (epithelial) somatic cells

vary depending on the degree of inflammation of the
breast.

Without the provision of therapeutic care, unde-
tected subclinical mastitis can progress to clinical. In
addition, in subclinical mastitis, in addition to SC, mi-
croorganisms accumulate in milk. Calves develop diarrhea
and rennet inflammation when drinking milk from sick
cows. Even in the absence of pathogens in milk, an in-
crease in the number of mesophilic aerobic and faculta-
tive anaerobic microorganisms (kMAFANM) more than
100 thousand. CFU/cm? is an indicator of the safety of
milk for consumption (DSTU 3662:2018).

Therefore, to determine the safety of milk, studies
were conducted in dairy farms of Sumy region in order to
identify the main pathogens that are one of the causes
of mastitis in cows (Table 2).

Table 2. The results of a study of cow's milk for total bacterial contamination

Number of tested milk samples, pcs.

Characteristic

% of the total number of test samples of milk

53 S.aureus 22
56 S. agalactiae 15
40 E. coli enterohemorrhagic 12
37 E. coli 10
36 Candida 10
42 E. fecalis 9
39 S. epidermidis 8
51 Mycoplasma spp. 7
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The obtained results indicate a significant num-
ber of staphylococci in milk, which are usually excreted
in the microbial environment of livestock facilities. Re-
searchers have shown that staphylococcus was the third
most common microorganism and was positively cor-
related with subclinical mastitis during dry cows. Staphy-
lococcus also has maximum resistance to ampicillin
compared to other microorganisms (da Silva Duarte et al,,
2020). A similar level of resistance (44%) was recorded
for S. aureus (n=50) isolated from cattle and pigs slaugh-
tered in South African slaughterhouses (Tanih et al,
2015). Studies in black-spotted cows have shown that
Staphylococcus aureus was the cause of subclinical mas-
titis in 67-73% and Streptococcus agalactiae in 20% of all
cases. It was found that by transmitting the causative
agent of mastitis was rubber milking cups (Shkromada
et al., 2019b).

Therefore, the presence of only S. aureus and
S. agalactiae in milk is sufficient for a cellular reaction in
the form of mastitis. For dairy cows, subclinical mastitis
is a major challenge.

Traditionally, antibiotics are used in farms to treat
subclinical mastitis. Studies conducted by J. Burovic (2020)
in the Zenica region found the highest antimicrobial
activity against mastitis pathogens to benzylpenicillin
(56.3%) and oxytetracycline (46.2%). Florfenicol, cefop-
erazone, cephalexin and ceftiofur were also effective,
but the microorganisms showed high resistance to tri-
methoprim-sulfamethoxazole, norfloxacin and tetracycline
(Ribeiro et al., 2015). However, an important drawback
in the use of antibiotics is the ability to stay in milk for
a long time and cause adverse effects in the consumer
and antibiotic resistance (Kurjogi et al,, 2019). Unfortunately,

for a long time the milk has to be disposed of during the
entire treatment period and after the last day from 14 to
28 days, depending on the pharmacokinetics of the drug.
Therefore, the treatment strategy for non-severe forms of
inflammation is better based on alternative methods.

The beginning of the inflammatory process in
the urine was evidenced by the absence of characteris-
tic symptoms of clinical mastitis. In most cases, the di-
agnosis of subclinical mastitis was established through
regular testing and somatic cell count. This is especially
important in those farms whose profitability depends
on the quality of milk (grade). Mostly such farms pro-
duce milk of the “Extra” class, which has a number of re-
quirements in accordance with the technical conditions of
DSTU 3662:2018. Conditioned upon the fact that milk is
sold collectively, some of the products from cows with
subclinical mastitis can usually get to the total volume.
However, when there is a large percentage of cows with
subclinical mastitis on the farm, it is no longer possible
to hide it. In addition to the number of somatic cells (NSC)
in milk, the total number of microorganisms is counted.
Of course, the requirements for products that are sold
for consumer consumption should be as strict as possible.
This encourages manufacturers to control the quality of
products, namely the timely detection, treatment and
prevention of mastitis.

The results of the study of the properties of Bacillus
megaterium NCH 55

Microscopic examinations revealed that Bacillus mega-
terium NCH 55 had the appearance of smooth, slightly
curved rods. They are gram-positive and able to form
endospores (Fig. 3).

Figure 3. Light microscopy of B. megaterium (magnification x 4000)

Spores can withstand temperatures up to +80°C.
Animals are given spores of the microorganism, which do
not require special storage conditions. They mix well with
food and easily get to the rumen without losing their
properties. A study of the properties of Bacillus mega-
terium NCH 55 found that the bacterium uses lactose
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and glucose as carbon sources. It has also been found
that the bacterium does not produce indole, but is able
to form urea. In addition, Bacillus megaterium NCH 55
produces the enzymes maltose, cellulase and amylase
(Andriani et al.,, 2017) (Table 2).
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Table 2. Biochemical properties of Bacillus megaterium NCH 55

Indicators

B. megaterium

Glucose

+

Lactose

+

Mannitol

+

Maltose

Cellulase

Amylase

Indole

Urea

+

SPA

1.70%0.09

KUE

84.25%2.53

1AM

2.00£0.11

Source: (Brilis et al., 1986)

In the study of the properties of Bacillus megaterium
NCH 55 (Fig. 4) it was found that the adhesion index of
erythrocytes (IAM) was 2.00£0.11, which according to the
Brillis classification (1986) is considered an indicator of
low adhesion. The average adhesion (SPA) was 1.70+0.09
and the coefficient of participation of erythrocytes in the

adhesion process (CUE) was 84.25+2.53. The low adhe-
sion of Bacillus megaterium NCH 55 is due to the inhib-
itory effect of the bacteriocin - megacin produced by
it. It is a highly specific antimicrobial protein against a
wide range of gram-negative bacteria, yeast, fungi and
gram-positive microorganisms (Abriouel et al.,, 2011).

Figure 4. Light microscopy to determine the adhesive properties of B. megaterium on erythrocytes
of cows (magnification x 1000)

The results of determining the antagonistic properties of
B. megaterium NCH 55
Antagonistic properties of the probiotic strain of Bacillus

megaterium were determined in relation to microorgan-
isms-isolates from cows with subclinical mastitis (Table 3).

Table 3. The results of determining the antagonistic properties of B. megaterium NCH 55, (M*m), n=7

Cultures of microorganisms
isolated from cow’s milk in
subclinical mastitis

1x10%,CFU/g
B. megaterium NCH 55

Breeding culture

1x107, CFU/g
B. megaterium NCH 55

Growth retardation zone, mm

1x10°,CFU/g
B. megaterium NCH 55

S. agalactiae 2.25%0.03 4.15%0.06 27.45%0.15*
S aureus 2.53+0.07 6.20+0.09 26.56%0.14*

S. epidermidis 1.55+0.08 4.57%0.02 25.38+0.18"*
E. fecalis 1.34%0.03 5.83%0.07 26.32%0.20"

E. coli 3.45%0.06 5.36%0.08 30.89%0.12*
Mycoplasma spp. 1.56+0.02 3.70+0.03 15.46%0.23%*
Candida 1.34+0.04 5.64%0.09 30.32+0.11*

Note: * — P<0.05 compared to 1x10°, CFU/g B. megaterium
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According to the results of the studies in Table 3,
it was found that at a dilution of 1x10°, CFU/g B. mega-
terium NCH 55 showed maximum antagonistic properties
in the form of a zone of growth retardation for all these
microorganisms. The demarcation zone in Petri dishes
with 1x10° CFU/g B. megaterium NCH 55 was higher
compared to 1x10°, CFU/g around S. agalactiae — by 12.2%;
S aureus - by 10.5%; S. epidermidis — by 16.3%,; E. fecalis -
by 19.6%; E. coli - by 8.9%; Mycoplasma spp. - by 9.9%;
Candida - by 22.62%.

Similar results were obtained when prescribing
antimicrobial activity of B. megaterium against Candida
albicans, Salmonella typhi, Pseudomonas aeruginosa, Staphy-
lococcus sciuri, Micrococcus luteus (Nguyen & Thu, 2015).

Usually properly selected antibiotics that have
shown maximum bactericidal action against pathogens,
have a large pronounced zone of growth retardation.
However, for safety reasons, the use of a probiotic strain
is more recommended.

The results of the study of the therapeutic effect of cows
with subclinical mastitis Bacillus megaterium NCH 55

Cows with subclinical mastitis together with concentrated
feed were given spores of Bacillus megaterium NCH 55
(1*10° CFU/q) at a dose of 35 g per animal for 30 days.
During the experiment, the quality of milk obtained and
milk productivity were determined (Table 4).

Table 4. Productivity of cows during treatment

c : - -
-

S, £ 2 £ & 8 § 8 § 3 8
52 ) = 8 fal = ~N ~ ~N ~N -
EE s S &8 8§ © T » ¢ > 3
g3 e 2 s § £ & = 3 32 3
[] © [ 1 . [ <<

i a 3 s =

kg/day

UA8014876120 S 2= 14 26 | 34
thouksl\:rf\gém}cmz 06/06/19|06/1221| 1 | - | - | = | - |560| 250 | 75
NSC, thousand/cm? - - - - 800 | 415 | 120
UA8010629706 37 | 21| 25 | 28 | 27 | 26 | 35
kMAFANnM, 03/11/14 | 01/05/21| 4 | 65 | 120 | 180 | 210 | 300 | 150 | 59

thousand CFU/cm?
NSC, thousand/cm?

122 | 340 | 450 | 510 | 520 | 230 | 140

UA8013283674

kMAFANM,
thousand CFU/cm?

NSC, thousand/cm?

11/20/17

35 36 37 36 | 29 22 35

01/16/21| 2 70 | 110 | 120 | 180 | 300 | 150 | 68

100 | 150 | 360 | 420 | 515 | 150 | 137

UA8013420982
kMAFANM, thousand CFU/cm?
NSC, thousand/cm?

03/18/18

15 15 15 14 | 15 15 28

06/21/20| 1 | 420 | 450 | 510 | 530 | 780 | 460 | 257

400 | 410 | 450 | 500 | 670 | 720 | 500

UA6100439832
kMAFANM, thousand CFU/cm?
NSC, thousand/cm?

08/04/13

24 | 21 37 30 32 20 | 25

01/04/21| 6 | 150 | 180 | 100 | 240 | 350 | 240 | 210

130 | 220 | 400 | 420 | 670 | 840 | 445

UA8012102570 - - - - 20 26 35

kMAFANM, thousand CFU/cm? 04/17/16 1 06/07/21| 4 - - - - 350 | 100 | 65

NSC, thousand/cm? - - - - | 430 | 200 | 195
UA8013283631 - 22 23 25 22 20 29

kMAFANM, thousand CFU/cm? 11/01/17|03/26/21 | 2 - 110 | 150 | 300 | 450 | 300 | 280

The number of somatic cells, thousand/cm? - 350 | 400 | 670 | 800 | 630 | 340
UA8013283670 - - 29 25 25 28 32

kMAFANM, thousand CFU/cm? 11/19/17|04/09/21| 2 - - 90 | 130 | 300 | 100 | 87

NSC, thousand/cm?

- - | 190 | 200 | 420 | 250 | 200

UA8014655883

- - 28 29 30 26 32

kMAFANM), thousand CFU/cm? 03/07/19|04/17/21| 1 - - 110 | 120 | 250 | 110 | 75
NSC, thousand/cm? - - 180 | 270 | 350 | 260 | 156
UA8014703811 - 20 31 27 25 25 30
kMAFANM, thousand CFU/cm? 03/22/19103/11/21| 1 - 110 | 120 | 210 | 290 | 150 | 90

NSC, thousand/cm?

- | 320 | 550 | 670 | 800 | 400 | 180
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In cows UA8014876120 in June, lactation was
14 kg/day, kMAFanM 560 thousand CFU/cm? and NSC
800 thousand/cm?, indicating inflammation of the udder.
In June, probiotic treatment was performed, with pro-
ductivity increasing by 85.7%; kMAFANM decreased by
44.64% and NSC - by 51.87%. In August, the productivity
of cows increased to 34 kg/day and the quality of milk
corresponded to the “Extra” class.

In animals UA8010629706 at the beginning of
the study productivity was 37 kg/day, but from March
to June the month ranged from 21 to 28 kg/day, which
was associated with a change in feed and an increase in
kMAFANM by 250% and NSC - by 152.94%. The treatment
period was 30 days in July. At the end of the experiment in
August, the milk yield was 35 kg/day, the quality of milk
corresponded to the “Extra” class. Cow UA8013283674
had a high productivity from February to May at the level
of 35-37 kg/day, but the quality of milk deteriorated. In
June, the indicators of kKMAFANM increased by 428.57%
and NSC - by 515%, which indicates the development
of subclinical mastitis. After treatment based on Bacil-
lus megaterium, productivity returned to baseline, milk
quality complied with DSTU 3662:2018.

From February to June, the productivity of cows
UA8013420982 was at the level of 14-15 kg/day with a
gradual deterioration in milk quality. Probiotic therapy
in July increased productivity by 86.6%; the content of
kMAFANM decreased by 61.19% and NSC - by 125%
compared to the beginning of the study. A similar pat-
tern of subclinical mastitis was observed in animals
UA6100439832.As a result of treatment in August, pro-
ductivity indicators did not differ from the initial ones;
the level of kMAFANM decreased by 140% and NSC - by
342.30%. The quality of milk corresponded to the “First”
class.

In cows UA8013283631 during March and July
the productivity fluctuated between 20-25 kg/day. The
quality of the milk deteriorated in June, after which
the animal received probiotic treatment. At the end of
the experiment, productivity increased by 31.81%, de-
creased kMAFANM - by 62.84% and NSC - by 42.5%,
which corresponds to the “Higher” class.

The animal UA8012102570 had low productivity
and low milk quality. Therefore, in July, the cow received
therapy based on Bacillus megaterium. At the end of the ex-
periment in August, cow productivity increased by 75%,;
decreased kMAFANM - by 81.42% and NSC - by 45.34%,
milk according to DSTU 3662:2018 corresponded to the
“Extra” class.

In May and June, cows UA8013283670 decreased
milk production and deteriorated milk quality. At the
end of the experiment in August, productivity increased
by 28%, decreased kMAFANM - by 29% and NSC - by
47.61%.1n cows UA8014655883 in June, productivity was
high but the quality of milk deteriorated. The productiv-
ity of the animal increased at the end of the experiment
by 18.75%; at the same time kMAFANM decreased by
233.33%; and NSC - by 124.35%.

Shkromada et al.

From May to June, the animal UA8014703811
gradually decreased milk productivity,as well as increased
the number of microorganisms and somatic cells in milk.
After treatment, cows increased productivity by 20%;
kMAFANM decreased by 68.95% and NSC - by 77.5%.

During the study, there was an improvement in the
general condition of the animals. Cows have increased
appetite and gradually increased milk production. Also
at the end of the experiment milk productivity was
40% - 34-35 kg/day; in 30% - 30-32 kg/day and 30% -
25-29 kg/day.

In 70% of cows that reached a productivity of more
than 30 kg/day on the 30" day of the study, milk param-
eters such as somatic cell count (CSC <400 thousand/cm?)
and kMAFanM (<100 thousand CFU/cm?) corresponded
to the “Extra” class.

Cows that did not reach a productivity of 30 kg/day
continued treatment individually. The number of somatic
cells in the milk of cows was <500 thousand/cm?* and
kMAFANnM <200 thousand CFU/cm?®. Such milk is fit for
consumption, but meets the technical conditions of the
“Higher” or “First” class and is sold at a lower cost. We
believe that the recovery period of animals with sub-
clinical mastitis depended on the degree of damage to
the breast and individual characteristics of the organism.
The effect of probiotic drugs in animals is difficult to trace,
because this effect is multi-vector.

Thus, researchers have proven that probiotics are
not necessarily aimed only at restoring the microbial
community, because, for example, some types of probi-
otics increase the resistance of animals to colonisation
by pathogens (Ma et al,, 2018),as well as their destruction.
Bacillus megaterium is the largest of the Bacillus family.
Bacillus megaterium multiplies to create a specific envi-
ronment, improves the microflora of the rumen (Tytukh
et al., 2021). In addition, Bacillus megaterium destroys
pathogenic microorganisms through the production of
highly specific antimicrobial protein - megacin.

CONCLUSIONS

1.1t was found that S. aureus was isolated in 22% of ex-
perimental samples of milk from cows with subclinical
mastitis. Somatic cells of the milk of a visual cow are
represented mainly by epithelial cells, single segmen-
tal neutrophils, monocytes and basophils. In the milk of
patients with subclinical mastitis of cows there is a ten-
fold increase in epithelial cells, lymphocytes, basophils;
neutrophils and monocytes.

2. Microscopic studies have shown that Bacillus
megaterium NCH 55 - gram-positive rods that have the
ability to form spores. The bacterium produces specific
enzymes maltase, cellulase and amylase. The average
adhesion was 1.70%0.09, the coefficient of participation
of erythrocytes in the adhesion process - 84.25+2.53,
erythrocyte adhesion index - 2.00+0.11, which according
to the Brillis classification is considered an indicator of
low adhesion, which is associated with the production
of the antimicrobial peptide megacin.
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3. It was found that in B. megaterium NCH 55
showed the ability to inhibit the growth of microorgan-
isms (mastitis pathogens) in a dilution of 1x10°, CFU/g.

4. Studies have shown that in the process of devel-
oping inflammation in the milk of cows simultaneously
increases the number of somatic cells and microorganisms

decreases in the transitional winter-spring period due
to changes in feed and climatic conditions. Treatment
of patients with subclinical mastitis of cows with pro-
biotic strain B. megaterium NCH 55 allowed increasing
productivity in 70% of cows and improve the quality of
milk to the “Extra” class.

and reduces milk production.Also, the productivity of cows
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JlikyBaHHS1 cy6KJiHIYHOro MacTUTY KOpiB 3a 4ONOMOIolo Npo6ioTUKIB

OkcaHa IBaHiBHa Wkpomapal, AniHa BonoaumupieHa MixTipboBa?, Apocnae Bikroposuu Tutyx?,
lOpiit AuBapoBuu baitpesnaros?, AHaToniit IBaHoBUY DoTiH!

1CyMCbKMIA HaLiOHANbHMIA arpapHuUii yHiBepcUTET
40021, Byn. . Konpgpatbesa, 160, M. Cymu, YkpaiHa

2CyMCbKMIA AepXKaBHUI yHiBEpCUTET
40000, Byn. PuMcbkoro-Kopcakosa, 2, M. Cymu, YkpaiHa

AHotaujig. Benuka KinbKicTb AiMHWMX KOPIB Y rocnofapcTBax YKpaiHW CTpaXaa€ Ha CYOKMIHIYHMUIA MACTUT, WO NPU3BOAMTD
[10 3HAYHMX EKOHOMIYHMX BTPAT Y CiIbCbKOMY rocnodapcTsi. Yepes BiACyTHICTb KNiHIYHMX NPOSABIB MOr0 CKNAAHO BUSBASTH,
30KpeMa, i Yepes Hefo0CTaTHIO iHGOopMaLito MPo MiKPOBHMIA CKNag MosloKa. 3abopoHa Ha BUKOPUCTAHHS aHTUBIOTUKIB
[NS NPOAYKTUBHUX TBAPUH MPUMYLLYE [0 NOLIYKY HOBMX He3neyHnx epekTMBHMX 3acobiB. MeToto focnigxeHHs Byno
BM3HaueHHS nikyBanbHoro edekty Bacillus megaterium NCH 55 33 cybKniHiYHOro MacTUTy KOpiB NOPOAU FOMLWTHH.
Martepianu [oCnigKeHHS — MOIOKO KOPIB 33 CYOK/IHIYHOrO MacTuTy, i3oNaT1 MiKpoopraHi3mis Ta B. megaterium NCH 55.
BukopwucTaHi meToam: KanidbOpHIMCbKiA TECT HA MACTUT; MIKPOCKOMIYHWIA TECT AN9 MiAPAXYHKY 3arafbHOI KifIbKOCTI
COMATUYHUX KNITUH MeToaoM lNpeckoTTa | bpuTTa; 6akTepianbHUii MeToA, AN AOCNIAKEHHS! MiKPOOPraHi3MiB; noniMepasHa
NAHLIIOroBa peakuia ang BusHaveHHs Mycoplasma spp. B Monoui; cnektpodoTtomeTpito; metogom B.l. bpunica ang
BM3HAYeHHs aaresmBHuX Bnactusocten Bacillus megaterium NCH 55; BU3HaYeHHS aHTaroHiCTMYHUX BAACTUBOCTEN
B. megaterium meTtogom andysii B arapoBi lyHKK; MeToA NPOTOYHOI LMTOMETPIi 3a Jonomoroto npunagy «SomaCount
Flow Cytome-ter»; disionoriyHui. EKCnepuMeHT NpoBOAMBCS Y MONOYHUX rocnoaapcTBax MiBHIYHO-CXiAHOMO perioHy
Ykpainun: TOB arpodipma «J/1aH», TOB arpodipma «BopoxbanatiHBect», TOB arpodipma «BnagaHa» y nepiog noTui-
cepnieHb 2021 poky.Y 3paskax Mos0oKa KOpiB XBOPUX Ha CyOKiHiYHY popMy MacTUTy Bynu BUsSiBNeHi i3onsaTu: S.aureus,
S.Agalactiae, E. coli enteporemopariuna, E. coli, Candida, E. fecalis, S. Epidermidis ma Mycoplasma spp. MikpockoniyHumu
LOCNIKEHHAMMW BCTaHOBNEHO, Wo Bacillus megaterium NCH 55 aBnstoTb coboto 6ini rpaMno3nTUBHI Nannuku, ki
MatoTb HU3bKi aAre3vBHi BNACTMBOCTI Ta YTBOPIOHOTb Copu. Haibinblimii aHTOroHI3M B. megaterium nposiBASIE CTOCOBHO
HakTepianbHUX i30n9TiB y KoHueHTpauii 1x10° KYO/r.Y 70 % kopiB, siki Ha 30 aoby aocnigkeHb 4OCArM NpoayKTUBHOCTI
6inblue 30 Kr/0oby NoKasHWKKM MoNoKa Taki Sk KinbKicTb coMatuuHmx knituH (KCK <400 Tc/cm®) Ta KinbkicTb Me30dinbHMX
aepobHuX i hakynbTaTMBHO-aHaepobHMX MikpoopraHismis (KMADAHM) (<100 tmc.KYO/cm®) Bignosinanu knacy «Ekcrpas.
TepMiH ofy)XaHHS TBApUH XBOPUX Ha CYOKMIHIYHMIA MACTUT 3anexaB Bif CTyMNeHs ypaXKeHHs MOJIOYHOI 3a7103M Ta
iHAMBIAYanbHUX ocobnunBocTelt opraHiamy. Koposam, siki He gocarin npoaykteHocTi 30 Kr/no6y NpoaoBXMAN NiKyBaHHS
B iHAMBILyanbHOMY nopsaaky. Mpu LboMyY Y MONOLI KOPIB KinbKicTb coMaTUuHMX KNiTuH 6yna <500 Tuc/cm® Ta KMADAHM
<200 T1c.KYO/cMm?

KniouoBi cioBa: 3ananeHHs MonoyHoi 3ano3u, Bacillus megaterium, 36yAHUKM MACTUTY, COMATUYHI KNITUHUW, MOJTIOYHA
NPOAYKTUBHICTb
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Abstract. At different stages of feed production and storage, it is possible
to contaminate both feed and their components with various pathogenic and
opportunistic microorganisms that can cause infectious diseases not only among
animals but also have epidemiological significance. The aim of the study was to
isolate biofilm-forming strains of microorganisms from feed,as well as to study
the inhibitory activity of the probiotic complex of bacteria of the genus Bacillus
against microbial biofilms. Identification and species affiliation of isolated
bacterial field isolates were performed by cultural-morphological and biochemical
properties. The formation of biofilms was studied by determining the ability of
isolates of microbial associations and individual species of microorganisms to
adhere to the surface of a 96-well polystyrene tablet according to the method of
O'Toole & Kolter, 1998. Determination of microbial contamination of 50 industrial
batches of feed from 4 pig farms in two regions of Ukraine (barley, compound
feed SK-31 for rearing, SK-51 for fattening pigs, EXCELL starter for pigs 15%,
shop prestarter,compound feed for lactating sows). In 11 experimental batches
of barley (68.8%) and 13 batches of 3 types of feed (SK-31, SK-51, feed for lactating
sows) identified associations with different microorganisms Pasteurella multocida,
Corynebacterium striatum, Bacillus subtilis, Leptothrix ochracea, Haemophilus parasuis
and yeast Candida albicans. The association of Actinobacillus pleuropneumonia
bacteria with B. subtilis was identified in 2 batches (50%) of the shop prestarter.
Moderate, by optical density, biofilm formation for associations of microorganisms
P.multocida + C. striatum + C. albicans (D,,,=3.59) and P. multocida + L. ochracea +
C. albicans (D,,,=3.62). Planktonic forms of C. striatum and P. multocida showed
low film-forming activity at the level (D,,,<1.51). Inhibitory activity of the
probiotic complex of bacteria of the genus Bacillus (B. subtilis, B. licheniformis,
B. amyloliquefaciens) was determined by isolated variations of microbial biofilms
in 5 feed species, which displaced all biofilm-forming microorganisms except
H. parasuis

Keywords: biofilm-forming microorganisms, planktonic bacteria, microbial
contamination of food, probiotic complex of bacteria of the genus Bacillus,
inhibitory activity
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INTRODUCTION

According to the EU’s (EU) livestock development strategy,
the biosafety of feed production and animal feeding is
one of the key factors in preventing epizootics and, con-
sequently, microbial contamination of the human food
chain (Gozdzielewska et al., 2020). Therefore, in the EU
the requirements for the sanitary quality of compound
feeds are formulated almost stricter than for food prod-
ucts (Giraldo et al., 2019; More, 2020).

The quality and safety of feed for farm animals
depends on the correct composition and compatibility
of nutrients, technology of their processing, and the de-
gree of contamination by pathogenic microorganisms
that are introduced into finished feed with raw materi-
als (Paliy et al., 2018; Przeniosto-Siwczynska et al., 2020).
Pathogenic and opportunistic microorganisms in feed
pose a threat to human and animal health and cause
economic damage. Animal feed is most often affected
by microorganisms: Pseudomonas aeruginosa, Listeria
monocytogenes, Salmonella, Clostridium perfringens, Neis-
seria spp., Pasteurella multocida, Actinobacillus pleuropneu-
monia, fungi Aspergillus niger and Aspergillus candidus,
Candida albicans (Monge et al.,2012; Udhayavel et al., 2017,
Gosling et al., 2021).

Unfortunately, feed production in Ukraine in terms
of control of microbial contamination of raw materials
and the final product is still requlated by old standards
that do not take into account new scientific knowledge,
in particular the existence of bacterial associations in the
form of microbial biofilms. This is a significant problem,
because today it is known that bacterial biofilms are a
complex dynamic biological system for the protection
of microorganisms and increase their resistance to anti-
microbial drugs by 100-1000 times compared to plank-
tonic cells (Tassinari et al., 2019; Uruén et al., 2020). Being
in the attached state, bacteria in biofilms are protected
from environmental factors and the action of antibacterial
substances in the environment and the host organism
during infection. Moreover, the ability of microorganisms
to form biofilms (film-forming activity) is already con-
sidered a factor in their pathogenicity (Soll & Daniels,2016;
Goodwine et al.,2019; Katongole et al., 2020). Therefore,
the study of the composition of microorganisms in feed
and their biofilm-forming activity is an important area
for preventing the development of associated animal
diseases and, consequently, microbial contamination of
the human food chain.

The aim of the study was to isolate biofilm-form-
ing strains of microorganisms from feed with further
study of the inhibitory activity of the probiotic complex of
bacteria of the genus Bacillus against microbial biofilms.

MATERIALS AND METHODS

Microbiological studies of feed were conducted in the
laboratory for the study of pig diseases of the National
Research Center “Institute of Experimental and Clinical
Veterinary Medicine” (Kharkiv) according to modern
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methods (Cullen et al., 2021). Identification and species
affiliation of isolated field isolates of bacteria were
performed by cultural-morphological and biochemical
properties (Goodfellow et al., 2012).

Pasteurella multocida was cultured on Hottinger
broth and agar, on blood agar with the addition of 5%
sheep blood. According to the biochemical properties of
P. multocida, D-glucose and fructose were catabolized with
the formation of acid, were oxidase- and catalase-posi-
tive, reduced nitrate to nitrite; samples with methyl red
and for the formation of acetoin (Foges-Proskauer), and
lysinecarboxylase, arginine dihydrolase and gelatinase
were negative.

Actinobacillus pleuropneumonia was isolated on
meat-peptone agar (MPA) and 5% blood agar with the
addition of 10% yeast extract. A. pleuropneumonia catab-
olized D-glucose and fructose to form acid, were positive
for B-galactosidase, and negative for methyl red and indole.

Neisseria sicca was grown on meat-peptone broth
(MBP), IPA and 5% blood agar.According to the biochem-
ical properties of the bacterium N. sicca oxidase- and
catalog-positive, formed carbonic anhydrase, reduced
nitrite.

Yeast-like fungi Candida albicans were grown on
wort agar, glucose-peptone medium. To determine the
species of C. albicans, a test for the formation of germinal
(embryonic) tubes was performed. The fungi C. albicans
fermented glucose, maltose, sucrose, galactose, did not
ferment lactose and raffinose.

Corynebacterium striatum was isolated on tellurite
medium, blood and serum agar. C. striatum decomposed
glucose, fructose, mannose, maltose, starch to acid; did
not decompose lactose, sucrose. Urease was not isolated,
nitrates were not reduced to nitrites.

Leptothrix ochracea was isolated on nutrient me-
dium (Meus srl, manufactured by Piove di Sacco, Italy).
Bacteria from glucose formed acid without gas, did not
form protein and hydrogen sulfide, did not reduce nitrates
and did not dilute gelatin, catalase-negative.

Bacillus subtilis grew on BCH, IPA, potato-peptone
agar. Bacteria fermented sucrose, glucose, mannitol, salicin,
esculin, fructose and did not ferment lactose, maltose,
rhamnose, dulcite, inositol, sorbitol, galactose, raffinose.
Did not form indole, but formed hydrogen sulfide, hy-
drolyzed starch, casein, but did not hydrolyze tyrosine
and hemolyzed sheep erythrocytes, reduced nitrates and
produced catalase.

Haemophilus parasuis was cultured on 5% blood
and chocolate agar. Bacteria formed indole, which did not
produce urease and hemolysin, in addition, fermented
with the development of xylose acid, salicin, glycine,
diluting gelatin, exhibited catalase activity.

Biofilm development was studied by determin-
ing the ability of isolates of microbial associations and
individual species of microorganisms to adhere to the
surface of a 96-well polystyrene plate according to the




method of O'Toole & Kolter (1998). The microorganisms
were cultured in meat-peptone broth (MPB) at a tem-
perature of (37+0.5)°C for 48 hours.

According to the standard protocol, planktonic
cells were removed from the wells of the plate and the
microbial biofilms were stained with crystalline violet.
To do this, 150.0 ul of distilled water and 20.0 pl of 1%
crystal violet were added to the well and incubated for
45 min at room temperature. After washing three times
with distilled water, 200.0 pl of 96% ethanol was added
to the wells to extract the ink from the biofilm, and the
optical density of the solution was measured on an ELISA
reader at an optical wavelength of 620 nm (D,,,). In the
process of estimating the density of biofilms, film-form-
ing microorganisms were used as an experiment,and a
nutrient medium for the cultivation of biofilms was used
as a control.

50 industrial batches of feed from 4 pig farms of
two regions of Ukraine (barley, compound feed SK-31 for
rearing, SK-51 for fattening pigs, shop prestarter, com-
pound feed for lactating sows) were studied. Feed se-
lection was carried out both in the feed shop and in the
livestock room where the animals are kept, as well as
directly from products obtained from feed mills.

Pathogenicity of isolated associations of micro-
organisms Dosis certa lettalis (DCL) - from 5 types of
feed was determined on 60 white outbred mice (n=10),
weighing 18-20 g, age (8-9) - one month of age, kept in
vivarium. The animals were adapted for 15 days to the
conditions of detention. 5 experimental and one con-
trol group of animals of 10 individuals of the same age
in each were formed.

White mice from 5 experimental groups were
injected intraperitoneally for 24 hours with a certain
association of bacteria at a concentration of 1 billion
tons of food isolated from each type of food. Mice in the
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control group were injected with 0.5 ml of saline. The
criterion of avirulence was the absence of infectious
pathology and death of mice within 10 days. Behavioral
responses and physiological status of mice were monitored.

During the research on animals, manipulations
were carried out in accordance with the existing docu-
ments regulating the organization of work with the use
of animals in experiments and adherence to the prin-
ciples of the European Convention for the Protection
of Vertebrate Animals used for experimental and other
scientific purposes (1986).

To study the inhibitory activity of the probiotic
complex of bacteria of the genus Bacillus, namely B. subti-
lis, B. licheniformis, B. amyloliquefaciens (abbreviated Bacil-
lus spp.) On isolated biofilm-forming associations of feed
microorganisms, samples of contaminated feed with a pe-
riod of 24 hours stirring at a temperature of (37.0+0.5)°C
with a probiotic complex of bacteria of the genus Bacillus,
taken in final concentrations of 100, 50 and 10 thousand
spores per 1 ml of sterile saline, at a dose of 0.5 mL.

Probiotic complex of bacteria of the genus Bacillus,
which includes 3 cultures of B. subtilis, B. licheniformis,
B. amyloliquefaciens is used in poultry and pig breeding
for aerosol disinfection, water purification, to stimulate
and regulate digestive processes. It has antimicrobial
activity associated with the ability to synthesize anti-
biotic-like substances with a broad spectrum of action,
thereby suppressing pathogenic and opportunistic bac-
teria, fungal flora and stimulates the protective functions
of animals and birds.

RESULTS AND DISCUSSION

According to the results of microbiological studies, feed
of plant origin for pigs, regardless of the place of sampling,
had a high level of microbial contamination, and their
species composition was very diverse (Table 1).

Table 1. Microorganisms that were isolated from industrial batches of feed for pigs

Isolated microorganisms

Type of feed In total, parties Contaminated batches
Feed breeding 10°* feed breeding 10*°
P.multocida
Barley 16 C. striatum C. striatum 11
C. albicans
Compounq feeq SK-31 7 B. subtilis P multoq'da 3
for rearing piglets B. subtilis
P.multocida
Cogf?:t:gnﬁied SiK;Sl 15 P.multocida L. ochracea 6
gpig C. albicans
P.multocida
Compound feed for N.sicca
- 8 . 4
lactating sows H. parasuis
C. albicans
Shop prestarter 4 B. subtilis A. pleuropneumonia 2

B. subtilis
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All 50 batches of feed, which were studied at a
dilution of 1:50 (10-1%), contained different types of mi-
croorganisms that formed stable associations, because
during 3 consecutive passages of association with
2-3 microbial agents, in particular pathogenic for pigs,
were not dissociated. At the same time, almost all feed
samples (except for one batch of feed SK-51, samples of
which were taken in the pigsty, as well as directly from
the factory packages of the feed manufacturer), tested
in accordance with current regulations in Ukraine at a
dilution of 1:100000 (i.e. 10->) in experiments on white
laboratory mice did not have virulence properties (did
not contain pathogens). During the entire observation
period (10 days) after the introduction of a certain associ-
ation of bacteria intraperitoneally, all animals remained
viable, ate food well, no changes in the fur cover were
observed. Mice were active, physiological discharges were

not disturbed, behavioral reactions were normal. No clin-
ical signs of toxicosis were observed.

Field isolate of P. multocida isolated from com-
pound feed SK-51 for fattening pigs caused the death
of 60% of white mice (out of 10 infected white mice killed
6 individuals) by 2 day with signs of depression, refusal
of food, lack of activity, indicating its virulence.

In 11 experimental batches of barley (68.8%) and
13 batches of 3 types of feed S-31,SC-51 and for lactating
sows (43.3%) isolated Pasteurella multocida in association
with C striatum, B. subtilis, L. ochracea, N. sicca, H. parasuis
and yeast fungi C. albicans.

Two batches (50%) of the shop prestarter were
contaminated with the bacterial association of A. pleu-
ropneumonia with B. subtilis. At the next stage of research,
the ability of microorganisms isolated from feed to form
biofilms was studied (Table 2).

Table 2. Estimation of density of biofilms of microorganisms isolated from different types of feed

. L . . Relative density of microbial biofilm (D, )
Bacterial associations Biofilm growth time, hours
Experiment Control
P.multocida
C. striatum 48 3.59+0.05 0.06+0.005
C.albicans
P, multocida 48 3.46+0.08 0.21%0.02
B. subtilis
P.multocida
L. ochracea 24 3.62+0.19 0.05%£0.003
C.albicans
P.multocida
N.sicca 48 3.520.51 1.4720.12
H. parasuis
C. albicans
A. pleuropneumonia
C. perfringens 48 3.57%0.59 1.54%0.12
B. subtilis
P.multocida 24 1.51%0.11 0.23%0.05
. 24 2.86%0.35 0.22+0.06
B. subtilis
48 3.96%0.15 0.08+0.006

Note: the difference between the values of the indicators of experimental animals (group 1) is probable at p<0.05 relative
to the corresponding indicators in the control (group 2). Scale for assessing film-forming activity: Optical density of biofilms
up to < 2x OD - low; up to x 4x OD - moderate; »4x OD - expressed

The most pronounced, in terms of optical density,
biofilm formation for associations of microorganisms
P. multocida + C. striatum + C. albicans, D,,=3.59 and
P.multocida + L. Ochracea + C. albicans, D, =3.62.This in-
dicates the important role of the yeast fungi C. albicans
in the formation of polymicrobial biofilms — possibly as
a “biofilm matrix” that serves as a framework for the
planktonic forms to which they attach and hold (Lohse
etal.,2018).

All field isolates with significant biofilm activity
were isolated from a 1:50 feed extract dilution. Con-
versely, the vast majority of planktonic forms of these
field isolates were isolated from feed extracts diluted
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1:100,000, i.e. in accordance with the requirements of
veterinary and sanitary control of feed in Ukraine.

Planktonic forms of C. striatum and P. multocida
were formed at the level of D, < 1.51 (low film-forming
activity) and were found in feeds exclusively as part of
polymicrobial biofilms. At the same time, field isolates
of “feed” bacteria B. subtilis in all cases dominated in
polymicrobial biofilms, the optical density of which was
at the level of D,,,=2.86*0.35 (moderate film-forming
activity). These microbial associations with high bio-
film-forming activity did not dissociate during successive
3-fold passage on agar media.

At the same time, during the passage on liquid




microbiological media, these associations dissociated
into separate components. This phenomenon was espe-
cially evident in the presence of Bacillus subtilis in the
association of forage microflora. This indicates the exis-
tence of biofilm-specific mechanisms of stability in the
environment - at least for “solid-phase” polymicrobial
biofilms compared to planktonic bacteria (“suspension
forms”).

. subtilis
(field's)

Kolchyk et al.

According to preliminary data from bacterioscopy,
the level of film-forming activity of bacteria in micro-
bial feed associations correlated with the phenomenon
of “bacterial swarming”, which manifested itself in the
development of associations of different microbial spe-
cies in the form of “coacervates”: in smears 1). Most of
these “coacervates” formed around the cells of fungi and
yeast.

a) Typical results of biofim-forming test with field bacterial isolates
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Figure 1. Bacterial film formation (a), including microscopy (b). Swarming of film-forming bacteria,
with the development of "coacervates” (object magnification x 1100)

The phenomenon of dissociation of forage micro-
flora under the influence of B. subtilis in its composition
motivated us to further study the mechanism of influence
of probiotic bacteria on biofilm-forming associations
of microflora isolated from feed (Table 1) using strains
specially selected for use in probiotics - potential tool

for the “sanitation” of feed. The results of three series of
treatment with a probiotic complex of bacteria of the
genus Bacillus (B. subtilis, B. licheniformis, B. amylolique-
faciens) feed samples containing microbial biofilms are
presented in Table 3.

Table 3. Associations of bacteria isolated from pig feed samples treated with a probiotic complex
of bacteria of the genus Bacillus

Type of feed Isolated microorganisms Optical density at wavelength, D,
Barley Bacillus spp. 2.936%0.42
Compound feed SK-31 for rearing piglets Bacillus spp. 3.16%0.51
Compound feed SK-51 for fattening pigs Bacillus spp. 2.69%0.27
Compound feed for lactating sows Blg'cgégéssﬁf' 3.35%0.59
Shop prestarter Bacillus spp. 3.22%0.23

It was found that the probiotic complex of bacteria
of the genus Bacillus during exposure to feed samples
displaced into biofilms of almost all species of isolated
feed microflora. The exception was the biofilm-forming
bacteria Haemophilus parasuis of the microbial associa-
tion of one of the batches of compound feed for lactating

sows (their association with P. multocida, N. sicca and
C.albicans).As shown in Table 3,under the conditions of
the experiment (final concentration of spores 100 thou-
sand), the biofilm of Bacillus spp. with an optical density
in the range from D, =2.69 to D, =3.22 displaced from
the feed microbial associations microorganism and

Scientific Horizons, 2022, Vol. 25, No. 1

45



46

Influence of probiotic microorganisms on microbial biofilms in feeds

P. multocida, N. sicca, C. perfringens and fungi C. albicans.
However, in this mode, they did not show competitive
activity against the bacterium H. parasuis.

The obtained results forced us to look for an ex-
planation of the peculiarities of the interaction of the
probiotic complex of bacteria of the genus Bacillus with
the causative agent of polyserositis/Glacier disease of
pigs. For this purpose, comparative studies of the dy-
namics of film formation of the probiotic complex of
bacteria of the genus Bacillus as such and in the pres-
ence of “feed” isolate of H. parasuis (polybacterial bio-
films) were performed. Figure 2 presents data on the
film-forming activity of these bacteria in a period of
10 days. It is obvious that Bacillus spp. under the same

conditions of cultivation, even at the peak of its growth
(up to the 3 day) by 13-15% lagged behind the growth
intensity of the polybacterial biofilm Bacillus spp. + H. para-
suis. Moreover, already on the 8" day after sowing the den-
sity of the biofilm of the probiotic complex of bacteria of
the genus Bacillus in four replicates began to decrease sig-
nificantly and on the 10" day the optical density reached
values of D,,,=2.34. At the same time, the polybacterial
biofilm of Bacillus spp. + H. parasuis for 10 days, according
to optical indicators, practically did not lose the volumes
reached in 24-28 hours after sowing D, =3.55.

Figure 3 presents data on the film-forming activity
of the same bacteria, but in the period of 24 hours after
sowing.
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Figure 2. Comparison of the dynamics of film development of the probiotic complex of bacteria
of the genus Bacillus separately and in association with H. parasuis for 10 days
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Figure 3. Comparison of the dynamics of film development of the probiotic complex of bacteria
of the genus Bacillus separately and in association with H. parasuis on the first day
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The obtained data indicate a significantly higher
(more than 70%) growth rate of the probiotic complex of
bacteria of the genus Bacillus under the same cultivation
conditions during the first 18-20 hours after sowing,
compared to its polybacterial biofilm Bacillus spp. + H. para-
suis.Only after 24-26 hours of cultivation, judging by the
obtained growth curve, the biofilms of these bacterial
associations reached their maximum parameters accord-
ing to the optical density of their samples in the test of
control of film-forming activity (Fig. 2).

Therefore, it is established that the associations
of bacteria that contaminate feed for pigs are charac-
terized by high film-forming activity. This indicates the
probable formation of microbial biofilms of different
composition and physical properties on the surface of grain,
granules and other feed components, as well as on the
surfaces of containers, feeders, etc., which may contain
and promote the survival of infectious agents dangerous
to pigs (Abdullahi et al., 2016; Kukhtyn et al., 2019).

The results show that the current norms of feed
contamination control in Ukraine do not provide an ob-
jective assessment, as they do not take into account
the presence of strong microbial biofilms in feeds, from
which it is almost impossible to isolate a reliable con-
centration of microflora so that it can be detected 10-. Ob-
viously, this is beneficial to feed producers, but it poses
a danger to pig farming and the human food chain.

Alarge number of opportunistic pathogens in the
feed of decomposition are nutrients, which leads to met-
abolic disorders, beriberi, toxicosis, decreased overall
resistance, productivity of animals (Vestby et al., 2020;
Kim et al.,2021). 34% of feed samples received from pig
farms had a high level of microbial contamination. This
indicates technological violations during production in
factories, and during their storage, in the absence of
proper veterinary and sanitary control in their use in
animal feed.

Even the saprophytic microflora of feed under
favourable conditions for its reproduction transport or
storage in critical concentrations can affect the con-
sumption and value of feed - because it decomposes
nutrients, and sometimes with the development of toxic
products of catabolism (Ramirez-Castillo et al., 2018;
Suarez et al., 2019; Burgos-Morales et al., 2021). The
presence of pathogenic microorganisms in feed is usually
associated with microbial contamination (MS) of raw mate-
rials. After all, the slightest contamination of feed mate-
rials, in particular premixes, with pathogenic microflora
leads to favorable conditions for its reproduction to MH
of ready-made feed in the feeder, with corresponding
epizooticconsequences (Makovcovaetal.,2017;Guzman-
Soto et al., 2021). Prior to the discovery of a strategy to
effectively protect bacteria from adverse environmen-
tal factors through the formation of microbial biofilms
(Donlan, 2011), feed microbiology could not explain the
mechanism of microbial contamination of feed (MSC) as
a dynamic process. Therefore, modern criteria for the
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assessment of MFCin the former USSR and now in Ukraine
are based almost exclusively on data from biological
control of feed by its producer, while microbial biofilms
are formed mainly during transportation and storage
(Magana et al., 2018; Muhammad et al.,, 2020; Zhang et al.,
2020).

Bacterial biofilms are formed by the adhesion of
microbial cells almost exclusively on the solid surfaces
of polymers (both biological and abiological) with their
inclusion in the polymer matrix (Yuan et al., 2020; Apiwatsiri
etal.,2021; Skandalis et al., 2021). Under favourable con-
ditions, microbial biofilms are formed in raw materials,
feed, food, various organs and tissues in humans and
animals, on the surface of equipment when food comes
into contact with technological surfaces (Callaway et al.,
2021; Jiang et al., 2021).

In the joint cultivation of opportunistic pathogens
with bacteria of the genus Bacillus, the latter form anti-
biotic substances and thus have a bactericidal and bac-
teriostatic effect on microorganisms that form biofilms,
namely yeast-like fungi C. albicans, Escherichia coli, Strep-
tococcus, Staphylococcus, Staphylococcus, Salmonella, Kleb-
siella, Proteus, Pseudomonas aeruginosa (Bai et al., 2017). Dif-
ferent strains of bacteria of the genus Bacillus secrete
different sets of antimicrobial substances. For example,
one strain of B.subtilis secretes subtilin,which has antibi-
otic properties against gram-positive bacteria, another
strain of B.subtilis secretes the antibiotic ericin S, which
has the same spectrum of activity as subtilin (Stein et al,
2002).Antimicrobial peptides secreted by B. subtilis have
a huge advantage over traditional antibiotics because
they are close to antimicrobial peptides released by the
animal and are part of its natural immunity (Teixeira et
al., 2013). Similar substances have been identified in a
large number of tissues and epithelial surfaces, including
skin, eyes, ears, mouth, intestines, immune, nervous and
urinary systems. Such as defensins, lysozyme, cathelicidin,
dermtsidine, lectin, histatine and others (Wang, 2014).
B.subtilis secrete similar substances, so resistance to them
is rare, side effects are usually absent (Guariglia-Oropeza
& Helmann, 2011). Lack of resistance to antimicrobial
peptides of animals and B.subtilis is associated with the
fact that their action is often aimed at the development of
membrane pores, which leads to the death of bacteria.
B.subtilis due to the release of antimicrobial substances
inhibits the development of pathogenic microflora,which
creates the conditions for filling the vacated niches and
normal bacteria (Sumi et al., 2015).

Obtaining quality and safe animal feed is impossi-
ble without compliance with the basic veterinary and sani-
tary and technological aspects of production (Muckey et al.,
2020; Paliy et al., 2021a) . The main attention should be fo-
cused on the destruction of opportunistic, pathogenic mi-
croflora (Rodionova et al.,2021) and parasitic insects (Paliy
et al., 2021b). Only a comprehensive approach to solving
pressing problems of feed production and animal feed-
ing will allow obtaining high quality livestock products.
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CONCLUSIONS

In violation of the technology of feed production and stor-
age of feed for farm animals, they can be contaminated
with various microorganisms (P. multocida, C. striatum,
B. subtilis, L. ochracea, N. sicca, H. parasuis, C. albicans,
A. pleuropneumonia), which have epizootological and
sanitary-hygienic significance. The ability of isolated
microorganisms to form biofilms has been studied.

It is proved that the growth rate of the probiotic
complex of bacteria of the genus Bacillus in biofilms
(Bacillus spp.) Increases by the 8™ day and gradually be-
gins to decrease to the level of D,,<2.34 on the 10" day,
while the polybacterial biofilm of Bacillus spp.+ H. parasuis
maintains the intensity of growth up to the 10™ day at
the level of the index D, <3.55.

The probiotic complex of bacteria of the genus
Bacillus (B. subtilis, B. licheniformis, B. amyloliquefaciens)
is promising for the formation of microbial biofilms in
feed for pigs, which do not allow to take root in most of
the above species dangerous to the human food micro-
flora. Indicators of the dynamics of the development of
probiotic biofilms are of prognostic value for the analy-
sis of antagonistic-symbiotic activity of bacteria - both
in the first two days (hourly) and in a weekly period of
time.

The prospect of further research is to develop
an innovative scheme for storing feed for farm animals,
taking into account microbiological risks depending on
regional climatic conditions.
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BnauvB Npo6ioTUYHMX MiKpoopraHi3aMiB Ha MiKpO6Hi 6ionniBKU y KopMax

OneHa BonoaumupisHa Konbuuk?, TeraHa BaneHTuHiBHa InnapioHoBa?, AHAapiii IropoBuy BysyH!?,
Axaroniii Maenosuu MNaniiit, Auapiit Masnosuu Maniit®

'HauioHanbHWt HAYKOBMM LEHTP «IHCTUTYT eKCNEPUMEHTANIbHOI i KNiHIYHOT BETEPUHAPHOI MEAULIMHUY
61023, Byn. lNywkiHcbka, 83, M. XapkiB, YkpaiHa
2TOB «CipioH»
49027, Byn. AkiHdeeBa, 18, M. IHiNpo, YkpaiHa

*[lep>kaBHMI BIOTEXHONOTIYHUI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YKpaiHa

AHoTauis. Ha pisHux eTtanax BUpoBHMUTBA KOPMIB Ta ix 30epiraHHs MOX/IMBe 0BCIMEHIHHS SK KOPMIB, TaK i ix
KOMMOHEHTIB pPi3HUMM NATOFEHHWMMM Ta YMOBHO-MATOrEHHUMM MIiKpOOPraHiaMamu, Lo MOXyTb BYTU MPUUYMHOLO
BUHUKHEHHS IHOEKLIMHUX 3aXBOPIOBaHb He TiNlbKM Cepep TBapwH, @ W MaTu enigemionoriyHe 3HaveHHs. MeToio
pob6oTn 6yno BuAineHHs 6ionniBKOYTBOPIOKYMX LUTAMiB MiKPOOPraHi3MiB i3 KOPMIB, @ TAKOX BUBYEHHS iHribOylO4Ooi
aKTMBHOCTI NpobioTMUYHOro Komnnekcy 6aktepin popy Bacillus BiLHOCHO MiKpo6HUX BionniBok. laeHTUdiKaLito Ta
BMAOBY HaNEXHICTb BUAINEHUX NONbOBUX i30N14TiB HakTepili NPOBOAMAM 33 KyNbTypanbHO-MOP@ONOriYHUMHK Ta
6ioXiMiYHMMM BNACTUBOCTAMU. YTBOPEHHS H6ioNNiBOK BUBYANM 32 LOMOMOIOK BU3HAYEHHS 34aTHOCTI i3014TiB MiKpOOHMX
acouiauin Ta oKpeMmnx BMAIB MIKpOOPraHiamiB A0 aaresii Ha NoBepxHi 96-1yHKOBOrO NOAICTUPONOBOrO MAAHLIETY
3a MeToamkoto O'Toole & Kolter, 1998. [MpoBeaeHo BM3HAYEHHS MikpobHOi 3abpyaHeHocTi 50 npoMMcIoBMX NapTin
KOpPMiB 3 4-X CBMHOrOCNOAAPCTB ABOX 0bnactel YkpaiHu (a4MiHb, kombikopM CK-31 ang popouwysaHHs, CK-51 gng
csuHelt Bigroaisni, EXCELL ctaptep ans ceuHer 15 %, uexoBuii npeacraprep, KOMBIKOPM ANS NakTyHUMX CBUHOMATOK).
Y 11 pocnigHux napTisx sumeHs (68,8 %) Ta 13 naprtiax 3 Buais kombikopmis (CK-31, CK-51, koMBiKOpM A5 NakTyumx
CBMHOMATOK) BMAINANM acouiauii 3 pisHMMKM MikpoopraHiamamu Pasteurella multocida, Corynebacterium striatum,
Bacillus subtilis, Leptothrix ochracea, Neisseria sicca, Haemophilus parasuis Ta ppixmkonogibHi rpubu Candida albicans. Y
6akeucisax 2 naprii (50 %) LexoBoro npeacTapTepy ifeHTMdiKyBanu acouiavito 6aktepin Actinobacillus pleuropneumonia
3 B. subtilis. BcTaHOBNeHO MOMipHe, 32 ONTUYHOI LWiNbHICTIO, 6i0N1i8KOYMBOPEHHS ANs acouialii MiKkpoopraHisMmis
P.multocidam + C. striatum + C. albicans (D,,,=3,59) Ta P. multocida + L. ochracea + C. albicans (D,,,=3,62). H13bKy aKTUBHICTb
NNiBKOYTBOPEHHSA AEMOHCTPYBanu NNaHKTOHHI ¢opmmu Baktepin C. striatum Ta P. multocida Ha pisHi (D, <1,51).
Bu3HaueHo iHribytouy akTMBHICTb NpobioTMUHOro KoMnnekcy 6aktepint poay Bacillus (B. subtilis, B. licheniformis,
B.amyloliquefaciens) Ha BuajineHi Bapiauii MikpobHMX 6ionMiBOK y 5 BUAAX KOPMIB, SKUIA BUTICHWB YCi BionniBKOyTBOPHOKOYi
MiKpOoOpraHiamu, okpim H. parasuis

KniouoBi cioBa: 6ionniBKOYTBOPIOOYI MiKPOOPraHi3Mu, NIaHKTOHHI GakTepii, MikpobHa 3a6pyaHEHICTb KOpMY, MPOBIOTUYHMIA
KoMnnekc 6akTepin poay Bacillus, iHribytoua akTMBHICTb
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data is on average up to 25% on the experiment. It is proved that the norms of
sowing seeds by wide-row sowing method are an effective factor in ensuring
the implementation of the productivity of hemp varieties in crops. The obtained
results give grounds to claim that the differentiation of the seeding rate factor by
the experimental step of 0.3 million units/ha provides an effective distribution
of the obtained data into separate static groups. This allows identifying the
best options for seeding rates to recommend production. Prospects for further
research are an expanded study of Glesia cultivation of technical hemp at the same
time on the yield of commercial seeds and fibrous products, i.e. for bilateral use
directly in the Western Forest-Steppe of Ukraine

Keywords: row spacing, crop productivity, factors, monoecious hemp varieties,
non-narcotic hemp, regularity of influence, efficiency
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INTRODUCTION

Hemp is one of the oldest and most famous diverse crops.
It was grown all over the world as a fibrous crop, which
was sown in large quantities in large areas (McPartland
et al, 2018; Struik et al.,, 2000). But conditioned upon
the high content of drugs, it was banned. However, since
the 1990s in Ukraine, namely at the Institute of Bast
Cultures of NAAS, a number of new varieties of tech-
nical hemp that do not contain drugs have been bred
(Bazyl, 2019). This contributed to the restoration and
significant spread of hemp cultivation, and varieties of
Ukrainian selection began to be valued on the world
market.

Hemp is a multifunctional crop,and it is this char-
acteristic that has recently increased interest in its cul-
tivation. Today it is a crop grown in more than 30 coun-
tries, including China, the United States, France, ltaly,
the Netherlands, Estonia and others. The revival of the
hemp industry in the world is happening faster than in
Ukraine.

Hemp is a universal crop, all parts of the plant -
seeds, flowers, leaves, stems, roots - are used in the tex-
tile, pharmaceutical, aviation, paints and construction
industries (Tsaliki et al, 2021; Rehman et al,, 2021; Adesina
et al,, 2020). It should be noted that hemp is a highly prof-
itable crop, and the seeds and stems of which can be fully
used and produce about 50,000 different products, in-
cluding biocomposite,bioplastic,biofuels (Vyrovets et al.,
2021). This plant, according to scientists, could become
an ecological raw material of the future. Industrial needs
in hemp are of increasing interest around the world
(Baraniecki et al., 2022; Rahemi et al., 2021).

The direction of use of the plant depends on the
content of the psychoactive substance tetrahydrocan-
nabinol (THC). Technical hemp is hemp in which the
content of the psychoactive component of tetrahy-
drocannabiol (THC) does not exceed 0.3% (according
to European legislation - 0.2%) (Boyko et al., 2018;
Vyrovets, 2015).

BRDO has prepared a whole study - the Green
Paper on the regulation of the technical hemp market in
Ukraine (Hruzinska et al, 2020). It is noted that hemp
contains about 200 active substances, of which 18
have been studied. Such substances include, in partic-
ular, CBD (cannabidiol) and THC (tetrahydrocannabiol),
which are the most studied cannabinoids. According to
Ukrainian legislation, hemp with a THC content of up to
0.08% belongs to the technical ones, and plants with
a TCG content exceeding this value are automatically
considered narcotic (Hruzinska et al., 2020). In Europe and
America, the THC content is 0.2 and 0.3%, respectively.

Quite an interesting study was conducted by
American scientists at Oregon State University. They in-
vestigated that certain cannabinoid compounds of can-
nabis prevent the pathogenic effects of coronavirus in-
fection on the human body (van Breemen et al,, 2022).
It is also emphasised that cannabinoid acids, which are
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contained in hemp and many of its extracts, are safe for
humans.

The main areas of cultivation of technical hemp
include the need for commercial seeds and fibrous
products. Recently, the technology of growing to ensure
bilateral use is becoming widespread (Zuk-Gotaszewska
& Gotaszewski, 2017; Zhang et al., 2011; Primakov et al.,
2013).

Scientific publications state that monoecious hemp
varieties are much better suited for seed production, while
dioecious varieties are unsuitable conditioned upon their
heterogeneity, excessive size and, as a result, difficulties
with mechanical harvesting. But the potential of monoe-
cious varieties for seed yield has been much less studied.
It is known that in hemp, yield indicators, in addition to
genotype, are strongly influenced by growing conditions,
and often the end result depends on the seed propagation
environment, where a particular variety was bred (Tang
et al., 2016; Baldini et al., 2020).

Recently, in some countries, the technology is
aimed at one-sided cultivation of hemp, ie only to ob-
tain seeds for commercial purposes, for this purpose, low
seeding rates are observed. The authors note that com-
bine harvesters are used for harvesting (Kabanets &
Kabanets, 2018; Kraszkiewicz et al., 2019; Prade, 2011).

Hemp has attracted a lot of attention from the
world market, including breeders and specialists in culti-
vation technology due to new opportunities for its wide
use.

The cultivation of any agricultural crop is not
without the production of seeds of this crop. In seed
production the task of seed propagation, preservation
of varietal purity on the basis of conformity of morpho-
logical features and formation of high sowing, and also
productive properties of seed material is set. However,
no less important task is the cultivation of technical
hemp for seed to meet production needs, ie as raw ma-
terials for the relevant industries, namely food, pharma-
ceuticals and cosmetics. Accordingly, the cultivation of
technical hemp for commercial seeds is an urgent issue
that requires additional research, both in connection
with the introduction of new monoecious non-narcotic
varieties and in connection with the expansion of sown
areas of these varieties within certain agricultural areas
of Ukraine.

The volume of production of any plant products
depends on many factors. They are primarily affected
by market conditions and the need for a specific type of
technical raw materials (Radishchuk, 2015). At the same
time, not only the biological features of cultivated plants
are important, but also the perfection of cultivation
technology.

To obtain a high level of yield of hemp products,
various agricultural techniques are introduced, aimed
at creating optimal conditions for plant growth and de-
velopment (Ferfuia et al.,, 2021; Tang et al., 2017).That is




why research to find new ways to increase crop yields,
including industrial hemp, is an urgent task today.

Hemp cultivation requires a scientific basis in the
management of plant growth and development. It is nec-
essary to consider the favorable environmental condi-
tions, soil type, length of daylight hours, temperature
and water regimes. Important importance in this aspect
is given to technological factors, in particular the use
of mineral fertilizers, sowing dates, including seeding
rates. Important importance should be given to the bio-
logical object, ie the variety of hemp, which is the main
factor in technology. Modern varieties of hemp grown
are quite different in terms of ensuring the maximum
amount of final products, including commercial seeds
and fiber. They react differently to technological factors.
Most tests in the past have been limited to studies
aimed at producing fibrous products.

The aim of the research was to establish the de-
pendence of commercial hemp seed yield on technical
factor A,namely seeding rates based on their differenti-
ation, as well as biological factor B, ie monocotyledon-
ous hemp variety in the organisation of agrophytoceno-
sis by wide sowing method in western forest-steppe of
Ukraine.

LITERATURE REVIEW

As a rule, the main purpose of growing any crop is to
increase both quantitative and qualitative indicators of
the resulting products. Breeding and seed production play
a leading role in solving this problem. A characteristic
feature of hemp is that they are grown for two important
products - fiber and seeds, which, in turn, complicates the
selection for simultaneous increase in yield and fiber and
seeds (Mygal, 2015).

The main factor in increasing seed productivity
is the increase in plant size, especially inflorescences.
This is achieved through the use of sparse sowing, i.e.
reducing the seeding rate (Mygal et al., 2017).

Some scientists believe that the yield of straw
(stems), fiber, seeds and the quality of technical hemp
largely depend on many technological factors, in partic-
ular, seeding rates and sowing methods (Dmitriev et al.,
2001; Mediavilla, 2001; Keller et al., 2001).

As a result of research by Kabanets & Kabanets
(2016), it is noted the increase in sowing rates of hemp
seeds contributes to the cultivation technology to im-
prove the final results in terms of yield and fiber quality,
but under such conditions the number of seeds per unit
area becomes smaller. Conversely, it is noted that un-
derestimation of sowing rates cause diametrically op-
posite results. In particular, the seed yield increases, but
the yield per unit area of fibrous products naturally de-
creases. The authors emphasises that this pattern draws
attention to the relevance of research on seeding rates,
which would satisfy the farmer to receive in the tech-
nology of growing products of bilateral use. Particular
attention is paid to this area of technology with the use
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of new varieties (Kabanets & Kabanets, 106; Labanets
& Kabanets, 2018).

PA. Holoborodko & G.. Dyshleva (1985) noted
that when growing hemp for seed sowing should be
carried out with a row spacing for varieties of Central
Russian hemp 45 cm, southern - 60-70 cm and with a
sowing rate of 1.5-2.0 million similar seeds (25-35 kq)
per hectare.

Many studies have focused on the impact of fertil-
izer application rates, crop density on growth and yield
of different types of hemp fibers (Tang et al, 2017;
Papastylianou et al., 2018; Deng et al., 2019). Appropriate
sowing density allows efficient use of available resources
such as light, moisture and nutrients by culture, signifi-
cantly increasing the yield of hemp fibers (Tang et al,,
2017; Schafer & Honermeier, 2006).

The seeding rate depends, first of all, on the pur-
poses of use of the grown production of technical hemp.
When grown on seeds, crops are made sparse, because
the plants need some space for their branching and the
formation of full-fledged inflorescences (Tang et al.,, 2017;
Adesina et al., 2020). However, information on the optimal
sowing rate for the production of commercial hemp seeds
is very limited and needs to be studied. The scientific
knowledge about cannabis should be studied in more
detail and updated to understand and recommend the
best methods of plant productivity management.

MATERIALS AND METHODS

The research was performed during 2018-2020 at the
Podolsk State University Higher Education Institution
in the Western Forest-Steppe of Ukraine.

Agrochemical characteristics of soil of research sites.
Soil type - chernozem podzolic gley medium loam, in
terms of physical and agrochemical properties is char-
acterised as favorable for growing crops. The humus
content is 3.2%, the supply of nutrients is as follows: al-
kaline nitrogen - 100 mg per 1 kg of soil, mobile phos-
phorus P,0, - 176 mg per 1 kg of soil, exchangeable
potassium K,O, - 160 mg per 1 kg of soil. The reaction
of the soil solution is close to neutral or neutral - pH of
the salt extract 6.8-7.0 mg-eq./100 g of soil, low hydro-
lytic acidity 0.56-0.62 mg-eq./100 g of soil, the amount
of absorbed bases 32-36 mg-eq./100 g of soil.

The humus content was determined by the method
of Turin, alkaline hydrolyzed nitrogen - by the method
of Cornfield, mobile phosphorus and exchangeable po-
tassium - by the method of Chirikov, the amount of ab-
sorbed bases - by the method of Kappen-Gilkovitz, the
reaction of soil solution pH.

Meteorological conditions during the research
were favorable for the cultivation of technical hemp.The
average monthly air temperature during the growing
season in 2018,2019 and 2020 was 17.1 in May, respec-
tively; 14.3;11.4°C,inJune — 18.6; 21.2; 19.2°C,in July —
19.6; 18.8; 19.4°C and in August — 20.8; 20.1; 20.1°C.
The amount of precipitation in 2018, 2019 and 2020,
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respectively,was 22.1 in May; 155.3; 101.3 mm, in June -
128.7; 81.3; 148.3 mm, in July - 87.1; 59.9; 53.9 mm, in
August - 26.5; 39.8; 14.1 mm.

The experiment is organised under the condition
of formation of crops between rows 45 cm wide.

Technological factor A is included in the exper-
iment - seed sowing rate 0.6; 0.9; 1.2; 1.5; 1.8 million
units/ha.

In conducting field research as a biological object
(factor B) involved monoecious varieties of hemp tech-
nical selection of the Institute of Bast Cultures NAAS of
Ukraine - YUSO-31, Glyana and Glesia, which fully meet
modern requirements for drug-free and productivity. In
all studied varieties, the THC content corresponded to
the norm established by law, which according to the
“List of narcotic drugs, psychotropic substances and
precursors” (Cabeinet of Ministers of Ukraine, 2000),
approved by the Cabinet of Ministers of Ukraine from
05/06/2000 No. 770 with the following changes, is 0.08%.

The YUSO-31 variety is a shining example of inter-
national recognition of the achievements of the Hemp
Breeding Institute, which was included in the State
Register of Plant Varieties of Ukraine in 1987, and in the
registers of varieties of the European Union, Canada,
Republic of Kazakhstan and other countries. The vari-
ety has been in international production for more than
30 years. Vegetation period - 110-115 days. Yield of
straw - 6.5-8.0 t/ha, fiber - 2.0-2.4 t/ha, seeds - 1.2-
1.4 t/ha. Fiber content - 28-30%, planes - 0.01%, THC -
0.03-0.05%.

The Glyana variety was created using the YUSO-31
variety as a source material based on multiple family-
group selection in the selection process using the method
of halves. The task was aimed at stabilising the sex in the
cannabis population,increasing productivity potential and
reducing cannabinoid content (Kabanets & Kabanets, 2018).
The characteristics of the variety also indicate: the du-
ration of the growing season - 115-120 days, the yield
of stems - 7.5-8.0 t/ha, seeds - 1.0-1.2 t/ha, plant height
parameters — 2.5-3.0 m. Year of registration - 2007.

Gler variety was used as a starting material for the
cultivation of Glacier variety in order to improve seed
productivity (Kabanets & Kabanets, 2018). At the end of
the vegetative development of plants, the height of the

variety reaches 2.5-3.0 m. The duration of the growing
season is 115-120 days, the yield of stems - 7.5-8.0 t/ha,
seeds - 1.5-2.0 t/ha. Year of registration - 2016.

Placement of technical hemp plots is systematised
in tiers. Number of repetitions — four times. The total area
of the plot is 60 m?, the accounting area is 50 m2.

The application rate of mineral fertilizers is
N,oP.sK,s- Phosphorus and potassium fertilizers have been
applied since autumn under the main tillage, nitrogen -
in pre-sowing cultivation.

Accounting for the yield of marketable seeds of
technical hemp varieties was carried out by the method
of continuous threshing.

For the mathematical analysis of the obtained
research results we used analysis of variance based on
the multi-rank statistical criterion Duncan (Ermantraut
etal,2017).

RESULTS AND DISCUSSION

V.H. Vyrovets et al. (2011) found that in the context of
hemp seed yields, technical conditions are significantly
influenced by growing conditions created by technolog-
ical factors. These include seeding rates and row spac-
ing. Many publications pay special attention to the fact
that the potential of modern varieties of hemp in the
cultivation of seeds are better realised in sparse crops.
Reducing the seeding rate increases the yield of seeds
and reduces the yield of fibrous products. The authors
schematically characterise the dependence of seed and
straw yields on seeding rates. Reveal patterns in changing
the yield of one and the other type of hemp production
from the seeding rate. This forces specialists to search
for optimal sowing rates that would meet the require-
ments of production separately for seeds and separately
for fibrous products, including for the bilateral use of both
seed and fibrous products. As a result of the conducted
researches which are directed on achievement of indi-
cators of seed productivity of technical hemp, norms of
sowing of seeds of 0.6 are involved; 0.9; 1.2; 1.5 and
1.8 million units/ha with a row spacing of 45 cm. Varieties
of monoecious non-narcotic cannabis YUSO-31, Glyana
and Glesia are included (Table 1). The maximum level
of yield at the sowing rate of 0.6 million units/ha was
provided by the variety Glesia - 1.737 t/ha.

Table 1.Yield of commercial hemp seed technical depending on the impact of sowing rates and varieties
for row spacing 45 cm, t/ha (average for 2018-2020)

Seed sowing rates, million

Varieties (factor B)

Average factor A

units/ha (factor A) YUSO-31 Glyana Glacier
0.6 1.271 1.506 1.737 1.505
0.9 1.219 1.465 1.662 1.449
1.2 1.178 1.422 1.572 1.391
1.5 1.143 1.381 1.513 1.345
1.8 1.107 1.344 1.479 1.310
Average factor B 1.184 1424 1.592 1.400
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In the conditions of the North-Eastern Forest-Steppe
of Ukraine according to similar researches, the author of
which is V.M. Kabanets (2017), set at the included vari-
ants of sowing rates 0.5; 1.0; 1.5; 2.0; 2.5 million units/ha,
which is characterised by the best seed yield of 1.0 mil-
lion units/ha, where the figure is 1.7 t/ha.

Analysis of the data based on the analysis of vari-
ance by Duncan’s test for the YUSO-31 variety shows
that during all the years of research, each seed sowing
rate had a significant impact on changes in seed yield.
In 2018, the maximum level of yield was at the rate of
sowing 0.6 million units/ha and amounted to 1.255 t/ha.
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The involved sowing rate of 0.9 million units/ha led
to the formation of slightly lower productivity of crops,
as a result of which the yield decreased significantly -
by 60 kg (Table 2). Increasing the rate to 1.2 million
units/ha again significantly reduced the seed yield in
the variety YUSO-31, where the figure was 1.133 t/ha.
A further increase in the seeding rate to 1.5 million
units/ha did not provide an equivalent yield compared
to the previous seeding rate, on the contrary, it caused
a significant decrease. At the highest sowing rate of
1.8 million units/ha, the seed yield was the lowest and
amounted to 1.067 t/ha.

Table 2. Dependence of yield of marketable hemp seeds of technical grade YUSO-31 on influence
of sowing norms at width between rows of 45 cm by Duncan's criterion, t/ha

Sowing rate, Year Average for Homogeneous groups
million units/ha 2018 2019 2020 three years 1 2 3 4 5
0.6 1.255 1.192 1.365 1.271 o
0.9 1.195 1.161 1.300 1.219 e
1.2 1.133 1.127 1.275 1.178 e
1.5 1.100 1.080 1.250 1.143 e
1.8 1.067 1.048 1.207 1.107 e

In 2019, the patterns of seed yield of the YUSO-31
variety remain the same as in 2018. The maximum pro-
ductivity of technical hemp crops corresponds to the
lowest seeding rate. Accordingly, the rate of 0.6 million
units/ha in the study contributed to a significantly higher
yield of seeds of the variety YUSO-31 — 1.192 t/ha. Each
subsequent increase in seeding rate led to a significant
decrease in seed yield. According to the norms of sow-
ing seeds 0.9; 1.2; 1.5; 1.8 million units/ha, yield levels
were set at 1.161; 1.127; 1.080 Hours; 1.048 t/ha, where
each norm provided a significant impact on the perfor-
mance characteristic.

In 2020, the yield was slightly higher, but the dis-
tribution of indicators depending on the seeding rate
remains the same as in previous years. The maximum level
of seed productivity is set at sowing rates of 0.6 million
units/ha - 1.365 t/ha. Each increase in seeding rate in the
order indicated in the table led to a significant decrease
in the yield of hemp seeds variety YUSO-31. According
to the sowing rates of 1.8 million units/ha, the yield was
the lowest and amounted to 1.207 t/ha. The difference

in data in yield levels between the highest and lowest
seeding rates is 158 kg.

The analysis of data from the Duncan test for the
Glan variety on the effect of sowing rates on the yield
of technical hemp seeds does not differ from the pat-
tern established for the YUSO-31 variety. In 2018, the
maximum level of yield was also provided by the seed
sowing rate of 0.6 million units/ha. The corresponding
figure was 1.505 t/ha, which differs significantly from
all other data obtained (Table 3). For each seeding rate
0.6; 0.9; 1.2; 1.5; 1.8 million units/ha according to the
results of statistical calculations, the established seed
yield indicators are allocated to separate statistical groups.
This testifies to the regularity of the influence of each
seed sowing rate with its increase on the development
of significantly lower seed productivity of hemp crops
of technical grade Glyana. The lowest value of seed yield
was at the highest seeding rate. The range of changes in
yields involved in sowing rates from 0.6 million units/ha
to 1.8 million units/ha is in the range from 1.505 t/ha to
1.349 t/ha, respectively, the difference is 156 kg.

Table 3. Dependence of yield of marketable hemp seeds of technical grade Glyana on the influence
of sowing rates at a row spacing of 45 cm according to the Duncan criterion, t/ha

Sowing rate, Year Average for Homogeneous groups
million units/ha 2018 2019 2020 three years 1 2 3 4 5
0.6 1.505 1.420 1.592 1.506 .
0.9 1.475 1.380 1.540 1.465 e
1.2 1.435 1.332 1.500 1.422 e
1.5 1.400 1.288 1.455 1.381 e
1.8 1.349 1.253 1431 1.344 e
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In 2019, seed seeding rates provided a similar
impact as in 2018. The best level of yield of 1.420 t/ha
was set at the sowing rate of 0.6 million units/ha, at
the sowing rate of 0.9 million units/ha was significantly
lower and amounted to 1.380 t/ha. Increasing the seeding
rate to 1.2 million units/ha led to a further significant
decrease in crop productivity, with a yield of 1.332 t/ha.
The seeding rate of 1.5 million units/ha caused a decrease
in the yield of Glyana hemp to 1.288 t/ha, and the rate
of 1.8 million units/ha - to 1.253 t/ha.

In 2020, the regularity of the impact of seed
seeding rates on the yield of Glyana variety was the

same as in previous years. Each norm of sowing of seeds,
as an effective sign corresponds to a certain value of
the level of yield, which is allocated to a separate ho-
mogeneous group. According to the involved norms of
sowing of seeds 0.6; 0.9; 1.2; 1.5; 1.8 million units/ha,
the yield level of Glyana hemp was 1.592 > 1.540 >
1.500 > 1.455 > 1.431 t/ha.

Regarding the yield of Glesia hemp depending
on the influence of seed sowing norms, no differences
in the regularity of statistical distribution of data were
found, it was similar to Glyana and YUSO-31 varieties
(Table 4).

Table 4. Dependence of yield of marketable hemp seeds of technical grade Glesia on the influence
of sowing rates at a row spacing of 45 cm according to the Duncan criterion, t/ha

Sowing rate, Year Average for Homogeneous groups
million units/ha 2018 2019 2020 three years 1 2 3 4 5
0.6 1.698 1.733 1.779 1.737 .
0.9 1.655 1.605 1.727 1.662 e
1.2 1.560 1.473 1.683 1.572 e
1.5 1.506 1.404 1.628 1.513 e
1.8 1.480 1.370 1.586 1.479 e

In 2018, the maximum seed yield of 1.698 t/ha
was at the sowing rate of 0.6 million units/ha. Significantly
lower yields were obtained when sowing seeds of 0.9 mil-
lion units/ha - 1.655 t/ha, but higher compared to all other
sowing rates. At the sowing rate of 1.2 million units/ha,
the yield of 1.560 t/ha was significantly lower compared
to the sowing rates of 0.9 million units/ha, and the yield
at the sowing rate of 1.5 million units/ha was signifi-
cantly lower compared to the data obtained by sowing
rates of 1.2 million units/ha. At the sowing rate of 1.8 mil-
lion units/ha, the yield was the lowest and amounted
to 1.480 t/ha.

In 2019, similarly, the highest yield was formed at
the rate of 0.6 million units/ha - 1.733 t/ha. Significantly
lower hemp yield was at a higher rate of 0.9 million
units/ha and amounted to 1.605 t/ha. Increasing the seed
sowing rate to 1.2 million units/ha led to a further de-
crease in the productivity of Glesia hemp crops, as a re-
sult of which the seed yield decreased to 1.473 t/ha, or
132 kg compared to 0.9 million units/ha. The reduction
of the seed sowing rate to 1.5 million units/ha and 1.8
million units/ha similarly caused a significant decrease
in yield results, which confirms the obtained figures of

1.404 t/ha and 1.370 t/ha.

The test results for 2020 are characterised by sim-
ilar patterns that were established in previous years.
The maximum yield was achieved at the sowing rate of
0.6 million units/ha - 1.779 t/ha. Increasing the sowing
rate to 0.9 million units/ha resulted in a decrease in
yield by 52 kg.With a sowing rate of 1.2 million units/ha,
the yield was even lower - 1.683 t/ha.Afurther increase in
seeding rate led to a decrease in seed yield.Respectively,
according to the norms of 1.5 million units/ha and 1.8 mil-
lion units/ha, the indicators obtained for the Glacia variety
were 1.628 t/ha and 1.586 t/ha.

Thus, the regularity of the influence of seed sowing
norms on the yield of Glesia hemp is characterized by
a significant compliance with each of them by the seed
productivity of crops at a given width between rows in
crops of 45 cm.

Regarding the comparison of yields of varieties
according to Tables 2, 3,4 Glesia variety is characterised
by higher productivity. Statistical calculations based on
the Duncan criterion show the predominance of the
Glacia variety over the YUSO-31 and Glyana varieties
(Table 5).

Table 5. Dependence of yield of commercial hemp seed technical on the influence of the variety at a row spacing
of 45 ¢cm according to the Duncan criterion, t/ha

Sowing rate, Year Average for three Homogeneous groups
million units/ha 2018 2019 2020 years 1 2 3
Glacier 1.580 1.517 1.680 1.592 e
Glyana 1.433 1.335 1.504 1.424 e
YUSO-31 1.150 1.122 1.279 1.184 e
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In 2018, the yield data of varieties according to
the established indicators differ significantly compared
to each other. The maximum productivity was provided
by the variety Glesia, where the figure was 1.580 t/ha.
Significantly lower seed yield was in the variety Glyana -
1.433 t/ha, the difference is 0.147 t/ha. Variety YUSO-31
is characterised by a yield of 1.150 t/ha, which is less than
the data of the variety Glesia - by 0.430 t/ha.

A similar data distribution was in 2019. The maxi-
mum yield was formed by the cultivar Glesia — 1.517 t/ha,
while in the cultivar Glyana the indicator was significantly
lower, by 0.182 t/ha.YUSO-31 variety provided hemp seed
yield at the level of 1.122 t/ha, which is 0.213 t/ha less
than Glyan variety.

The same statistical distribution of data on the
yield of varieties was in 2020.The highest yield of hemp
seeds was shown by the variety Glesia, significantly in-
ferior to the variety Glyana, and the variety YUSO-31 was
inferior to the variety Glyana.

CONCLUSIONS

Efficiency in management of productivity of crops of hemp
technical on a level of productivity of commodity seeds
on the basis of application of the technological factor -
norms of sowing of seeds and a biological factor - a variety
of monoecious non-narcotic hemp in the conditions of the
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Western Forest-Steppe of Ukraine is established.

Based on the data obtained as a result of statisti-
cal studies using the multi-rank Duncan criterion, it was
found that the norms of sowing technical hemp seeds have
a significant impact on the yield of commercial seeds of
crops wide-row sowing for row spacing 45 cm. In accor-
dance with seeding rates of 0.6; 0.9; 1.2; 1.5; 1.8 mil-
lion units/ha on the average for years of researches on
experiment the following indicators of productivity are
established: 1.505 > 1.449 > 1.391 > 1.345 > 1.310 t/ha.
With the increase in the seeding rate from 0.6 million
units/ha to 0.9 million units/ha, the yield of commercial
hemp seed decreased by 3.7%, at the seeding rate of
1.2 million units/ha compared to the previous sowing
rates — by 4.0%, sowing rates of 1.5 million units/ha com-
pared to the norm 1.2 million units/ha - by 3.3% and
sowing rates of 1.8% compared to the norm 1.5 million
units/ha - by 2.6%.

All varieties of monoecious technical hemp in-
volved in the research provided the maximum realisa-
tion of biological potential in terms of marketability of
marketable seeds in the development of crops at sow-
ing rates of 0.6 million units/ha. Accordingly, accord-
ing to this sowing rate, the varieties are characterized
by the following yield indicators: Glesia - 1.737 t/ha,
Glyana - 1.506 t/ha and YUSO-31 - 1.271 t/ha.
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YpOo)XalHiCTb TOBapHOro HACiHHA KOHoMNeNb TeXHIYHUX
3a/1e)XXHo Big BNMBY HOPM BUCIBY Ta COPTY

Onekcanpp CaBuuy lNopau, Pita IBaHiBHa KnuMuweHa, Bacunb Mukonaitosuu Cyuek

MoAinbCbKMii fepXKaBHUI YHiBEpPCUTET
32316, Byn. LleyeHka, 13, M. KamaHeub-Toginbcbkmi, YKpaiHa

AHortauin. Ha cyuacHoMmy eTani 3abe3neyeHHs poO3BUTKY TEXHOOTi T BUPOLLYBAaHHS HEHAPKOTUYHUX KOHOMESb MOCTiMHE
3aBAAHHS MONAra€ y HeobxiLAHOCTI AOCNIIKEHHS peakLii HOBUX COPTIB Ha YMOBM (OPMYBaHHS arpoditoLeHo3y 3a
Pi3HMX NapaMmeTpiB rycToTM POCAMH Ha OAMHMUI naowi nociey. [oTeHuian 0OAHOAOMHUX HEHAaPKOTUYHMX COPTIB
KOHOMNI, BUBEAEHMX B IHCTUTYTI NyE'aHMX KynbTyp HauioHanbHOi akageMii arpapHuX HayK, y TEXHOMOTiT BUPOLLYBaHHS
Ha HaCiHHS B YMOBAaXx 3axifHMX 30H 3emyiepobcTBa YKpaiHM HefOCTaTHbO AOCNiAKeHo. MeTa AOChigKeHb NoNsrae
Yy BCTQHOBJ/IEHHI 3aN1€XHOCTI YPOXaNHOCTI TOBAPHOr0 HaCiHHS MOCiBIB KOHONENb TEXHIYHUX Bif TEXHONOMYHOro
dakTopa A, a camMe HOpPM BUCIBY Ha OCHOBI iXHbOI AndepeHLiaLii, a Takox GionoriyHoro daktopa B, To6T0 copTty
OLHOLOMHUX KOHOMESb NPU OpraHi3auii arpodiToLeHo3y 3a LWMPOKOpSAHOro cnocoby ciBbu B yMOBax 3axifHOro
Tlicocteny YkpaiHu. [laHi WoA0 BMBYEHHS OAHOLOMHUX HEHAPKOTUYHMX KOHOMENb CYYaCHWX COPTiB OTPMMAHI Ha
nifcTaBi OpraHi3oBaHOro NOALOBOMO AOCAILY B MEXaX eKCNePUMEHTaNbHUX OAMHML 33 YMOBU Pi3HMX HOPM BUCIBY
HaCiHHA. 3aCTOCOBaHi METoAM AN9 y3araJbHEHHS pe3ynbraTiB A0CNiAKEeHb: 3arajlbHOHAYKOBI, B OCHOBI SIKUX €
00€KTUBHICTb, JOKA30BICTb, BiATBOPEHHS Ta MaTeEMaTUYHO-CTaTUCTUYHUIA — AN 0OpO6KM ekcnepuMeHTaNbHUX LaHMX.
BcTraHOBNEHO 3aneXHiCTb YpOXKAMHOCTI HAaCiHHA KOHONAI Bif COPTY, A€ Pi3HMUA AAHUX CTAHOBUTb Y CEPEAHBOMY MO
nocniny po 25 %. [loBeneHo, Lo HOPMUM BUCIBY HaCiHHS 3a LUMPOKOPSLHOrO Crocoby CiBbU € pe3ynsTaTBHUM (DAKTOPOM Y
3abe3neyeHHi peanisaLii NpoAYKTUBHOCTI COPTiB KOHOMI B NociBax. OTpMMaHi pe3ynsTaTv AatoTh NiACTaBM CTBEPAKYBATH,
o AMdepeHLiaLis pakTopa HOPMM BUCIBY HACiHHS 33 KPOKOM ekcnepumenTy 0,3 MAH LWT./ra 3abe3neyye pe3ynsTaTMBHUIA
pO3MNoAiN OTPUMAHMX OAHMX HA OKPeMi CTaTUUHI rpynu. Lle fae MOXAUBICTb BUAINUTY KpaLli BapiaHTM HOpM BUCiBY
HaCiHHS 3 MeTOl pekoMeHaaLii BUpobHULTBY. [lepcnekT1BM NOAANBbLIOTO JOCNIAKEHHS NOAAraloTb Y PO3LLUMPEHOMY
BMBYEHHI BUPOLLYBaHHS CcOpTy [Necis KOHOMNAi TEXHIYHOI OAHOYACHO HA YPOXKAWMHICTb TOBAPHOIO HACIHHS Ta BONOKHUCTOI
npoayKLii, To6To Ha ABOGIYHE BUKOPUCTAHHA Be3nocepesHbo B yMOBax 3axigHoro Jlicocteny Ykpainu

Kntouosi cnoBa: WwmpuHa Mixpsab, NPOAYKTUBHICTb NOCiBiB, PakTOpU, OLHOAOMHI COPTU KOHOMENb, HEHAPKOTUYHI
KOHOMJi, 33KOHOMIpHIiCTb BNAUBY, eDEKTUBHICTb
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Abstract. Currently, the issue of creating varieties with complex resistance
to the most common diseases of winter barley, considering soil and climatic
conditions, is extremely important. This is primarily conditioned upon the
tasks of protecting the environment from pesticide pollution and contributes
to a significant improvement in the sanitary situation. Important in this
context is the search for and evaluation of samples with effective disease
resistance genes to use them as parental components in crosses. The aim of
this study was to identify varieties of winter barley with a high level of yield
and resistance to leaf fungal diseases in the western region of Ukraine.The
study was conducted using field (assessment of disease development in winter
barley varieties), laboratory, analytical and mathematical and statistical methods.
The results of research of winter barley variety samples in the competitive
variety test for resistance to leaf fungal diseases are highlighted. Varieties
with resistance to pathogens of dark brown spot Bipolaris sorokiniana
Shoem - Zbruch, Shyrokolystyi, Liubomyr, Kormovyi, Dnister; and to the
causative agents of rhinosporiosis Rhynchosporium graminicola Heinsen -
Shyrokolystyi, Liubomyr, Kormovyi, Dnister, Babylon, Babylon x HE 0.05%.The
highest grain yields on average in 2017-2019 among the studied varieties
of winter barley were Zbruch, Obroshynskyi x NE 0.05%, Dnister, Kormovyi,
Shyrokolystyi, 3.63; 3.42; 3.33; 3.33, 3.25 t/ha. It was found that the most
valuable are the varieties: Shyrokolystyi, Kormovyi, Dnister, which are
characterised by a combination of high index of complex stability with
productivity. The highest indicators of stress resistance were found in
cultivars: Dnister (-0.07), Obroshynskyi x NE 0.05% (-0.12), Liubomyr (-0.13).
High genotypic plasticity was observed in the varieties: Zbruch (3.84),
Obroshynskyi x NE 0.05% (3.62) and Dnister (3.51 t/ha). Further research
will focus on the development of rhinosporiosis and dark brown spots of
winter barley depending on environmental factors in the western region
of Ukraine

Keywords: yield, rhinhosporiosis, dark brown spot, index of complex resistance,
stress resistance, genotypic plasticity
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INTRODUCTION

In the grain balance of Ukraine, one of the main insurance
crops is winter barley, which has a fairly high profitability,
its cultivation requires minimal costs. The area under winter
grain in Ukraine in 2019 was 7.2 million hectares,and in
the Lviv region - 22.9 thousand hectares (Petrychenko
& Likhochvor, 2020). The increase in the production of
barley grain as a food and feed crop is explained by the
modern concept of nutrition, which involves the use of
a wide range of foods with high taste, the need to provide
the human body with sufficient proteins, carbohydrates,
minerals, essential amino acids, vitamins, etc. (Bilovus &
Zayats, 2014; Lykhochvor & Matkovska, 2017; Mikhailenko,
2008).

Modern technologies of the selection process of
such an important crop as winter barley, help to create
new varieties with high yields at relatively low economic
costs.

The experience of Ukrainian and world selection
shows that in the process of creating varieties of winter
barley in some cases the availability of source material
is crucial, which combines productivity with adaptive
traits (Gudzenko & Vasylkivsky, 2017; Demidov et al., 2017;
Anbessa et al., 2010; Van Oosterom & Acevado, 1992).

Extensive adaptation of the variety to radically
different growing conditions is a relatively rare case. In
the history of selection and production, such unique gen-
erally recognised varieties were: wheat — Myronivska 808,
barley - Wiener (Vasylkivskyi & Gudzenko, 2017; Hudzenko
et al., 2019). However, varieties with wide adaptability
may be inferior to more locally adapted in specific con-
ditions (Abessa et al., 1992; Ceccarelli, 1996). This is es-
pecially true of conditions with strong pressure of en-
vironmental factors (drought, waterlogging, etc.) (Van
Oosterom & Acevado, 1992; Von Korff et al., 2008).

Data from a recent survey of 410 farmers and
114 consultants in Germany on the impact of recent
climate change on plant productivity are almost iden-
tical. The increase in the frequency of droughts and dry
winds, the increase in the incidence of heavy rains, and
the mitigation of winters have been noted as the main
effects of climate change. Based on empirical data, re-
spondents are inclined to believe that special varieties
are needed to adapt to these changes. Productivity, eco-
logical stability, resistance to lodging and drought tol-
erance are noted as the main features of such varieties.
There is a unanimous opinion on the need for continu-
ous research on the ecological stability of the varieties
created (Macholdt & Honermeier, 2016).

In connection with global climate change and
warming, the selection of varieties of winter cereals for
specific soil and climatic conditions with high winter
hardiness and disease resistance is of particular impor-
tance (Levitin, 2012; Solonechnyi et al., 2017).

One of the factors that negatively affects the
yield is the impact of harmful pathogens. According to
leading scientists (Solonechnyi et al., 2017; Vasylkivsky

Bilovus et al.

& Sabadyn, 2015; Lytvynenko & Volkodav, 2005), plant
diseases are one of the main factors destabilising ag-
ricultural production. In most areas of Ukraine, fungal
pathogens of winter barley reduce yields and worsen
grain quality. Leaf fungal diseases, such as powdery mil-
dew, rhinhosporiosis, reticulate, striped and dark brown
spots, dwarf rust, root rot, etc., are the most harmful.
Losses from widespread pathogens of these diseases
range from 6.0 to 50.0% (Solodushko, 2013).

In the agrocenosis of winter barley there is a
constant change in the virulence of pathogens. Damage
to plants by pathogens depends not only on factors of
plant resistance, but also on the state of the pathogen
population and environmental conditions. The emer-
gence and reproduction of new races of pathogens
leads to the loss of resistance varieties. With the help of
growing resistant varieties can significantly improve the
ecological characteristics of agrocenoses, increase the
profitability of plant production (Solonechnyi et al,, 2014).

Among the main causes of mass destruction of ce-
reals, researchers call the narrowing of genetic diversity,
insufficient use in the selection of introgression of resis-
tance genes from wild plant species and the disappear-
ance of local adapted varieties — sources of resistance to
biotic and abiotic environmental factors (Solonechnyi
et al.,2014; Solonechnyi et al., 2017; BLyzniuk et al., 2019).

A genotype with complex resistance to dark brown
spot pathogens and other diseases is rare, which is espe-
cially valuable for the selection of geneticists. Creation
and introduction into production of resistant varieties of
this culture to the action of various diseases (with a sign
of complex resistance) is a priority for breeders and ge-
neticists (Solonechnyi et al., 2017; Blyzniuk et al., 2019;
Shishkin & Derova, 2014). It has already become clear
that the use of sustainable varieties is an important
environmental factor that provides a significant reduc-
tion in energy costs for crop production. In this regard,
breeders and phytopathologists are faced with the need
to create varieties that combine the same genotype traits
of productivity and disease resistance. The negative impact
of diseases is manifested in many ways and in different
ways depending on the methods of spread, sources of
infection, phase of culture development and weather
conditions. To effectively control diseases, it is necessary
to consider not only weather conditions, phases of crop
development, but also have clear information about the
etiology of the disease and the biology of pathogens.

Dark brown spot is the the causative agent of
Bipolaris sorokiniana Shoem. Prolonged wet and warm
windy weather during the growing season causes damage
to crops; precipitation; late sowing dates; application of
nitrogen fertilizers only. The disease leads to a decrease
in the assimilation surface area, premature drying of
leaves and plants, reduced grain yield and deterioration
of its sowing and technological qualities. With the in-
tensive development of the disease, crop losses can be
30-40% (Sabadin, 2008; Bilovus & Marukhnyak, 2019).
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Rhinosporiosis is the causative agent of Rhynchospo-
rium graminicola Heinsen. Symptoms of the disease are
manifested on both sides of the leaf and leaf sheaths in
the form of gray-green watery, and later when drying -
light spots with a dark brown border. Initially, the leaves
of the lower tiers are infected, but with significant mois-
ture, the disease spreads throughout the plant - to the
flag leaf and ear. With the intensive development of the
disease in the epiphytic years before the shortage of
25% or more (Bilovus & Marukhnyak, 2019). Thus, the
creation of high-yielding varieties of winter barley with
high fodder value is an urgent issue today, in particular
in the Western Forest-Steppe of Ukraine.

The purpose of the work is to identify varieties of
winter barley with a high level of yield and resistance
to leaf fungal diseases in the Western region of Ukraine.

MATERIALS AND METHODS

The research was conducted in 2017-2019 in the con-
ditions of selection and seed crop rotation of the lab-
oratory of grain and fodder crops selection and in the
laboratory conditions (plant protection laboratory) of
the Institute of Agriculture of the Carpathian region
of NAAS. The object of the study were 12 varieties of
winter barley, various institutions-originators, which
are included in the Register of plant varieties suitable
for distribution in Ukraine. The soil of the experimental
plot is gray forest surface gleyed, which is characterised
by the following agrochemical indicators: humus con-
tent in the layer 0-20 cm (according to Tyurin) - 2.1%,
saline pH - 5.8, lightly hydrolyzed nitrogen (according
to Cornfield) - 112.7 mg/kg, mobile forms of phospho-
rus (according to Kirsanov) - 111.0 mg/kg, potassium
(according to Kirsanov) - 109.0 mg/kg of soil. Agrotech-
nics of cultivation of winter barley cultivars is gener-
ally accepted for winter barley in the conditions of the
western region of Ukraine. Predecessor - oil radish, back-
ground of mineral nutrition - N, P, K, ,agricultural ma-
chinery - generally accepted for growing winter barley
in the research area. The estimated area of the site is
25 m?, repetition - four times. Sowing was carried out
with a selection seeder SKS-6-10 with the device of the
central seeding, harvesting - the combine “Sampo-130".
The intensity of disease of winter barley plants

was determined on a 9-point scale (Babyants et al., 1998):

9-8 - very high and high stability;

7-6 - stable;

5 - weak susceptibility;

4-3 - susceptibility;

2 - high susceptibility;
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1 - very high susceptibility.

Phenological observations of the development of
winter barley plants were carried out and the indicators
of crop structure and technological qualities of grain
varieties were determined according to the method of
V.0.Yeshchenko (2014).

Records of diseases on winter barley were carried
out in the phase of tube emergence, earing and milk ripe-
ness according to generally accepted methods (Babyants
et al., 1998; Tribel et al., 2001).

Individual resistance indices were calculated as the
ratio of the average long-term value of resistance for an
individual pest to the average for all samples studied.
Indices of complex resilience expressed the average value
of indices of individual resilience (Litun et al., 2009).

According to the description of weather conditions
for 2017-2019, the data of the Lviv Hydrogeological and
Reclamation Station were used, the observation point
was v. Obroshine. To determine the influence of climatic
factors, in particular the amount of precipitation and
temperature on the development of diseases used hy-
drothermal coefficient (SCC) in the period April-July
(Lyashenko, 2014). When assessing the agro-climatic re-
sources of this area, it was conisidered that SCC in the
range of 1.0-1.5 characterises optimal humidity, greater
than 1.5 - excessive, less than 1.0 - unstable, less than
0.5 - weak.

Statistical reliability of experimental data was
performed using Microsoft Excel by determining the
mean, minimum (m), maximum values (max) and range
of variation. Mathematical processing of yield data was
performed by the dispersion method (Ushkarenko et al,
2013).1n the comparative evaluation of the studied variet-
ies, the indexing method was used, according to which
the disease damage of plants in points was translated
into an indicator of distance from the average value for
all studied samples (resistance indices). The level of resis-
tance to stress was determined by the difference between
the minimum and maximum yield (Y,-Y,) It is negative,
and the greater its value, the greater the resistance to
stress. The characteristic of varieties in terms of resistance
to stress is complemented by the value (Y,-Y,)/2, which
expresses the degree of correspondence between the
genotype of the variety and various environmental
factors (Sych, 2005).

RESULTS AND DISCUSSION

With the beginning of the growing season in April 2017,
precipitation was 16.1 mm less than normal, or 68% of
normal (Table 1).
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Table 1. SCC according to average monthly data for the period 2017-2019 (April-July)

Period
Indicator . For the whole
April May June July period
2017
Average air temperature (t_ ), °C 8.5 13.8 18.2 18.5 14.7
The amount of precipitation, mm 349 85.3 22.2 57.2 199.6
The sum of active temperatures (t_ >10), °C - 428 546 573 1547
SCC of Selyaninov - 2.0 0.4 1.0 13
2018
Average air temperature (t_ ), °C 13.7 16.9 18.3 19.2 17.0
The amount of precipitation, mm 21.6 69.0 1535 116.0 360
The sum of active temperatures (t_ >10), °C 411 524 549 595.2 2079.2
SCC of Selyaninov 0.52 13 2.8 1.9 173
2019
Average air temperature (t_ ), °C 10.0 13.2 21.2 18.3 15.7
The amount of precipitation, mm 32.8 149.6 53.1 81.2 316.9
The sum of active temperatures (t_ >10), °C 300 409 636 567 1912
SCC of Selyaninov 1.1 3.65 0.83 143 1.6

Thus, in April the temperature exceeded the norm
by 1.1°Cand amounted to 8.5°C,and in May an increase
of 0.9°C was observed. The amount of precipitation in
the third decade of May was 22 mm more than normal.
In June-July there was a significant lack of precipitation.
In June, only 22.2 mm fell - 24% to the norm, in July
57.2 - 56%. Even higher deviation from the norm was in
June +1.9°C. The average monthly temperature in July was
18.5°C, which is 1°C higher than normal.

It should be noted that according to the calcula-
tions of the SCC on the average monthly data in 2017, the
period from April to July was quite wet.

Because in April in the Il and Ill decades there
are no active air temperatures above 10°C, so the SCC
for this month was not expected. It should be noted
that May was excessively wet (SCC - 2.0),June - very dry
(SCC-0.4),and July - quite wet (SCC- 1.0). The third decade
of May was favorable for the development of diseases
such as dark brown spot, rhinhosporiosis.

In April 2018, there was a sharp increase in air
temperature to 13.7°C (+6.3°C above normal), in May to
16.9°C (+4.0°C above normal). The regime of soil mois-

ture in these months did not meet the needs of plants.

In June, there was a sharp change in the humidification
regime (+60.5 mm to normal) with increasing air tem-
perature (+2.0°C to normal), which led to the accelerated
formation of reproductive organs of plants. The air tem-
perature in July was 1.7°C higher than the perennial, and
the amount of precipitation was 14.0 mm higher than
normal.

Thus, the SCC calculations show that in addition

to April, the growing season in May-July was quite wet.

The month of April was very dry (SCC=-0.5), May was

quite wet (SCC=-1.3), and June and July were excessively
wet. It should be noted that the weather conditions that
were during the growing season of winter barley in 2018
contributed to the development of dark brown spot, rhi-
nosporiosis. In 2019, April was characterised by warm
and dry weather (air temperature was 2.6°C above nor-
mal and precipitation was 18.2 mm less than normal).
The air temperature in May was 0.3°C above the norm,
and the amount of precipitation was 64.6 mm higher than
the norm (Table 1).

In summer, weather conditions differed. June was
characterised by warm and relatively dry weather (air
temperature was 4.9°C above normal, and precipitation
was 39.9 mm less than normal). The air temperature in
July was 0.8°C higher than the perennial, and the amount
of precipitation was 20.8 mm less than normal. According
to the results of SCC calculations in 2019 (Table 1), we
can conclude that the period April-July was quite wet.
April and July were quite wet (SCC=-1.1), May - excessively
humid (SCC=-3.6),June — mild drought (SCC=-0.83).

It should be noted that weather conditions in the
third decade of May and the first decade of June con-
tributed to the development of diseases such as dark
brown spot, rhinosporiosis. Thus, the weather conditions
of 2017-2019 contributed to the maximum development
of pathogens conditioned upon optimal and excessive
humidity and the optimal air temperature.

Such conditions allowed to reliably assess the
samples of winter barley for resistance to dark brown
spot, rhinosporus.The development of dark brown spots,
depending on the variety samples in 2017 was: 3.5-15.0%,
in 2018 - 5.5-25.0%, in 2019 - 4.5-35.0%; rhinhospo-
riosis — 2.5-25.5%; 5.5-35.0%; 3.5-28.5%.
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Researchers S.V. Mikhailenko (2008), N.M. Shak-
hova & A.l. Shapovalov (2014), O.l. Borzykh (2015),
OV. Chaika & M.M. Klyuchevych (2009) and others argue
that the timing of dark brown spots depends on the
average air temperature and the amount of precipita-
tion in May, which is confirmed by our research results.
The problem of barley immunity in Ukraine has recently
attracted the attention of many scientists in the field of crop
production, including V.Ya. Sabadin (2008), V.M. Gudzenko
(2013) and other. As a result of the work carried out in
this direction, the sources of resistance to the main dis-
eases of winter barley have been identified, including
varieties and lines with high resistance to abiotic factors

have been created. Immunological evaluations were
performed to determine the stability of winter barley
cultivars with rhinosporiosis and dark brown leaf spot.
As a result of the immunological evaluation (Table 2)
marked varieties with high resistance to rhinhosporiosis
pathogen Rhynchosporium graminicola Heinsen (score 7),
namely: Shyrokolystyi (St), Liubomyr, Kormovyi, Dnister,
Babylon, Babylon x NE 0.05%. It should be noted that
on average in 2017-2019 high resistance (score 8-7) to the
causative agent of dark brown spot Bipolaris sorokiniana
Shoem showed varieties: Zbruch, Shyrokolystyi (St),
Liubomyr, Kormovyi, Dnister.

Table 2. Resistance of winter barley varieties against leaf diseases, average for 2017-2019

Rhynchosporium graminicola Bipolaris sorokiniana Shoem Index of
Variety sample Heinsen complex
Score Stability index, | Score Stability index, 1 | Stability, ICS

Shyrokolystyi (St) 7 1.06 7 11 1.08
Zbruch 6 0.91 8 1.24 1.07
Liubomyr 7 1.06 7 1.1 1.08
Kormovyi 7 1.06 7 11 1.08
Dnister 7 1.06 7 1.1 1.08
N5 Ca (M6xM7) 6 0.91 6 0.93 0.92
ID No. 1453 6 0.91 5 0.78 0.84
Babylon 7 1.06 6 0.93 0.99
Babylon x NE 0.05% 7 1.06 6 0.93 0.99
Babylon x NE 0.05% 7 1.06 6 0.93 0.99
Obroshynskyi x NE 0.05% 6 0.91 6 0.93 0.92
Obroshynskyi x NE 0.05% 6 0.91 6 0.93 0.92
X* 6.6 0.99 6.41 1.0 0.99
min** 6.0 0.91 5.0 0.93 0.84
max*** 7.0 1.06 8.0 1.24 1.08
R. 1.0 0.15 3.0 0.31 0.24

Note: x* - average, min ** — minimum value, max *** — maximum value, R **** - range (max-min)

According to the indices of resistance less af-
fected by rhinosporiosis showed varieties: Shyrokolystyi,
Liubomyr, Kormovyi, Dnister, Babylon, Babylon x NE 0.05%,;
dark brown spots: Shyrokolystyi, Zbruch, Liubomyr, Kor-
movyi, Dnister (Table 2).

The level of resistance of winter barley cultivars
to pathogens was assessed by the index of complex
resistance (ICS). The highest indicators of complex re-
sistance to pathogens of two diseases were observed
in cultivars: Shyrokolystyi, Liubomyr, Kormovyi, Dnister
(1CS=1.08).

Variety as a genetic system responds specifically
to external environmental factors. A distinctive feature
of any variety is a set of properties that determine its
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suitability for a particular area, and therefore the correct
choice of variety is of paramount importance in the cul-
tivation of cereals.

According to the results of research (Table 3) on
average over the years of research varieties Zbruch
(3.63 t/ha), Obroshinskyi x NE 0.05% (3.42), Kormovyi
(3.33 t/ha), Dnister (3.33 t/ha), Shyrokolystyi (3.25 t/ha)
had the highest grain yield. In the current climate change,
an important indicator of varieties is their resistance to
stress. The stress-resistance indicator has a negative sign
and the smaller its value, the higher the stress-resistance
of the variety. Dnister (-0.07), Obroshyskyi x NE 0.05% (-0.12),
Liubomyr (-0.13) had the highest indicators of stress
resistance.
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Table 3. Adaptability and yield of winter barley cultivars, average for 2017-2019

Yield, t/ha Genotypic

Variety sample Y, (min) Y (max) X* Yield, t/ha plats/tri;ity,
Shyrokolystyi (St) 3.00 3.57 3.25 -0.57 3.29
Zbruch 371 3.97 3.63 -0.26 3.84
Liubomyr 3.13 3.26 3.04 -0.13 3.19
Kormovyi 3.03 3.81 3.33 -0.78 342
Dnister 3.48 3.55 3.33 -0.07 3.51
N5 Ca (M6 x M7) 3.28 3.48 3.20 -0.2 3.38
ID No. 1453 3.40 3.60 3.30 -0.2 3.50
Babylon 2.99 3.38 2.93 -0.39 3.18
Babylon x NE 0.05% 3.07 3.26 3.0 -0.19 3.16
Babylon x NE 0.05% 2.96 3.35 2.94 -0.39 3.15
Obroshynskyi x NE 0.05% 3.34 3.46 3.23 -0.12 3.40
Obroshynskyi x NE 0.05% 3.55 3.69 3.42 -0.14 3.62
X* 3.24 3.53 322 -0.29 3.39
min** 2.99 3.26 2.93 -0.07 3.15
max*** 3.71 3.97 3.63 -0.78 3.84
R. 0.72 0.71 0.7 -0.71 0.69

Note: Y (min) - minimum grain yield, Y (max) - maximum grain yield, X * - average, min ** — minimum value, max *** - maximum

value, R **** - range of variation (max-min)

The average yield of varieties in contrasting con-
ditions (stress and non-stress) characterise their geno-
typic plasticity. The high value of this indicator indicates
a high degree of correspondence between the genotype
of the variety and environmental factors. The maximum
relationship between genotype and environmental factors
was observed in cultivars: Zbruch (3.84), Obroshynskyi x
NE 0.05% (3.62) and Dnister (3.51).

According to generalised data, barley crops are
damaged by more than 200 pests. At the same time, they
have certain specific features regarding ecological and
geographical origin. According to the results of our re-
search, which coincide with the results of well-known
researchers: V.M. Gudzenko & S.P. Vasylkivskyi (2017)
O.A. Demidov et al. (2017), PM. Solonechnyi et al. (2017),
V.Ya. Sabadin (2008) among the studied varieties of im-
mune and highly resistant to several diseases at the
same time is not identified. Given the above, to create
varieties with group resistance, it is necessary to use in
crossbreeding sources with high resistance to certain
diseases, followed by selection of varieties with group
resistance and productivity, considering soil and climatic
conditions of the growing area.

CONCLUSIONS

According to the results of three-year research, winter
barley varieties with resistance to dark brown spotting

were identified: Zbruch, Shyrokolystyi, Liubomyr, Kormovyi,
Dnister; and to rhinosporiosis — Shyrokolystyi, Liubomyr,
Kormovyi, Dnister, Babylon, Babylon x NE 0.05%.

On average, in 2017-2019, the highest grain yield
among the studied varieties of winter barley was observed
in the varieties: Zbruch, Obroshynskyi x NE 0.05%, Dnister,
Kormovyi, Shyrokolystyi, respectively 3.63; 3.42; 3.33;
3.33,3.25 t/ha. It was found that the most valuable are
the varieties: Shyrokolystyi, Kormovyi, Dnister, which are
characterised by a combination of high index of complex
stability with productivity.

High resistance to stress was shown by Dnister
(-0.07), Obroshynskyi x NE 0.05% (-0.12), Liubomyr (-0.13).
High genotypic plasticity was observed in the variet-
ies: Zbruch (3.84), Obroshynskyi x NE 0.05% (3.62) and
Dnister (3.51 t/ha). According to the results of research,
it is established that the most valuable varieties are
Kormovyi, Dnister, Shyrokolystyi, which are characterised
by a combination of high index of complex resistance to
major diseases and productivity.

Isolation of genotypes with high productivity po-
tential and high complex resistance to fungal diseases
for the conditions of the Western Forest-Steppe of Ukraine
with further use in practical breeding is an extremely
relevant area of research for both breeding and industrial
cultivation.
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OuiHKa copTo3pa3KiB AUMEHI0O 0O3MMOro 3a CTiIUKICTIO A0 TUCTKOBUX FPUBHUX
XBOpPO6 Ta ypo)XKaMHicTio B yMoBax 3axigHoro Jlicocteny YKpaiHu

FanuHa fpocnasisHa binoByc, Mapis IBaHiBHa Tepneubka, Bonogumup Iroposuu lMyuwiak,
OkcaHa AHTOHiBHa BawmwuH, OkcaHa HectopiBHa Mpucraubka

[HCTUTYT cinbCcbkoro rocnopapcrea Kapnartcokoro perioHy HAAH
81115, Byn. [pywescbkoro, 5, c. O6polumnHe, YkpaiHa

AHoTauif. HUHi Haa3BMYaliHO akTyanbHUM NOCTAE NMUTAHHS CTBOPEHHS COPTIB 3 KOMMIEKCHOM CTiMKICTIO MPOTH HaMbinbL
NowKnpeHnx XxBopob SYMEH 03MMOr0 3 BpaxyBaHHSAM I'PYHTOBO-KNiMaTMYHMX YMOB. Hacamnepeps, e noB93aHo 3
33aBAaHHSMM OXOPOHM HAaBKOIMLLHBOIO CEpefoBMLLA Bif 3abpyaHEHHS NECTULMAAMM | CNIPUSIE CYTTEBOMY 0340POBEHHIO
CaHiTapHOI cuTyauii. BaxxnnuBumu B LIbOMY KOHTEKCTi € MOLUYK Ta OLiHKA 3pa3KiB 3 eheKTUBHUMM FreHaMu CTIKOCTi A0
XBOPOO 3 METOK BMKOPUCTAHHS iX K 6aTbKiBCbKMX KOMMOHEHTIB NMPW CXpeLLyBaHHAX. MeTo LbOro LOCNiAXKEHHS
6yn0 BMAINUTM COPTO3PA3KM SUMEHIO 03MMOr0 3 BUCOKUM PIiBHEM YPOXKAMHOCTI Ta CTIMKOCTi [0 IMCTKOBUX rPUOHMX
XBOPO6 B YyMOBAX 3axigHOro perioHy YkpaiHu. [locnigkeHHs NpoBeAeHO 3 BUKOPUCTAHHAM MOMbOBMUX (OLiHKA PO3BUTKY
XBOPOO Ha copTax AUMEHI0 03MMOr0),1ab0PaTOPHMX, AHANITUYHUX | MATEMATUYHO-CTAaTUCTUUYHMUX METOAIB. BUCBITIEHO
pe3ynbTaTv JOCNiIKeHb COPTO3Pa3sKiB SYMEHI0 03MMOro B KOHKYPCHOMY COPTOBMNPOOYBaHHI 3a CTilKiCTIO 40 IMCTKOBUX
rpubHUX xBop0b. BuaineHo copto3pasku 3i CTiMKicTO Lo 30yAHUKIB TeMHO-Oypoi nnsamuctocTi Bipolarissorokiniana
Shoem - 36pyuy, LUnpokonuctuit, lio6omup, Kopmosuii, AHicTep; Ta Ao 36yaHUKIB puHXxocnopiosy Rhynchosporium
graminicola Heinsen - LUupokonuctuit, ilo6omup, Kopmosui, Hictep, BasinoH, Basinon x HE 0,05 %. Haieuwoto
BPOXQMHICTIO 3epHa B cepenHboMy 33 2017-2019 pp. cepen AOCNiAKYBaHUX COPTO3Pa3KiB A4MEHIO 03MMOIO BiA3HAUMIUCD
coptu 36pyy, O6powwmHcbkuin x HE 0,05 %, OHictep, Kopmosui, LLinpokonucTuii BignosigHo 3,63; 3,42; 3,33; 3,33,
3,25 1/ra. BusiBneHo, Wwo HanbinbLl LiHHMMKM € copTo3pasku: LUnpokonuctuii, Kopmosuit, [JHicTep, AN IKMX XapaKTepHO
NOEAHAHHSA BUCOKOrO iHAEKCY KOMMIEKCHOT CTIMKOCTI 3 NPOAYKTUBHICTIO. HaMBULLLI NOKa3HMKM CTPECOCTIMKOCTI Byno
BuaBNeHo y copto3paskis: AHictep (-0,07), 06powmcbkuii x HE 0,05 % (-0,12), Mo6omup (-0,13). Bucoky reHoTMnoOBY
NNACTUYHICTb BiA3HAYeHo Yy copTis: 36pyuy (3,84), 06powmnHcbkuii x HE 0,05 % (3,62) i OHictep (3,51 1/ra). Moganbuwi
LocnioKeHHs 6yayTb 30CepeiKeHi Ha BUBYEHHI PO3BUTKY PUHXOCMOPiO3y Ta TEMHO-0YpOi NASMUCTOCTI SYUMEHIO 03MMOT0
3aN1€XHO Bif, €KONOrYHUX YUHHUKIB B YMOBAX 3axifHOro perioHy YkpaiHu

KniouoBi cnoBa: BpoXaiHiCTb, pUHXOCNOPio3, TeMHO-6ypa NASMUCTICTb, iHAEKC KOMMNNEKCHOT CTiMKOCTI, CTPECOCTINKICTb,
reHOTMMNoBa NMaCTUYHICTb

Scientific Horizons, 2022, Vol. 25, No. 1

67



SCIENTIFIC HORIZONS pem

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 25(1), 68-75

UDC 546.36/027*137:582.912.46:504.456(477.1-924.82/.84)

DOI: 10.48077/scihor.25(1).2022.68-75

Dynamics of *’Cs Accumulation by Cranberry on Sphagnum Bogs

of Polissia of Ukraine

Volodymyr Krasnov?, lhor Ivaniuk?, Oleh Zhukovskyi?3,

Tetiana Kurbet®3, Oleksandr Orlov3*

1Zhytomyr Polytechnic State University

10005, 103 Chudnivska Str., Zhytomyr, Ukraine

“Malyn Applied College

11643, 1 M. Maklai Str., v. Hamarnia, Zhytomyr region, Ukraine
*Poliskyi Branch of the Ukrainian Research Institute of Forestry and Forest Melioration

named after G. M. Vysotsky

10004, 2 Neskorenykh Str., v. Dovzhyk, Zhytomyr region, Ukraine

*State Institution “Institute of Environment Geochemistry of the NAS of Ukraine”
03142, 34a Academician Palladin Ave., Kyiv, Ukraine

Article’s History:

Received: 16.02.2022
Revised: 18.03.2022
Accepted: 20.04.2022

Suggested Citation:

Krasnovy, V., Ivaniuk, I., Zhukovskyi, O.,
Kurbet, T., & Orlov, O.(2022). Dynamics
of ’Cs accumulation by cranberry
on sphagnum bogs of Polissia of
Ukraine. Scientific Horizons, 25(1), 68-75.

Abstract. Oligotrophic and mesotrophic bogs are common ecosystems in
Polissia of Ukraine. After the Chernobyl accident, these ecosystems were
contaminated with radionuclides. A common berry plant in these bogs is the
cranberry, which is widely used in food industry. The aim of research is to
establish dynamics of migration of **’Cs in cranberries during the last 30 years.
The obtained results of monitoring studies are necessary for prognosis
of radioactive contamination of cranberry. Investigation was conducted on
stationary experimental plots (SEP) in Zhytomyr Polissia.**’Cs specificactivity
was measured on spectrum analyzers with scintillation and semiconductor
detectors. Obtained results testify about intensive **’Cs migration on sphagnum
bogs of Polissya of Ukraine. Results of investigation conducted after 34 years of
Chornobyl accident showed low values of **’Cs specific activity in cranberry
(Vaccinium oxycoccus L.) on all stationary experimental plots. This index in
2020 in fresh berries hesitate from 871+82.6 to 286*16.9 Bg/kg (at the
permissible level 500 Bg/kg), and in dry shoots - from 1492 (SEP 15) to
6197 Bq/kg (SEP 12). It was found that in the first period (1991-1996) rather
significant decreasing of **’Cs specific activity was observed in fresh berries of
cranberry - from 3.8 times on SEP 11 to 2.2 times on SEP 12. In the next
period (1996-2002) this decreasing was in the limits 1.4-2.9 times that
is lower than in previous one. In the following period decreasing of **’Cs
specific activity in berries was significantly lower. Revealed regularities of
decreasing of **Cs specific activity in berries during 1991-2020 also confirmed
by decreasing of this index in the plant shoots. Total decreasing of this
index in dry shoots on the whole period of investigation was: on SEP 11 -
from 94590£4236 to 6099+366 Bg/kg (15.5 times), on SEP 12 - from
31800£2325 to 6197+242 Bqg/kg (5.1 times), on SEP 15 - from 12120+898
to 1492%112 Bqg/kg (8.1 times), on SEP 18 - from 14732%1126 to 1854%
112 Bg/kg (7.9 times). Continuation of monitoring on stationary experimental
plots will allow to predict levels of radioactive contamination of cranberry
on the base of mathematical modeling

Keywords: specific activity, radionuclide, Vaccinium oxycoccus L., sphagnum,
dry shoots, fresh berries
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INTRODUCTION

Features of relief and complex of climatic conditions
caused appearance in Polissya of Ukraine of oligotrophic
and mesotrophic bogs, which, as is known, are character-
ized by specific conditions of moistening, flow of geo-
chemical processes, and phytocenotic features. In these
conditions, a phytogenic medium is created, in which its
leading importance is its edificator- a sphagnum (dif-
ferent species), which has a large hygroscopic capacity.
Water, on such bogs, is characterized by excessive acidity,
low content of nutrients and oxygen. These circumstances,
as well as the absence of bacterial decomposition of or-
ganics, lead to significant accumulation and formation
of peat. At the same time, the fast-growing bogs play a
significant role in maintaining the hydrological regime
of the territories, water level in rivers, delay a consider-
able amount of dust and harmful substances (including
radioactive). It’s generally accepted that they reduce the
amount of carbon dioxide in the atmosphere due to the
concentration of a large amount of organics. In view of
this, in the middle of the last century, radio-ecologists
suggested that swamp ecosystems could play a role in
the redistribution of radionuclides in significant areas
(Mroz et al., 2017).

After the Chornobyl disaster, researchers began
to study the migration of some radioactive elements that
came into the environment in different natural and ar-
tificial ecosystems and their accumulation in different
species of plants that were the most representative or
characteristic of the latter. For the study of migration of
radionuclides on oligotrophic and mesotrophic bogs such
plant sometimes was a cranberry (Vaccinium oxycocus L.).
Perhaps this was primarily due to the fact that the ber-
ries of this plant are widely used in food by locals for
their own consumption and for sale. Cranberry is one of
the important resource plants of Ukrainian Polissia and
requires constant research of levels of radioactive con-
tamination. In addition, it can serve as an indicative view
for the sphagnum bogs of this region, as it has specific
biological adaption, characterized by plants growing in
these ecological conditions (Kaletnik et al., 1990; Krasnov
& Orlov, 2004).

The problems of **’Cs biogeochemical migration
in the ecosystems of oligotrophic bogs are focused on
fragmented studies carried out mainly in the countries
of Northern Europe, in particular, Sweden (Galan, 2006;
Rosen et al., 2009; Vinichuk et al., 2010) and Finland (Ve-
tikko et al.,, 2010). In Ukraine, the laws of **’Cs distribu-
tion in the systems of sphagnum bogs were studied in
Polissia (Orlov & Dolin, 2010; Holovko, 2012; Holovko &
Orlov, 2019, Maloshtan et al., 2019). However, in the given
publications the results of researches which scientists
have received mostly during 1 year, less — 2-3 years are
given.

The purpose of the research was to establish mod-
ern levels of radioactive contamination of the cranberry
and to detect dynamics of **’Cs specific activity in its
berries and shoots during the last 30 years.
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The scientific novelty of the research is that for
the first time established dependence of dynamics of
157Cs specific activity in berries and the shoots of cran-
berries during 30 years (1991-2020), which can be used
for forecasting of their radioactive contamination in the
next period.

LITERATURE REVIEW

In different periods since the Chernobyl disaster, research-
ers have studied the role of various food products in the
radiation of the population in different regions of Polis-
sia of Ukraine, including food products of forests (wild
plant berries, edible mushrooms). Thus, scientists who
carried out complex radiation-hygienic monitoring in
some settlements of Rokytne Raion of Rivne Oblast in
2017 confirmed that wild plants of berry plants (including
cranberry) continue to make a significant contribution to
annual effective doses of radiation exposure to locals
(Vasylenko et al.,, 2018). Similar monitoring studies were
conducted on the territory of the SOE “Polissya Forest
Management”, which is located in the western direction
from the Chornobyl NPP (Chobotko et al.,, 2018). In gen-
eral, scientists have concluded that food products of
forest origin (including wild berries) make a significant
contribution to obtaining an additional dose of internal
irradiation (Skrkal et al., 2017), which is observed a sig-
nificant increase in effective doses of internal irradiation
during periods of wild berries and appearance of edi-
ble mushrooms. The authors of the above publications
say about the necessity of continuation of monitoring
of the contents of radio-cells in wild berry plants and
mushrooms (Andric & Gajic-Kvascey, 2021). Radio-ecol-
ogists, who are currently studying the redistribution of
radionuclides in the soil of forest-based automorphic
and hydromorphic landscapes, confirm the generalization
previously made by numerous researchers that in recent
landscapes there is a more intensive migration of **’Cs
in soil and its inflow to plants (Imamura et al., 2020). The
researchers have developed models of migration of this
radionuclide in the system “surface of the above-ground
phytomass of plants - surface soil” of forest biogeoco-
enosis (Almahaayni & Houska, 2020).

The researchers determined the contents of some
chemical elements and technogenic radionuclides (**’Cs)
in the cranberries on the sphagnum bogs of Northern
Canada (Shotyk et al., 2019), as well as southern Poland
(Mroz et al., 2017). The authors of the latest publication
presented materials indicating a significant accumula-
tion of radionuclide in the sphagnum mosses, the aver-
age concentrations of this radionuclide in these plants
are almost 2 times higher than in other plants studied.
These data are well correlated with materials that show
the contents of potassium in the same plants. It has been
found that this chemical element is contained in the
sphagnum mosses in significant quantities (Krasnov &
Orlov, 2004). It is known that **’Cs is a chemical ana-
logue of potassium and it probably explains its concen-
tration in mosses.
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In Poland, studies were carried out on the migra-
tion of *’Cs in peat soils of oligotrophic swamp ecosys-
tems, the intensity of the inflow of this radionuclide to
plants (Boron et al,, 2001). Scientists have established
that the observed radioactive element on the sphagnum
bogs concentrated in the mosses and surface layers of
the tirr (Gaca et al.,, 2006). At the same time, plants that
grow under these conditions, including the cranberry,
contain a significant amount of radionuclide (Bunzk &
Kracke, 1989). At present, periodic research on levels of
radioactive contamination of plants of grass-shrub cover
in the forests of the automorphic and hydromorphic land-
scapes (Malostan et al., 2019) is continuing, but at a much
smaller scale and do not to deal with the cranberries.

In Ukraine at the beginning of 90-ies of the last
century in the forest areas of Polissia of Ukraine were
organized monitoring of migration of **’Cs in forest bio-
geocoenosis and accumulation of this radioactive ele-
ment of various species of berry plants. Studies on lev-
els of radioactive contamination of the cranberry were
carried out on mesotrophic sphagnum bogs. Scientists
have studied biological and ecological peculiarities of
this species (Orlov & Krasnov, 1998) quite fully, which
allowed them to understand the mechanisms of radia-
tion coming to vegetative mass of plants and berries.
It is known that the shoots of the cranberry, on which
the berries are located, placed on the surface of the
sphagnum and can reach 1 m long. The annual rise of
sphagnums in height leads to the deepening of a part
of the shoot of cranberry in their thickness and forma-
tion on it additional roots. They are also responsible for
the nutrition of the plant with the bog (surface) water.
Since the root system of the cranberry is concentrated
at a depth of 15-20 cm from the surface of the sphag-
nums, it becomes clear that the radiation coming to it
will depend on its content in the water solution of the
bog (Krasnov & Orlov, 2004). The researchers also found
that the mineral nutrition of the cranberry is also due
to the trophic connection with other components of this
phytocenosis, first of all, with sphagnum mosses. The
repartition of the cells is carried out by endophytic and
mycorhizic micromycetes, which combine marsh plants
into a single biogeochemical cycle (Kurchenko et al,
2013). The researchers studied the dynamics of **’Cs in
the shoots and the berries of the cranberries by the years,
as well as its connection with the specific activity of the
given radionuclide in various parts of the sphagnum
cover (living soil cover, litter and tirr). In general, it is
established that there is a gradual reduction of radioac-
tive contamination of generative and vegetative organs
of the cranberry with time (Krasnov & Orlov, 2004). In
the last 10-15 years, only single publications on the re-
sults of the distribution of radionuclides in forest and
marsh biogeocoenosis (Malostan et al, 2019; Holiaka
et al, 2020) and fragmented data on radioactive con-
tamination of the cranberry (Buzynnyi et al., 2019) have
been published.

Scientific Horizons, 2022, Vol. 25, No. 1

The review of literature sources allows to make
some generalizations and conclusions about the degree
of study of intensity of **’Cs migration in bogs of different
type, distribution of **’Cs in thickness of sphagnum mosses
on oligotrophic and mesotrophic bogs and content of
this radionuclide in the cranberry. Since the accident at
the Chernobyl Nuclear Power Plant, a small number of
studies have been conducted on the sphagnum bogs,
due to the technical difficulty of sample selection, de-
termination of the specific and total activity of radionu-
clide in living and died parts of the sphagnum mosses.
The largest values of 1*’Cs specific activity are marked
in different, by depth, parts of the tirr (depending on
the type of bog). Significant content of radionuclide in
the berries of the cranberry at low levels of radioactive
contamination of territories is also marked. It can be
noted that in the last 10-15 years such research is not
conducted.

MATEDIALS AND METHODS

Research on **’Cs accumulation in vegetative part and
berries of the ranberry were carried out on stationary
experimental plots (SEP) in Zhytomyr Polissia on the
territories of SOE “Slovechne Forest Management” and
SOE “Bilokorovych Forest Management”. They lasted from
1991 (the first year of observation) for 8 years annually,
and in the next period till 2020 - in 5-7 years. SEP size
of 100x100 m is laid in quite close ecological and phy-
tocenosis conditions — on mesoligotrophic and oligo-
trophic bogs, but at different amounts of exposure dose
of gamma-radiation. In 1991, it was fluctuating on SEP
within 10-120 mcR-h* at a height of 1 m from the surface of
the bog, and in 2020 - it fluctuates within 5-40 mcR-h™.

Characteristics of forest range, as well as floristic
composition and coenotic structure on SEP are close
and differed only by the quantitative presence of cer-
tain types. On all SEP there was a cenosis — a pinewood
cranberry-cotton grass-sphagnum. The stand composition
is 10Sp, age - 60-80 years, completeness - 0.4, average
height - 4 m, average diameter - 16 cm, type of forest
conditions - wet pine forest. In the undergrowth there
are single copies of pine of usual age from 3 to 8 years.
The plant cover of the grass-shrub tier was 50-55%.
There are cranberry (Vaccinium oxycokcos L.) - 15-20%,
tussock cottongrass (Eriophorum vaginatum L.) = 20-25%,
wild rosemary (Ledum palstre L.) - 5-8%, roundleaf sun-
dew (Drosera rotundifolia L.) - 3-5%, bog bilberry (Vac-
cinium uliginosum L.) = 3-5%, bog-rosemary (Andromeda
polifolia L)) = 1-3%. In the moss layer, which was solid
and even with a design cover of up to 98%, dominated
theflat-topped bogmoss (Sphagnum fallaxKlinggr.—40%;
Magellanic bogmoss (Sphagnum magellanicum Brid.) -
45%, met to a smaller extent the hair moss (Polytrictum
strictum L.) - 5-10%.

At the end of August on each SEP were laid 3
accounting areas of size 1x1 m, on which samples of
berries and shoots of the cranberry, as well as the living




part of the sphagnum, its tirr and the litter. The samples
were dried (except the berries of cranberry) in the ther-
mostats at temperature 105°C, chopped on the cutter of
PRG-01T and PRP-01 and analyzed in the first 10 years
on the spectrum analyzer LP-4900B ‘AFORA” with the
semiconductor detector DGDK-100V3 and in the next
years with the multichannel gamma-pulse-spectrum
analyzer SEG-005-AKP with the scintillation counter
BDEG-20-R1 and BDEG-20-R2. The relative error in
measuring **’Cs specific activity of did not exceed 15%.
Mathematical processing was carried out by commonly
accepted methods of variant statistics using the software
MS Excel and Statistica.

RESULTS AND DISCUSSION

The results of the studies conducted in 2020 (34 years
after the Chernobyl accident) show that the low rates of
137Cs specific activity in the berries of the cranberry on
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all stationary experimental plots (Table 1). This value
ranged from 286+16.9 Bqg/kg to 871£82.6 (at an accept-
able level of *”Cs — 500 Bqg/kg). It is also necessary to
indicate a small variation of this indicator within each
stationary experimental plots: the variation coefficient
within the SEP ranged from 7.6% (SEP 12) to 16.4% (SEP 11).
Perhaps this is explained by the fairly uniform dispersion
of radio radiation in the area of the bogs due to the low
degree of density during the period of its arrival in the
environment during the Chernobyl accident in compari-
son with forest ecosystems). This in part, is explained by
the fact that in previous years of research the values of the
variation coefficient were small:in 2002 - 7.1-18.1%, in
1991 - 5.7-8.5%.

The (s specific activity in air dry shoots of the
cranberry in 2020 ranged from 1492 (SEP 15) to 6197 Bg/kg
(SEP 12) (Table 2).

Table 1. Variation series statistics of definition *3’Cs specific activity (Bq/kg)
in fresh berries of the cranberry in different years of research

Year of No. Statistics
research SEP M im EX] V, % P, % min max
11 13320 654.1 1131.6 8.5 49 12650 13990
1991 12 3626 120.4 208.3 5.7 3.3 3140 4112
15 2072 99.8 1727 8.3 4.8 1844 2300
18 2320 95.3 164.9 71 4.1 2227 2413
11 1334 72.5 125.5 9.4 5.4 1234 1433
2002 12 2150 1511 261.4 122 7.0 1736 2564
15 588 61.4 106.2 18.1 104 452 723
18 491 20.2 34.9 71 4.1 461 520
11 871 82.6 1429 16.4 9.5 541 1201
2020 12 755 33.2 574 76 4.4 608 902
15 286 16.9 29.2 10.2 5.9 187 385
18 303 18.5 32.0 10.6 6.1 224 382

Note: M is the arithmetic mean value; m is the error of the arithmetic mean value; o is the mean square deviation V is the
coefficient of variation; P is the coefficient of value; min is the minimum value; max is the maximum value

Table 2. Variation series statistics of definition 137Cs specific activity (Bq/kg)
in dry berries of the cranberry in different years of research

71

Year of No. Statistics
research SEP M im EX V, % P, % min max
11 94590 423%6.2 73%28.626 775 4.48 88287 100893
1991 12 31800 2325.1 4022.423 12.65 731 31037 32563
15 12120 897.6 1552.848 12.81 741 11254 12986
18 14732 1125.6 1947.288 13.22 7.64 11484 17980
11 8847 414.7 7174 8.10 4.70 7014 10680
2002 12 8647 6724 1163,2 13.50 7.80 7745 9550
15 2247 215.1 3720 16.60 9.60 1923 2572
18 2618 241.8 418.3 16.00 9.20 2179 3057
11 6099 365.9 633 10.38 6.00 4798 7400
2020 12 6197 241.7 418 6.75 3.90 5034 7360
15 1492 112.3 194 13.02 7.53 1364 1620
18 1854 98.7 171 9.21 5.32 1352 2356

Scientific Horizons, 2022, Vol. 25, No. 1
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The materials obtained during the long period
after the Chernobyl accident allow to compare the val-
ues of ¥’Cs specific activity in berries and shoots and
to draw conclusions about the rate of their reduction in
different periods at each of the SEP.

For the first period of observation during 1991-1996
there is a significant decrease in *’Cs specific activity in

berries: from 3.8 times per SEP 11 to 2.2 times per SEP 12.

In the next period (1996-2002) this decrease was within
2.9-1.4 times, less than in the previous one. In the next
periods of decline in the value of the **’Cs specific ac-
tivity in berries was much smaller. Perhaps in the first
15 years since the arrival of radionuclide in the swamp
ecosystems, there was a more intensive redistribution
of 1¥Cs between their components, which provided more
flow of it to the cranberry. In general, during the observa-
tion period, the decrease in **’Cs specific activity in berries

reached: on SEP 11 - 15.3 times (from 13320%654 to
871£83 Bqg/kg), on SEP 12 - 4.8 times (from 3626+120
to 75533 Bqg/kg), on SEP 15 - 7.2 times (2072%100 to
286%17 Bq/kg), for SEP 18 to 7.7 times (2320%95 to
303%19 Bg/kg). On each of the SEP, this reduction is
specific, which can be related to the peculiarities of the
cenotic and hydrologic conditions of each experimental
plots, the degree of development and the condition of
the cranberry, etc.

The observed decrease in the index is most closely
approximated by the exponential equation of the form
Y=e*, where Y is *’Cs specific activity, Bg/kg; X is the
number of years after the Chernobyl accident (Fig. 1 and 2):

On SEP 11:Y=11123e°4 R2=0.84,r=0.92;
On SEP 12:Y=3496,8e928% R2=0.85, r=0.92;
On SEP 15:Y=2218,9e°382x R?=0.87, r=0.93;
On SEP 18:Y=1833,8e%35x R2=0.82, r=0.91.
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Figure 1. Change of *’Cs specific activity in fresh berries of the cranberry
during 1991-2020 (5-34 years after the Chernobyl accident) on SEP (11, 12)
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Figure 2. Change of **’Cs specific activity in fresh berries of the cranberry
during 1991-2020 (5-34 years after the Chernoby! accident) on SEP (15, 18)
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Detected reqularities in decreased **’Cs specific ac-
tivity in fresh berries of the cranberry during 1991-2020
are also confirmed by changes of the same indicator in
the plant’s shoots. Thus, the general decrease of '*’Cs spe-
cific activity in dry shoots of cranberry for the whole peri-
od of observation was: on SEP 11 - from 94590£4236 to
6099+366 Bg/kg (15.5 times),on SEP 12 - from 31800 £
2325 to 6197+242 Bg/kg (5.1 times), on SEP 15 - from
12120+898 to 1492%112 Bq/kg (8.1 times), on SEP 18 -
from 14732+1126 to 1854+112 Bqg/kg (7.9 times). At the
same time, a more intensive decrease in the content of

Krasnov et al.

radionuclide in the shoots also occurred in the first
two periods of observation (1991-2002). The established
decrease of **Cs specific activity in the shoots of cran-
berry are also most closely approximated by the expo-
nential equation of the form Y = eX, where Y is *’Cs spe-
cific activity, Bg/kg; X is the number of years after the
Chernobyl accident (Fig. 3 and 4):

On SEP 11:Y=12775e0%82x R2=0.83,r=0.91;

On SEP 12:Y=10551e03% R2=0.82,r=0.91;

On SEP 15:Y=79358e%4* R?=0.85, r=0.92;

On SEP 18:Y=29703e°30% R?=0.84, r=0.92.
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Figure 3. Change of **’Cs specific activity in dry shoots of cranberry during 1991-2020 (5-34 years
after the Chernobyl accident) on SEP (11, 12)
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Figure 4. Change of specific activity ¥’Cs in dry shoots of cranberry during 1991-2020 (5-34 years
after the Chernoby! accident) on SEP (15, 18)

The materials received during such a long period
of observation expand the idea of repartition of *’Cs on
oligotrophic and mesotrophic sphagnum bogs in time,
which, on its part, will allow to work out the forecast
methods of further migration of this radionuclide in the
given ecological conditions and its inflow to various
components. Given the importance of the bogs, which

was noted in the literature analysis, this is very important,
because there is a need in forecasting the possible ar-
rival of radioactive elements to neighboring, with bogs,
ecosystems and groundwater. The literature sources did
not reveal materials on levels of radioactive contami-
nation of certain or other components of the sphagnum
bogs in 30 years since the arrival of radionuclides. Data
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on (s in the shoots and berries of the cranberry were
published by the authors of this publication in previous
years (Krasnov & Orlov, 2004). This allows to identify
received regularities as priority. At the same time, accord-
ing to the authors, in the course of the further research-
es it is necessary to pay some attention to the following
question: to develop the methodology of determination
of density of radioactive contamination of substrate that
will allow to find dependencies between content of ra-
dionuclide in plants and substrate on which they grow;
to study migration of **’Cs in deeper layers of soil.

CONCLUSIONS

Reduction of *’Cs specific activity in berries and shoots
of cranberry after the Chornobyl accident has been
established. During 1991-2020 this indicator decreased:
in the berries of plantsin 15.3 (SEP 11) - 4.8 (SEP 12) times,

rate of reduction of radionuclide content in vegetative
and generative organs of cranberry was more intensive
in the first 12 years of observation (1991-2002) and sig-
nificantly slowed down in the next period until 2020
inclusive. The decrease of '*’Cs specific activity in the
cranberry (dry shoots and fresh berries) over the years is
described by the exponential equation of the form Y=e*.
The revealed regularities of the dynamics of the studied
indicators allow to create the forecast models of radio-
active contamination of the cranberry.

At present, *’Cs continue to be supplied to the
berries and shoots of cranberry, but the intensity of this
process has considerably decreased compared to the ini-
tial period. These circumstances require a review of the
existing regulation of the berrying of this plant taking
into account the current radiation situation on specific
areas of the sphagnum bogs.

in the shoots — in 15.5 (SEP 11) - 5.1 (SEP 12) times. The
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OnHaMika Hakonn4yeHHs 137Cs )KypaB/IMHOIO 60MOTHOIO
Ha cparHoBux 6onotax Monicca YKpaiHu

Bonoaumup Maenosuu KpacHos?, Irop iMutpoBuy IBaHiok?, Oner BanepiiioBuu XXykoBcbkuii?3,
Terana BonogumupiBHa Kyp6et!?, Onekcanap OnekcaHaposuy Opnos>*
1[lep>kaBHUWI yHiBepCHTET « KUTOMMPCbKA NOJIITEXHIKA»

10005, Byn. YyaHiecbka, 103, M. XKutomup, YkpaiHa
2ManuHcbkuii haxoBuit Konemx
11643, Byn. M. Maknas, 1, c. [amapHs, XKnutommnpcokoi 061., YkpaiHa

*Monicbkuii dinian YkpaiHCbKOro HayKoBO-A0CNIAHOO iHCTUTYTY NiCOBOrO rocnoapcTaa
Ta arponicomeniopauii im. . M. Bucoupbkoro
10004, Byn HeckopeHux, 2, c. loexuK, KUTOMUMpPCbKOi 0611., YKpaiHa

40Y «IHCTUTYT reoximii HaBkoNMLWHbOTO cepepoBuwa HAH YkpaiHu»
03142, npocn. Akapgemika MannagiHa, 34a, M. Kuis, YkpaiHa

AHoTauis. OnirotpodHi i Me3oTpodHi 6bonota € nownpeHumu ekocuctemamu y lMNonicci Ykpainu. Micng aBapii Ha
YopHobunbebkint AEC paHi ekocuctemun Bynu 3abpyaHeHi pafioHyknigamu. MNowmpeHoto arifHOK POCAMHOK Ha LMX
6onoTax € xypaBavHa 60N0THA, WO WMPOKO BUKOPUCTOBYETLCS Y Xap40Bili MPOMMUCIOBOCTI. MeTOK [0CNiOXeHb €
BCTAHOBNEHHSA AMHAMIKM NUTOMOI akTUBHOCTI *’Cs y )XypaBnuHi 6010THi1 BNpoaoBX ocTaHHix 30 pokiB. OTpuMaHi
pe3ynsTaTM MOHITOPUHIOBMX AOCNIAKEHD € HEOOXiIAHUM AN NPOrHO3YBaHHS PaLiOaKTUBHOIO 3a6pYAHEHHS XXYPaBAUHW.
JocnifxeHHs NpoBOAMNCE HA MOCTIMHMX NpobHKMxX naowax (M) y Xutomupcbkomy lonicci. [TMToMy akTUBHICTb
137Cs BUMiptoBanu 3a AOMNOMOrO CNEKTPOAHANi3aToOPiB, 3 BUKOPUCTAHHAM CLUMHTUAALIAHMX | HAaNiBNPOBIAHWMKOBUX
netektopiB. OTpMMaHi pe3ynbTaTi CBigYaTh, WO CNOCTEPIraETbCs iHTEHCMBHA Mirpauis *’Cs y cdarHoBux 6onoTtax
Monicca Ykpainu. Pe3ynbtati gocnigxeHb, npoBeneHnx yepes 34 poku nicng aBapii Ha YAEC, BeMOHCTPYIOTh, WO
HWHI BiAMiYalOTbCS HEBUCOKi BENMMYMHM NMUTOMOI akKTUMBHOCTI *37Cs y )XypaBauHi 6onoTHii (Vaccinium oxycoccus L.) Ha
BCiX NpobHUx nnowax. JaHuii nokasHuk y 2020 p y cBixux siropax konueascs Big 871+82,6 no 286+16,9 bk/kr (npu
fonyctumumx piBHsax Bmicty 37Cs — 500 bk/kr),a y cyxux naroHax - Big 1492 (MMM 15) go 6197 bk/kr (MMM 12). BussneHo,
O 3a neplwuit nepiog focnigxeHb npotaromM 1991-1996 pp. cnocTepiraeTbCsa 4OCUTb 3HAYHE 3HUXKEHHSI MUTOMOI
akTmMBHoCTI ¥’Cs B arogax: Big 3,8 pasis Ha MMM 11 po 2,2 pasie Ha MMM 12.Y HacTynHWiA nepiod cnoCcTEpeXeHb
(1996-2002 pp.) ue 3HMKeHHs Byno y Mexax 2,9-1,4 pasig, LLO MeHLIe HiX Yy nonepesHin. Y noganblimii nepios
3HUXKEHHS BEMIMYMHM MUTOMOIT aKTMBHOCTI **7Cs B irofax 6yn0 3HaYHO MeHWUM. BUsSBNEHI 3aKOHOMIPHOCTi Y 3HUXKEH
nUMTOMOI akTMBHOCTI *’Cs B Aropax >ypaBauHu 6onotHoi npotarom 1991-2020 pp. niaTBepaXyoThcs 3MiHaMM
LibOro NoKasHMKa y ii naroHax. 3aranbHe 3HMXEHHS LbOro NOKa3HMKa y NaroHax 3a nepiog, CnocTepexeHb CKNano: Ha
nrn 11 - sig 94590£4236 no 6099£366 bk/kr (15,5 pasis), Ha MMM 12 - Big 31800+2325 po 6197+242 bk/kr
(5,1 pazu), Ha MMM 15 - Big 121204898 po 1492+112 bk/kr (8,1 pasu), Ha MMM 18 - Big 14732%1126 po
1854+£112 bk/kr (7,9 pasi). [IpOAOBXEHHS MOHITOPUHIY HA NOCTIMHUX NPOBHMX NAOLAX A03BOAUTL NMPOrHO3yBaTU
piBHi pafioakTMBHOrO 3abpyaHEHHS XXYpaBAMHU Ha OCHOBI MaTeMaTUYHOIO MOAENOBAHHS

KntouoBi cnoBa: nMTtomMa akTUBHICTb, pafioHyknig, Vaccinium oxycoccus L., cdarH, cyxi naroHu, CBixi arogm
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INTRODUCTION

The ambiguous transformations taking place in the labor
market require overcoming the consequences of the
pandemic and require an adequate response from the
social partners, considering the requirements of the new
economic reality. In such conditions, the requirements for
the responsibility of all market actors are only intensifying
and the need to ensure decent work and preserve and/or
achieve gradual sustainable development is growing. The
historical experience of many countries shows that the
most suitable in conditions of uncertainty is the insti-
tution of social dialogue, which is based on collective
bargaining (Erickson et al., 2002; Doellgast et al., 2018;
Hayter & Jelle, 2018; Volkova & Kuznetsova, 2018; Ker-
ckhofs, 2019).

At the same time, various researchers emphasise
the weakening of social dialogue in the regulation of
social and labor relations in European countries: Portugal
(Tavora & Gonzalez, 2016); Spain (Rodriguez et al., 2016);
Slovenia (Stanojevic et al., 2016); Germany (Addison et
al., 2017).This trend is primarily explained by the weak
organisational capacities of the state and especially of
the social partners (Mailand & Due, 2004).

It is important to note that the institution of social
dialogue is constantly changing and adapting to the
challenges of economic and social reality. For example,
during the pandemic, it became a safeguard against the
destruction of many jobs, reduced the negative impact
on workers’incomes (Molina, 2021; Tarres, 2021). However,
the developed practical recommendations may not be
universal for all countries.

Despite the trend towards decentralisation of
collective bargaining (Amable, 2016; Rodriguez et al.,
2016), the emphasis of dialogue in the field of working
time regulation, ensuring decent wages and safe working
conditions, granting vacations, etc. is growing.

These processes are inherent in Ukraine, but they
have a number of features conditioned upon legislation
and current practice. In particular, social dialogue is im-
plemented at four levels: national, sectoral, regional
(territorial) and industrial (Law of Ukraine No. 3356-
XII1 “On Collective Agreements and Contracts”, 1993). At
the same time, if collective bargaining at the first two
and production levels is a fairly common practice, the
territorial one has become a conglomerate of sectoral
agreements and social responsibility agreements of re-
gional companies. But after the introduction of adminis-
trative reform and decentralization reform in the country,
the problems and shortcomings of contractual regulation
of social and labour relations at the territorial level have
worsened. They were especially evident in the field of
wages.After all, to date, the regulation of wages in Ukraine
is a strategic task, as it allows to create favorable con-
ditions for the reproduction of the labor force, its size
depends on the level of well-being of employees and their
families. Therefore, to develop the relevant territories,
which should be accompanied by effective socio-economic
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policies of communities, including the creation of oppor-
tunities for productive employment, safe working con-
ditions and decent wages, it is important to assess the
potential of collective bargaining, identifying problem
areas, challenges and its further prospects.

Unfortunately, in Ukraine a comprehensive assess-
ment of collective bargaining has not been conducted.
Therefore, the results of comparative analysis of the level
of development of collective bargaining in different re-
gions can be an important source of information for local
governments to make appropriate decisions and dissemi-
nate best practices and experience in the regulation of
social and labour relations.

Thus, the aim of the study is to conduct a compara-
tive analysis of the level of collective bargaining in dif-
ferent regions of Ukraine and identify challenges and
prospects for the development of this institute, which
is based on the author’s methodology for assessing the
level of collective bargaining at the territorial level. The
main hypothesis put forward by the authors is a stable
correlation between the activity of social partners and
the effectiveness of collective bargaining and agreements
at the regional level.

LITERATURE REVIEW

The scientific field of research on the development of
social and labor relations is inevitably associated with
social dialogue and collective bargaining. Considerable
attention is paid to the national and regional levels of
negotiations, in particular, the latter is associated with
potential opportunities to adapt the labour market to
the challenges of digitalisation through the acquisition
of relevant skills and decent work. After analysing data
from many countries, sectors of the economy, firms, the
link between different conditions of collective bargain-
ing with employment, wage inequality and productivity
is undeniable (Global Deal et al., 2020). For many years,
social dialogue has been proving its effectiveness as a
tool for influencing the dynamics of economic growth
and stability. (Grimshaw et al., 2017). At the same time,
the authors note that the institute of social dialogue
faces new challenges: changing the employment struc-
ture, economic crisis, reducing employee involvement
in trade unions, decentralisation of collective labor re-
lations (Gumbrell-McCormick & Hyman, 2013). Unfortu-
nately, these challenges are systemic and have their ori-
gins in the 1990s (Jobert, 2005). In particular, anti-crisis
decisions of some governments (aimed at weakening the
collective bargaining regulation of social and labour
relations) exposed the desire of organisational manage-
ment to narrow the range of tasks to be negotiated and
identified practices of partial implementation of agree-
ments (Tavora & Gonzalez, 2016) became a precondition
for weakening trust in the trade union and the institution
of social dialogue. No less important challenge was pre-
carious work, which at the same time actualised the
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monitoring potential of social dialogue (Grimshaw et al.,
2016). Therefore, the search for solutions to these problems
requires the institution of collective bargaining regula-
tion of social and labor relations adaptation and greater
inclusion, finding new approaches to solving major social
problems, especially in areas such as digitalisation and
new technology,demographic change, green economy and
sustainable development; and it is essential to increase
and acquire competencies (Eurofound, 2020).

Studying the impact of collective bargaining on
wages, scientists note an unconditional direct relation-
ship. For example, Research of Villanueva (2015) proves
the positive impact of extending collective bargaining
agreements to all employees in an industry on ensuring
common working conditions, limiting wage inequality
by setting occupation-specific minimum wages, and reduc-
ing gender wage gaps, mainly at the bottom of the wage
distribution. At the same time, as a rule, the evaluation
of the effectiveness of collective bargaining is proposed
according to a formalised indicator — the degree of col-
lective bargaining (International Labour Organisation,
2018), which is explained by the assumption: readiness to
participate in collective bargaining reflects the potential
including wages. However, some researchers argue that
while trade union representatives appear open to the
responsibilities placed upon them, there is little evidence
to suggest that management has responded (Stuart &
Lucio, 2002). It is also proposed to study the range of
indicators of the effectiveness of collective bargaining
regulation through the prism of assessing social dialogue
in general. Therefore, the indicators of settlement of labour
remuneration policy issues during collective bargaining
on the conclusion of a sectoral agreement in accordance
with the legislation, number of social partners’ obliga-
tions for remuneration, the share of the provisions of the
sectoral agreement on labor remuneration fulfilled by
the social parties (Tsymbaliuk & Shkoda, 2022),allow to

find out the activity of social partners in the implemen-
tation and enforcement of workers’rights. The use of the
wage potential indicator in the context of the imple-
mentation of social dialogue (Danylevych & Poplavska,
2020) allows assessing the level of employee satisfaction
with wages and the effectiveness of trade unions.

Note that, for the most part, assessing collective
bargaining regulation, researchers focus on setting a
minimum wage (Dustmann et al., 2019; Ellguth, 2014;
Bellmann et al., 2018). However, such a position is justified
to guarantee basic standards in the field of wages, but
other guarantees in wages, such as income indexation,
compensation for work in hazardous conditions, etc. no
less important, especially since in an unstable economy,
the challenges of a pandemic, these components are
becoming increasingly important. Assessing collective
bargaining regulation through the prism of decent work
significantly expands the range of indicators and indi-
cators for analysis (Tsymbaliuk et al., 2019). Considering
the concept of “labor 4.0” (Kolot et al., 2020) allows assess-
ing the compliance of wages with the costs, the nature
of labour. At the same time, we should not forget about
the changes that have taken place in recent years in the
collective bargaining of social and labour relations, es-
pecially after the financial crisis.As noted by B.D.Miiller and
P. Hans-Wolfgang (2017), they have become significantly
different across countries and these differences will only
increase. Therefore, the assessment of collective bargaining
should be carried out in accordance with the country’s
goals in the field of labour and the peculiarities of the
regulation of social and labor sphere.

MATERIALS AND METHODS

To analyse and assess the level of development of col-
lective bargaining regulation at the territorial level is
proposed a set of indicators with established standards
(Table 1).

Table 1. Indicators for assessing the level of development of collective bargaining

No. Indicator Standard
1 Existence of a territorial agreement Yes
2 Existence in the territorial agreement of guarantees and norms concerning the regional subsistence level Yes
(regional minimum wage)
3 Availability in the territorial agreement of guarantees and norms on the implementation of payments Yes
financed from the local budget
4 Number of commitments of social partners > max
Ratio of the number of obligations of the social partners to pay in accordance with the current territorial > max (21)
agreement compared to the number of obligations under the previous territorial agreement =
6 Ratio of the number of provisions of the territorial agreement on wages that contain specific obligations > max (100)

to the total number of obligations of the social partners on wages, %

7 Ratio of the tariff rate of the worker of the 1st category and the minimum wage (subsistence level)

in accordance with the territorial agreement, %

> max (2110)

8 Existence in the territorial agreement of provisions on introduction of systems of participation

of the personnel in profit and (or) in the share capital at the enterprises of the region Yes
9 Existence in the territorial agreement of provisions on introduction of social packages and programmes Yes
of social insurance at the enterprises of the region
10 Presence in the territorial agreement of provisions on observance of gender equality in payment Yes
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Table 1, Continued

No. Indicator

Standard

11 Level of coverage of employees by collective agreements in the study region, %

-> max (100)

12 Real wage growth rates in the region, %

> max (2110)

13 Ratio of average wages in the region with the average wage in the country > max (>1)

14 share of gmplgyees receiving wages below the subsistence level, of the total number of employees > min (0)
in the region, %

15 Share of workers receiving wages below the poverty line in the region, % -> min (0)

16 Share of basic wages in the wage bill in the region, % > max (>60)

17 Wage arrears in the region, UAH -> min (0)

18 Ratio of women’s wages to men’s wages, % -> max (100)

Source: compiled by the author

An expert survey method was used to verify the
reliability of the indicators. The experts were scientists
and specialists in the field of social and labour relations

and wages. The number of experts who took part in the
survey was 13. Table 2 shows the main characteristics
of experts.

Table 2. Characteristics of experts in the field of social and labour relations and wages

Feature Persons In % to the total number of experts

Professional group

e Teachers 8 62

e Scientists 3 23

e FPU payroll specialists 2 15
Total 13 100
Academic status

e Professor 3 23

e Docent 46

e No 4 31
Total 13 100
Degree

e PHD 5 39

e PhD 6 46

e No 2 15
Total 13 100
Work experience

e From 10 to 20 years 6 46

e More than 250 54
Total 13 100

Source: compiled by the author

The survey was conducted in the form of a question-
naire. Experts were asked to establish the significance
(weight) of indicators on the following scale: O points —
the indicator is not important; 1-2 points — the indicator
is almost not important; 3-4 points — the indicator is
important; 5-6 points — the indicator is very important;
7 points — the main (key) indicator.

To assess the level of development of collective
bargaining regulation at the territorial level, method-
ological principles for determining individual indices and
complex indicators have been developed. Different meth-
odological approaches to the calculation of unit indices (/)

i

for different indicators depending on their specifics, units
of measurement and standards are proposed.

The unit indices (/) for the indicators for which
the established standards have the wording “yes” are
determined in the following order:

— if the actual value of a certain indicator does not
meet the established standard, the unit index (/) of this
indicator is 0;

— if the actual value of a certain indicator meets the
established standard, the unit index (/) of this indicator
is equal to 1.

For the rest of the indicators, the unit indices (/) are
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determined on the basis of the standardisation procedure:

— according to the indicators “the share of workers
receiving wages below the subsistence level (below the
poverty line), the total number of workers in the region”
and “wage arrears in the region” according to formula (1):

[Xactual B Xmax] (1)
[Xmin_Xmax]
— for other indicators according to formula (2):

Ii:

[Xactual_ Xmin] (2)
[Xmax_ Xmin]
where X

' 1S the actual value achieved in a certain region,
according to a separate indicator; X = — the lowest value
for a single indicator among the regions studied; X _— the
highest value for a single indicator among the regions
studied.

The complex indicator of the level of development
of collective bargaining regulation at the territorial level
(K) is determined by the formula (3):

Ii:

_Ziml ®)
n

K

where n is the number of indicators.

The value of the complex indicator can be in the
range from O to 1.

Ranges of values of the level of development of
collective bargaining regulation of wages at the territorial
level:

( [0.8; 1] ( High level \

[ 10.6; 0.8) |  Level above average |

IfK €4[04; 06)},K e4 Average level ¥
l[O.Z; 0.4) | | Level under averageI

[0; 0.2) J k Low level J

Comparative analysis of the level of development
of collective bargaining regulation of wages was carried
out on the example of the following regions: Vinnytsia,
Dnipropetrovsk, Ivano-Frankivsk, Luhansk, Lviv, Mykolaiy,
Sumy, Kharkiv, Kherson and Chernihiv.

Criteria for forming a sample of regions:

— representation in the study of different parts of
Ukraine: Vinnytsia and Dnipropetrovsk regions belong
to the central region, lvano-Frankivsk and Lviv — to
the western region, Luhansk and Kharkiv — to the east,
Sumy and Chernihiv — to the north and Mykolaiv and
Kherson — to the south;

— the presence of concluded territorial collective
agreements.

It is important to pay attention to some limita-
tions of the study.Thus, one of the important indicators of
wage policy evaluation is the indicators that characterise
wage differentiation, in particular the Gini coefficient
and the decile coefficient. However, conditioned upon
the lack of statistical information on these indicators
by region, they were not considered when calculating
a comprehensive indicator of the level of development
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of collective bargaining. An important indicator that
characterises the level of development of social part-
nership at the territorial level is the level of fulfillment
of their obligations by the social partners. Conditioned
upon the lack of information on the extent to which the
social partners comply with the provisions of territorial
agreements, this indicator is also not considered when
calculating a comprehensive indicator of the level of
development of collective bargaining in the studied
regions.

When studying the indicators that characterise the
level and dynamics of wages, it is advisable to analyse
not the arithmetic mean of the indicators, and the me-
dian and modal values. However, such information is
not published by the State Statistics Service of Ukraine,
which was a limiting factor in our study. During the de-
velopment of the methodology for studying the devel-
opment of collective bargaining regulation of wages, we
accepted that the defined indicators are equivalent. At
the same time, it would be expedient to consider the
significance of the formed indicators using the method
of expert survey, which can serve as a further direction
of research and improvement of the methodology.

It is important to note that the methodology of
research on the development of collective bargaining
can change, adapt depending on the level of research,
goals and objectives, information base, target priorities
of socio-economic development of individual countries,
regions and even enterprises.

RESULTS AND DISCUSSION

Analysis of territorial agreements in the field of wages of
the studied regions
The main indicator of assessing the level of development
of collective bargaining regulation is the presence of a
territorial agreement. Analysis of territorial agreements
(Territorial Agreement between Vinnytsia Regional State
Administration, Vinnytsia Regional Council, Vinnytsia Re-
gional Association of Employers’ Organisations and the
Joint Representative Body of Trade Unions of the Vinnytsia
Region for 2016-2020, 2016; Territorial Agreement be-
tween Dnipropetrovsk Regional State Administration,
Dnipropetrovsk Regional Council, Federation of Employ-
ers’Organisations of the Dnipropetrovsk Region and the
Joint Representative Body of Trade Unions of the Dnipro-
petrovsk Region for 2017-2020, 2017; Territorial Agree-
ment between the lvano-Frankivsk Regional State Ad-
ministration, the Ivano-Frankivsk Regional Association
of Employers’ Organisations and the Council of Trade
Unions of the Ivano-Frankivsk Region for 2018-2020,
2018 (Territorial Agreement between..., 2018).

Territorial Agreement between the Luhansk Re-
gional State Administration, the Federation of Trade
Unions of the Luhansk Region and the Association of
Employers’ Organizations of the Luhansk Region and the
Federation of Trade Unions of the Luhansk Region for
2019-2020, 2018; Territorial Agreement between the




Lviv Regional State Administration, the Lviv Regional
Association of Employers’ Organisations and the Trade
Unions of the Lviv Region for 2018-2020, 2018; Territo-
rial Agreement between the Mykolayiv Regional State
Administration, the Mykolayiv Regional Organisation
of Employers “Industrialists and Entrepreneurs of the
Mykolayiv Region” and the Mykolayiv Regional Coun-
cil of Trade Unions 2017-2020 on the regulation of
socio-economic issues, 2017; Territorial Agreement on
cooperation between the Sumy regional association of
employers’ organizations and the Sumy regional council
of trade unions for 2019-2021, 2019; Territorial Agree-
ment between the Kharkiv Regional State Administra-
tion, the Joint Representative Bodies of the Parties of
Employers and Trade Unions of the Kharkiv Region for
2016-2018, 2016; Territorial Agreement between the
Kherson Regional State Administration, the Association
of Employers’ Organizations of the Kherson Region, the
Kherson Regional Intersectoral Council of Trade Unions
on the regulation of basic principles and norms of so-
cio-economic policy and labor relations in the Kherson
region for 2019 -2021, 2019; Territorial Agreement on
the regulation of basic socio-economic principles and
labor relations for 2017-2020 between the authorities —
Chernihiv Regional State Administration, Chernihiv Re-
gional Council, employers and entrepreneurs — Regional
Association of Employers’ Organisations, Joint Repre-
sentative Body of Employers and Employers of Cherni-
hiv — Joint representative body of representative trade
unions at the territorial level, 2017, showed that some
of them (in Vinnytsia, Dnipropetrovsk, Luhansk, Lviv,
Kharkiv and Chernihiv regions) provide that they are reg-
ulations that can be considered positive from in terms
of determining the legal nature of these agreements.
At the same time, the norms and provisions of territorial
agreements do not apply to enterprises that did not par-
ticipate in the negotiation process and the signing
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of agreements in accordance with Art. 9 of the Law of
Ukraine “On Collective Agreements and Contracts” (Law
of Ukraine No. 3356-XI1 “On Collective Agreements and
Contracts”, 1993). In this regard, despite the recognition
of territorial agreements by the social partners as nor-
mative acts, the latter cannot be considered as such, as
their norms and provisions are not mandatory for all
enterprises located in the territory of the region.

Unlike collective agreements at other levels,
Ukrainian law does not regulate a clear list of issues
to be negotiated at the territorial level, and limits their
subject matter to the regulation of social guarantees,
benefits and compensations. The legislation contains
a general wording: agreements at the territorial level
regulate the norms of social protection of employees of
enterprises, include higher than the general agreement
social guarantees, compensations and benefits (Article 8
of the Law of Ukraine “On Collective Bargaining and Agree-
ments”). Analysis of the content of territorial agreements
showed that they regulate a wider range of issues than
required by law. Comparison of the number of obligations
of the parties to territorial agreements in the field of wages
of the studied regions are given in Table 3. According to
the data in Table 3, the largest number of obligations
of social partners in the field of remuneration are con-
tained in territorial agreements in Vinnytsia and Dniprop-
etrovsk regions. If we analyse the number of obligations
in terms of specific subjects of social and labor relations
(local executive bodies, employers and trade unions),
the most successful practices of social partnership at
the territorial level include the Territorial Agreement in
Vinnytsia region for 2016-2020. The Territorial Agree-
ment in Sumy Oblast for 2019-2021 does not contain
obligations of local executive bodies, and the Territorial
Agreement in Lviv Oblast for 2018-2020 is limited to joint
agreements, which negatively characterises the level of
social partnership development.

Table 3. Comparison of the number of obligations of the parties to territorial agreements in the field
of wages of the studied regions

-~ Number of Number of Ratio of the number of
Number of joint S Number of N Total number L.
N . obligations of M obligations Lo obligations compared to
Deals commitments / parties R obligations of of obligations X
local executive of the trade . the previous agreement,
agreed . the employers . of the parties o
bodies unions %
1. Territorial agreement in Vinnytsia region
— for -
2011-2015 8 8 8 6 30
— for
2016-2020 11 13 8 10 42 14
2. Territorial agreement in the Dnipropetrovsk region
— for -
2011-2013 12 + 3 4 2
— for
2017-2020 20 5 7 6 38 1.65
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Table 3, Continued

- Number of Number of Ratio of the number of
Number of joint s Number of s Total number P
X . obligations of C obligations I obligations compared to
Deals commitments / parties R obligations of of obligations .
local executive of the trade . the previous agreement,
agreed X the employers X of the parties o
bodies unions %
3. Territorial agreement in Ivano-Frankivsk region
—-in 2016 4 5 3 4 16 -
— for
2018-2020 16 8 4 7 35 2.19
4. Territorial agreement in Luhansk region
— for _
2013-2015 3 ! ! 4 ?
— for
2019-2020 14 5 7 4 30 3.33
5. Territorial agreement in the Lviv region
— for _
2015-2017 v 0 0 17
— for
2018-2020 18 0 0 0 18 1.06
6. Territorial agreement in the Mykolaiv region
— for -
2012-2015 12 6 6 4 28
— for
2017-2020 15 3 4 4 26 0.93
7.Territorial agreement in the Sumy region
— for -
2017-2018 11 11 5 9 36
— for
2019-2021 11 0 5 8 24 0.67
8. Territorial agreement in the Kharkiv region
— for -
2013-2015 6 2 ! / 16
— for
2016-2018 6 2 1 7 16 1.0
9. Territorial agreement in the Kherson region
— for -
2017-2018 10 ? 6 6 31
— for
2019-2021 8 7 6 6 27 0.87
10. Territorial agreement in the Chernihiv region
— for -
2011-2015 / ° 7 / 38
— for
2017-2020 6 8 6 8 28 0.74

Source: compiled according to data (Territorial Agreement in the Vinnytsia Region, 2011; Territorial Agreement in
the Vinnytsia Region, 2016; Territorial Agreement in the Dnipropetrovsk Region, 2011; Territorial Agreement in the
Dnipropetrovsk Region, 2017; Territorial agreement in the Ivano-Frankivsk Region , 2016; Territorial agreement in the
Ivano-Frankivsk Region, 2018; Territorial agreement in the Luhansk Region, 2013; Territorial agreement in the Luhansk
Region, 2018; Territorial agreement in the Lviv Region, 2015; Territorial agreement in the Lviv Region, 2018; Territorial
agreement in the Mykolayiv Region, 2012; Territorial agreement in the Mykolayiv Region, 2017, Territorial agreement
in the Sumy Region, 2017 Territorial agreement in the Sumy Region, 2019; Territorial agreement in the Kharkiv Region,
2013; Territorial agreement in the Kharkiv Region, 2016; Territorial agreement in the Kherson Region, 2017; Territorial
agreement in the Kherson Region, 2019, Territorial agreement in th and Chernihiv Region, 2011; Territorial agreement
in the Chernihiv Region, 2017)
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If we compare the number of commitments con-
tained in the current territorial agreements with the
commitments provided for in previous agreements, the
positive dynamics can be seen in the social dialogue
in lvano-Frankivsk and Luhansk regions. The negative
trend in reducing the number of obligations of the social
partners is typical for territorial agreements in Mykolaiv,

Tsymbaliuk et al.

Sumy, Kherson and Chernihiv regions. Comparison of
individual norms of territorial agreements in the field
of wages of the studied regions are given in Table 4.
According to the results of a comparative analysis of
different norms on wages, most provisions of territorial
agreements call for the regulation of relevant norms by
sectoral agreements and collective agreements.

Table 4. Comparison of individual norms of territorial agreements in the field of remuneration of the studied regions

Deals

The growth rate of

Minimum guarantees

in the remuneration qualification and

Inter-

Norms on non-
discrimination

The share of basic
wages in the

average wages of non-budgetary lnter-jt.:ob pay payroll in pay
employees ratios
Determined by the
development programme
of the region (p. 2.1). Defined in Not less than
Territorial agreement Not lower than the . . . 70%, defined
o . - . Defined in collective collective . .
in Vinnytsia region growth rate determined agreements (p. 2.27) aareements in collective -
for 2016-2020 by sectoral and general 9 p- < g( 2.4) agreements
agreements (p. 2.2) p- <. (p.2.27)
Higher than the inflation
rate (p. 2.3)
Not less than provided Defined in sectoral . Not less than
- by the programme of Defined in o
Territorial agreement agreements and . 65% are defined
. . development of the - collective . .
in the Dnipropetrovsk S collective agreements in collective -
. region (item 5.2). . . agreements
region for 2017-2020 in accordance with agreements
Not lower than at the the Law (p. 5.4) (p.5.5,5.7) (item 5.29)
state level (p. 5.3) p->. ’
Defined in collective Defined in
Not lower than at the agreements in collective Observance of
Territorial agreement state level (p. 3.1). accordance with gender equality
- . : agreements,not . .
in Ivano-Frankivsk In accordance with the  sectoral agreements. - less than specified M remuneration
region for 2018-2020 provisions of sectoral Not less than 110% . P of labour
. in the sectoral .
agreements (p. 3.2) of the subsistence agreement (p. 3.51) (items 3.8,3.17)
level (p. 3.3) 9 P>
Not less than provided . Itis recomn_1ended
Defined in sectoral . to provide
L by the programme of Defined in .
Territorial agreement agreements and . for collective
. . development of the . collective
in Luhansk region for S collective agreements agreements to -
region (item 5.2). . . agreements .
2019-2020 in accordance with increase the share
Not lower than at the (p.5.5,5.7) ;
the law (p. 5.4) of basic wages
state level (p. 5.3)
(p.5.5)
Territorial agreement
in the Lviv region for - - - - -
2018-2020
Defined in collective . Deﬁneq n Observance of
T . Defined in collective -
Territorial agreement . . . agreements in gender equality
. . . Higher than the inflation . sectoral agreements,not . .
in the Mykolaiv region accordance with . in remuneration
rate (p.2.1) agreements less than specified
for 2017-2020 sectoral agreements . of labour
(0. 2.24) (p.2.2) in the sectoral (item 2.11)
P~ agreement (p. 2.25) ’
Higher than the inflation  Defined in sectoral
rate in enterprises with  agreements. Not less
an average PA than 115% of the
s below 1.5 MZP MRM at enterprises Defined in
Territorial agreement . Increase the share
. - (p. 2.1.1). In accordance where sectoral collective o
in Sumy region . - to 70% by the end -
for 2019-2021 with the provisions of agreements have agreements of 2021 (p. 2.1.9)
sectoral agreements not been concluded (p.2.1.4) B

at enterprises with an
average PA higher than 3
minimum wage (p. 2.1.2)

(items 2.1.3,2.1.12).
Defined in collective
agreements (p. 2.1.4)
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Table 4, Continued

Minimum guarantees
in the remuneration qualification and

Deals The growth rate of

Inter-
Norms on non-

discrimination

The share of basic
wages in the

average wages of non-budgetary |nter-19b pay payroll in pay
employees ratios
Determined by
Terrltorlal agreemgnt the programme of Defined in sectoral
in the Kharkiv region development of the agreements (p.3.1.4) - - -
for 2016-2018 region and collective 9 p-2-%
agreements (p. 3.1.2).
Territorial agreement  According to the growth
in the Kherson region  rate of production and - - - -
for 2019-2021 productivity (p. 2.9)
Territorial agreement Defined in collective Deﬁneq n
in the Chernihiv region Not lower than at the agreements collective - -
g state level (item 5.1) 9 agreements

for 2017-2020

(clause 5.2)

(clause 5.2)

Source: compiled according to data (Territorial Agreement in the Vinnytsia Region, 2016; Territorial Agreement in the
Dnipropetrovsk Region, 2017; Territorial Agreement in the Ivano-Frankivsk Region, 2018; Territorial Agreement in the
Luhansk Region, 2018; Territorial Agreement in the Lviv Region, 2018; Territorial agreement in the Mykolayiv Region,
2017; Territorial agreement in the Sumy Region, 2019; Territorial agreement in the Kharkiv Region, 2016; Territorial
agreement in the Kherson Region, 2019; Territorial agreement in the Chernihiv Region, 2017)

The practice of developing regional develop-
ment programmes and determining the growth rates of
average wages at enterprises in the region (Vinnytsia,
Dnipropetrovsk, Luhansk and Kharkiv regions) is posi-
tive. Inflation-oriented practices and state-level wage
growth are common in determining wage growth rates.
The practice of regulating by territorial agreements the
tariff rate of a 1t category worker and the share of the
basic salary in the wage fund should be recognized
as positive. Despite some positive practices, based on
the analysis of the structure and content of territorial
agreements in terms of partners’ obligations to pay, it
was concluded that agreements at this level can not
claim recognition of their territorial regulations. This
conclusion is based on the following provisions:

— the norms do not take into account regional pecu-
liarities, in particular do not determine the size of the
regional subsistence level and the regional minimum
wage;

— there are no guarantees and norms on the imple-
mentation of payments financed from the local budget
(in addition to those provided by law or in amounts ex-
ceeding those specified by law);

—most norms and provisions duplicate legislative
norms and norms provided by the general agreement,
etc.
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A significant number of provisions of territorial
agreements are declarative (non-specific) and do not
contain specific mechanisms for the implementation of
the obligations undertaken by the parties,there is a lack
of personification of responsible persons. A compara-
tive analysis of current and previous territorial agree-
ments showed that the rules of current agreements of
different regions practically duplicate the provisions of
previous agreements. Most agreements, which are char-
acterised by an increase in the number of obligations of
the social partners (Table 3), have such an increase con-
ditioned upon general (non-specific) obligations, and
recommendations for the inclusion of relevant rules by
collective agreements of enterprises in the region.

The ratio of the number of provisions of territorial
agreements on wages, which contain specific obliga-
tions (figures,amounts, interest,documents, procedures,
programmes), and the number of general obligations of
the social partners on wages is shown in Figure 1. As
evidenced by the data of Figure 1, the most successful
in this indicator is the practice of regulating wages on
the basis of social partnership in Ivano-Frankivsk and
Sumy regions, where 71% of the obligations of the so-
cial partners are specific. Among the least successful
is the practice of wage regulation in Chernihiv region,
where only 29% of commitments are specific.
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Figure 1. Correlation between the number of provisions of territorial wage agreements that contain specific obligations
and the number of general obligations of the social partners on wages

Source: compiled according to data (Territorial Agreement in the Vinnytsia Region, 2016; Territorial Agreement in the

Dnipropetrovsk Region, 2017; Territorial Agreement in the Ivano-Frankivsk Region, 2018; Territorial Agreement in the

Luhansk Region, 2018; Territorial Agreement in the Lviv Region, 2018; Territorial agreement in the Mykolayiv Region,

2017, Territorial agreement in the Sumy Region, 2019; Territorial agreement in the Kharkiv Region, 2016; Territorial

agreement in the Kherson Region, 2019; Territorial agreement in the Chernihiv Region, 2017)

The ratio of the tariff rate of the 1%t category worker
and the minimum wage (subsistence level) is regulated
only by territorial agreements in Ivano-Frankivsk and
Sumy regions: respectively not less than 110 and 115%
of the subsistence level/minimum wage that meets and
exceeds the established standard. Territorial agreements
in Lviv and Kherson oblasts do not regulate this rela-
tionship. Other territorial agreements stipulate that the
amount of the tariff rate of a 1%t category worker should
be regulated by sectoral agreements and collective agree-
ments. Progressive are the rules for employee participation
in the development, use and distribution of enterprise
profits. Such norms include agreements in lvano-Frankivsk,
Chernihiv and Kherson regions. However, the agreements
of the studied regions do not contain obligations and (or)
recommendations for the implementation of social pack-
ages, social insurance programmes (medical, private
pension, life,accidents, etc.) at enterprises in the region,
which negatively characterises the level of collective
bargaining wages at the territorial level. The experience
of including norms on observance of gender equality in
remuneration of labor by territorial agreements in lvano-
Frankivsk and Mykolayiv oblasts is positive.

One of the main indicators of the assessment of
collective bargaining regulation of wages is the extent
to which the social partners comply with the provisions of

the territorial agreement . In Ukraine, there is no practice
of publishing reports on the implementation of agree-
ments by social partners. It is not possible to check the
level of implementation of agreements of a general na-
ture. Fulfillment of part of the obligations should be in-
vestigated separately at each enterprise and institution
in the region. However, the unequivocal conclusion can
be drawn that not all commitments of the social part-
ners have been fulfilled. For example, all agreements
in the surveyed regions contain partners’ obligations to
repay wage arrears. However, the analysis of the data
of the State Statistics Service of Ukraine shows that in
all regions of Ukraine there are arrears of wages. Con-
ditioned upon the lack of complete information on the
extent to which the social partners comply with the
provisions of territorial agreements, this indicator will
not be taken into account when calculating a compre-
hensive indicator of the level of collective bargaining in
the studied regions.

The next indicator is the level of coverage of employ-
ees by collective agreements. The analysis of this indicator
in different regions (Fig. 2) showed that Sumy and Kharkiv
regions are leaders in this indicator,which indicates a high
level of development of collective bargaining regulation
at the local level. The lowest level of coverage of employees
by collective agreements in the Lviv region.
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Figure 2. The level of coverage of employees by collective agreements in the studied regions in 2019, %
Source: compiled according to data (State Statistics Service of Ukraine, 2020)

Analysis of the size and dynamics of wages

Among the indicators that characterize the level of de-
velopment of collective bargaining regulation at the
territorial level, the size and dynamics of real wages oc-
cupy a prominent place. These indicators reflect the re-
sult of the practical implementation of the agreements
of the main subjects of collective bargaining, structure,
timeliness of payment of wages, non-discrimination and

ensuring gender equality in pay. The amount of nominal
and real wages in the studied regions are given in Table 5.
According to the data in Table 5, the highest growth rates
of real wages in 2019 among the studied regions were
observed in Mykolayiv region, the lowest - in Lviv.

The ratio of average wages in the studied regions
with the average wage in Ukraine in 2018-2019 is shown
in Figure 3.

Table 5. The amount of nominal and real wages in the studied regions

Region Nominal salary, UAH Price index until Real salary in Real wage growth
2018 2019 2019, % 2019, UAH rates in 2019, %
Ukraine 8865 10497 104.1 10083.57 13.7
Vinnytsya Region 7801 9299 102.4 9081.05 16.4
Dnipropetrovsk Region 8862 10751 103.7 1036741 17.0
Ivano-Frankivsk Region 7551 8817 104.5 8437.32 11.7
Luhansk Region 7365 8731 104.3 8371.05 13.7
Lviv Region 8001 9271 104.2 8897.31 11.2
Mykolayiv Region 8160 9976 103.8 9610.79 17.8
Sumy Region 7324 8579 104.8 8186.07 11.8
Kharkiv Region 7657 9081 104.8 8665.08 13.2
Kherson Region 7058 8187 103.3 7925.46 12.3
Chernihiv Region 6995 8206 104.3 7867.69 12.5

Source: compiled according to data (State Statistics Service of Ukraine, 2020)
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Figure 3. The ratio of average wages in the studied regions with the average wage in Ukraine in 2018-2019
Source: compiled according to data (State Statistics Service of Ukraine, 2020)

The highest is the ratio of average wages in the
region with the average wage in Ukraine in Dniprope-
trovsk region, the lowest - in Kherson and Chernihiv
regions. Moreover, during 2018-2019, this indicator in
some regions had a positive trend, and in others - neg-
ative. So, the lag of a salary in the Mykolaiv region in
comparison with a salary in economy of Ukraine con-
siderably decreased and increased - in the Lviv and
Kherson regions. The next indicator for assessing wage
policy is the share of workers who receive wages below
the subsistence level in the total number of workers in
the region. According to the Ministry of Social Policy of
Ukraine, the amount of the actual subsistence level for
able-bodied persons, considering the amount of man-
datory payments as of the end of 2018 in Ukraine was
3884.9 UAH (The actual subsistence level..., 2020). Ac-
cording to the State Statistics Service of Ukraine (2020)
in 2018 in terms of surveyed regions in 2018 the average
per capita equivalent total income below the actual
subsistence level received: 26.3% of the population of
Vinnytsiaregion,18.8% — Dnipropetrovsk,23.3% — lvano-
Frankivsk, 27.3% — Luhansk, 17.5% — Lviv, 31.9% — Myko-
layivska, 37.5% — Sumy, 32.1% — Kharkiv,42.5% — Kher-
son, 21% — Chernihiv regions. According to the data, the
worst situationisinthe Khersonregion.The lowestis the
share of the population with an average per capita equiv-
alent total income below the actual subsistence level in
Lviv region, which may indicate a slight differentiation
of household income.

The next indicator of the assessment of collective
bargaining regulation is the share of workers in the region
who received wages below the poverty line. According to

World Bank experts, the absolute poverty line for Central
and Eastern Europe is 4.3 US dollars per day,i.e. 130 dollars.
US per month. The hryvnia equivalent (at the NBU ex-
change rate) of the absolute poverty line in Ukraine at
the end of 2018 was 3,599.48 UAH, and at the end of
2019 - UAH 3,079.21. According to the State Statistics
Service of Ukraine, in 2018 part of the population received
an average per capita equivalent total income less than
the statutory subsistence level (UAH 1,853): 0.4% of the
population of Vinnytsia region, 2.6% — Dnipropetrovsk,
0.1% - lvano-Frankivsk, 1.5% — Luhansk, 0.5% — Lviy,
0.6% — Mykolaiv, 0.8% — Sumy, 0.4% — Kharkiv, 2.6% —
Kherson, 1.3% — Chernihiv region. Since the statutory
subsistence level is less than the hryvnia equivalent of
the absolute poverty line, it can be concluded that some
workers in the surveyed regions received wages below
the poverty line. The presence of workers with incomes
below the subsistence level and the absolute poverty
line negatively characterizes wage policy, as a significant
part of the population lacks the means to reproduce their
workforce, professional, personal and cultural development.
Regarding the share of basic wages in wages (Ta-
ble 6), in all surveyed regions in 2019 this figure was
low - less than 60%. This indicator was the highest in
Kharkiv region, the lowest — in Dnipropetrovsk and Iva-
no-Frankivsk regions. Conditioned upon the fact that the
basic salary is a constant component of income, the struc-
ture of wages does not contribute to meeting the needs
of workers in protection and stability, which belong to the
basic needs. Thus, the share of basic wages negatively
characterises the wage policy of the studied regions.
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Table 6. The share of basic wages in wages in the studied regions in 2019

Region The share of basic wages in wages, %
Vinnytsya Region 57.3
Dnipropetrovsk Region 55.5
Ivano-Frankivsk Region 55.7
Luhansk Region 56.1
Lviv Region 58.9
Mykolayiv Region 56.0
Sumy Region 57.2
Kharkiv Region 59.1
Kherson Region 57.3
Chernihiv Region 59.5

Source: compiled according to data (State Statistics Service of Ukraine, 2020)

One of the main indicators is wage arrears. The
dynamics of this indicator in the studied regions in
2011-2020 is shown in Figure 4. Wage arrears occur in

all regions studied, and in some of them it has tended
to increase in recent years. This primarily applies to
Luhansk, Kharkiv, Dnipropetrovsk and Sumy regions.

600.0
500.0
400.0
300.0
200.0
100.0 —
0.0 -
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
— Vinnytsia Dnipropetrovsk Ivano-Frankivsk ~—— Luhansk
Lviv Mykolaiv —— Sumy —— Kharkiv
—— Kherson —— Chernihiv

Figure 4. Dynamics of arrears of wages in the studied regions on 01.01 of the corresponding year
in 2011-2020, UAH million
Source: compiled according to data (State Statistics Service of Ukraine, 2020)

The presence of arrears of wages negatively char-
acterizes the level of development of collective bargain-
ing regulation of wages in the studied regions, as it does
not allow employees to meet a variety of basic needs.
Thus, the indicators that characterise the level and dy-
namics of wages in the studied regions, debt and wage
structure negatively characterise the level of development
of collective bargaining. Low wages negatively affect
the motivation of employees, causes loss of interest in
professional activities as a way of earning income, pro-
vokes illegal employment. This leads to the outflow of
human capital abroad.

An important indicator of assessing the level of

Scientific Horizons, 2022, Vol. 25, No. 1

development of collective bargaining is the ratio of wom-
en’s wages to men’s wages, as ensuring gender equality
and non-discrimination is one of the priorities of so-
cio-economic development of the state and regions. As
evidenced by the data of Figure 5, the highest rate was in
Kherson and Lviv oblasts (91 and 86.1%, respectively):
in the regions with the lowest wages among men. The
lowest ratio is in Dnipropetrovsk and Mykolaiv oblasts
(71.4 and 74.7%, respectively): in the regions with the
highest wages. The presence of significant gender gaps
in workers’ incomes negatively characterizes wage policy
in terms of creating equal conditions and opportunities
and does not meet the basic principles of decent work.
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Figure 5. The ratio of women's wages to men's wages in the studied regions of Ukraine in the second quarter of 2020
Source: compiled according to data (State Statistics Service of Ukraine, 2020)

Analysis of a complex indicator of the level of development
of collective bargaining regulation

The initial information for calculating the complex indi-
cator of the level of development of collective bargaining
regulation of wages is given in Table 7.

The calculation of the complex indicator of the level
of development of collective bargaining regulation of
wages in the studied regions is given in Table 8. Cluster-
ing of regions according to the level of development of
collective bargaining regulation of wages is shown in Fig. 6.

Table 7. Initial information for calculating a comprehensive indicator of the level
of development of collective bargaining

Indicator Standard X X .
1 Yes - -
2 Yes - -
3 Yes - -
4 > max 42 16
5 > max (=1) 3.33 0.67
6 -> max (100) 71 29
7 > max (=110) 115 110
8 Yes - -
9 Yes - -
10 Yes - -
11 -> max (100) 83.1 66.7
12 -> max (>110) 17.8 11.2
13 > max (21) 1.02 0.78
14 - min (0) 42.5 17.5
15 -> min (0) 2.6 +0.1
16 > max (>60) 59.5 55.5
17 - min (0) 10 million EUR 10 million EUR
18 -> max (100) 91 71.4

Source: compiled by the author
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Table 8. Calculation of a comprehensive indicator of the level of development
of collective bargaining regulation of wages in the studied regions

Single index
8 8
c =) (=] c c c H
'g, & & .% = .g 5 _g g‘ .%
) S X x g o ] & g @ -2
Indicator x 2 S o o e« 5 & &
5 ] = ~ o 2 -3 > c 2
0 =] c ] (] > z o K=
S g s g 2 S E = z =
c =3 fre > = S © 7] =
c ° ' -§ - > (7] < < [
s s 2 2 = X ¥ S
c (4]
a 2
1 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000  1.0000
2 00000 00000 00000 00000 00000 00000 0.0000 00000 0.0000  0.0000
3 00000 00000 00000 0.0000 00000 00000 00000 00000 00000  0.0000
4 1.0000 08462 07308 05385 00769 03846 03077 00000 04231  0.4615
5 02744 03684 05714 1.0000 0.1466 00977 00000 01241 00752  0.0263
6 05000 0.8810 1.0000 05000 05000 09524  1.0000 06429 05476  0.0000
7 00000 00000 00000 00000 00000 00000 1.0000 00000  0.0000  0.0000
8 00000 00000 1.0000 0.0000 00000 00000 0.0000 00000 1.0000  1.0000
9 00000 00000 00000 0.0000 00000 00000 00000 00000 0.0000  0.0000
10 00000 00000 1.0000 0.0000 00000 1.0000 00000 00000 00000  0.0000
11 05061  0.6951 09207 09268 00000 06341 1.0000 09695 05854  0.7439
12 07879 08788 00758 03788 00000 1.0000 00909 03030 0.1667 0.1970
13 04583  1.0000 02500 02083 04167 07083  0.1667 03750  0.0000  0.0000
14 06480 09480 07680 0.6080 1.0000 04240 02000 04160  0.0000  0.8600
15 0.8800  0.0000 1.0000 0.4400 0.8400 0.8000 07200 0.8800  0.0000  0.5200
16 04500  0.0000 00500 0.1500 0.8500 0.1250 04250 09000 04500  1.0000
17 09970 02623 09475 00000 07368 09419 03139 02349 09760  1.0000
18 03163 00000 05051 06071 07500 00000 04745 05816 1.0000 0.5867
C"’:."f;;’;igf"’e 0.4343  0.3822 0.5455 0.3532 0.3509 0.4482 03722 0.3571  0.3458  0.4109

Source: compiled by the author
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Figure 6. Clustering of regions according to the level of development of collective bargaining regulation
Note: 1 - Kherson, 2 - Lviv, 3 - Luhansk, 4 - Kharkiv, 5 — Sumy, 6 - Dnipropetrovsk, 7 — Chernihiv, 8 - Vinnytsia,
9 - Mykolaiv, 10 - Ivano-Frankivsk
Source: compiled by the author
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The results of the assessment of the level of de-
velopment of collective bargaining regulation of wages
showed that none of the surveyed regions fell into the
cluster of regions with high and above average levels.
Ivano-Frankivsk, Mykolaiv,Vinnytsia and Chernihiv regions
were included in the cluster with an average level. The
rest of the studied regions were in the cluster below
average.The situation in the Kherson region is the least
favourable in terms of the level of development of col-
lective bargaining.

Among the oblasts that received the highest
indicators of the level of development of collective bar-
gaining regulation are representatives of different regions
of Ukraine: Ivano-Frankivsk belongs to the western region,
Mykolaiv - to the south, Vinnytsia - to the central and
Chernihiv - to the north. This indicates that in Ukraine
there are no clearly defined regions (Western, Eastern,
Central, Southern or Northern) with the most favourable
wage conditions and a high level of development of social
partnership in terms of their regulation.

Interestingly, none of the studied regions from
the eastern region was included in the oblasts that re-
ceived the highest indicators of the level of development
of collective bargaining regulation. Although tradition-
ally for a long period of time in the eastern region of
Ukraine the highest indicators of wages were observed.
Such results are primarily related to the unsatisfactory
political situation in the region, the occupation of some
territories and hostilities in some parts of the eastern
region, which negatively affected the socio-economic
development of these regions.

Other Ukrainian scientists have reached similar
conclusions. Studying depressed labour markets, V.Ya.Brych
& O.V.Borysiak (2016) included the labour market of the
eastern region of Ukraine as a result of hostilities and
the emergence of internally displaced persons, which
led to lower employment and incomes. The authors of
another study (Burda & Chebotaryova, 2021) also singled
out military action and occupation of some territories as
the main adverse factor in the socio-economic develop-
ment of the Donetsk economic region, which led to a
decrease in the economically active population.

Each of the studied regions received at least one
indicator of a single index at the level of the maximum
value (1.0000). Most regions have maximum values of
individual indices for 2-3 indicators. This indicates that
each of the surveyed regions has its own best practices for
the development and implementation of wage policies
based on social partnership, which can be disseminated
in other regions. In addition, all regions received zero
values of single indices on at least three indicators, which
indicates the presence of bottlenecks in wage policy.
Police makers and social partners (local governments,
employers’ organisations, trade unions) should focus pri-
marily on the indicators with the lowest, including zero
values of unit indices.
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The results of the evaluation allow drawing an
important conclusion that despite the unity of the legal
space, which determines the movement in one direction,
common traditions and forms of negotiations in different
regions of the country, different priorities and tasks in
regulating wages. The only feature for all agreements
at the regional level is the inclusion of commitments of
the social partners on wage growth rates and ignoring the
requirement to publish the results of the analysis of the
implementation of agreements (as a rule, performance
is not evaluated by the negotiators). To some extent, this
is the result of socio-economic policies pursued by the
relevant regional administrations and a reflection of
the general economic crisis in the country. At the same
time, the data show the inability of the majority of social
partners to expand the range of problems and update it
in line with the challenges of the new socio-economic
reality, in particular the sustainable development goals
(overcoming poverty, promoting decent work).

The results of the evaluation showed a decrease
in the activity of the social partners in the negotiation
process, which correlates with the European trend. A
study (Mailand & Due, 2004) of social dialogue in Poland,
the Czech Republic, and Hungary found that social di-
alogue in these countries did not meet the minimum
efficiency criteria and could not counteract the signif-
icant decline in real wages. The results of the analysis
of the role of trade unions in social dialogue indicate
a decrease in the coverage of employees by collective
agreements and a weakening of trade unions in most
EU countries, including Eastern Europe and Greece (Kjell-
berg, 2021). The results of the study of social and labour
relations of Ukrainian researchers (Kolot & Pavlovskaya,
2013; Lanchenko, 2018; Motsna, 2019) also indicate the
ineffectiveness of collective bargaining and social part-
nership, including in the regulation of wages.

Thus, the typical challenges facing the vast ma-
jority of European countries are relevant for Ukraine:
unwillingness of the social partners to interact in a de-
centralised collective bargaining, low motivation to ex-
pand the areas of responsibility of partners (inclusion
of important tasks for the region), lack of awareness of
regional social partners (on regional levels) on world
practices. The specific feature of the Ukrainian regional
segment of collective bargaining is low opportunities
(resources) and awareness of the use of digital platforms
in current activities and the traditional focus on the na-
tional level of negotiations, and “‘removal” from respon-
sibility.

Recommendations for the development of social dialogue
and social partnership

Collective bargaining remains a powerful tool for the
region’s development, as only the ability of the social
partners to find a compromise solution can alleviate
economic and social unrest. First of all, the effective
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use of this tool to regulate social and labor relations is
associated with rethinking the goals of collective bar-
gaining in accordance with the challenges of the new
volatile economy with the development of a relevant
legislative field that would expand the rights and ob-
ligations of social partners, including at the regional
level. In particular, in Ukraine it is extremely important
that the agreement becomes a real normative act, non-
compliance with the provisions of which leads to legal
consequences. The recommendations are common to all
countries:

o development of the content of collective agreements
on the principle of “responsibility to stakeholders” (the
content of the collective agreement at the regional level
should consider trends and characteristics of the region,
so include provisions to address pressing issues; at the
same time, the setting of tasks should be carried out on
the basis of project management, so the establishment
of regional standards in wages implies their realism and
validity);

e harmonisation of priorities of goals and objectives
and their actualization in accordance with forecast cal-
culations, trends in the socio-economic environment
(social and economic tasks should be balanced and co-
ordinated; priority should be social tasks that affect the
economic development of the region, in particular, it
may be justification of the minimum wage, the actual-
isation of tasks includes the inclusion of provisions for
the elimination of socio-economic inequality, for exam-
ple, the elimination of gender discrimination in wages,
ensuring an independent audit of the effectiveness of
agreements);

e ensuring transparency and inclusiveness of the
negotiation process (the agreement should be a compre-
hensive document, so the provisions on wages should
be correlated with others and be as transparent as possible;
all market actors should be involved in the negotiation
process, including NGOs and the scientific community,
expand social consolidation dialogue and social respon-
sibility).

CONCLUSIONS

From now on, collective bargaining has become almost
the only tool that allows us to respond flexibly and
quickly to changes in the socio-economic environment.
At the same time, the collective bargaining itself should

change the format and expand the circle of social part-
ners, involving other stakeholders — market players. Such
transformations will allow updating the content of the
agreements, updating them in accordance with the stra-
tegic goals of the region, which is in the outline of sus-
tainable development goals.

The results of the study of the level of development
of collective bargaining regulated wages and identified
best practices that can be implemented by police mak-
ers and social partners (local governments, employers’
organisations, trade unions) at the regional level, at the
level of local communities. Among the bottlenecks that
negatively characterise the level of social partnership
development and regional wage policy are low wages,
unsatisfactory structure of labor incomes, including low
share of basic wages, the presence of arrears of wages.
This has a negative impact on employee satisfaction with
wages, interest in professional implementation, and as
a consequence on work results. The presence of significant
gender pay gaps does not contribute to equal conditions
and opportunities, and causes a sense of injustice.

Among the positive practices that should be con-
sidered by police makers and social partners, we highlight
the practice of developing regional development pro-
grammes and determining the growth rate of average
wages in enterprises in the region. Progressive practices
of collective bargaining regulate wages include regula-
tions on the tariff rate of the 1t category worker, the share
of basic wages in the wage fund, employee participation
in the formation, use and distribution of enterprise profits,
gender equality in wages.

Summing up, we add that the proposed method
considers the specific phenomena that exist in the social
and labour sphere in Ukraine. As it covers the basic and
partial components of the evaluation, it can be adapted
to the conditions of other countries. In particular, the ba-
sic components (indicators) are common and are found
in countries where territorial agreements are a practice
of social dialogue. However, one of the indicators (the
ratio of the wage rate of the 1%t category worker and
the minimum wage or subsistence level) and the partial
components to be taken into account in other countries
must be calibrated according to the standards and laws
and practices of that country. However, the vast majority
of indicators can be useful for assessing the effectiveness
of collective bargaining in other countries.
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KoneKTUBHI NneperoBopu Ta peryioBaHHS OMNJIaTU Ha perioHasibHOMY piBHi: oUiHKa
Ta NepcneKkTMBMU (Ha NpuUKnaai YKpaiHu)

CeitnaHa OnekciiBHa Uumbaniok, OkcaHa MukonaisHa Monnaecbka, Hatania CranicnasisHa JaHunesuy

KWiBCbKMIM HaLiOHANbHNIM EKOHOMIYHWUI YHiBEpCUTET iMeHi Bagmma [eTbMaHa
03057, npocn. Nepemoru, 54/1, m. Kuis, YkpaiHa

AxorTauig. B yMoBax nOCTiMHMX BUKAMKIB i 3arpo3 y peanisaLlii rpomMagsHamMun CBOro NpaBa Ha NPaLo KONEKTUBHO-A0r0BipHe
perynoBaHHS CTAa€ YN He EANHUM ePEKTUBHUM iHCTPYMEHTOM, IKMIA LO3BOJISIE Y3roAMTHM iHTEPECHU Pi3HUX CYOEKTIB i
KOHCONIAYBaTH iX CNifibHi 3ycnnng. MeTor AOCNIIKEHHS € MOPIBHANBHUIA aHANI3 PiBHS PO3BUTKY KONEKTUBHO-A0MOBIPHOIO
peryntoBaHH: onnaTu npaui y pisHUX perioHax YKpaiHW Ta BU3HAYEHHS BUKIWKIB i MepCcrnekTUB po3BUTKY LbOro
IHCTUTYTY. ABTOpPM 3aNpONOHYBanu MeTOAMKY, SKa LO3BONSE KiNbKiCHO Ta SKiCHO OLHUTU KONEKTUBHO-OOrOBipHE
peryntoBaHH: OnaaTh NpaLi Ha OCHOBI HU3KM IHAMKATOPIB Ta 34IMCHUTU NOPIBHANbHWIA aHANI3 PiBHA MOro po3BUTKY
y pi3HuX perioHax. [lpoBeaeHe OLiHIOBAHHA NiATBEPAMNO FiNOTe3y NPO HM3bKY aKTUBHICTb COLiaNbHUX NApPTHEPIB i
HeCnpoMOXHICTb MOBIIbHO AiSITU B yMOBaX HOBOI COLLia/IbHO-EKOHOMIYHOI eKOCUCTEMU. Pe3ynbTaTi MOKa3asiv HEPO3BUHEHICTb
perynoBaHHA ONNaTH NpaLi LWASXOM KONEKTUBHUX NEPEroBOpiB Y BCiX perioHax, Wo NoOCUANI0 HeAOBIpY A0 iIHCTUTYTY
COLiaNbHOro NApTHEPCTBA Ta CBiAYMIO NPO HE3AATHICTb NAapTHEpPIB CTBOPUTU YMOBM A4 FiAHOI npaui. BuokpemneHo
NOKa3HUKM eDEKTUBHOCTI KONIEKTUBHWUX NEPErOBOPIB i Yrof, XapakTepHUX AN KPaiH 3 nepexifAHOo ekoHOMIKo (YKpaiHa),
a TaKOX NepLUONPUYMHMN HU3bKOI IKOCTI COLiaNibHOMO Aianory Ha perioHanbHOMYy piBHi. BUKAKMKK, NpUTaMaHHi He nuwe
YKpaiHi,a 11 6inblwOCTi EBPONENCbKUX KpaiH, LO3BOMMUAM aBTOPAM BU3HAUUTH HAMPSIMU BLOCKOHANEHHS KONEKTUBHUX
neperoBopiB, ki NepeabdayaloTb PO3LWMPEHHS KOMa COLLianbHMX NApTHEPIB, afanTaLito 3MiCTy Yyrog A0 cTpaTerivyHmx
Linen perioHy Ta Moro ctanoro po3suTKy. BuseneHi 3aranbHi TpeHAM, LLO 3yMOBIEHI BUKIMKAMU LMD POBOi EKOHOMIKM Ta
HOBOT EKOHOMIYHOT EKOCUCTEMM, aKTyanizyBanu notpeby nepeoCcMmUCIEHHS PONi Ta 3MiCTy KONIEKTUBHUX NEPEroBopiB.
[MpaKTUYHA LiHHICTb LOCNIAXKEHHS NONSATAE B MOX/IMBOCTI 3aCTOCYBaHHSA PO3p00IEHOI METOAMKM COLLialbHUMM NapTHEPAMMU,
MiCLLeBMMM aAMiHICTpaLISIMUK, TEPUTOPiaNbHUMM rPOMaZaMu 1S OLiHKM COLianbHOMO Aianory Ha perioHanbHOMY piBHi,
BMBYEHHS Ta AnCEMiHaLIT KpaLmX NpakTMK dOpMyBaHHS MONITUKM ONAATM NpaLi HAa OCHOBI COLLiaIbHOro MApTHEPCTBA

KntouoBi cnoBa: KONeKTMBHO-AOrOBipHE perynoBaHHS, onaaTta npawi, CouianbHMI Aianor, rigHa npaus, OLiHIOBaHHS,
perioHanbHi yrogu

Scientific Horizons, 2022, Vol. 25, No. 1

95



SCIENTIFIC HORIZONS pgpm=

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 25(1), 96-103

UDC 657
DOI: 10.48077/scihor.25(1).2022.96-103

Comparative Analysis of Ukrainian and European Accounting Standards

Mykhailo Kuzub’, Oleksandr Zadniprovskyi, Olha Romashko,
Olena Avhustova, Iryna Shushakova

State University of Trade and Economics
02156, 19 Kioto Str., Kyiv, Ukraine

Article’s History: Abstract. The relevance of the study is substantiated by the need to study the
Received: 01.03.2022 peculiarities of the implementation of accounting standards in Ukraine. This
Revised: 02.04.2022 research is focused on the comparison of Ukrainian, American and European
Accepted: 03.05.2022 accounting standards in a number of key elements. The research aims to study

problems, perspectives and factors that influence the implementation of
Suggested Citation: international financial accounting standards, conduct analysis and make

Kuzub, M., Zadniprovskyi, O.,Romashko, recommendations.The comparison method is the main method for investigating
0., Avhustova, O., Shushakova, I. (2022). this problem, which allowed comparing National Accounting Standards,
Comparative analysis of Ukrainian and International Accounting Standards and the American system of accounting
European accounting standards. Scientific  United States Generally Accepted Accounting Principles. The design of this
Horizons, 25(1), 96-103. research is observational and theoretical in structure,which is a prerequisite
for detailed study of the theoretical grounds of international and Ukrainian
accounting standards, their analysis and comparison. For the processing
of information obtained through the method of comparison, the following
methods of scientific knowledge were used: the method of analysis, method
of synthesis, deduction and induction, the method of classification, as well
as the method of analysis of scientific sources, studies, regulations and
laws. The article presents the results of comparative analysis of Ukrainian,
American and European accounting standards in a number of key elements
with the aim of studying the problems, perspectives and factors that influence
the implementation of International Financial Reporting Standards. The study
includes recommendations for the direction of development and expansion
of the National Accounting Standards. Materials of the article are of practical
value for accountants, lecturers and students of the specialty “Accounting
and Audit”, public servants

Keywords: stocks evaluation, regulation of agricultural business transformation
accounting, regulations, international accounting standards, accounting
standards comparison

@ @ Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



INTRODUCTION

Globalisation has contributed to increased economic
changes and the internationalisation of companies and
markets, which has enhanced the demand for harmon-
isation of accounting standards. The adoption of Inter-
national Financial Reporting Standards (IFRS) (2013)
around the world is a reflection of the move towards
global accounting standards (International Accounting
Standards - IAS (2020)), which are vitally important
trends indicating an increase in the sophistication of
the accounting system. Standardisation is a requirement
that establishes a set of strict rules that are the same
in different economies, whether they are related or not
(Gruda, 2016; Garzella et al., 2020). Historically, finan-
cial accounting standards have been developed inde-
pendently by each country. Sometimes standards are set
by governments and in some cases even by accounting
specialists or independent accounting committees (Jakupi
& Statovci, 2017). Over the past two decades, the account-
ing literature has increasingly focused on the value rel-
evance of accounting information. Since the announce-
ment of the implementation of IFRS (2013), there has
been an increase in the literature that binds the value
relevance of accounting information with the implemen-
tation of IFRS (2013) (Bhatia & Mulenga, 2019). Account-
ing practitioners in the public sector should be aware of
the importance of reviewing the specific contexts of the
developing countries, including the government struc-
ture, communication channels, informal networks and
communication flows, before the reforms are rolled out.
When these contextual elements are not emphasised,
reforms tend to be delayed and encounter difficulties
(Ashraf et al., 2019; Adhikari et al., 2021).

Accounting theory has logically explained and
reinforced each accounting practice, which obtains sys-
tematic principles and methodologies other than addi-
tions to accounting and also guides the formulation of
new practices and methods. Accounting is considered
a digital language and periodic disclosure of financial
information minimises its asymmetry. Even if such in-
formation is good or bad for the company’s reputation,
uneven, biased, flexible and incomplete, it is still con-
sidered valuable for its users. The literature documents
numerous advantages of high-quality accounting infor-
mation, ability to explain different aspects of business,
impact on cost changes, increased comparability and
transparency, enhanced reliability and relevance of value,
improved and reliable information on profits, a significant
reduction in management level, with revenue smooth-
ing, reduced audit fees and tax burden, as well as asym-
metric tax information (Deb, 2019; Okanova et al., 2021;
Polo-Garrido & Melia-Marti, 2021). Public administration
and accounting systems have changed dramatically over
the past decades. In line with the paradigm of new public
management and economic rationality, financial informa-
tion systems have been upgraded to improve accountability
and transparency. Innovative efforts in accounting are
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related to the implementation of cash-based accounting
in the public sector.

An accrual-based accounting method is expected
to improve the transparency of financial information and
intergenerational fairness as well as cost-efficiency. In-
creased transparency, in turn, leads to reduced corruption
and opportunistic behaviour of politicians.Although more
and more countries in Europe and around the world are
implementing accrual-accounting or at least a modified
accrual-accounting at the administrative level and re-
cent research shows that accrual-accounting is expected
to grow even faster, some European countries are still
using cash-based accounting or at least modified cash-
based accounting, and national accounting practices and
standards still vary across countries (Frintrup et al., 2020).
The recent move towards standards for fair value measure-
ment beyond financial assets and obligations calls for
more empirical evidence of fair value assessment, par-
ticularly of intangible assets. Not subjected to the mon-
itoring fair value estimates are linked to the underlying
economics but are also distanced from true values due
to the presence of incentives for management account-
ability (Zhang & Zhang, 2017). In accordance with the
Accounting Standards for Enterprises - Basic Standards.
These Standards have been developed to regulate the
recognition and assessment of the accounting elements,
as well as the financial reporting presentation, which is
controlled by the initial implementation of the Accounting
Standards for Enterprises (Riccardi, 2016; Ilchuk et al., 2019).

Thus, this study is aimed at comparing Ukrainian,
American and European accounting standards in several
key elements to identify problems, prospects and factors
that affect the implementation of International Financial
Reporting Standards.

MATERIALS AND METHODS

The design of this study has a review-theoretical structure,
which is a prerequisite for a detailed study of the chosen
theoretical foundament of international and Ukrainian
accounting standards, their analysis and comparison.The
method of comparison was the main method for research-
ing the specifics of the implementation of accounting
standards. This method was used to compare the National
Accounting Standards (NAS) (2020) with the International
Accounting Standards (2020) according to the following
items: the scope of application; the composition of the
assets defined by the standards as stocks; evaluation of
stocks upon receipt; evaluation of stocks on disposal;
valuation of stocks at the balance sheet date; allowable
disclosure information about stocks in the notes to the
financial statements (Accounting Research Bulletin...,1953;
1955).

The differences in valuation of stocks in the finan-
cial reports between the National Accounting Standards
(2020), International Accounting Standards (2020) and an
American Accounting Standard - United States Generally
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Accepted Accounting Principles (US GAAP) (2021) were
also compared. The comparison was carried out based
on the following characteristics: identification; expenses
included in the prime cost; evaluation; methods of ac-
counting of stocks loss; comparison of legislation regu-
lating the transformation of agricultural activities were
carried out through such indicators: capacity to change;
management of changes.To process the obtained infor-
mation through the method of comparing the different
methods of scientific knowledge were used, including
method of analysis, method of synthesis, deduction and
induction, method of classification,as well as the method
of analysis of scientific sources, studies, regulations and
laws. Through a detailed analysis of the information
obtained by means of comparisons, several key princi-
ples were formulated that distinguish international and
Ukrainian accounting standards This helped to deepen
the understanding of legal, economic, cultural, ethno-
graphic, territorial, etc. differences between Ukraine on
the one side and the United States of America (USA) and
European countries at the other.

Synthesis of this information helped to understand
the greater tendency of National Accounting Standards
(2020) to the International Accounting Standards (2020)
than to the American system of US GAAP (2021), which
led to the recommendation that in order to better un-
derstand the accounting information under IAS (2020) to
add additional lines on the nature, liquidity, materiality
of assets and their functions within the company, the
amounts, nature, terms and conditions of repayment of

obligations, as well as the uniform assessment of assets
and obligations. The conclusions that were made were
based on the provisions of the accounting standards, the
deduction method was applied. The deduction method
was used in this work with the aim to justify the assumption
that the necessity of production expenses accounting
becomes especially urgent in recent years, biological
conversion and calculation of the prime cost of animal
products following International Financial Reporting
Standards (2013) and management system. The method
of classification plays an important role in this study, as
all the tables presented were created using this method.
The classification method was applied to divide the
principles and characteristics of the reviewed account-
ing standards according to the categories. In the course
of this study, an analysis of legal documents, standards
and regulations, scientific research on accounting stan-
dards and the implementation of these standards was
also carried out.

RESULTS AND DISCUSSION

The main prerequisite for the performance of business
activities of the majority of enterprises is sufficient vol-
ume and effective use of production stocks. Among the
objects of accounting in the enterprise, stocks take a
significant place, because the speed of turnover of invested
capital and profit of the enterprise depend on their efficient
use. Table 1 provides a comparison of the definition of
“Stocks” according to the National Accounting Standards
(2020) and the International Accounting Standards (2020).

Table 1. Characteristics of NAS 9 “Stocks” and IAS 2 “Stocks”

NAS 9 “Stocks”

1AS 2 “Stocks”

Scope of application

The norms of this standard do not apply to the following
categories: unfinished production; current biological assets;
financial assets

This Standard applies to all stocks, with the exception of the
following: unfinished production; financial instruments; current
biological assets, that are the result of agricultural activities and
the production of agricultural products at the point of harvesting

Assets defined by standards as stocks

— Raw, basic and auxiliary materials, components and other
inventory items intended for production, works, services,
distribution, transfer, production, its maintenance
and administrative purposes;

— Finished goods;

— Low-value and perishable items;

— Goods

— Goods retained for sale in the course of the business;
— Manufactured for sale;
— Main or supplementary materials for use in the production
process or in the delivery of services

Evaluation of stocks upon arrival

In accordance with the prime cost

In accordance with the prime cost or net realisable value (the
lower of the two)

Evaluation of stocks during the loss period

— The method of identifying the prime cost of a particular
stock unit;
— Evaluation of the average prime cost;
— For the prime cost of first arrived goods (FIFO);
— Standard costs;
— Sale price

— Standard expenses method;
— Retail price method

Scientific Horizons, 2022, Vol. 25, No. 1
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Continued, Table 1

NAS 9 “Stocks”

IAS 2 “Stocks”

Evaluation of stocks upon balance sheet date

Stocks are recorded in the accounting and reporting at the lower
out of two estimates: primary cost or net realisable value in the

accounting and reporting system

Stocks are recorded in the accounts and reported at the net
realisable value

Permissible information for disclosure of stocks in the notes to the financial statements

Balance value of stocks transferred for processing, to the
commission or to the outpost

The amount of any reversal of any partial disposal accepted as a
decrease in the amount of stock, considered as the expenses of

the period

Note: FIFO - “first-in-first-out”

Sources: What is the procedure for recognizing inventories as assets? Which accounting accounts reflect recognized

inventories? (2003)

In the USA stocks accounting is carried out through
US GAAP (2021) and is regulated by Accounting Research
Bulletin No. 43 “Restatement and revision of Accounting
research bulletins” (ARB No.43) (1953), chapter 4 “Stocks
Assessment”,which describes the general principles used
in assessing these stocks. Statement of Financial Account-
ing Standarts No. 151 “Inventory Costs an amendment of
ARB No.43, Charpet 47 (2004), is now used for the stocks
accounting. Compared to IFRS (2013), US GAAP (2021)
is clearer and more ambiguous. In addition, accounting

terminology varies considerably. For example, in the British
version, it is “stocks”, while in the American version it is
“inventories”. Revealing the real financial state of the
company depends on a reliable and correct evaluation.
Table 2 shows certain differences in the evaluation of
stocks in accordance with the requirements of generally
accepted accounting principles of the USA (US GAAP (2021)),
International Standards of Financial Reporting (2013) and
NAS (2020).

Table 2. Characteristics of NAS 9 “Stocks” and IAS 2 “Stocks”

No. Indicator NAS IFRS US GAAP
Stocks are assets held by an Stogks are assets held for
ST realisation in the normal course
enterprise/institution for the . .
of business Stocks are held in the .
purpose of further sale, and held - Stocks are used for sale during
.. . . production process for such sale . .
1 Definition for use in the production of goods, . . one typical business cycle or one
L . or are available in the form of .
work and the provision of services, . - - production cycle
main or auxiliary materials for use
as well as the management of the . .
L in the production process or the
enterprise/institution L .
provision of services
The amount to be paid by TheA price paid to suppliers, import
: duties and other taxes (other than
the purchaser to the supplier .
- those refundable), transportation
according to the contract (after . .
R costs, loading, unloading and
deducting indirect taxes), the - L
: other costs directly related to The amount of the invoice
amount of import tax, the amount : . .
. . S . the purchase of finished goods, including purchase allowances,
Costs included in  of indirect taxes imposed on the . . .
2 . L . . materials and services, expenses freight costs, the amount of
prime cost enterprise in connection with the . .
on processing (treatment), other insurance for the goods on the
procurement of non-refundable . - . . .
costs incurred during the delivery road, appropriate taxes and tariffs
stocks, transport-supply expenses . L
. of supplies and bringing them to
and other costs directly connected - . L
- o a condition suitable for obtaining
with the acquisition of stocks and .
- - economic benefits by the
their pre-sale preparation . .
economic entity
According to the identified prime
cost of the respective stock unit, At the prime cost of lower out At lower out of the two estimates:
3 Evaluation average cost, the prime cost of two estimates: initial (actual) initial (actual) price or the market
of first arrived goods (FIFO), price or market price price
standard expenses, selling price
The identified prime cost of a Using the specific identification At the prime .COSt of stock un.|t,
iven stock unit is assessed b method, the average prime cost the average prime cost, the prime
Methods of g Y ’ gep cost of first purchased CC (FIFO

4 accounting for
the loss of stocks

average prime cost, the prime
cost of first arrived goods (FIFO),
standard expenses assessment,
or selling price

method, the prime cost of first
arrived goods (FIFO), the standard
expenses method, and the retail
prices method

method), the standard prime cost,
the selling price, the prime cost
of latest purchased a CC (LIFO
method)

Note: LIFO - “last-in-first-out”; CC - Cost Centers
Source: National Regulation (Standard)... (2017); International Financial Reporting... (2021)
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Purchased stocks are accounted at their actual
value. This includes the interest of loan funds taken to
acquire stocks. More specific provisions are listed in US
GAAP (2021): the primary estimate includes the actual
costs for purchasing after deducting commercial but
taking into account also administrative and general
expenses directly related to purchasing. When account-
ing under the contract completion method, this part of
administrative and general costs is included in direct
contract costs, and if the calculation is performed under
a standard contract, it is included in indirect costs. Under
the completed-contract method, revenues are recognised
only when most of the work under the contract is com-
pleted (Accounting Research Bulletin..., 1955). US GAAP
(2021) also permits to include in the actual cost of stocks
the cost of interest incurred after recognition of the stocks,
but up to the time when the stocks have been brought
to a state of usability or disposal. According to p. 30
NAS 9 “Stocks”, the first cost of stock, which is produced
by the own efforts of the company, is composed of the
expenses of raw materials spent directly on the production
of stocks, as well as the labour costs of workers directly
involved in the production of these stocks, with appropriate
deductions on US GAAP (2021) also require consider-
ation of social policies (National Accounting Standards,
2020). However, stocks at actual cost do not allow for
inclusion in the prime cost of excess materials used, excess
expenses associated with equipment downtime, transpor-
tation, storage and preparation for transportation (Bulatov
etal., 2020).

In accordance with ARB No. 43 (1953), the allo-
cation of fixed production expenses is based on normal
operating capacities. In this case, the normal level of uti-
lization of equipment is defined as the level expected
to be achieved over a given period under normal circum-
stances, taking into account the losses in productivity
related to the planned maintenance of production ca-
pacity. Therefore, in order to easily distinguish within
the transformation process the overnormative part of
constant production costs, costs of transportation, stor-
age of inventories, equipment downtime and consumed
materials, it is better to report them in the accounting
in separate sub-accounts. To determine the amount of
constant total production costs, which are included in
the cost of stocks, it is necessary to know the actual and
normal level of production. If the actual level is lower
than the normal level, the operating expenses per unit
of stock are not increased.

US GAAP (2021) standards make it possible to
identify, evaluate and improve the areas of application
of accounting principles; reduce costs and complexity
while preserving or improving the usefulness of the in-
formation provided to users of financial reports. In addi-
tion, the evaluation of stocks under ASC 330 “Stocks” is
extremely challenging as it provides several potential
outputs. To simplify the evaluation of stocks, the United
State Financial Accounting Standards Board (FASB)

Scientific Horizons, 2022, Vol. 25, No. 1

proposes to value stocks at a lower cost: first or net
realisable value. Net realisable value is defined in the
Main Dictionary as ‘estimated sale price in the normal
course of business, except for reasonably anticipated
expenses on completion, export and transportation”,
taking into account the replacement cost of stocks and
the net realizable value of stocks less approximately
normal profit margins. This proposition more closely aligns
the measurement of stocks in US GAAP (2021) with the
measurement of stocks in International Financial Report-
ing Standards (2013). IFRS 2 “Stocks” requires invento-
ries to be valued at the lower cost, first or net realisable
value. Net realisable value is defined in IFRS 2 as “the
estimated selling price in the normal course of business
with deducting the estimated costs of completion and
the approximate costs necessary to accomplish the sale”
(International Financial Reporting..., 2013), which is sim-
ilar to the US GAAP (2021) definition. Hence, the main
differences between IFRS (2013) and US GAAP (2021)
regarding the presentation of stocks in reporting are as
follows:

1. Prime cost definition. In IFRS, the prime cost of
stocks is determined using the formula FIFO (“first-in-
first-out”) or the average cost. The LIFO method (“last-
in-first-out”) is not allowed under IFRS. In US GAAP, the
prime cost of stocks is determined using the formula of
FIFO, lower cost or LIFO.

2. Stocks evaluation. Before 2017, IFRS and US GAAP
measured the value of stocks at the balance sheet date
after their initial recognition in different ways. Under
US GAAP, stocks were valued at the balance sheet date
at the lower out of two values: prime cost or market price.
Under IFRS stocks were valued at the lower of prime cost
or net realizable value. US GAAP allows all methods, ac-
counting at sales prices less costs of realization (section 4,
p. 16, ARB No. 43 (1953)). This method can be used for
the stock accounting listed on an active market, in particu-
lar for precious metals with a fixed monetary valuation,
the cost of sales of which is not significant (section 4, p. 9,
ARB No. 43 (1953)). Another evaluation method in US
GAAP may be standard cost accounting; this method is
used in p. 21 IAS 2 (International Accounting Standards,
2020). However, it can only be used if the standard cost
approximately reflects the cost of stocks calculated by
one of the above-mentioned methods. In this case, it is
necessary to disclose the method of determining. Start-
ing from 2017, the value of stocks as of the balance sheet
date is determined as the lowest value of the prime cost
of or net realizable value of sales in both accounting
methods.

3. US GAAP is a national accounting standards that
exists in a particular country. It differs from IFRS in that
it is very detailed and has several proprietary account-
ing rules. There is a general trend for all countries to
converge US GAAP and IFRS standards.

The integration of Ukrainian agricultural produc-
ers into the world economy, participation of Ukrainian




producers in the competition on the international mar-
ket and implementation of progressive market mech-
anisms of state management have led to the reform of
the accounting system and required the improvement of
economic information as well as bringing the national
accounting and reporting system into compliance with
international standards (Trusova et al., 2021). Thus, the
adoption and implementation of National Accounting
Standard 30 “Biological Assets” (National Accounting
Standards, 2020) was a necessary regulatory and meth-
odological document for agricultural enterprises due
to the specifics of their activities. The activity of agri-
business enterprises is related to the production and
realisation of agricultural products of agriculture and
livestock, and the main part of the income is generated
from the sale of these products. Thus, the accounting
of income from the primary recognition and realisation
of biological assets requires a detailed study. Today, the
regulatory framework for agricultural activities in Ukraine
is regulated by the NAS 30 “Biological Assets” (National
Accounting Standards, 2020) and Methodical recom-
mendations on accounting of biological assets (Order of
the...,2006),and by international standards - IAS 41 “Agri-
culture” (International Accounting Standards, 2020).

In recent years,in order to provide information on
various layers of accounting, control and management
of agricultural activities, the need to bring the prime
costs of goods into line with international standards
has become particularly urgent, as well as biological
reorganization and calculation of the prime cost of ani-
mal products in accordance with International Financial
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Reporting Standards (2013) and management system.
The practical application of the provisions of IAS 41
“Agriculture” is of particular relevance for agricultural
enterprises (International Accounting Standards, 2020).
For comparison, authors should review the main criteria
of regulatory acts on agricultural business accounting:
NAS 30 “Biological assets” (National Accounting Stan-
dards, 2020), Methodological recommendations on the
accounting of biological assets (Order of the..., 2006) and
IAS 41 “Agriculture” (International Accounting Standards,
2020). The main criteria of IAS (2020) differ from criteria
NAS 30 (National Accounting Standards, 2020) and Meth-
odological recommendations on the accounting of bio-
logical assets (Order of the..., 2006). Moreover, analyzing
NAS 30 (National Accounting Standards, 2020) and IAS 41
(International Accounting Standards, 2020), authors see
different definitions of “agricultural activities”. Thus, ac-
cording to NAS 30 (National Accounting Standards, 2020),
agricultural activity is “the process of managing biolog-
ical transformations to obtain agricultural products
and/or additional biological assets”. According to IAS 41
(International Accounting Standards, 2020) agricultural
activity is “the management by the economic entities of
biological transformation and collection of the crop of
biological assets for sale or for processing into agricul-
tural products or additional biological assets”. Thus, both
Ukrainian and international legislation have inconsis-
tencies even in the term “agricultural activities” However,
it should be noted that despite the different types of ag-
ricultural activities: gardening, animal husbandry, poultry
farming and others, there are also general rules (Table 3).

Table 3. Comparison of regulations governing agricultural transformation accounting

Criterion

NAS 30 “Biological assets”

IAS 41 “Agriculture”

The capacity to change®

Reflects processes of change in biological assets
in their qualitative and quantitative characteristics

Quantitative and quantitative changes
in biological activities are characterized by growth,
degeneration, production and reproduction
processes

The management of changes in biological assets
is aimed at the production of agricultural products
and/or other biological assets

Change management™

Biological transformation is managed through
the economic entities

Note: * - live animals and plants capable of biological transformation; ** - change management differentiates agricultural

activity from other activities
Source: International Accounting Standard 2... (2012)

The main difference between IFRS (2013) and
US GAAP (2021) regarding the accounting of biological
assets in the reports is the biological assets accounting.
Biological assets (live animals and plants, excluding fruit
crops) in an enterprise may choose one of two models of
biological asset accounting: primary (historical) cost ac-
counting model; calculating the fair value model while
not including the cost of sale. If the enterprise applies
the first model in its accounting policy, it will have to
test biological assets on devaluation by analogy with
other capital assets every month. If the enterprise chooses
a different accounting model, the number of changes

in the fair value of biological assets in subsequent peri-
ods will be reported in the Profit and Loss Report for the
period to which it relates, in accordance with IAS 41 (In-
ternational Accounting Standards, 2020). US GAAP (2021)
“Agriculture” provides only one model for accounting for
biological assets: at initial recognition and as of each
reporting date, biological assets must be fairly valued
based on sell expenses, unless the fair value cannot be
estimated. All changes in fair value are recorded in the
Profit and Loss Report in the period in which they occur.
Thus, the existence of gaps in both IFRS (2013) and US
GAAP (2021) systems leads to their convergence.
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Under US GAAP (2021) items in “Balance Sheet
(Financial State Report)” Form No. 1 must be ranked by
the degree of decrease in liquidity of assets, from the
most to the least liquid. International standards, unlike
United Station standards, do not regulate the order of
liquidity but require it, items in the Balance Sheet may
be in both a decreasing and increasing order of liquidity.
According to international standards, the balance may
be both classified and unclassified, but the assets and
the obligation of repayment period less or more than
12 months must always be filed separately. International
standards define current assets and liabilities (which
differs from the definition in American standards), as well
as formulating requirements for the minimum amount
of information that is submitted directly to the Balance
Sheet. The separate filing of these items in the Balance
Sheet is due to their essence and significance for the
users. The choice of the optimal method of evaluation
of stocks by the enterprise will contribute to an increase
in total assets, attracting investments, which will result
in obtaining more profits and generally improving the
financial condition of the enterprise.

The research of specific features of the account-
ing standards implementation was aimed at analysing
the international experience of developed countries and
comparing the main accounting standards. When com-
paring the main items to be disclosed in the balance sheet
under NAS 1 (National Accounting Standards, 2020) and
the basic information to be provided in the Financial
State Report under IAS 1 (International Accounting Stan-
dards, 2020), It should be noted that there are differences
in the Ukrainian version that do not comply with the
approach to compiling financial statements under inter-
national standards. Thus, in accordance with IAS (2020)
for a better understanding of information on the results
of the analysis, additional lines can be added regarding
nature, liquidity, the essence of assets and their functions
within the company; amounts, character,terms and con-
ditions of repayment of liabilities; uniform assessment
of assets and liabilities.

CONCLUSIONS

Therefore, it can be concluded that the process of improving
the structure of the Balance Sheet (Financial State Re-
port) and updating its items in Ukraine is carried out in ac-
cordance with IAS. Ignoring US GAAP is justified, as the
USA differs greatly from Ukraine both for its economic
level of development, and geopolitical, economic and
social parameters. In the author’s opinion, the changes
in the structure of the Balance Sheet (Financial State
Report) and the financial reporting, in general, should
include the experience of the European Union, as the
European integration processes are now gaining more
and more momentum. The convergence of IAS and US
GAAP standards is a strategic issue for the future. Based
on the purpose of the study, it was found that the fun-
damental difference between the most widespread
accounting and reporting systems in the world (IFRS
and US GAAP) is that US standards are based on rules,
while European (international) standards are based on
principles. Having analysed stock accounting, it can be
concluded that US GAAP is more detailed and specific and
obtains numerous guidelines; IFRS provides a general ap-
proach, offering alternative models for the use and pre-
sentation of the value of inventories in financial reports.

In a detailed study of the topic, the authors noted
the features of the process of gradual convergence of IFRS
and US GAAP. The process of their convergence has led
to the overlapping of principles and rules for the finan-
cial reporting process, which is certainly a progressive
step on the path of development and implementation
of global world standards (US GAAP) in Ukraine. The
adoption of new high-quality accounting standards in
Ukraine appears promising. The adoption of such stan-
dards will help both align Ukrainian legislation with in-
ternational norms and facilitate financial reporting by
companies in certain sectors. For the development of a
comprehensive system of accounting standards, further
research and comparison of Ukrainian and American ex-
perience in production inventory accounting are required.
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MopiBHANBbHUM aHaNI3 YKPaiHCbKUX Ta EBPONENCbKUX CTaHAAPTIB
6yxrantepcbKoro o6niky

Muxaiino BitaniiioBuu Ky3y6, Onekcanap Fpuroposuu 3agHinpoBcbKkuii, Onbra MukonaisHa Pomatuko,
OneHa OnekcaHppiBHa ABrycToBa, IpuHa KoctaHTuHiBHa LlywakoBsa

[lep>aBHWIA TOProBeIbHO-EKOHOMIYHMIA YHIBEpCUTET
02156, Byn. KioTo, 19, M. KniB, YkpaiHa

AHoTauif. AKTYanbHiCTb AOCNIAKEHHS 3yMOBNEHA HEOOXIAHICTIO BUBYEHHS MUTAHHS 0COBIMBOCTEN 3aNpOBaAXKEHHS
CTaHaapriB byxrantepcbkoro 06niky B YkpaiHi. Lie gocnimkeHHs cnpsiMoBaHe Ha NOPIBHAHHS YKPAiHCbKMX, aMEPUKAHCBKMX i
€BPONENCbKMX CTaHAAPTIB Byxrantepcbkoro 061Ky 3a KIK0YOBUMM €IEMEHTaMM 3 METOK BUBYEHHS NpobieM, nepcnexkT1s
i YUHHMKIB, WO BNIMBAIOTb HA BNPOBAAXEHHS MiXKHAPOAHWMX CTaHAAPTIB PiHAHCOBOT 3BITHOCTI, NPOBEAEHHS aHani3y,
HafaHHS pekoMeHAaLlii. [0I0BHUM METOAOM Y AOCNIIKEHHI L€l NpobieMn € METOL, NOPIBHSHHSA, KU1 [,O3BOSIUB
npoBecTu 3icTaBneHHs HauioHanbHoro MNMonoxeHHs (Cranzapty) byxrantepcekoro O6niky, MixkHapogHoro CraHpapTty
byxrantepcbkoro O6niky Ta amepukaHcbkoi cuctemm 0bniky US GAAP. IM3aiH Lboro 4oCNigXeHHS Ma€ ornsaa0Bo-
TEOPETUYHY CTPYKTYPY, O € NEPELYMOBOI ANS AETANbHOTO BUBYEHHS 0OPaHOro TEOPETUYHOIO NiArPYHTS MidKHAPOAHMX
Ta YKpaiHCbKMX CTaHAApPTiB ByxrantepcbKoro obiky, ix aHanisy Ta nopiBHsAHHS. ns 06pobku iHdbopMmauii, oTpuMaHoi
3a LOMOMOro0 METOAY NOPIBHAHHS 6YN10 BUKOPUCTAHO Taki METOAM HAYKOBOIO Mi3HAHHA: METOL aHani3y, MeTof, CUHTE3Y,
[enykuito Ta iHAyKLito, MeToq, knacudikalii, a TakoX MeToA aHanisy HayKoBUX Jkepen, A0CiAKeHb, MOCTaHOB i 3aKOHIB.
B cTaTTi NofaHoO pe3ynbTaTM NpoOBEAEHOr0 NOPIBHANLHOIO aHaNi3y YKPaiHCbKUX, aMEPUKAHCHKUX | EBPOMENCbKUX
CTaHZapTiB Byxrantepcbkoro 06Aiky y psgi KJ4Y0oBUX €1EMEHTIB 3 METOK BUBUYEHHS NMpo6sieM, NepcnekTUB i YMHHMKIB,
SIKi BNAMBAKOTb HA BNPOBAKEHHS MDKHAPOAHUX CTaHAAPTIB GiHAHCOBOI 3BITHOCTI, HAAAHO pEKOMEHAALT LLOAO HAanpsMy
pO3BUTKY i po3LmnpeHHs HauioHanbHoro MonoxeHHs (Cranaapty) byxrantepcbkoro O6niky. MaTepianu cTaTTi CTaHOBASTL
NPAKTUYHY LLiHHICTb A9 ByXrantepis, BUKNA[AYIB | CTYAEHTIB crieuianbHocTi «OBNiK i ayanT», AepXKaBHUX CNy>XO0BLIB

KntouoBi cnoBa: ouiHKa 3anacis, peryntoBaHHs 06M1iky TpaHcdopMalLii CinbCbKOrocnoaapcbkoi AisIbHOCTi, HOPMATUBHI
aKTW, MiXKHApOAHi CTaHAApTH ByxranTepcbkoro 06AiKy, NOPiBHSHHA CTaHAAPTIB 06/iKy
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INTRODUCTION

Food security and global food system sustainability are
the main challenges of modern development on the back-
ground of climate change, natural disasters,and pandemic
crisis (Pachapur et al., 2020). Although the FAO defined
a sustainable food system in 2018 as “a food system that
delivers food security and nutrition for all in such a way
that the economic, social, and environmental bases to
generate food security and nutrition for future generations
are not compromised” (FAQ, 2018), society still lacks the
clear vision of ways, steps, and tools to guarantee the food
systems sustainability locally and globally (Loboguerrero
et al., 2020; Towards a sustainable food system, 2020;
von Braun et al., 2021; Mishenin et al., 2021). Food secu-
rity and global food system sustainability are the main
challenges of modern development on the background
of climate change, natural disasters, and pandemic cri-
sis (Pachapur et al., 2020). Although the FAO defined a
sustainable food system in 2018 as “a food system that
delivers food security and nutrition for all in such a way
that the economic, social, and environmental bases to
generate food security and nutrition for future genera-
tions are not compromised” (FAO, 2018), society still lacks
the clear vision of ways, steps, and tools to guarantee the
food systems sustainability locally and globally (Lobogu-
errero et al., 2020; Towards a sustainable food system,
2020; von Braun et al.,, 2021; Mishenin et al., 2021). Ac-
cording to FAO and World Bank estimates, about 11% of
people globally are undernourished, which renders the
achievement of “zero hunger” sustainable development
target until 2030 impossible (FAO, 2019; World Bank,
2020). Despite the sufficiency of resources available to
feed up to 10 billion people, current hunger problem exists
precisely because of unfair resources’ allocation (World
Bank,2020).Food system vulnerability also deepens due
to climate changes affecting agricultural productivity and
income of rural people. Extension of farmlands (espe-
cially in developing countries) - to meet the challenges
of productivity decrease and additional food demand
caused by population growth - jeopardises functioning
of ecosystems and exacerbates the climate problem
(Koblianska et al., 2021). In another vein, developed and
rapidly developing countries also adversely affect the
global food system sustainability due to change in diet
and consumer behaviour following unhealthy and un-
sustainable patterns (increase of meat consumption, eat-
ing out, excessive food consumption, and food wasting).
For instance, about 38% of energy consumed by global
food chain is lost with food wastes (FAO, 2017; Klymchuk
et al.,2020). Meeting the food system sustainability chal-
lenge is eminently complicated for developing countries
exporting food. Ukraine is a good case here to illustrate
the adverse effects of prominent agriculture development.
Despite the large amount of food exports feeding the
world, Ukrainians (rural habitants above all) lack basic
food in the diet: meat and dairy products, fish, vegetables,
and fruits (Mishenin et al., 2021). Number of people suf-
fering from hunger and undernourishment amounts up
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to 1.1 million (FSIN, 2020). Additionally, an environmental
price of food produced in Ukraine, measured via environ-
mental footprint,increases year byyear (Koblianska et al.,
2021; Sineviciene et al.,2021).The latter is true for other
agriculture-dependent regions in the world: land-use
change and forestry sectors, in contrast to developed
world pathway, cause a considerable increase of carbon
dioxide emissions in these countries (WRI,2021).All this
and expected resource scarcity (until 2050) will signifi-
cantly intensify competition, destructive land use practices,
and conflicts, endangering welfare of the most vulnerable,
agriculture-dependent people around the world. In view
of this, the food system sustainability transition is rather
a matter of humanity survival than debatable issue. How-
ever, society needs a constructive, multi-stakeholder, inter-
disciplinary discussion on technological, social, cultural,
economic, political, international aspects of future food
system development path.

The current vision of further food systems develop-
ment embraces transformations towards the sustainabil-
ity driven by science and innovations. In this context, not
only technological but also social, political, and institu-
tional innovations ruled by values, perceptions, and con-
ceptions of the food system sustainability come to the
fore (Koblianska et al., 2020; von Braun et al,, 2021). The
value underlying the concept of food system sustainability
also influences means of measurement and so, imple-
mentation actions that need to be harmonised (Schader
etal, 2014; Alree et al.,, 2017; Leznicki, 2021). This requires
documenting knowledge and experience from different
disciplines and intellectual traditions to reflect the chal-
lenges and critical threats to the sustainability of food
system and to define a suitable framework for research,
policy,and actions (von Braun et al., 2021; EL Bilali et al.,
2021). In view of this, a study of the complete set of in-
terpretations of food system sustainability as a concept
and its evolution is an effective way to shed light on the
opportunities, strengths, and weaknesses of ensuring the
systemic and coordinated actions towards the food sys-
tem sustainability on innovative basis. The purpose of
this article is to cover the evolution of the food system
sustainability concept and explore insights via biblio-
metric research to support further fruitful scholar and
policy discussions in this field.

LITERATURE REVIEW

The food system sustainability concept is quite broad and
covers various phenomena. To illustrate the complexity
and multifaceted nature of the concept, one should point
out, for instance, the range of topics covered by the spe-
cialissue “Towards more sustainable food systems”of the
International Journal of Environmental Research and Public
Health: 1) food security at the local level; 2) manifestation
and potential impact of food production environment
transformations; 3) food consumption environmental
impacts and specific measures to deal with; 4) ways to
support expedient food supply system transformations
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(Kusch-Brandt, 2020). Despite the growing number of
issues covered and studies on the food system sustain-
ability, the society is still far from the desired changes
(Loboguerrero et al., 2020) and scholars point the need
to explore the variety of values, perceptions, and ap-
proaches related to food systems sustainability aiming
to ensure coordinated and cooperative actions towards
further food system transformations (Alrge et al., 2017;
Loboguerrero et al., 2020; Kusch-Brandt, 2020). Within this
framework, the bibliometric studies, providing insights
on research field development and trends, are of growing
interest.

Recent studies explore scientific efforts and results
concerning the issues of sustainable consumption (Maria
Claudia et al., 2019; Nornajihah et al,, 2021), sustainable
agri-food systems (EL Bilali et al., 2021) and their mod-
elling (Monasterolo et al,, 2016), halal food system sus-
tainability (Rejeb et al,, 2021), sustainability of urban food
systems (Zhong et al., 2021) and concrete food supply
chain (Both et al., 2021), etc.

Results of bibliometric analysis of Scopus indexed
publications on sustainable consumption for 1974-2019
(2352 documents) made by N.H.Nornajihah et al. (2021)
evidence the USA dominance in the number of articles
published, the University of Gottingen (Germany) leader-
ship in scientific productivity, and the most relevance of
the Sustainability Switzerland as a publishing source in
this field. Authors also identify four clusters of sustain-
able consumption psychosocial factors: social norms,
attitude, environmental concern, and perceived value
(Nornajihah et al., 2021). Studying the food consumption
sustainability, Maria Claudia et al., (2019) found consumer
and consumption patterns to be the thematic core of
the Web of Science covered sample of publications for
1975-2018 with abstracts including “sustainable food
consumption” (103 publications) (Maria Claudia et al., 2019).

Agri-food systems are the closest to sustainability
issues strand of food systems. Utilising the data from the
Web of Science (1289 documents), H. EL Bilali et al. (2021)
analysed studies on the sustainability of agri-food systems
and their relationships to environmental, economic, so-
cial,and political aspects of sustainable development in
early January 2020. Authors noted a growing scientific
interest concerning the sustainability of agri-food systems
as confirmed by an exponential increase in the number
of publications. Scholars from developed countries are
found to be the most productive and relevant in this
field. Research results testify a lack of emphasis on the
social, economic, and political aspects of sustainable
agri-food systems development, while environmental
aspects are well explored (EL Bilali et al., 2021).

Modelling of agricultural and agri-food systems
functioning constitutes an essential aspect of the food
systems sustainability concept and studies. Monasterolo
et al. (2016), applying citation and co-citations analysis,
bibliographic coupling, and other classic bibliometric
techniques, explored records from ISI Web of Science for
1970 to 2016 on Agricultural Modelling and Agricultural
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Complex Systems Modelling topics and found the grow-
ingtrendto use a comprehensive system approach tothe
analysis of agri-food systems in the framework of classi-
cal modelling techniques. Results of research show the
need to account for the complexity of agricultural systems
when developing the conceptual and methodological
innovations aimed at changing global food policy to-
wards sustainable development and inclusive agri-food
systems (Monasterolo et al.,, 2016).

A. Rejeb et al. (2021), exploring the halal food
systems sustainability studies (74 journal articles), also
noted the growing interest in this topic for the last two
decades, but, in contrast to (EL Bilali et al., 2021), found
the primary focus on economic and social aspects of halal
food systems sustainability with a little attention paid to
environmental issues (Rejeb et al.,, 2021).

Within the corpus of urban food systems sus-
tainability research covered by the Web of Science Core
Collection (5,360 publications), Q. Zhong et al. (2021)
found the dominance of environmental issues. Scholars
noticed the growing scientific interest in this research
field fuelled by urbanisation, social, and environmental
changes, but a lack of studies concerning the urban food
system resilience, trade-offs between resilience and sus-
tainability, and comparative research. Issues of food se-
curity, food consumption, and food waste form the core
of the urban food system sustainability research area
(Zhong et al,, 2021).

As AV.R. Both et al. (2021) mention, sustainabil-
ity concern becomes a growing trend in organisations
involved in food value chains (in particular, rice value
chain) since 2016, driving research in this field (Both
etal,2021).

One should point out that within the food system
sustainability research field, studies on cellular agricul-
ture (Nyika et al., 2021), human rights and social jus-
tice (Oktaviani et al., 2021), food security and climate
change (Sweileh, 2020) are also of growing interest.

The abovementioned bibliometric studies explore
various aspects of the complex issue of food system sus-
tainability. However, there is a lack of a comprehensive
research concerning the concept and measurement of
food system sustainability. This study aims to fill this
knowledge gap and, through bibliometric analysis, to
elaborate on the contributors, evolution, modern visions,
and growing trends in studies focused on conceptualisa-
tion and measurement of sustainability of food system.

MATERIALS AND METHODS

This study utilises the Scopus collection to form the
sample of scientificrecords for bibliometricanalysis.The
Scopus provides a comprehensive database of publications
analysing citations over a longer period compared to
the ISI Web of Science Core Collection (Aria et al., 2020;
Nornajihah et al,, 2021). The search query was the fol-
lowing: TITLE (sustainab* W/3 *food* W/3 system®)) AND
(KEY (concept® OR theor® OR design®* OR method* OR
metric* OR assess® OR indicator OR measur* OR index*




OR frame* OR content); only articles, conference papers,
reviews, and book chapters included; only English-lan-
guage; all available years. The list of search results con-
tained 107 documents as of October 19,2021. The initial
screen and analysis of records were made to eliminate the
possible duplicated and inconsistent records: 1 document
was excluded due to duplication, 9 documents - due to
mismatching the request (not relevant content), 11 doc-
uments - due to absence of abstracts (2) and authors’
keywords (9). The final sample amounts to 86 documents
obtained from 52 sources for 1991-2022.

Bibliometric and network analysis is an effective
way to illustrate general trends in the research field
allowing to identify key schools of thoughts, academic
interrelationships, research productivity through per-
formance analysis, co-word analysis, bibliographic cou-
pling,and factorial analysis. The analysis of networks re-
veals the social, intellectual, and conceptual structures
of the studied field. Intellectual structures are exposed
through bibliographic coupling that is an alternative to
co-citation criterion for evaluating relationships. Cou-
pling allows visualising links between publications re-
vealing the common ideas. Conceptual structures are
explored through the mapping of research space using
co-word networks and factorial analysis. This allows to
interpret the knowledge base embodied in the analysed
collection and to explore the diverse topics within the
research field (Aria et al.,, 2020). The analysis was per-
formed with the use of R {bibliometrix} package and
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Biblioshiny App (R Core Team, 2014; Aria & Cuccurullo,
2017). Bibliometrix package is a tool to quantify the
scientometric and bibliometric indicators, to analyse
knowledge structures (intellectual, social, conceptual)
utilising R programming language. In this research {biblio-
metrix} was applied through RStudio that is user-friendly
integrated development environment (IDE) for data sci-
ence (RStudio Team, 2020). The Bibliometrix package
allows to run a Biblioshiny App - an easy-to-use web-
based extension to perform a science mapping analysis
comprising nice graphics (for example, to visualise in-
dicators of different levels via three fields plot) (Aria &
Cuccurullo, 2017).

RESULTS AND DISCUSSION

Food system sustainability research: Evolution and geographical
patterns

Table 1 summarises the main data about the bibliographic
collection, which mainly comprise journal articles (77%).
The number of authors studying the food system sustain-
ability concept and measurement amounts to 391 persons;
the average number of documents per author is 0.22.
Multi-authored publications predominate with an aver-
age size of research group of about five persons. How-
ever, the share of single-authored publications is also
significant and amounts to 9%, that is every 11" publi-
cation in this collection is single-authored. The average
time from publication to citation of the article is a little
more than 4 years.

Table 1. Descriptive statistics for bibliographic collection

Description Results
MAIN INFORMATION ABOUT DATA
Timespan 1991-2022
Sources (Journals, Books, etc) 52
Documents 86
Average years from publication 4.2
Average citations per documents 16.12
Average citations per year per document 2.626
References 7021
DOCUMENT TYPES
Article 66
Book chapter 2
Conference paper 11
Review 7
DOCUMENT CONTENTS
Keywords plus (ID) 620
Author’s keywords (DE) 398
AUTHORS
Authors 391
Author appearances 414
Authors of single-authored documents 7
Authors of multi-authored documents 384
AUTHORS COLLABORATION
Single-authored documents 8
Documents per Author 0.22
Authors per Document 4.55
Co-Authors per Documents 4.81
Collaboration Index 492

Source: authors’ development via Bibliometrix
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Analysing the quantitative parameters of research
field development, one should note the wave-like grow-
ing number of publications and citations (Fig. 1).

Figure 1 illustrates periods of scientific interest
increase and some spikes: 2003, 2008-2009, 2013-2017
(with peaks in 2014,2017),2020.A decline in number of
research is followed by an increase in 2019 and a peak

Annual Scientific Production
Articles

20-

N

1991 1993 1995 1997 1999 2001 2003 2005

Year

in 2020. Change of an average number of citations per
year also comprises severe peaks: 2003 (an average an-
nual number of citations amounts to 4.87 and to 87.67
per article), 2008 (1.5 and 19.5, respectively), 2017 (7.93
and 31.73),2019 (3.0 and 6.0) and 2021 (with the average
number of citations per article of 0.23).

2007 2009 2011 2013 2015 2017 2019 2021

a) annual scientific production

Average Atrticle Citations per Year

Citations .

o-
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Year

2007 2009 2011 2013 2015 2017 2019 2021

b) average article citations per year

Figure 1. Historical development of research field
Source: authors’ development via Biblioshiny app (R Core Team, 2014; Aria & Cuccurullo, 2017; RStudio Team, 2020)

In 1991 only one article was published and no
publications on food system sustainability concept and
measurement were covered by Scopus over the decade
to follow. 2003 was marked by the food crisis in central
and eastern Africa caused by the drought. Moreover, the
decline of wheat production in the USA and respective
depletion of food stock destined to aids led to the prices
increase. As a result, the FAO reported about 39 countries
“facing severe food shortages” that year (Reliefweb, 2003).
This could be the reason for an increase of scientific in-
terest and publications on food systems sustainability
concept and measurement. This is true also for 2008 cri-
sis with the largest world food prices surge for the last
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30 years. Issues of food availability, security, and abilities
to overcome the crisis were put at the forefront of food
policies at different scales (Hultman, 2008), pushing the
research activity. Then, due to food price fluctuations
(2011-2012) and a critical decline in global food stocks
in 2012 (below 1974 level) expectations of the possible
onset of the food crisis in 2013 (Vidal, 2012) were rea-
sonable. This could be judged as a factor leading to an
increase of scientific publications in the analysed field.

In 2015-2016, the United Nations Organisation
approved the Agenda 2030 putting the sustainability of
food system at the centre of 17 sustainable develop-
ment goals. In December 2016, Barilla released the food




sustainability index (Barilla Center for Food..., 2021)
allowing to quantify and to illustrate the scale of the
problem. In 2018, the FAO formulated an official defi-
nition of sustainable food system. Those events could
serve core drivers of significant increase in the number
of publications concerning the concept and metrics of
food system sustainability since 2015.

The bibliographic collection analysed comprises

Country Scientific Production
e

-~
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publications made by authors from 45 countries in total
(Fig. 2). Scientists from the United States, Italy,and France
make the greatest contribution to the scholarly elabora-
tion of the concept and metrics of food system sustain-
ability (frequencies amount to 40, 36, 27 documents au-
thored, respectively). The Netherlands (18), Canada (16),
UK (15),Australia (14), Germany (12), China (9), Brazil, New
Zealand, and Spain (7 for every) are a little less productive.

Figure 2. Country scientific production for 1991-2022
Source: authors’ development via Biblioshiny app (R Core Team, 2014, Aria & Cuccurullo, 2017; RStudio Team, 2020)

The United States, Italy, and France also represent
the most three cited countries, which is logical; Switzer-
land is the fourth in the ranking of cited countries (Fig. 3),

Most Cited Contries

although it ranks only 15" in terms of productivity with
only five articles in the collection.
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Figure 3. Most cited countries
Source: authors’ development via Biblioshiny app (R Core Team, 2014; Aria & Cuccurullo, 2017; RStudio Team, 2020)

With respect to the corresponding author, the USA,
Italy, and France also are leading countries by number
of papers published (12, 11, 7, respectively). The UK and
the Netherlands (6 documents each) follow those coun-
tries and complete the top five countries in the field of
food system sustainability and metrics research.

Among the countries with a high productivity, the

UK, Switzerland, Italy, the Netherlands, and France are
the most engaged in international scientific coopera-
tion, according to the collaboration index (0.833, 0.667,
0.545,0.5,0.286, respectively). Although the collaboration
indices for publications made by corresponding authors
from Sweden, India, and New Zealand are the highest
and amount to one each, the number of articles authored
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by researchers from these countries is small (2, 1, 1,

respectively).
To illustrate the scientific relationships between

countries, the countries collaboration network was built
using Louvain clustering and an association strengths
normalisation approach (Fig. 4).
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Figure 4. Countries collaboration network
Source: authors’ development via Bibliometrix (R Core Team, 2014; Aria & Cuccurullo, 2017; RStudio Team, 2020)

Figure 4 illustrates the existence of four clusters
of international cooperation in the field of conceptual-
isation and measurement of food system sustainability
research. There are two dominant clusters: 1) European,
which is led by Italy and unites mainly researchers from
European countries (and Spain); 2) American, led by the
USA and France, connecting scientists from Argentina,
Brazil, Kenya, the Netherlands, and New Zealand.

The most relevant organisations (by number of
publications), according to the corresponding author’s
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affiliation are the following: University Paris-Saclay (8),
University of Sydney and Wageningen University and
Research (5 articles each), Acadia University, UN Food
and Agriculture Organisation, University of California,
and University of Copenhagen (4 articles each), Asia
University, Cornell University, University of Manchester,
Montpellier University, University of Minnesota, University
of Naples Parthenope, Wageningen University (3 articles
each). Thematic avenues of research (top 20) by countries
and organisations are given in Figure 5.
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Figure 5. Three fields plot: Author’s Keywords-Countries-Affiliations
Source: authors’ development via Biblioshiny app (R Core Team, 2014; Aria & Cuccurullo, 2017; RStudio Team, 2020)
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The Sustainability (Switzerland) journal (16 docu-
ments), the Journal of cleaner production (5 papers), the
Frontiers in Sustainable Food Systems journal, the Journal
of Hunger and environmental nutrition (4 articles each),
the Agricultural Systems journal, and the Nutrients jour-
nal (4 papers each) are the most relevant sources for
publications covered by the sample. This goes in line
with previous research (Sweileh, 2020) concerning the

Most Relevant Authors

REYNOLDS C]
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leading role of Sustainability (Switzerland) as the plat-
form to present research on food system sustainability
issues.

Main concepts and trends in food system sustainability
research

The most productive authors by number of documents
fractionalised are ranked in Figure 6.
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Figure 6. Most relevant authors
Source: authors’ development via Biblioshiny app (R Core Team, 2014, Aria & Cuccurullo, 2017; RStudio Team, 2020)

The major of these scientists has launched re-
search on food system sustainability conceptualisation
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and measurement in 2016-2017 and continue to explore
this topic (Fig. 7).
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Figure 7. Top-authors’ production over the time
Source: authors’ development via Biblioshiny app (R Core Team, 2014, Aria & Cuccurullo, 2017; RStudio Team, 2020)
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T. Allen & P. Prosperi (2016) started to explore
the concept and metrics of food system sustainability
in 2016 with the study of sustainable food system (SFS)
modelling (Allen & Prosperi, 2016), and then develop
indicators to measure SFS applying the Delphi approach
(Allen et al., 2019). Carlsson, Callaghan,and Broman (2017)
began with the research on planning and evaluating of
community development favourable for SFS (Carlsson
et al,, 2017), and further pursue a study of the com-
munity impact on the SFS development with respect
to the food habits and culture formation (Carlsson et
al.,, 2020). Starting with an innovations’ design support-
ing the agri-food systems sustainable transformations
(Meynard et al., 2017), Meynard, Jeufroy, and Cerf focus
on research organisation promoting innovations’ de-
velopment and implementation for sustainability of
agri-food systems (Brun et al, 2021). Drewnowski and
Ingram (2016) investigated indicators to measure the
SFS in respect of nutrition security (Gustafson, 2016)
and develop healthy diets conducive to the food system

im_lll chainuies cnnkin%es;lgn
lfolltcyl'es_lllﬂncﬂmhi
ciimate

eindicato FSiad

agronomy “assessment aboriginal
a) log word occurrence measure

sustainability (Drewnowski et al, 2020). Ahmed (2017,
2020) focuses on the educational aspect of movement
towards the SFS: practice-oriented student’s learning
(Ahmed et al., 2017) and joint development of adaptive
knowledge outcomes to make education contributory to
the SFS transformation (Ebel et al., 2020).

Recent papers (2019-2021) focus on agri-environ-
mental measures ensuring the SFS development (Mottet
et al.,, 2020; Barrios et al., 2020), diversity of food sys-
tems and their characteristics in terms of sustainability
(Gaitan-Cremaschi et al., 2019), food system resilience
concerning crises (Bisoffi et al., 2021), food system and
agricultural policies changes in the context of digitisa-
tion (Lajoie-O'Malley et al., 2020).

Word cloud (Fig. 8) shows the most frequent au-
thor’s keywords (Fig. 8b): “food system”, “food security”,
“indicators”, “agriculture”. Measured by the logarithmic
occurrence (Fig. 8a), keywords like “agriculture”, “indica-
tors”, “agroecology’, “‘resilience”, and “food” constitute the
corpus of terms with the growing use.
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Figure 8. Word cloud of author’s keywords
Source: authors’ development via Biblioshiny app (R Core Team, 2014, Aria & Cuccurullo, 2017; RStudio Team, 2020)

Word growth analysis allows to identify growing
and new trends in the research field. Cumulate occur-
rence of author’s keywords (Fig. 9a) shows changes in
scientific elaboration of SFS concept and measurement
for 2002-2021: the term “sustainability” was leading in
2002-2008 period, then the “food security” concern be-
came dominant since 2008 until 2018, when the “sus-
tainability” came to the fore again. Current SFS concep-
tion embraces a lot of views with the predominance
of “sustainability” and “food system (systems)” context
leading to the failure of “food security” significance.
Keywords “agriculture” and “agroecology” complete a
semantic variety of phrases constituting the SFS concept
(other than terms used in the search query).
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Cumulate occurrence of abstract trigrams (Fig. 9b)
provides more comprehensive insights of research con-
tents. The phrase “food production systems” dominated
in the analysed area over 25 years since 1991. In 2016
the trigram “sustainable food systems” received higher
rates and is demonstrating an exponential growth of
occurrence since that. According to abstract trigrams,
modern view of the SFS concept and measurement is
embodied mainly in “sustainable food system (systems)”,
“life cycle assessment”, “food system sustainability”, fol-
lowed by the growing trends like “future food systems”,
“sustainable landscape governance”, “city region food”,
and “artificial intelligence”.
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Figure 9. Word growth measured by cumulative occurrence
Source: authors’ development via Biblioshiny app (R Core Team, 2014; Aria & Cuccurullo, 2017; RStudio Team, 2020)

To show common visions and variety of approaches
to the SFS concept and measurement, documents were
coupled by references and clustered (Fig.10). The following
threshold values and settings were used in the analysis:
number of documents - 250; minimum cluster frequency -
5; impact measurement - a global citation ranking; clus-
ter title - three author keywords. Cluster entitled “sus-
tainability, agri-food products, agri-food systems” is the
most relevant in terms of global citations (impact value
of 5.03), while cluster “sustainability, food security, agricul-
ture” is the least (1.61). Despite the common keyword
used (sustainability), identified clusters disclose differ-
ent views on the concept and measurement of the food
system sustainability, putting emphasis on food security
and food system (green-coloured cluster), food security
and agriculture (blue-coloured), agri-food products and
systems (purple-coloured). Cluster with keywords “food
system, food systems, sustainable food systems” embraces

documents with the most frequent references, while doc-
uments in the cluster with the highest impact reference
the least frequent sources.

Words co-occurrence network graph shows the in-
sights of SFS concept and measurement studies (Fig.11).
Build by abstracts unigrams with Louvain clustering, as-
sociation strength normalisation, and Fruchterman and
Reinghold shaping approach, Figure 11 illustrates four
contextual clusters with the dominance of block com-
bining issues of systematicity, sustainability, food, envi-
ronmental aspects, approach, and frameworks. Another,
slightly less relevant cluster embraces terms like devel-
opment, research, policy, change, challenges, and agri-
culture. The word “production”is largely accompanied by
analysis, consumption, and current state. Sustainability
assessment studies comprises indicators, data, levels,
results,and knowledge. Changes in the research subject are
well illustrated with the thematic evolution map (Fig. 12).
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Figure 10. Clusters of documents coupled by references
Source: authors’ development via Biblioshiny app (R Core Team, 2014; Aria & Cuccurullo, 2017; RStudio Team, 2020)
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Figure 11. Abstracts’ unigrams co-occurrence network
Source: authors’ development via Biblioshiny app (R Core Team, 2014; Aria & Cuccurullo, 2017; RStudio Team, 2020)
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Previously identified periods of scientific interest
growth (Fig. 1) were used to set up historical stages of
research field (the SFS concept and measurement) de-
velopment. The following settings were applied: the in-
clusion index weighted by word co-occurrence with the
threshold value of minimum 0.1, the minimal number
of words - 250, and minimum cluster frequency of 20.
Applying abstract unigrams approach allows revealing
the broader context compared to keywords. The results
obtained show the dominance of system and food con-
cerns in recent studies (2019-2022), while studies of
1991-2010 were focused on development, sustainable,
system, food, and agriculture issues. Period of 2013-
2018 is characterised by the balancing of research, policy,
sustainable, system aspects with a slight dominance of
food issue.

Concept map gives a measure of relatedness among
single notions within the research field - the closer the

sustainable.agri_food

authogb licensee
o SUPPly.chain !

|
basel.swizerland |
1

.
abmcu\tural,produch R

agri_food.system
.
environmental.sustainability
.
i

literaturéreview
° \o.ca\ food

.
natural.rgsources  design.process
.

Dim 2 (17.19%)

o |
supply.chains - conceptual.ramework
i production.systems
food supply sustainaMity.assegsment .
. . food.waste

i
future.resefrch .dgrlfood systems

0 b mm e SO o SR, N .. -

, A food.security
climale.chinge (54 systems
® food.system
e

o sustainable.food e |
dlobal.food | sustainable agriculture
systems.sust3inability systems Afinking
sustainable.development logal.level

nutrition.sectl

-1
i
system.sustainability

)

-1 0

1
Dim 1 (36.31%)

Kalachevska et al.

terms are on the concept map, the more similar they
are in use. Conceptual map of abstracts’ bigrams was
constructed by multiple correspondence analysis (MCA)
approach with the following threshold values: number
of terms - 50; number of documents - 5 (Fig. 13). Upon
doing that, two clusters of scientific thoughts were
specified: 1) cluster dominated by issues of sustainabil-
ity assessment (the growing trend) centred around food
supply, agri-food systems, supply chains, food security,
climate change; 2) cluster comprising research focused
on environmental impacts, food consumption, sustain-
able diets, and life cycle assessment. Commenting on
the relatedness of the concepts covered, one should
emphasise the relations between “local level” and “nu-
trition security”; “sustainability” and “system thinking”;
“future research”, ‘climate change” and “agri-food sys-
tems”; “agricultural production” and “environmental
sustainability”

life.cycle

cycle asssegiment

#98g.production artfiors published

2 3

Figure 13. Conceptual structure map: MCA approach by abstracts’ bigrams
Source: authors’ development via Biblioshiny app (R Core Team, 2014, Aria & Cuccurullo, 2017; RStudio Team, 2020)

Finally, to show research contents it is desirable

to analyse the most globally cited documents (Table 2).

The most cited papers focus on the complexity of food
systems that causes difficulties in conducting sustain-
ability assessments by means of life cycle assessment (LCA)
(Heller & Keoleian, 2003; Notarnicola et al,, 2017), explore

the research priorities in assessment of food system sus-
tainability (Soussana, 2014), investigate organisational
issues promoting the innovation-based food system sus-
tainable development (Berti & Mulligan, 2016; Meynard
etal,2017).

Table 2. Top 10 global cited documents (by total citations per year)

Total

115

Paper Citations (TC) TC per Year
Notarnicola, B.,Sala, S.,Anton, A., McLaren, S.J., Saouter, E., & Sonesson, U.(2017). The role of life cycle
assessment in supporting sustainable agri-food systems: A review of the challenges.Journal of Cleaner 197 394
Production, 140, 399-409. doi: 10.1016/j.jclepro.2016.06.071
Meynard, J-M., Jeuffroy, M-H., Le Bail, M., Lefévre, A., Magrini, M-B., & Michon, C. (2017). Designing
coupled innovations for the sustainability transition of agrifood systems. Agricultural Systems, 157, 92 18.4
330-339.doi: 10.1016/j.agsy.2016.08.002
Schader, C., Muller, A., El-Hage Scialabba, N., Hecht, J., Isensee, A., Erb, K-H., Smith, P, Makkar, H.PS.,
Klocke, P, Leiber, F., Schwegler, P, Stolze, M., & Niggli, U. (2015). Impacts of feeding less food-competing 104 14.86

feedstuffs to livestock on global food system sustainability. Journal of the Royal Society Interface, 12(113).
doi: 10.1098/rsif.2015.0891
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Table 2, Continued

Total

Paper Citations (TC) TC per Year
Gustafson, D., Gutman, A., Leet, W., Drewnowski, A., Fanzo, J., & Ingram, J. (2016). Seven food system 88 14.67
metrics of sustainable nutrition security. Sustainability, 8(3). doi: 10.3390/su8030196 )
Berti, G., & Mulligan, C. (2016). Competitiveness of small farms and innovative food supply chains:
The role of food hubs in creating sustainable regional and local food systems. Sustainability, 8(7). 74 12.33
doi: 10.3390/su8070616
Schader, C., Grenz,J.,Meier,M.S., & Stolze, M. (2014). Scope and precision of sustainability assessment 87 10.86
approaches to food systems. Ecology and Society, 19(3). doi: 10.5751/ES-06866-190342 :
Di Vaio, A., Boccia, F., Landriani, L., & Palladino, R. (2020). Artificial intelligence in the agri-food
system: Rethinking sustainable business models in the COVID-19 scenario. Sustainability, 12(12). 16 8
doi: 10.3390/SU12124851
Heller, M. C., & Keoleian, G. A. (2003). Assessing the sustainability of the US food system: A life cycle 149 784
perspective. Agricultural Systems, 76(3), 1007-1041. doi: 10.1016/50308-521X(02)00027-6 ’
Allen, T., & Prosperi, P. (2016). Modeling Sustainable Food Systems. Environmental Management, 57(5), 46 767
956-975.doi: 10.1007/500267-016-0664-8 )
Soussana, J-F. (2014). Research priorities for sustainable agri-food systems and life cycle assessment. 57 6.5

Journal of Cleaner Production, 73,19-23.doi: 10.1016/j.jclepro.2014.02.061

Source: authors’ development via Bibliometrix (R Core Team, 2014, Aria & Cuccurullo, 2017; RStudio Team, 2020)

Scholars point out and discuss the main problems,
caused by food systems complexity, concerning the LCA
sustainability assessment: the right choice of a unit of
analysis; difficulties to incorporate and assess the alter-
native and multifunctional value of biological resources
and ecosystems; measuring and modelling of emissions;
the need to assess consumer behaviour within the LCA
(Notarnicola et al., 2017).M.C.Heller & G.A.Keoleian (2003)
suggest developing indicators to measure environmen-
tal, economic, and social impacts along the whole food
production value chain, note the need to change con-
sumer behaviour to ensure the sustainability of food
systems (Heller & Keoleian, 2003). J-F. Soussana (2014)
proposes to improve the LCA methodology through in-
clusion of natural capital and public health concerns to
assess the food system sustainability (Soussana, 2014).
C.Schader et al. (2014) and D. Gustafson et al. (2016) in-
vestigate other approaches to measure the food system
sustainability including that measuring the nutritional
adequacy and safety (Gustafson et al., 2016). However,
LCA-focused studies predominant in the field of SFS
measurement research.

Specification of the main SFS attributes, a search
for trade-offs, overcoming suboptimality in decision-mak-
ing concerning the composition and functioning of the
SFS (Allen & Prosperi, 2016); an introduction of inno-
vations to support sustainable transformation of food
system based on a system thinking and network devel-
opment (Meynard et al., 2017); organisational changes
supporting better introduction of new technologies for
the sustainability of food systems (Berti & Mulligan,2016),
in particular, digitisation (Di Vaio et al,, 2020) - these are
the main issues covered by the most cited papers.

CONCLUSIONS

Results of the study show that research on the concept
and measurement of food system sustainability has a long
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history starting in 1991, when the first paper was pub-
lished (indexed by Scopus). Since then, a scientific inter-
est to this topic has been growing wave-Llike, with peaks
following the global food crises existence pattern and
admission of the problem by the global institutions like
FAO. Despite the wave-like course, there is a tenfold
increase in the number of publications for 2013-2020.
The United States, Italy,and France are leading countries
in this research area by the number of published and
cited documents. Among them, Italy dominates in interna-
tional collaboration: the number of publications engaging
authors from different countries even exceeds the num-
ber of domestic authored publications. There are dis-
tinguished two main geographical clusters of scientific
collaboration: European, led by Italy,and American, guided
by the USA and France.The top three relevant organisa-
tions consist of University Paris-Saclay (France), University
of Sydney (the USA), and Wageningen University and
Research (the Netherlands). Sustainability (Switzerland)
was found to be the most relevant source for publishing
research on the concept and measurement of food system
sustainability.

Although the most frequent authors’ keywords in-
clude “food system”, “food security”, “agriculture”, terms
“indicators”, “agroecology”, “food”, “resilience” are of grow-
ing use.Modern perception of the SFS concept and mea-
surement (since 2018) is intertwined in the notions of
systems and system thinking, sustainability, and life cycle
assessment. The comprehensive vision of sustainable food
system seemingly goes behind the food production and
embraces the system-wide perspective. The results of
factorial analysis (conceptual structure map) confirm this
thesis to a certain extent: studies focused on food supply,
agri-food systems, supply chains, food security, climate
change are dominant and close to the growing trend of
sustainability assessment. Conceptual mapping discloses
a variety of visions and understandings that are relevant




to the SFS and allows suggesting the complex and mul-
tifaceted nature of the concept. However, food, environ-
mental aspects, agriculture, agri-food systems, and life
cycle assessment are still the main terms constituting
the core of research on the concept and measurement of
SFS with a little attention given to social and economic
aspects of food system sustainability.

Kalachevska et al.

Due to the complexity of the SFS connotation, the
elaboration of one-size-fits-all policy and solutions are
unlikely. In view of this, further research on the concept,
measurement, and governance of food system sustain-
ability should go in line with concrete institutional, eco-
nomic, social, and natural environment. Studies from
developing countries are of special interest in this case.
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KoHuenuia Ta BUMiplioBaHHS CTaNOCTi NPOAOBONbY0OI CUCTEMM:
6i6nioMeTpuUHe pocnimKeHHs

Napwuca IsanisHa Kanauescbkal, IHHa IropisHa Ko6nsiHcbkal, MoxaHHec XonbuHep?

1CyMCbKMiA HaLiOHaNbHUI arpapHUi yHiBepCUTET
40021, Byn. . Kongpatbesa, 160, M. Cymu, YkpaiHa

’Buwwa wkona BaveHwTtedaH-Tpiznopd
91746, Byn. LTtanHrpybepwrpacce, 1a, M. BaneHbax, HimeyunHa

AHoTauis. B yMoBax 3MiH KNiMaTy Ta 3pOCTaHHs HaceneHHs, 3abe3neyeHHs CTanocTi NpoA0BOIbYOI CUCTEMU € 106aNbHOK
npo6nemoto. barato NoniTMK peryntolTh Le NUTAHHS, ane OCTaHHI AaHi NOKA3YHTb, WO rnobanbHa (i HaLioHaNbHI)
NpOAOBOMbYI CUCTEMM LLLe AaneKi Bif, CTanoro CTaHy. Y40CKOHaNEeHHs iCHY04Y0i NONITUKK Y cdepi peryntoBaHHS NpoA0BOSbYOT
CMCTEMM BUMATAE YiTKOrO PO3YMiHHS CAMOi KOHLLeNLiT CTanoro po3BUTKY Npo40BObYOT CUCTEMM: YTOYHEHHS 1T 03HAK,
aTpUOYTiB, MOKA3HWKIB ANs OLLIHKM Ta Linei. LLi nuTaHHS BinobpaxeHi y 6araTtbox HAyKoBMX poboTax, ane oaHA 3 HasiBHUX He
niACYMOBYE OCHOBHI TeHAEHLT, 3MiCT Ta 0COBAMBOCTI €BONIOLIT KOHLEenNLii CTanoro po3BUTKY NMPOA0BONLYOI CUCTEMM.
Y ubOMy AOCNiAKEHHI BNepLue y3arasbHEHO iCTOPit0 Ta 3MICT AOCAIAXKEHD LWOAO0 KOHLLeMNLii Ta BUMipOBaHHS CTanoCTi
NPOA0BO/bY0I CUCTEMU WNSXOM BibnioMeTpuyHoro aHanisy pobit y Scopus 3a 1991-2022 poku. BctaHoBneHo
XBunenofibHe 3poCTaHHS HAayKOBOrO iHTEpPECY A0 Ui€i TeMu, ae nigepamu € gocnigHuku i3 CLUA, Itanii Ta ®paHuii,
3 Mikamu, Wo 36iratloTbCs i3 YACOM BUHUKHEHHS TNO6aNbHMUX NPOAOBOMBYMX KPW3. Pe3ynbTaTu LbOoro LOC/ioKEHHS
MOKAa3YHTb, L0 Cy4aCHe CNpURHATTS KoHuenuii (3 2018 p.) € cknagHWM i BigoBpaxkeHo y TiCHO NOBY3aHMX NOHATTAX
CUCTEMHOCTI Ta CUCTEMHOIO MUCSIEHHS, CTIMKOCTI Ta OLiHKM XXUTTEBOrO LUMKAY, HA BiAMIiHY BiA nonepeaHix nornsais
(1991-2018 pp.), O KOHLEHTPYBANNCh HA CUCTEMI BUPOBHULITBA MPOAOBO/LCTBA Ta NMPOLOBOALMINM Be3neLi. 3aranom,
Mano yBaru NpuAainsgeTbCs couiaibHMM Ta EKOHOMIYHMM acNeKTaM CTaNoCTi NPOAOBONbYOI CUCTEMMU, HA BiAMIHY Big,
€KO0NOriYHUX, MPOAOBO/IbYMX Ta arpoONpoA0BOSbYMX NUTAHb. [liakpecneHo, Wo po3pobka yHiBepCcanbHOI NOMAITUKM
Ta pilleHb, WO CNPUAIOTL CTIMKOCTI XapYOBUX CUCTEM, € MANIOMMOBIPHOIO Yepe3 CKNAAHICTb CIPUNHATTSA KOHLENLT.
YnpaBniHHA CTanMM pO3BUTKOM NPOAOBOALYOT CUCTEMU MAE BiAMOBIAATU KOHKPETHUM IHCTUTYLIMHUM, EKOHOMIYHUM,
coujianbHMUM i TPUPOAHMM YMOBaM, ki NoTpebytoTb BceBiYHOro BUBUEHHS B ManbyTHboMy. OcobnBMiA iHTepeC Yy LiboMy
KOHTEKCTi NpeacTaBnsioTb AOCAIIKEHHS YMOB KPaiH, L0 PO3BMBAOTLHCS

KniouoBi cnoBa: ctane npoaoBonbCTBO, EBOMIOLIS KOHLENLiT, ouiHKa, bibliometrix, biblioshiny
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