HAYRKOBITOPHU3OHTH

3aCHOBHMK, pepakuis, BUAaBeLb:
[NonicbkW HaLiOHANbHUI YHIBEPCUTET

Pik 3acHyBaHHga: 1998

PekomeHdosaHo 0o OpyKy ma nowupeHHs
yepes mepexy IHmepHem BueHor padoro

lMonicbk020 HAUIOHANBLHO20 yHIBEpCUMEMY
(npomokon N° 8 gid 22 nromozo 2023 poky)

CBipouTBO NPO AepXKaBHY peecTpauito
APYKOBAHOro 3acoby MacoBoi iHdpopmauii
cepii KB N2 24997-14937 NP

HaykoBwui1 >xypHan BkatoueHo Ao Kateropii A lNepeniky HaykoBux paxoBux BuAaHb YKpaiHu,
Yy IKMX MOXYTb Ny6NiKyBaTUCS pe3ynsTaTi amceprauiiHmMx pobiT Ha 3006yTTS HAyKOBMX CTYMeHiB
[OKTOpa Ta KaHAMAATA BETEPUHAPHMX, EKOHOMIYHMX, CiTbCbKOrOCMOAAPCbKMX | TEXHIYHUX HAYK
3i cneuianbHocTel: 051 — EkoHomika; 071 - O6nik i onopgatkyBaHHS; 072 — MiHaHCK,
BaHKiBCbKa crpaBa Ta cTpaxyBaHHs; 073 — MeHepkmeHT; 075 — MapkeTuHr;
076 - lNignpueMHMUTBO, TOPriBns Ta bip>koBa aisnbHicTb; 101 - Ekonorig;

133 - lany3eBe mMawunHobynyBaHH:; 201 — ArpoHomiq; 202 - 3aXMCT | KAPAHTUH POCUH;
203 - CapiBHMUTBO Ta BUHOrpaaapcTeo; 204 — TexHonoris BUpoOGHMLTBA | nepepobku
npoaykuii TBapuHHMUTBA; 205 - Jlicose rocnogapcteo; 206 — CagoBo-napkoBe rocnofapcrso;
208 - ArpoinxeHepisi; 211 - BetepuHapHa meamumHa (Haka3z MOH Ykpainmn N2 1166

Big 23 rpygHs 2022 p.)

XXypHan npeacraBneHo y MiXKHApOAHUX HAYKOMETPUUYHUX 6a3ax AaHUX,

peno3uTapifax Ta NOWYKOBUX CUCTEMAX: IHCTUTYLLIMHUI peno3uTapin
Monicbkoro HauioHanbHoro yHiBepcuteTy, AGRICOLA, CAB Abstracts and Global Health (CABI),
Open Academic Journals Index (OAJI), Scopus, Index Copernicus,
Peectp HaykoBux BuaaHb YKpainu, HauioHanbHa 6ibnioteka Ykpainu imeHi B. |. BepHaacbkoro,
Crossref, Directory of Open Access Journals (DOAJ)

Appeca pepakuii:
MNonicbKni HaUiOHaNbHUI yHiBEPCUTET
6-p Crapwui, 7, M. Xutomup, 10008, YkpaiHa
E-mail: info@sciencehorizon.com.ua
https.//sciencehorizon.com.ua/uk

© lMNonicbkMi HauioHanbHWU yHiBepcuTeT, 2023



SCIENTIFIC HORIZONS

Founder, Editorial and Publisher:
Polissia National University

Year of foundation: 1998

Recommended for printing and distribution
via the Internet by the Academic Council
of Polissia National University
(Minutes No. 8 of February 22, 2023)

Certificate of state registration
print mass media

Series KV No. 24997-14937 PR

The scientific journal is included in category A of the List of scientific professional publications
of Ukraine, in which the results of dissertations for the degree of doctor and candidate
of veterinary, economic, agricultural, and technical sciences can be published in the following
specialties: 051 - Economy; 071 - Accounting and Taxation; 072 - Finance, Banking
and Insurance; 073 - Management; 075 - Marketing; 076 - Entrepreneurship, Trade
and Exchange Activities; 101 - Ecology; 133 - Sectoral Engineering; 201 — Agronomy;
202 - Plant Protection and Quarantine; 203 - Horticulture and Viticulture; 204 - Technology
of Production and Processing of Livestock Products; 205 - Forestry; 206 - Park and Gardening
Management; 208 - Agricultural Engineering; 211 - Veterinary Medicine (Order of the Ministry

of Education and Science of Ukraine No. 1166 of December 23,2022)

The journal is presented international scientometric databases, repositories

and scientific systems: Institutional Repository of Polissia National University, AGRICOLA, CAB
Abstracts and Global Health (CABI), Open Academic Journals Index (OAJI), Scopus,
Index Copernicus, Register of Scientific Publications of Ukraine,
Vernadsky National Library of Ukraine, Crossref, Directory of Open Access Journals (DOAJ)

Editors office address:

Polissia National University
10008, 7 Staryi Bvld., Zhytomyr, Ukraine
E-mail: info@sciencehorizon.com.ua
https://sciencehorizon.com.ua/en

© Polissia National University, 2023



HAYKOBI
r'OPU30HTU

Tom 26, N2 1
2023

HAYKOBUU KYPHAJI
3acHoBaHO 12 6epe3Hsa 1998 p.

[lepiognyHicTh BUNYCKY: ABAHAAUATH Ppa3iB Ha PiK

lonoBHUI1 pepakTop

Oner BacunboBuu CkuaaH

3acTynHUK roN0BHOIO
peaakTopa
Jlwamuna PomaHuyk

HauioHanbHi yneHu pepkonerii

Caseniit Kyxapeub
IBaH pabap
fAlpocnas Slpow
TetaHa MenoHIOK
Haranis Copoka

Pycnana CraBeubka
AHacTacia 3umapoeBa

JlioamMuna YnxkeBcbka

Bitanii JaHkeBuu
EnbumnH Anies

Onekcanap lanatiok
BaneHTuHa lamaloHoBa

JleoHia lopanbcbkui

Amutpo OepeB'saHko
Onekcanap YXykos

IpuHa IBaHOBa

Onekcanap Kouyk-SlweHko

Amutpo Kyuep
®depip Mapkos
OneHa MapkoBcbka

AHppiit Muxaiinos
BaneHtuH Mockaneup
Bikrop Masuu
Jlloamuna TapacoBuu
TeraHa TumouLyk
Haranis UuBeHkoBa

MapuHa LBeub

PepakuiiiHa Konerisa

peKkTop, A-p €KOH. HayK, npodecop, MNonicbkui HauioHanbHWi yHiBepcUTeT, YKpaiHa

[-p C-T. HAyK, npodecop, Nonicbkni HaLioHanbHMI yHiBepcuTeT, YkpaiHa

[-p TEXH. HayK, npodecop, [MoNicbKunit HaLioHanbHUI yHiBepcuTeT, YKpaiHa

[-p TEXH. HayK, npodecop, [MoNicbKunit HaLioHanbHUI yHiBepcuTeT, YKpaiHa

[-p TEXH. HayK, npodecop, [MoNicbKunit HaLioHanbHUI yHiBepcuTeT, YKpaiHa

[-p C-T. HAayK, npodecop, [Monicbkuin HauioHanbHUI yHiBepcuTeT, YKpaiHa

A-p BeT.Hayk, npodecop, HauioHanbHuii yHiBepcuTeT Biopecypcis i TPUPOAOKOPUCTYBaAHHS
Ykpainu, YkpaiHa

[-p C-T. HayK, npocdecop, binouepkiBCbKWA HALLIOHANbHMIM arpapHUi yHiBepcuTeT, YKpaiHa
KaHA. 6ion. Hayk, poueHT, MonicbKMIM HauioHaNnbHUIM yHiBepcuTeT, YKpaiHa

[-p eKOH. Hayk, npodecop, [lepaBHui yHiBepcuTeT « KUTOMUPCbKA NONITEXHIKAY,
YkpaiHa

[-p eKOH. HayK, npodecop, MNonicbknit HauioHanbHWI yHiBepcuTeT, YKpaiHa

4-p TeXH. HayK., npodecop, [HINpOBCbKUIA OEpPXaBHWUIA arpapHO-eKOHOMIYHUM
yHiBepcuTeT, YkpaiHa

[-p BeT. HayK, npodecop, MNonicbknit HaLioOHaNbHUI yHiBepcuTeT, YKpaiHa

A-p C-T. HayK, npodecop, MMKONAIBCbKMIM HALIOHANbHUIA arpapHUit YHIBEPCUTET,
YKkpaiHa

L-p BET. HayK, npodecop, XKUTOMUPCbKMIA ilepXKaBHUIM YHIBEpCUTET iMeHi IBaHa MDpaHka,
lNMonicbkuii HauioHanbHUIM YHiBEPCUTET, YKpaiHa

[-p TEXH. HayK, npodecop, [MonicbkuMit HaLioHanbHUI yHiBepcuTeT, YKpaiHa

A-p 6ion. Hayk, npodecop, MeniTononbCbKUiA lepXXaBHWUIA MefAroriYHniA yHiBepcuteT
iMeHi borgaHa XmenbHuubKoro, YkpaiHa

KaHA, C-T. HAyK, AOUEHT TaBpifCbKUin AepXKaBHUIM arpoOTEXHONOTIYHUI YHIBEPCUTET iM.
[. MoTopHoro, YkpaiHa

KaHA. C-T. HayK, AoueHT, lNonicbknit HaLioHanbHWUI yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, AoueHT, lNonicbknit HaLioHanbHWUI yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, AoueHT, lNonicbkni HaLioHanbHWUI yHiBepcuTeT, YKpaiHa

A-p C-T. HaYK, CTapwmMi1 HAyKOBMIM CNiBPOBITHMUK, XepCOHCbKMI AepXKaBHMI arpapHo-
€KOHOMIYHMIM yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, npodecop, CyMCbKUIM HALiOHaNbHUIM arpapHuUii yHiBepcuTeT, YkpaiHa
[-p C-T. HAyK, aoueHT, IHcTuTyT cagisHuuTBa HAAH, YkpaiHa

KaHA. C-T. HayK, AoueHT, lNonicbkni HaLioHanbHWUI yHiBepcuTeT, YKpaiHa

KaHA. eKOH. HayK, AoueHT, [MoniCbkunii HaLioHanbHUIM yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, AoueHT, lNonicbkni HaLioHanbHWUI yHiBepcuTeT, YKpaiHa

KaH[.TeXH. HayK, oLeHT, HawioHanbHWii yHiBepcuTeT 6iopecypciB i NprpoaOKOPUCTYBaHHS
Ykpainu, lNonicbkni HauioHanbHKI yHiBEPCUTET, YKpaiHa

KaHA. 6ion. Hayk, cTapwnii BUKIagad Monicbkui HalioHanbHWiA yHiBepcuTeT, YKpaiHa




TersaHa 3iHuyK [-p eKOH. Hayk, npodecop, [Monicbknit HauioHanbHWA yHiBepcuTeT, YKpaiHa
leHHapi lony6 [-p TeXH. HayK, npodecop, HawioHanbHWiA yHiBepcuTeT BiopecypciB i NpUPOAOKOPUCTYBAHHS
YKpainu, YkpaiHa

MixxHapoaHi uneHu pepkonerii

KOniyc Pamanayckac [-p Hayk, npodecop, Knanneacobkuin yHiBepcuTeT, Jiutea

IHHa JleBKOBMY [L-p HayK, CTapluii HAyKOBMM CMiBPOGITHWK, JIeMOHILbKUIA iHCTUTYT PO3BUTKY
CiNIbCbKOro rocnoAapcTBa y KpaiHax 3 nepexifHo eKoHOMIKoto, HiMeyunHa

Erinitoc Capayckic [-p TeXH. HayK, npodecop, IHCTUTYT CiNbCbKOrOCMOAAPCbKOI TEXHIKM Ta 6e3neku
yHiBepcuTeTy BiToBTa Benukoro, J/Iutea

Puwapp lNMykana KaHA. eKOH. HayK, lepxaBHuit TexHiko-EKOHOMiIYHWI YHiBepcuTeT iM. KC. BpoHicnaBa
MapkeBuya B Slpocnasi, MNonbuia

Camar TaHip6epreHoB BYEHMI cekpeTap, Kazaxcbkni HAyKOBO-A0CAIAHWI IHCTUTYT FPYHTO3HABCTBA | arpoxiMil
iM. Y.Y. YcnaHoBa, Pecny6nika KasaxcraH

Canix Tawnynaros [-p TexH. HayK, npodecop, TalKeHTCbKUIA IHCTUTYT TeKCTUABHOT Ta NErkoi NPOMKUCIOBOCTI,

Pecnybnika Y3b6ekucraH




SCIENTIFIC Vol. 26, No. 1
HORIZONS 2023

SCIENTIFIC JOURNAL

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

Editor-in-Chief
Oleh V. Skydan

Deputy Editor-in-Chief
Ludmila Romantschuk

Editorial Board

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

Full Doctor in Agricultural Sciences, Professor, Polissia National University, Ukraine

National Members of the Editorial Board

Savelli Kukharets
Ivan Grabar
Yaroslav Yarosh
Tatiana Fedoniuk
Natalia Soroka
Ruslana Stavetska

Anastasiia Zymaroieva
Lyudmyla Chyzhevska

Vitalii Dankevych
Elchin Aliiev

Olexandr Galatiuk
Valentina Hamaiunova

Leonid Goralskiy

Dmytro Derevjanko
Olexander Zhukov

Iryna Ivanova

Oleksandr Kochuk-Yashchenko
Dmytro Kucher

Fedir Markov

Olena Markovska

Andrii Mykhailov

Valentyn Moskalets

Viktor Pazych
Ludmyla Tarasovych

Full Doctor in Engineering Sciences, Professor, Polissia National University, Ukraine
Full Doctor in Engineering Sciences, Professor, Polissia National University, Ukraine
Full Doctor in Engineering Sciences, Professor, Polissia National University, Ukraine
Full Doctor in Agricultural Sciences, Professor, Polissia National University, Ukraine
Full Doctor in Veterinary Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Full Doctor in Agricultural Sciences, Professor, Bila Tserkva National Agrarian
University, Ukraine

PhD in Biological Sciences, Associate Professor, Polissia National University, Ukraine
Full Doctor in Economic Sciences, Professor, Zhytomyr Polytechnic State University,
Ukraine

Full Doctor in Economic Sciences, Professor, Polissia National University, Ukraine
Full Doctor in Engineering Sciences, Professor, Dnipro State Agrarian and Economic
University, Ukraine

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

Full Doctor in Veterinary Sciences, Professor, Zhytomyr lvan Franko State University,
Polissia National University, Ukraine

Full Doctor in Engineering Sciences, Professor, Polissia National University, Ukraine
Full Doctor in Biological Sciences, Professor, Bogdan Khmelnitsky Melitopol State
Pedagogical University, Ukraine

PhD in Agricultural Sciences, Associate Professor, Dmytro Motornyi Tavria State
Agrotechnological University, Ukraine

PhD in Agricultural Sciences, Associate Professor, Polissia National University,
Ukraine

PhD in Agricultural Sciences, Associate Professor, Polissia National University, Ukraine
PhD in Agricultural Sciences, Associate Professor, Polissia National University, Ukraine
Full Doctor in Agricultural Sciences, Senior Research Scientist, Kherson State Agrarian
and Economic University, Ukraine

Full Doctor in Economic Sciences, Professor, Sumy National Agrarian University,
Ukraine

Full Doctor in Agricultural Sciences,Associate Professor, Institute of Horticulture of the
National Academy of Agrarian Sciences, Ukraine

PhD in Agricultural Sciences, Associate Professor, Polissia National University, Ukraine
PhD in Economic Sciences, Associate Professor, Polissia National University, Ukraine




Tetiana Tymoshchuk
Natalia Tsyvenkova

Marina Shvets

Tetyana Zinchuk
Gennadii Golub

International members
of the Editorial Board
Julius Ramanauskas
Inna Levkovych
Egidijus Sarauskis
Ryszard Pukala

Samat Tanirbergenov

Salikh Tashpulatov

PhD in Agricultural Sciences,Associate Professor, Polissia National University, Ukraine
PhD in Engineering Sciences, Associate Professor, National University of Life and
Environmental Sciences of Ukraine, Polissia National University, Ukraine

PhD in Biological Sciences, Senior Teacher, Polissia National University, Ukraine
Full Doctor in Economic Sciences, Professor, Polissia National University, Ukraine
Full Doctor in Engineering Sciences, Professor, National University of Life and
Environmental Sciences of Ukraine, Ukraine

Dr. Habil., Professor, Klaipeda University, Lithuania

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

Full Doctor in Engineering Sciences, Professor, Institute of Agricultural Engineering
and Safety of Vytautas Magnus university (VMU), Lithuania

PhD in Economic Sciences, The Bronistaw Markiewicz State University of Technology
and Economics in Jarostaw, Poland

Scientific Secretary, U.U. Uspanov Kazakh Research Institute of Soil Science and
Agrochemistrydis, Republic of Kazakhstan

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




3MICT

B. C. CrposiHOBCbKMiA, B. §. XoMiHa, O. M. KopyHsik, J1. A. BitpoBuak, O. C. IBaHuWwMH

ArpokniMaTyHe 0BrpyHTYBaHHS BUPOLLYBAHHS GEHXeN0 3BMYAHOrO B yMOBax 3axigHoro Jlicocteny.

B. O. Moniwyk, C. B. XXypaBenb, M. M. KpaBuyk, P. b. KponueHunubkui, O. |. TpeMbiubka

EdeKTUBHICTb OpPraHiYHMX TEXHONOTIA BUPOLLYBAHHS XMUTA 03UMOr0
B yMoBax [lonicca YkpaiHu y KOHTeKCTi aganTtauii 40 3MiH KniMaTy

19

B. 3.MaHuunwmH, B. B. Moiicienko, I. M. KotenbHuubka, T. M. TuMolnyk, C. B. Croubka

31

MopMyBaHHS NPOAYKTUBHOCTI IIONMUHY BY3bKOJIMCTOMO 3a/1€XKHO Bif, iIHOKYNALii HAaCiHHS Ta yA0OpeHHs

H. PaxmaroBa, A. IMaMxopykaeBa, B. Y36ekoB, X. Y6aitaynnaeea, [I. 3ynapoBa

MopiBHANBbHMI aHani3 BMICTy caniunnoBoi KMCNOTU y BiOTEXHONOTYHWUX reHOTUNIB 6AaBOBHUKY

43

3a pi3HMX BMAiB abioTMyHOro cTpecy

€. Ckypa, P. Koo, E. Nlika, LL. LaxiHi, ®@. Cannaky

52

MopiBHANbHA XapaKTEPUCTMKA 3aC06iB 3aXMCTy POCIMH Bif BMMBY Mifi Ta Cipku

I. Paximos, M. LLlesHikoB, [I. MnaxTii, Y. Hepinbcbka, T. KpauaH

XutTtesi GopMM poCNUH NPUPOAHMX T8 AHTPONOreHHUX NaHALWadTiB

62

C. C.TomoH, C. . JlitHiubkui, . C. TomoH, J1. 4. Kynakoscbkuit, I. A. KyuuHa

73

MeToavKa BU3HAYEHHS KPUTUUYHMX AedopMaLiii AePEBUHM 3a Pi3HOI BONOrOCTi

0. B. CkuaaH, 0. M. Hukoniok, M. B. Musosap, M. . TononbHULbKMIA

MeToauyHi 3acagm iHpopMaLifHOI NIATPUMKM NMPUAHATTS pilleHb Y cdepi MpoAoBONLYOI,
€KO0/0rivyHOoi Ta coLlialbHO-eKOHOMIYHOI CKNaaoBMX HaLlioHanbHOI be3nekun

87

3. Cinait, M. Pamocako, E. Kywta
OuiHka ynpasniHHs eDeKTUBHICTIO B CilbCbKOrOCNOAAPCbKUX OpraHisauisx
(3 BUKOpUCTaHHAM haKTOPHUX MapaMeTpiB Ha npuknaai Anbanii)

C. KypmaHos
Pi3Hi Mozeni nnaHyBaHHS Ang cMCcTeM ynpaBniHHS BUPOOHMLTBOM

OMNAA0BA CTATTA
0. Co6onb, K. Cattapos, H. BytpuH-boka

OcobnmBOCTi BUKOPUCTaHHS 3aC06iB OLIHKM IKOCTI XMUTTS repiaTpUUHOTO KOHS

10. B. binsiBcbka, H. B. MukuteHko, €. B. Pomar, B. M. binascbkuit

KaTteropiiHui MeHemKMEHT: NPOMUCNIOBICTb Ta TOPriBAS

102

111

121

129



CONTENTS

V. Stroyanovskyi, V. Khomina, O. Koruniak, L. Vitrovchak, O. lvanyshyn

Agroclimatic substantiation of common fennel cultivation in the Western Forest-Steppe

V. Polischuk, S. Zhuravel, M. Kravchuk, R. Kropyvnytskyi, O. Trembitska

Efficiency of organic technologies of winter rye cultivation in Ukraine's Polissya
in the context of climate change adaptation

19

V. Panchyshyn, V. Moisiienko, A. Kotelnytska, T. Tymoshchuk, S. Stotska
Formation of narrow-leaved lupine productivity depending on seed inoculation and fertilization

N. Rakhmatova, A. Imamkhodjayeva, V. Uzbekov, K. Ubaydullaeva, D. Zuparova

Comparative analysis of the content of salicylic acid in biotechnological cotton genotypes
under some kinds of abiotic stress

31

43

E. Skura, R. Koto, E. Lika, Sh. Shahini, F. Sallaku

52

Comparative characteristics of plant protection against copper and sulphur influence

G. Rakhimov, M. Shevnikov, D. Plahtiy, U. Nedilska, T. Krachan

Life forms of plants of natural and anthropogenic landscapes

S.Homon, S. Litnitskyi, P. Gomon, L. Kulakovskyi, I. Kutsyna

Methods for determining the critical deformations of wood with various moisture content

62

73

0. Skydan, O. Nykolyuk, P. Pyvovar, P. Topolnytskyi

Methodological foundations of information support for decision-making in the field of food,
environmental, and socio-economic components of national security

87

Z.Sinaj, M. Ramosacaj, E. Kushta

Performance management assessment in agriculture organisations
(using factorial farameters case of Albania)

S. Kurmanov

Various production planning models for manufacturing execution systems

REVIEW ARTICLE
0. Sobol, K. Sattarov, N. Butryn-Boka

Specific features of using life quality assessment tools for geriatric horses: Literature review

Yu. Biliavska, N. Mykytenko, Ye. Romat, V. Biliavskyi

Category management: Industry vs trade

102

111

121

129



SCIENTIFIC HORIZONS

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(1), 9-18

UDC 31.559:631.53.027:633.367
DOI: 10.48077/scihor.26(1).2023.9-18

Agroclimatic substantiation of common fennel cultivation
in the Western Forest-Steppe

Vasyl Stroyanovskyi

PhD in Agriculture, Associate Professor. ORCID: https://orcid.org/0000-0002-7969-7538.
Higher educational institution “Podillia State University”
32316, 13 Shevchenko Str., Kamyanets-Podilsky, Ukraine

Veronika Khomina’

Doctor of Agricultural Sciences, Professor. ORCID: https://orcid.org/0000-0002-8698-0008.
Higher educational institution “Podillia State University”
32316, 13 Shevchenko Str., Kamyanets-Podilsky, Ukraine

Olga Koruniak

Candidate of Agricultural Sciences. ORCID: https://orcid.org/0000-0001-6904-8123.
Higher educational institution “Podillia State University”
32316, 13 Shevchenko Str., Kamyanets-Podilsky, Ukraine

Linda Vitrovchak

Assistant. ORCID: https://orcid.org/0000-0001-6928-1865.
Higher educational institution “Podillia State University”
32316, 13 Shevchenko Str., Kamyanets-Podilsky, Ukraine

Oleksandr lvanyshyn

Doctor of Philosophy. ORCID: https://orcid.org/0000-0003-3809-3831.
Higher educational institution “Podillia State University”
32316, 13 Shevchenko Str., Kamyanets-Podilsky, Ukraine

Article’s History: Abstract. Common fennel, as a plant with a wide range of uses and a highly
Received: 10.11.2022 profitable crop, is of great interest to researchers and agricultural producers
Revised: 08.01.2023 and determines the relevance of the study on the adaptation of the crop in
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in its cultivation. The purpose of the study was to identify the influence
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Stroyanovskyi, V., Khomina, V., seeding rate on the productivity of common fennel. In the course of the
Koruniak, O., Vitrovchak, L., & study, general scientific, mathematical and statistical methods were used.
Ivanyshyn, O. (2023). Agroclimatic In the conditions of the Western Forest-Steppe, the authors investigated
substantiation of common fennel the sums of active and effective temperatures in dynamics in the context of
cultivation in the Western forest- different weather conditions of the years of research and vegetation phases
steppe. Scientific Horizons, 26(1), of common fennel plants.As a result of the conducted studies, the indicators
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Agroclimatic substantiation of common fennel...

vegetative periods of plant growth and development were analysed. The yield level of common fennel seeds, when
grown on deep low-humus chernozems, was determined, depending on the sowing period and the seeding rate for
row spacing under different weather conditions during the years of research. A correlation analysis was performed
according to the indicators of the yield of common fennel seeds and total temperatures, which can be attributed to
the main uncontrolled factors affecting the yield of agricultural crops in a particular growing zone. The expediency
of growing common fennel in the conditions of the Western Forest-Steppe of Ukraine was proved in terms of the
sum of active and effective temperatures during the growing season of fennel, which contributed to the generation
of a sufficiently high seed yield, and the optimal sowing time, seeding rate, and row spacing for growing crops in
specific soil and climatic conditions of the zone were established. The practical value of the study is conditioned by
the development of recommendations for production for agricultural enterprises in the conditions of the Western
Forest-Steppe on optimising the complex of technological factors in the cultivation of common fennel

Keywords: common fennel; active and effective temperatures; yield, sowing time; row spacing width; seed

application rate

INTRODUCTION

The range of crop choices for cultivation depends on
many factors: weather and climatic conditions, pharma-
ceutical production, the needs of the food and cosmet-
ics industries, and prices for certain raw materials. One
of the most valuable essential oil, medicinal, and spice
crops is common fennel, the biological and technolog-
ical aspects of which are practically not investigated
in the Western Forest-Steppe, which indicates the rele-
vance of choosing a research topic. Particularly relevant
issues are the study of temperature compliance and
improvement of such components of cultivation tech-
nology as sowing time, row spacing, seeding rate, top
dressing, investigation of their impact on plant growth,
development, yield, and quality indicators of seeds and
their chemical composition.

In world agriculture and in European countries,
common fennel is considered a crop with a wide range
of uses. Common fennel plants are used completely,
starting from the roots and ending with seeds, since
the whole plant contains valuable biologically active
substances that can serve as a component for medi-
cines, seasoning for various dishes, flavouring, or oil for
perfumes and cosmetics. The value of essential oils, in
particular common fennel, as a seasoning is indicated
by researchers from other countries (Xie & Finley, 2018;
Sharangi & Acharya, 2018). Fennel inflorescences are a
traditional culinary spice in Italy (Ferioli et al., 2017).An
important area of use of essential oil crops is the pro-
cessing of essential oils to obtain natural food flavour-
ings (Frolova & Ukrainets, 2010; Badgujar et al., 2014).
Due to the content of biologically active substances
in plants, raw materials are used for medical needs as
bactericidal, antiviral, anti-inflammatory, antispasmod-
ic, sedative, and tonic agents (Zrira, 2017; Najjaa et al.,
2017).1n addition, the plant is also characterised by car-
minative, secretolytic, and diuretic properties, helps to
slow down the growth of tumour cells (Sarla, 2019; Gra-
nata et al., 2022). The antibacterial properties of medic-
inal raw materials of such essential oils as coriander
seed and common fennel are indicated (Lo Cantore et
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al., 2004; Miguel et al., 2010). The extract obtained on
the basis of fennel is characterised by antioxidant and
antimicrobial action (Mahdavi et al., 2017).

Fennel essential oil consists of a number of sub-
stances, the ratio of which depends on many factors,
both biological and technological. Global aspects of
studying the chemical composition of common fen-
nel are extremely relevant and substantial. The basis
of research (Afifi et al., 2021) is used to determine the
chemical composition of essential oil in the context of
substances by gas chromatography and mass spectrom-
etry of 12 different types of fennel grown in different
soil and climatic conditions. The anthelmintic effect of
fennel oil (Wakabayashi et al., 2015) and an extract of
certain parts of the plant (Dominguez-Vigil et al., 2022)
have been established. Ukrainian researchers (Filipyuk
& Vishnevska, 2022) have investigated the technolog-
ical qualities of medicinal plant raw materials of com-
mon fennel fruits (extractives, degree of grinding, frac-
tional composition, humidity, etc.).

Mirzoeva (2019) notes that the field of production
of medicinal plants in general and essential oils in par-
ticular is very profitable and promising. At the same
time, it is widely reported that medicinal crop produc-
tion in Ukraine is a very narrow segment, in which de-
mand now exceeds supply.

Issues of development and improvement of the
technology of growing common fennel were studied in
different zones of Ukraine.In the conditions of the Right-
Bank Forest-Steppe (Vinnytsia Oblast), a study was car-
ried out to determine the optimal timing of planting
fennel seedlings, their influence on the formation of the
green mass of the plant, and harvesting. Researchers
(Knyaziuk et al., 2019) found that increasing the width
of row spacing up to 45 cm helps increase the individu-
al productivity of common fennel. Regarding the timing
of planting seedlings, the best was the early planting
(April 20), which resulted in maximum seedling growth.

Studies conducted in Polissya are devoted to the
investigation of the influence of sowing methods on




the yield of fennel. Researchers (Moisienko & Stotska,
2019; Stotska et al., 2022) prove that in the conditions
of the zone, it is advisable to sow common fennel with
a row spacing of 60 cm, since this experiment option
provided the optimal area of the leaf apparatus (24.2 to
25.5 thousand m?/ha), photosynthetic potential of crops
(1.512 to 1.685 mln m?*/ha*day), net photosynthetic pro-
ductivity (3.39-3.65 g/m2 per day), seed yield (0.96 t/ha).

Early spring sowing with a row spacing of 45 cm
is preferred by researchers in the South of Ukraine.
According to (Makuha & Fedorchuk, 2016) for sowing
common fennel in the third ten days of March against
the background of N, . were the most favourable con-
ditions for the formation of sowing qualities and the
accumulation of essential oil in seeds. Changing the
row spacing width relative to 45 cm reduced seed yield
by 0.08-0.17 t/ha, or by 7.3-15.5%.

Various terms of sowing common fennel have also
been studied in the conditions of the Carpathian region.
As aresult of research (Dmytryk,2019),the expediency of
early sowing (the first ten days of April) was established,
and the yield indicator for this period reached 1.58 t/ha.
At medium and late sowing dates, the yield of fennel
seeds decreased by 0.2 and 0.34 t/ha. In the conditions
of the Western Forest-Steppe, this crop is poorly studied,
so there was a need to improve technological measures
for growing common fennel in the zone conditions.

The purpose ofthe study consisted in establishing the
feasibility of growingcommonfennelinthe conditions of
the Western Forest-Steppe, considering active and effec-
tive temperatures and technological factors: the sowing
period, the width of row spacing, and the seeding rate.

MATERIALS AND METHODS

The study uses general scientific methods for general-
ising research results, which are based on objectivity,
evidence, reproduction, and mathematical and statisti-
cal methods for processing experimental data.

The research was conducted during 2015-2020 on
the experimental field in the production conditions of
the private enterprise “Prudivus S.M.” in the Khmelnyts-
ka Oblast, Kamianets-Podilskyi district. According to the
heat supply and degree of moisture during the growing
season, the region belongs to a warm agroclimatic re-
gion. The main type of soil in the experimental field
is deep low-humus chernozem on carbonate loessial
loams, with a heavy loamy texture.

The experiment included the following factors:
A - sowing period: 1% ten days of April (soil thermal
regime - 6-8°C), 2" ten days of April (soil thermal re-
gime - 10-12°C); B - row spacing width: 15, 30, 45, and
60 cm, C - seeding rate: 1,1.5,and 2 million germinated
seeds/ha. The area of the accounting plot - 50 m2 The
repetition is fourfold. The sowing period was taken as
the control - the first ten days of April, the seed appli-
cation rate — 1.5 million germinated seeds/ha, and the
row spacing - 60 cm.
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In autumn, deep fall ploughing was carried out at
27 cm,underwhichN,.P, K -wasapplied,and P, was ap-
plied in the spring during sowing. When the plants were
in the stemming phase, they were fertilised with N, P, .
To establish the feasibility of growing common fennel in
the conditions of the Western Forest-Steppe, the sums
of active and effective temperatures in dynamics were
determined by the phases of plant growth and devel-
opment, and as the final result - the yield of the crop.

The sum of active temperatures was determined on
an accrual basis by the growth and development phases
of common fennel plants. The interval for sowing dates
was one decade, but the generation of plant yields sig-
nificantly depended on the sum of active and effective
temperatures during the passage of plant growth and
development phases.

To determine the yield of common fennel seeds,
a Sampo-130 combine harvester was used to thresh
each plot separately. Variance, correlation, and regres-
sion analyses using Excel 2003 and Statistica 6.0 pro-
grammes were used for mathematical processing of the
obtained data.

RESULTS AND DISCUSSION

Active and effective temperatures during the growing
season of common fennel were calculated in the con-
text of years of research. The conditions in 2017 were
the most favourable in terms of the accumulation of
the sum of active and effective temperatures by the
phases of growth and development of common fennel
plants. In the ripeness phase, the sum of effective tem-
peratures in the first sowing period was 1,611°C, in the
second - 1,637°C, in the conditions of the year, optimal
indicators of fennel seed yield were formed. The low-
est total temperatures were characterised by 2018 and
2019. The sum of effective temperatures for the grow-
ing season and the sowing period was 1,516-1,518°C,
for the second term - 1,527-1,529°C. With an increase
in the sum of active and effective temperatures, the
growing season of common fennel was shortened and
the seed yield increased.

Under the conditions of 2017, the highest indica-
tors of the sum of active and effective temperatures
above 10°C (cumulative total) of the onset of the devel-
opmental stages of common fennel depending on the
sowing dates were noted (Fig. 1).

In the context of the remaining five years of re-
search, the following trend was observed:

In the conditions of 2015, the germination phase
took place at the sum of active temperatures in the
first period - 94°C, in the second - 115°C, effective
respectively: 15 and 18°C. During the passage of
subsequent phases of plant growth and development
from the formation of the 2" true leaf to fruit forma-
tion, the increase in both active and effective tem-
peratures occurred quite quickly, especially during
the passage of the stemming and flowering phases,
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and the fruit formation and ripeness of fennel plants.
The total amount of active and effective temperatures

was higher in the second sowing period, active was
3,018°C, and effective - 1,629°C.

Figure 1. Sums of active and effective temperatures above 10°C
(cumulative total) of the onset of phases of development of common fennel depending
on the time of sowing in 2017,°C

Source: compiled by the authors

In 2016, a similar trend was observed, but with
slightly higher amounts of active and effective tem-
peratures. Thus, in the growing season during the first
sowing period, the sum of active temperatures was
3,015°C, effective - 1,606°C, for the second term, re-
spectively: 3,021 and 1,632°C.

The sums of active and effective temperatures
during the growth and development phases of fennel
plants in 2018 and 2019 were the lowest in all the
years of research. Notably, during the growing season
of plants in the context of phases, the analysed indica-
tors were very similar as well as the duration of inter-
phase and growing seasons during these two years. A
similar pattern was observed for the yield, which was
the lowest in the conditions of 2018 and 2019. Thus,
the growing season in the conditions of these years
was the longest, if the difference in comparison with
other years of research for the first period was 1-2
days, then for the second - 1-4 days, which turned out
to have an impact on yield. According to the accumu-
lation of the sum of active and effective temperatures
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for the growth and development phases of ordinary
fennel plants, the conditions of 2020 were close to
the conditions of 2016, the difference in values for
the growing season was only 1-2°C. The maximum
increase in temperatures was observed during the
leaf rosette formation - fruit formation. In the fennel
ripeness phase, the sum of active temperatures during
the first sowing period was 3,013°C, second - 3,019°C,
while the effective level was at the level of 1,605 and
1,630°C, respectively.

Correlation analysis performed on indicators of
yield and total temperatures, which can be attributed
to the main uncontrolled factors affecting the yield of
agricultural crops in a particular growing zone, showed
the dependence of the yield of common fennel on the
sum of active temperatures (R=0.89,F=8.39,p=0.03).The
equation obtained as a result of statistical analysis is as
follows: Yc=-199,059+0.218 Sat-0,000 Sat?. The dynam-
ics of integral photosynthetic active radiation indica-
tors in the cultivation of common fennel have changed
over the years of research in a wide range (Table 1).
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Table 1. Integral photosynthetic active radiation indicators ZQfWhen growing common fennel

Plant vegetation periods

Years of research vegetative generative growing
T;lr“t?\: ';c:rlig:f GJ for the period "f‘;lr“t?:; ';c:rli{;a GJ for the period nf‘ti:lrli':l)':e i?rma GJ for the period

2015 778.7 3,252.8 936.7 3,912.6 1,715.4 7,165.4
2016 845.4 3,531.1 887.2 3,706.1 1,732.6 7,237.2
2017 867.5 3,623.5 1,005.9 4,201.7 1,873.4 7,825.2
2018 772.4 3,226.7 934.0 3,901.3 1,706.4 7,128.0
2019 769.5 3,214.1 938.3 3,919.6 1,707.8 7,133.7
2020 845.4 3,531.3 872.6 3,644.8 1,718.0 7,176.1
V, % 10.9 6.2 7.6

Source: compiled by the authors

From the analysis of the obtained data, it can be
concluded that with the values of the integral PAR in-
dicator in the range of 1,715.4-1,873.4 million kcal/
ha in the conditions of the Western Forest-Steppe, it is
possible to obtain a yield of fennel seeds at the level of
about 1.74-1.77 tonnes per hectare. Variational analysis
proved that the lowest variability (V=6.2%) of the inte-
gral headlight indicators Q. when growing common
fennel was during the generative period,and during the
growing and vegetative period, an increase in variation
in the years of research was recorded up to 7.6-10.9%.

Thus, the sums of active and effective tempera-
tures during the passage of the phases of growth and
development of common fennel in the conditions of

the Western Forest-Steppe during the years of re-
search were satisfactory for the full development of
plants and the formation of a high yield of seeds of the
crop. These indicators correlated with the duration of
vegetative, generative, and growing periods of fennel
and its yield. With a larger amount of active and effec-
tive temperatures, the duration of the growing season
of plants decreased and seed yield increased.

The yield of fennel seeds in the experiments
was very diverse, it varied depending on the condi-
tions of the year, the sowing period of the crop, the
width of row spacing, and the seeding rate. Consider-
ing all the factors of influence, the yield ranged from
0.4-1.77 t/ha (Table 2).

Table 2.Yield of common fennel seeds depending on the sowing period, row spacing, and seeding rate, t/ha (2015-2020)

Year of research

Row spacing  Seeding rate, million
width,cm (B)  germ. seeds/ha (C) 2015 2016 2017 2018 2019 2020
15t sowing period (A)
1 0.68 0.71 0.72 0.55 0.5 0.69
15 15 0.87 0.9 0.91 0.66 0.6 0.89
2 0.98 1.0 1.1 0.66 0.62 1.0
1 1.66 1.69 1.69 1.14 0.92 1.67
30 15 1.38 142 144 0.97 0.94 112
2 1.01 1.04 1.06 0.67 0.69 1.04
1 1.74 1.76 1.77 1.19 1.16 1.75
45 15 1.28 1.32 1.36 0.9 0.88 1.77
2 0.95 0.98 1.01 0.53 0.65 0.98
1 1.63 1.65 1.67 1.16 1.14 1.63
60 1.5 1.09 112 1.14 0.86 0.83 11
2 0.77 0.79 0.83 0.69 0.64 0.81
2 sowing period (A)
1 0.65 0.67 0.68 0.5 0.48 0.66
15 1.5 0.81 0.85 0.9 0.4 0.56 0.84
2 0.91 0.95 0.96 0.63 0.59 0.93
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Table 2, Continued

Year of research

Row spacing  Seeding rate, million
width,cm (B)  germ. seeds/ha (C) 2015 2016 2017 2018 2019 2020
1 1.59 1.62 1.63 1.09 1.07 1.62
30 1.5 1.32 1.36 1.38 0.92 0.9 1.35
2 0.93 0.91 0.99 0.67 0.63 0.94
1 1.64 1.62 1.68 1.12 1.1 1.65
45 1.5 1.17 1.18 1.22 0.82 0.78 0.78
2 0.86 0.87 0.9 0.59 0.58 0.84
1 1.55 1.57 1.58 1.1 1.08 1.55
60 1.5 1.04 1.05 1.08 0.83 0.79 1.05
2 0.71 0.72 0.77 0.62 0.58 0.71
A-0.04 A-0.06 A-0.08 A-0.05 A-0.05 A-0.05
LSD,, B-0.06 B-0.09 B-0.12 B-0.06 B-0.07 B-0.07
¢-0.05 ¢-0.08 C-0.10 ¢-0.07 C-0.06 C-0.06

Source: compiled by the authors

The lowest seed yield was in 2018 and 2019, the
sum of active temperatures in these years was the low-
est - in the range of 2,940-2,986°C, and effective - in
the range of 1,516-1,529°C, and the growing season
lasted several days longer compared to other years. The
maximum vyield values of 1.14-1.16 t/ha were formed
by crops of the first sowing period with a row spacing
of 45 cm with a seeding rate of 1 million germ. seeds/
ha, the minimum - in the range of 0.4-0.5 t/ha when
sowing in a continuous row for both periods.

Optimal yield indicators (on the best variants
of 1.76-1.77 t/ha) were obtained in 2016 and 2017,
which most corresponded to the biological charac-
teristics of the crop by hydrothermal coefficient, the
presence of sufficient precipitation for the sowing
period and during flowering, the uniformity of pre-
cipitation distribution and temperature regime in the
context of months. At the best variants of 2015 and
2020, the yield of fennel was 1.74 and 1.75, respec-
tively, these are variants of the first sowing period

with a row spacing of 45 cm and a seeding rate of 1
million germ. seeds/ha. Relative to the width of row
spacing, the lowest yield in the context of all years of
research (in the range of 0.4-1.1 t/ha) was obtained by
sowing in a continuous row method, as well as wide-
row methods with a seed application rate of 2 million
germ. seeds/ha. That is, the yield decreased on more
thickened crops. Fennel plants can form a significant
aboveground part, and with a small feeding area, few-
er productive shoots are formed, shading of plants oc-
curs, i.e., the photosynthetic potential of such crops
decreases and, as a result, the yield is not enough.

Based on the correlation and regression analysis of
the yield data of common fennel and the data of the
sum of active and effective temperatures for the grow-
ing season of the crop, the tightness of statistical re-
lationships was determined through the indicators of
multiple and paired correlation coefficients, total and
partial determination coefficients, and regression coef-
ficients were calculated (Fig. 2).

Figure 2. Correlation and regression dependence of the yield of common fennel seeds on the sum
of active and effective temperatures during the first sowing period (soil thermal regime - 6-8°C)

Source: compiled by the authors
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The sum of effective temperatures during the grow-
ing season of common fennel significantly affected the
yield of seeds of the crop, as evidenced by the multiple
correlation coefficient (R), which was equal to 0.9991.
The coefficient of determination changed in the con-
text of the studied factors in the same way as the cor-
relation coefficient. To predict the seed productivity of
fennel based on the results of statistical modelling, re-
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gression equations were developed for different sums
of effective temperatures: Y=-8.71506+0.00652 sET.

Correlation and regression analysis of statistical
relationships between the dependence of fennel yield
on the sum of active and effective temperatures during
the second sowing period (soil thermal regime - 10-
8°C) showed that a similar trend was observed with
the first term (Fig. 3).

Figure 3. Correlation and regression dependence of the yield of common fennel seeds on the sum
of active and effective temperatures during the first sowing period (soil thermal regime - 10-12°C)

Source: compiled by the authors

Thus, fennel by its biological characteristics needs
early sowing dates,which range from the third decade of
March to the second decade of April (depending on the
growing region). Based on the conducted observations
and analyses, (Kostenko, 2012) indicates the fastidious-
nessof common fennelto heat,moisture,and soilfertility.

Researchers in India prove the feasibility of early
sowing of commonfennel (Parashar & Lodha,2012),since
early spring crops are characterised by a lower incidence
of crops with such a common disease as ramulariosis.

For the formation of optimal linear parameters of
plants, high photosynthetic potential of agrocenoses,
the formation of a high level of yield and accumulation
of essential oil in seeds, the best row spacing width for
most growing regions is 45 cm, as shown by the results
of studies performed in the conditions of the Carpathian
region. The researcher (Dmytryk, 2018) proves that with
such agrotechnical parameters, the soil and climatic
conditions of the zone allow obtaining a stable yield of
fennel seeds at the level of 1.6 t/ha. In the conditions
of the Western Forest-Steppe, fennel is able to form a
yield of 1.56 t/ha under the conditions of sowing in the
first decade of April with a row spacing of 45 cm and a
seeding rate of 1 million germ. seeds/ha. The soil and
climatic conditions of Polissya are somewhat less con-
sistent with the biological characteristics of fennel and
the yield is within 0.96 t/ha according to data (Stotska et
al.,2022) was obtained when sowing with a row spacing
of 60 cm, that is, in these conditions, plants need a larg-
er feeding area. With the specified width of row spacing

and sowing at an early stage, plants increase such in-
dicators as the raw mass of the plant, leaf surface area,
photosynthetic potential, net photosynthesis productiv-
ity, and dry matter yield. Conclusions drawn by (Makuha,
2019) indicate that the maximum yield of common fen-
nel seeds was obtained in the variant of the interaction
of the early sowing period, row spacing width of 45 cm,
nitrogen fertiliser doses of 60 and 90 kg a.s./ha, the in-
dicators were 1.35 and 1.38 t/ha, respectively.

The largest areas of essential oil crops are con-
centrated in the Southern Steppe (Svidenko & Yezhov,
2015). Notably, the heat supply of the Southern Steppe
zone of Ukraine allows growing common fennel as an
annual crop with a growing season duration of 132-
135 days, while in the conditions of the Western For-
est-Steppe, 15-18 days more are needed to complete
the generative period of plant development. Common
fennel is among the most promising crops for the South
of Ukraine, and a number of studies have confirmed the
economic efficiency of its production in this growing
area (Vozhegova et al., 2021).

Such agrotechnical measures as increasing the
width of row spacing and the number of plants per
metre of linear row lengthen the duration of the gen-
erative period of development of fennel plants (Babii,
2015), this is conditioned by the formation of more um-
brellas on plants with a larger feeding area. The author
received the optimal yield due to the row spacing width
of 45 cm and the seeding rate of 10 germinating seeds
per running metre.
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Thus, the feasibility of growing common fennel
in different regions should be considered not only
by technological factors, but also by biological ones
(Stroyanovskyi & Khomina, 2021). In order to obtain a
stable yield, determining the sum of active and effec-
tive temperatures when growing common fennel is an
important aspect. Unfortunately, there is practically no
research on this issue, with the exception of data ob-
tained in the conditions of the Southern Steppe (Maku-
ha & Fedorchuk, 2016; Makuha, 2020), which indicate a
significant adaptive potential of the culture. According
to researchers, the sum of active temperatures above
10°C required for the formation of fennel seeds is on
average 3,055°C over the years of research, and the
sum of the effective temperatures is 1,634°C.

In recent years, there has been a redistribution of
precipitation and heat regime in all zones of Ukraine,
in the conditions of 2020 in the Western Forest-Steppe,
when growing common fennel, the sum of tempera-
tures was close to the data obtained in the steppe zone
ten years prior, namely: active - 3,019°C, and effective -
1630°C, which indicates the prospects for growing
common fennel in the climatic conditions of this zone.

CONCLUSIONS

The expediency of growing common fennel in the
conditions of the Western Forest-Steppe of Ukraine in
terms of the sum of active and effective temperatures
during the growing season of common fennel was es-
tablished, which contributed to the formation of a fairly
high crop yield.

In the context of years of research, a similar trend
was observed in the accumulation of the sum of ac-
tive and effective temperatures during the growing
season of common fennel, but the dynamics of plant
development phases had their own characteristics and
influence on the yield of seeds of the crop. In all the
years of research, the total amount of active and effec-
tive temperatures was higher in the second period of
fennel sowing. In the conditions of 2015, the sum of ac-
tive temperatures was 3,018°C, effective - 1,629°C. The

growing season of 2016 was characterised by slightly
higher total temperatures: during the first sowing pe-
riod, the sum of effective temperatures was 1,606°C,
during the second - 1,632°C. The sums of active and
effective temperatures during the growth and devel-
opment phases of fennel plants in 2017-2019 were
the lowest and amounted to 2,940-2,986 and 1,516~
1,529°C, respectively. The growing season in these
years was the longest, and the yield was the lowest in
all the years of research, but high enough for the condi-
tions of the growing zone.

According to the accumulation of the sum of active
and effective temperatures in the phases of growth and
development of fennel plants, the conditions of 2020
were close to the conditions of 2016, the difference in
values during the growing season was only 1-2°C. In
the fennel ripening phase, the sum of active tempera-
tures during the first sowing period was 3,013°C and
3019°C during the second sowing period, while the ef-
fective temperatures were at the level of 1,605°C and
1,630°C, respectively. Based on the results of the study,
it was concluded that at the values of the integral net
photosynthetic productivity in the range of 1,715.4-
1,873.4 million kcal/ha in the conditions of the Western
Forest-Steppe, it is possible to obtain a yield of com-
mon fennel seeds of about 1.74-1.77 t/ha.

The correlation analysis of yield indicators and the
sum of temperatures, which can be attributed to the
main uncontrolled factors affecting crop yield in a par-
ticular growing zone, showed the dependence of fennel
yield on the sum of active temperatures (R=0.98-0.99;
F=160.3-428.3). Prospects for further study are to in-
vestigate the effectiveness of growing common fennel
as a two- and three-year crop, considering the sum of
temperatures in the Western Forest-Steppe.
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AHotauia. DeHxenb 3BUYANHUIA K POC/IMHA LUIMPOKOTO CMEKTPY BMKOPUCTAHHA Ta BMCOKOpeHTabenbHa KynbTypa,
BUK/IMKAE 3HAYHUI iHTEpPEC Y HAYKOBLLIB Ta CiNbroCNTOBapOBUPODOHMKIB | BU3HAYAE aKTYaNbHICTb AOCNIAKEHD 3 MUTAHb
afanTauii KynbTypu B yMOBaxX 30HM 3axigHoro Jlicocteny Ta KOMNAeKCy TeXHONOriYHUX HaKTOPiB Npu ii BUPOLLYBAHHI.
MeToto focnimxeHb Oy0 BUSBUTU BNIMB aKTUBHUX | eDEKTUBHUX TEMMEPATYP,a TAKOX CTPOKY CiBOM, LUMPUHU MIDKPSab i
HOPMM BUCIBY HaCiHHS Ha GOPMYBaHHS NPOAYKTUBHOCTI (eHxento 3BuyariHoro. B xoai pocnigkeHHs 6yno BUKOPUCTaHO
3arafibHOHAyKOBi Ta MaTeMaTUYHO-CTaTUCTUYHI MeToam. B ymoBax 3axigHoro Jlicocteny aBTopamu 6yno gocnigpkeHo
CYMW aKTUBHUX Ta eDeKTUBHUX TEMNEPATYpP B AMHAMILL Y pO3pi3i pi3HMX 32 NOroAHUMK YMOBAMM POKIB AOCIAKEHbTA
a3 BereTauii pocvH heHxento 3BM4aHOro. B pe3ynbrati BUKOHaHMX LOCiAKeHb BYN10 NpoaHanizoBaHO MOKA3HUKM
iHTerpanbHoOi GOTOCMHTETUYHI aKTMBHOI padiauii y BereTaTMBHWIA, reHepaTUBHUI Ta BereTauiiHMI nepiogu pocty
i pO3BMTKY pOC/IMH. byno BM3HaYeHO piBEHb YPOXKAMHOCTI HaCiHHS deHXento 3BMYalHOro Npu BUPOLLYBAHHI Ha
4YopHO3eMax MMBOKMX MaNOryMyCHUX 3aNeXHO Bif CTPOKY CiBOWM, HOPMM BUCIBY HACiHHS Ha WMPUHKU MiXXPSab 3a
Pi3HMX MOroAHMX YMOB POKiB AocnigXeHb. [1poBeaeHO KopensauiinHuiA aHanis, SKMM BMKOHAHO 33 MOKa3HUKaMMU
YPOXaNHOCTI HAaCiHHA HeHXento 3BMY4aMHOr0 | CyMapHUX TeMNepaTyp, AKi MOXHa BiHECTU A0 OCHOBHWUX HEKEPOBAHUX
(akTopiB, WO BMNAMBAKTb HA YPOXKAMHICTb CiIbCbKOrOCNOAAPCHKMX KYNbTYP B KOHKPETHIM 30HI BUPOLLYBaHHS. byno
[OBeAeHo A0LINBHICTb BUPOLLYBaHHS eHXento 38M4alHoro B ymoBax 3axigHoro Jlicocteny YkpaiHu 32 noKasHUKaMu
CYMU aKTUBHUX i ePeKTUBHUX TeMnepaTyp BNPOAOBX BeretauinHoro nepiogy geHxento, Wo cnpusno GopmyBaHHIO
[LOCTaTHbO BMCOKOI YPOXAMHOCTI HACIHHS, @ TaKOX BCTAHOBNEHO ONTUMaNbHUIA CTPOK CiBOU, HOPMY BUCIBY HaCiHHA
i WKWPUHY MIKPAAb 33 BUPOLLYBAHHS KYNbTYpU B KOHKPETHUX IPYHTOBO-KMIMaTUUYHMUX YMOBAX 30HW. [TpakTuyHa
LiHHICTb pobOTM Nonsrae B po3pobneHHi pekoMeHAaLih BUPpOOHUUTBY AN arpapHUX NiANPUEMCTB YMOB 3axifAHOro
Jlicocteny 3 nuTaHb ONTMMI3aLii KOMMNNEKCY TEXHONOMYHUX GAKTOPiB NpWU BUPOLLYBaHHI (eHXento 3BMYaANMHOIo

KniouoBi cnoBa: GeHxenb 3BMYaMHMI; aKTUBHI Ta ePeKTUBHI TEMMNepaTypu; YpOXanHiCTb; CTPOK CiBOM; WMpMHa
MiXpsab; HOPMa BUCIBY HACiHHA
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technology based on organic and organo-mineral fertilisation systems provided a significantly smaller increase -
0.6 and 0.75 t/ha or 19.3 and 24.0%, respectively. However, the level of profitability for the mineral system
decreased by 0.54 thousand UAH/tonne or 39.1%, net operating profit — by 1.6 thousand UAH/tonne or 26.0%
compared to the organic fertilisation system. The latter was also better from the standpoint of energy efficiency. It
is proved that double foliar top dressing with liquid organo-mineral fertilisers significantly increases the efficiency
of the fertilisation system. In the conditions of the experiment, this was expressed in an additional increase in
productivity by 0.47-1.16 t/ha, a reduction in the cost of production by 0.14-0.36 thousand UAH/ha, an increase
in profitability by 19.3-48.3%, energy efficiency - by 0.14-0.71, and the plasticity of the crop to dry conditions
during the growing season. The findings can become the basis for improving the fertilisation system for organic
cultivation of winter rye, which would ensure the formation of sustainable yields by minimising the impact of
stress factors (dry periods during the growing season) and increase the economic efficiency of grain production in
agricultural enterprises of various forms of ownership

Keywords: corganic farming; short-term crop rotation; fertilisation systems; liquid organo-mineral fertilisers;

plasticity of winter rye; profitability level; energy efficiency coefficient

INTRODUCTION

The dominant soil types in Ukraine's Polissya region are
those of light particle size distribution, characterised
by unfavourable agrophysical and physicochemical pa-
rameters, very low nutrient supply, and low energy po-
tential. This is a serious obstacle to the development
of organic farming in Polissya. This situation forces
agricultural producers to saturate crop rotations with
low-margin crops that are not demanding to soil fertil-
ity. Therefore, it is important to maximise the potential
of winter rye in organic farming of this agricultural soil
zone, primarily by increasing the efficiency of the fertil-
isation system for this crop.

Rye is more tolerant to growing conditions com-
pared to other winter cereals, which allows effectively
cultivating it in the Polissya region. Research by Avra-
menko et al. (2022) found that rye is able to absorb nu-
trients from poorly available forms and can be success-
fully grown on soils with low natural fertility. Due to its
high resistance to agrocenosis and plasticity to envi-
ronmental conditions, this crop is often placed on poor
soils due to unsuccessful predecessors, optimal sowing
times are neglected, and fertilisers are not used. How-
ever, as noted by Nelson et al. (2011) and Hayden et al.
(2012), the crop, even at late sowing dates, has time to
accumulate enough plastic substances, is able to form
a shrub well in early spring, effectively use spring mois-
ture reserves, and develop a sufficient productive stem.
One of the ways to solve the problem of increasing the
yield and economic efficiency in the cultivation of win-
ter rye is the mandatory inclusion in the technological
process of foliar top dressing with complex fertilisers
containing the main macro- and microelements. Goe-
nadi et al. (2018) note that the requirements for the
economic efficiency of the use of complex fertilisers
are increasing every year. Wilier et al. (2020) also em-
phasise economic priorities when applying biological
factors to the intensification of agricultural production.
At the same time, studies by Karasiuk & Khomchak
(2005), Martinez-Alcantara et al. (2016) proved that
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the more complex the soil and climate, and weather
conditions, the more important the role of biologisa-
tion in crop cultivation technologies. According to Di-
diek et al. (2018), Bargaz et al. (2018), Stamenkovic et
al. (2018), biological preparations are able to activate
the viability of beneficial epiphytic and, especially, sap-
rophytic microflora, which inhibit the development of
pathogenic organisms by 25-30% and contribute to
better assimilation of mobile phosphorus and nitrogen
by plants. Mc Guire (2017) notes that liquid complex
microfertilisers and biologics contribute to improving
the quality of agricultural products obtained, primarily
by improving the root nutrition of plants. As stated by
Kysil (2005) and Gunes et al.(2015), there is a close cor-
relation between plant growth and the intensity of bio-
philic element uptake. Therefore, it is of great impor-
tance to establish patterns of influence of various types
of fertilisers and preparations on this process. The val-
ue of such research increases in the organic farming
system. As noted by Jezierska-Théle et al. (2017), Re-
ganold et al. (2016), Muller et al. (2017), efficient organ-
ic production should be based on energy-efficient soil
protection technologies, intensifying the circulation of
substances, improving the quality of food and living
conditions of people. Equally important, according to
Stovolos (2014), Klonsky (2012), is the introduction of
sustainable crop rotations, the widespread use of plant
residues, manure and compost, perennial legumes and
green manure crops. However, Seufert et al. (2012),
Freyer et al. (2019) suggest that a serious deterrent to
the expansion of areas under organic farming is, first of
all, the widespread belief that the rejection of miner-
al fertilisers and chemical protection products would
lead to a rapid decline in yields.

The purpose of the study was to evaluate the influ-
ence of foliar top dressing with liquid complex fertilisers
on organic and convection cultivation of winter rye in
Ukraine's Polissya on the formation of high and stable
yields,which is relevant in the context of climate change.




MATERIALS AND METHODS

The stationary experiment “Development and evalua-
tion of biologisation elements in the farming system in
Polissya”, in which the research was carried out, started
in 2010 (experimental field of Polissya National Uni-
versity, Chernyakhivskyi district, Zhytomyr Oblast). The
period of 2014-2016 was analysed. It included a 5-field
crop rotation, which was deployed on light grey forest
soil,characterised by a low supply of macronutrients and
general humus, and a slightly acidic reaction (pH, ,=4.8).
The area of the sown plot was 130 m?,and the account-
ing area - 110 m2. The repetition of the experiment was
threefold. Field, laboratory and analytical, mathematical
and statistical research methods were used. Statistical
processing of the results was performed according to
Dospekhov (1985) using Statistica 10.0 software suite,
the collection and accounting of the main and by-prod-
ucts was carried out in sections at full grain ripeness.
Sowing was carried out with high-yield seeds of
the Khlibne variety. The technology of growing winter
rye was up to the principles of organic production and
was adapted for the Polissya zone. The main tillage was
carried out with disk tools. The predecessor was pota-
toes. To assess the effectiveness of liquid organo-min-
eral fertilisers against the background of the use of var-
ious fertilisation systems for winter rye, the results of a
two-factor stationary experiment were analysed:
Factor A Fertilisation system: 1. Biological control
(without fertilisers); 2. Organic system (aftereffect of
manure applied to potatoes at a rate of 50 t/ha); 3. Or-
gano-mineral system (50% organic fertilisers and 50%
fertilisers of mineral origin); 4. Mineral fertilisation sys-
tem (N, P, K., directly under the crop). In the biological
control variant, fertilisers were not applied, however,
post-harvest residues remained in the field to simulate
an agroecosystem with minimal human intervention. In
the organic system, no fertilisers were applied directly
to winter rye, but the aftereffect of the 1t year of ap-
plying litter manure under the predecessor was used.
Notably, the fertilisation systems are balanced in terms
of nutrition elements and according to the organo-min-
eral system, part of organic fertilisers (50% of the need
for biophilic elements) was replaced with minerals of
natural origin (N, P, K, directly under the crop), which
are used in organic farming: nitrogen in the form of
urea, phosphorous - phosphorite, and potash - kainite.
Straw after harvesting grain crops remained in the field
and was subsequently incorporated into the soil. The
mineral fertilisation system provided for the applica-
tion of fertilisers of chemical origin: simple granular
superphosphate (20% a.s.), potassium chloride (51%
a.s.), ammonium nitrate (34% a.s., for pre-sowing cul-
tivation). The total need for fertilisers was determined
when developing a stationary experiment scheme, con-
sidering the agrochemical characteristics of light grey
forest soil, its absorption capacity, and biological fea-
tures of crop rotation crops. To optimise the C:N ratio in
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the soil, nitrogen fertilisers were additionally applied at
the rate of 10 kg/t of straw to accelerate the process of
straw degradation.

Factor B. Liquid complex fertilisers (LCF): 1. Control;
2.Mochevyn-KNo.1 (1 l/ha); 3.Mochevyn KNo.2 (1 l/ha);
4. Organik D-2M (1 l/ha); 5. Potassium humate (2 l/ha).

Foliar top dressing of winter rye crops with liquid
complex fertilisers was performed twice during the
growing season (according to the experiment scheme
and recommendations for their use): the first applica-
tion was carried out in the phase of entering the tube,
the second - after 14 days. In the control, water spray-
ing was carried out in parallel. The studied preparations
are listed in the relevant state registers (State register
of pesticides..., 2022; Havran et al., 2022). Mochevyn-K
No. 1 (1 l/ha) is recommended by the manufacturer to
improve the development of the root system, plant
biomass, and improvement of the immune system. Fer-
tiliser contains 11-13% N, 0.1-0.3% P,O,, 0.05-0.15%
K,O, trace elements (0.1%), and succinic acid (0.1%).
Mochevyn-K No. 2 (1 l/ha) contains 9-11% N, 0.5-0.7%
P,0,, 0.05-0.15% K,0, 3 g/l of sodium humate, 1 g/l of
potassium humate, 1 g/l of a complex of trace elements.
This fertiliser is recommended to increase the resis-
tance of plants to drought, the development of addi-
tional shoots and accelerate maturation. Organik D-2M
(1 /ha) contains 2.0-3.0% N, 1.7-2.8% P,0O,, 1.3-2.0%
K,0, 2.0-6.0% total calcium, 65-70% organic substances
(in terms of carbon) and is recommended for strength-
ening plant immunity to various diseases, increasing
seed germination energy, reducing the conversion rate
of nitrates, heavy metals and radionuclides in plants,
enhancing soil microbiological activity. Potassium hu-
mate (2 l/ha) contains macronutrients (NPK), a complex
of trace elements (0.3-2.5 g/l) and is recommended
for enhancing plant resistance to frost, drought, their
better growth and development (State register of pesti-
cides..., 2022; Havran et al., 2022).

RESULTS AND DISCUSSION

The analysis of crop yield in 2014 showed that the
highest result was provided by the conventional miner-
al fertilisation system, where, on the variant without the
use of preparations, the increase was 1.71 t/ha or 72.5%
compared to the indicator that was achieved on biolog-
ical control (2.36 t/ha). On this version of the fertili-
sation system, Mochevyn-K2 and Organik D-2M prepa-
rations worked best, which provided the highest yield
in the experiment - 5.00 and 4.94 t/ha, respectively.

Under the conditions of the organic fertilisation
system, where the crop used only the aftereffect of
manure, which was applied under the predecessor, the
yield on the version without the use of preparations
was 3.00 t/ha. The introduction of preparations provid-
ed an increase in the yield at the level of 3.67-3.83 t/ha.
The lowest rates were recorded when using the Mo-
chevyn-K1 preparation.The organo-mineral fertilisation
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system on the variant without the use of preparations
provided an increase in yield of 1.42 t/ha or 60.2%
compared to the biological control. The use of liquid
organo-mineral fertilisers significantly improved the
indicator. The highest yield on this agricultural back-
ground was recorded when using Organik D-2M and
Mochevyn-K2 - 4.70 and 4.98 t/ha, respectively.

The highest cost of the obtained products in the
experimental conditions in 2014 was recorded for the
mineral fertilisation system and the use of liquid or-
gano-mineral fertilisers Mochevyn-K2 and Organik
D-2M - 15.00 and 14.82 thousand UAH/ha, respectively.
This trend was also observed in the organo-mineral sys-
tem.The lowest production costs for growing winter rye
were recorded on biological control and organic system
(5.12 and 5.04 thousand UAH/ha, respectively), and the
highest - on mineral system (8.16 thousand UAH/ha).
The highest level of profitability in the cultivation of
winter rye in the first year of research was with the use
of the organic system.This is conditioned by the fact that
the culture used the aftereffect of manure, which was
introduced under the potatoes. Treatment of crops with
liquid complex fertilisers has increased the efficiency
of this fertilisation system. The highest level of prof-
itability was obtained with the use of Mochevyn-K2 -
123%, Organik D-2M - 120%. Moreover, a high level of
profitability of these preparations was achieved in the
organo-mineral system - 124 and 111%, respectively.

In 2015, the yield level was significantly higher. On
biological control, the increase was 1.23 t/ha or 52.1%.
This is primarily conditioned by more favourable weath-
er conditions during the formation of the winter rye
crop. In the experiment, the highest yield was obtained
under the mineral fertilisation system - 4.39 t/ha,
which is 0.8 t/ha or 22.3% more than under biologi-
cal control. With the use of preparations, the advantage
of the fertilisation system has increased. At the same
time, the best result was provided by Mochevyn-K2 and
potassium humate - 5.59 t/ha and 5.67 t/ha, respec-
tively. The organo-mineral system also provided a high
yield increase relative to biological control - 0.44 t/ha
or 12.3%. When using Mochevyn-K2 and Organik D-2M
against the background of the organo-mineral system,
the increments were 1.14 and 1.47 t/ha, respectively, or
28.3 and 36.5% relative to the control.

Analysis of the results of the economic efficiency
of fertilisation systems showed that the highest cost of
the products was recorded on the variants where crops
were treated with Mochevyn-K2 and potassium humate
against the background of the mineral system - 16.77
and 17.01 thousand UAH/ha, respectively. However,
the cost of cultivation here was also the largest - 8.19
thousand UAH/ha, which is 3 thousand UAH/ha or 58.7-
59.0% more than on the organic system variant. Slightly
lower indicators were recorded under the conditions of
the organo-mineral system with the treatment of crops
by Organik D-2M and Mochevyn-K2. Net operating
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profit was the largest under the organic system - an
increase in biological control amounted to 1.54 thou-
sand UAH/ha, or 26.7%. Preparations also provided an
improvement in the indicator. Thus, under the organic
system, liquid organo-mineral fertilisers Organik D-2M
and Mochevyn-K2 provided the net operating profit at
the level of 9.72 and 9.81 thousand UAH/ha, which is
33.2 and 34.4% more than in the control. Under the in-
fluence of the organo-mineral system, these prepara-
tions provided an increase in net operating profit by
UAH 3.28 and 4.26 thousand, or 59.1 and 76.8%, re-
spectively. The highest level of profitability under the
organic system is conditioned by the fact that rye used
the aftereffect of manure to form the crop, and the cost
of its application was attributed to the technological
costs of the previous crop (potatoes). For the same rea-
son, rather high profitability indicators are characteris-
tic of the organo-mineral fertilisation system.

In 2016, the yield was lower compared to the pre-
vious year. Thus, in biological control, the indicator de-
creased by 0.17 t/ha or 4.7%. This is conditioned by the
difficult weather conditions during the critical period
of crop development, since according to the hydrother-
mal coefficient (HTC) in the phases of entering the tube,
flowering, formation and maturation of grain, they were
characterised as arid. According to the organic system,
the yield increase in the control was 0.65 t/ha or 19.0%,
organo-mineral - 0.39 t/ha (11.4%), and mineral -
0.71 t/ha (20.8%). The effectiveness of the preparations
under different fertilisation systems was not clear. Ac-
cording to the organic system, foliar top dressing with
Mochevyn-K No. 2 and Organik D-2M preparations was
the most effective - the increase in the indicator was
0.52 t/ha (12.8%) and 0.68 t/ha (16.7%), respectively.
According to the organo-mineral system, the advantage
of these preparations remained - an increase relative
to the control - 0.79 t/ha (20.7%) and 1.09 t/ha (28.6%),
respectively. Under the mineral fertilisation system, the
highest yield increase relative to the control was re-
corded for treatment with Mochevyn-K2 and potassium
humate preparations - 1.07 t/ha (25.9%) and 1.24 t/ha
(30.0%), respectively.

The highest net operating profit without the use
of preparations was obtained under the organic fertili-
sation system - 7.18 thousand UAH/ha, which is 36.8%
more than with biological control. Under foliar top
dressing with Organik D-2M and Mochevyn-K2 prepara-
tions, the indicator increased by 1.43 thousand UAH/ha
or 19.9% and 1.91 thousand UAH/ha or 26.6% relative
to the control, respectively. For the organo-mineral sys-
tem, the advantage of these preparations remained -
for treatment with Organik D-2M, the increase relative
to the control of the system was 3.12 thousand UAH/ha
or 63.8%, and Mochevyn-K2 - 2.23 thousand UAH/ha
or 45.6%. In the third year of the study, the profitability
level was highest for the organic system - from 143%
for the control to 176% with the use of preparations.




In general, for three years of research, the ad-
vantage of Mochevyn-K2 and Organik D-2M prepara-
tions in terms of yield was indisputable against the
background of all fertilisation systems studied in the
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experiment (Table 1). Thus, against the background of
various fertilisation systems for foliar top dressing with
liquid complex fertilisers (LCF) Mochevyn-K2, the in-
crease was 21.1-26.9%,and Organik D-2M - 19.5-29.9%.

Table 1. The yield of winter rye depending on fertilisation systems and preparations
(average for 3 years) in the short-term crop rotation in Polissya

Deviations
Fertilisation . . e e . Variation
system Preparation Yield, t/ha by fertilisation systems by preparations coefficient
S % £ %
1.Biological Control 3.1240.75" - - - - 21.34
control
Control 3.73+0.71 0.60 19.3 - - 16.90
Mochevyn-K1 4.20+0.58 - - 0.47 12.6 12.28
2. Organic Mochevyn-K2 451068 - - 0.79 211 13.32
system
Organik D-2M 4.46%0.69 - - 0.73 19.6 1371
Potassium humate 4.40%0.65 - - 0.68 18.2 13.04
Control 3.87%0.70 0.75 24.0 - - 15.89
Mochevyn-K1 4.54%0.70 - - 0.67 17.2 13.70
3.0rgano-
mineral Mochevyn-K2 4.92+0.66 - - 1.04 26.9 11.95
system
Organik D-2M 5.03%0.75 - - 1.16 29.9 13.23
Potassium humate 4.62%0.54 - - 0.74 19.2 10.41
Control 4.20+0.72 1.07 34.4 - - 15.24
Mochevyn-K1 4.80£0.66 - - 0.60 144 12.14
4-Mineral Mochevyn-K2 5.26+0.68 - - 1.07 254 1135
system
Organik D-2M 5.02+0.66 - - 0.82 19.5 11.66
Potassium humate 5.22%0.58 - - 1.03 245 9.77

Note: *M=m - confidence interval
Source: compiled by the authors

On average, over 3 years of research, the organic
system without the use of LCF provided an increase
in yield at the level of 0.6 t/ha or 19.3%, organo-min-
eral - 0.75 t/ha or 24.0%, and mineral - 1.07 t/ha or
34.4% relative to biological control. Foliar top dress-
ing with Mochevyn-K2 and Organik D-2M against the
background of various fertilisation systems provided an
increase in yield by 0.73-1.16 t/ha or 19.5-29.9% rela-
tive to the corresponding control variants. The highest
productivity was provided by agricultural technologies
based on the mineral fertilisation system and foliar top
dressing with Mochevyn-K2 and potassium humate -
5.27%0.68 t/ha and 5.23%0.58 t/ha, respectively.

Asignificant level of variation in yield in the context
of years of research is conditioned by the influence of
weather conditions, the share of influence of which on
the indicator reached 23% (Fig. 1). For comparison, the
share of exposure to fertilisation systems was 41%, and

top dressing with liquid complex fertilisers was 19%.
As the statistical analysis of crop yield results showed,
the degree of influence of the weather factor on agri-
cultural technologies was not the same. However, an
interesting pattern can be traced. Thus, biological con-
trol recorded a strong level of variation in the yield of
winter rye over the years of research (21.3%). The use of
fertilisation systems with the treatment of crops with
LCF significantly reduced the level of variability of the
indicator. It can be assumed that improving the level
of nutrition of the crop and, especially, the use of LCFs
contributed to increasing the resistance of the variety
to arid conditions in 2016. Although this comparison
is somewhat conditional, it confirms the conclusions of
researchers about the positive effect of liquid and min-
eral fertilisers on protecting crops from adverse weath-
er conditions during the growing season (Semenjuk,
2017; Drobek et al., 2019).
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Fertilisation system 41%

Weather conditions 23%

Liquid complex fertilisers 19%

Interaction of factors 2%

Other factors 15%

Figure 1. Share of influence of factors on the yield of winter rye during the observation period

Source: compiled by the authors

In general, for 3 years of research, the lowest
technological costs for growing winter rye on control
variants were observed for organic and organo-min-
eral fertilisation systems — 5.03 and 6.54 thousand
UAH/ha. For the mineral system without the use of

preparations, costs increased by UAH 3.03 thousand/
ha, or 60.5% relative to biological control. The high-
est net operating profit was obtained for the orga-
no-mineral system with the use of Organik D-2M -
8.41 thousand UAH/ha (Fig. 2).

Figure 2. Net operating profit for growing winter rye depending on fertilisation systems
and preparations (average for 3 years)
Note: *Fertilisation systems: 1 - Biological control; 2 - Organic system; 3 — Organo-mineral system; 4 - Mineral system.
**Liquid complex fertilisers: a - control; b - Mochevyn-K1; ¢ - Mochevyn-K2; d - Organik D-2M; e - potassium humate

Source: compiled by the authors

The mineral fertilisation system, although it provid-
ed high productivity of the crop, but the increase in the
cost of its cultivation compared to alternative organic
systems significantly reduced the economic attractive-
ness of agricultural technologies based on it, which
was manifested in a decrease in net operating profit
and profitability. Thus, on the option without the use of
preparations for the mineral system, the lowest level of
net operating profit was recorded (4.55 thousand UAH/
ha), which is 26% lower than for the organic system.

On average, for three years of research, the lowest
cost of winter rye was recorded for the organic fertilisa-
tion system - 1.38 thousand UAH/t, which is 0.28 thou-
sand UAH/t or 17% less than for biological control (Fig. 3).
For the mineral system, the prime cost increased by 0.26
thousand UAH/t, or 15.5%, compared to absolute control.
In general,under the organic system, the cost of winter rye
grain was 0.54 thousand UAH/t, or 39.1% lower than un-
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der the mineral fertilisation system.With the foliar appli-
cation of liquid organo-mineral fertilisers Mochevyn K1
and Organik D-2M, the indicator decreased, respectively,
by 16.0-19.4% and 14.8-21%, depending on the system.

The use of an organic system contributed to an in-
crease in the profitability of growing crops by 35.3%
compared to the control (Fig. 4). For convection cultiva-
tion, there was a significant decrease in the indicator for
all variants of the mineral fertilisation system. Without
the use of liquid complex fertilisers, the profitability of
grain production on this system was 65.7% lower than
on the organic system. Liquid organo-mineral fertilisers
significantly improved the economic efficiency of grow-
ing crops in all fertilisation systems. Thus, in particular,
the use of Mochevyn-K2 and Organik D-2M provided an
increase in net operating profit by 2.06-3.33 thousand
UAH/ha or 33.5-67.0% relative to the control options
with water treatment.
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Figure 3. Cost of winter rye depending on fertilisation systems and preparations (average for 3 years), thousand UAH/t
Note: *Fertilisation systems: 1 - Biological control; 2 - Organic system; 3 — Organo-mineral system; 4 — Mineral system.
**Liquid complex fertilisers: a — control; b — Mochevyn-K1; ¢ - Mochevyn-K2; d - Organik D-2M; e - potassium humate

Source: compiled by the authors

Figure 4. Profitability level of growing winter rye depending on fertilisation systems
and liquid complex fertilisers (average for 3 years), %
Note: *Fertilisation systems: 1 - Biological control; 2 - Organic system; 3 — Organo-mineral system; 4 - Mineral system.
**Liquid complex fertilisers: a - control; b - Mochevyn-K1; ¢ - Mochevyn-K2; d - Organik D-2M; e - potassium humate

Source: compiled by the authors

Along with the economic one, the energy analy-
sis of cultivation technologies is no less important. It
was found that during the research period, agricultur-
al technologies provided a high level of energy effi-
ciency, since the accumulation of total energy in the
crop significantly exceeded the total energy costs for
production (Table 2). Thus, even on biological control,
the energy efficiency coefficient was 3.74+0.91. For
the mineral fertilisation system in the control, the

indicator improved by only 6.6%, and for the orga-
no-mineral system - by 11.8% compared to the bio-
logical control. The organic system was the best from
the standpoint of energy, providing an increase in the
energy efficiency coefficient by 19.3%. Top dressing
with complex preparations contributed to an increase
in the indicator by 3.5-13.5% for the mineral system,
4.8-16.1% for the organo-mineral system, and 7.8-
15.9% for the organic system.

Table 2. Indicators of energy efficiency of winter rye cultivation in short-term crop rotation of Polissya

Fertiliser variant Liquid complex fertiliser Energy output, GJ Energy efficiency ratio
1. Biological control Control 52.19%12.6 3.73*0.9
Control 62.27£11.91 4.45%0.85
Mochevyn-K1 70.13+5.97 4.8+0.41
2.0rganic system Mochevyn-K2 75.42%11.36 5.16%0.78
Organik D-2M 74.47%£11.55 5.09£0.79
Potassium humate 73.58%10.86 5.03+0.74
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Table 2, Continued

Fertiliser variant Liquid complex fertiliser Energy output, GJ Energy efficiency ratio
Control 64.72+2.58 4.17+0.17
Mochevyn-K1 75.86%3.1 4.37%0.18
3. Organo-mineral system Mochevyn-K2 82.16%5.49 4.73+0.32
Organik D-2M 84.11£7.87 4.84*0.45
Potassium humate 7714734 4.44+0.42
Control 70.13%3.22 3.98%0.18
Mochevyn-K1 80.21%3.62 4.12+0.19
4. Mineral system Mochevyn-K2 87.95+5.67 4.52+0.29
Organik D-2M 83.83+1.89 4.3%0.1
Potassium humate 87.28+10.12 4.48+0.52

Source: compiled by the authors

The highest energy efficiency in the experiment was
providedbyagriculturaltechnologiesthat provided forthe
use of an organic systemand foliar top dressing of LCF Mo-
chevyn-K No. 1 (Kee=5.16) and Organik D-2M (Kee=5.09).

Considering the characteristics of zonal and other
soils common in Polissya and the recommendations of
Solovei et al. (2018) regarding the ecological and ge-
netic suitability of Ukrainian soils for organic produc-
tion, it was found that the land fund of Polissya (except
for massifs of light loamy granulometric composition)
is not suitable for organic farming. Based on the study
by Solovei et al. (2018), 50.4% of Polissya's soil cover
was classified as poorly suitable, 45.5% as conditionally
suitable, and only 4.1% as suitable for organic farming.
The authors note that the zonal soils of Polissya are
characterised by a high return on mineral fertilisers,
which sharply reduces the organic coefficient. However,
the approach to assessing fitness proposed by Solovei
et al. (2018) is rather conditional. Thus, according to
Grycenko (2020), the development of organic farming
in the zone has significant potential, especially when
growing winter rye and introducing an effective organic
fertilisation system. This is confirmed by the authors of
this study (Kravchuk et al., 2021).

Research by Yavorskaya et al. (2006) substantiated
the need for foliar leaf feeding of plants with microele-
ments in the phases of intensive growth and develop-
ment and, especially, in stressful situations (low tem-
peratures, drought). Januskaitiene et al. (2021), Karasiuk
& Khomchak (2005) note that microlements, which are
part of liquid organo-mineral fertilisers, activate the
course of many physiological and biochemical process-
es, in particular, increase the intensity of photosynthe-
sis, activate the action of enzymes, enhance hydrocar-
bon metabolism,which determines the resistance of the
crop to stressful situations during dry periods during
the growing season.According to Bargaz et al. (2018),an
important condition for improving the effectiveness of
such fertilisers is to consider the biological characteris-
tics of the crop, the method of their application,and the
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timing. Popko et al. (2018), Gunes et al. (2015), Antille
et al. (2013) emphasise that the effectiveness of liquid
complex fertilisers significantly depends on the tem-
perature regime and moisture regime during the grow-
ing season and the state of the soil ecosystem. During
the research period, it was found that the hydrothermal
conditions of the growing season had a significant im-
pact on the course of biochemical processes occurring
in plants. This is confirmed by the relevant biochemi-
cal studies by Januskaitiene et al. (2021). Similar results
were obtained by Kalenska (2004). The researcher notes
that fluctuations in crop yield by year can reach 40-60%,
depending on weather conditions (Kalenska, 2004).

The positive effect of organic fertilisation on in-
creasing the resistance of cereals in critical years of
moisture supply, which was recorded during the re-
search period, was also noted by Januskaitiene et al.
(2021). The researchers point to a significant increase
in the production of enzymatic antioxidants by spring
barley plants, as well as a decrease in the rate of photo-
synthesis in dry years with organic fertiliser than with
the mineral system. In addition, as noted by Sivojiene
et al. (2021), Zikeli & Gruber (2017) long-term mineral
fertilisation significantly impoverishes the species bio-
diversity of soil microorganisms. This leads to the es-
tablishment of niches for the acclimatisation of patho-
genic organisms and a decrease in the resistance of
cultivated plants to stressful factors.

Notably, the study was carried out under a soil-sav-
ing tillage system. The expediency of using such a pro-
cessing system is substantiated in the studies by Galich
& Strelchenko (2004), Veremeienko & Semenko (2019),
Kadziené et al. (2011). This was confirmed by previous
research (Kravchuk et al., 2021). Moreover, previous
studies (Kravchuk et al., 2021) found that winter rye can
be effectively grown without the use of herbicides, since
it is characterised by a high tillering coefficient and an
intensive increase in biomass, which causes weed sup-
pression. The same conclusions were obtained by Red-
dy (2003) and Cavigelli et al. (2008).




Kravchuk et al. (2021) have found that with the
long-term use of soil-protective agricultural technolo-
gies, positive changes in the agroecological state of the
root layer of light grey forest soil occurred. This was
manifested in a significant improvement in certain bi-
ological (humus content and biological activity of the
soil), agrophysical (structure), and water and physical
(supply of productive moisture) indicators. However, in
terms of the impact on crop yields of crop rotation, the
advantage of long-term use of no-till methods of basic
cultivation in the experiment was manifested only if a
fertilisation system was used.

CONCLUSIONS

For 3 years of research in short-term crop rotation, the
highest productivity of winter rye was observed when
growing crops using convection technology with a min-
eral fertilisation system - 4.2 t/ha. This fertilisation
system provided a grain increase of 1.07 t/ha or 34.4%
relative to the control option. When using organic cul-
tivation technology based on an organic fertilisation
system in crop rotation, the yield increase was 0.6 t/ha
or 19.3%,and organo-mineral-0.75 t/ha or 24.0%.Foliar
top dressing with liquid complex fertilisers significantly
increased the efficiency of these fertilisation systems,
providing an additional yield increase of 0.47-1.16 t/ha
or 12.6-29.9%.The highest yield gains were provided by
the use of Mochevyn-K2 and Organik D-2M fertilisers.

The share of influence of weather conditions on
crop yield during the research period was 23%. The
variation of yields in different years of water supply sig-
nificantly decreased when using fertilisation systems
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with treatment of crops with liquid complex fertilisers,
which is especially relevant in the context of adapta-
tion to climate change.

The most economically and energetically expedient
method in the experiment was to grow crops using or-
ganic technologies based on organic (aftereffect of ma-
nure) and organo-mineral fertilisation systems (with the
introduction of 5 t/ha of manure per 1 ha of crop rota-
tion area and N ,P, K., incl.N, P, K, directly under the
crop) and foliar top dressing with Organik D-2M. These
technologies provided net operating profit at the level of
8.21 and 8.41 thousand UAH/ha, profitability - 159 and
126%, energy efficiency coefficient - 5.09 and 4.84, re-
spectively, which significantly exceeded the correspond-
ing indicators for convection cultivation of winter rye.

The prospects for further research are related to
the search for new effective liquid complex fertilisers
and, especially, biologics for organic cultivation of win-
ter rye, which would reduce the impact of stress factors
in dry periods during the growing season, ensure stable
yields, and contribute to increasing the economic effi-
ciency of grain production in economic and production
facilities of various forms of ownership.
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AHortauis. B ymoBax Noniccsa YkpaiHu BUPOLLYBaHHS XUTa 03MMOr0 Y OpraHiYHOMY 3eMNepo6bCTBi € NepcnekTUBHUM,
npoTe CTPUMYETbCS HU3bKUMMU BPOXKAsSIMU KyNbTypU. TOMY aKTyaNbHUM 3aBAAHHAM € MOLWYK LWASXIB NiABULLEHHS
ePeKTUBHOCTI CUCTEMM YAOOPEHHS L€l TPaaMLIAHOT NonicbKoi KynsTypu. MeTol focnigpkeHb 6yno npoaHanizyBatu
[OLINbHICTb 3aCTOCYBaHHS PiAKMX KOMMAEKCHUX J0OpMB Ha (POHI TPbOX CUCTEM YAOOPEHHS 33 OpraHivyHoOro Ta
KOHBEKL,iMHOro BUPOLLYBAHHSA XMTa 03uMoro B yMoBax [Monicca Ykpainu. byno BMkKopuctaHo nonboBi, 1abopatopHo-
QHANITUYHI, MaTEMATMKO-CTaTUCTUYHI METOAM A0CNiAKeHb. Byno npoaHanizoBaHo pe3ynsbTaTi CTalioHapHOro AoCiay
Ha ICHO-CipOMy NliCOBOMY I'pYHTI. BCTaHOBNEHO, WO HaMBULLA YPOXKAMHICTb KUTa 03MMOro Byna 3a BMPOLLYBAHHS
32 KOHBEKLiHOK TEXHOJOTIE 3 MiHEPANIbHOK CUMCTEMOI yLobpeHHsa — 4,2 T/ra, aka 3abe3neunna npupicT 3epHa
1,07 1/ra abo 34,4% [0 KOHTPOM NO AOCAiZYy. 3aCTOCYBaHHS OPraHi4YHOI TEXHONOrii Ha OCHOBI OpPraHivHoOI i
OpraHo-MiHepanbHOi cncTeM yaobpeHHs 3abe3neunno 3HayHo MeHwWwuin npupict - 0,6 i 0,75 1/ra a6o 19,3 i 24,0%,
BignoBigHo. OpgHak, piBeHb peHTabenbHOCTi 3a MiHepanbHOi cnuctemu ckopotuecs Ha 0,54 tuc. rpH/T abo 39,1%,
YMOBHO YMCTUI NpubBYTOK — Ha 1,6 TUC. rpH/T a6o 26,0% NOPIBHAHO 3 OpraHiuyHO cMcTeMO yaobpeHHs. OCTaHHs
6yna Kpalloto i 3 eHepreTM4HOi TOUKM 30pY. [JoBeAeHO, Lo ABOKPATHE NO33aKOPEHEBE MiAKUBIEHHS PiAKUMKU OpraHo-
MiHepanbHUMK LOBPUBAMM CYTTEBO NiABULLYE eDEKTUBHICTb CUCTEMM YA0OPEHHS. B yMoBax focnigy Le BMpaXanocb
Yy [OLATKOBOMY NPMPOCTi NMpoayKTMBHOCTI Ha 0,47-1,16 T/ra, 3HWxeHHi cobiBapTocTi Ha 0,14-0,36 TuC.rpH/ra,
niaBWLLEHHI peHTabenbHocTi Ha 19,3-48,3%, eHepreTnyHoi edpekTMBHOCTI — Ha 0,14-0,71 Ta NNacTUYHOCTI KynbTypu
[10 MOCYLW/MBUX YMOB NPOTAroM BereTalii. HaykoBi pe3ynsTaTt MoXyTb CTaTM OCHOBOK A9 BAOCKOHANIEHHS CUCTEMM
yA0OpEeHHS 33 OpraHiYHOro BUPOLLYBAHHS XXUTA 03MMOrO, WO 3abe3neunTb GOpPMYBaHHSA CTAIMX BPOXKAIB 3@ PaxyHOK
MiHiMi3aLuii BAAMBY CTPECOBUX YMHHWKIB (MOCYWNMBI nepiogu MNpoOTAroM BereTauii) Ta MNiABULLMTU EKOHOMIYHY
eeKTUBHICTb BUPOOHMLTBA 3epHa Yy arpoPOpMyBaHHSIX pisHUX GOPM BNACHOCTI

KnwuoBi cnoBa: opraHiuHe 3emMnepo6CTBO; KOpPOTKOpOTALiMHA CiBO3MiHA; CUCTEMM YLOOpeHHS; piaki opraHo-
MiHepanbHi 0OpUBa; NNACTUYHICTb XXMTa 03UMOr0; piBEHb peHTabenbHOCTi; KoediLieHT eHepreTMyHoi epeKTUBHOCTI
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lupine, which plays an important role in solving the problem of plant protein, was established. The optimal area of
the leaf surface of plants was determined by optimising the elements of agricultural technology of narrow-leaved
lupine. The photosynthetic potential of lupine was determined depending on seed inoculation with biological
preparations and fertiliser. The studied factors increase stem density, plant survival, and improve the indicators
of individual crop productivity. Inoculation of seeds with biologics and foliar application ensures the formation
of the highest (2.43 t/ha) grain productivity of narrow-leaved lupine. Seed inoculation increases the yield of
narrow-leaved lupine grain by 10.8-11.4%, depending on nutritional background. Foliar application of plants with
complex fertiliser in phases BBCH 21-23 and BBCH 51 on a mineral background for seed inoculation provides a
2.8% increase in grain yield compared to the control. The findings can be used to improve the elements of the
technology of growing narrow-leaved lupine, which will ensure high and stable grain yields

Keywords: grain yield; bacterial preparations; foliar application; BBCH scale; linear indicators; leaf surface area;

photosynthetic potential

INTRODUCTION
Vegetable protein is an important component of food
and feed resources. The search for reserves to increase
the production of vegetable protein to ensure proper
nutrition of the population is of strategic importance in
economic and social aspects. Increasing the production
of vegetable protein is a key area of the agricultural
sector. Among the agricultural crops that are a reserve
for increasing the volume of vegetable protein, legumes
are the most important. The most valuable protein crops
of world crop production include narrow-leaved lupine
(Lupinus angustifolius L.),which is promising for growing
on low-fertile soils. To implement the genetic potential
of narrow-leaved lupine varieties, it is necessary to re-
view the agricultural technology of the crop. Thus, the
study of the effects of seed inoculation and fertiliser on
field germination, plant growth and development dur-
ing the growing season, and the formation of produc-
tivity elements on low-fertile Polissya soils is relevant.

Narrow-leaved lupine is unpretentious to grow-
ing conditions and is able to form a grain yield of up
to 2.58-2.61 t/ha (Holodna, 2022). However, the newly
created varieties of narrow-leaved lupine are not fully
able to meet the maximum genetic potential due to the
impact of climate change (Kotelnytska et al., 2021).

The yield of narrow-leaved lupine grain significant-
ly depends not only on weather conditions but also on
elements of cultivation technology, in particular, varie-
ties, fertilisers, seed treatment before sowing, and other
factors (Szymanska et al., 2017; Mazur et al., 2019; Pa-
nasiewicz et al., 2020). An important factor in increasing
the level of grain yield of agricultural crops is the ap-
plication of mineral fertilisers (Punchyshyn et al., 2019;
Shevnikov et al., 2022). Many researchers have studied
the effectiveness of applying mineral fertilisers in the
cultivation technologies of narrow-leaved lupine (Tka-
chuk et al., 2019; Holodna, 2019).

The study by H. Kotelnytska et al. (2021) found that
the maximum yield of grain of the narrow-leaved lu-
pine variety Peremozhets (2.26 t/ha) was obtained by
complex foliar application with a mixture of fertilisers
in the budding phase and applying mineral fertilisers to
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the soil (N,,P,K,.). The study by Lithuanian researchers
(Tripolskaja & Asakaviciute, 2019) found a 22.8% de-
crease in the yield of narrow-leaved lupine grain when
applying nitrogen fertilisers on acidic soils. Inoculation
of seeds with biologics based on nitrogen-fixing bacte-
riaand antagonist microbes in agricultural technologies
improves plant nutrition, accumulates physiologically
active substances in the rhizosphere, increases plant
resistance to stress factors, increases yield, and im-
proves the quality of crop products (Nyoki & Ndakidemi,
2018; Adesemoye et al., 2021; Mirriam et al., 2022).

According to AV. Holodna (2022) treatment of nar-
row-leaved lupine seeds with a bioinoculant (based
on a strain of nitrogen-fixing bacteria of the genus
Bradirhizobium lupini 359a) in combination with the
growth stimulator Nano-Gro increases grain yield by
4.5%. Seed treatment before sowing with BTU-R and
MikoHelp biologics for applying mineral fertilisers
to the soil (N,P,K,) and double foliar application
of plants at the 2nd and 4th stages of organogenesis
with Tropicel provides grain yields up to 2.58-2.61 t/ha
(Holodna, 2021).

Thus, the purpose of the study was to substantiate
the reqgularities of the formation of productivity of nar-
row-leaved lupine depending on seed inoculation and
fertiliser on sod-podzolic sandy loamy soils of Polis-
sya. The objectives of the study were to find out the
influence of fertiliser, foliar application with complex
fertiliser during critical periods of plant development,
inoculation of seeds with bacterial preparations on lin-
ear indicators, individual productivity and yield of nar-
row-leaved lupine grain.

MATERIALS AND METHODS

Studies of the effect of fertiliser and seed inoculation
on the productivity of narrow-leaved lupine were con-
ducted during 2019-2021 on sod-medium-podzolic
sandy loamy soils of Polissya. The soil of the experi-
mental plots was characterised by the following indica-
tors: pHsalt - 5.9, content in the arable layer of humus
(according to Tyurin and Kononov) - 1.2%, easily hydro-




lysed nitrogen (according to Kornfield) - 63.8 mg/kg
of dry soil, mobile forms of phosphorus (according to
Kirsanov) - 22.7 mg/kg of dry soil, exchange potassium
(according to Kirsanov) - 13.6 mg/kg of dry soil.

The field experiment scheme includes factors:

Factor A - seed treatment: 1. Control (without inocu-
lation); 2.Rhizoactivelegumes,KL,2 l/t(seedinoculation);

Factor B - fertilization: 1. Control (without fertil-
isers); 2. N, P, K , - background 3. N35P60K16 (back-
ground) + YaraVita BRASSITREL PRO, KL, 3 /ha (double
foliar application).

Foliar application was carried out with microfertil-
iser YaraVita BRASSITREL PRO in the rosette phase at a
rate of 3 l/ha and at the beginning of budding at a rate
of 3 l/ha. Granular mineral fertiliser YaraMila, GR (NPK
16-27-7) at a rate of 220 kg/ha was used. The composi-
tion of the fertiliser includes: nitrogen, total (N) - 16%,
nitrate (NO,) - 11.8%, ammonium (NH, - 4.2%, phos-
phorus (P,0, - 27%, potassium (K,0) - 7%, sulphur (S) -
2% (SO, - 5 %),zinc (Zn) - 0.1 %. Mineral fertilisers were
applied before early spring harrowing (N,,P,.K..) and

24" 41" "11
before pre-sowing cultivation (N..P..K.). The working

fluid rate - 200 l/ha. Inoculation o%lseléd; with biologics
was carried out on the day of sowing.

The narrow-leaved lupine variety Olimp was grown
using the technology generally accepted for the Polis-
sya zone. Weight of 1,000 seeds - 172 g, laboratory ger-
mination rate - 93%. The seeding rate of narrow-leaved
lupine in the experiment was 1.1 million germinated
seeds per 1 ha.

The area of the accounting plot in the experiment
was 26 m% The placement of the variants in the exper-
iment is systematic, repeated four times.

Phenological observations of plant growth and
development were carried out in the following phas-
es of plant development of narrow-leaved lupine:
BBCH 11-51 (germination - budding), BBCH 51-65
(budding - flowering); BBCH 65-81 (flowering - green
beans); BBCH 81-93 (green beans - full ripeness). The
density of lupine grass was determined twice during
the growing season: in the phase of full germination
and before grain harvesting. Plant safety was deter-
mined by equation 1:

H %100

=—

where: P - plant safety, %; H - number of plants before

harvesting, units/m?; S - number of plants at the time

of full shoots, units/m?; 100 - a number to convert to
percentages (Yeshchenko et al., 2005).

The assessment of photosynthetic activity of lu-
pine plants was carried out according to the follow-
ing indicators: the leaf surface area was determined
by the contour method, when the leaves from the test
plants laid out on paper were circled with a pencil,
and then the contours were measured with a plani-
meter to determine the total area of the accounting

1)
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leaves; photosynthetic potential (PP) was calculated
according to equation 2:
ON=tx(5,+S,)+2, (2)

where: t - period from germination (BBCH 11) to the
green bean phase (BBCH 81),days; S, - leaf surface area
of plants in the phase BBCH 11, thous. m2/ha; S, - leaf
surface area of plants in the phase BBCH 81,thous.m?/ha
(Didora et al., 2013).

Accounting of the yield of narrow-leaved lupine
was carried out in the phase of full ripeness by harvest-
ing each site separately and weighing the grain. Math-
ematical processing of the obtained results was carried
out by the method of variance analysis using applied
computer programmes Excel and Statistica 6.0.

RESEARCH RESULTS

Normal growth and development of lupine plants
during ontogenesis is largely ensured by favourable
abiotic factors and nutritional conditions. The growing
season of narrow-leaved lupine is a complex dynamic
process with specific critical periods defined for this
crop and a well-defined morphotype for each phase
of vegetation. As a result of the conducted phenologi-
cal observations, indicators of the passage of the main
interphase periods by plants of narrow-leaved lupine
were established. Notably, over the years of research,
shoots (BBCH 11) in lupine occurred on days 13-15
after sowing (Fig. 1). There is a tendency to increase
the passage of interphase periods in plants during
fertilization. However, the difference in phase passage
in fertilised and non-fertilised areas in the germi-
nation - budding phase (BBCH 11-51) was 3-5 days
(without inoculation) and 3-4 days with inoculation.
The budding - flowering period (BBCH 51-65) for all
variants ranged from 10-11 days, and the flowering
period - green beans (BBCH 65-81) was 17-22 days. A
slightly larger time difference between fertilised and
non-fertilised areas was observed during the green
bean - full ripeness period (BBCH 81-93). Thus, in ar-
eas without fertilization, this period was 33-34 days,
with the application of N, P, K, - 35-36 days, and
38-40 days - in the option with N,.P, K, + YaraVita
BRASSITREL PRO, KL, which is 5-6 days longer com-
pared to the control. In general, the growing season
of narrow-leaved lupine in the control areas was 97-
101 days, in areas with only mineral fertilisers - 103-
108 days, and 109-115 days - with additional foliar
application with YaraVita Brassitrel. Seed inoculation
increased the growing season of plants by 4-6 days.

Determination of plant growth dynamics indicates
the peculiarities of grass stand development and its
dependence on the studied factors. Admittedly, there
was a steady tendency to increase the height of nar-
row-leaved lupine plants as the growing season pro-
gresses and decrease it during the development and
maturation of generative organs on plants
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without inoculation

BBCH 11-51
BBCH 51-65

BBCH 65-81
BBCH 81-93

Rhizoactive legumes, KL, 2,0 I/t

Figure 1. Duration of interphase periods in narrow-leaved lupine plants of the Olimp variety,
depending on fertilization and inoculation of seeds, average for 2019-2021, days

Note: 1 - without fertilisers (control); 2 - N
Source: compiled by the authors

35 60 16’

This is conditioned by the fact that starting from
the green bean phase, the inflorescence of plants dries
up and the main part of the nutrients begins to be
spent on the development of beans and seeds. During
the budding period, the height of narrow-leaved lupine
plants in non-fertilised areas was 30.3-31.8 cm and
32.4-36.3 cm in fertilised areas. During plant flowering,
the height at the control increased by 15.4-15.7%, while
during fertiliser application - by 16.3-16.9%, which in-
dicates the effective use of nutrients from fertilisers. In
the green bean phase, the increase in plant height was

P K. 3-N_P K +YaraVita BRASSITREL PRO

35 60 16

13.7-13.9% and 12.9-13.4%, respectively. That is, the
rate of increase in linear plant growth has decreased in
all variants, since during this period the use of nutrients
by plants for the development of generative organs and
future seed yield begins. The highest height indicators
of narrow-leaved lupine plants (80.0 cm) were noted
during processing seeds before sowing with bioinocu-
lant Rhizoactive legumes, KL, 2 l/t,double foliar applica-
tion of crops with YaraVita BRASSITREL PRO, KL micro-
fertiliser in the green bean phase with the background
application of mineral fertilisers (N,.P. K. ) (Table 1).

35" 60 16

Table 1. Dynamics of the height of narrow-leaved lupine plants of the Olimp variety depending
on fertilization and inoculation of seeds (2019-2021), M¥m, cm

Phases of plant growth and development

Seed treatment Fertiliser

budding flowering green beans full ripeness
without fertilisers 30,3433 16.853.6 641440 564
(control)
i WlthOl{t N,.P.K 32.4%2.7 52.8%5.9 70.7£3.9 63.0£4.9
inoculation 357 6016
N,,P, K, + YaraVita . . . .
BRASSITREL PRO 33.8%#3.9 54.4%33 72.2%2.9 69.8%4.3
without ftertillsers 31.843.0 49,955 0 692444 33050
Rhizoactive (control)
leQumeS’ KL’ N35P60K16 34.6%3.1 58.4%5.1 75.5%4.8 70.2%5.6
2t )
N,.P, K, + YaraVita
BRASSITREL PRO 36.3%3.6 61.2%2.6 80.0%5.0 74.2%5.8

Source: compiled by the authors

The intensity of the initial processes of plant growth
and development plays a significant role in the forma-
tion of high productivity of narrow-leaved lupine.lt was
established that the density of narrow-leaved lupine
plants varied depending on pre-sowing seed treatment
with a bacterial preparation and double foliar applica-
tion. Notably, the studied factors did not significantly
affect the germination rates of narrow-leaved lupine
seeds. Thus, in the control, this indicator ranged from
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87.7 to 89.0%, while in fertilised areas it was 88.4-89.4%,
respectively, that is, the difference was only 0.4-0.7%
(Table 2).A significantly greater dependence on fertiliser
was observed in plant survival rates. In areas without
fertilisers, the density of plants before harvesting was
75.4-76.3 units/m? (the survival rate was 75.4-76.3%).
The application of only mineral fertilisers increased the
density indicators to 79.8-82.5 units/m? with a plant sur-
vival rate of 90.3-92.3%. Additional foliar application of




plants with microfertilisers YaraVita BRASSITREL PRO,
KL on the background of N,.P, K, provided an increase
in density and survival rates by another 1.1-1.6 units/m?

Panchyshyn et al.

and 1.3-1.8%, respectively, and by 6.0-7.3 units/m? (6.2-
7.9%) compared to the control. Seed inoculation contrib-
uted to an increase in field germination by 1.0-1.27%.

Table 2. Indicators of plant density of narrow-leaved lupine of Olimp variety depending
on fertilization and inoculation of seeds, average for 2019-2021

Seed treatment Fertiliser Number (:f pla_mts Field gel;mmatlon, Plant dgnsﬂy I_)efors Survival rate, %
per 1 m?, units % harvesting, units/m
without fertilisers 96.5 877 75 4 859
(control)
without inoculation N..P. K., 79.8 90.3
N,.P, K, + YaraVita 97.2 88.4
BRASSITREL PRO 814 921
without fertilisers 979 89.0 763 857
(control)
Rhizoactive
legumes, KL, 2 U/t N..P. K., 0s to4 82.5 92.3
N,.P. K, + YaraVita . -
BRASSITREL PRO 83.6 93.6

Source: compiled by the authors

According to the results of multiple linear regres-
sion analysis, there is a strong positive dependence

of grain weight per plant on the number of beans per
plant and the number of grains per bean (Table 3).

Table 3. Results of regression analysis of the dependence of grain weight from one plant
on the number of beans on the plant and the number of grains in the bean, average for 2019-2021

Beta Std. Err. of Beta® B Std.Err. of Beta t(3) p-level
Intercept -2.09804 0.350663 -5.98308 0.009347
Number of beans per
plant, units 0C) 0.987428 0.028251 0.80904 0023147 34.95253 0.000051
Number of grains per 5 94733 0.028251 032695 0093551 3.49490 0.039627

bean, units (X,)

Note: *Std. Err. of Beta - Standart error of Beta
Source: compiled by the authors

Regression results for the dependent variable:
grain weight from 1 plant (Y) R=0.99880735,

R?=0,99761612, Adjusted R*=0.99602687, F(2,3)=
=627.73, p<0.00012. The coefficient of determination is
calculated based on the constructed model (R?=0,996),
which showed a significant impact of the number of
beans on the plant and the number of grains in the
bean on the indicator under study. Regression model for
the dependence of the indicator (¥) - weight of grain
per plant depends on the number of beans in the plant
and the number of grains in the bean is (3):

7=-2.1+0.81x,+0.33x, (3)

where Y - predicted value of grain weight per plant of
narrow-leaved lupine;

X, - number of beans per plant, units;

X, - number of grains in a bean, units.

All coefficients of the equation are significant at
the 5% level (p-level<0.05).

According to the findings, indicators of individual
productivity of narrow-leaved lupine plants were estab-
lished. The number of beans on one plant, regardless of
the studied factors, ranged from 4.1-4.6 units. In gen-
eral, it can be noted that with an increase in fertiliser
application doses and pre-sowing seed inoculation, the
indicators of individual productivity of narrow-leaved
lupine increased (Table 4). In non-fertilised areas, the
weight of 1,000 seeds was 161-162 g, and with the
application of N,.P, K., it increased to 165-166 g. Ad-
ditional application of YaraVita BRASSITREL PRO, KL
provided an increase in the weight of 1,000 seeds by
another 2-3 g, which certainly affects the commercial
quality of seeds. The largest weight of seeds from a sin-
gle narrow-leaved lupine plant was observed on var-
iant N, P, K, +YaraVita BRASSITREL PRO,KL - 2.91 g.

35" 60 16
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Table 4. Individual productivity of narrow-leaved lupine depending on fertilization
and seed inoculation, average for 2019-2021

Quantity, units Weight, g
Seed Fertiliser ds from th
treatment beans on a plant grains on a plant seeds in a bean 1,000 seeds see :l;:;n €
without fertilisers 41 151 3.7 161 243
(control) ) : . .
without
inoculation N..P. K. 473 15.6 3.6 165 2.57
N,,P, K, + YaraVita
BRASSITREL PRO 44 15.7 3.6 167 2.62
without fertilisers 43 159 3.7 162 258
Rhizoactive (control)
legumes, KL, N..P.K. 4.6 171 3.7 166 2.84
2/t .
/ NyiPoKye + Yaravita 47 172 37 169 291

BRASSITREL PRO

Source: compiled by the authors

A fairly important indicator of the productivity of
any crop is the leaf surface area, which directly affects
the process of photosynthesis in the plant. The results
of the conducted studies indicate that in the germi-
nation phase, the area of narrow-leaved lupine leaves
amounted to 6.3-6.8 thousand m?/ha on plots without

without inoculation

fertilization. With the application of mineral fertil-
isers at a rate of N,.P, K., this figure was 6.9-7.1 thou-
sand m?/ha, which is 4.5-7.9% more compared to the
control, that is, starting from the germination phase of
the narrow-leaved lupine plant on fertilised areas, the

leaf apparatus begins to form more intensively (Fig. 2).

BBCH 11
BBCH 51
BBCH 65
BBCH 81

Rhizoactive legumes, KL, 2,0 I/t

Figure 1. Leaf surface area of narrow-leaved lupine depending on fertiliser
and seed inoculation, average for 2019-2021, thous. m%*/ha

Note: 1 - without fertilisers (control); 2 - N, .P, K. ;
Source: compiled by the authors

The tendency to increase the difference in leaf sur-
face areas between fertilised and non-fertilised vari-
ants was also observed in later phases of vegetation
of narrow-leaved lupine plants. Thus, in the green bean
phase, the area of leaves in the control was 36.8-38.4
thousand m2/ha, whereas on variant N,.P, K, +YaraVita

BRASSITREL PRO, KL - 42.7-43.5 thousand m%*/ha. Seed
inoculation provided an increase in the leaf area by 0.8-
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3-N,P_K, +YaraVita BRASSITREL PRO, KL

35 60 "16

1.6 thousand m?/ha (10.2-10.4%) compared to non-in-
oculated plots.

Calculation of photosynthetic potential (PP) indica-
tors of narrow-leaved lupine plants during the phases
of active growth indicate that in non-fertilised areas,
the PP was 1.3-1.51 million m%*/haxday, and given the
duration of the growing season (64-67 days), this is a
fairly good indicator (Fig. 3).
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BBCH 11-51

BBCH 11-65
BBCH 65-81

Rhizoactive legumes, KL, 2,0 I/t

without inoculation

Figure 3. Photosynthetic potential of narrow-leaved lupine depending on the fertilization
and inoculation of seeds, the average for 2019-2021, min. m’/haxday

Note: 1 - without fertilisers (control); 2 - NP, K, ;
Source: compiled by the authors

There was a tendency to increase PP in interphase
periods of active growth. During the germination - bud-
ding phase, the PP was 0.37-0.50 million m?/haxday,and
in the germination - flowering phase - 0.92-1.20 mil-
lion m?/ha x day, that is, the increase in PP was 25.4-
25.8%. Photosynthetic potential during the germination
- green beans phase amounted to 1.38-1.90 million m?/
haxday , which is 14.6-15.3% more than the germina-
tion - flowering phase, that is, the rate of photosynthetic
activity after the flowering phase began to decrease
slightly. In general, in all fertilised areas, high indica-
tors of lupine leaf activity were observed. According to
the findings, high grain productivity of narrow-leaved

N..P. K. +YaraVita

35° 60 "16

BRASSITREL PRO

N, P, K

35 60 16

without fertilisers

;3 - N_P K +YaraVita BRASSITREL PRO, KL

35 60 16

lupine was established. Inoculation provided a yield
increase of 0.14 t/ha on plots without fertilisers and
0.29-0.30 t/ha on fertilised ones, which in percent-
age terms was 10.8% and 11.4%, respectively (Fig. 4).
In the control cariant, the yield was 1.83-1.97 t/ha.
With the application of only mineral fertilisers in the
norm N,.P, K, the yield increased to 2.05-2.34 t/ha (the
increase was 0.22-0.37 t/ha). Additional top dressing of
plants with YaraVita BRASSITREL PRO, KL on the back-
groundofN,.P, K., together with pre-sowing inoculation
of seeds with bioinoculant Rhizoactive legumes, KL pro-
vided ayield of narrow-leaved lupine grain at the level of
2.43t/ha,whichis 0.60t/ha more compared to the control.

without inoculation

Rhizoactive legumes,
KL, 2,0 l/t

Figure 4.Yield of narrow-leaved lupine grain depending on fertiliser and seed inoculation, average for 2019-2021, t/ha

Note: LSD=0.18 (least significant difference) to estimate the significance of the difference in partial averages; LSD=0.11

to estimate the significance of the difference in the average values for factor A; LSD=0.13 to estimate the significance of
the difference in the average for the factor B and AB

Source: compiled by the authors

Based on the results of statistical analysis, indi-
cators of the share of influence of the studied factors

on the yield of narrow-leaved lupine grain were estab-
lished (Fig. 5).
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others 2%

fertilisers + seed inoculation 15%

fertilisers 60%

seed inoculation 23%

Figure 5. The share of influence of factors on the yield of narrow-leaved lupine grain, average for 2019-2021, %

Source: compiled by the authors

The“fertiliser”factor had the greatestimpact on grain
yield - 60%, followed by“inoculation”- 23%.The share of
influence of other factors not studied was 2%. Based on

the results of correlation analysis, the dependence of the
yield of narrow-leaved lupine grain on the leaf surface
area in the green bean phase was established (Fig. 6).

Figure 6. Correlation between the yield of narrow-leaved lupine grain and the leaf surface area

Source: compiled by the authors

Regression model of indicator dependence (z) -
grain yield from the leaf surface area of narrow-leaved
lupine plants has the form (4):

Z7=-1.0469+0.0782x, 4)

where Z - grain yield, t/ha; X - leaf surface area, thou-
sand m%/ha.

Therefore, it can be stated that there is a strong
relationship between the grain yield of narrow-leaved
lupine and the leaf area in the green bean phase
(r=0.8894). The significance level did not exceed 5%
(p-level=0.0177), which confirms statistical reliability.
This equation applies to 79.1% of the sample.

The formation of yield and quality of narrow-leaved
lupine seeds in the conditions of medium podzolic
sandy loamy soils of Polissya is influenced by the du-
ration of interphase periods by plants, the dynamics
of grass stand growth, features of the use of photo-
synthetic active radiation (PAR), seed inoculation, and
fertiliser. The study by V. Ratoshniuk and M. Havryliuk
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(2020) established an increase in the duration of the
growing season of narrow-leaved lupine by 6-9 days
with double foliar application with water-soluble com-
plex fertilisers in the budding phase and the begin-
ning of seed filling on a mineral background (N, R, K,
compared to options without fertiliser. The obtained
results of phenological observations regarding the
passage of phenological phases of plants can be ex-
plained by the biological features of the Olimp variety
and its reaction to the factors under study, which is
consistent with the conclusions of other researchers
(Pidpaly et al., 2013). The dependence of lupine yield
on the characteristics of a particular variety has also
been noted (Mazumder et al., 2021).

Optimisation of fertilization of narrow-leaved lu-
pine contributed to the formation of maximum plant
height indicators in the budding (BBCH 51), flowering
(BBCH 65), and green bean (BBCH 81) phases. The stud-
ies also established the formation of the maximum
height indicators of narrow-leaved lupine plants with
double top dressing in the budding phase and at the




beginning of seed filling with Kristallon Brown fertil-
iser against the background of mineral fertilization at
a rate Ny R, K, (Pidpaly et al., 2013). A distinctive fea-
ture of lupine is the weak possibility of developing a
number of side branches, which limits the formation of
plant productivity (Holodna, 2021). Therefore, for the
optimal supply of plants in critical periods of their de-
velopment with nutrients during the growing season
of narrow-leaved lupine, not only the main fertiliser,
but also foliar application with liquid fertilisers have
a significant impact (Holodna, 2019). The obtained ex-
perimental data are consistent with the conclusions of
other researchers regarding the effectiveness of inoc-
ulation of leguminous seeds with bacterial prepara-
tions using trace elements and foliar application dur-
ing the growing season. Thus, inoculation of chickpea
seeds with Biomag bioinoculant and two-time foliar
application of plants with microfertilisers increases
stem density and plant survival (Didur & Temchenko,
2017).The positive effect of applying mineral fertilisers
in combination with double foliar application on the
individual productivity of narrow-leaved lupine is also
confirmed by the findings of other researchers (Pidpaly
et al.,2013). The data obtained confirm the conclusions
of other researchers (Sulas et al., 2016; Tkachuk et al.,
2019; Bouray et al., 2021) regarding the effect of inocu-
lation of leguminous seeds with bacterial preparations
and foliar application during the growing season on
the indicators of individual plant productivity. Thus, in-
oculation of chickpea seeds with Biomag bioinoculant
and two-time foliar application of plants with micro-
fertilisers significantly improves such elements of the
crop structure as the total number of beans and seeds
per plant, the weight of seeds per plant and the weight
of 1,000 seeds (Didur & Mordvaniuk, 2018). Accord-
ing to AV. Holodna (2022), the maximum number of
beans (20.2 units/plant) was obtained by treating nar-
row-leaved lupine seeds with a bioinoculant in combi-
nation with a Nano-Gro growth stimulator and applying
mineral fertilisers (N,,P, K, +N, ).

The effect of foliar application with water-solu-
ble complex fertilisers on increasing the leaf surface
area of narrow-leaved lupine is consistent with other
studies (Ratoshniuk & Havryliuk, 2020). Similar studies
were conducted on other leguminous crops. Inocula-
tion of soybean seeds with BTU bioinoculant and foliar
application of plants with Helprost organo-mineral
fertiliser contributed to an increase in the leaf surface
area by 35.3% compared to the control (Didur, 2022).
The establishment of the maximum leaf surface of
soybeans under the influence of seed inoculation with
bacterial preparations and foliar application with com-
plex microfertiliser Rostok bobovi was also observed
in studies by S.M. Kalenska et al. (2016). The indicator
in the experiment, depending on the variety, increased
by 17.8-29.8% compared to the control (Kalenska et al.,
2016). The results obtained are consistent with data

Panchyshyn et al.

from A.V. Holodna (2019) on the formation of the max-
imum yield of narrow-leaved lupine (2.79 and 2.80
and t/ha) with the application of mineral fertilisers
(NgR,K,), complex seed treatment with BTU-r and
MikoHelp biologics, foliar application at the 2" and 4
stages of plant organogenesis with Tropikel fertiliser.
The study by O.Milenko (2022) found that the maximum
yield of soybeans (3.11 t/ha) was formed with the com-
bined application of mineral fertilisers (N,.P,K,,) and
double top dressing with Vuksal Microplant complex
fertiliser. The formation of high grain productivity of
narrow-leaved lupine can be explained by the ability of
lupine to fix atmospheric nitrogen and the use of phos-
phorus and potassium from hard-to-reach compounds

of arable and deeper horizons.

CONCLUSIONS

The productivity of narrow-leaved lupine in Polissya
conditions is formed due to a number of factors. Thus,
when applying only mineral fertilisers, the duration of
the growing season of plants was 103-108 days, addi-
tional foliar application helped to increase it to 109-
115 days, which is 6-7 and 12-14 days more compared
to the control.

Plant density of narrow-leaved lupine for the har-
vesting period, regardless of fertiliser and seed inoc-
ulation, accounted for 75.4-83.6%. In fertilised areas
without inoculation, this indicator was 2.2-2.7% lower
compared to inoculation. The survival rate of lupine
plants with fertilization ranged from 90.3 to 93.6%. The
greatest individual productivity of lupine plants was
recorded on the variant of combined fertilization and
inoculation with the following indicators: the number
of beans per plant is 4.7 units; the number of grains per
plant is 17.2 units; the number of seeds in a bean - 3.7;
weight of 1,000 grains - 169.0 g; weight of grain per
plant - 2.91 g.

Multiple linear regression analysis showed a high
positive dependence of the grain mass from one plant
on the number of beans on the plant and the number
of grains in the bean (R=0.99), as a result of which a re-
gression model was constructed, and probability of the
null hypothesis for the coefficients of the regression
equation for all variants was less than 0.05. The best
indicator of photosynthetic potential was observed in
fertilised areas of narrow-leaved lupine, which in the
period from germination (BBCH 11) to green bean
phase (BBCH 81) with seed inoculation amounted to
1.75-1.90 million m?*/haxdays.

When applying mineral fertilisers at arate N, .P, K
the yield of narrow-leaved lupine grain was obtained
at the level of 2.34 t/ha. Double fertilization of plants
with YaraVita BRASSITREL PRO, KL on the background
of NP, K, together with pre-sowing treatment of nar-
row-leaved lupine seeds with bioinoculant Rhizoactive
legumes, KL contributed to the maximum vyield of the
Olimp variety (2.43 t/ha). A close positive correlation
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was established between the leaf surface area during
the flowering phase (BBCH 65-81) and the grain yield
indicators of narrow-leaved lupine (=0.89). Based on
the obtained data, a regression equation was construct-
ed, which is valid in 79.1% of the sample.

Crop production in modern climatic conditions re-
quires adaptive agricultural technologies for growing
field crops, which are aimed at maximising the protec-
tive reactions of the plant body to adverse environmen-

involves the selection of adaptive varieties, improve-
ment of tillage methods, and identification of optimal
sowing dates and seeding rates in order to adapt plants
to abiotic environmental factors.
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AHorTauis. JTIonuH BY3bKONIUCTUIA XapaKTepU3yeTbC LWiHHUMM FrOCNOAAPCbKUMKU 0COBAMBOCTAMU, TOMY € BaXK/MBUM
[xepenom 36anaHCOBaHOrO i N1Erk03acBOKBAHOIO POCAMHHOIO Hinka. MeToto focnigkeHb 6yno obrpyHTyBaTH BNIMB
iHOKYNAUii HaCiHHS Ta yAOBPEeHHS Ha PicT i PO3BUTOK POCIWH IONUHY BY3bKOIUCTOMO A5 MaKCMManbHOI peanisauii
reHeTMYHOro noTeHuiany copty B ymoBax [loniccq. BukopucTaHi Taki MeToaM [OCAIOXKEHb: 3arafibHOHAYKOBI
(rinoTesa, iHAYKLUIA | AefyKuig, y3aranbHeHHs), cnewianbHi (MONbOBMI, BUMIPIOBaNbHWUIA Ta BAaroBui, disionoriyHmin,
nabopaTopHWiA), CTaTUCTUYHUIA (KOpensuiiHo-perpeciiHumit). MonboBi JocnigxeHHs nposoaunu npotarom 2019-
2021 pp. ocnigxeHo 0cobAnBOCTI poCTy i pO3BUTKY POCIMH NIONUHY By3bkonucToro copTy Onimn B ymoBax lNoniccs.
3’ACOBaHO NO3MTUBHMI BMNMB iHOKYNALiT HAaCiHHA BakTepianbHMMM NpenapaTaMu Ta NO3aKOPEHEBOr0 MiAXMBIEHHS
KOMMNNEKCHUM AOOPMBOM Ha NPOAYKTUBHICTb JIOMMHY BY3bKOIMCTOTO, WO Bifirpae BaX/MBe 3HAYEHHS Y BUPILUEHHI
npobnemu pociMHHOro 6inka. BusHayeHo onTMManbHy NOLLY MCTKOBOI NOBEPXHi POC/IMH 33 paxyHOK ONTUMi3auii
eNeMeHTIB arpoTeXHONOrii JONUHY BY3bKOAUCTOrO. BcTaHoBNEHO DOTOCUHTETUUHMI MOTEHLian NONUHY 33aNEXHO
Bif, iHOKyNAUii HaciHHSA Gionpenapatamu Ta ynobpeHHs. [locnipkyBaHi GakTopu NiaBULLYOTb FyCTOTY CTe6a0CTOH,
BMXXMBAHICTb POCAMH | MNONINWYOTb NOKA3HWKW iHAMBIAYANbHOT MPOAYKTUBHOCTI KynbTypu. |HOKYNALiN HACiHHA
bionpenapaTamMmu Ta NO3aKOpeHeBe MiAKUBIEHHS 3abe3nedyye (QOpMyBaHHA HavBuUWwoi (2,43 T/ra) 3epHOBOI
NPOAYKTUBHOCTI NONUHY BY3bKOAKUCTOrO. IHOKYNALiA HaciHHA nigBuwye Ha 10,8-11,4 % ypoxaiiHicTb 3epHa NIOMUHY
BY3bKOJIMCTOrO 3a/1EXHO Bif QOHY uMBNeHHA. [lo3akopeHeBe NifXMBIEHHS POC/IMH KOMMIEKCHUM fo06puBOM Yy daszax
BBCH 21-23 i BBCH 51 Ha MiHepanbHOMY dOHi 3a iHOKynALii HaciHHA 3abe3neyye 36inblueHHs Ha 2,8 % ypoxaiHOCTI
3epHa NOpIiBHAHO 3 KOHTpOneM. Pe3ynstati AocnifxeHb MOXYTb BYTU BUKOPUCTAHI AN9 YAOCKOHANEHHS eNeMEHTIB
TEXHOJOTii BUPOLLYBAHHS JIOMNWUHY BY3bKOMMUCTOrO, LLO 3abe3neunTb GOpMYBaHHS BUCOKMX i CTA/IMX BPOXKaAiB 3epHa

KniouoBi cnoBa: ypoxalHicTb 3epHa; 6akTepianbHi npenapaTtu; No3akopeHese NigK1MBAEHHS; wkana BBCH; niHiliHi
MOKa3HWKK; NNOLWA IMCTKOBOT NOBEPXHi; GOTOCUHTETUYHUI NOTEHLian
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experiment, which allowed comprehensively considering cotton lines containing RNA sensitive to certain types of
abiotic stress. Additional biological and chemical techniques were used as auxiliary methods in the field to test the
specific effects of saline soils on cotton RNA salicylic acid concentration. This study presents data on the resistance
of the RNA interference (RNAi) genotype ESKIMO1 to salinity and limited irrigation. The content of salicylic acid in
cotton tissues under the influence of various concentrations of NaCl was studied. The formation of reactive oxygen
species in the process of activation of plant defence reactions to certain types of abiotic stress is substantiated.
The study materials are of practical value to microbiologists, geneticists, and agronomists. The investigation of
the biotechnological features of the plant genotype plays an important role in understanding plant adaptation to
natural conditions caused by certain types of abiotic stress. The affordability of salicylic acid allows its widespread

application as a commercial reagent in crop production practices

Keywords: salicylic acid; resistance; salinity; liquid chromatography; metabolomics

INTRODUCTION

Cotton is the leading crop in the Central Asian regions,
ranking second in the export of technical products.
Sharp temperature fluctuations, drought, soil salini-
ty, and heavy metal pollution reduce cotton yields. To
address this issue, biotech cotton varieties resistant to
abiotic stressors are being developed. Although firmly
anchored in the soil, plants are known to be able to
respond to abiotic stresses by being able to activate
several metabolic pathways, leading to the generation
of a huge number of secondary products, in particular,
those that perform a protective function. One of these
metabolites is salicylic acid (SA). There is a large body
of evidence in the available scientific data on the in-
volvement of salicylic acid in the development of re-
sistance to abiotic stressors. Analysis of literary sources
by N.Abdi et al. (2022),). Liu et al. (2022) and F.Zhang et
al. (2022), who have investigated this problem, showed
that salicylic acid has a wide range of physiological ef-
fects on plants, in particular, an anti-stress effect.

M.Omidi et al.(2022) in their research refute the fact
that the accumulation of salicylic acid is an indicator of
the plant’s response to stress. The researchers suggest
that the first indicator to be considered when examining
the signalling responses of plants to abiotic stress is an
increase in the generation of the active form of oxygen.
Throughout the study, authors have accumulated data
indicating that the amount of salicylic acid increases
more slowly and is involved in the multiplication of
oxygen-inducing signals. Salicylic acid acts as a plant
regulator involved in many processes, including seed
germination, root formation, stomatal closure, flowering
induction, thermogenesis, and response to abiotic and
biotic stresses. Numerous studies prove the protective
effect of salicylic acid against various types of abiotic
stress (ultraviolet,ozone, heat stress). For example, it acts
as a cell stimulator to resist stressful environmental con-
ditions such as salinity, drought, and temperature stress.

The damages presented by the effects of abiot-
ic stresses require the exploration of approaches that
reduce their negative impacts on plants. Investigating
the role of salicylic acid as a plant signalling molecule,
A.Dubeyet al.(2021) and Kamburova et al.(2022) proved
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that both external and internal sources of salicylic acid
influence the expression of core genes encoding pol-
ypeptides and increasing the thermogenesis process
in plant tissues. Also the study examined the effect
of salicylic acid on the expression of the plant mito-
chondrial genome by encoding their electron-transport
chain complex. As a phytohormone that provides plant
resistance to damage by various pathogens, salicylic
acid induces the production process of PR proteins. For
example, a study by N. Esmaeili et al. (2021) proved that
the manifestation of PR-1 class proteins indicates the
resistance of the plant against contact with the path-
ogen; PR-2 class proteins cleave the plant cell wall
glucans into shorter fragments. Insufficient amount of
proteins of the PR-3 class led to chitin deficiency and,
as a result, pathogens affected plants. When salicylic
acid interacts with catalase, the efficiency of the lat-
ter decreases and the oxygen concentration increases.

The salicylic acid content in biotech cotton under
abiotic stress is studied less than the response of this
plant to pathogen infestation. P. Singh et al. (2022) not-
ed an increase in endogenous salicylic acid with the
accumulation of excess heat in mustard plants, grapes,
and soybean plants during drought, and rice on saline
soils. Based on the analysed studies, the purpose of the
present study is to investigate the salicylic acid content
in cotton tissues with RNA interference (RNAI) of the
ESKIMO1 gene under the influence of different concen-
trations of NaCl.

MATERIALS AND METHODS

The object of the study was cotton biotechnological
lines containing the calling RNA construct to the ES-
KIMO1 gene: RNA and genotype Eskimol, and hybrids
of the Eskimol genotype with varieties Porlog-1 and
Ravnag-1. The original genotype Cocker-312 (C-312)
was used as control samples. The experiments were
carried out on plants grown under phytotron conditions
to investigate the response of the Eskimol RNA and
cotton genotype to the impact of saline solutions. The
concentration of SA was observed when plants were
irrigated during the growing season with a NaCl salt




solution in a concentration of 50 to 200 mM. For this,
pre-soaked seeds of selected samples are sown in or-
dinary soil, pre-washed and kept in a thermostat at a
high temperature in a cabinet, poured into pots with a
volume of 250 g with drainage, so that the seedlings
do not rot and the soil composition is waterlogged.
Cultivation was carried out under artificial lighting, by
analogy with the change of seasons in the summer pe-
riod of the year for 21 days. At first, watering was done
with 50 ml of distilled water daily until the cotyledon
leaves appeared. Then the control variant was irrigated
with distilled water, the experimental variant with the
corresponding NaCl solutions.

After the appearance and deployment of cotyledon
leaves and exposure to saline solutions, SA was extract-
ed from the tissues of cotton leaves at the vegetation
stage, which reached 3-4 leaves. Before extraction, the
leaves were dried and already 1 ml of extractant was
added to 200 mg of ground powder of dried cotton
leaves, with the composition methanol: water: acetic
acid (80:19:1 v/v). Then the mixture was stirred on a
rocking chair for 3 hours, after which centrifugation was
carried out in the mode of 10,000 samples for 5 min-
utes. From the centrifuged samples, the liquid fraction
was separated into another, clean test tube, and a por-
tion of fresh extractant was once again added to the
sediment. This extraction was carried out for a longer
period of time (for 12 hours), and after centrifugation,
the supernatants were pooled and dried on a vacuum
rotary unit. Further, 0.5 ml of 15% aqueous acetoni-
trile containing 0.05% acetic acid was added to the dry
residue, shaking was carried out on a vibratory mixer
and centrifuged again. The supernatant obtained and
selected at this stage was analysed on a high-pressure
liquid chromatograph LC20.

To simulate salt stress, plants were divided into
2 groups: control and experimental. For 21 days, the
control plants were treated with ordinary water, and
the experimental plants were treated with a salt
solution (NaCl) at concentrations of 50, 100, 150, and
200 mM. Drought was modelled by limiting the flow
of water due to irrigation in the amount of 40, 60,
80 ml on the soil with plants. Extraction of free sali-
cylic acid was performed according to the method of
J.K.Zhu (2002). The supernatant was analysed by HPLC
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using a Shimadzu Prominence LC20 chromatograph,
which included an LC20AD 4-gradient pump with a
5-channel DGU-20A5R degasser, an SPD-M20A diode
array detector, a CTO-20A column thermostat, and a
manual injector Rheodyne 7725i with 20 ul sample
loop. Chromatography conditions: column - Zorbax
Eclipse XDB C18 (3.0x100 mm), particle size 3.5 ym,
pre-column Zorbax Eclipse XDB C18 2.1x12.5 mm,
elution mode - isocratic, mobile phase 25% acetoni-
trile in 0.05% phosphoric acid pH 2.5, flow rate 0.5
ml/min, detection photometric at 235 nm. Thermostat
temperature - 40°C. Inlet pressure - 9.5 MPa (95 bar).
Sample volume - 20 ul.

The content of salicylic acid was determined ac-
cording to a pre-built calibration line, for which 5 solu-
tions of the salicylic acid standard were analysed, in
the concentration range of 0.3125-5 ug/ml. The corre-
lation coefficient between peak areas and salicylic acid
concentrations was not less than 0.9999. The amount
of salicylic acid was given to 1 g of the initial weight
of dry leaves. Data processing, plotting of a calibration
curve, and output of results were performed using Shi-
madzu Lab Solutions software suite.

RESULTS

SAis involved in the regulation of such important plant
physiological processes as photosynthesis, nitrogen
metabolism, proline metabolism, glycine betaine pro-
duction, and the antioxidant defence system under
stress conditions, and thus, ensures plant resistance
to abiotic stresses (Munns & James, 2003). In addition
to being involved in the induction of defence-related
genes and stress tolerance in plants exposed to biotic
stresses, SA has been shown to improve plant tolerance
to major abiotic stresses. According to the results of
the experiment, it turned out that in the control sam-
ple -312 and in the Eskimol line, when watered with
distilled water, the SA content did not exceed 5 pg/g of
dry leaf tissue. At the same time, the content in seed-
lings of the Eskimol line was slightly less than in the
control genotype (C-312). However, even when these
two genotypes were irrigated with a salt solution at a
concentration of 50 mM, the SA content increased to 6
ug/g of dry leaf tissue, and a slight excess was observed
in Eskimo1 plants (Fig. 1).

ESKIMO1

C-312

50 mM NaCl 100 mM NaCl 150 mM NaCl 200 mM NaCl

Figure 1. Dynamics of SA accumulation in ESKIMO1 and C-312

Source: compiled by the authors
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Thus, as shown in the diagram, with an increase
in the concentration of the stress component, the con-
tent of the phytohormone increases. And the maximum
concentration of NaCl solution in this experiment, as
a stress factor, led to the synthesis and accumulation
of SA up to 29.8 pg/g of dry leaf tissue in plants of the
Eskimol line against 22.19 ug/g, detected in the con-
trol parental cotton genotype - C-312. When seedlings
were irrigated with NaCl solutions at a concentration
of 100 and 150 mM, an increased content of SA was
also observed in leaf tissues near the biotechnological
line. Therefore, the study results showed that the con-
tent of SA, taken as an indicator of resistance to stress,
when plants are treated with NaCl solutions, signifi-
cantly increases in biotechnological genotypes.

M. Ashraf (2005) considered various strategies
to maximise cotton growth and productivity under
salt stress conditions. In the course of analysing the
process of adaptation to environmental stress at the
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stage of germination and early stages of vegetation
through a change in the composition of second-
ary metabolites in plants, they also note that when
growing cotton, with the addition of NaCl solutions
at concentrations of 50, 100, 150, and 200 mM, a
noticeable an increase in the concentration of tan-
nic acid (15.1-24.3%), flavonoids (22.5-37.6%), and
gossypol (26.8-51.4%). The salinisation behaviour of
hybrid genotypes, in which the Eskimol line partic-
ipated in the crossbreeding combination, aroused
interest. That is, Ravnaq-1xESKIMO1 and Por-
log-1xESKIMO1 hybrids were included in the analysis.
Notably, the Ravnag-1 cotton variety was created by
the technology of marker-associated breeding and the
Porlog-1 variety was created by RNA interference of
the phytochrome gene (Abdurakhmonov, 2016; Dar-
manov et al., 2015). The pattern of SA content in Ravn-
aq-1xESKIMO1 Porlog-1xESKIMO1 hybrids against the
background of parental samples is shown in Figure 2.

Porlog-1
xESKIMO-1

Ravnag-1
xESKIMO-1

Figure 2. Indicators of SA values in Porlog-1 and Ravnag-1 hybrids with RNA and genotype Eskimol
when watering plants with 150 mM (in greenhouse conditions)

Source: compiled by the authors

The level of SA in plants of the hybrid combination
Ravnag-1xESKIMO1 was 1.6 times higher than in the
Eskimol genotype (6.92 ug/g, dry weight) and 1.8 times
higher than in the original parental varieties Ravnag-1.
In the hybrid Porlog-1xESKIMO1, the SA content is ap-
proximately 10% higher than in the Eskimol genotype
and 1.7 times higher than in the original parental varie-
ty Porlog-1. Such studies have not been carried out be-
fore, as well as the fact that obtaining biotechnological
RNA and genotypes for the phytochrome gene and the
ESKIMO1 gene (an ortholog of the Arabidopsis gene)
for cotton has not been observed in the world literature
until today. In this regard, an indirect comparison with
the literature data can be made.

As a glycophyte, cotton is considered to exhibit
higher resistance to abiotic stresses than other ma-
jor agricultural crops. As a rule, salinity can also be
caused by increased evaporation during hot periods
of the year. And there is a need to observe the im-
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pact of moisture limitation on biotechnological cot-
ton genotypes. Extreme environmental conditions
such as drought are known to significantly affect
the growth, productivity, and quality of cotton fibre.
Drought stress causes a wide range of morpho-phys-
iological and biochemical changes that adversely af-
fect the development and productivity of cotton. Un-
der such conditions of limited water access (drought
stress), the growth and development of cotton is
significantly reduced, for example, which affects the
height of the plant, dry leaf weight, dry weight of
the stem, leaf area index, and accordingly the num-
ber of fruit elements, fibre quality, development of
crown and root system (Loka et al., 2011). Admittedly,
like other plants, cotton has acquired a wide range
of morpho-physiological, biochemical, and molecu-
lar mechanisms in response to multiple stresses that
allow them to avoid and/or tolerate these stressors
and survive in harsh environments.




S.E. Shermatov et al. (2017) investigated how ex-
treme environmental conditions, such as drought, sig-
nificantly affect cotton fibre growth, productivity, and
quality. Of these, drought tolerance mechanisms were
classified by Y. Fang and L. Xiong (2015) into four strat-
egies: drought avoidance, drought rescue, drought tol-
erance, and drought recovery. Drought avoidance and
drought tolerance are the two main plant strategies
against drought stress. Drought avoidance is the main-
tenance of key physiological processes,such as stomatal
regulation, root development, etc., in moderate drought
conditions. Drought tolerance is the ability of plants to
withstand severe dehydration through certain physio-
logical actions, such as osmotic adaptation with osmo-
protectors (Luo, 2010). Drought rescue may depend on
the ability of plants to regulate their growth period or
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life cycle, for example, cotton varieties with a short life
cycle to avoid the stress of seasonal drought (Manava-
lan et al.,2009).Restoration of plants after drought leads
to the resumption of growth and, as a consequence of
physiology, to yields after exposure to severe drought.
The ability of cotton to resist dehydration by regulat-
ing SA synthesis and accumulation was examined.

When setting up the experiment, as mentioned
above, the plants were grown in small pots for 21
days under lighting conditions simulating the diurnal
regime, and watering was limited both in volume and
time. The variant of the limited irrigation volume in-
cludes conditions when watering was carried out in a
volume smaller than in the control (100 ml). And the
second option - watering was not done daily, but at
intervals of one, two, and three days (Fig. 3).

ESKIMO1

G312

after
31 day

after
2 day

after
1 day

Figure 3. Dynamics of SA content in dry tissue of seedlings of line ESKIMO1
and control line C-312 under limited watering (in volume and time)

Source: compiled by the authors

In the course of studying the response of the RNA
and cotton genotype Eskimol to limited irrigation, it
was found that the content of SA differed and correlated
with their resistance to water deficit. At the same time,
the least amount of SA was observed in the control var-
iant and the irrigation variant every other day. Where-
as the highest content of SA was found in the variants
when the plants were watered in insufficient volume -
40 ml of water (17.1 pg/g dry weight) versus 60 and
80 ml (8.8 ug/g and 7.1 pg/qg.). Increased content of SA
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was also observed with a long interval between water-
ing, both after 2 days (7.5 yg/g dry weight) and after 3
days (8.9 pg/qg). For the parental genotype (C-312), there
is a reduced accumulation of SA under stress conditions.
The responses of hybrid genotypes to the conditions of
limited water access were similar to the responses to
an increase in the level of salinity concentration in the
above experiment. The pattern of SA content in Ravn-
agq-1xESKIMO1 Porlog-1xESKIMO1 hybrids against the
background of parental accessions is shown in Figure 4.

Porlog-1
xESKIMO-1

Ravnag-1
xESKIMO-1

Figure 4. Indicators of SA values in Porlog-1 and Ravnag-1 hybrids with RNA and genotype Eskimol
when watering plants with 150 mM (in greenhouse conditions)

Source: compiled by the authors
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According to the results of analytical investiga-
tion, the content of SA of the Eskimol genotype in
field growing conditions with limited irrigation (in the
control, watering was done 3 times during the growing
season before flowering) was 16.05 pg/g dry weight. In
comparison with it, the varieties Porlog-1 and Ravnag-1
showed a slightly increased accumulation of SA (17.76
and 22.42 ug/qg, respectively). An interesting fact was
the increase in the amount of SA in the Porlog-1xESKI-
MO1 and Ravnag-1xESKIMO1 hybrids up to 27.35 ug/g
for the last crossing combination. The level of SAin the
plants of the hybrid combination was 1.6 times higher
than in the plants (6.92 pg/g, dry weight) and 1.8 times
higher than in the original parent variety. In the hybrid,
the SA content is approximately 10% higher than in
the Eskimol genotype and 1.7 times higher than in the
original parent variety. Thus, the obtained results indi-
cate that the studied genotypes, carrying in the genome
the RNA and construct to the ESKIMO1 gene, have an
increased content of SA under conditions of salt and
osmotic stress, which suggests their higher resistance
to these types of stress.

DISCUSSION

According to the findings obtained in this study, sali-
cylic acid levels in the tissues of biotech genotypes of
cultivated plants indicate the presence of some kind
of abiotic stress. Under various external unfavourable
conditions, the genes that carry out the transcriptional
signal of the plant’s inability to convert energy into bi-
omass are activated, and proteins are then synthesised
to protect the plant against stressful conditions. Under
stress factors, the cultivated plant is unable to realise
its full productivity potential, causing the quantity of
harvested crops to drop.

S.Syeed et al. (2021) examined the effect of salicyl-
ic acid on the production of protective enzymes of the
antioxidant system of grain under the influence of sul-
phuric acid. Wheat sprouts were soaked for 6 hours in a
salicylic acid solution with a concentration of 0.1 mM.
Next, the experimental material was introduced into
soils previously treated with sulphurous acid and grown
with a gradual increase in its concentration. The study
revealed that growth intensity, the activity of oxidative
degradation of lipids,and the content of amino acids that
promote photosynthesis depend CdSO_4 on the level
concentration. Salicylic acid stimulates the antioxidant
system while keeping it at a high level and at all concen-
trations CdSO, contributes to increased oxidative stress.

The ability of plants to retain their antioxidant sta-
tus was also mentioned by the researcher. The balance
between pro-oxidant and antioxidant reactions occur-
ring in the cells of the control and experimental cotton
groups were determined. The study of the functioning
of the antioxidant system was also carried out by M.
Rakszegi et al.(2019) in the context where a plant adapts
to altered environmental conditions caused by stressors.
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The researchers compared the antioxidant systems of
two cotton varieties: those resistant to saline solution
and those not resistant to saline solution. Similar to the
present study, the stability of components of antioxidant
defence system in the study by J. Guo et al. (2015) inves-
tigated the adaptation of both cotton species to chloride
salinity. Salt-resistant and non-salt-resistant seeds were
exposed to 1% and 4% NaCl solution, respectively. After
24 hours, the malondialdehyde index increased slightly
in the stable variety, while the unstable variety showed
a significant increase. The authors suggest that in seed-
ling leaves of salt-tolerant cotton cultivars, the accumu-
lation of oxidative degradation of lipids and malond-
ialdehyde was controlled at the same level under the
action of NaCl. This was facilitated by the increased ac-
tion of antioxidant enzymes. A high level of lipid peroxi-
dation in Gulistan (salt-resistant) varieties after 24 hours
indicates a more effective protective reaction that limits
the spread of the superoxide radical. In the non-salt-re-
sistant cotton variety, the increase in lipid peroxidation
was insignificant. A high constitutive level of ascorbate
peroxidase was detected in the Gulistan cotton vari-
ety. When exposed to saline solution, the ascorbate
peroxidase index was significantly activated in both
experimental specimens, reaching a maximum value.

M. Pessarakli (2002) analysed the correlation of two
cotton varieties in terms of insensitivity to salt solu-
tions and the ability to produce antioxidant enzymes.
The study shows that differences in the response to salt
stress are associated with the activity of enzymes of the
antioxidant system. The resistance of the test material
to saline solutions is highly correlated with the efficien-
cy of antioxidant enzymes to reduce the production of
reactive oxygen species, which enhances the ability of
living organisms to maintain physiological constancy.

S. Saud and L. Wang (2022) investigated the effect
of heavy metals as one of the types of abiotic stress
inducing salicylic acid content. Wheat seedlings were
treated with a solution high in copper and zinc. Under
this type of abiotic stress, the development of the plant
body is reduced by almost half. When seeds were treat-
ed exogenously with salicylic acid at high concentra-
tions of heavy metals, the increase in root weight was
20.6% and in shoot weight 22.4. Thus, as can be seen
from the results of this study, the introduction of a high
concentration of copper and zinc into a nutrient solu-
tion can lead to disruption of metabolic processes in
plants at the cellular level.

Salicylic acid plays an important role in activating
the defence system under abiotic stress in the structure
of the photosynthetic apparatus. Thus, in an experiment
on cucumber seedlings by T. Yadav et al. (2020), it was
shown that pre-treatment with salicylic acid caused a
decrease in oxidative damage when exposed to low
temperatures by enhancing the expression of the alter-
native oxidase gene. An increase in the activity of anti-
oxidant enzymes under the action of salicylic acid has




thus been detected. The author of the study suggests
that an important precursor that occurs when endoge-
nous salicylic acid is produced are reactive oxygen spe-
cies. Thus, studies by M. Omidi et al. (2022) showed the
levelling of the protective effects of exogenous salicylic
acid as one of the antioxidants produced under the in-
fluence of certain types of abiotic stress. N. Esmaeili et
al. (2021) confirms this hypothesis, as the study of the
effects of salicylic acid on the main energy-transform-
ing processes of plants are the main producers of re-
active oxygen species in the plant cell and are of great
interest to the scientific community.

These findings address the biotechnological chal-
lenge of developing a cotton variety that will increase
crop productivity through its antioxidant status. In re-
cent years, genetic engineering research has developed
techniques, methods, techniques and technologies for
the inter-system transport of genes. Recently, scientists
have been able to clone the genes of living organisms
and use special techniques to conduct experiments to
produce enzymes that induce the protective properties
of plants. For example, in the present study, the author
targeted a DNA regulatory region recognised by RNA
polymerase as the start of gene transcription to select
a suitable gene. Of great interest are repressed RNA
polymerases, which, under the influence of inducing
factors such as light, thermogenesis, and the influence
of a parasitic microorganism, activate the transcription
of the introduced gene. To monitor the process of gene
transport, marker genes are introduced, which track the
process of embedding a foreign gene into the recipi-
ent’s genome. Such genes are selectively picked out on
media of high concentration, as the marker genes are
resistant to various antibiotics and herbicides. Also of
great importance in the study of cross-system gene in-
teraction are reporter genes - attachment proteins that
have unique features or unique enzymatic activities.
Such genes do not degrade the selective advantages
of the cell and result in transgenic phenotypic trans-
formations. Therefore, the main task that agricultural
industry specialists, microbiologists, and breeders are
trying to solve is to increase the survival rate of cul-
tivated plants under abiotic stress and the creation of
overproducing biologically active substances.

Rakhmatova et al.

CONCLUSIONS

Based on the above, the cultivation of new salt-toler-
ant and tolerant to limited irrigation valuable cotton
crops is relevant and efficient using biotechnology and
genetic engineering methods, as revealed by the meth-
od of salicylic acid content diagnostics. A comparative
analysis of biotechnological cotton lines containing
the ESKIMO1 gene and a control sample of the (-312
genotype showed that at high concentrations of saline
solution, the level of salicylic acid rapidly increased to
29.8% in the ESKIMO1 variety, while the level of sal-
icylic acid in the C-312 variety was 22.19%. However,
with a water deficit (40 ml) the amount of salicylic acid
in ESKIMO1 was 17.1%, which is 4.5% higher than in
(-312 (12.64%). The salicylic acid level began to de-
crease with the gradual addition of water. Thus, the
study proved that the activation of the properties of the
protective signalling system of some genetic types of
cotton is activated during the synthesis of salicylic acid
in plants under the influence of some abiotic factors.

A comparison of the responses of biotech cotton
genotypes to the above abiotic factors involves the in-
vestigation and interpretation of their mechanisms at
the plant cell level. Thus, the study suggests that sali-
cylic acid acts as a plant response to stresses of various
nature, and its activation in the genome with the par-
ticipation of inducing signals such as reactive oxygen
species. The nature and method of response at plant
developmental stages along with organs and tissues
is also a matter of great interest, but such phenomena
are largely overlooked and require further investiga-
tion. Although abiotic stresses have been addressed
extensively in the international scientific community,
the prospect for further research will be to develop a
complete picture of plant responses to certain types
of abiotic stress. Analyses of the behaviour of biotech
genotypes are expected to reflect some of the behav-
iour of plants.
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AHoTauif. AKTyanbHiCTb NUTaHHS, MPeACTaBieHoro B AaHiM poboTi, BUSHAYAETbCA CYYaCHUMM AAHMMU NPO CUHTE3
caniumnosoi kucnotn (CK) B pocnnHax, gKi cBigyaTb Npo Te, WO HasBHICTb AEeSKUX TPaH3UTOPHUX (akTopis y
6aBOBHMKY € CMUIHANOM NPO aKTWMBALi CTPEC-NPOTEKTOPHUX (YHKLiA POCAMHU. 36iNblUEHHS BMICTY KNHOYOBUX
MeniaTopiB 3aXMCHOI CUFHANbHOI CUCTEMM B KNITMHAX GAaBOBHMKY CNPUYMHAE aKTMBALiD CTPecoBMX (akTopis,
3anycKaum 3aXUCHI MEXaHiI3MM XXMBOTO OpraHi3my. TakMM YMHOM, CTIMKICTb POC/IMH A0 NEBHMX BUAIB abioTUUYHOIO
CTpecy LOCATaeTbCsl 3@ PaxyHOK aKTMBALIii 3aXMCHMUX peakuiv curHanbHoi cuctemu. Uen npouec possonse
LinecnpsAMoBaHO BMKOPUCTOBYBATM BiONOrYHO aKTUBHI PEYOBMHM, Taki K caniuunoBa Kucnota. ToMy MeToi
[aHoi poboTH € [OCNigKEHHS KOMBIHOBAHMX BNACTMBOCTEN 3aXMCHOI CUTHANbHOI CUCTEMU AEAKMX FEHETUYHMUX
TMNiB poc/MH BaBOBHMKY 338 YMOB CUHTE3Y B HUX DEHONbHMUX KMCNOT. [TpOBiAHMM NiAXOA0M A0 BMBYEHHS LbOrO
NUTaHHS € NabopaTOpPHWUII EeKCNEPUMEHT, IKMIA [03BOAMB KOMMIEKCHO PO3MSHYTM NiHii 6aBOBHMKY, WO MiCTATb
PHK, uytnuBi no neBHux BuAiB abioTnyHoro crpecy. [logaTkoBi BionoriyHi Ta XiMiuHi MeToau Bynu BMKOPUCTaHI
SK OOMNOMIXKHI B MOMbOBMX YMOBaX AN nepeBipku cneundiyHoro BAAMBY 3aCONEHUX FPYHTIB Ha KOHLEHTPaLito
caniumnoBoi kucnotu B PHK 6aBoBHMKY. Y LbOMY JOCNIIKEHHI NpeAcTaBNeHi faHi Npo CTikKicTb reHoTMny ESKIMO1
3 PHK-iHTepdepeHuieto (RNAI) fo 3aconeHHs Ta 06MexXeHOro 3poLleHHs. [locnigkeHo BMICT CaniumMnoBoi KMCN0TH
B TKaHMHax 0aBOBHMKY 3a Aii pi3HMx koHueHTpauiit NaCl. OBrpyHTOBaHO YTBOPEHHS aKTUBHUX (GOPM KUCHIO B
npoueci akTuBaLii 3aXMCHUX peakLii pOCAUH Ha OKpeMi B1am abioTuyHoro crpecy. MaTtepianu AOCNiAXEHHS MaloTb
NpaKTUYHE 3HaYeHHs Ans Mikpobionoris, reHeTUKiB Ta arpoHoMiB. JocnimkeHHs BioTexHonoriyHnx ocobnunsocren
reHOTUNY POC/MH BIAIrpaE BaXNMBY POAb Y PO3YMiHHI aganTauii poCciMH A0 NPUPOAHUX YMOB, CMPUUMHEHUX
NeBHMMU TUNaMK abioTuyHoro cTpecy. LoCTynHiCTb CaniuMNoBOi KMCNOTU LO3BOJISE LUIMPOKO 33aCTOCOBYBATH ii K
KOMEePpLiHWI peareHT y NpakTuLi poCIMHHULTBA

KnioyoBi cnoBa: caniumnoBa KUCNOTa; CTIMKICTb; 3aCONEHHS; piguHHA xpomaTtorpadis; MeTabonisam
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from plant protection programmes. The paper includes a comparative characteristic of the use of copper and
sulphur and a survey among Albanian agricultural producers on the use of preparations based on these elements.
It is established that in the republic, copper and sulphur are actively used mainly in the form of herbicides and
fungicides. They are used on vegetable and fruit crops, as well as grapes and olives. There is a problem of informing
producers about the negative impact of copper and sulphur on the environment and human safety, as well as
control by the state. The practical significance of the study lies in the analysis of the current situation of copper
and sulphur use in Albania and in the identification of ways to change it for the better

Keywords: inorganic pesticides; nanofertilisers; efficiency; crop production; organic production

INTRODUCTION

Agriculture is an integral part of the well-being of any
country, as it provides food security, which is especial-
ly important considering recent events. Thus, the COV-
ID-19 pandemic and Russia’s war with Ukraine have led
to an economic crisis around the world, especially in
Europe and Central Asia (The World Bank, 2022). The
constant and rapid growth of the world population, as
predicted by many researchers, is also an issue that
needs to be addressed (Shahini et al., 2022). All this re-
quires paying more attention to the agricultural sector.
Gaps in the research on the use of copper and sulphur
in plant protection in several Balkan countries deter-
mine the relevance of the study.

Following M.A. Horvat et al. (2019) and D. Dokic et
al.(2022),the agricultural sector of the Balkan countries
has undergone significant changes that occurred several
decades ago because of the transition from a planned to
a market economy. The desire of these countries to inte-
grate into the European Union (EU) is caused not only by
geographical but also by political reasons. F.Z.Zupanic et
al. (2021) report that agriculture in the Western Balkan
countries accounts for an average of about 10% of gross
domestic product (GDP), and according to the World
Bank (2020), the agricultural sector in Albania accounted
for more than 18% of GDP and provided 36% of employ-
ment in 2019. Wahab et al. (2022) argue that it is possi-
ble to increase agricultural production using pesticides,
which allows increasing gross yields and improving the
quality of products, but the use of chemicals also harms
the environment and human health, especially their
uncontrolled use. This requires a re-evaluation of agri-
culture, and the introduction of modern, environmen-
tally friendly technologies, including plant protection.

According to M. Ranjith and S. Sridevi (2021), it is
necessary to increase agricultural production while
minimising the harmful impact on the environment
for sustainable development. World experience shows
that this can be achieved through integrated plant pro-
tection, modern fertilisation technologies using smart
fertilisers with slow or controlled release of elements,
biological control agents, and genetic breeding. Copper
and sulphur have been used for a long time in plant pro-
tection and are well studied, but modern requirements
of environmental friendliness and safety for human life
require limiting their use or complete removal from the

system of agricultural pest and pathogen control. De-
spite the high efficacy of inorganic pesticides, studies
show that they pose ecotoxicological problems for the
biodiversity of agricultural landscapes and aquatic eco-
systems, and copper and its compounds are among the
most prominent soil pollutants (Global assessment of
the impact..., 2017).

A. Kir et al. (2022) investigated the use of copper
oxychloride against olive leaf spots and found that cop-
per accumulated in the soil and in the fruits and leaves
of olive trees, which posed a risk to human health.
A.La Torre et al. (2018) argue that copper cannot pene-
trate plant tissues and is washed away by rain, accumu-
lating in the soil. However, copper and sulphur are al-
lowed for use not only in traditional but also in organic
agricultural production regardless. Notably, in recent
years, the EU countries have been actively searching for
alternative substitutes for copper, while less attention
is currently paid to sulphur, although it has been proven
to be toxic to pollinators and other beneficial arthro-
pods (Gesraha & Ebeid, 2019).

The purpose of the study is to investigate the use of
copper and sulphur in agriculture in the Republic of Al-
bania and other countries of the Balkan Peninsula and
Europe. The main objectives were to analyse scientific
literature on the subject; to compare the characteristics
of copper and sulphur, which are actively used in the
form of inorganic pesticides and fertilisers; to conduct
a survey of agricultural producers on the use of copper
and sulphur in plant protection.

MATERIALS AND METHODS

The study applied theoretical and empirical research
methods. The theoretical basis was the main provisions
and results of research by many scholars of European
countries and the Balkan Peninsula, dedicated to the
use of copper and sulphur in the production of agricul-
tural products. To search for scientific literature, the fol-
lowing web resources and databases were used: Google
Scholar, World Wide Science, Directory of Open Access
Journals (DOAJ) and AGRIS. Scientific literary sources
were selected by the topic, using a series of searches
by key words, by the type of journals, and the year of
publication. First, the articles were identified, then the
review and selection of only those publications that
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were relevant to the topic of the current study was car-
ried out. Literary sources were analysed on the follow-
ing issues: the use of the investigated microelements in
traditional and organic agriculture, their effectiveness,
effects on plants, pathogens and pests, biodiversity,
ecology, and human health. Moreover, an important as-
pect was the study of the use of alternative copper and
sulphur plant protection products. In addition to the
analysis of literary sources, the abstract logical method
and the method of analogy were also applied to inves-
tigate the use of copper and sulphur-based pesticides
and their alternatives; comparative method was used
during the study of the main characteristics of these

elements; grouping, abstraction, and generalisation of
the received information was also conducted.

A survey was conducted to investigate the issue of
the use of copper and sulphur in plant protection and
the attitude of agricultural producers towards these
micronutrients in the Republic of Albania in 2022. The
questionnaires were distributed through the online
testing software Google Forms, as well as among repre-
sentatives of agricultural enterprises in Tirana, Elbasan,
Berat, and Gjirokastra. The number of respondents was
216, of which 179 were Google Forms participants. The
survey included 8 questions and three specific answer
options for each item (Table 1).

Table 1. Questionnaire content

No. Question

Answers

What system of crop production do you consider
appropriate?

a) traditional;
b) integrated;
C) organic.

2 How do you regard chemical plant protection?

a) positive, | use it in full;
b) negative, | try to use alternative means of protection;
c) tolerant, | use it only when necessary.

What are your concerns when deciding on protective

a) cost and effectiveness of chemicals;

3 measures with pesticides? b) necessity;
P ’ C) price, safety, effectiveness, and environmental friendliness.
How often do you use pesticides and fertilisers based on 3) _constantly; . .
4 b) if necessary, occasionally;

copper and sulphur?

) do not use.

5 Do you use alternatives to copper and sulphur?

a) yes;
b) no;
c) if possible.

6  What sulphur-based products do you use the most?

a) herbicides;
b) fungicides;
c) fertilisers.

On which crops do you use inorganic copper-and sulphur-
containing preparations?

a) on all crops grown on the farm;
b) do not use on any crops;
¢) only on vegetables, fruits, olives, and grapes.

Do you support the ban on copper and sulphur in plant
protection?

a) yes;
b) no;
) | support only partial limitation of the norms of use.

Source: compiled by the authors

In a survey with the participation of producers of
agricultural products regarding the use of copper and
sulphur in plant protection, the following ethical prin-
ciples were used: legality; respect for human rights and
freedoms, prevention of discrimination; objectivity and
impartiality; voluntariness; competence and profes-
sionalism; honesty and confidentiality.
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RESULTS
A survey on the use of copper and sulphur by crop
producers in the Republic of Albania by questionnaire
method showed that most of them were oriented to-
wards integrated (50.5%) and traditional (30.1%) farm-
ing systems, and only 19.4% of respondents were inter-
ested in organic production (Table 2).
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Table 2. Results of the survey on the use of copper and sulphur in plant protection, Republic of Albania, 2022

Respondent answers

Question number a b C
quantity share, % quantity share, % quantity share, %
1 65 30.1 109 50.5 42 19.4
2 106 49.1 11 5.1 99 45.8
3 78 36.1 16 74 122 56.5
4 151 69.9 62 28.7 3 1.4
5 28 13.0 104 48.1 84 38.9
6 123 56.9 77 35.6 16 74
7 39 18.1 3 1.4 174 80.6
8 6 2.8 106 49.1 104 48.1

Source: compiled by the authors

It was also determined that crop producers had dif-
ferent opinions on chemical plant protection: almost
half of the respondents expressed a positive assess-
ment of the use of inorganic fertilisers and pesticides,
about 5% gave a negative answer, others were toler-
ant in this matter. When choosing protective measures,
more than 56% of Albanian producers consider not only
the cost and effectiveness of such measures but also
their environmental friendliness and safety. This figure
indicates an incomplete understanding of the respond-
ents about the impact of chemicals on the environment
and human health, which requires clarification and con-
trol by the state authorities. Most agricultural producers
(about 99%) use copper and sulphur-based products.
Among them, sulphur-containing herbicides take the
first place, fungicides (mainly copper-based) take the
second place, and fertilisers take a small share. It was
established that copper and sulphur-based fertilisers in
the Republic of Albania were used on vegetable (mostly
solanaceous) and fruit crops, grapes, and olives. Regard-
ing alternative plant protection products to copper and
sulphur, it was determined that almost half of the pro-
ducers did not use them at all. The ban on copper and
sulphur-containing products was supported by only

Inorganic fungicides 56.8%

2.8% of respondents, while other producers were divid-
ed almost in half into those who do not support such
an initiative and those who support the introduction of
certain restrictions on the use of such products. As such,
the survey shows that Albanian crop producers actively
use copper and sulphur in plant protection; and a low
level of awareness of the negative impact of these chem-
ical elements on the environment and human health.

It has been established that today the elements
under study are allowed for use in most countries of
the world (Andrivon, 2018; Hykas et al., 2022), but due
to the ability to accumulate in the environment and
food, and due to toxicity, copper-based preparations are
gradually abandoned, especially in European countries
(Katsoulas et al., 2020). Despite this worldwide trend,
copper-based fungicides are still actively used, even in
organic agriculture. Eurostat data (2022) on the volume
of pesticide sales in European countries in 2020 indi-
cate that fungicides and bactericides accounted for the
largest share (43%) of their total volume, followed by
herbicides (35%), insecticides and acaricides (14%). It
was noted that inorganic fungicides containing copper
and inorganic sulphur accounted for almost 57% of the
fungicides and bactericides sold during this year (Fig. 1).

Other fungicides and bactericides 20.7%

Bactericides 0.1%
Inorganic fungicides 56.8%

Fungicides based on morpholine 0.6%

Fungicides based
on imidazol and triazol 6.7%

Inorganic fungicides 56.8%

Figure 1. Share of fungicides and bactericides sales by active ingredients in European countries in 2020, %

Source: Eurostat (2022)
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Eurostat data (2022) show that the leaders in sales
of fungicides and bactericides in 2020 were Spain, Italy,
France, and Turkey. The volume of these sales ranged
from 20.5 to 37.9 thousand tonnes. The lowest level of
sales of these goods was recorded in Iceland, Malta, and
Norway. It was at the level of 0.2-93.6 tonnes. Such fig-
ures are related to the level of development of agricul-
tural production in these countries.

The European Commission data on the intensity of
pesticide use indicate that the most active substances
are used in the production of agricultural products by
the most economically developed countries. For exam-
ple, the Netherlands - 8.8 kg/ha, Ireland - 6.9 kg/ha,
and Belgium - 6.7 kg/ha of active substance. The low-
est level of pesticide application (1.5 kg/ha) is typical
for Slovakia, Lithuania, Latvia, Denmark, and Bulgaria
(EU Pesticides Database, 2022), that is for countries
with a less developed economy. In Spain, Italy, Germa-
ny, France, and Poland are seeking to reduce or even
ban the use of copper compounds in agriculture. This
is conditioned by the development of organic produc-
tion and increased demand for ecological and safe food
products. It was also clarified that copper is not regis-
tered as a means of plant protection in five European
countries: Denmark, Estonia, the Netherlands, Finland,
and Sweden (Tamm et al., 2022).

Under the European Commission (EU Pesticides
Database, 2022), the following active substances con-
taining copper are allowed for use in agriculture in
the EU countries: copper compounds, copper hydrox-
ide, copper oxide, copper oxychloride, copper tri-basic
sulphate, and the prohibited ones are 8-hydroxyquin-
oline with salicylic acid and dithiocarbamic acid deriv-
atives. Among sulphur-containing pesticides allowed
for use in plant protection are preparations with the
following active ingredients: amidosulfuron, bensul-
furon, flazasulfuron, foramsulfuron, halosulfuron-me-
thyl, iodosulfuron, mesosulfuron, metsulfuron-methyl,
nicosulfuron, prosulfuron, rimsulfuron (or renriduron),
sulfosulfuron, sulfuryl fluoride, tifensulfuron-methyl,
triflusulfuron and tritosulfuron.

Copper group fungicides are characterised by con-
tact-prophylactic and protective action. Their fungicidal
action is more effective against the spores of the path-
ogens than against the development of the mycelium
of the fungus. Preparations of the copper group are
characterised by the fact that the active substance is
adsorbed by the cytoplasm of the cells of fungi. Fun-
gal spores gradually adsorb copper from solutions up
to lethal doses. The solubility of copper preparations
is facilitated by the excretion of plants, fungi, carbon
dioxide from the air, precipitation, etc. The intense tran-
sition to the soluble state helps to increase the fungi-
cidal activity of drugs of the copper group, but at the
same time increases their phytotoxic effect. The bio-
logical effectiveness of fungicides of the copper group
depends on the correctly defined period of application
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and the uniformity of coverage of vegetative organs
with working mixtures.

Copper compounds are most effective in protecting
against pathogens of mildew, apple and pear scab, and
some spots of fruit, berry, and vegetable crops. The bio-
logical features of the development of mushrooms are
characterised by the fact that their mycelium lives and
harms inside the cells of plants. On the surface of veg-
etative organs, fungi form only asexual sporulation. The
mechanism of action of copper compounds has only a
preventive protective nature. Therefore, copper fungi-
cides should be used in accordance with the forecast of
the spread and development of phytopathogens. Plants
must be sprayed with working mixtures of preparations
from the beginning of the spore flight until the possible
infection of the tissues of the host plant. When a path-
ogen enters plant cells, drugs of this group are not able
to destroy it. The duration of the protective effect of
drugs of the copper group is 10-20 days. Therefore, the
subsequent use of drugs is determined by weather con-
ditions, the intensity of disease development, and the
duration of the protective effect of the fungicide. One
of the serious disadvantages of fungicides of the cop-
per group is their phytotoxicity, which is manifested in
long-term and significant humidity. Plants are especial-
ly sensitive during the period of active growth. There-
fore, it is necessary to remember that not only different
types of plants, but also their varieties react differently
to the phytotoxicity of copper-based preparations. Due
to such circumstances, it is necessary to consider all the
factors that determine the sensitivity of plants to the
preparations of this group.

Sulphur, along with copper, is also an important mi-
croelement for plants and is involved in various physio-
logical processes. In plant protection, sulphur-contain-
ing preparations are used to destroy weeds, pathogens,
and pests (mites, insects). Previously, sulphur was
actively used for the fumigation of warehouses and
greenhouses to control pests and mould fungi, but now
there are more effective and safer means. Recently, the
main use of sulphur is in herbicides and fungicides. Ta-
ble 3 illustrates the comparative characteristics of cop-
per and sulphur by the main indicators.

The fungicidal and acaricidal properties of sul-
phur-based preparations are revealed at high air tem-
perature, but they must be applied in the morning or
evening. Gooseberries and black currants are very sus-
ceptible to sulphur fungicides, therefore, before apply-
ing on large areas, it is advisable to check their effect on
several bushes of certain varieties. Sulphur preparations
can be used not only for processing vegetative plants,
they can be applied to the soil to limit damage to cab-
bage by clubroot and root rot (Pythium). Sulphur sup-
presses the development of powdery mildew pathogens,
and also restrains the spread of apple and pear scab.

Thus, the study results showed that those elements
differed in terms of action and objects of use, but their
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relatively low cost and the absence of alternative
means contributed to their wide application for plant

protection in the research region under both traditional
and organic agriculture.

Table 3. Comparative characteristics of copper and sulphur application in plant protection

Attribute Copper Sulphur

Plant protection
means

herbicides, fungicides, insecticides, acaricides,

fungicides, fertilisers fertilisers

participation in photosynthesis and transpiration,
synthesis of chlorophyll, anthocyanins, etc., increase
of stress resistance to drought, improvement of pollen
fertility

participation in protein metabolism, involvement
in photosynthesis, improvement of root nutrition,
increase immunity to diseases

Biochemical
functions in plants

Harmful
element

weeds, powdery mildew fungi, mites, and insect

oomycetes, peronospore fungi, bacteria pests of storage products

blocks the synthesis of amino acids in the

rion h naturation of proteins in S .
copper ions cause the denaturation of proteins growth points in weeds, disrupts the processes of

Effect on harmful pathogen cells and accelerate intracellular oxidative

organisms rocesses hydrogenation and dehydration in fungi, effect on
P insects and ticks has not been studied
wide range of effects, formation of a low level of . . .
- . . low level of resistance to harmful organisms, wide
Advantages resistance to pathogens, relatively low acute toxicity L .
. . . . range of effects, low cost, permission for use in
of usage to mammals, high efficiency in rainy weather, low cost,

2 . . organic production
permit in organic crop production 9 P

toxicity to invertebrates (worms, pollinators,
entomophages), phytotoxicity, formation in the soil of
compounds inaccessible to plants, can accumulate in

phytotoxicity, narrow temperature range of

Disadvantages application (18-28°C)

the environment

Source: compiled by the authors

DISCUSSION

The use of copper and sulphur in plant protection is
important in the current context. Their accumulation in
agricultural landscapes may hurt the environment in
the future. According to D. Andrivon (2018), the large
volumes and widespread use of copper in agriculture
are subject to increased regulation. Since the invention
of Bordeaux mixture in the late 19t century, copper has
been a key element in methods of combating fungal
and bacterial diseases, especially in viticulture, fruit,
and vegetable growing. According to N. Katsoulas et
al. (2020), this remedy is still used in several European
countries: France, Greece, Germany, Turkey, etc.

Following Wahab et al. (2022), the volume of pesti-
cide use in the Republic of Albania is 350-400 tonnes
per year, with a steady increase in this figure. Currently,
chemicals are actively used on vegetables both in the
field and in greenhouses, as well as in vineyards and in-
tensive orchards. The survey determined that the use of
copper and sulphur-based pesticides in the country is
widespread. Albanian agricultural producers use them
on almost all crops against weeds (sulphur-contain-
ing herbicides), and on potatoes, tomatoes, cucumbers,
grapes,olives,andin orchards against diseases and pests.

Notably, the countries of the Balkan Peninsula
(Albania, Bosnia and Herzegovina, Serbia, North Mac-
edonia, Montenegro) are heading towards the EU, and
due to the lack of domestic production of pesticides
and fertilisers in this region, imports of these prod-
ucts prevail. According to T. Brankov and B. Matkovski

(2022), the same pesticides and fertilisers are used in
the Western Balkan countries as those allowed for use
in the EU, but according to the World Health Organ-
ization (2008), there are risks of using unregistered
and obsolete chemicals that remain in large quanti-
ties from the past.

Copper is allowed on perennial crops against fun-
gal and bacterial diseases affecting vines, bunches,
and leaves of grapes, fruits and leaves of stone fruits
and pome fruits, and nuts. The authors note that cop-
per is also used, contrary to recommendations, against
brown rot on apricots and black rot on grapes (Kul-
laj et al., 2017). Copper-based fungicides are also ap-
proved for use on vegetable crops of various botani-
cal groups (in the field and greenhouses), on cereals
against some seed diseases, aromatic, essential oil,
and ornamental and medicinal plants. Copper and sul-
phur can be used in organic agricultural production,
but with certain restrictions.

The main characteristics of these chemical elements
will be considered in more detail. Copper (Cu) is of great
importance for living systems and is involved in energy
metabolism and has biocidal properties that are used
to manage human, animal, and plant health. L. Tamm
et al. (2022) admit that copper has a broad spectrum of
action against several harmful objects of agricultural
plants (oomycetes, ascomycetes, basidiomycetes, and
bacteria), which is especially important for the con-
trol of widespread and harmful diseases: tomato late
blight and grape mildew, and diseases of other crops.
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According to G.Borkow,J. Gabbay (2005) and D.Andriv-
on (2018), the exact mechanisms of action on pathogens
are not fully understood. The authors argue that there
are several hypotheses in this regard. For example, the
biocidal effect of copper ions is manifested through
the loss of electrolytes from the cell through its mem-
brane, by blocking the normal functioning of proteins
in microbial cells, or by disturbing the ionic balance of
cells, etc. Copper compounds are used in chemical pro-
tection in the form of fertilisers, which contributes to
the enhancement of natural plant immunity, but most
often in the form of fungicides. They are used against
the following diseases: cucumber peronosporosis, grape
mildew leaf spot of olives, and phytophthora infestans.

Despite the widespread use and high efficiency of
copper and sulphur in plant protection, these elements,
depending on the concentration dose, have a toxic ef-
fect. L. Kiaune and N. Singhasemanon (2011) state that
copper- and sulphur-containing inorganic fungicides
can run off and reach surface waters and accumulate
in the soil. For example, recent studies conducted by
G.D. Gikas et al. (2022) in vineyards showed that long-
term use of copper-based fungicides led to the accu-
mulation of high concentrations of copper in the soil,
which affected pesticide biodegradation, soil structure,
availability of nutrients to plants and their resistance to
pathogens. According to the authors, sulphur also has
toxic properties towards beneficial fungi and bacteria.
In addition, their studies show that sulphur is phytotox-
ic to pumpkins, apricots, and raspberries.

It was established that the repeated use of copper
and sulphur-based products was the main source of soil
and water pollution. A. Kir et al. (2022), while studying
the use of copper on olive plantations, concluded that
copper accumulated not only in the soil layer, but also
in the leaves and branches of trees, which negatively
affected biodiversity and human health.

A. La Torre et al. (2018) state that high copper con-
centrations in the soil layer can reduce the population of
earthworms and carabids, which is a cause of ecological
imbalance, as these animals play an important role in
maintaining healthy ecosystems and soil formation pro-
cesses. K.J. Rader et al. (2019) also noted that these ele-
ments could have a detrimental effect on aquatic biota
when released into water bodies. Thus, according to their
data, the toxicity of copper was influenced by pH and the
amount of organic carbon in dissolved water. M. Ranjith
and S. Sridevi (2021) report the negative effects of chem-
ical pesticides on soil microorganisms and animals. They
also note that to reduce the harmful effects of copper and
sulphur on beneficial organisms, it is necessary to use
the achievements of nanotechnology in agriculture: sul-
phur nanoparticles (SNPs) and copper nanoparticles (Cu-
NPs), which have low cytotoxicity.A. Karthik and M.U. Ma-
heswari (2021) argue that nanofertilisers retain a large
number of nutrients with a particle size of 30-40 nm,
slowly releasing them according to the planned yield.
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E.Angeleska et al.(2011) note the harmful effects of
elevated copper concentrations in the soil on the con-
dition of cultivated plants. It is known that excessive
amounts of copper compounds negatively affect the
growth and development of aboveground and under-
ground plant organs, which leads to a decrease in their
total biomass and yield. Legumes, grapes, hops, and ce-
reals are particularly sensitive to copper. The toxicity of
this element is related to the bioavailability of copper
ions. It has been established that copper concentrations
above 2 uM can be phytotoxic. This situation requires
the search for new alternative means against diseases.

As a result of the analysis, it was determined that
there were no effective and affordable alternatives to
the use of copper and sulphur. According to M.E. Sadek
et al. (2022), various plant extracts with fungicidal ef-
fects, chitosan, seaweed, etc., are currently among the
proposed alternatives to copper. It is also stated that no
copper substitutes for plant protection are effective,and
research on this issue is ongoing. The study by N. Kat-
soulas et al. (2020) included a survey of organic pro-
ducers on alternative plant protection products to cop-
per and sulphur. They determined that in ten European
countries, resistant varieties, biological control agents,
plant extracts, etc., were used as substitutes for the
chemical elements under study. The research showed
that in European countries, copper is still used quite of-
ten in plant protection, while sulphur and mineral oils
are used less often. As the authors admit, this indicates
a limited use of alternatives to chemical elements, or
such products do not have the necessary effect com-
pared to inorganic substances. Similar conclusions were
obtained after a survey of Albanian agricultural produc-
ers, which revealed the total use of sulphur-containing
herbicides on almost all crops and copper fungicides
mainly on vegetables and fruit crops, olives, and grapes.

The studies by A.Karthik and M.U.Maheswari (2021)
describe in detail the protective measures alternative
to inorganic chemicals. As such, alternatives to copper
include combinations of substances with a reduced cop-
per content of up to 2-6%, which reduces the amount of
this chemical element per hectare of crops; potassium
compounds (e.g., K,SiO, and potassium bicarbonate),
sulphur lime, zeolite, and kaolin; natural alternative
formulas that allow replacing or reducing the copper
usage rate; plant extracts with biocidal properties; bio-
logical control agents that have different mechanisms
of action against bacterial and fungal pathogens of
crops; chitosan, a natural polymer derived from chitin;
seaweed extracts (Ascophyllum nodosum and Laminar-
ia digitata) that can enhance the natural immunity of
plants; pest-resistant plant varieties.

G.D. Gikas et al. (2022) argue that sulphur alterna-
tives are not currently used, mainly for economic rea-
sons, as sulphur is cheaper and more readily available
than other substances. In addition, sulphur is consid-
ered a substitute for mineral oil, which is used against




harmful mites and insects on citrus, olives, and toma-
toes. Aside from pesticides, fertilisers containing cop-
per or sulphur are also used in agriculture. An analysis
of the situation with the use of copper and sulphur in
Europe and the Balkans has shown a tendency to Llimit,
and in some countries - to completely ban, the use of
copper in plant protection.Thus, according to L. Tamm et
al. (2022), over the past ten years in Europe, there was a
gradual restriction on the use of copper in plant protec-
tion, and in 2021, the maximum amount of copper al-
lowed for use was 28 kg. The authors note that the goal
is to phase out copper from production,and this element
is already on the EU’s list of replacement candidates.

Thus, copper and sulphur are widely used in Europe
and the Balkans, although there is a gradual tendency
to reduce it in plant protection. It was established that it
was impossible to abandon their use for objective rea-
sons at the moment. Moreover, active searches for alter-
natives to these substances have been ongoing recently.

CONCLUSIONS

The survey of Albanian agricultural producers showed
the total use of copper (fungicides) and sulphur (her-
bicides, fungicides, acaricides) in plant protection. The
majority of respondents adhere to integrated and tra-
ditional farming, and less than 20% practice organic
farming. In the Republic of Albania, copper and sul-
phur are used on vegetables, fruits, grapes, and olives.
Alternative plant protection products are rarely used.
The positive and tolerant attitude of producers to these
chemicals was revealed, which indicates problems with
awareness of the negative impact of chemicals on the
environment and human health, or the lack of other op-
tions to protect the crop.
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In Europe, the volume of sales of fungicides and
bactericides in 2020 among all types of pesticides was
43%, of which 57% were based on copper and sulphur.
Economically developed countries used the largest
amount of copper and sulphur in plant production.

A comparison of the main characteristics of cop-
per and sulphur in plant protection showed that those
two chemical elements had several common features
related to their participation in plant physiological pro-
cesses (photosynthesis, protein metabolism, etc.), de-
velopment of natural plant immunity to stressors, phy-
totoxicity, and negative effects on the environment and
human health (in certain concentrations). Otherwise,
copper and sulphur are very different: in terms of ob-
jects and methods of use, mechanism of action, etc. For
example, copper has a biocidal effect in the presence of
droplet moisture, its ions penetrate pathogen cells and
cause protein degradation, while sulphur has a fumi-
gant effect due to the formation of hydrogen sulphide,
which causes the death of fungal spores.

This research showed that in further studies, it is nec-
essary to conduct an additional analysis of global devel-
opments in the use of copper and sulphur in plant protec-
tion,and to continue research to find substitutes for these
elements that would be highly effective in combating
harmful crop pests and minimise the burden on the envi-
ronment. This would allow any country,including Albania,
to ensure food security in a constantly changing world.
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MopiBHANbHA XapaKTepMUCTUKA 3aco6iB 3aXUCTY POC/IUH
BiA BNAUBY MiAi Ta cipku
€reH Ckypa
Kananpat Hayk, Buknagad. ORCID: https://orcid.org/0000-0002-4962-1997.
Cinbcbkorocnogapcbkuin yHiBepcuteT TupaHu
1025, Byn. MNaici Bogiua, M. TupaHa, Anbanis
PomiHa KoTo
Kanguaoat Hayk, Buknagad. ORCID: https://orcid.org/0000-0003-2936-3959.
Cinbcbkorocnogapcbkuin yHiBepcuteT TupaHu
1025, Byn. Maici Bogiua, M. TupaHa, Anbanis
Epinpa Jlika
Mpodecop, nokrop, Buknagady. ORCID: https://orcid.org/0000-0002-5702-8579.
Cinbcbkorocnogapcbkuin yHiBepcuteT TupaHu
1025, syn. MNaici Bogiua, M. TupaHa, AnbaHis
LWnenp WaxiHi
Mpodecop, nokrop, Buknagady. ORCID: https://orcid.org/0000-0003-3830-2306.
Cinbcbkorocnogapcbkuin yHiBepcuteT TupaHu
1025, Byn. MNaici Bogiua, M. TupaHa, AnbaHis
Martbapa Cannaky
MNpodecop, nokrop, pektop. ORCID: https://orcid.org/0000-0001-5051-1413.
Cinbcbkorocnogapcbkuit yHiBepcuteT TupaHu
1025, syn. MNaici Bogiua, M. TupaHa, AnbaHis

AHoTauif. AKTyanbHiCTb NUTaHHS, MPeACTaBieHoro B AaHiM poboTi, BUSHAYAETbCA CYYaCHUMM AAHMMU NPO CUHTE3
caniumnosoi kucnotn (CK) B pocnnHax, gKi cBigyaTb Npo Te, WO HasBHICTb AEeSKUX TPaH3UTOPHUX (akTopis y
6aBOBHMKY € CMUIHANOM NPO aKTWMBALi CTPEC-NPOTEKTOPHUX (YHKLiA POCAMHU. 36iNblUEHHS BMICTY KNHOYOBUX
MeniaTopiB 3aXMCHOI CUFHANbHOI CUCTEMM B KNITMHAX GAaBOBHMKY CNPUYMHAE aKTMBALiD CTPecoBMX (akTopis,
3anycKaum 3aXUCHI MEXaHiI3MM XXMBOTO OpraHi3my. TakMM YMHOM, CTIMKICTb POC/IMH A0 NEBHMX BUAIB abioTUUYHOIO
CTpecy LOCATaeTbCsl 3@ PaxyHOK aKTMBALIii 3aXMCHMUX peakuiv curHanbHoi cuctemu. Uen npouec possonse
LinecnpsAMoBaHO BMKOPUCTOBYBATM BiONOrYHO aKTUBHI PEYOBMHM, Taki K caniuunoBa Kucnota. ToMy MeToi
[aHoi poboTH € [OCNigKEHHS KOMBIHOBAHMX BNACTMBOCTEN 3aXMCHOI CUTHANbHOI CUCTEMU AEAKMX FEHETUYHMUX
TMNiB poc/MH BaBOBHMKY 338 YMOB CUHTE3Y B HUX DEHONbHMUX KMCNOT. [TpOBiAHMM NiAXOA0M A0 BMBYEHHS LbOrO
NUTaHHS € NabopaTOpPHWUII EeKCNEPUMEHT, IKMIA [03BOAMB KOMMIEKCHO PO3MSHYTM NiHii 6aBOBHMKY, WO MiCTATb
PHK, uytnuBi no neBHux BuAiB abioTnyHoro crpecy. [logaTkoBi BionoriyHi Ta XiMiuHi MeToau Bynu BMKOPUCTaHI
SK OOMNOMIXKHI B MOMbOBMX YMOBaX AN nepeBipku cneundiyHoro BAAMBY 3aCONEHUX FPYHTIB Ha KOHLEHTPaLito
caniumnoBoi kucnotu B PHK 6aBoBHMKY. Y LbOMY JOCNIIKEHHI NpeAcTaBNeHi faHi Npo CTikKicTb reHoTMny ESKIMO1
3 PHK-iHTepdepeHuieto (RNAI) fo 3aconeHHs Ta 06MexXeHOro 3poLleHHs. [locnigkeHo BMICT CaniumMnoBoi KMCN0TH
B TKaHMHax 0aBOBHMKY 3a Aii pi3HMx koHueHTpauiit NaCl. OBrpyHTOBaHO YTBOPEHHS aKTUBHUX (GOPM KUCHIO B
npoueci akTuBaLii 3aXMCHUX peakLii pOCAUH Ha OKpeMi B1am abioTuyHoro crpecy. MaTtepianu AOCNiAXEHHS MaloTb
NpaKTUYHE 3HaYeHHs Ans Mikpobionoris, reHeTUKiB Ta arpoHoMiB. JocnimkeHHs BioTexHonoriyHnx ocobnunsocren
reHOTUNY POC/MH BIAIrpaE BaXNMBY POAb Y PO3YMiHHI aganTauii poCciMH A0 NPUPOAHUX YMOB, CMPUUMHEHUX
NeBHMMU TUNaMK abioTuyHoro cTpecy. LoCTynHiCTb CaniuMNoBOi KMCNOTU LO3BOJISE LUIMPOKO 33aCTOCOBYBATH ii K
KOMEePpLiHWI peareHT y NpakTuLi poCIMHHULTBA

KnioyoBi cnoBa: caniumnoBa KUCNOTa; CTIMKICTb; 3aCONEHHS; piguHHA xpomaTtorpadis; MeTabonisam

Scientific Horizons, 2023, Vol. 26, No. 1

61



SCIENTIFIC HORIZONS

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(1), 62-72

UDC 630°5
DOI: 10.48077/scihor.26(1).2023.62-72
Life forms of plants of natural and anthropogenic landscapes
Gulom Rakhimov’

PhD in Agricultural Sciences, Associate Professor. ORCID: https://orcid.org/0009-0006-5231-5612.
Uzbek-Finnish Institute at Samarkand State University
140104, 166 Spitamenshoh Str., Samarkand, Uzbekistan

Mykola Shevnikov

Full Doctor in Agricultural Sciences, Professor. ORCID: https://orcid.org/0000-0003-0810-523X.
Poltava State Agrarian University
36003, 1/3 Skovoroda Str., Poltava, Ukraine

Danylo Plahtiy

PhD in Agricultural Sciences, Associate Professor. ORCID: https://orcid.org/0000-0002-2014-9748.
Podillia State University
32316, 12 Shevchenko Str., Kamianets-Podilskyi, Ukraine

Ulyana Nedilska

PhD in Agricultural Sciences, Head of the Department. ORCID: https://orcid.org/0000-0001-7427-0087.
Podillia State University
32316, 12 Shevchenko Str., Kamianets-Podilskyi, Ukraine

Tetiana Krachan

PhD in Chemistry, Head of the Department. ORCID: https.//orcid.org/0000-0002-0618-4483.
Podillia State University
32316, 12 Shevchenko Str., Kamianets-Podilskyi, Ukraine

Article’s History: Abstract. The relevance of the study is conditioned by the solution of
Received: 02.12.2022 environmental issues to preserve the natural biological diversity of plant
Revised: 16.01.2023 life forms in Central Asia and the Balkan Peninsula. The most important
Accepted: 10.02.2023 task of Uzbek botanists is to investigate all aspects of the structural

and dynamic organisation of vegetation cover and changes in plant
communities in areas affected by the intense impact of anthropogenic

Suggested Citation: factors. In this regard, the purpose of this study is to conduct a comparative
Rakhimov, G., Shevnikov, M., characterisation of plant life forms of natural and anthropogenic
Plahtiy, D., Nedilska, U., & landscapes of Central Asia and the Balkan Peninsula.The leading approach
Krachan, T. (2023). Life forms of to the examination of this problem is spatial-comparative, which allows
plants of natural and anthro- comprehensively investigating the elements of the system of plant life
pogenic landscapes. Scientific forms of natural and anthropogenic landscapes. In addition, during the
Horizons, 26(1),62-72. empirical study, the collected field material was analysed by generally

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



Rakhimov et al.

accepted geobotanical and forestry methods, which consist in describing the topographic position of woody,
semi-woody, polycarpic, and monocarpic terrestrial grasses, aquatic plants. The authors used both herbarium
and live material from expedition surveys on the Biosphere Reserve and the protected area of the Uvac river
gorge by Kazakh, Uzbek, Greek, and Turkish researchers. As a result, a comparative characteristic of the state of
modern plant communities of Central Asia and the Balkan Peninsula by the nature and degree of anthropogenic
impact was presented. The main life forms of plants of the regions under study were covered; the interrelation
of environmental conditions with the process of flora formation was identified and substantiated. The materials
of the study are of practical value for ecologists, landscape researchers, geographers, and biologists to use the
findings in creating long-term plans for the development of natural landscapes for nature reserves, ecological
centres, and nature protection zones. The developed method of comparative characteristics can be used to

investigate natural and anthropogenic landscapes of other territories

Keywords: vegetation; transformation; species composition; ecological system; human factor; comparison

INTRODUCTION

With the development of civilisation, the special rela-
tionship between nature and society became the impe-
tus for the emergence of landscape studies. As a scien-
tific discipline, landscape science began its existence at
the end of the 19* century in the process of complex
research on agricultural lands. In the future, the devel-
opment of landscape ideas in scientific natural science
has been transformed and over the past 10 years, the
object of research has been man-made landscapes cre-
ated on a natural basis.

Uzbek researchers G.Abdiniyazova and O.Khozhima-
tov (Abdiniyazova & Khozhimatov, 2019) investigated an-
thropogenic landscapes as man-modified nature, which
became the basis for the development of terrestrial civili-
sation.Thatis,inthis case,while preservingits natural ver-
sion in a slightly edited form, nature was of little interest
to the researcher.Landscapes untouched by human activ-
ity and their preservation have been the subject of study
by environmental organisations over the past few years.

D. Ishankulova et al. (2021) based on their studies,
concluded that the modern landscape shell consists of
natural and anthropogenic components. Natural land-
scapes, according to D. Ishankulova et al. (2021) are not
affected by human economic activity. Anthropogenic
landscapes - are subject to human exploitation to the
extent which allowed them to be restored even after the
cessation of economic activity. This happens because, by
beingincludedinthe naturalenvironment,human makes
changes not only in the biota but also in the geologi-
cal, geomorphological, and hydro-climatic components.

As stated by E. Bryanskaya and D. Sandanov (2021),
each specific plant species adapts to the ecological con-
ditions in which it grows. Therefore, the typical Life form
inherentinaplantinmostofitsrange canbetransformed.
E. Bryanskaya and D. Sandanov (2021) noted that these
changes do not occur in one season. Changing plant
life form is a long evolutionary process of the natural
adaptability of plants to external factors. This process
manifests itself in appearance, that is, the vegetation of
alpine meadows near the glacier will differ from the life
form of vegetation of Alpine meadows near rock scree.

N. Kulha et al. (2020) investigated the types and
spatial scales of forest structure changes in different
landscapes. Findings of their study support the idea
that the structure of boreal old-growth forests changes
at discernible spatial scales. Instead of being driven by
gap dynamics, the old-growth forests in the studied re-
gions are currently responding to large-scale drivers by
an increase in canopy cover.

V. Cheremushkina et al. (2020) proved in their study
that the diversity of the aerial parts of the axes reflects
the adaptation of plants to specific ecological conditions,
while maintaining a genetically fixed, general develop-
ment programme. Their results expand the understand-
ing of the main areas in the evolution of morphs, which
has practically not been studied in plants of the Central
Asian flora. Using an architectural approach to describ-
ing plants, the authors showed that various ecotopic
and ecological-coenotic conditions do not affect the
nature of the development of life forms of related taxa.

M.Rufino et al. (2023) drew attention to such a phe-
nomenon as the seed dispersal syndrome. In the study,
the authors evaluate the influence of environmental
factors on floristic composition, seed dispersal syn-
drome and potential for wild fauna refuge. The study
emphasises the importance of creating and protecting
private conservation areas, such as the RPPN Fazenda
Macedonia and corridors among all forest private areas
belonging to the CENIBRA company in that landscape.

J. Plue et al. (2022) suggested that species may ben-
efit from green infrastructure, i.e., the network of natural
and anthropogenic habitat remnants in human-dominat-
ed landscapes, if it helps isolated populations in remain-
ing habitat patches to be functionally connected. Inferred
functional connectivity explained genetic variation bet-
ter than structural connectivity, yielding positive effects
on genetic variation. The authors' study proposes that
green infrastructure can promote functional connectivity,
providing that a plant species can survive outside of core
habitat patches. As this often excludes habitat specialist
species, conservation practice and policy should primar-
ily focus on ancient, managed semi-natural grasslands.
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According to F. Liccari et al. (2022), fragmentation
and isolation of plant species can be reversed by re-
storing landscape connectivity through effective Eco-
logical Network planning. Interestingly, the study aims
at parsing the interacting effect of landscape structure,
surrounding habitats and nodes, and structural connec-
tivity on EN plant diversity at two specific scales of in-
vestigation i.e., the habitat and the node scale. In gen-
eral, landscape composition of semi-natural land cover
(i.e., hedgerows, watercourses) showed a positive effect
on species diversity as opposed to that of the configura-
tion of anthropogenic elements on both scales.

The purpose of the study is to determine the adap-
tive capabilities of some plant species in complicated
climatic conditions developed during evolution by com-
paring and analysing their development in different
ecosystems. The geomorphological zones investigated
during the study contain various plant communities
that differ in appearance and species composition.

MATERIALS AND METHODS

The method of source analysis was used in the research
process to investigate the geographical, biological, land-
scape, historical, philosophical literature on the chosen
topic. With the help of the generalisation method, the
authors recorded common features and properties of re-
search by Uzbek, Kazakh, Chinese, American, British, and
other researchers. According to the method of analogies,
comparative characteristics of plant life forms of natural
and anthropogenic landscapes of Central Asia and the
Balkan Peninsula were conducted. Having modelled the
classification of the main plant life forms of the terri-
tories under study, it was possible to identify similari-
ties and differences in indicators of floral richness. The
classification of plant life forms of the investigated re-
gions was depicted using the graphical representation
of the results method, and Latin and English taxon spe-
cies were presented according to the summary of plants
of the biosphere reserve and the protected area of the
Uvac river using method of mathematical statistics.

Among the diagnostic methods, observation, anal-
ysis of herbarium materials, and the results of field
photography were applied. The samples of areas with
natural and anthropogenic landscapes were conduct-
ed. For this purpose, the semi-desert and mountainous
zones of Central Asia, and the plains and mountainous
territories of the Balkan Peninsula were considered.
Classification of plant life forms was conducted accord-
ing to the following forms: woody plants, shrubs, lianas,
grasses, succulents. For classification, a description of
the topographic position of communities, soil charac-
teristics, and a description of the stand, undergrowth,
and grass tier were used. The study of the structural
features of the species was conducted both at the live
material and at the National Herbarium of Uzbekistan
Institute of Botany of the Academy of Sciences of the
Republic of Uzbekistan,and at the Herbarium of History
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Museum of Bosnia and Herzegovina in Sarajevo. The
experimental base of the study was the National Uni-
versity of Uzbekistan named after Mirzo Ulugbek.

In the course of the empirical research, the results
of long-term studies of structural and dynamic organi-
sations of plant communities formed in territories with
a scarce natural irrigation system, and normative and
methodological documentation of the physical and ge-
ographical conditions of the biosphere reserve and the
protected area of the Uvac river gorge were investigat-
ed (Ovchinnikova et al., 2020). The biological and bio-
morphological diversity of plants of the two territories
and the degree of resistance of natural landscapes to
anthropogenic factors were empirically analysed. Plant
life forms were investigated according to the following
criteria: appearance of the plant (height, width of foli-
age), level of lignification of the stem, survival rate of
ground shoots, root system. Each of these morpholog-
ical features was rated 1 point, which was converted
into percentages in further processing. One life form
can consist of a variety of species and genera. There-
with, one species can form several life forms. In accord-
ance with the above criteria, the plants were deter-
mined based on the Centre for Advanced Technologies
under the Ministry of Innovative Development of the
Republic of Uzbekistan.

RESULTS

Plant life forms are closely related to the rhythm of the
development of the ecological situation in the region.
The desert and steppe natural zones of Central Asia
account for 20 to 25 thousand plant species. Located
between China in the northwest and Turkey in the east;
Kazakhstan in the north, and the Arabian Peninsula in
the south - Central Asia is rich in bluegrass, cabbage,
legumes, saxifrage, stonecrop, borage, and lily families
in the steppe zone. Mountain vegetation is represent-
ed by pine, deciduous-pine forests in combination with
herbaceous and shrubby vegetation (Halilaj et al.,2021).

The vegetation of the Balkan Peninsula is repre-
sented by a large number of endemic plant species.
The coastal zone is mountainous, represented by Med-
iterranean-type vegetation, and has several levels. The
lowest storey - pine and oak forests, shrubs, the middle
storey - deciduous forests, deciduous shrubs. The upper
border of the mountains at an altitude of 180-2,300
metres - beech, fir, pine. In the central and northeast-
ern parts of the peninsula, the plants are mainly repre-
sented by steppe vegetation and agricultural products:
wheat, corn, tobacco, grapes (Noroozi et al., 2019).

As a classification of plant life forms, the authors of
the study identified the following groups: woody, semi-
woody, and herbaceous plants. A group of woody plants
is characterised by a crown with branches, on which,as a
rule, there is no tillering. Throughout life, aboveground
shoots are perennial, the buds are located on all parts
of the plant and easily tolerate the winter period.




Semi-woody plants have two parts: the lower per-
ennial woody, aboveground - annuals with elongat-
ed shoots. The buds are located relatively low above
the soil surface, so, during severe spring and summer
frosts, their death is possible. In addition, the authors
of the study attributed shrubs to this group: creeping
shrubs and climbing shrubs. The bush zone can be
both underground and surface. The creeping shrubs
have the shape of a tree with perennial lignified
shoots that creep along the ground. Due to the fact
that the shoots of shrubs have an underground and
surface location, the buds can also be located both un-
derground and above it. Stimulation of bud growth oc-
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40%
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curs as a result of forcible suppression of the growth
of the main trunk.

Herbaceous plants - depending on the time of
germination of the seed to the adult plant,annual and
perennial plants are distinguished. The life span of
shoots of annual plants is less than a year, there are
no wintering buds in the body. In perennial plants, all
aboveground parts of shoots are annuals, and under-
ground ones can last for several years, wintering buds
are located on them.

In the course of an empirical study of the life
forms of natural landscapes in Central Asia, the spe-
cies diversity of plants is presented in Figure 1.

herbaceous
55%
woody

semi-woody

Figure 1. Classification of plant life forms of natural landscapes of Central Asia

Source: compiled by the authors

The analysis of life forms indicates that the phyto-
cenosis of herbaceous flora is 15 plant species (55%), of
which 14 species are short-lived: annuals - 10 species;
and biennials - 4 species. The latter have a rod root
system. The following representatives are most com-
mon: Fallopia convolvulus (L.) A. L ove, Polygonum avicu-
lare L., Berteroa incana (L.) DC,, Capsella bursa-pastoris (L.)
Medik., Chorispora tenella (Pall,) DC,, Sisymbrium loeselii
L., Thlaspi arvense L., Viola arvensis Murray, Solanum ni-
grum L., Carduus crispus L., Conyza canadensis (L.) Cron-
gist. Woody plants include 11 species (40%): trees - 6

16%

37%

species, shrubs - 4 species, and semi-shrubs - 1 species.
The smallest number of species is semi-woody plants
(lianas, perennial herbaceous plants, succulents) - there
is 1 species of these representatives (5%).

The life form affects not only the ability of the
plant to tolerate unfavourable climate and weather
conditions, it determines the place of the plant (its
species coenopopulation) in the morphological and
functional structure of the phytocenosis. Vegetation
analysis of anthropogenic landscapes of Central Asia
is presented in Figure 2.

crops
40%
herbaceous

woody

semi-woody
7%

Figure 2. Classification of plant life forms of anthropogenic landscapes of Central Asia

Source: compiled by the authors
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Crops of semi-desert and steppe regions are
among the leaders of anthropogenically formed plant
groups (40%) (Acer negundo L., Elaeagnus angustifolia
L., Haloxylon ammodendron (C.A.Mey,) Bunge ex Fen-
zl, Salsola richteri (Moq.) Karel ex Litv., Poa bulbosa L.,
Salsola gemmascens Pall.,, Kochia prostrata (L.) Schrad.,
Salsola Sogdiana Bunge, Kraschennikovia ewersmanni-
ana (Stschegl. ex Lonsinsk.) Grub., Salsola dendroides
Pall., Ephedra distachia L. Kraschennikovia ceratoides (L.)
Gueldenst., Limonium otolepis (Schrenk) Kuntze, Cappar-
is spinosa L., Glycyrrhiza glabra L., Nitraria sibirica Pall.,
Peganum harmala L., Heliotropium arguzioides Kar.et
Kir, Licium ruthenicum Murr,, Artemisia scoparia Waldst.
& Kit. Salicornia europea L., Halostachys belangeriana
(Mogq.) Botsch.). Herbaceous plants make up a much

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

46%

15%

woody semi-woody

herbaceous

smaller volume, given the aridity of the earth, they
die immediately after flowering even before the onset
of summer (7%). Such plants are most vulnerable in
the climatic conditions of the forest-steppe zone and
mountainous terrain. Woody plants of forest species
are preserved in the volume of 37% of the total flo-
ra of the anthropogenic landscape, and semi-woody
plants make up 16% of its vegetation. Being at a slight
distance from the soil surface, their buds are more vul-
nerable during spring-summer frosts, and the leaves
are exposed to a dry period in July-August, so the
plants are forced to retain moisture in the stem, while
actively shedding foliage.
Theclassificationofplantlifeformsofthenaturalland-
scapes of the Balkan Peninsula is presented in Figure 3.

80%

50%

crops

Figure 3. Analysis of plant life forms of natural landscapes of the Balkan Peninsula

Source: compiled by the authors

The mountainous terrain of the peninsula is least
susceptible to human intervention. Woody plants are
represented by various plants (12 species), which make
up 46% of all vegetation on the peninsula. The follow-
ing species are represented: Ulmus pumila L., Armeniaca
vulgaris Lam., Malus domestica Borkh., Prunus divaricata
Ledeb., Robinia pseudoacacia L., Aesculus hippocastanum
L., Grossularia uva-crispa (L) Mill, Ribes aureum Pursh,
Parthenocissus quinquefolia (L) Planch., Symphoricar-
pos rivularis Suksd. Semi-woody plants are scattered
over the entire area of natural landscapes, and do not
form a common canopy. Lianas and vines are located
singly and in groups at the level of shrubs, make up
15% of the vegetation. The most common herbaceous
plants (64 species, 80%) are herbaceous lianas, ferns,
large grasses. Herbaceous plants are mostly perenni-
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50%

crops woody

als. The abundant grasses are explained by the inac-
cessibility of the Uvac river gorge due to the mountain
ranges around and the moderate flow of the riverbed,
which allows herbaceous plants to preserve foliage for
a long time. Unlike the herbaceous vegetation of Cen-
tral Asia, which has to shed leaves to conserve mois-
ture. The main representatives are Allium pervestitum,
Rumia crithmifolia, Centaurea taliewii, Dianthus lanceola-
tus, Astragalus henningii, Astragalus pallescens, Bellevalia
lipskyi, Salvia scabiosifolia, Agropyron cimmericum, Agro-
pyron dasyanthum, Elytrigia stipifolia, Crataegus taurica.
The anthropogenic landscapes of the Balkan Penin-
sula are represented by plains and lowlands in the north-
eastern part of the peninsula. It is these territories that
are most susceptible to human intervention.The analysis
of plant Llife forms in this region is presented in Figure 4.

65.8%

11.5%

semi-woody herbaceous

Figure 4. Analysis of plant life forms of natural landscapes of the Balkan Peninsula

Source: compiled by the authors
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Woody plants (89 species) - 24.5% (Pinaceae, Cu-
pressaceae, Taxaceae, Ephedraceae, Robinia pseudoacacia
L., Amorpha fruticosa L., Ailanthus altissima (Mill.) Swing-
le, Machonia aquifolium (Pursh) Nutt., Koelreuteria panic-
ulata Laxm.). Semi-woody plants: 237 shrubs species
(65.8%), 35 semi-shrubs species (9.7%). Herbaceous
plants: 42 evergreen species (11.5%), represented by
such species as Arenaria rhodopaea Delip., Astragalus
alopecurus Pall., Astracantha aitosensis (Ivan.) Podl., Eran-
this bulgaricus (Stef) Stef., Gypsophila tekirae Stef., Tulipa
splendens Delip., Viola parvula Tineo, Pinus brutia Ten.,
Quercus thracica Stef. et Nedjalkov, Spiraea salicifolia L.,
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Ribes nigrum L., Potentilla fruticosa L., Salix rosmarinifo-
lia L. tree vines - 12 species (3.3%). A substantial part
of the flora is developed by planting plant species in
the lowlands and plains (50%). Main representatives:
Asteraceae, Poaceae, Fabaceae, Caryophyllaceae, Rosaceae,
Brassicaceae, Scophulariaceae, Apiaceae, Lamiaceae, Lil-
iaceae S. L., Ranunculaceae, Cyperaceae, Boraginaceae.

After analysing the plant life forms of natural and
anthropogenic landscapes of Central Asia and the Bal-
kan Peninsula, the authors of the study conducted a
comparative characterisation of the phytocenosis of the
territories under study (Fig. 5).

80

55 Central Asia

Balkan Peninsula

15

herbaceous

Figure 5. Comparative characteristics of plant life forms of natural landscapes of Central Asia and the Balkan Peninsula

Source: compiled by the authors

A comparative analysis of plant life forms by the num-
ber of species diversity has shown that the largest number of
them is recorded on the Balkan Peninsula, especially woody
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and herbaceous plants.The results of the analysis of the simi-
larity of plant life forms of anthropogenic landscapes of Cen-
tral Asia and the Balkan Peninsula are presented in Figure 6.

65.8

Central Asia

Balkan Peninsula

16
11,5
7

semi-woody herbaceous

Figure 6. Comparative characteristics of plant life forms of anthropogenic landscapes
of Central Asia and the Balkan Peninsula

Source: compiled by the authors

The number of plant life forms of the Balkan Pen-
insula prevails over the similar plant communities of
Central Asia. However, the species diversity of woody
plants is 10% greater in Central Asia. In both landscape
zones, perennials predominate in terms of life expec-
tancy, an increase in annual plants is observed from
the middle mountain belt and is completely absent in
the highlands. Seasonal development on the Balkan

Peninsula is dominated by summer-green plants, which
is generally understandable since the climate of the
peninsula is heterogeneous and changes from west
to east from the Mediterranean to the continental cli-
mate. For Central Asia, seasonal development is limited
to tree stands, lianas, and succulents. Trees and shrubs
predominate among the planting plants: olives and cit-
rus fruits (Balkan Peninsula) and cotton (Uzbekistan).
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The largest number of variants of plant life forms was
observed in the middle band of the mountains in both
territories under study. In Central Asia, the upper parts
of the mountains are favourable for plants that retain
moisture; the flora of the Balkan Islands is devoid of
such a need, since the mountains are able to retain
moisture coming from the seas.

The following biological properties play an ex-
tremely important role for plants: the ability to tolerate
unfavourable climate and weather conditions (frosts,
heat, drought), the ability to vegetative reproduction
and growth, the duration of vegetation, the method of
pollination, and the spread of diasporas. They give an
idea of the degree of compliance of the species with
the conditions of the place of growth and ultimately
allow predicting the stability of its existence as part of
the flora and vegetation of the investigated territory.

The climate of Central Asia is sharply continental,
winters are cold and dry, and summers are very hot.
The irrational use of water resources and poor man-
agement of industrial enterprises led to the fact that
the regions located downstream of the main rivers of
Central Asia are in a critical situation with the irrigation
system, which can lead to a humanitarian catastrophe.
Since plants are dominant in the production of medici-
nal, feed, and technical industries, the transition to the
orderly use of water resources is a nationwide problem.
The waters of the rivers used for the irrigation system
of plant plantations in some cases do not reach them:
they either evaporate or seep into the sands. In this re-
gard, farmers have to reduce agricultural areas, as once
fertile fields turn into a poisonous salty desert. The
same thing happens with the vegetation of the south-
ern part of the Balkan Peninsula, which is exposed to
the salty breeze from the seas, and the mountainous
terrain does not allow for sufficient irrigation. However,
a large number of rivers on the territory of the Balkan
Peninsula allows creating of irrigation systems, which
ultimately leads to even greater human intervention in
the natural environment. Thus, the natural resources of
the regions under study directly depend on natural and
ecological, and anthropogenic factors, therefore, the
effectiveness of the use of plant resources directly de-
pends on the careful attitude of mankind towards them.

DISCUSSION

Considering that all anthropogenic landscapes are cre-
ated on a natural basis - in any anthropogenic land-
scape, even the most man-made, there is necessarily
a natural component (subsystem) (Erdés et al., 2019).
They are referred to as natural-anthropogenic, such as
fires, deforestation, and land ploughed for agricultural
land transform ecotones of natural conditions into an-
thropogenic landscapes.

In Uzbekistan, landscape studies originated and
developed mainly based on the investigation of anthro-
pogenic, not natural landscapes. Currently, only those
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anthropogenic landscapes are recognised that optimally
perform the specified socio-economic functions and are
environmentally favourable for human Llife. Geoecolog-
ical studies were indicative in this regard, which were
aimed at identifying valuable resources, their practical
use,and a measure of protection and reproduction (Eriks-
son, 2021). Water has become one such resource for Cen-
tral Asia and the Balkan Peninsula. Canals to provide the
inhabitants of the desert of Central Asia and the plains of
the Balkan Peninsula from which irrigation of agricultur-
al plantations directly takes place are being developed.
However, due to the imperfection of the irrigation system
(most of the canals are not isolated) about 40% of the
water evaporates on the way to residential areas (Bengts-
son et al., 2019). The flora suffers from this and the vege-
tation strip may shift to zones with a more optimal tem-
perature for some species. Thus, the deserts of Central
Asia will take the place of meadow areas, and those, in
turn, will move up to higher parts of the mountains, and
forests may disappear completely. The same will happen
with the plains and lowlands of the Balkan Peninsula.

Thus, N. Berisha and V. Bytyqi (2021) examined the
transition zone between the plain and forest-steppe re-
gions of the central and southern parts of the Balkan
Peninsula, focusing on the current state of plant com-
munities. Anthropogenic factors always enhance the
differentiation of plant communities of contact environ-
ments.The interzonal ecotone diagnoses afforestation of
steppe territories within the forest-steppe, and the for-
est's advance into the steppe zone.Due to the increase in
average annual temperatures and the shift of the main
part of precipitation to the last stages of vegetation, it is
possible to slow down the degradation of forests within
the boundaries of the forest-steppe with the activation
of the processes of their slow recovery. The develop-
ment of forest plant communities surrounded by steppe
spaces in conditions of removal of anthropogenic influ-
ences is also likely. As a result, the process of changing
the border of the forest-steppe in the latitudinal direc-
tion is possible, which is confirmed by the permanent
state of the contact zone of the forest-steppe and the
zonal steppe for a specific period of time in the south.
As mentioned above, the optimal use of anthropogenic
landscapes has a positive effect on the ecological situ-
ation in the region. Thus, W. Eide et al. (2020) observed
a decrease in pasture loads in the area under study
over the past ten years. As a result of the emergence
of farmlands, steppe plant communities are gradually
restored: their storeys are forming, and the projective
coverage and species diversity in communities increase.

As noted in the study, some plant life forms have
already adapted to survive without water, while in the
dry period, semi-woody plants of anthropogenic land-
scapes of Central Asia are forced to shed foliage to re-
tain moisture in the trunk.

L. Garibaldi et al. (2020) also highlight the rela-
tionship between water, temperature, and vegetation.




This triad is of great importance for life and economic
activity. In regions with hot summers, plants and trees
play an important role in cooling the air and providing
shade. According to L. Garibaldi et al. (2020), the lack of
sufficient water supply will lead to an increase in tem-
perature and put pressure on the plants of natural and
cultural landscapes. In this regard, the authors give the
scientificand practical importance of aregular inventory
of vegetation of natural and anthropogenic landscapes
and compiling a list of the most adaptable species.

Thus, T. Campagnaro et al. (2019) identified eco-
nomically valuable groups of plants as the object of
the study. Having analysed the increase in the demand
of the population for medicinal and other raw plants,
T. Campagnaro et al. (2019) determined the species
composition of medicinal plants in Central Asia and
identified honey-bearing species.According to the study
on the territory of Karakalpakstan, 40% of the wild flora
consists of 444 species of medicinal plants, of which 95
species grow on the territory of the Southern Aralkum.
In the near future, it is planned to increase such areas
to 700,000 hectares. T. Campagnaro et al. (2019) drew
conclusions that their introduction into production will
contribute to meeting the needs of the population in
medicinal and food products.

In the doctrine on natural landscapes, N. Kuzmano-
vi¢ et al. (2021) consider them as a natural, economic,
and social complex. The researcher finds a genetic and
functional relationship between climate, soils, vegeta-
tion, wildlife, on the one hand, and humans “in all mani-
festations of their life” - on the other: in their economic
activities, methods of cultivation and ploughing of land.
N. Kuzmanovic et al. (2021) give a broad understanding
of the landscape as a natural-historical, socio-ecologi-
cal, and ethnocultural geosystem. The researcher con-
siders the landscape an ethnic legacy of previous gen-
erations.With it,the material and spiritual wealth of the
nation accumulated over centuries is transferred from
epoch to epoch. Therefore, in the system of the most
important national values, along with such concepts
identifying each people as having a native language,
history, culture, religion, the native land - the landscape
created by the people is always one of the primaries.

The flora of any territory is a mobile, continuously
developing natural system. The combination of spe-
cies changes over time in its individual ecotopes, de-
pending on the possibility of the existence of individ-
ual plant species and environmental factors affecting
them in a given area. H. Halilaj et al. (2021) defined
plant life forms as a floristic complex of species that
geographically grow in a given area during evolution
and dynamically develop under certain ecological and
phytocenotic conditions. H. Halilaj et al. (2021) laid
the socio-economic and socio-ecological principles
of nature management as the basis for the classifi-
cation of economically modified landscapes. Thus, the
researchers determined the degree of anthropogenic
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transformation of natural landscapes according to the
following criteria: the level of preservation or viola-
tion of the natural leaving areas; the ability of nature
to regulate the deep human impacts (restoration); the
functions performed by landscapes in the socio-eco-
nomic field of human life. In this regard, H. Halilaj et al.
(2021) classified natural landscapes as conditionally
indigenous, not economically used; poorly exploited
(successively restored); specially protected natural ter-
ritories (nature reserves, national and natural parks).

V. Kalinkina et al. (2020) proved in their research
that the distribution of species and the formation of a
certain variant of life forms in them depend on envi-
ronmental conditions, and on the adaptive potential of
plants.V.Kalinkina et al. (2020) investigated phytoceno-
sis in three trial areas of the forest area. An increase or
decrease in humidity, a change in the degree of illumi-
nation and the density of the substrate on the first and
third test areas led to a decrease in the total number
of seed plant species. On each of the three test areas,
rhizomatous species occupy a leading position, howev-
er, on the steep isolated slopes of the third test area,
their number is noticeably smaller, but the share of in-
volvement in coenosis is higher. Analysis of the shoot
structure of herbaceous species showed that there is
no consistent dependence of the type of shoot on the
place of growth of the individual plant, in each sample
area there are approximately equal proportions of all
types of different types of shoots (elongated, rosette,
and semi-rosette). Ferns are characteristic of undis-
turbed or slightly disturbed coniferous-deciduous for-
ests, and their sufficient number indicates the stabili-
ty and long-term development of the community. The
presence of only one type of fern in the upper part of
the slope indicates that, in general, the conditions here
are not very favourable for forest plants in terms of soil
moisture and light regime.

CONCLUSIONS

Comparative characteristics of plant life forms in nat-
ural and anthropogenic landscapes of Central Asia and
the Balkan Peninsula were conducted based on impor-
tant methodological principles: correct identification
of species, determination of invasive plant groups in
natural landscapes, and the level of environmental
threat in anthropogenic landscapes. The study of the
structural and dynamic organisation of plant commu-
nities formed on natural or anthropogenic landscapes
fully characterises the phytocenosis of Central Asia
and the Balkan Peninsula. In this regard, the authors of
the study applied the following categories as a classi-
fication of plant life forms: woody plants, semi-woody
plants (shrubs, lianas, succulents), herbaceous plants,
and crops of anthropogenic landscapes.

As a result of the comparative analysis, it was iden-
tified that the plant life forms of the natural landscapes
of the Balkan Peninsula predominate: woody plants by
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6%, semi-woody plants by 10%, and herbaceous plants
by 35%. Life forms of anthropogenic landscapes pre-
dominate by the criterion of semi-woody plants by
49.8%, herbaceous plants by 4.5%, and crops by 10%,
but the species composition of woody plants prevails in
Central Asia by 12.5%.

Notably, the flora of the Balkan Peninsula is much
richer and more diverse throughout the territory. As al-
ready noted in this study, vegetation largely depends
on the habitat, the climate in which it grows. The cli-
mate of the Balkan Peninsula changes from moderately
continental in the north to subtropical-Mediterranean
in the south and west, with a huge amount of precipi-
tation and high altitude in the mountains. The climate
of Central Asia is sharply continental with arid zones
surrounded by mountain ranges that isolate the vege-
tation of the region from precipitation. Thus, the most
destructive factor for the natural biota of Central Asia

is drought, while isolation is for the natural landscapes
of the Balkan Peninsula. The study of the protected
area of the Uvac river led to the conclusion that the
endangered plant species are the most vulnerable to
alien biodiversity. The phytocenosis of anthropogenic
landscapes of Central Asia and the Balkan Peninsula is
under pressure from industrial enterprises.

Therefore, to record how the biodiversity of flora re-
acts to anthropogenic impacts, it is advisable to analyse
data from long-term series of the number of plant com-
munities living in territories affected by human activity
as further studies.
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XutrteBi popMu pocnMH NpMpoAHUX Ta aHTPONOreHHUX NaHawaodTIiB
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AHoTauif. AKTyanbHiCTb OaHOro [AOCNIOXKEHHS 3YMOBJEHA BUPILIEHHSM EKONMOriYHMX npobneM 36epexeHHs
NPUPOAHOro 6i0NOriYHOr0 Pi3HOMAHITTS XUTTEBMX GOPM pocnuH LleHTpanbHoi A3ii Ta bankaHcbkoro nisoctposa.
HanBaxnuBiwmnm 3aBOaHHAM y36eubkiMX OOTaHIKiB € [OCHIMKEHHS BCiX aCNekTiB CTPYKTYPHO-AMHAMIYHOI
OpraHi3auii pOCAMHHOIO MNOKPUBY i 3MiH POCIMHHUX YrPYNOBaHb HA TEPUTOPINX, LLO 3a3HANU iIHTEHCUMBHOIO BMAUBY
aHTponoreHHUX hakTopiB.Y 383Ky 3 UMM METOIO AAHOI0 AOC/IAKEHHS € NPOBEAEHHS MOPIBHANBHOI XapaKTepUCTUKM
XUTTEBUX OPM POCAUH NPUPOAHMX i aHTponoreHHux naHawadtie CepenHboi A3ii Ta bankaHcbkoro niBocTposa.
MpoBifHMM niaxonoM [0 po3rnaay Liei npobneMu € NpoCTOPOBO-NOPIBHANbHWUIA, WO [03BOASE KOMMIEKCHO
BMBUYMUTU €N1IEMEHTU CUCTEMU XUTTEBMX HOPM POCAMH NPUPOAHUX | aHTpONoreHHMX nanawadtis. Kpim Toro, nig yac
€MMipUYHOro AOCNILXKEHHS 3iOpaHMiA NONbOBKIA MaTepian NPOaHaNi30BaHO 3araibHONPUIAHATUMU re060TaHIYHUMMU
Ta NiCiBHUYMMM MeTofdaMU, SKi NongraloTb B onuci TonorpacdiyHOro MNOMOXKEeHHS AepeBHMX, HAMIBOEPEBHMUX,
nonikapniyHMX Ta MOHOKApPMiYHUX HA3EMHWUX TPaB, BOAHWX POCAMH. ABTOPW BUKOPWUCTOBYBaNWM ik repbapHui,
TaK i XMBUIN MaTepian ekcneaumuiiHux obcTexxeHb BiocdhepHOro 3anoBifHMKA Ta 3anoBiLHOI TepuTOpIi yWwenunHu
piukK YBaL, Ka3axCbKMMMU, y30eLbKUMU, FpeLbKMMU Ta TYPeLbKUMK LOCTIAHUKAMU. Y pe3ynbTaTi AaHO NOPiBHANIbHY
XapaKTePUCTUKY CTAHY CYyY4aCHUX POCAMHHUX yrpynyBaHb LleHTpanbHoOi A3ii Ta bankaHcbkoro niBocTpoBa 3a
XapaKTepoM i CTyneHemM aHTPOMOreHHOro BrMBY. BUCBITAEHO OCHOBHI XWUTTEBI GOPMU POCIAUH AOCAIAXKYBAHUX
perioHiB; BUSIBNIEHO Ta 06I'PYHTOBAHO B3aEMO3B'130K YMOB CEpef0BULLA 3 NpoLLecoM GopMyBaHHS diopu. MaTtepianu
[OCNIIKEHHS MAKOTb NMPAKTUYHE 3HAYEHHS LNS €KOMOriB, NaHAWadTo3HABLiB, reorpadis, 6ionorie i MoxyTb ByTH
BMKOPUCTAHI Npu CTBOPEHHI NEPCNEKTUBHMUX MNAHIB PO3BUTKY NPUPOAHMX NaHALWADTIB 3anN0BiAHUKIB, EKONOTIYHMUX
LLeHTPiB, NPUPOSOOXOPOHHUX 30H. Po3pobneHnii MeToq, NOpiBHANBHOI XapakTepUCTUKKM MOXe 6YTU BUKOPUCTaHWI
AN AOCNIAKEHHS NPUPOOHMX Ta aHTPOMOrEHHUX NAHAWAdTIB IHWKUX TepUTOPIK
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Abstract. During construction of bridges, the possibility of flooding periods
should be considered. Therefore, it is necessary to understand the degree
of possible deformation of wooden structures and calculate the limit of
their plasticity and elasticity at different values of moisture content. Thus,
the purpose of study is to find the method for determining the relative
critical deformations of wood with different moisture content and analyse
the dynamics of their change. Problems of a deformable solid material
were investigated by the analysis of a model of complete deformation
diagram “stress ¢_- deformation v, methods of mathematical statistics,
and systematic analysis of experimental results. This study allowed
formulating the method for determining the relative critical deformations
of solid wood at different moisture levels by axial compression along
the fibres of experimental samples. Based on the experiment results, the
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formula for determining the relative critical deformations of solid wood with different moisture was proposed.
The dynamics of changes in critical relative deformations at different moisture, and its elastic and plastic
components were presented. It was found that in case of drying wood from 30 to 12%, the plastic component
of relative critical deformations decreases and the elastic one, on the contrary, increases. The findings can be
used in the deformation calculation methodology for wooden elements and structures of bridges, hydraulic
structures, buildings, taking into account the changes in the moisture content of the material

Keywords: moisture content; “stress-strain” curve; compression along the fibres; modulus of elasticity; ultimate

strength

INTRODUCTION

The load-bearing elements of bridge crossings, road
and railway wooden bridges across rivers are affected
by various influences, such as dynamic loads, seismic
oscillations, and floods. Some load-bearing elements
of such transport facilities are completely or partially
in the water. Under such conditions, the elements and
structures of bridges can reach stresses and strains that
can be close to critical ones or exceed them. Thus, the
study of hardwood and coniferous wood material under
maximum stress, especially when the wood constant-
ly changes its moisture content, for example, during
floods, is of great interest.

Wood is one of the main raw materials in the world
and will remain it for many years (Kulman et al., 2019;
Rudavska et al., 2020; Pinchevska et al., 2019). 1t is used
in many sectors of the world economy, including the con-
struction and renovation of bridges and overpasses (Kul-
man et al., 2021; Gomon et al., 2022, Sobczak-Pigstka et
al.,2022),transport facilities, railway, hydrotechnical and
mining buildings, and in other sectors of the economy
(Zhouetal.,2018;Rudavskaetal.,2018;Bosaketal.,2021).

Wood of deciduous and coniferous species of dif-
ferent moisture has been studied since the middle
of the last century. Usually, researchers investigated
the strength of wood with different moisture content
(Kulman et al.,2020). Vasic & Stanzl-Tschegg (2007)
revealed distinct changes in wood fracture behaviour
as a function of moisture content. But these studies do
not contain all important characteristics such as defor-
mation parameters, which are also very important. The
paper by Zhou et al. (2018) described deformation dia-
grams of bamboo wood and determined critical defor-
mations at a standard moisture content of 12%.Da Silva
& Kyriakides (2007) analysed the critical deformations
of balsa wood in a similar way.

Since wood works in the elastic-plastic stage, it is
necessary to consider not only the elastic stage,but in a
complex with the plastic component. Chen Huang et al.
(2020),Fothe (2021),Jin-Kyu Song et al.(2007) described
characteristics of wood under compression and math-
ematical modelling of the stress-strain curve of wood.
These studies in general showed method for determin-
ing yield point between elastic and plastic zone. The
modulus of elasticity (MoE) decreased during increas-
ing fixation time by applied compression level. Chen
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Huang et al. (2020) Bader and Németh (2018, 2019)
also determined the relationship between compressive
stress change during fixation, shortening and some
mechanical properties. In addition, the researchers cal-
culated the bending modulus of elasticity (MoE). For
plastic characteristics, the main research is aimed only
at determining the standard moisture content at which
wood will retain the shape obtained during deforma-
tion. Thygesen et al. (2010), Bader and Németh (2017)
analysed the influence of different moisture content
on other physical and mechanical properties of wood.
Huang et al. (2006) showed the influence of moisture
content on the mechanical properties of wood-based
composites. But these investigations were made for
standard moisture content under standard conditions.

The purpose of the study was to find the method for
determining the relative critical deformations of wood
with different moisture content experimentally and
theoretically, including elastic and plastic components,
and determine the dynamics of their change.

MATERIALS AND METHODS

Bridges and overpasses are usually made of hardwood
and softwood material. Thus, such species were chosen
for the experiment. A set of samples of 1 grade of solid
wood with structural dimensions of different species
in the form of rectangular prisms with a cross-section
of 30x30x120 mm aged 605 years were taken (Fig. 1).
These dimensions of the prisms allow considering the
micro- and macrostructure of the wood and ensuring
the absence of friction between the press plate and the
end face of the sample. Therefore, the following wood
species were selected for testing: birch, alder, ash, larch,
pine,spruce.Samples of the trees such as pine and spruce
were grown in the forests of Rivne Oblast (Ukraine);
birch, alder, ash - in Volyn Oblast (Ukraine); larch was
grown in the forests of lvano-Frankivsk Oblast (Ukraine).

ASTM D 143-14 (2014), DSTU EN 380-2008 (2008),
and DSTU 3129: 2015 (2015) suggest using a tree with
a straight trunk and a small number of branches. This
allowed reducing a number of samples with a lot of
knots of wood and increasing the parallelism of the fi-
bres. Trees were transported to carpentry shops by the
trunks. There trees were cut into bars. The received ele-
ments were marked.
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Figure 1. Geometric dimensions of solid wood samples

Source: Yasniy et al. (2022), Varenik et al. (2019)

The wood with moisture content of 30%, 21%,
12% was taken for experiment. DBN B.2.6-161:2017
(2017), Eurocode 5 (2004), DSTU EN 380-2008 (2018)
suggest using wood samples that were pre-dried in
the laboratory to an average moisture of 30£1% at the
temperature of 20°C and moisture content of about
65% and in special drying chambers to moisture of
21+1% and 12+1.The moisture content was controlled

using a moisture meter MD-814 (Fig. 2). Samples were
cut from pre-prepared long bars. Each of the obtained
samples, as required, was without visible defects. The
prism samples were rejected if they not met this con-
dition (Fig. 2).

A plan for conducting experimental research was
developed in accordance with current regulatory doc-
uments. It is given in Table 1.

Figure 2. Moisture meter MD-814

Table 1. The data of experimental studies of solid wood of hardwood and softwood

Deformation speed Number of samples,

No. Wood species Moisture content, % Age, years mm/min pieces
1 Birch 30 60 1.5 6
2 Birch 21 60 1.5 6
3 Birch 12 60 1.5 9
4 Alder 30 60 1.5 6
5 Alder 21 60 1.5 6
6 Alder 12 60 1.5 9
7 Ash 30 60 1.5 6
8 Ash 21 60 1.5 6
9 Ash 12 60 1.5 9
10 Larch 30 60 1.5 6
11 Larch 21 60 1.5 6
12 Larch 12 60 1.5 9
13 Pine 30 60 1.5 6
14 Pine 21 60 1.5 6
15 Pine 12 60 1.5 9
16 Spruce 30 60 15 6
17 Spruce 21 60 1.5 6
18 Spruce 12 60 1.5 9

Source: compiled by the authors
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Total number of studied samples was 126 pieces.
Yasniy et al. (2022); Dvorkin et al. (2021); Reiterer et
al. (2002) performed the testing of wood samples and
composite materials under the rigid regime of appli-
cation with the single short-term load on a universal
modern servo-hydraulic test machine STM-100 (Fig. 3).
Such machine was used in this experimental study.

The deformation rate for all investigated prisms was
1.5 mm/min (Nilsson & Johansson, 2019; Hu¢ et al.,
2018; Zakic, 1974). The samples were tested by axial
compression along the fibres untill their complete de-
struction (Rabko et al., 2021; Pysarenko, 1988; Gomon
et al., 2022). Figure 4 shows the character of the de-
struction of the samples.

Figure 3. Servo-hydraulic testing machine STM-100

Figure 4. Fracture of a pine wood sample at the moisture content of 21%

Source: compiled by the authors

The given technique allows conducting out exper-
imental studies of deformable properties at different
moisture content levels with high accuracy of measure-
ments.

RESULTS AND DISCUSSION

The average complete diagrams of hardwood and soft-
wood fracture ‘stress-strain’ at moisture content of 30%
(Fig.5a, 6a),21% (Fig.5b,6b) and 12% (Fig. 5¢c) were con-
structed based on the conducted experimental research.

The average relative critical deformations of wood
(upper point of the diagrams) from the obtained dia-
grams (Fig. 5a, Fig. 5b, Fig. 5c, Fig. 63, Fig. 6b, Fig. 6c)
were determined. It corresponds to the maximum
stresses. Therefore, the values of relative critical defor-
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mations uc,0,d,exp of all studied wood species were
determined (Fig. 7).

It was found that deformable parameters were re-
duced by drying wood from 30 to 12%. The dynamics
of changes the relative critical deformations were as
follows (Fig. 7): for birch prisms it decreased by 19%,
alder - by 21%, ash - by 16%; larch - by 18%; pine -
by 19%; spruce - by 22%.

Yasniy et al. (2022) found that the determination
of relative critical deformations of hardwood and soft-
wood uc,0,d at different moisture levels corresponds
to the maximum stresses fc,0,d of this material under
short-term axial compression loading along the fi-
bres. Such results were obtained in this experimental
study and are shown in Figure 8.
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Figure 5. Complete diagrams of deformation of 60-years-old aged solid hardwood at moisture content:

a) 30%; b) 21%; c) 12%
Source: compiled by the authors
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Figure 6. Complete diagrams of deformation of 60-years-old aged softwood at moisture content:

a) 0%; b) 21%; ¢) 12% (obtained from our experimental study by S. Homon et al.)
Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 1




Homon et al.

Figure 7. Dynamics of changes the experimental relative critical deformations of hardwood and softwood at various
moisture content (obtained from experimental study by S. Homon et al.)

Source: compiled by the authors
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Figure 8. Complete diagram of deformation
Note: stress o_ ~ deformation u_ of wood by axial compression along the fibres where: _ - stress of wood by axial
compression along the fibres; u_- relative deformations of wood by axial compression along the fibres; f_, , - maximum
wood stresses; u_, , - relative critical deformations of wood corresponding to maximum stresses; u_,, - elastic component
of relative critical deformations; Uy~ plastic component of relative critical deformations; u_, - relative limit deformations
of wood; o_, - stresses corresponding to the limit deformations; u_ o relative residual deformations of wood; o_ , -
stresses corresponding to the relative residual deformations of wood; E,, - initial modulus of elasticity of wood

Source: compiled by the authors

Zhou et al. (2018); Da Silva et al. (2007); Varenik et
al.(2019) used a model of the complete deformation di-
agram ‘stress o_ - deformation u_'for wood operation at
standard moisture of 12%.Yasniyetal.(2022) modified this
model. Moreover, complete deformation diagram ‘stress
o - deformation uc’ was obtained in this study (Fig. 8).

Then critical theoretical deformations were de-
termined. The relative critical deformations were pro-
posed to be determined by equation (1), distinguishing
between elastic and plastic components

uc, 0, d=uc, e[+u£, pl (1)

where u_,, - relative elastic deformation of solid wood;
u, , - relative plastic deformation of solid wood.

By used experimental studies, equation (1) can be
rewritten as

uc,O,d=fc, 0, a/Eo+C1'f§, 0, ()

where ¢, - coefficient which depends on the moisture
and the age of solid wood.

The relative critical deformations of solid wood of
all studied species were determined by equation (2)
at a moisture content of 30, 21, and 12%, respective-
ly (Fig. 9), and separately elastic (Fig. 10) and plastic

Scientific Horizons, 2023, Vol. 26, No. 1
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components (Fig. 11). The coefficient ¢, for any hard- The maximum wood stresses (ultimate strength)

wood and softwood was: - 30% - ¢,=8.70-10¢ (MPa)?; f. o4 Were set as in Fig. 5a, 5b, 5¢, 6a, 6b, 6¢ (Table 2).
-21% - ¢,=2.69-10° (MPa)%; Yasniy et al. (2022) determined the initial modulus of
-12% - ¢,=6.55-10¢ (MPa)?; elasticity of wood E,,.

Figure 9. Dynamics of changes the plastic component of relative critical deformations of hardwood and softwood at
various moisture content level determined by equation (2)
Source: compiled by the authors

Table 2. Values of relative critical deformations of wood at different moisture content

determined experimentally using equation (2) u_, , ..

No. Wood species f , ..MPa E,.MPa U_ o d.ex0 U, [ U, oam
Moisture content 30 %
1 Birch 19.8 10.000 0.00627 0.00198 0.00341 0.00539
2 Alder 215 7.500 0.00545 0.00287 0.00402 0.00689
3 Ash 31.0 13.600 0.00708 0.00228 0.00660 0.00888
4 Larch 248 10.600 0.00756 0.00182 0.00587 0.00769
5 Pine 21.3 9.700 0.00582 0.00220 0.00394 0.00614
6 Spruce 19.4 10.700 0.00565 0.00181 0.00328 0.00509
Moisture content 21 %
7 Birch 29.5 10.900 0.00593 0.00271 0.00234 0.00505
8 Alder 26.3 8.800 0.00504 0.00299 0.00186 0.00485
9 Ash 374 14.700 0.00671 0.00254 0.00377 0.00631
10 Larch 38.9 12.000 0.00717 0.00324 0.00407 0.00731
11 Pine 29.4 11.000 0.00549 0.00267 0.00233 0.00500
12 Spruce 30.6 12.100 0.00532 0.00253 0.00252 0.00505
Moisture content 12 %
13 Birch 46.1 12.300 0.00525 0.00375 0.00139 0.00514
14 Alder 40.8 11.700 0.00450 0.00349 0.00109 0.00458
15 Ash 57.7 16.000 0.00610 0.00361 0.00218 0.00579
16 Larch 59.7 13.700 0.00641 0.00436 0.00233 0.00669
17 Pine 453 12.900 0.00515 0.00351 0.00134 0.00485
18 Spruce 43.6 14.400 0.00467 0.00303 0.00124 0.00427

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 1




The critical deformations of solid wood of all
studied species at the moisture content of 30 to 12%
according to experimental studies is shown in Figure 9
and Table 2.This parameter was determined by equation
(2). Results showed that critical deformations decreased

Homon et al.

only on a slightly different interval. Moreover, equation
(2) determines the elastic and plastic components of
critical relative deformations at different moisture con-
tent. According to it, values of these parameters pre-
sented in Figure 10 and Figure 11 were obtained.

Figure 10. Dynamics of changes the elastic component of relative critical deformations of hardwood and softwood at
various moisture content level determined by equation (2)

Source: compiled by the authors

Figure 11. Dynamics of changes the plastic component of relative critical deformations of hardwood and softwood at
various moisture content level determined by equation (2)

Source: compiled by the authors

Theelasticcomponentofrelativecriticaldeformations
increases during decreasing moisture, and plastic one -
vice versa,according to Figure 10,Figure 11,and Table 2.At
the moisture content of 21%, they are very close in value.

Therefore, a methodology for determining critical
deformations of wood with different moisture content,
which includes elastic and plastic components, was
proposed. It gives a good convergence with the ex-

perimental values (Table 2). Deviation of experimental
values of critical deformations with theoretical ones
according to the equation (3) for solid hardwood and
softwood at moisture 30% is shown in Figure 12a and
at moisture 21% is shown in Figure 12b.

Deviation of experimental values of critical defor-
mations with calculated by equation (4) values for the
same experiment data is shown in Figure 13.

Scientific Horizons, 2023, Vol. 26, No. 1
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Figure 12. Deviation of experimental values of critical deformations with theoretical ones according to the equation (3)
for solid hardwood and softwood at moisture content: a) 30%; b) 21%
Source: compiled by the authors
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Figure 13. Deviation of experimental values of critical deformations with theoretical ones according to the equation (4)
for solid hardwood and softwood at moisture content of 21%
Source: compiled by the authors

The convergence of experimental and theoretical Figure 14a and at the moisture of 21% - in Figure 14b.
relative critical deformations determined by equation  Convergence of resultsis achieved within 20%.Yasniy et al.
(2), respectively, at the moisture of 30% is shown in  (2022) obtained the results at standard moisture content.
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Figure 14. Deviation of experimental values of critical deformations with theoretical ones according to the equation (2)
for solid hardwood and softwood at moisture content: a) 30%; b) 21%
Source: compiled by the authors
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The calculation of critical deformation values for
solid hardwood and softwood at 30% moisture content
using equation (3) shows that it is almost 40%. But such
the deviation with equation (2) that is proposed in this
study is less than 20%. In addition, there is a huge range
of deviation experimental values with theoretical ob-
tained by equations (3) and (4) for some separate ex-
periments that can be almost 50% and to be closed to
experiment value with deviation less than 5%. Almost
the same results were obtained for study wood at mois-
ture content of 21%. Deviation of experimental values
of critical deformations with obtained by equations (3)
and (4) are still almost 30%,and using equation (2) - less
than 15%. Therefore, the obtained theoretical equation
(2) provides more accuracy of calculation of the critical
deformations compared to equation (3) or equation (4).

Popescu et al. (2003) proposed the methodology
for determining the critical deformations of wood of
different moisture content. The researchers conducted
experimental studies of pine wood with a section of
20x20x30 mm in axial compression along the fibres
under various aggressive environments including water.
The researchers obtained the results of the temporary
ultimate strength and the initial modulus of elasticity
of pine wood at different moisture levels. Popescu et al.
(2003) proposed to describe the diagram “c -u " (Fig. 8)
by a second degree polynomial. The researchers also
pointed out that this diagram had non-linear charac-
teristic. A formula for determining the value of critical
deformations of wood at different moisture levels was
proposed based on their own experiments and numer-
ous studies by other researchers:

Ueoq = (735.825 - \[Fooq — 3.902) - 1076, (3)

The main drawback of the proposed formula is that
it is empirical and is based on individual experimental
studies. Another disadvantage is that experiments were
carried out on outdated experimental facilities. Such
experiments did not allow directly obtaining the critical
deformations. Although the proposed equation (3) was
the first formula that determined approximate value of
critical deformations. Popescu et al. (2003) proposed a
methodology for the calculation of compressed wooden
elements and structures influenced by the aggressive
environment based on the findings of the study. Such
methodology considers the nonlinearity of the material.

Eurocode 5 (2004) also provides a methodology for
determining critical deformations of wood at different
moisture levels. It is based on the analysis of experi-
mental studies of the temporary ultimate strength of
wood at a standard moisture content of 12% for com-
pression along the fibres. Critical deformations at dif-
ferent moisture content are determined by the coeffi-

cient K, W frod @
0d =T o
a0 Ey- Kdef

Homon et al.

where Kdef— coefficient of deformations that can be de-
termined according to Eurocode 5. (2004)

This coefficient depends on the operating class of
the environment. According to Eurocode 5 (2004) it can
be applied to elements, materials and, constructors that
have moisture content between 10 and 24%

The disadvantage of this method is that it consid-
ers only the elastic properties of wood and does not
include the plastic ones. Thus, wood works according
to the linear law of distribution. But this does not cor-
respond to reality because wood at high moisture has
quite significant value of plasticity. This is confirmed
by the findings of this study. Another drawback is that
critical deformations cannot be determined at a mois-
ture content of more than 24%. Wood can be used only
inside buildings.

S.Vasic & S. Stanzl-Tschegg, (2007) carried out ex-
perimental study with moisture content higher than
12%. The researchers constructed complete wood
deformation diagrams “c -u ". The researchers showed
a change in the structure as results of changing
moisture content. The authors experimentally deter-
mined the critical deformations and other important
mechanical characteristics of beech, oak, spruce, and
pine wood at different moisture levels. The theoretical
methodology of studying deformable parameters at
different moisture content levels was not provided in
the paper. The researchers determined only the values
of the total relative deformations, but not the elastic
and plastic components separately.

Varenik et al. (2019) proposed a methodology for
determining the critical deformations of wood at dif-
ferent moisture content. The researchers conducted
experimental studies on pine wood with a section of
30x30x120 mm by compression along the fibres under
a strict test regime. Critical deformations of pine were
determined experimentally. The authors also proposed
to describe the “c -u " diagram (Fig. 8) as a third de-
gree polynomial. Moreover, they pointed out that wood
works non-linearly at different moisture content lev-
els. Critical deformations can be determined from the
polynomial dependence describing the “s -u ” diagram
(Fig. 8) by using the polynomial at maximum stresses
coefficients. This methodology is quite complicated,
because it is quite difficult to determine the coeffi-
cients of the polynomial. The study considered only
pine wood. Thus, it is not clear if such methodology
could be successful for another wood species.

The advantages of the proposed methodology over
another analysed methodologies are the following:
1) allows determining elastic and plastic components,
which is not observed in other methodologies; 2) works
at moisture content from 12 to 30%; 3) critical defor-
mations can be determined for any wood species; 4) al-
lows determining the elastic and plastic components
separately; 5) it is non-empirical and easy to calculate;
6) describes wood by a nonlinear characteristic.

Scientific Horizons, 2023, Vol. 26, No. 1
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CONCLUSIONS

New experimental data was obtained from the study of
critical deformations of deciduous (birch,alder,ash) and
coniferous (larch, pine, spruce) wood species by axial
compression along the fibres. Based on it, the meth-
od of determination of relative critical deformations of
solid hardwood and softwood at various moisture con-
tent levels by axial compression along fibres of bridge
structures and bridge crossings was developed. The for-
mula for determining the relative critical deformations
of solid hardwood and softwood with various moisture
content, which includes elastic and plastic components,
was proposed.

It was found that value obtained by proposed formu-
la had good correlation with the experimental values.
The dynamics of change of critical relative deforma-
tions at different moisture content, and its compo-

was revealed that the plastic component of relative
critical deformations decreases when drying wood
from 30 to 12%, and elastic, on the contrary, increases.

It is necessary to develop methods for determi-
nation of relative limit deformations u_, and relative
residual deformations U considering the value of
moisture content by axial compression along the fibres
in further studies. Moreover, based on obtained exper-
imental and theoretical data on critical deformations,
a methodology for calculating wooden elements and
structures that are operated under the influence of a
water environment of varying intensity should be de-
veloped (elements and structures of bridges, overpass-
es, hydrotechnical structures, dams, structures of the
mining industry and others).

nents - elastic and plastic, were obtained. It was deter- ACKNOWLEDGEMENTS
mined that drying of wood from 30 to 12% reduced its  None.
deformability: for birch prisms decreases by 1.19 times,
alder - by 1.21 times, ash - by 1.16 times, larch by 1.18 CONFLICT OF INTEREST
times, pine - by 1.19 times, spruce - by 1.22 times. It  None.
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AHoTauis. ig yac peKoHCTpyKLii Ta OyAiBHMLTBA MOCTIB C/1iJ, BPaxoBYBATU MOXIUBICTb HACTAHHS MepioAiB NaBOAKIB.
[ns uporo HeobxigHO PO3yMITU CTYMiHb MOXAMBUX AedOpMaLiit AepeB'SIHUX KOHCTPYKLIM, BpaXxOBYBaTU MeEXY iX
NNACTUYHOCTI Ta NPYXHOCTI NPU Pi3HUX 3HAYEHHAX BonorocTi. OMKe, METOK CTaTTi € MOWYK METOAY BM3HAYEHHS
BIAHOCHUX KPUTUYHMX AedopMaLiin fAepeBUMHKU 33 Pi3HOrO pPiBHS BONOrOCTi Ta aHanis AMHaMIKM ixX 3MiHW. B cTaTTi
3aCTOCOBYBANUCh METOAM AOCNIAXKEHHS NpobnemM AedOpMOBAHOIO TBEPAOro Tifa WASXOM aHanily Moaeni noBHOI
Aiarpamu fedopMyBaHHs «HaMpYXeHHA o, — AedopMaLif u», METOAM MATEMATUYHOI CTaTUCTUKM Ta CMCTEMHOIO
aHanisy ekcnepuMeHTanbHUX pe3ynbTaTiB. [lpoBeaeHi B poboTi gocnigkeHHs Ao3BoAUAN CHOPMYNOBATU METOAMKY
BM3HAYEHHS BiAHOCHUX KPUTUUYHWUX AedopMaLii AepeBUHM NUCTAHUX T3 XBOMHUX MOPIiA NpU Pi3HOMY 3BOIOXKEHHI
LWNSXOM OCbOBOFO CTUCHEHHSI B3[40BX BOJIOKOH eKCMepuMEeHTaNbHUX 3paskiB. 3 ypaxyBaHHAM pe3ynbraTiB
eKCNepUMEHTY 3arponoHOBaHO GOPMYNY AN BUSHAYEHHS BiAHOCHUX KPUTUUHUX AedopMaLliit CyLibHOT AepeBUHU
pi3Hoi BonorocTi. byno HaBeaeHO AMHAMIKYy 3MiHM KPUTUYHMX BIAHOCHWX AedopMauin 3a pi3HOi BOMOrocTi, a
TAKOX ii NPY)XHOI Ta NAACTMYHOI CKNAZOBUX. 3'COBAHO, LLO 3anpornoHoBaHa ¢opMyna Aa€ xopouwy 36iKHICTb 3
eKCnepuMEeHTaNbHUMM 3HAYEHHAMKU. BCTaHOBNEHO, WO NAaCTMYHA CKN3A0Ba BiAHOCHUX KPUTUYHUX AedopMaLin
3MEHLUYETLCS NPU BUCYLWYBaHHI fepeBuHM Bif 30 oo 12 %, a npy)KHa, HaBnakw, 36inbLuyetbes. Pesynstatv gocnifxeHb
MOXYTb BYTW BMKOPWUCTaHi B AedopMaLiiiHiii MeToauLi po3paxyHKy AepeBsHUX eNeMeHTIB i KOHCTPYKLi MOCTIB,
riLpoTeXHIYHMX cnopya, OyaiBenb 3 ypaxyBaHHAM 3MiHW BOMIOrOCTi MaTepiany

KniouoBi cnoBsa: BMiCT BONMOrK; AiarpaMa «HanpyXeHHa-gedopmaLlin»; CTUCHEHHS B300BX BOMOKOH; MOAYNb
NPYXKHOCTI; MeXa MiLHOCTI
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process in the field of national security are constructed and, based on the results obtained,a decision-making system
in the field of food, environmental, and socio-economic security is developed. In addition, the study formalises the
conceptual provisions of the decision-making support process in the field of national security; a procedure for
modelling the country's food security indicators is proposed. Based on the proposed methodological approach, it
was determined how much the area of crops decreased due to the temporary occupation and military operations,
and the post-war state of fields (minelaying, destruction of crops, equipment, etc.), which allowed forming input
data for further projecting of indicators of the development of the agricultural sector and food security in Ukraine,
the EU, and the world. The proposed methodological provisions, algorithms, models, and the developed system can
be used by state authorities to make managerial decisions on the development of policy in the areas of ensuring
food, environmental, and socio-economic security of the country

Keywords: information support; functional modelling; econometric model; information system; management

solution; remote sensing of the Earth

INTRODUCTION

Modern threats to the sustainable development of
Ukraine, which negatively affect the level of national
security, are associated, in particular, with the defor-
mation of the structure of the economy both in terms
of optimal criteria for self-sufficiency and foreign eco-
nomic specialisation, as well as with scientific and tech-
nological, social, and environmental positions; with the
fact that the proposed world-class scientific results
do not find application in the economy due to the low
susceptibility of the business sector to innovation; low
technical and technological level of production; the
development of environmentally hazardous industries;
the growth of negative impact on the environmental
situation and public health of processes related to
waste management; the outflow of qualified personnel,;
ageing and deterioration of the state public health, etc.
The negative impact of these threats has intensified in
the context of modern challenges to the national secu-
rity of Ukraine as a result of the open aggression of the
russian federation.

Most of the research papers that deal with deci-
sion-making processes in the field of ensuring national
security are devoted to the organisational features of
this process and the development of national securi-
ty policies both in general and in individual countries
(Bearne, 2005; Freilich, 2006). A separate issue in the
context of studying the decision-making process is its
information support, since the development of an effec-
tive solution is based on timely access to accurate ade-
quate input information. According to the practical ex-
perience of some developed countries, specially created
and authorised institutions, whose activities are clearly
declared, are responsible for information support of the
decision-making process in the field of national securi-
ty (Routray, 2013; Heazle, 2010). According to S. Freilich
(2006), one of the problems of the decision-making pro-
cess in the field of national security in Israel was the
need for decision-making actors to rely on their own ex-
perience, intuition, and recommendations of other, often
interested, individuals. At the same time, since the 2000s,
Israel has been actively developing the field of military
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and political planning (Freilich, 2006), which contrib-
utes to improving the effectiveness of policy-making.

But to substantiate specific actions and policies in
the agricultural sector, scenario projections are built
that take into account potential changes in factors
through the adoption and implementation of relevant
political decisions. It is this methodological approach
that has proven its effectiveness in the process of de-
veloping the agricultural policy of EU countries and
identifying threats in the medium term. In particular,
R.Jongeneel and A.R. Gonzalez-Martinez (2022) investi-
gated the impact of the abolition of the EU milk quota
system on the development of the dairy industry. The
studies by M. Haf} (2022) and Mathenge et al. (2022)
examine whether coupled support for sugar beet in the
European Union would lead to market distortions. An
important role in decision-making in the field of ensur-
ing food security in the country is played by the devel-
opment of scenario projections, considering potential
threats to the development of the agricultural sector. In
particular,R.Jongeneel et al. (2020) created a projection
for the development of pig breeding in the EU, consider-
ing the potential impacts of the spread of African swine
fever. Projections developed by O. Nykolyuk et al. (2021)
and Gorbilin (2021) demonstrate potential changes in
key indicators of the agricultural sector of Ukraine due
to the consequences of the introduction of quarantine
measures after the start of the COVID-19 pandemic.

Among the alternative types of data that are ac-
tively used in decision-making in the field of food, so-
cio-economic, and environmental safety, there is spa-
tial data that is accumulated and processed based on
geographic information systems (GIS). According to the
study by M. Mathenge et al. (2022), GIS-based data anal-
ysis methods can be used to make policy decisions in
the area of sustainable agricultural development. The
researchers note the lack of spatial data necessary for
the development and implementation of agricultural
policy. L. Beni et al. (2011) offer an information product
that provides for the integration of ArcGis and Arena sys-
tems, for the purpose of modelling and monitoring the




spread of contamination in a food distribution network
and information support for operational decision-mak-
ing in the field of food quality control as one of the key
elements of food security. Similar are the conclusions
of E.Vandecandelaere et al. (2018), which prove the ab-
solute importance of GIS for ensuring the development
of sustainable food systems, considering the territorial
characteristics of countries and their individual regions.

As for the field of ecology, K.T. Nemec and C. Raud-
sepp-Hearne (2012) suggest using GIS to evaluate the
effectiveness of ecosystem services, which should be
considered in the management decision-making pro-
cess in ecology, and also provide a comparative analysis
of existing software products. Lant et al. (2012) use GIS
to model the effectiveness of policies that affect agricul-
tural watersheds (Lant, 2005). The use of GIS in the pro-
cess of land use regulation in the context of combating
problems of environmental safety of land (in particular,
soil degradation and erosion, land pollution) is reflected
by (Xie, 2022). Integrated GIS and remote sensing work
successfully for mapping nature reserve sites, especial-
ly fire area and scale analysis, fire research (Skydan,
2021; Fedoniuk, 2022), tracking the spread from mul-
tiple plant and animal individuals to species, ecosys-
tems, landscapes, and identifying factors that contrib-
ute to local and global biodiversity changes, the spread
of invasive species, etc. (Fedoniuk, 2022; Orlov, 2021).

The purpose of this study is to substantiate meth-
odological aspects of information support for deci-
sion-making in the field of national security, which will
involve the use of data from a wide range of information
sources and the use of formalised methods and models.

MATERIALS AND METHODS

The experiment on information support for deci-
sion-making in the field of food security was conducted
on the example of accumulating data on the acreage
of agricultural crops, taking into account the impact of
military operations on the territory of Ukraine. After the
full-scale invasion of the russian federation, Ukraine
was faced with the task of assessing the potential neg-
ative effects on food security at the regional, European,
and global levels. The key problem was that a signifi-
cant part of the country's agricultural land was under
temporary occupation as of the beginning of the sow-
ing campaign in 2022 and it was impossible to grow
crops on the corresponding areas. As of March-April
2022, it was impossible to estimate potential crop loss-
es in such areas using conventional methods and based
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on statistical data. In addition, a number of grain stor-
age facilities are located in the temporarily occupied
territories, where reserves should be defined as losses
of the country's strategic food reserves.

Considering the above, the task was set to pro-
ject the potential volume of gross harvest and export
of strategic export-oriented agricultural crops in war
conditions. Such crops primarily include wheat, corn,
and oilseeds. The main task that was carried out in the
course of the study since the beginning of the war was
to develop a methodology for estimating the area of ag-
ricultural land in the temporarily occupied territories, in
order to further projecting the potential volume of gross
harvest and export of strategic export-oriented agricul-
tural crops the production and export of agricultural
crops, sunflower and other types of oils based on the
AGMEMOD model (Salamon et al., 2019). According to
the developed methodology, it is determined how much
the area of crops has decreased due to temporary oc-
cupation, military operations, and the post-war state of
fields (minelaying, destruction of crops, equipment, etc.).

According to the proposed methodology for gener-
ating input data for further projecting indicators of the
development of the agricultural sector and food security
inUkraine,the EU,andtheworld,satellite surveydatapro-
cessingis provided,which included the following stages:

1. Determination of the range of temporarily occu-
pied territories, which was carried out based on infor-
mation from the Centre for Environmental Initiatives
“Ecoaction” (Almost, 2022).

2. Calculation of the area of agricultural land based
on geodata obtained in 2019 using the TERRAand AQUA
spacecraft using the Moderate Resolution Imaging Spec-
troradiometer (MODIS). Geoinformation is presented in
the form of 17 classified types of land cover in Ukraine.

3.Selection from a classified image of an area locat-
ed within the temporarily occupied territory of Ukraine.

4. Calculation of the geodetic area of plots whose
class corresponds to agricultural land (Table 1).As a re-
sult of this operation in ArcGIS PRO, it was determined
that the area of agricultural land within the temporarily
occupied territories as of March 22,2022, amounted to
33% of the area before the start of hostilities, or 12.8
million hectares.

5.To clarify the available food volumes of crop pro-
duction stocks (primarily wheat, corn, and sunflower
seeds),thetaskwassettodetermine possible grainlosses
due to temporary occupation and military operations in
the territories where grain storage facilities are located.

Table 1. Share of temporarily occupied territories of Ukraine (as of March 2022)

Surface classes in Ukraine Area. thous. ha Temporarily occupied territories %
Evergreen coniferous forests 716 256 36
Deciduous coniferous forests 2 0 23

Deciduous broad-leaved forests 2.684 448 17
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Table 1, Continued

Surface classes in Ukraine Area. thous. ha Temporarily occupied territories %
Mixed forests 2.668 727 27

Closed shrubs 0.04 0.02 60
Woody shrubs 2.395 814 34

Open woodlands 3.882 1.534 40
Pastures 4.730 2.793 59
Permanent wetlands 255 84 33
Agricultural land (cultivated) 39.056 12.749 33
Urban and built-up land 1.093 420 38
Seed plots / Natural plant mosaics 1.435 351 24
Barren lands 17 14 81

Water bodies 1.168 486 42

Total 60.101 20.677 34

Source: authors’ own research

Geospatial data obtained according to the algo-
rithm described above (Skydan, 2022) is used to calcu-
late such areas:

1. Defining a range of temporarily occupied territo-
ries (Almost, 2022).

2. Collecting data on the location, characteristics,
and occupancy rate of grain storage facilities.

3.Conducting a geolocation procedure for the data
obtained above, to determine the geographical coordi-
nates of grain storage facilities.

4. ldentifying grain storage facilities located in the
temporarily occupied territories and calculating the
amount of stocks stored in them.

RESULTS

Use of GIS in assessing food security indicators. Food
security, as an element of a country's national security,

is based on the ability to meet domestic demand for
food through current production and existing stocks.
Consequently, the accumulation of data on the avail-
able volume of agricultural and processed products is
of primary importance for an adequate assessment of
food security. Based on the results of geospatial analy-
sis conducted in accordance with the above methodol-
ogy, the locations of grain storage facilities located in
the temporarily occupied territories as of March 2022
were determined and the reserves stored in them were
calculated (Table 2). Considering the riskiness of ap-
proaching the front line, a buffer zone of 50 km was
built, where 17.5% of grain reserves or 3.86 million
tonnes are concentrated (Fig. 1).

The information obtained is used as input data
entered into the database and used for modelling
food security.

Table 2. Share of product stocks in grain storage facilities of Ukraine located in the temporarily occupied territories

Indicator thousand tonnes %
Temporarily occupied territory 5.140 23.29
50 km buffer zone 3.859 17.49
Balance in Ukraine 13.068 59.22
Total 22.068 100.00

Source: authors’ own research
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Figure 1. Grain storage facilities of Ukraine located in the temporarily occupied territories;
* grey - temporarily occupied territories, blue — 50 km buffer zone (as of March 22, 2022)

Source: authors' own research

Functional modelling of the process of information
support for decision-making in the field of food, en-
vironmental, and socio-economic security. The defini-
tion of methodological aspects of the decision-making
support system (DMSS) in the process of developing
national security should be based on the logic of busi-
ness processes that are components of management
activities. These business processes include the forma-
tion of data sets, the creation of products and/or the

1. Signal about

the problem Control system
System of national security
2. Request to
the DMSS
5.a. Solution
5.b. Data on options

the state of the
managed system

6. Management

Decision-making support system

substantiation of a set of alternative solutions to prob-
lems in this area, and the collection and processing of
data based on algorithms and techniques developed
for specific types of requests within the framework of
national security issues. In general, these business pro-
cesses are a providing component of the decision-mak-
ing process in the relevant area, which is responsible
for the generation of input information necessary for
the decision-makers (Fig. 2).

Managed system

. National security
impact

3. Collecting data about
the managed system

4. Data on the status of
the managed system

in the field of national security

5.c. Decision-making tool/methodology

Figure 2. National security decision-making scheme

Source: authors’ own research

The main functions that are performed within the
framework of information support for decision-making in
the field of national security include information collection
(including substantiation of optimal sources, frequency of

data collection, time interval, qualitative characteristics
of data, etc.), processing the received data, creating a fin-
ished product or substantiating solutions to the problem
(if necessary), transmitting a response to a request (Fig. 3).
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Figure 3. Functional model of the national security decision-making support system

Source: authors' own research

Requests for information required for decision-mak-
ing involve the collection and processing of data neces-
sary for solving a number of tasks within the framework
of the establishment of food, socio-economic, and envi-
ronmental safety (Fig. 4).

Considering the hierarchy of the system of state
regulation and the development of national security,
decision-making is based on the collection and process-
ing of data within objects of various levels, in particular,
the state, regional, and community levels. In addition,
Ukraine is an actor of global space and, accordingly, an
element of global security. That is why decision-mak-
ing in the field of national security involves process-
ing requests not only at the state (national, regional,
community level), but also at the continental level (for
example, at the European and global levels).

Methodological basis for information support of
the process decision-making in the field of food, envi-
ronmental and socio-economic components of national
security. The national security decision-making support
process is based on the following conceptual provisions:

1) at each point in time, there are two states of the
object of management (i.e., the national security of the
country at different levels of the hierarchy), namely:
current/projected at a specific point in time C(f) and
target (? states. Quantitatively, the state of the object
takes the form of values of indicators of the country’s
security. Purposeful management influence on the con-
trol object becomes necessary if its current/predicted
and target states do not coincide:

C(=C. Q)
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Usually,the situation (1) inthe context of national secu-
rity management of a country is caused by a radical change
in external and/or internal conditions,accompanied by the
emergence of additional threats to the country's security;

2) determination of the target state of the control
object is based on a set of indicators of w, national se-
curity Ww,, w,, w,, ..., w ..., w,) within the framework of
food, socio-economic, and environmental security. The
decision-making process involves finding a solution
that would ensure the transition of the control object
from the current state to the target (optimal) one by
optimising factors X(x,, x,, X,, ..., X, ..., X,)) affecting the
level of national security:

WW,, Wy Way ety W, W, X, Xy Xy ey X

NN Ry gy e ,XM)?maX, (2)

3)therearemanylimitationsthatshouldbeconsidered
in the process of substantiating optimal solutions. One
of the main types of restrictions is resource restrictions:

R(ry, ryy s ees 1

e L Xy Xy Xy ey Xy eees X, ) (3)

AR E R R R {] m M

Hence, at a specific point in time t in the event of

a mismatch of the current/predicted state ({(t) target (7,
the object of national security management should be
transferred to the state of C? (C’e(?), which is optimal
for a given time point t, subject to current restrictions R,
<C(), 7, CPR>; 4)

4) within the framework of the decision-making sup-
portprocessinthefield of nationalsecurity,therearefour
basic stages of solving the decision-making problem.
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Figure 4. Functional model of the national security decision-making support system

Source: authors’ own research

The first step is to identify the discrepancy between
the current/predicted and target states of the control
object. In other words, at this stage, it is necessary to
compare the current/projected values of indicators of
national security W(w,, w2, w,, ..., w, ..., w,) With target
users. In this case, the hypothesis C(t)c(” is tested.

The second stage involves determining the target

state of the system C? at a particular point in time ¢
W (CP)=maxW,(Cr:vCreC). (5)
In a formalised form, the target state is displayed as
anobjective function (or a system of objective functions).
At the third stage, restrictions are defined R eR,

taking into account which measures will be taken to
transfer the system from state ({(t) to state C/:

W,(R )=maxW,(R:VR.eR). (6)

At this stage,the system of restrictions is formalised.

The fourth stage involves determining the mecha-
nisms for achieving the target state M, eM, the imple-
mentation of which would ensure the transition of the
system from the current unsatisfactory state C(t) to the
target state C* in the situation <({(t),C?, C#, R,>:

W,(M)=max(M:¥M,eM). @)

At the fifth stage, the subjects of decision-making
substantiate and specify the methods, tools, and meas-
ures that need to be implemented to get out of the state
of increased danger. In a formalised form, they take the
form of values of unknown variables under previously
defined objective functions and constraints.

Within the framework of information support for
decision-making in the field of national security, first of
all, tasks are solved within the first three stages. As for
the fourth stage, it directly involves the decision-maker
at the appropriate level of management.

The basis of the first stage of support for deci-
sion-making in the field of national security is the
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collection of data for detection of discrepancies be-
tween the current/predicted and target states of the
control object.To ensure that the input data is as com-
plete and relevant as possible, it should be collected
from a wide range of sources to ensure maximum
accuracy of the output results and efficiency of deci-
sion-making. In the field of analytical data processing
and decision-making at all levels of the hierarchy of
food, socio-economic, and environmental spheres, it
is advisable to use the following data:

- statistical information. The advantage of using sta-
tistical data is a stable frequency of collection, a signif-
icant number of indicators, and data collection both at
the state and regional levels, which allows generating
large amounts of panel data;

- geospatial data which are characterised by max-
imum accuracy and objectivity. It is advisable to use
such data in support of agricultural policy decisions
in two ways. Firstly, to clarify data obtained from other
sources. It concerns assessments of the level of food
and socio-economic security (for example, arable land,
agricultural land, plantings in the context of agricultur-
al crops, forest stands, and other geographical features).
Secondly, the accumulation of geospatial data is indis-
pensable when it comes to collecting data that cannot
be accumulated from other sources. This is especially
important during military operations, when it is im-
possible to collect information within the temporarily

occupied territories and/or territories where active mil-
itary operations are taking place (Gorbulin, 2021).

Afterthe termination of the preparation of statistical
reports at the level of districts of administrative regions
of Ukraine, it became almost impossible to form an array
of operational data on the area of crops/plantings,which
are an integral part of assessing and projecting the level
of food security.An alternative source of collecting such
data is the processing of satellite images and the crea-
tion of algorithms for classifying territories by culture;

- sociometric survey data. The practice of carrying
out economic activities in the context of the COVID-19
pandemic and martial law has shown the existence of
a high level of risk that business entities may be out-
side the physical access zone. Since the source of some
statistical information can only be the results of socio-
metric surveys, it is extremely important to find and use
software that is maximally adapted to the conditions of
remote surveys. In addition, when choosing software, it
is necessary to consider the simplicity of its application
and the ability to identify spatial reference to the re-
ceived data, which would allow indicating the location
of the survey subject or any other object;

- data from global, international, and domestic organ-
isations and institutions.

The algorithm of information support for deci-
sion-making in the field of national security of the
country is shown in Figure 5.

Figure 5. Algorithm of information support for decision-making in the field of ensuring national security

Source: authors’ own research

Within the framework of the study of informa-
tion support for decision-making in the field of na-
tional security of the country, the key role is played
by the development and implementation of unified
projecting methods, the use of which would allow
identifying threats of crisis situations in advance

Scientific Horizons, 2023, Vol. 26, No. 1

and developing mechanisms for their prevention in
advance. The relevant issues are investigated within
the framework of the choice of methodological ap-
proaches to projecting indicators — indicators of the
level of food security, for which the method of econo-
metric modelling is used.




A system of information support for decision-mak-
ing in the field of food, environmental, and socio-eco-
nomic components of national security. The proposed
methodological foundations of information deci-
sion-making support are implemented as part of the
development of an information decision-making sup-
port system in the field of national security. The main
principles of building and operating this system are
as follows:

1) openness. The architecture and software part of
the system are open, meaning that users can change
them in accordance with external conditions. The
implementation of this principle becomes more rel-
evant in the face of new challenges, algorithms for re-
sponding to which were not previously developed. In
2020-2022, this principle of operation of the system
ensured its prompt adaptation to meet requests for in-
formation support for decision-making in the context
of a pandemic and war;

2) flexibility. The structure, functionality, meth-
ods, and tools of the system are adapted to the
needs of decision-making entities in the field of
national security and defence, restrictions, and en-
vironmental factors;
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3) efficiency. The ability to meet requests for infor-
mation for making operational decisions in the shortest
possible time;

4) cost-effectiveness. The cost of creating, adminis-
tering, and using the system cannot exceed the overall
effects of using it. The effect should be understood as
any positive effect from the application of the system
(economic, environmental, social) in value terms. The
effect can also be presented in the form of losses that
were avoided as a result of the decision;

5) purposefulness. The purpose of the system is to
form an information base for making adequate decisions
in the field of national security. Any goal of the system
should be based on a clearly formulated and quantifia-
ble goal that will meet the request of decision-makers.

The decision-making support system in the field of
national security consists of three modules, namely, mod-
ules for collecting, processing, and transmitting informa-
tion that is necessary to substantiate decisions in the ar-
eas of food, socio-economic, and environmental security
(Fig.6).Thefunction ofthe data collection moduleisto cre-
ate queries on obtaining information, accumulating and
storing data that is responsible for a previously defined
and restricted request of the decision-making subject.
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I module module module |
Levels of I |
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Figure 6. Scheme of the decision-making support system in the field of national security formation

Source: authors’ own research

The main data sources from which the module
accumulates information are the region subsystem
(Ground Information Complex for Space Monitoring
of the Earth, created by Polissya National University);
Centre for receiving and processing special information
and monitoring the navigation field, which is a branch
of the National Centre for Vontrol and Testing of Space

Assets of the State Space Agency of Ukraine (CPOSI
and KNP); statistical data of Ukraine and international
organisations; results of sociometric surveys collected
with the involvement of automated information collec-
tion system Survey 123. At the same time, the list of
sources is open. Figure 6 shows the functional model of
the data collection module.
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Subsystem GICSME “Region” and “CPOSI and KNP”.

Analysis and modelling of the current security sit-
uation requires regular receipt and analysis of objec-
tive data on various components of the environment.
Space-based remote sensing systems (remote sensing
systems) are a source of up-to-date and reliable infor-
mation that does not depend on possible distortions.
The use of remote sensing data provides the following
advantages: relevance of incoming information; high
reliability of the information received; absence of re-
strictions related to state borders; high frequency of
receiving information; coverage of large territories; ob-
taining information in a single standardised form; the
ability to accumulate information and use it for projec-
tions and risk assessment.

Modern remote sensing systems have technical
properties that allow solving a whole range of tasks -
from mapping to analysing changes that have occurred
in the study area. Using multi-time images allows track-
ing the dynamics of changes on the Earth’s surface,
identifying areas affected by human activity, predicting
the consequences of emergencies,and many other tasks.

Obtaining remote sensing data in the system under
consideration is provided by a complex consisting of a
system of radio engineering, electronic computing, and

software tools for receiving and processing data from
remote sensing spacecraft in the L- and X- frequency
bands.The use of the complex for its intended purpose is
organised by preparing and conducting communication
sessions with KA stations for receiving information. The
information registered during the communication ses-
sion is transmitted to the software and hardware com-
plex of the remote sensing data archiving, display, and
preprocessing system. For further use of remote sens-
ing data, thematic data processing is carried out in ac-
cordance with the content of the problem being solved.

The main element of the region complex is the
SNPI-8.2 ground information reception station, cre-
ated by Polissya National University, which is the first
Ukrainian university data reception station in the X-fre-
quency range.

The data processing module operates on the basis
of the subsystems “Prod-M’, “Gis-S”, “Geo-B”, “Eco-S”. De-
pending on requests for solution support, the system
can be extended to other subsystems (Fig. 7). Similar-
ly, the list of sources of data (now the main ones are
satellite images, survey data, statistics) and ready-made
results of the system's operation, which are transmitted
to the subject of decision-making in the field of nation-
al security, remains open.

Figure 7. Functional model of the data obtaining module

Source: authors' own research

As of mid-2022, the subsystems of the data pro-
cessing module are focused on providing users with
satellite images, creating scenario projections, devel-
oping information systems based on geospatial data,
and substantiating possible solutions (Fig. 8).
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The “GIS-S” subsystem. The subsystem is designed to
collect, transmit, process, analyse, and display spatial
data in real time. It consists of hardware and software
tools for geospatial support, in particular, geocoding
of information (Survey 123, Insights, QuickCapture) -




accumulation of information on the server (ArcGIS
Online) - processing, visualisation and transmission
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of information in a specialised software environment
(ArcGIS Pro, ArcGIS Online).

Figure 8. Functional model of the data processing module

Source: authors' own research

The “GEO-B” subsystem. The subsystem provides
real time display of geospatial data about communities
(in particular, the boundaries of communities and set-
tlements, soil types, topographic basis, land structure,
water bodies, roads, railways, power grids, gasification
system, solid waste landfills, legal entities, individuals,
population, medicine, gyms, and investment facilities).
The main element of the subsystem is a geoportal,
which is implemented using the ArcGIS Pro — Hub soft-
ware environment application. Sources of filling in geo-
spatial data databases at the level of the United territo-
rial community can be: public cadastral map of Ukraine,
Gosgeokadastr, OpenStreetMap, Natural Earth, UNEP
Geodata, Global Administrative Areas, DIVA-GIS, Global
Map, SEDAC, GeoNetwork, USGS Land Cover Institute.

The “ECO-S” subsystem. The subsystem is designed
to collect, process, store and analyse information about
the state of the natural environment, predict its chang-
es and develop scientifically based recommendations
for making effective management decisions at various
levels. The software package of the subsystem provides
the collection of in-kind data using the Survey 123 mo-
bile application and satellite data, their accumulation
on the ArcGIS Online server, processing, visualisation in
the specialised ArcGIS Pro software environment and
further transmission of information for making mana-
gerial decisions in environmental protection activities.
The main types of information that circulate in the sub-
system are remote sensing data, as well as data from
field observations on the state of the main components

of ecosystems and their changes under the influence of
natural, biotic, and anthropogenic factors.

The “Prod-M” subsystem. The subsystem is designed
to form an information base for supporting agricultural
policy decision-making at the European, state, region-
al, and business entity levels. The initial parameters of
the subsystem are short- and medium-term projections
for the development of the agro-industrial sector of
the country's economy. Software tools that provide in-
put data processing by the "Prod-M" subsystem include
information systems AGMEMOD and GAMS, R software
environment, MS Excel.

Modelling of food security indicators of the country
using the “Prod-M” module. One of the current prob-
lems of information support for making agricultur-
al policy decisions in Ukraine is the lack of a unified
methodology for scenario projecting of the develop-
ment of the agricultural sector of the economy. Most of
the relevant decisions are made based on the experi-
ence and intuition of officials. The key problem of this is
that the agro-industrial sector of Ukraine is a complex
open system, the components of which closely interact
with each other and changes in one of them can lead to
changes in all the others.

Therefore, when planning certain reforms in a par-
ticular sector of agriculture, it is necessary to be aware
that they can lead to significant consequences in other
sectors (including negative ones). This means that even
if the changes affect only one sector, projections should
be developed for all sectors. These needs are met by
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the AGMEMOD information system (platform) (Salamon
et al., 2019), which is currently widely used to generate
medium-term projections for EU member states and
their key partners, as well as to support agri-policy de-
cision-making in the EU and EU-members. Every year,
AGMEMOD databases and mathematical models are
updated in accordance with socio-economic and market
changes at the country level and for the EU as a whole.

The procedure for modelling the country's food se-
curity indicators includes three stages:

1) development of a system of econometric mod-
els of the dependence of each result indicator of food
security on each factor. For the individual outcome in-
dicator y, hypotheses are first developed based on the
provisions of microeconomic theory, interviews and dis-
cussions with experts on a number of factors that may
affect food security. After that, simple regression models
(which show the dependence of the outcome variable
y on each factor x) are developed. The requirement for
the list of factor attributes is the availability of data on
their values in the database of the Prod-M subsystem:

y=f(x)VxeS, (8)

where S - set of numeric values of the indicator in the
database of Prod-M subsystem.

Since the AGMEMOD model is linear, if a nonlin-
ear relationship is detected between the food securi-
ty indicator and its factor, the linearisation procedure
is an additional stage of modelling. The time for each
individual change is checked for an autocorrelation ef-
fect. Each individual regression model is checked for
statistical significance using a criterion p-value (p), and
to fulfil the condition of the logical nature of the rela-
tionship between variables in accordance with the laws
of microeconomics:

if p<0.1 and a >0 (for xe{K,}) or a <0 (for xe{L,}),y.eY
else f'(x)e{F'}-TRUE, 9)

where a_ - regression coefficient (slope), which corre-
sponds to the variable x; f'(x) - one-factor econometric
model; {F'} - set of one-factor econometric models of
effective indicators of food security y; {K,} - set of factor
features that, according to the laws of microeconomics,
must be directly related to i-th effective feature y; {L,} -
set of factor features that,according to the laws of micro-
economics, should be inversely related to /i-th effective
featurey; Y-multiple effective indicators of food security;

2) development of preliminary econometric models
of each individual performance indicator. If, as a result
of preliminary econometric analysis, several factors that
affect the result indicators are identified, then a multi-
ple regression model is developed. Multiple regression
models, like the previous stage, must meet the condi-
tion of statistical significance (p<0.1) and the logic of
the nature of the relationship between variables:
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if p<0.1 and a,>0 (for x e{Ky}) or a,<0 (for x.{L}),y,€Y
else f'(x)e{F}-TRUE, (10)

where ay; = regression coefficient (slope) for j-th factor
X; f'(x) = preliminary econometric model that will be
used to develop scenario projections; {F'} - set of previ-
ous econometric models of resulting indicators y which
will be used to develop scenario projections;

3) analysis and adjustment of multi-factor multiple
models of indicators of food security. First of all, inter-
cept of the model is adjusted (a,). To do this, the fore-
cast projected values of each individual indicator are
determined based on the equations developed at the
previous stage. If the actual value of the intercept in the
current year significantly deviates from the value in the
first year of forecasting, the coefficient g, is readjusted:

if [y(t-1)-y(t)|2A_max

else a =y(t-1)*A and f(x)e{F}-TRUE, (11
where g, -intercept; t - first year of projecting; f(x) - ad-
justed econometric model that will be used to develop
scenario projections {F} — set of adjusted econometric
models of variable y which will be used to develop sce-
nario projections; A - scientifically based/expert-deter-
mined possible increase/decrease in the result variable
in the first year of projecting compared to its actual val-
ue in the last year of the time entered in the AGMEMOD
database; A _ - the maximum deviation of the result
variable in the first year of projecting compared to its
actual value in the last year of the time series entered
in the AGMEMOD database.

In general, tasks that are solved within the frame-
work of the subsystem of information support for mak-
ing agricultural policy decisions “Prod-M”, include:

1) development of medium-term projections of
the main indicators of the agro-industrial sector of the
Ukrainian economy under current conditions. To solve
this problem, projections of balance sheets and prices
of agro-industrial products for the next 10-30 years are
developed at intervals of 1-2 years, reflecting the ex-
pected trends in their changes. As part of this task, the
subsystem “Prod-M” identifies unfavourable trends, and
the developed projections serve as an indicator of neg-
ative shifts and signal the need to form a new package
of agricultural policy solutions;

2) projecting the consequences of each individual
political decision. Results of the subsystem “Prod-M”
within the framework of this task, have the form of
projections for each type of agro-industrial products.
If the goals of the relevant agricultural policy meas-
ure/reform are achieved, the subsystem determines the
solution to be potentially effective;

3) operational short-term forecasting in conditions
of turbulence and large-scale socio-economic and po-
litical shifts. Examples of situations where there was a
need for the subsystem to perform “Prod-M” as part of




this task, there is a COVID-19 pandemic and the invasion
of the russian federation on the territory of Ukraine.Both
events have global implications not only for the coun-
try but also for the global economy and food security.

A distinctive feature of this study is that methodo-
logical approaches to information support are partially
covered in research papers, for example, in (Liao, 2004;
Lant, 2005; Xie, 2022) integrated into the unified na-
tional security decision-making support system with
an open algorithm. The uniqueness of this study lies in
the emphasis on procedures for collecting operational
data in accordance with time-limited requests from deci-
sion-makers. It is proved that the timeliness and efficien-
cy of incoming information for managing the country's
food security requires the use of GIS. In particular, in con-
trast to the practice of using only official statistics (HaR,
2022;Jongeneel, 2022),in the process of creating unique
scenarios for the development of the agricultural sector
of the economy based on the AGMEMOD model (Salam-
on et al., 2019) it is proposed to collect and process ge-
ospatial data (in particular, to determine the volume of
crop stocks in grain storage facilities in Ukraine during
the war). In the course of this study, it was found that
the use of panel data, which was also successfully used
in research, is quite reasonable for projecting the agri-
cultural sector of Ukraine (Jongeneel, 2022; Corn, 2021).

Efficiency of information support of the deci-
sion-making process in the field of environmental safe-
ty is achieved by accessing the data of the software and
hardware complex within the “Region” subsystem. In
particular, the efficiency of obtaining and processing
space survey data using the region subsystem allows
quickly (45 min.) identifying the sources and location of
forest fires, which is faster than in similar Chinese ones
(Liiew, 2019) (100 min.) and open American (3 hours.)
(Colak & Sunar, 2020) systems.

Consequently, it was found that the efficiency of de-
cision-making in the field of ensuring food, socio-eco-
nomic, and environmental safety is based on the abili-
ty to provide timely decision-making entities with the
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support system that would minimise the time of trans-
mitting a request for data and their accumulation and
processing, and ensure maximum compliance of the
transmitted data with the request. Along with statistical
data, GIS plays a special role in providing information
in a short time, which is actively used for rapid accumu-
lation and thorough processing of geospatial data.

In addition, it is extremely important to formalise
the decision-making process in the event of an urgent
need to solve problems related to threats to nation-
al security. This would allow adhering to a clear al-
gorithm of actions in case of an immediate response
to danger. Considering the above, decision-making in
the field of ensuring food, socio-economic, and en-
vironmental security should include the following
stages: identifying discrepancies between the cur-
rent/projected and target states of the management
object; determining the target state of the system at
a given time; formalising restrictions; determining
mechanisms for achieving the target state; clarifying
methods, tools, and measures that need to be imple-
mented to get out of the state of increased danger.

Time constraints, lack of necessary data,and the need
to form scenario projections of key safety indicators are
characteristic features of information support in the field
of ensuring food, socio-economic, and environmental se-
curity of the country. The development and implementa-
tion of the information decision-making support system
proposed in the study would allow partially automating
the processes of collection, processing, and transmission
of information, considering these features, and forming
and replenishing the information base for making ad-
equate decisions in the field of national security. A sep-
arate element of the developed system is the data pro-
cessing module, which integrates modern methods of
modelling and projecting indicators of food, socio-eco-
nomic,and environmental safety. In the future, it is prom-
ising to conduct research on automating data collection
and improving their security within the proposed system
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AHoTauif. HeraTuBHMIn BNAKMB CTpaTeriyHMX 3arpo3 po3BUTKY OEPXKABM B KOHTEKCTI (OPMYBAHHS ii HALiOHANbHOI
6e3nekun, 30KkpemMa MNpoLOBO/bLYOI, EKOMOrYHOI Ta COLiaNbHO-EKOHOMIYHOI CK/Iaf0BMX, aKTUBI3yBaBCS B YMOBaX
peani3auii reononiTMYHUX BMKAMKIB YKpaiHW. OcobnmMBo roCcTpo Le MNWUTaHHS NOCTano B pe3ynbTaTi BigKpUTOL
BIMCbKOBOI arpecii, WO 3yMOBMOE HeOOXifHICTb (QOPMYyBaHHA Ta iMMIeMeHTauii cucteMu iHDOPMALAHOI
NiATPUMKM NPURHATTS piweHb y chepi HauioHanbHoi H6e3nekn YkpaiHu. Biatak, MeTolo poboTu € 06rpyHTYBaHHS
MeTOAMYHMX 3acap iHPOpMaLiMHOI NiATPUMKM MPUAHATTS pilleHb y chepi HauioHanbHOi 6e3nekn YkpaiHu Ta ix
peanisauisi y Mexax CTBOpPeHOi cucTeMu, Wwo nepeabayae 36ip iHdopmaLii, 30Kpema, i3 BUKOPUCTAHHAM KOCMIYHMX
Ta reoiHPOpMaLiMHUX CUCTEM, @ TAKOX 3aCTOCYBaHHSM METOAIB MAaTEMAaTUUYHOrO MOAENOBAHHS i CUTyaLiMHOMO
aHanisy ans obpobku paHux. Y npoueci OOCNiOXeHHS BMKOPUCTAHO METOAM EKOHOMETPUYHOIO MOZE/HOBAaHHS,
CTPYKTYPHO-GbYHKLIiOHAIbHOrO MOAENBAHHS Ta MPOCTOPOBOro aHanisy. byno po3pobneHo MeToAoNOorivyHi 3acagu
WoA0 NiATPUMKM NPUIHATTS pilleHb ANS BUPilWeHHs npobsieM NpoA0BO/bYOI, EKOOTYHOI, COLiabHO-EKOHOMIYHOT
CKNafoBUX HauioHanbHoi 6e3neku. MobyaoBaHo QYHKLiOHAaNbHY MoAenb Ta anropuTM NPOLECY NPUAHATTS pilleHb
y chepi HauioHanbHOi 6e3mneKku i, Ha OCHOBI OTPUMAHMX Pe3ynbTaTiB, pO3POONEHO CUCTEMY MPUMHATTS pilleHb Y
chepi NpoaoBOLYOI, €KONOTIYHOI Ta COLiaNbHO-eKOHOMIYHOI 6e3neku. KpiM Toro, y LOCigKeHHI GpopManizoBaHo
KOHLeNTyanbHi MONOXEHHS NpoLecy NiATPUMKM NPURHATTS pileHb Y cdepi HauioHanbHOT 6e3neku; 3anponoHOBaHO
npoLenypy MOLENBaHHA NMOKa3HWKIB NpoaoBOAbYOi 6e3nekn KpaiHW. Ha ocHOBI 3anpomnoHOBaHO METOAMYHOIO
niaxoAy BU3HAYEHO, HA CKifIbKM 3MEHLWIMNACh NIOLLA NOCIBIB Y 3B'A3KY i3 TUMUYACOBO OKYNALLi€0, BINCbKOBUMU AiIMU
Ta NiCNSBOEHHMM CTAaHOM MONIB (MiHYBAHHS, 3HULLEHHS NOCIiBIB, TEXHIKM TOLWO), WO Aano 3Mory copMyBaTh BXiaHI
[aHi Ang NoganbLIoro NPorHo3yBaHHS MOKA3HMKIB PO3BUTKY arpapHOro cektopa Ta NpoAoBosbyoi be3neku Ykpainu,
€C 1a cBiTy. 3aNpoONOHOBaHI METOAONOrIUHI MONOXKEHHS, aANrOPUTMU, MOAENI, @ TAKOX po3pobneHa cucteMa MoXyTb
6yTV BUKOPUCTaHI OpraHaMun AepXKaBHOi BNaau Ans NPURHATTA YNpaBaiHCbKMX pilleHb WoA0 GOpMYyBaHHS NOAITUKM
y chepax 3abe3sneyeHHst NPOAOBOLYOI, EKONONYHOI, COLia/IbHO-EKOHOMIYHOI Be3nekun KpaiHu

KnwouoBi cnoBa: iHpopMaLiitHe 3abe3neyeHHs; QYHKLiOHaNbHE MOMENIOBAHHS; €KOHOMETPUYHA MOLENb;
iHbopMaLiiHa cucTeMa; ynpaBaiHCbKe PilleHHS; AUCTaHLiMHe 30HAYBaHHS 3eMni
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productivity of workers, as well as for the government of the country when approving the areas of financial

support for economic activities

Keywords: remuneration rate; financial support; international trade; mechanisation; production efficiency

INTRODUCTION

Agriculture and the food industry are facing numerous
challenges: the need to produce more food to feed a
growing world population, the declining rural work-
force and growing population in large cities, the search
for more efficient production methods, and the adapta-
tion of agriculture to climate change. The natural con-
ditions of Albania are favourable for the development
of agricultural production, in particular, the cultivation
of fruit trees, vegetables, olive oil,and cereals. However,
the country’s agriculture and food sectors are affected
by outdated agricultural equipment and low labour
productivity. Therefore, it is important to find ways to
increase the productivity of the agrarian sector with the
purpose of improving its future growth and boosting
the export of agricultural products from Albania to en-
sure food security in the world.

The labour productivity in the agriculture and food
sectors in Albania was investigated by Albanian, Amer-
ican, Romanian, Lithuanian, Brazilian, and Indonesian
researchers. The analysis of the forms of management
of agricultural land in Albania, ownership, productivity
per unit area and ways to properly manage them was
carried out by the Albanian scientist S. Lushaj (2021),
who investigated the obligations of law enforcement
agencies and bodies for property management, proper-
ty rights, and certification of ownership of agricultural
land. The efficiency of labour productivity management
depends on the success of labour resources manage-
ment, in particular, meeting the needs of employees in
terms of remuneration and other requirements for the
organisation of production, and on mechanisation and
innovation in production, which facilitates the work of
employees and helps to increase production.

The impact of agricultural mechanisation on the
income growth of farmers was studied by Chinese re-
searchers Y.B. Zhou et al. (2019), who sought to provide
suggestions on policies to promote the development
of agricultural mechanisation and increase farmers’
incomes. The authors argued that agricultural mecha-
nisation contributes to the overall income of farmers
and increases the wages of their employees. Important
research into the impact of changes in soil cover and
climate on labour productivity and agricultural pro-
duction was carried out by Albanian scientist E. Lekaj
(2019), who argued that these factors are important for
soil and plant resources assessment and sustainable
production management planning.

The profitability of agricultural production is also
an indicator of labour productivity. That said, in the
last 5 years, due to the rapid increase in prices for raw

materials imported for production in Albania, there was
a decrease in profitability, which negatively affected la-
bour productivity. The impact of the 2021 high fertiliser
prices, which added to the expenses for farmers, was
studied by the American researcher S.Aaron (2022),who
stressed that potential reasons for such an increase can
be both supply and demand factors. That is, if farmers
respond to high prices by using less fertiliser per acre,
it would provide environmental benefits in the form of
less nitrogen and phosphorus in rivers and lakes.

One of the negative phenomena in the devel-
opment of agriculture in Albania is the high share of
imports, which indicates the insufficiency of domestic
products to meet the needs of the country’s population.
Indian scientist S. Simkhada (2019) has concluded that
low productivity, growing population, the number of
companies engaged in food and feed processing, high
production costs, and the redirection of agricultural
state aid to the non-productive sector are the main
reasons that contribute to the large imports of agri-
cultural products. The main risk groups of agricultural
imports in foreign trade according to their relevance for
such imports were identified by Lithuanian scientists L.
Baranauskaite and D. Jureviciene (2021). The research-
ers identified eight risk groups: supply and demand
risks, production risks, management and operational
risks, logistics and infrastructure risks, political risks,
regulatory risks, and financial risks.

However, despite the significant contribution of
researchers to the study of this area, the issue of in-
creasing labour productivity in the agricultural sector
of Albania remains controversial and requires further
investigation. The main purpose of the study is to analyse
the state of labour productivity in the agricultural and
food enterprises of Albania to propose solutions for its
improvement, which would contribute to the sustaina-
ble development of the agricultural sector and increase
the export of agricultural products.

MATERIALS AND METHODS

The methodological approach in this study is based on:
statistical analysis, which is used to study the dynam-
ics of employment and wages in the agricultural sector
of Albania; the analogy method for comparing incomes
and expenses between small and large agricultural
producers in Albania; the graphical method - for the
graphical display of the results obtained; logical gen-
eralisation for summarising information on the state
of productivity of agricultural enterprises and the fac-
tors that affect it to identify areas for its improvement.
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The scientific research involves assessing the state
of labour productivity in agricultural and food produc-
tion, identifying factors that can positively affect the
increase in production and incentives for agricultural
workers, and elaboration of proposals for increasing
labour productivity in the agricultural sector of Alba-
nia. The presented study is carried out in three stages.
The first stage involved the application of the statis-
tical analysis. It allowed investigating the dynamics
of labour productivity and the share of employees
in the agricultural sector of Albania for 2018-2022.

To analyse the dynamics of the level of remunera-
tion of agricultural workers for 2018-2022, data from the
World Bank (Agriculture & Rural Development..., 2022)
and the Institute of Statistics of Albania (Statistics by
Agricultural sector..., 2022) were taken as a basis. Statis-
tical analysis of the import-export activities of Albania,
in particular, on trade in agricultural and food products,
was carried out based on data from the International
Trade Organization for 2019-2022 (Albania - Country
Commercial Guide, 2021). In the second stage, using the
analogy method and guided by data from the Food and
Agriculture Organization (FAO, 2022) the income and
expenses of small and large agricultural producers in Al-
bania for 2022 are compared. Using the graphical meth-
od, the data obtained during the research on the break-
down of land in Albania by purpose and the dynamics
of the employed population of Albania in the food and
agriculture industry are displayed in the form of charts
and graphs. At the final stage of the study, the approach-
es to the factors, the application of which would con-
tribute to the increase of production and productivity
in the agricultural sector of Albania, are summarised.

Based on the findings, the conclusions summarising
these results are formed, namely: proposals for increas-
ing the level of labour productivity are substantiated. The
application of the method of logical generalisation of the
results allowed determining further approaches to the
investigation of labour productivity in the current condi-
tions of development of the agricultural sector of Albania.

Other purposes 25%

Pastures and other types of land 15%

RESULTS

Given that Albania is in the process of acceding to the
European Union (EU), support for food and agricul-
tural development policies is crucial to prepare the
country’s agricultural sector to face the competitive
pressures of the EU single market. To maximise its
benefits in the EU single market, Albania is making
efforts to reform its food and agricultural policy. For
the last 17 years, the FAO, which has 195 members
and is a specialised agency of the United Nations, has
played an active role in supporting the development
of the food and agricultural sector in Albania. FAO di-
rects its efforts to ensure food security in the world
by providing people with regular access to sufficient,
high-quality food to enable them to lead active and
healthy lives (FAO, 2022).

FAO’s focus is on the transformation of Albanian
agriculture to support smallholder farmers and the
EU integration process. One of the main tasks is to
increase labour productivity in this area. Notably, an
increase in the agriculture productivity in Albania is a
source of increasing production volumes. In turn, the
improvement of production can lead to a reduction in
human labour costs for the manufacturing of products
and, as a result, to saving working time. This would
create preconditions for reducing the working hours,
working week, and the total number of working days
per year, extending free hours of agricultural workers,
and increasing their productivity. Productivity man-
agement in food and agricultural enterprises should
be carried out considering the issues that exist in this
sector and the factors that affect it. Food and agricul-
ture are one of the largest and most important sectors
for the Albanian economy and accounts for 21% of the
country’s gross domestic product, which is much high-
er than in the EU countries, where this sector main-
ly accounts for only 2% (Agriculture & Rural Devel-
opment..., 2022). The total area of Albania is 28,750
square kilometres. Agricultural land is a significant
part of the total area (Fig. 1) (FAO, 2022).

Agriculture 24%

Forests 36%

Figure 1. Distribution of land use in Albania for 2018-2022

Source: compiled by authors

Albania consumes more foreign agricultural pro-
ducts than it produces for export to other countries.
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Dependence on imported products has a negative im-
pact on domestic production, in particular, due to rising




prices for imported products. Thus, during 2019-2021,
there was an increase in raw material costs, as feed
prices increased by 50% in 2022, which was condi-
tioned by the shortage of grain and cereals caused by
the armed aggression of the russian federation against
Ukraine. This suggests the necessity to increase labour
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productivity to reduce the dependence of the agricul-
tural sector of Albania on imported products and to
increase domestic production and competitiveness
in foreign markets. Labour productivity depends sig-
nificantly on the number of people working in food
and agriculture (Fig. 2) (Albania Employment, 2021).

463.6

416.2

416.2

2021 2022

Figure 1. Dynamics of the employed population of Albania in food and agriculture for 2018-2022

Source: compiled by authors

The data in Figure 2 show that the number of
people employed in agriculture during 2018-2022
has a gradual downward trend. Generally, employ-
ment in food and agriculture in the country in Albania
in 2021 was 36.1% of the total number of employees,
which is 9.9% less than in 2014 (Agriculture & Rural
Development, 2022). Wages have a significant impact
on the attractiveness of working in the agricultur-
al sector. It is worth noting that the average gross
monthly wage in the agro-industrial sector in 2022
is EUR 331, which is the lowest level of remuneration

among other areas of activity and 47% less than
the average wage in the country (EUR 509). Howev-
er, during 2018-2022 there was a slight increase in
wages in the agricultural sector, which had a positive
impact on the volume of production. Labour produc-
tivity in the agricultural sector can be defined as an
indicator of output per employee. To analyse the dy-
namics of labour productivity, the deviation of the
indicators of the reporting and base periods should
be found (Table 1) (Statistics by Agricultural sector...,
2022; Albania Employment, 2021).

Table 1. Dynamics of employment, wages and volumes of agricultural products produced in Albania in 2018-2022

Increment

Increment Increment Increment

Indicator 2018 2019 +/- % 2020

+/- % 2021 +/- % 2022 +/- %

Annual salary. EUR  3.600 3.840 240 6.7 3.852

12 0.3 3.900 48 1.2 70 1.8

3.970

Annual production
volume. thousand
tonnes

9.221.4 9.376.7 155.3 1.7

9.480.9 104.2 11

9.4139 -67 -0.7 94522 383 04

Number of
employed workers.
thousands of
people

4623 4636 13 0.3 447

-16.6 -3.6

416.2  -30.8 -6.9 435 188 43

Number of
products produced
by one employee
(productivity).
tonnes

19.9 20.2 0.3 14 21.2

22.6 14 6.6 235 09 338

Share of the
change in the
production volume

99.2 115.9

54 76

Source: (Statistics by Agricultural sector..., 2022; Albania Employment, 2021)
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The data in Table 1 show that despite the decrease
in the number of people employed in agriculture,
the volume of products produced during 2018-2022
gradually increased. This had a positive effect on the
labour productivity index, which increased by 13.6%
over the entire period. The value of the share of the
change in the volume of production shows that under
the changes in labour productivity, the volume of ag-
ricultural production increased the most in 2020, but
decreased in 2021, which was mainly conditioned by a
decrease in the number of employed by 6.9%. In 2022,

this number increased again, which is a positive trend.
However, according to FAO, 72% of agricultural prod-
ucts are produced for domestic consumption, which
indicates the need to modernise this production, in
particular for small landowners (FAO, 2022). Small
business entities engaged in the production of agri-
cultural products in Albania prevail over large ones.
This negatively affects production costs and overall
productivity. Below, the authors compare the income
and expenses of small and large agricultural produc-
ers in Albania for 2022 (Table 2).

Table 2. Comparison of income and expenses between small
and large agricultural producers in Albania over the year 2022

Producers
Indicators

small large

The average size of the employed area. ha 0.4 1.7

Share of small farms in the total number. %. 74 24
Total income. USD 16.354 17.280
Cost of production per 1 ha. USD 4978 1.945

Costs of production value. % 32 28

Source: (FAO, 2022)

As is evident from Table 2, the share of small farms
engaged in the production of agricultural products and
food significantly prevails in their total number. At the
same time, the cost of production for small producers is
almost twice higher than for large ones, and production
costs are 3% higher. This advantage of small producers
over large ones is the main obstacle to increasing their
productivity and competitiveness and investing in the
modernisation of production. Thus, only 11% of small
producers have access to motorised equipment,only 50%
of small owners can apply fertilisers on their fields, and
48% of the area is irrigated, making agricultural produc-
tion highly dependent on precipitation, especially dur-
ing the summer growing season.To increase agricultural
production and labour productivity, it is necessary to re-
organise producers by merging them and creating larger
enterprises to increase production and efficiency. It will
also reduce costs and increase the competitiveness of
Albanian agricultural products in foreign markets. Re-
ducing labour and production costs will encourage an
increase in product profitability. Among the existing
challenges in the agriculture and food sector that have
a negative impact on productivity are high rates of mi-
gration from rural areas, low technological levels of pro-
duction,and insufficient financial support for small busi-
nesses. Only 0.2% of small farms receive loans for their
development, while their investments in the develop-
ment of production reach 32% of their value (FAQ, 2022).

The government of Albania constantly provides fi-
nancial support to the agricultural sector, which pos-
itively affects production. Thus, the financial support
programme for 2017-2021 identified agriculture as one
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of the priority sectors. During this period, about EUR
193.2 million was invested in the regions of Albania to
support agriculture and economic entities entering the
markets. In 2018, the total budget allocation for the ag-
riculture and food sector reached EUR 43 million, which
is significantly higher than the average expenditure over
the previous 10 years (about EUR 25 million per year).
The total amount of budget support for the agricultural
sector in Albania is about 18% of the total amount of
subsidies for all types of economic activity (Agriculture
& Rural Development..., 2022). The impact of national
support on the income of greenhouse and dairy farms
is positive. The consequences of such impacts were
analysed in three main areas: greenhouse vegetable
cultivation, apple cultivation, and dairy production. Ac-
cording to studies conducted by the FAQO, in 2019, reve-
nues for greenhouses increased by 30%, apple cultiva-
tion - by 9.4%, and dairy products - by 69% (FAQ, 2022).

It is necessary to expand support for the develop-
ment of agriculture and food industry because it can
solve the issue of providing production with the nec-
essary technologies and improving the quality of land
cultivation, which would improve fertility and produc-
tivity in this sphere. Along with these shortcomings in
the development of the agricultural sector, the profita-
bility of the sold products and the interest of workers
in increasing productivity are negatively affected by
the establishment of low prices for the sold products
in Albania. For example, the export of tomatoes from
the country is estimated at USD 0.5 (EUR 0.48) per
kilogramme, while Italy exports the same product to
the UK for USD 2.4 (EUR 2.3) per kilogramme, which is




4.8 times more expensive than Albania (Albania - Coun-
try Commercial Guide, 2021). The import figures for Ita-
ly are given for comparison since this country has a de-
veloped agricultural sector similar to the Albanian one.

Summarising the above, it is necessary to note that
despite the fertility of Albania’s lands and favourable
natural and climatic conditions for the development
of the agro-industrial sector, the productivity of agri-
cultural and food enterprises faces such problems as:
high dependence of production on imported products;
a decrease in the level of the employed population,
and low wages in the agro-industrial sector compared
to other types of economic activity in Albania; the pre-
dominance of the number of small producers in their
total number, the profitability of production of which
is lower compared to large producers; and insufficient
level of state financial support for the agro-industrial
sector. The mentioned issues are the grounds for find-
ing ways to improve the production of agricultural and
food products with the aim of increasing labour pro-
ductivity in this sphere and improving the competitive-
ness of agricultural products in foreign markets

DISCUSSION

The analysis of the state of labour productivity in agri-
culture and food in Albania showed that this sphere is
promising in development and should become a prior-
ity for the government of the country, in particular, for
the allocation of financial support, which can be direct-
ed to stimulate workers in the form of wages, provid-
ing production with the necessary equipment for land
cultivation, improving irrigation, which will increase
their productivity. The results obtained in the course
of the study suggest that the proposals are aimed at
increasing the production of the agro-industrial sector
and improving the conditions for development in order
to increase the participation of Albania, as a member of
FAO, in ensuring food security in the world. Production
efficiency management is a process that improves the
productivity of employees of the enterprise, company,
and other business entities, and also allows achieving
better results in production (Qureshi et al., 2012; The
Effectiveness of Performance..., 2019).

The importance of increasing the efficiency of rice
cultivation to ensure food security in the world was
underlined by Indonesian researchers N. Nurliza et al.
(2017). The results of the study proved that labour pro-
ductivity depends to a greater extent on the desire and
interest of employees to perform their work. A similar
argument is expressed by Thai researchers J. Angsukan-
janakul et al. (2019), who argue that to improve produc-
tivity in the agricultural sector, the professional devel-
opment of employees or managers who are of high value
to organisations is necessary. The authors conclude that
obtaining the necessary knowledge in the agricultural
sector and continuous training of employees is essen-
tial for increasing the productivity of the enterprise.

Singj et al.

The paper reports on the low level of wages in
the agricultural sector and the need to raise it. The
same opinion is shared by the Indonesian researchers
G.P.Pratama and N.Hermina (2022), whose study shows
the impact of bonuses to the basic wage on the perfor-
mance of employees of the agricultural training centre.
Another factor,which affects the performance of employ-
ees is the work discipline factor. Workplace discipline
requirements are established to improve employee eth-
ics and productivity in the company. The analysis of ag-
ricultural production demonstrated that it is important
to observe environmental friendliness in production,
which will preserve the quality of the land on which
the products are grown and increase their competitive-
ness in the EU markets. This conclusion is supported in
the study by Romanian researchers V. Burja et al. (2009),
which cite the characteristics of the two most com-
monly used environmental management systems pro-
moted by EU legislation, and stresses the need for their
adoption by Romanian agricultural enterprises to im-
prove compatibility with EU environmental regulations.

Agreeing with the opinion of the Indian scien-
tist S. Shevade (2022), it should be stressed that with
the growth of the world’s population, the struggle for
natural resources is also growing, which will lead to
pressure on agricultural production of food, energy,
and other various high-value products. The author ar-
gues that with the increasing concern about the en-
vironmental impacts associated with the needs of a
growing population, a life cycle assessment system in
agriculture is rather important. However, the lack of a
consistent approach to the impacts of some resources
that are important for agriculture (e.g., land and wa-
ter use) complicates this analysis. The role of environ-
mental protection in the production of agricultural and
food products was stressed by the Brazilian scientists
E.Lopes et al. (2021), who argue that executives respon-
sible for the technical and administrative management
of productivity in agriculture are looking for solutions
based on environmental efficiency. Such measures in-
volve resource consumption and waste generation with
minimal harm to the environment.

It is necessary to consider the results of the study
by Brazilian scientist G.S. Medina (2019), who analysed:
the degree to which the Brazilian government priori-
tises conservation in its agricultural policy budget;
what existing agro-environmental measures effectively
ensure environmental conservation; what are the op-
portunities for improving existing policies to address
current environmental challenges.

The researcher argues that despite agri-environ-
mental mechanisms having gained benefits, they make
up only 5.8% of the American, 5.75% of the European,
and 1.25% of the Brazilian agricultural policy budgets.
Key resource conservation issues remain unresolved,
such as water and nutrient management, landscape
level management, soil quality and biodiversity loss in
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Europe, where bird and farmland populations have de-
clined by over 40%. It is therefore necessary to increase
investment in environmental protection to ensure that
agricultural production remains competitive.

The study has proved that the increase of labour
productivity in agriculture and food is positively influ-
enced by the financial support of this sector by the state.
Such arguments were also expressed by Thai scientist
T. Laiprakobsup (2019) regarding the impact of govern-
ment support for rice cultivation aimed at increasing its
production in the country and achieving self-sufficien-
cy. The researcher argues that the less likely the gov-
ernment is to impose tax barriers on the rice sector and
price controls in Southeast Asia, the greater the likeli-
hood of rice production growth in the long term. The
study concludes that increasing the level of mechanisa-
tion of production contributes to the growth of produc-
tivity in the agricultural sector. A similar opinion is sup-
ported by and the American researchers H. Takeshima et
al. (2020), who points out that mechanical technologies
can increase the production of crops grown in hetero-
geneous agro-ecological conditions.

Chinese scientists J.Q. Peng et al. (2022) underline
the fact that the level of mechanisation has a significant
positive impact on the cost of production, income, and
profitability of all types of crops. For every 1% rise in the
level of mechanisation, the yield of grain crops increases
by 1.6%. Therefore, the author recommends increasing
subsidies for the purchase of agricultural machinery and
improving the capacities of farmers to use new tools to
extend their service life. The study emphasises the nega-
tive impact of rising world prices on agricultural produc-
tion and proposes to reduce dependence on imported
raw materials used in this sector. The economic conse-
quences of higher fertiliser prices for 64 representative
crop farms are analysed by American scientists J Out-
law et al. (2022). At the same time, Serbian researchers
N. Njegovan and M. Tomas-Simin (2020) analysed the
impact of inflation and prices on agricultural and food
products as a complex phenomenon and examine their
causes and consequences. In particular, authors pointed
out the importance of demand, which causes inflation
in less developed countries and leads to higher food
prices, further putting pressure on wage growth, which
is usually not a consequence of productivity growth.

The presence of causal relationships between agri-
cultural imports, agricultural productivity, and econom-
ic growth is evidenced by the findings of the African
scientists E.N. Mwangi et al. (2020). The paper empha-
sises the need to reduce the number of small busi-
nesses by consolidating them to increase productivity.
At the same time, Bulgarian researchers H. Harizanova
and R. Terziyska (2021) note that small farms have an
important place in the agricultural sector of Bulgaria.
The impact of various factors brings out a variety of op-
portunities for the development of such farms, suggest-
ing that some farms will make efforts to improve their
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economic viability. However, as noted by the Italian sci-
entists C. Cidon et al. (2021), regardless of the size of
production, consolidating the practices of various en-
terprises, public support and knowledge networking in
the agricultural sector are crucial.

The analysis of the productivity management of
agricultural enterprises revealed that productivity de-
pends on many factors and indicators, in particular,
the size of the enterprise, the qualification of employ-
ees, the use of innovative and advanced technologies,
etc. Enterprise productivity management is crucial for
boosting its competitiveness. According to the Chinese
scientists Y. Huo et al. (2022), the balanced scorecard is
commonly used in many areas due to the comprehen-
sive and objective characteristics of performance man-
agement. The scientists analysed the problems faced
by agricultural enterprises in productivity management
and its application in innovations in productivity man-
agement of agricultural enterprises, which will contrib-
ute to long-term development.

The analysis of the above-mentioned studies con-
firms the conclusions and proposals presented in this
paper regarding the improvement of labour productiv-
ity management in agricultural and food enterprises
in Albania. To enhance the productivity of agricultural
and food enterprises, it is necessary to focus on rais-
ing the wages of workers, mechanising production, and
expanding the area of irrigated land. This will raise
the competitiveness of Albania’s agricultural and food
products to a new level and increase its exports to the
world markets.

CONCLUSIONS

According to the objective set in this paper and based
on the analysis of the state of productivity in agricul-
tural and food production in Albania, the following
proposals are formulated. To encourage employees
of agricultural enterprises, it is proposed to increase
wages at least to the level of the average wage in the
country, which will boost employment in this sector.
The expediency of applying innovative technologies
and mechanisation in the production of agricultural
products has been substantiated, as it will simplify
the process of land cultivation and harvesting, expand
the area of irrigated land and increase their fertility,
reduce production costs, and increase the volume of
production. The study revealed the positive impact of
budget financial support on the productivity of agri-
cultural enterprises and proved the need to increase
such assistance, which will contribute to the growth
of production for export. The comparison of agricul-
tural exports and imports highlighted the benefits of
reduced imports and the negative pressure on produc-
tion from higher commodity prices. The expediency of
consolidation of small enterprises was emphasised, as
it can reduce their production costs and increase the
profitability of agricultural products.
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Abstract. Presently, many enterprises are automating all processes in their
production, and the metallurgical industry is no exception. There are many
software products for industrial automation on the market today. Such
products allow bringing certain processes to a single management process,
displaying all processes and automatically monitoring performance
indicators, thereby assessing the effectiveness of the models implemented
in the enterprise and the operation of the entire enterprise in general. The
purpose of this study is to consider which production planning models are
currently used for manufacturing execution system (MES) and highlight
their features, specifically when implemented at metallurgical enterprises.
The study employed the following methods: analysis, synthesis,comparison,
graphical presentation of data. The information basis of this paper included
the studies of Russian, European, American, Asian specialists investigating
the implementation of an integrated management system (MES) in the
metallurgical industry. The results of this study allowed highlighting
the features of existing production planning models for manufacturing
execution systems (MES) in the metallurgical industry. This study is of
practical importance because it allows highlighting the major features of
various production planning models for manufacturing execution systems
(MES) in the metallurgical industry and based on a comparative analysis,
choosing the best one to implement at the enterprise. The results of a
comparative analysis of production planning models for manufacturing
execution systems (MES) in the metallurgical industry can also lead to the
fact that an enterprise may abandon one model that is already operating
in the enterprise and switch to a new, more progressive model that meets
all the requirements and development trends market in the steel industry
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INTRODUCTION
The purposes of digitalisation and the introduction of
information technology (IT) solutions at mining and
metallurgical enterprises are aimed at reducing pro-
duction costs, accelerating the introduction of new
products and services to the market, simplifying and
optimising interaction with participants in the value
chain and, consequently, increasing business profitabil-
ity. The purpose of automation is the need to set up
the continuous functioning of production processes.
According to researchers (Yang et al., 2021), the level
of digital maturity and activity of enterprises in the
mining and metallurgical sector is growing every year.

Currently, due to the automation of production, it
is possible to solve several problems at once: to set up
and configure the optimal modes of operation of tech-
nological processes; to support the smooth functioning
of the enterprise; to carry out activities aimed at im-
proving the quality of products, etc. As a rule, automa-
tion of production is based on a systematic approach to
all processes: heat engineering, environmental, metal-
lurgical,and managerial. The introduction of integrated
automation at enterprises running in the metallurgical
industry allows subordinating all components of the
enterprise’s activities to the main management centre.
According to Chehri et al. (2021), Gong et al. (2021), the
problem of the performance of an enterprise related to
the metallurgical industry is directly dependent on en-
suring environmental safety for the environment.

To increase the service life of capacities and mech-
anisms, it is better to build them considering the pos-
sibility of collecting data on their state. In this regard,
solutions using Big Data and loT technologies are ap-
plied, with the later integration of data with ERP (Enter-
prise Resource Planning) or MES systems (Manufactur-
ing Execution System) (Armellini et al.,2018). The use of
simulation modelling and end-to-end tracking allows
controlling the technological process to maintain the
specified product quality parameters and reduce costs.
The study by Shinkevich & Malysheva (2020) suggests
that online analysis of a large amount of data at each
stage, the development of a dynamic management of
reference information (RI) and mathematical modelling
provides a synergistic effect, which reduces operating
and technological costs. The level of automation of
the largest metallurgical enterprises today can be de-
scribed as quite high, although it cannot be said that
it corresponds to the latest technological trends. For
instance, MES, which links production resource plan-
ning, logistics processes, downtime monitoring, product
quality management, and other links in the value chain
in a single information space, is often built to satisfy
the interests of one side of the technological process
and does not consider the possibility of further integra-
tion and modernisation of systems.

When discussing the current demand for IT from
steel companies, Li et al. (2018), Xiaoa et al. (2021) are
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oriented towards digital solutions and services. But
digitalisation is impossible to implement without en-
suring the proper level of automation. Thus, the intro-
duction or modernisation of MES is one of the neces-
sary and obvious requests. Steady demand for software
solutions aimed at increasing the effectiveness of
managing logistics processes, as well as the sales and
purchases unit, is dictated by economic feasibility and
industry specifics.

Liu et al. (2021) suggest that digital technologies
allow the largest metallurgical producers to form their
ecosystems, unite the client network and contractors.
Metallurgical companies, traditionally considered B2B,
currently can reach their end customers directly and,
thereby, expand their business by entering new sales
markets, where they were previously represented
through intermediaries.

The studies by Verevka et al. (2021), Yanzhao et al.
(2020) indicate that digitalisation enables an acceler-
ated exchange of information and ensures the mutual
enrichment of companies with ideas, technologies, and
successful experience. In addition, they are multifaceted
intheir operation and can reduce costs in the production
of products. Furthermore, when carrying out the digital
transformation of an enterprise, it is important that all
its tools, including artificial intelligence, predictive ana-
Lytics, etc., can be distinguished, combined into a single
information system.One should not forget about the se-
curity of network technologies during their installation.

Thus, the purpose of this study is to consider which
production planning models are used today for manu-
facturing execution systems (MES) and highlight their
features, specifically when implemented at metallurgi-
cal enterprises. Research goals: to investigate all the
MES models available on the market and identify those
that are used for the metallurgical industry; to charac-
terise the selected MES models for the metallurgical
industry; to offer recommendations for improving work
related to production automation.

MATERIALS AND METHODS

The main approaches used in this study were theo-
retical (analysis, synthesis, comparison) and graphical
methods of presenting data. The basis for this study
was formed by the studies of European, American, and
Asian researchers investigating the issues related to
the digitalisation of industrial enterprises, namely in
the metallurgical industry.

The first stage characterised the MES system, iden-
tified the number of customers, contractors, and projects
currently available within the framework of the imple-
mentation of MES. Using the example of Interpipe, the
practices of implementing major projects within the
framework of the digitalisation of production was con-
sidered. Then the author of this study investigated the
products available on the market, which are being intro-




duced at industrial enterprises to automate production,
namely, at the enterprises of the metallurgical industry.
At the second stage of the study, several MES models
were selected for a comprehensive characterisation and
evaluation. The following models were chosen: AMES
metal,K.U.P.O.L.,Atlas MES,Symphony MES, 1C: MES,MES
PHARIS, Zenith SPPS (Special Payroll Processing System).

The second stage of the study was to provide a com-
plete description of each model: AMES metal,K.U.P.O.L.,
Atlas MES, Symphony MES, 1C: MES, MES PHARIS, Ze-
nith SPPS. For instance, Ausferr offers the implementa-
tion of the AMES metal model in different workshops of
a metallurgical enterprise, considering the specific fea-
tures of each of them. When examining the AMES met-
al model, the study considered its characteristics, the
objectives of the task, the functions, principles, and ad-
vantages of working in an enterprise. The effectiveness
of the implementation of this model and the platform
on which it runs were also assessed. When describing
the K.U.P.O.L. MES model, its characteristics were giv-
en, the possibilities, main components, and advantages
were highlighted. The third model considered in this
study was Atlas MES. When examining this model, its
characteristics, elements, purpose, tasks, and opportu-
nities were analysed. The next MES model under study
was Symphony MES. When examining it, the author
considered its features, capabilities, and advantages.

Next, the author singled out another model that is
often implemented at metallurgical enterprises - 1C:
MES. Its features of operation and the possibility of in-
tegration with different components were identified.
Another model that was considered is MES PHARIS. Its
features, functions, capabilities, structure, advantages,
and sources of information and data were highlighted.
The last model considered was the Zenith SPPS MES
system for the metallurgical industry. The features of its
functioning were highlighted, along with the reasons
for choosing it and its possibilities. Based on the char-
acteristics of these models, conclusions were drawn
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on how each model functions in production, with what
processes it is associated.

At the third stage,recommendations were proposed
aimed at improving the automation of production plan-
ning for production control systems (MES). These pro-
posals can be implemented not only at metallurgical
enterprises, but also at enterprises operating in other
industries. Whatever model of production automation is
chosen by the management of the enterprise, it allows
reducing costs, ensuring an increase in labour produc-
tivity, and reducing the amount of manual labour, both
when performing any operations in the production de-
partment and related to document flow.

RESULTS AND DISCUSSION

MES is an information and communication system of
the enterprise environment where production process-
es take place (Clemons, 2021). MES, which is being im-
plemented at the enterprises of the metallurgical indus-
try, can be described as a system capable of supporting
the implementation of the main ones in the production
process and enabling the maximum economic effect;
their functionality is related to the shop floor delivery
process (Zheng et al., 2021; Chen et al., 2021).
According to official data, there are currently 298
customers ready to implement MES systems, 196 con-
tractors, and 345 projects (“Interpipe”, 2021). The study
considers various production planning models for man-
ufacturing execution systems (MES) and the practices of
their implementation in enterprises. Using the example
of Interpipe, the practices of implementing major pro-
jects within the framework of the digitalisation of pro-
duction were considered. The main projects of Interpipe
as part of the digitalisation of production are presented
in Figure 1. The company is striving to move towards
the digitalisation of delivery methods and routes and
enable its customers to track the production of orders
online (“Interpipe”, 2021). Next, the study highlights
several MES models for metallurgical enterprises.

«Smart Factory implies order-by-order planning of production from the moment an order is placed to its receipt by the client, which
allows tracking the production in real time

J

«Smart Logistics is a “smart” supply management that allows reducing the loading inefficiencies and minimising the probability of errors )
by employees of the enterprise

J

Predictive Maintenance characterises the possibility of switching to preventive maintenance instead of planned preventive maintenance.
All the necessary data enters the common system, which allows analysing the state of the equipment at the given moment and deciding
on the works to be performed.

*Machine Vision is an automated inspection and control of the production

J
*Machine Learning is a diagnostic and identification of the product range and documentation parameters ]

*Smart Devices is a data retrieval tool for planning, control, and auditing.

- C-C-C0-<- 4

Figure 1. The main projects of Interpipe as part of the digitalisation of production (Interpipe, 2021)
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AMES metal is a full-featured production time
management system that has been designed for use
in enterprises running in the metallurgy industry. This
model considers the specifics of all production busi-
ness processes that occur at enterprises engaged in
the metallurgical industry. Apart from the main tasks
of production management, the system supports many
other functions that can expand its use in the enter-
prise (Ausferr, 2021).

The composition and principles of the functioning
of the system include: the implementation of enterprise
resource planning (ERP),the implementation of business
process management (Enterprise Asset Management:
EAM; Customer Relationship Management: CRM; Supply
Chain Management: SCM; Engine Control Module: ECM),
the implementation of management technological pro-
cesses (Distributed Control System: DCS; Supervisory

Control and Data Acquisition: SCADA), monitoring the
state of resources (Resource-aware Adaptive Scheduler:
RAS), implementing production dispatching (Dispatch-
ing Production Units: DPU), collecting and storing data
(Data Collection Agent: DCA), Implementation of Hu-
man Resource Management (HRM), Implementation of
Quality Management (QM), Implementation of Process
Management (PM), Implementation of Product Tracking
and Genealogy (PTG), analysis and evaluation of effec-
tiveness (Performance Appraisal: PA), implementation of
the preparation of production orders (OpenDocument
Spreadsheet: ODS), implementation of document man-
agement (DOC), and the implementation of information
management of laboratories (Laboratory Information
Management System: LIMS); people who work with these
processes: administrators, staff, managers (Ausferr,2021).
The features of AMES metal are presented in Figure 2.

eensure the planning of manufacturing products at the enterprise with the implementation of the most effective programmes within the
production cycle

scontrol the available flows of raw materials and components, from a material standpoint

*manage warehouses where the necessary materials and finished products are stored

emanage all processes directly related to production, operational accounting of production

eensure the generation and transmission of tasks for automated process control systems of units

« ensure the implementation of the process aimed at collecting and storing information, processing this information, and transferring it to
information systems

eensure online production dispatching and timely detection of emergency situations

technological operations, control to determine product quality

«implementat the automation of research centres by means of applying the methods of analysis of measurement system analysis (MSA) i
the work

emonitor the production process, exercise control, which is aimed at determining the status of orders, and manage the processes
associated with certification and shipment

*manage documentation, ensure its safety and the ability to quickly search for the necessary data

eanalyse the level of production efficiency, create reports to determine its effectiveness, and find options for optimisation

emanage employees, ensure a high level of personnel involvement in the decision-making process and their personal responsibility

eprovide the possibility of forming data samples for processing the relevant technological information to assess the state of the enterprise,
technological processes, etc.

emanage the information that accompanies the processes associated with production

eprovide product quality management, which would include the maintenance of protocols and data sheets of processes associated with ]

eensure the monitoring of the condition and wear of equipment, manage its maintenance and repair work

@ﬁ««(ﬁ(ﬁ(ﬁ(«(«(

Figure 2. AMES metal features

The main advantages of the AMES metal system
for enterprises in the metallurgical industry include the
content of such components, tested in real production,
which allow quickly and correctly adapting the solution
to the conditions of a particular object (Ausferr, 2021).

Next, the study highlights the effectiveness of the
use of AMES metal. Its most clear components are as
follows: the growth of productivity, the improvement
of logistics processes, the optimisation of stocks, the
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reduction of work in progress. All this leads to an im-
provement in economic indicators and allows forming
a positive image of the enterprise. This system allows
reducing the number of deliveries that do not meet
the requirements in terms of quality, by conducting a
complete quality control using modern statistical
methods in the work.

AMES metal works with several platforms that en-
sure its productive functioning in the enterprise. The




A'lnfo system enables productive management of regu-
latory and reference information.A'Info holds guides and
dictionaries specifically designed to help the industry
function more efficiently, allowing for significant pro-
ductivity. In turn, AUniPlat (Universal Platform) ensures
the development of a modern and efficient integration
structure. AQ cube represents an opportunity to ensure
the implementation of additional capabilities in the
management of the technological process of production
and product quality that would correspond to the needs
of a particular production. AMaterial also provides sim-
ilar opportunities. The systems described above have
a lot of practical use and the best equipment for the
quality management of certain projects (Ausferr, 2021).

The next MES model proposed for consideration is
called K.U.PO.L. (complex of production management
and organisation of logistics). K.U.PO.L. is a software
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environment that integrates engineering departments,
supply,warehouse,workplaces,and technological equip-
ment through the local area network of the enterprise
and allows effectively managing the production cycle
of product development (MES production management
system, 2021). Capabilities of the K.U.P.O.L. system are
presented in Figure 3.Its prominent level of integration
is focused on ensuring seamless database maintenance.
In addition, it allows efficiently managing production
processes. The implemented technical support func-
tionality allows sending reports online, and the availa-
bility of API (Application Programming Interface) allows
interacting with external software environments. One
of the many advantages of the system under study is
its multifunctionality, which allows using only the cur-
rently required functionality, and using other features
only as needed (Production process control..., 2021).

«ability to keep catalogues related to documentation on products, tools and equipment, in such areas as design and technological ]

epossibility of conducting preparation for the production of products for the electronic radio industry ]

ecarry out the development of production routes between the constituent links of the production chain

eregulate access to work in the system, according to the roles and qualifications of the enterprise personnel

eensure adherence to manufacturing routes and observe technological discipline at the enterprise

eapproval of the calendar schedule for the product before its placement in production

process, to be able to analyse the probable causes of failures

emaintaining inventory records of parts, components and finished products at the stages of manufacturing and preparing products

*keeping records of the number of substitutes used in the production of components, ensuring the preservation of contacts of their
suppliers

ecarry out the interaction of various types of technological equipment directly

eensure the safety of data on each stage of production of products, as well as on the details and components created as part of this ]
ecarry out integration with currently existing software environments ]

€L

Figure 3. Abilities of the K.U.PO.L. system

The components that the K.U.P.O.L. system works
with include production preparation, production man-
agement, and warehouse management. The ten key ca-
pabilities of this system (Fig. 4) make production more
flexible and improve process control. The advantages
that the system has are in its user-friendly interface,

which allows increasing the possibilities in terms of
penetration into the processes of enterprise operation
even without subject knowledge. Furthermore, Dipol
support allows customising the system to the needs
of the buyer at any time of its use (Production process
control ..., 2021).

«ability to draw up and comply with the technological route

«ability to provide traceability of processes, products, and suppliers

«ability to ensure the safe storage of products

eability to carry out high-quality planning of future processes at the enterprise

ability to provide data on production processes

«ability to keep track of the amount of inventory in warehouses

«ability to manage processes

«ability to automate workplaces and technological support

ability to provide direct integration with process equipment

«ability to integrate with the software environment of production
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Figure 4. Ten key abilities of the K.U.PO.L. system
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The next model is Atlas MES, which characterises a
system for automating production management (Atlas
MES, 2017). Atlas MES can be used not only in large
enterprises but is also focused on work in small and
medium-sized enterprises, where a product, as a rule,
goes through several units during its production. Thus,
for example, if a product is manufactured on a single
machine, then such a complex system is not required.
However, if the products pass 10-15 units, along with
different routes, then such a system can bring a tan-
gible effect, both economic, social, and other types of
effects. One of the key tasks of any production is to in-
crease productivity and improve product quality with-
out increasing the level of costs. Manual management
of processes related to production and orders reduces
quality,and therefore, it needs to be automated as much
as possible. For instance, MES-systems can measure in-
dicators, carry out planning, issuance, and distribution
of tasks, analyse the received data, prepare reports, etc.
Atlas MES includes five elements related to providing
technology guidance, carrying out work on modelling
technological processes, carrying out production plan-
ning, performing work with tasks from the contractor’s
perspective, performing work on collecting analytics re-
lated to production processes (Atlas MES, 2017).

As of the technical aspects of the model under con-
sideration, Atlas MES is a cloud-based system, which
makes it easy to deploy work and organise access to
the system in factories of any size. Furthermore, it is
possible to provide flexibility: any computer or An-
droid-based device can act as a worker’s terminal, due
to which the system is cheaper and easier to implement,
and therefore, the enterprise does not need to purchase
an expensive boxed solution and immediately invest a
lot of money in its implementation. The effect of the in-
troduction of Atlas MES, from an economic standpoint,
from the use of all the capabilities of this system is
several times higher than its cost. As for the future of
this system, the top priority for Atlas MES is, firstly, con-
ducting analytics in terms of automating this process.
Today, this system collects data, but the analysis of the
received data is carried out by people who then decide
based on their subjective assessment. The developers
of this model strive to ensure that Atlas MES not only
systematises information, but also can independently
analyse it, signal problems, and offer ready-made solu-
tions itself. In addition, the purpose of Atlas MES is to
implement an increase in the level of planning, in terms
of automating this process (Atlas MES, 2017).

The next model of the MES system is called Sym-
phony MES (MES production management system,
2021). It is an enterprise process management system
that can solve emerging problems related to synchroni-
sation, coordination, analysis, and optimisation of out-
put in real time.The system is very well-developed in its
essence and is one of the most competitive among MES
systems. The reason for this is its accounting features,
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the essence of which is to track each production el-
ement on the line online. In addition, it allows per-
forming the necessary calculations to understand the
process of manufacturing products at the moment. Its
principle of operation is to provide capacity planning
and continuous production support based on the re-
ceived information about the processes on the line,
the state of the equipment, the amount of remaining
resources, etc. Symphony MES allows working more ef-
ficiently with scheduling and combining it with super-
visory control (MES production management system,
2021). Furthermore, Symphony MES is a very versatile
system in its own way, as it allows it to be adapted to dif-
ferent production capabilities and business processes.

Next, the study considers the 1C: MES model (1C:
MES, 2021). The capabilities of this product are as fol-
lows: the implementation of production planning, pro-
duction dispatching, volume-scheduling, data synchro-
nisation, management of RI, factory orders, inventory
management. The Rl about the product is an initially
available set of data that allows better planning the
process of manufacturing future products. It consists
of two main components: planning of material costs (a
list of resources, materials, etc., used to manufacture
a product) and the production process itself. All the
necessary data is entered into the database and stored
there, simplifying the process of managing and con-
trolling production (1C: MES, 2021). One of the compo-
nents of this database is resource specifications, which
contain data, firstly, about the stages of production. In
the description of this process, route maps are actively
used, which is quite convenient both for understand-
ing the data and their subsequent use. The product
description methodology is identical to that used in
1C: ERP; therefore, when using it with 1C: MES, data
systems are synchronised. It is possible to create RI
and product compositions both using the interaction
of Product Data Management (PDM) / Product Lifecycle
Management (PLM) - systems with 1C: MES and us-
ing built-in products. The technological advantages of
this model lie in the fact that it was developed on the
latest version of the 1C:Enterprise 8.3 platform, which
allows it to achieve a prominent level of security and
efficiency both in terms of model generation and man-
agement, and when working in the system via the In-
ternet (1C: MES, 2021).

The blocks that the 1C; MES system includes are
provided below, in Figure 5.

One more model should be singled out - MES
PHARIS (MES PHARIS, 2021). This MES PHARIS (C)
model is @ modular production process control sys-
tem capable of solving all kinds of tasks that may face
employees of production, workshops, and production
sites, and can create and track the implementation of
production orders. In this regard, it is important to de-
termine some variables before the direct implemen-
tation of production, namely: who will be engaged in




its development, on what equipment and from what
materials. This system is one of the most used in
various industries, including metallurgy. The main
functions of MES PHARIS are shown in Figure 6. MES

Kurmanov

PHARIS provides the implementation of all functions
of the MESA MES model (MES PHARIS, 2021).

The modules that the MES PHARIS structure in-
cludes are shown in Figure 7 (MES PHARIS, 2021).

s production order portfolio management

eoperational planning of production

etransportation matrix

eproduction schedule calculation

eproduction scheduling

erescheduling of the production schedule

production dispatching

ecreation of production orders

swork with production terminals

shift production report
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equality assurance
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]
]
]
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]
]
]
)
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]
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erole-based approach to workplace organisation

Figure 5. Blocks included in 1C: MES

eensuring production order management

eensuring the nomenclature management

eproviding equipment and tooling management

eensuring the management of technical documentation and control programs

eensuring personnel management

eimplementation of production planning
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simplementation of maintenance and tracking of production
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eanalysis of the level of personnel training, as well as the serviceability of equipment
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Figure 6. Main functions of MES PHARIS

~data collection

«control over orders

«control over production processes

«control over the keeping of documentation

control of management programmes

epersonnel control

*monitoring the maintenance of production facilities

*design assurance

«image provision

D | W | W | WD | WD | WD | U | W | S

Figure 7. Main functions of MES PHARIS
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In practice, most often they start with the imple-
mentation of a basic system that can provide time-
ly information, and conduct production visualisation
with subsequent expansion to a full-fledged MES. MES
PHARIS is focused on ensuring the creation and main-
tenance of a single base of reference data, which con-
tains all the information necessary for the release of a
product: product characteristics; operations within the
technological process and their sequence; about mate-
rials for production, as well as the regulatory need for
them; about the equipment that is used directly during
production; about the time of equipment reconfigura-
tion when creating a product; about the requirements
for operators, etc. MES PHARIS can organise concentrat-
ed storage of programmes, which allows creating their
new versions in the future, or return to the old ones, if
necessary, at any time. MES PHARIS provides access for
users from any place to the data they require from the
documentation. MES PHARIS includes the creation of
client process screens, which makes this system even
more versatile and easy to use. These client process
screens have all the capabilities to be displayed on
almost any type of screen, even on ordinary personal
computers or terminals (MES PHARIS, 2021).

Among the tasks of MES PHARIS, assistance to the
operator at all stages of production also stands out.
Assistance in this case will be in the form of issuing
instructions on the implementation of the current
stage of work, displaying data on the operation of a
particular machine, and the above-mentioned submis-
sion of the necessary documents that are required at
this stage of production. This is especially important
given that the more information the operator receives,
the fewer mistakes they will eventually make, and the
less time they will spend on its implementation. One of
the best ways to organise data exchange is to use the
specialised EUROMAP63 protocol, which allows auto-
matically obtaining the necessary information about
the necessary parameters of the machine operation
process (MES PHARIS, 2021).

Next, the study considers the Zenith SPPS MES sys-
tem for the metallurgical industry (MES-system Zenith
SPPS, 2021). The system provides guarantees regarding
the continuity of the flow of information about all tech-
nological processes, while maintaining a constant high
level of staff awareness. The key reasons to choose the
Zenith SPPS MES system are the following: the need
to optimise the use of enterprise capacities; the im-
portance of maintaining consistent product quality;
the need to ensure transparency of processes related
to production; rapid implementation of the system into
operation; the need to ensure the growth of the sta-
bility of the production process as a whole. The results
of the operation of this system can be saved in several
types of formats, as well as to be source codes for fur-
ther analysis in other applications (MES-system Zenith
SPPS,2021).The features of the Zenith SPPS MES system
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are as follows: the presence of a high-performance
core, the presence of an ergonomic user interface,
networking (automation of the workplace of the shop
manager, supervisor of the production site, technolo-
gist), ensuring openness and flexibility, accessibility to
a wide range of enterprises. The use of the Zenith SPPS
system at the enterprise allows significantly increasing
the performance of the enterprise, namely, ensure the
growth of labour productivity; ensure an increase in the
equipment load factor; ensure a reduction in the volume
of work in progress; ensure an increase in the level of
“transparency”; improve the ability to control production
processes; ensure an increase in the percentage of de-
liveries made on time (MES-system Zenith SPPS, 2021).

All the models considered in this study suggest
that any software product related to production auto-
mation must consider the specifics of production, the
quality of resources, the age of equipment, the read-
iness of personnel to switch to modern technologies,
etc. Each of the models of production automation and
individual production processes considered in this
study has its specific features, its functions, advantag-
es, relative to similar models. The market is constantly
replenished with new companies that are developing
IT solutions for automating production in a particu-
lar industry, considering the specifics of production,
but also offering added support when implementing
their product in an enterprise. As suggestions aimed at
improving the automation of production planning for
manufacturing execution systems (MES), the following
can be proposed:

— before the implementation of automation in pro-
duction, it is necessary to train all personnel to work
within the framework of new technologies;

- introduce new equipment that allows imple-
menting all the tasks in the framework of production
automation;

- carry out constant monitoring and control of all
electronicsystemsthattransmitandprocessinformation;

- based on a comparative analysis of the charac-
teristics of MES models, choose the one that is most
suitable for the enterprise and considers the specifics
of not only the industry where it operates, but also the
production itself, its processes, and products manufac-
tured by this enterprise;

- conduct a continuous audit of the effectiveness
of the implemented model and, if efficiency decreases,
be able to switch to another, more progressive model.

These proposals can be implemented not only at
metallurgical enterprises, but also at enterprises oper-
ating in other industries. In any case, whatever model of
production automation is chosen by the management
of the enterprise, it allows reducing costs, increasing
labour productivity, reducing the amount of manual la-
bour, both when performing any operations in the shops
and related to document flow. The introduction of MES
systems is considered as a steppingstone towards the




creation of a high-tech manufacturing process. Due to
the uniqueness, individuality, and diversity of MES-lev-
el systems, most companies developing software prod-
ucts for industrial automation offer various solutions,
considering the characteristics of the production of an
enterprise in a particular industry. As of the cases, when
the MES system is indispensable in production, the
following positions can be distinguished: synchronisa-
tion, analysis, and optimisation during production are
required; it is required to obtain reliable information
promptly about production; if the enterprise carries out
many types of products, then, in this case, the process-
ing of large amounts of data is required.

CONCLUSIONS

The study analysed many MES systems. In general,
modern enterprises work with a large amount of data at
various levels of management, and therefore, the intro-
duction of automated systems is required. The efficien-
cy of production in such a case is directly dependent on
the well-coordinated work of many employees: person-
nel performing management functions, specialists who
work in the laboratory, operators, as well as on the level
of efficiency of the functioning of all means that carry
out the production process. MES provide an opportu-
nity not only to speed up the process of coordinating
data flows between ERP levels and automated process
control systems, but to help line operators optimise the
production process and reduce the number of errors.

Kurmanov

The integration of the MES system, as a rule, does
not require large expenditures, and therefore, there are
plenty of positive aspects from the introduction of the
MES system, which include the acceleration of produc-
tion activities by optimising various processes, the abil-
ity to improve product quality due to the possibility of
introducing necessary amendments to the planning of
the production process based on detailed information
about the production load and what raw materials were
used; increasing the productivity of technological equip-
ment, personnel, materials; increase in data processing
speed and many other indicators. As for what deter-
mines the choice of MES, it is not so much the choice of
the system that plays a role, but the choice of functions
used in it. The main criterion for choosing an MES mod-
el should be the focus on choosing a process with the
most problems (or vice versa — with the greatest oppor-
tunities for improvement). Thereafter, it is worth select-
ing such functions within the framework of the system
that allow influencing this particular process. Promis-
ing in subsequent research is to investigate the possi-
bilities of increasing the efficiency of one or more MES
systems, based on the disadvantages existing in them.
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Pi3Hi Mogeni nnaHyBaHHS ANna cUcTeM ynpasniHHA BUPOGHMNLTBOM
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Ka3axcbkui HaLioHaNbHUI [OCNIAHMLbBKMIA TeEXHIYHWI yHiBepcuTeT iMeHi K.l CaTtnaesa
050013, syn. Catnaeea, 22a, M. AnmaTtu, Pecnybnika KasaxcraH

AHoTauif. B gaHuii yac 6arato nignpuMeEMCTB aBTOMATU3YHOTb BCi NPOLLECUM HA CBOEMY BUPOOHMLTBI, METanypriiHa
ranysb He € BUHATKOM. CbOroAHi Ha pUHKY iCHYE 6€3/1i4 NPOrpaMHUX NPOAYKTIB AN aBTOMATM3aLii BUPOOHULTBA.
Taki NpoayKTM [,03BONSKOTb 3BECTM OKPEMI MPOLLECHM [0 EAMHOMO MpOoLEeCy YNpaBniHHS, Binob6paxaTu BCi npouecu
Ta aBTOMATUYHO KOHTPOJOBATU MOKA3HUKM ePEKTUBHOCTI, TUM CAMUM OLIHIOIUYM ePEeKTUBHICTb BNPOBAAXKEHUX HA
niANpMEMCTBI Moaenein Ta poboTy BCbOro NiANpUEMCTBA B LifIoMy. MeTO [aHOro AOCAIIXKEHHS € pO3rnsg Toro,
AKi Mofeni BUpPOOHMYOro NNaHyBaHHS BMKOPWUCTOBYHKOTbCS B JAHMI 4Yac AN CUCTEM YNpaBAiHHS BMPOOHULTBOM
Manufacturing Execution System (MES) Ta BMCBiTNeHHS ix 0cobnvBOCTei, 30KpeMa MNpu BMPOB3LXEHHI Ha
MeTanypriiHMx niLnpuemMcraax. B xoai pocnigxkeHHs 6ynm BUKOPUCTaHI HACTYNHI METOAM: aHani3, CUHTE3, MOPIBHSHHS,
rpadiyHe npeacTaBieHHs AaHux. IHdopMauinHow 633010 JaHOI pobOTM CTanM [OCNIAXKEHHS €BPONENCHKMX,
AMepUKAHCbKMX, asiaTCbkux (axiBuiB, WO AOCAIOXKYHOTb MNUTAHHA BNPOBA[XEHHS [HTErpoBaHOI CUCTEMM
MeHemxMeHTy (ICM) B MeTanypriliHin ranysi. PesynbtaTv AaHOro AOCAIGKEHHS AO3BOAMAM BUAINIUTM 0COBNMBOCTI
iCHYOUMX Moaenel nnaHyBaHHS BUPOOHULITBA AN CUCTEM YNPaBiHHS BUPOOHULTBOM (MES) B MeTanyprinHin ranysi.
[aHe pocnimkeHHS Ma€e NpPakTUYHE 3HAYEHHS, OCKiIbKU [03BONSE BUAINUTU OCHOBHI 0COBNMBOCTI pi3HUMX Mogenew
BMPOOHMYOro MAaHYBAaHHA AN CUMCTEM ynpaeniHHS BMpobHuutBoM (CYB) B MeTanypriiHii ranysi Ta Ha OCHOBI
MOPIBHSANBHOIO aHanisy BM6paTh HalKpaLly 3 HUX A5 BNPOBaKEHHS Ha MiANPUEMCTBI. Pe3ynbTaT NOpiBHSAABHOIO
aHanisy Moaenei BUpOOHUYOro NIAHYBAHHS 415 CUCTEM YNpaBfiHHA BUpo6HMUTBOM (MES) B MeTanypriiHin ranysi
TaKOX MOXYTb MPU3BECTU A0 TOro, WO MigNpPUEMCTBO MOXE BIAMOBMTUCS Bif OAHIEI MOAeNi, IKa BXe NpaLtoe Ha
NiANPUEMCTBI Ta MeperTU Ha HOBY, OiNbll NpOrpecuBHy Moaenb, siKka BiAMNOBILAE BCIM BMMOraM Ta TEHAEHLIAM
PO3BUTKY PUHKY B METANYPrilHiN ranysi

KniouoBi cnoBa: MeTanypriiHe nignpueMcTBo; uudposa TpaHcdopmauis; IT-iHppacTpykTypa; aHani3s BENUKUX JaHUX;
6i3Hec-npouecH
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the main approaches to the assessment of the quality of life of horses in
old age. The study employed the following methods: analysis, synthesis,
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methods of early detection and treatment of oncological diseases. It
was found that the most common causes of death were diseases of
the gastrointestinal tract, followed by diseases of the musculoskeletal
system and reproductive system, and oncological diseases. Among
the latter, tumours of the pituitary and thyroid glands, melanoma,
sarcoidosis, lymphoma, squamous cell carcinoma (SCC) prevailed - up
to 60% of oncological sick horses. It was summarised that quality of life
assessments, including evaluation of factors related to health, activities
of daily living and mental well-being, are useful in informing decisions

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



122

Specific features of using life quality assessment tools for geriatric horses...

regarding management, health care and euthanasia. The results of this study can be used by equestrian
professionals, farmers or veterinarians to help them choose the safest and most beneficial care for horses

Keywords: veterinary medicine; treatment; oncology; disease; euthanasia

INTRODUCTION

Over the last century, the role of horses in modern soci-
ety has changed. Working-user horse breeding has lost
its importance, while at the same time the demand for
sports and prize horses has increased. There is a grow-
ing trend towards more applied roles, including intel-
lectual horsemanship.In developed countries, the use of
horses for recreational rather than commercial purpos-
es is common. For example, according to C.M. McGowan,
more than one-third of horses are used for recreational
purposes, about one-third are used mainly for equestri-
an sports and shows, and the remaining 20% are used
for hippotherapy and other purposes (McGowan, 2011).
J.L.Ireland et al. (2011) characterise the relationship be-
tween people and animals as unique and strong, due to
the long-term interaction between owners and athletes.
Thus, the role of horses as recreational animals has
been negligible for the past few decades. C.M.McGowan
and J.L. Ireland (2016) in a research survey of 50,000 US
households found that 38.4% of owners keep their
horses for family and children, and more than half
56.5% - as pets, 5.1% - use only economic criteria.

R. Bushell and J. Murray (2016) claim that during
a Dutch survey of horse owners, 47% of respondents
named horses as their partners. In Great Britain, a 15-
year survey of horse owners found that about 60% of
the animals were used for recreation and sport, and
30-40% were kept as companions. About 25% of horse
herds aged 15 and over kept their horses until old age
or natural death, according to a survey of owners. M.K.
Mueller et al. (2018) argue that most owners of elderly
horses are concerned not only about their health and
well-being, but also about the ability to maintain a
high quality of life. Owners’ interest in the health and
well-being of their ageing animals is reflected in vet-
erinary care, with the number of hospitalised horses
steadily increasing. Thus, during the ten-year observa-
tion period, there was an almost six-fold increase in the
total number of hospitalised horses from 2.2% to 12.5%.

S. Popescu et al. (2014) established that getting
older, horses are more likely to suffer from chronic dis-
eases. Given the above, when horses getting older, it is
necessary to assess and maintain the quality of life of
such animals. The state of health is often equated with
the quality of life, therefore, the creation of a system
of standards for its assessment is established in risk
groups starting from 12-15 years of age.

Considering the increase in the average age of
sports horses, for recreation, companions, the question
arises of ensuring the quality of their life. Given the rel-
evance of this issue, the goal of the research was to
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determine the main approaches to studying the quality
of life of horses in old age in the process of analysing
the results of fundamental research on this issue. Ac-
cording to the set goal, the following tasks have been
established for the horses of the geriatric group: to
analyse the role of owners and veterinarians in deter-
mining the quality of life (QoL); to investigate the fac-
tors of QoL assessment to determine the importance of
daily activities; to determine the relationship between
mortality and key factors of euthanasia in horses of the
geriatric group according to QoL parameters.

PREPARATORY RESEARCH ANALYSIS

In world practice, a protocol Animal Welfare Indicators
(AWIN) is used to assess the well-being of horses on
farms, being aimed at improving animal welfare by de-
veloping practical protocols for assessing the well-be-
ing of horses (Equus caballus): selection of potential
welfare indicators; elimination of gaps in knowledge;
consultation of interested parties; testing the protocol
prototype on the farm (Dalla Costa et al., 2015). M. Long
et al. (2022) in their research, focuses on comprehen-
sive studies of the shortcomings of the welfare of hors-
es, requiring the application of basic welfare criteria for
evaluating animals in modern horse breeding.

The study by E. Dalla Costa et al. (2017) describes
the created digital application AWIN Horse, it allows
farmers, veterinarians, zoo technicians to determine in-
dicators included in the AWIN protocol, which provides
visual feedback on the well-being of horses, empha-
sises positive conditions and establishes comparisons
with a reference population. According to M.M. Ratz
et al. (2021), the well-being of horses of the geriatric
group is assessed by the condition of the individual, the
degree of satisfaction of needs, the absence of discom-
fort, physiological and biochemical indicators, animal
behaviour, and the level of productivity.

Z.Raw et al. (2020) developed nine protocols con-
sisting of 19 indicators of equine welfare based on Equid
Assessment, Research, and Scoping (EARS). F.D. McMil-
lan (2005) determined the indicator of the duration of
hunger by weight, weight formula, visual assessment,
and body condition score (BCS), this criterion is based on
the monitoring of weight and hunger, since obesity is as
much a welfare problem as underweight, and some an-
imals can become obese when hungry. M.0O. Zakharenko
etal.(2021) consider the criterion of the absence of long-
term thirst, which allows one to assess the level of de-
hydration based on the skin test, the dryness of the mu-
cous membrane, and the “bucket of water” drinking test.




M.M. Brosnahan and M.R. Paradis (2003) describe
the criteria for comfortable rest and thermal comfort,
based on the duration and quality of sleep, the abil-
ity to lie on the side than in the supine position of
the sternum, and the optimal temperature conditions
of keeping, which affects their well-being and produc-
tivity in animals’ geriatric group. M. Wisniewska et al.
(2019) in their study, note an important criterion easy
movement of horses in sufficient space, because loco-
motion plays a key role in the positive physical and
mental health effects. A.B. Miller et al. (2021) empha-
sise the widespread one-box keeping of horses, finding
that confinement endangers their well-being, especial-
ly in geriatric individuals.

N. Jarvis (2021) reports that more than 70% of
horses over 20 years old have age-related diseases
that require special care, reduction of respiratory and
cardiovascular functions before intense exercise, prob-
lems with thermoregulation, including assessment of
body weight, hydration status, and pain indicators. T.
Doherty and A. Valverde (2008) provides an estimate of
the quality of life of horses of the geriatric group un-
der different conditions of keeping, especially when it
is a question in making veterinary decisions regarding
the euthanasia of chronically ill and old animals. The
criterion for identifying injuries is characterised by the
appearance of age-related changes in hair colour, hair-
less spots, skin lesions, swollen joints and tendons, a
sensitive back, and lameness.

According to E. Boldt (2022), in horses of the ger-
iatric group, it is mandatory to take care of the legs
with the use of anti-inflammatory drugs for the joints,a
thick layer of litter, installation of light horseshoes for
comfortable movement. The criterion for the absence
of diseases in horses is the absence of behavioural pain
syndrome, the presence of ectoparasites, unhealthy
hair, faecal contamination, cough, abnormal breathing,
discharge from the eyes and nose, changes in the col-
our of the mucous membrane, and limb abnormalities.
P.M. Dixon and I. Dacre (2005) point out the impor-
tance of dental health, horses’ teeth continue to grow
throughout their lives, but the rate of wear exceeds
growth, wearing them down to the point of being una-
ble to chew dry hay and straw, so geriatric animals are
more often fed grass from pastures, grass pellets wheat
flour, beet pulp, crushed grain, which are soaked in wa-
ter and given in the form of thick or liquid porridge.

According to B.M. Hopka et al. (2011), the main
problem for older horses is loss of condition, which is
facilitated by dental conditions, parasite control, chron-
ic diseases, reduced absorption of nutrients, and loss
of appetite to the point of anorexia. F. Napolitano et al.
(2008) reveal in his work the essence of the expression
of social behaviour of horses, as highly social herd ani-
mals, considering the important role of being in a group.
Moreover, with age, suppression of the emotional state
of fear, suffering and apathy is possible in horses.
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D. Bedenice and A.L. Johnson (2022) determined
that the level of trust in people affects productivity
and behaviour, strengthening the fear response, posi-
tive emotions of security and satisfaction. D. Butler et
al. (2019) established that in the practice of veterinary
care for ageing horses, the concept of integral indica-
tors of QoL is used, borrowed from the medical practice
of human geriatrics, where QoL includes special tools
approved for monitoring the impact of pain, chronic
diseases and age-related changes on the quality of life.
QoL is also used to determine the success of treatment
and other interventions. Despite the frequent use of this
concept both in medicine and in veterinary medicine, a
single consistent definition has not been developed in
veterinary medicine.

S. Dyson (2002) characterises modern attitudes to
the quality of life of horses QoL.There are objective and
easily measurable indicators of physical health, as well
as subjective indicators of psychological state (PS) and
total enjoyment of life (TEL). They are defined as objec-
tive complex indicators of QoL, PS and TEL. The owner
(caretaker) and a veterinarian who regularly treats hors-
es over the age of 20 must participate in the assessment.

M.M. Pudgorotsky et al. (2019) reported that
health-oriented quality of life assessment tools relat-
ed to specific conditions and diseases were developed
primarily for use in small animal medicine in dogs and
productive farm animals. The requirements of hors-
es are markedly different from those of small animals
and livestock, so previously published tools for these
species cannot be directly extrapolated to assess the
quality of life of horses. Investigation of the problems
of well-being, maintenance, and use of older horses for
the preservation of high sports results in athletes of
various levels is gaining relevance.

BASIC ASPECTS OF HORSE WELFARE

The analysis of literary sources indicates an increase in
the life span and term of use of horses of all directions
in most countries. Unsurpassed results are currently
being observed in the US Equestrian Association. Bal-
lynoe Castle RM horse, which is a mixture of Belgian
Warmblood and Irish Thoroughbred, after reaching the
age of 15, was included in the 4™ place in the compo-
sition of the USA team at the World Equestrian Games
(WEG) in 2010 and 2014. In 2015, “Reggie” continued
to win many top-level competitions, but in 2016 he
stopped competing. Thoroughbred Arabian endurance
horse “Haji Karev Omar” covered 8,575 miles in 170 rac-
es at the American Endurance Ride Conference (AERC).
“Smart Snap”won the National Show Horse Association
and Equestrian Congress titles from members of the
Galbraith family, and the 17-year-old bay gelding now
competes in France, Italy, Germany and Canada, winning
nearly 150 races (Dalla Costa et al., 2014).

As a general rule,if having proper training and man-
agement, competition horses can continue to compete
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at the highest level well into their older years, often in
the range of 15-20 years. The same trend was observed
in studies of horses of amateur equestrian organisa-
tions for 2014-2019. From the studied herd, 31.3% of
horses belonged to the older group at the age of 15
years and older. The share of horses in the older group
increased from 60% to 77.8% when the height of the
obstacle was higher than 80-110 cm. Older horses had
an advantage over younger horses on all routes. In the
course of the study of the correlation between the age
of the horse and the indicators of sports use, the val-
ue of older horses was also confirmed. This indicator
increased from +0.192 to +0.694 correlating with an
increase in the height of obstacles (Koskinen, 2014;
Fenner et al., 2019).

The loss of the importance of working-utility horse
breeding, given an increase in the role of applied and
intellectual, the predominance of the use of horses for
non-commercial purposes and proper veterinary care -
increases the average life expectancy of horses. There
is some disagreement about which horses can be con-
sidered old. Not so long ago, a horse at the age of 8 was
considered old, in some publications the maximum age
of a horse was equal to 25 years, but today the percep-
tion of the age of horses has changed radically. At the
2012 London Olympics, of the 74 horses that competed
in the triathlon, 23% were over 15 years old, with the
oldest being 20; in dressage competitions, 24% of the
50 horses were over 15 years of age, including two of
the three prize winners. In the USA, from 7 to 15% of
sports horses are over 20 years old, while 63% of them
still perform at various sports events, 10% participate
in international competitions (Egenvall et al., 2006).

A number of physiological changes are associated
with ageing in horses: metabolism, insulin-like growth
factor 1 (IGF-1), endocrine and immune and respiratory
functions, aerobic capacity for exercise, cardiovascular
tone decrease. Changes in the structure of muscle fibres
are observed, animals become less hardy and tolerate
intensive training worse. Control of cardiac activity is
an important element of health control, especially for
sports horses, in which the percentage of cardiovascu-
lar diseases is 61.5%, and when getting older, the effi-
ciency of the heart muscle decreases and diseases of
the cardiovascular system develop, therefore the heart
rate increases and the animals sweat more actively.
Young horses have a high physiological reserve, the
ability to quickly recover, which is confirmed by their
ability to adapt to loads. Horses of the geriatric group
have problems with thermoregulation, so after training,
the animal’s normal body temperature is restored slow-
ly (Briceno et al., 2018).

The morbidity of cardiovascular system organs
in horses older than 10 years for 2018-2020 is 55%,
6-7 years - 48%, 3-4 years - 20%, and in two-year-old
animals only 5%. In sports horses, pathology of the
organs of the cardiovascular system was noted much

Scientific Horizons, 2023, Vol. 26, No. 1

more often in 61.5%, less often in training horses -
15.4%, inseminators - 15.4%, and mares - 7.7% (Sobol
et al., 2020). Maintaining health and establishing high
QoL indicators of horses is impossible without monitor-
ing the state of the cardiovascular system in the geriat-
ric group of animals, this parameter can provide some
measure of health-related quality of life in horses. As-
sessment of individual or combined health indicators
will not be sufficient for the geriatric group, so although
weight loss or obesity may affect the risk of morbidity
and mortality, the BCS assesses this problem partial-
ly. The problem of assessing the subjective parameters
PS and TEL can also imperfectly give an adequate as-
sessment of the horse’s quality of life. Veterinarians are
effective evaluators of equine health, although owners
have more experience with individual animals and can
significantly influence psycho-emotional well-being.
Long-term ownership of geriatric horses tends to in-
crease,and most owners are responsible for the day-to-
day care of such an animal a long time. Thus, compared
to veterinarians, owners have much more knowledge
about their animal. As research has shown, they are fa-
miliar with the character, behaviour,and daily routine of
their animal, have a heightened awareness of the im-
portance of external factors from the standpoint of an
individual animal.

QoL depends on the individual’s perception and in-
terpretation, leading to several forms of personal bias.
The owner’s perception of the quality of life and factors
affecting the dependence of anthropomorphism or an-
thropocentrism, therefore, the owner, and the veterinar-
ian must participate for a comprehensive QoL in geriat-
ric horses. The vast majority of owners believe that their
geriatric horses have a good or excellent quality of life;
however, increasing age of the horse is associated with
a decrease in QoL rating, from the owner’s perspective.
Welfare issues were named the fourth most important
health issue affecting geriatric horses in a large survey
of Australian owners. Among the largest horse owners
in the Netherlands, 99.6% said that good health is an
indicator of good well-being. Existing problems with
health and increasing age of horses were negatively as-
sociated with quality of life because they were assessed
by owners, not corresponding to QoL factors.

Mortality rates increased with age and varied
greatly between breeds. Survival analysis showed that
the average age of registered horses was 18.8 years.
Joint problems are the most common cause of death or
euthanasia (Hemsworth et al., 2015). Research into the
causes of death in thoroughbred horses, conducted be-
tween 2008 and 2012, showed that the most important
causes of death were fractures due to skeletal muscle
damage, abdominal crisis, intestinal torsion or stomach
rupture, and respiratory pathology. For example, arthri-
tis common in geriatric horses is found in many sport
horses, in some cases the disease in the herd exceeds
70% (Hemsworth et al., 2015). The aetiology of arthritis




varies, ranging from infections to complex fractures. In
the event of pathology, animals are given preventive
cryotherapy sessions, which are especially effective
in the acute phase of the disease, trauma, or sudden
relapse. Cryotherapy sessions are carried out in the
first three to four days, the actions contribute to the
removal of the pain effect in the affected area, reduc-
tion of swelling, cessation of inflammatory processes.
For example, pneumonia in horses represents a signifi-
cant number of cases of pulmonary bleeding caused by
physical activity.

ASSESSMENT OF THE QUALITY OF LIFE
OF HORSES AFTER SUCCESSFUL TREATMENT

The state of health after successful treatment of dis-
eases with significant changes of about 18% in chron-
ic forms is considered by owners to be a priority for
the QoL of geriatric horses (Hotzel et al., 2019). In ad-
dition, QoL is an important factor in the owner’s deci-
sion-making regarding options for long-term treatment
or euthanasia of the horse. In the assessment by the
owner of the QoL of a geriatric horse, the main role is
played by the state of health, therefore, a larger share
of owners performs significant factors influencing the
QoL: full balanced feeding according to age groups and
health status; comfortable maintenance (especially sta-
bles, shelter in pastures, warmth, presence of rugs, etc.);
the presence of other horses, because horses in nature
live in small social groups; veterinary care (preventive
health care, improvement of symptoms by providing ef-
fective analgesia. The owners focused no less attention
on curative and preventive measures to support QoL:
regular exercises, their intensity and variety, frequen-
cy of performance, gentle driving. Activities of daily life
(ADL) is a key component in the assessment of QoL
in geriatric individuals, lower scores for ADL were ob-
tained in horse riding in association with increased risk
of mortality, insist on the degree of restriction accord-
ing to the effect of normal ageing (Hotzel et al., 2019).

Considering the age factor, the mortality rate in
geriatric horses increases with the transition to older
groups of animals: among horses 10-12 years old, it is
4-6 cases per 100 animal units. At the age of 15-20,
the rate is 9-11 people per 100 animal units; from 20
years old - 35-42 per 100 animal units. In many studies,
the reported causes of death or euthanasia in geriatric
horses are largely similar to some variation depending
on the population. During the post-mortem patholog-
ical examination of breeding horses over 15 years of
age, the most common causes of death were diseases
of the gastrointestinal tract, musculoskeletal system,
and reproductive system. For horses over the age of 20,
various oncological diseases prevailed. The percent-
age of oncological diseases and tumours as causes of
death was more than 16% in horses 15-20 years old,
up to 22% in horses over 20 years old. Thus, subclinical
signs of pituitary and thyroid tumours were observed in
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70% of older horses, in grey horses older than 15 years,
about 80% suffered from melanoma. The most common
type of neoplasm is sarcoid - an oncological disease
diagnosed in 39.9% of horses, compared to other can-
cers. According to the American statistics of neoplasms
of horses, neoplasia, which is a common type of cancer,
is diagnosed in the range of 45-80% compared to other
cancers. SCC is a skin cancer with a prevalence of 60%
(Taylor & Haldorson, 2013).

Serious injuries, incurable bone diseases are com-
mon causes of death in horses of various ages, thus fa-
tal limb fractures have been recorded in animals older
than 5 years and a small part of geriatric horses, which
have non-traumatic diseases of the musculoskeletal
system with fatal consequences. In horses of the ger-
iatric group, important moments of QoL are preserva-
tion of ADL, PS, and TEL, but quite often the disease of
the musculoskeletal system becomes a direct cause of
death or euthanasia (De Sousa et al., 2017).

Approving decisions regarding euthanasia, owners
of geriatric animals take into account concomitant dis-
eases, signs of ageing and exhaustion, noting specific
diagnoses. The number of animals euthanised due to
old age and concomitant disease for 2018-2022 was
26.8%,the number of horses with age-related problems
was 8.4%, due to an accident or serious injury was 4.2%.
In the US, old age is the most common cause of death
or euthanasia, with 29% of deaths in animals older than
6 months and 2/3 in horses older than 20 years. Old
age is the most common reason for horses to be unable
to ambulate, stand on their own, climb unaided, or can
stand but not walk. For horses over 30 years of age, the
percentage unable to move is 10.4%, which is a seri-
ous welfare problem. Advanced age is not considered a
specific cause of death, but a significant increase in age
with massive signs of ageing affects the owner’s de-
cision regarding treatment options for geriatric horses
(De Sousa et al., 2017).

The economic factor is quite a strong reason, be-
cause the cost of keeping geriatric horses, with the
costs of treating associated diseases, can make the
owner likely to choose euthanasia, compared to expen-
sive or long-term treatment. In cases where geriatric
horses were found to have incurable concomitant onco-
logical and musculoskeletal diseases with pronounced
pain syndrome, 43% of the owners made decisions on
euthanasia. For financial considerations, the decision to
euthanise was influenced by insistence for only 2% of
owners (Ireland, 2020).

Therefore, the state of health of the oldest horse
will be an important determinant of its quality of life
and health. The attention of veterinarians provides
many opportunities to evaluate their patients using
the Health-Related Quality of Life index (HRQolL). It is
important to understand that the index includes more
than a thorough clinical examination. Assessment of
animal’s health status will primarily involve assessing
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the impact of specific clinical features or physical lim-
itations caused by the disease, such as pain or fatigue,
whereas HRQoL measures are broader, including men-
tal and social well-being.

The most common causes of death or euthana-
sia were diseases of the oncological, gastrointestinal
tract, musculoskeletal system, and reproductive system.
Among the latter, oncological diseases of the pituitary
gland and thyroid gland prevailed - 70%, melanoma -
80% of grey horses, sarcoidosis - 40%, lymphoma - 45-
80%, squamous cell carcinoma - up to 60%. Quality of
Life assessment includes health-related factors in daily
life activity and mental well-being, useful for inform-
ing decision-making and management, health care and
euthanasia, ensuring maximum longevity while pre-
serving QoL. Equine welfare instruments are defined by
environmental condition or health scores, BCS, hydra-
tion, lameness pain, and cardiopulmonary parameters.
Parameters can be a measure of health-related quality
of life, but assessment of individual or combined pa-
rameters may not be sufficient for geriatric horses. For
example, weight loss and obesity are common in older
horses and can affect mortality risk.

CONCLUSIONS

Given the conducted analysis, the issue of ensuring the
quality of life of horses of the geriatric group, related
to the change in the social role of horses, the loss of
the value of working animals, the reproductive value
and the increase in the role of intellectual horse breed-
ing, for non-commercial purposes, was considered. Such
changes led to an increase in the level of veterinary
care and a corresponding increase in life expectancy,
and an increase in the average age of horses, especially
amateur animals.

If relatively recently, sports horses aged 8 years and
older were considered age-matched, now horses over
15-18 years old are successfully performing, even at the

international level.Older horses can have various health
problems, but the factors affecting their well-being and
quality of life are higher than in younger animals. Cur-
rently, there is no varied tool for assessing the quality
of life of horses in animals of any age. However, in horse
breeding, many medical resources borrowed from the
preventive and therapeutic actions of humans or small
animals are used, which should be included in detail in
the assessment of QoL for horses of the geriatric group.
Veterinary surgeons actively discuss quality of life with
owners, conducting a comprehensive QoL assessment
in older animals. The well-being of horses of the geriat-
ric group is realised in the process of care, feeding and
maintenance, as the owner and the veterinarian.

As a result of the study, five main factors of the
most effective ways to improve life expectancy and QoL
indicators and reduce mortality in the geriatric catego-
ry were determined: full and sufficient feeding while
maintaining the recommended BCS parameters; ensur-
ing optimal ADL performance based on use, breed, and
individual characteristics, including equine and human
interactions, varied exercise, and economical riding;
creation of comfortable housing conditions - shelters,
dens, blankets, blankets, bedding; conducting cryother-
apy maintenance therapy vibrotherapy, cryotherapy,
manual therapy, horseshoe therapy, therapeutic and
preventive exercises, magnetotherapy, phototherapy,
shock wave and ultrasound therapy; use of modern
methods of early detection and treatment of onco-
logical diseases. In future studies, the analysis of the
dependence of the life expectancy of horses on their
nutrition and methods of treatment can be deepened
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of the future; digital supply system; the future of the food market; the growing role of environmental, social,
and corporate responsibility. An approach to assessing the state of category management at a trade and industry
enterprise is proposed, with the help of checklists for monitoring the state of provision of category management
and monitoring the assessment of the organisational effect in the field of enterprise category management.
The proposed approach to assessing the state of category management will contribute to the improvement of
approaches to planning, information, and analytical support and control over the main management processes at

the enterprise

Keywords: category management; management; industry; trade; retail; brand; social responsibility

INTRODUCTION

The COVID-19 pandemic has been replaced by martial
law in Ukraine. Their consequences may be most tangi-
ble and durable in the long-term prospect for consum-
er-oriented companies that were affected by the pan-
demic and war crisis. Today enterprises are developing
in the context of intensifying competition for target
markets, the emergence of new information and com-
munication technologies, new forms and distribution
channels, and the introduction of innovative services.
Therefore, they should work to anticipate the already
rapidly changing consumer needs to convincingly win
the consumer and create the necessary conditions to
ensure their loyalty to the company. Such an advanced
strategic maneuver can be considered the concept of
category management, which is increasingly penetrat-
ing Ukrainian business now. Usually, category manage-
ment is focused on obtaining effects from the product
categories, first of all, in the form of reducing the cost
of purchases, stocks, and, sometimes, optimising the
logistics costs, and therefore, becomes relevant for im-
plementation at enterprises of various fields of activity.

The first publications on category management be-
long to foreign authors, in particular J. O'Brien (2009),
manager of the international procurement management
consulting agency, published a book “Category Manage-
ment in Purchasing”. This was the first book about the
application of category management to non-retailers.

A. Sinha et al. (2013) proposed model that allows
solving strategic and tactical decisions of category
management in the activities of the trading enterprise,
but is not adapted to industrial management. Further
research was devoted to organising category manage-
ment functions within PSM, and integration between
the purchasing department and other business func-
tions in the process of purchasing category manage-
ment. Four cases of application in manufacturing com-
panies were considered (Heikkila et al., 2018).

Category management in e-commerce is mentioned
by B. Mihal¢ova & M. Pruzinsky (2014), describing the
preferences of stakeholders, summarising the results of
the study of category management in e-commerce and
presenting new categories that will increase the prof-
itability of this business. The scheme of distribution of
roles between participants of the 3D-system of catego-
ry management was considered by N. Mykytenko (2020),
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as it can be implemented in the activities of an enter-
prise of any field of activity. In addition, models describ-
ing the forms of organisation of production activities in
the conditions of probabilistic nature of demand were
developed and their implementation by strategies of
marketing interaction with consumers of products was
determined by T. Kuvaieva & K. Pilova (2021).

I. Yashchyshyna et al. (2020), revealed the features
of the social impact of corporate social responsibility
of mining enterprises. Such approaches are important
in the development of category management in the ac-
tivities of an industrial enterprise. The monograph by
V. Voronkova & N. Metelenko (2020) provided a com-
plete, systematic, and concise coverage of a wide range
of theoretical issues in the field of industrial manage-
ment, based on digital technologies.

The study of a new key performance indicator, Cat-
egory Conversion Power (CCP) is based on a unique
data set obtained through a real-time location system
(RTLS), which allowed the authors to collect behav-
ioural data (Pascucci et al., 2022). Despite the sufficient
number of studies, this problem remains rather under-
investigated today.

The purpose of the study is to analyse specific fea-
tures of category management at the trade and indus-
trial enterprises, create and test the method of evalua-
tion of category management in terms of global macro
trends that transform this concept in modern conditions.

Based on this goal, the following tasks were formu-
lated: 1) systematise the evolutionary path of category
management, highlighting the stages of its develop-
ment in trade and industry; 2) propose a system of in-
dicators for monitoring the state of ensuring category
management and evaluating the organisational effect
in the sphere of category management; 3) monitor the
state of security and evaluate the organisational effect
in the field of category management at trade and in-
dustrial enterprises in Ukraine; 4) identify global macro
trends in the transformation of the future of catego-
ry management. They also assume different toolkits,
which has been the focus of this study.

MATERIALS AND METHODS

The theoretical and methodological basis of this
study is the conceptual principles and methodological




approaches to the management of product catego-
ries that are highlighted by Ukrainian and foreign re-
searchers. Materials from periodicals and the Internet
resources devoted to the study of classical and modern
concepts of category management were also used. Sci-
entific and empirical methods like causal analysis and
synthesis, deduction and induction, systematisation
and generalisation, and system and process approaches
were also applied.

During the research, a complex of general scientific
and special methods was used: analytical and logical
generalisations - to systematise the evolutionary de-
velopment of category management with the selection
of stages of its development in trade and industry;
methods of comparative analysis and synthesis - to
clarify the specifics of category management in trade
and industry with reference to the classical model by
B. Harris; economic and statistical methods (sampling
monitoring, comparative and technical and economic
analysis, grouping) and the method of experimental
evaluations - for the development and approval of a
system of indicators for monitoring the state of ensur-
ing category management and assessing the organisa-
tional effect in the field of category management at real
enterprise operating in Ukraine; methods of marketing
and sociological studies (surveys) and methods of gen-
eralisation - for conducting the survey “The Future of
Category Management” and identifying global macro
trends in the transformation of category management
at modern enterprises.

Biliavska et al.

To test the presented scientific developments, a
survey was conducted, which included 163 respondents
aged 20+, of various social statuses, professional skills,
and positions from 64 enterprises of Ukraine, which
have different sectoral groups, forms of ownership,
number of employees, working conditions and technol-
ogies.The selected respondents gave voluntary consent
to participate in the survey and completed the ques-
tionnaires. For the offline survey, adults were selected
who voluntarily answered the questionnaire “The Fu-
ture of Category Management” In each questionnaire,
the respondent indicated consent to the processing of
personal data and answers provided.

RESULTS AND DISCUSSION

The problem of development of category management.
Category management is one of the concepts of man-
agement of a trade assortment based on the selection
of product categories in it, which is aimed at increasing
the business results of the enterprise, mutually bene-
ficial integration, and cooperation between all partic-
ipants of the goods movement system, the formation
of consumer loyalty and optimal satisfaction of their
needs. Initially, category management originated in
grocery retailing. Owners have found that they can un-
usually group goods and evaluate the range not as a set
of individual products, but as a product mix given the
key consumer views. But today, the field of application
of category management is no longer limited to retail
trade (Table 1).

Table 1. Evolution of category management

Period,
participants,
and stage

General characteristics of the stage and the main achievements of category management

1986, Apollo
Space
Management
System

Following the instructions of the Apollo Space Management System, the Schnucks supermarket chain has set
aside more space in baby food sections. As a result, sales in these sections increased by 20%. Schnucks soon
began using the Apollo programme for all its categories, and in 1987 its main competitor left St. Louis. All
this led to the creation of a revolutionary idea: the store can increase sales, approaching the range not as a
combination of individual products, but as a set of certain categories or product groups.

1990, Procter &

Gamble, Efficient The stage is associated with Procter & Gamble, which in the early 1990s for the first time combined products in

Consumer
Response

the category not by the principle of production, but by their common properties for the consumer.

2000, Super- and
hypermarket
chains, Modern
retail

Mass use of technological innovations; introduction of unified approaches in the retail network to the
introduction of automation of accounting, storage of goods, control of transactions, etc.; offering unique
approaches to grouping the range of goods within the retailer; distribution of goods by groups, categories,
and SKU; dynamic advertising of goods and services; use of multi-channel communication in customer service

(television, e-mail, the Internet, mobile phones, etc.); the possibility of producing goods of its brand.

2013, Pharmacy  Ability to meet the needs of end consumers, to invest with maximum efficiency in strategic categories of goods,

chains, Pharmacy

and increase the loyalty of the end consumer to a particular brand of pharmacy chain or individual pharmacy.

2018, Industrial
enterprises,
Industry

Manufacturing companies need to respond quickly to changes in the market of a product and consider changes
in market needs. The same range of products that have been produced at the company for years should be
reviewed periodically. Tastes and needs change under the influence of scientific and technological progress, as a
result of new fashion trends, new views on human safety and health, and environmental protection.

Source: authors' own research
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In 1995, the Category Management Subcommit-
tee of the ECR Best Practices Operating Committee
and the Partnering Group Inc. published an impor-
tant study: Category Management Report: Enhancing
Consumer Value in the Grocery Industry (Basuroy et
al., 2001). As a result of the study, a cycle of category
management was developed, which consists of eight
processes: category definition, category role, catego-
ry assessment, category scorecard, category strate-
gies, category tactics, plan implementation, category
review. The proposed cycle became the basis for the
development of category management. C. Holweg et
al. (2009), based on an empirical study, demonstrated
the application of adjustments to the aspects of cus-
tomer service personnel,and how such employees sig-
nificantly affect the development of customer value.
An interesting approach to the study of category man-
agement was developed by J. Hall et al. (2010), which
described a multi-brand ordering and pricing model.
The authors proved that category management leads
to significantly higher profits than brand or margin.

In 2018, the authors published a paper explaining
the concept of category management, which is under-
stood as the development and implementation of the
technology management of the product range by using
information and innovation support, strategy genera-
tion,and methodical use of management tools for mak-
ing the key competence and ensuring the long-term
competitiveness of the enterprise (Y.Romat et al.,2018).
0. Rusak & T. Palamarchuk (2020) described territorial
marketing of agribusiness development in rural areas.
The researchers noted that the modern development
of agribusiness requires new approaches to solving
the issue of creating favourable conditions necessary
for independent and proactive work of various agrarian
enterprises in rural areas, but did not describe any of
the models of category management that can increase
the efficiency of the industry. The study suggests that
this may be the next stage in development of catego-
ry management. V. Khurdei (2021) identified the need
to develop and clarify the business process of catego-
ry management of trade enterprises, emphasised the
need to introduce into the business process of category
management components related to the analysis, eval-
uation, and selection of suppliers; preparation for sale
and direct sale; marketing communications and analy-
sis of sales and customer satisfaction.

U. Motorniuk & I. Stelmakh (2021) suggest that the
problems of introducing category management at do-
mestic enterprises should be counteracted and solved,
as this would help increase the competitiveness of en-
terprises. The results obtained by S. Strapchuk (2019)
confirmed the fact that the few authors investigated
the application of category management in the field
of trade in medicines. The heterogeneity of customer
behaviour in supermarkets depending on the use of
means for carrying things investigated by N. Larsen et
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al. (2020) demonstrated the relationship between con-
sumer segmentation and category management in re-
tail. The volume of products sold depends on the avail-
able equipment, the area of the trading floor, and the
location of product categories.

In the study by J. Cadeaux & L. Yee (2013), a struc-
tural equation model was developed, which was ap-
propriate to interpret in the activities of an industrial
or pharmaceutical enterprise because it showed how
heterogeneity of category sales can affect both the
category assortment and the distribution of inventory,
and hence, in turn, the category performance. M. Goic
et al. (2015) provided reports on how some category
management exclusively from the standpoint of retail
trade, and the proposed model for assessing the rela-
tive effectiveness of categories was aimed at achieving
business processes and the mission of the enterprise.

The general scheme of the process of product cat-
egory management at the trade enterprise is presented
in Figure 1. The entire process was divided into three
blocks of operations. The preparatory stage of defining
product categories is the starting point of the activity
of the category manager, which depends on the cor-
rectness and vector of movement of further actions re-
lated to the management of the product category. The
most important is the second stage of implementation
of category management - the definition of the list of
roles that will be used within the assortment matrix
adopted at the enterprise. The role of the product cat-
egory is a very important stage for consumer coopera-
tion with retailers. Depending on the relevance of the
product and its popularity, stores allocate the necessary
square meters, and shelves, apply different approaches
to advertising, develop discount systems, and the con-
sumer pays attention to the product in any case.

The process of determining the role of certain
products can be divided into the following stages:
clarification of the role of a particular product for the
company, which will be used within the existing as-
sortment matrix of the company; indication of roles for
each category of goods; division of resources among
the developed categories based on these roles. Thus, it
can be concluded that the implementation of category
management is reduced to two main steps: 1) develop-
ment and application of a categorical strategy,namely a
document that includes analysis of the supplier market,
prime cost analysis, analysis of total costs,and develop-
ment of strategic decisions on methods of procurement
of materials and principles of selection of suppliers;
2) creation of a categorical team of an inter-functional
project group that solves the problem of supply chain
management to a certain product category.

The development of organisational and economic
mechanism for ensuring the innovative development of
retail trade requires a comprehensive consideration of
internal and external factors of the system under study,
the creation of strategies and programmes to increase




the innovative potential of its participants, their active
interaction, the development of an organisational and
economic mechanism for ensuring the innovative de-
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velopment of retail trade, increasing the use of inno-
vative technologies, generating ideas and transforma-
tions (Hrynko et al.,2021).

Block I. Preparatory

¥

1. Definition of product category

v

[~ ——— P categorising goods in with use of a tree of consumer

Definition of product categories, principles of

decisions

Block II. Research and analysis

v

2. Definition of the role of product category in
assortment policy

3. Estimation of a product category

4. Assessment of the goals of the product category
5. Development of product category strategy

v

Determination of the place of the product category
based on the results of the analysis of market prospects
and consumer behaviour; analysis of the potential of
the product category based on the received
information about consumers, suppliers and
competitors

Block Ill. Implementation

v

6. Work on the tactics of the product category

7. Implementation of product category plans

8. Adjustment and control over the implementation of
the project of product category

—® management at the enterprise

Development and implementation of tactical measures
in the field of assortment and price policy; assessment,
monitoring, and adjustment in the process of category

Figure 1. The scheme of the process of product category management at the enterprise

Source: compiled by the authors

The specific features of the pharmaceutical market
are the subject of study by many researchers, but little at-
tention is paid to the development of product categories
of medicines.N.Prytulska et al.(2022) defining the modern
pharmaceutical market Ukraine and the world includes
the production of medicines, dietary supplements, medi-
cal cosmetics, hygiene products, and medical devices, in-
cluding medicalknitwear,children’s goods,medicalequip-

ment, but not structured in detail by product categories.

In the paper by A. Vitiuk et al. (2018), the research-
ers asserted trends in the development of the pharma-

ceutical industry require innovative approaches, name-
ly the principles and features of category management
can be such an area in pharmacy. Table 2 presents a
step-by-step comparison of category management in
trade and industry. Notably, unlike in the field of trade,
the separation of product categories in an industrial
enterprise is based on the principle of common sourc-
es of supply or proximity of the characteristics of the
purchased goods. While in retail, product categories are
distinguished based on the study of expectations and
their perception by consumers.

Table 2. Comparative characteristics of category management in trade and industry

Elements of category

Retail (wholesale) enterprise
management

Industrial enterprise

Category management
purposes

Satisfying the consumer’s final
needs in product categories

Optimisation of costs related to purchasing and sale

Category management as a

Management approach value-oriented approach

Categorical approach to production

Focus of activity Final consumer

Internal or external customer

Subject of management Category manager

Category team

Selection of a class of

goods Food or non-food items

Basic and auxiliary materials

Selection of a group of
goods (examples)

Groceries, bakery products,
household chemicals

Components, materials, semi-finished products, fuel, raw materials
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Table 2, Continued

Elements of category

Retail (wholesale) enterprise
management

Industrial enterprise

Selection of a category

of goods (examples) Baking, milk, washing powder

Fabrics, knitwear, non-woven materials, natural and artificial leather,
suede, artificial and natural fur, accessories, decorative materials

The number of categories in the
store is determined depending
on gross profit and turnover

Balancing the
assortment by width

It is determined by the specifications of the finished product and the

need for auxiliary materials or raw materials

The number of products in

the middle of the category,

by brands, manufacturers,
properties

Balancing the
assortment by the depth

Possible management by the procurement department with the
participation in the category team of representatives of customer units

Balancing the

assortment by height Price offers

It is determined with the participation of customers and considering

the company’s policy on procurement

Basic, priority, periodic, unique,

Roles of categories .
convenient

None

Analysis of product range,

Type of analysis market, suppliers, logistics

Analysis of product range, market, suppliers

processes
Merchandising Sales promotion tool None
Staff/sales training Sales promotion tool None
Advertising campaigns Sales promotion tool None
and promotions
Tools for increasing the
average check: up-sell, Sales promotion tool None

down-sell, cross-sell

Determining the pricing

policy of sales, pricing Setting the selling price

None, because neither basic nor auxiliary materials are sold, and

therefore have no selling price.
The buyer manages only the purchase price of the materials

The most important key
performance indicator (KPI) of
trade, which reflects the speed
of implementation, the number

of frozen funds

Turnover analysis

Used for management analytics and illiquidity control

Development of supplier

management strategy Supply management system

Supply management system

Source: developed by the authors based on Brubakken et al. (2020); Dandage et al. (2019); Landale et al. (2017);

Sangka et al. (2019); Zuhaira & Ahmad (2021)

Moreover, not all tools of category management can
be fully applied in the work of industrial enterprises.
Classic tools such as assortment analysis by role, depth,
width, and height, marketing, merchandising, advertis-
ing campaign planning, and trade margin management
are unacceptable in the industry. Due to the limitations
in the application of management tools, it makes sense
to talk about the use of the category approach in the
industry,and not the entire set of management capabil-
ities of category management. Moreover, at an industri-
al enterprise, the goal of category management in the
procurement process is being reformatted to meet the
needs of end consumers to optimise costs because pro-
curement in such enterprises is not focused on external
consumption, but on internal use.

In general, the use of a categorical approach in both
trade and industry is very useful because it allows retail-
er so: personify approaches to the purchase of different
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categories of goods; overcome the problem of applying
only cost analysis without considering other factors in
the process of evaluation and selection of suppliers; for-
malise the approaches adopted by the company to the
purchase of certain categories of goods, exclude the in-
terpretation of the performers; involve representatives
of other functional units in the development of strat-
egies by category. In addition, if in trade the category
manager bears full responsibility for the management
of the product category, then in industry technological
processes impose their nuances on the management of
the assortment of the category, which is why it is advis-
able to form category teams of engineers, technologists,
marketers, analysts, IT specialists, etc., who will provide
consultations on specialised procurement, supplier
management, and product category market analysis.

Algorithm for the development of category man-
agement. Nowadays, there are enough methods to




evaluate category management in retail, but none to
evaluate it in an industrial enterprise. It is expedient
to carry out the analysis and estimation of parame-
ters of category management through control sheets
of monitoring a maintenance condition of category
management and monitoring the assessment of the
organisational effect in the field of category manage-
ment of the enterprise.

Each of the proposed indicators is assessed on a
scale in points, where 3 — work is conducted in full and
meets the requirements of the documentation; 2 - work
is not conducted in full, there are remarks (remarks are
made in the checklist); I - work is conducted in the
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minimum volume; 0 - work is not conducted. The signif-
icance coefficients are summarised based on an expert
assessment by 42 employees who are involved in cat-
egory management processes in 20 enterprises of both
trade and industry. The state of the provision of catego-
ry management can be assessed based on the Table. 3.

Gathering and aggregating information to assess
the organisational effect, the experts, first of all, choose
the factors of dominant influence. The study of their im-
pact on category management provides a conclusion on
the expediency of their grouping to more fully identify
the existing reserves of economic growth, which may
take the form of a single matrix (Table 4).

Table 3. Monitoring of the state of provision of category management

No Indexes Significance Estimate, T, Significance of
: ratio, P, point* the factor, Szab
1 Status of completeness and quality of implementation of information 0.25
management processes of category management (Siz) ’
Status of completeness and quality of implementation of the processes of
2 ; 0.20
methodological support of category management (Smz)
3 Status of completeness and effectiveness of the implementation of the 015
processes of resource provision of category management (Srz) ’
Status of completeness and quality of implementation of technical support
4 0.20
processes of category management (Stz)
Status of completeness, quality, and effectiveness of the implementation of
5 L 0.20
the processes of organisational support of category management (Soz)
Provision of category management z

Note: The proposed methodology involves filling out control sheets of monitoring of a condition of maintenance of

category management of the enterprise by the method of expert assessments by specialists in the relevant field (trade,
industry). Each of the proposed indicators is assessed on a scale in points

Source: developed by the authors

Table 4. Monitoring the assessment of organisational effectiveness in the field of category management

No. Indexes Significance Estimate, T, Significance of
ratio, P, point* the factor, Sef
1 Status of assortment management (Sko) 0.15
2 Status of defining the roles of categories (Skn) 0.20
3 Status of inventory management (Stb) 0.25
4 Status of management of work with suppliers (Std) 0.20
5 Status of selection of categories and subcategories (Svd) 0.20
Organisational effect in the field of category management z

Note: The proposed methodology involves filling out control sheets of monitoring the assessment of the organisational
effect in the field of category management of the enterprise by the method of expert assessments by specialists in the
relevant field (trade, industry). Each of the proposed indicators is assessed on a scale in points

Source: developed by the authors

As a result, a matrix for determining the state of
category management in industrial and trade enter-
prises is proposed. Like all classical models of strategic
planning, the matrix is a two-dimensional table, where
axis X reflects the monitoring of the state of catego-
ry management, and axis Y monitors the evaluation of

organisational effectiveness in the field of catego-
ry management. The authors propose to evaluate the
specified criteria by calculating Szab (1) and Sef (2):

Szab=0.25"Siz+0.20*Smz+0.15"Srz+
+0.20"Stz+0.20" Soz Q)
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where Szab - status of category management; Siz -
status of completeness and quality of implementation
of information support processes of category man-
agement; Smz - status of completeness and quality of
implementation of the processes of methodological
support of category management; Srz - status of com-
pleteness and effectiveness of the implementation of
the processes of resource provision of category man-
agement; Stz - status of completeness and quality of
implementation of the processes of technical support
of category management; Soz - status of completeness,
quality, and effectiveness of the implementation of the
processes of organisational support of category man-
agement. 0.25; 0.20; 0.15; 0.20; 0.20 - corresponding
coefficients of the weight of indicators.

Sef=0.15"Sko+0.20%Skn+0.25*Stb+0.20*Std+0.20*Svd (2)

where,Sef-organisational effectinthefield of personnel
management; Sko - status of assortment management;

Skn - status of defining the roles of categories; Stb -
status of inventory management; Std - status of man-
agement of work with suppliers; Svd - status of selec-
tion of categories and subcategories. 0.25; 0.20; 0.15;
0.20; 0.20 - corresponding coefficients of the weight
of indicators.

Thus, category management should be considered
as a management technology aimed at supporting, sub-
stantiating,and improving the effectiveness of manage-
ment decisions in the field of enterprise management,
and ensuring its purposes. The proposed approach to
assessing the state of category management will con-
tribute to the improvement of approaches to planning,
information, and analytical support and control over
the main management processes in the enterprise. To
assess the probability of support and development of
strengths and eliminate weaknesses in category man-
agement, it is advisable to use the results of calcula-
tions of indicators of probability and the development of
strengths and the elimination of weaknesses (Table 5).

Table 5. Matrix for determining the state of category management in enterprises

Monitoring the Criteria

assessment of

organisational Monitoring the state of category management

effectiveness in the
field of category ) Insufficiency I )
management Absence (0-1.5 points) (1.5-2.5 points) Availability (2.5-3 points)
The existing provision of category

Absence Category management is absent, management in the absence of the

(0-1.5 points)

Criteria

no attempts are being made to adjust it

organisational effect of category
management

Low level of provision of category
management, adequate opportunities
for the development of category
management

Insufficiency
(1.5-2.5 points)

Average level of category management
at the enterprise

Sufficient level of the management
system of category management with
its practically absent or low level

Availability
(2.5-3 points)

(;Ig:tée\:;l Ideal state of
Jo category management
management

Source: developed by the authors

The results of application of the algorithm. In the
current conditions of operation, most enterprises of the
country face problems in ensuring the efficiency of the
use of resources. To investigate the practical aspects of
implementing category management at trade and in-
dustry enterprises, the state of category management
at Sika Ukraine LLC, Epicenter K LLC, Auchan Ukraine
Hypermarket LLC, and Obolon JSC was analysed using
the methodology proposed above (Table 6).

Considering Table 6, it is possible to ascertain the
low level of organisation and provision of category
management of the industrial enterprises (Sika Ukraine
LLC and Obolon PJSC) compared to retail enterprises
(Ashan Hypermarket Ukraine LLC and Epicenter K LLC).
The most vulnerable aspects are the informational
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and methodological support, the state of selection of
categories and subcategories, and the distribution of
roles of product categories. Thus, from the standpoint
of the product category management algorithm (Fig. 1),
the block of research and analysis is less developed in
terms of determining the role of the product category
in the assortment policy of the enterprise, analysing the
potential of the product category based on the received
information about consumers, suppliers, competitors.

According to the matrix for determining the state of
category management at the enterprise (Fig. 2), Auchan
Hypermarket Ukraine LLC has an ideal state of catego-
ry management development, Epicenter K LLC has an
average level, and Sika Ukraine LLC and Obolon PJSC
have an existing provision of category management




in the absence of the organisational effect of catego-
ry management. This once again confirms the signifi-
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cant unused reserves for the development of category
management at the specified industrial enterprises.

Table 6. Generalised results of monitoring the state of security and assessment of the organisational effect in the field of
category management at trade and industrial enterprises in Ukraine

]

o = o - [ = o - [}
) £ £ £ £ £ s g £
£ g %% & %% & %% 2 B%
= ) = e < aw TR
g Ll o .~ K O, K U, K O .-
£ g 8§88 ¢ 5L ¢ & £ &8
[ © v O © (VAN v] ‘5;' v U © v U
e E £F F £8 § £8 £ £3
No. Indexes = 72 o 2 o 2 O 2 o
A w n w n w n n
Auchan
Ukraine Epicenter K  Sika Ukraine
Hypermarket LLC LLC Obolon PISC
LLC
Monitoring of the provision of category management
Status of completeness and quality of implementation
1 of information management processes of category 0.15 2 0.3 3 0.45 1 0.15 1 0.15
management (5iz)
Status of completeness and quality of implementation
2 of the processes of methodological support of category 0.2 2 0.4 2 0.4 1 0.2 1 0.2
management (Smz)
Status of completeness and effectiveness of the
3 implementation of the processes of resource provision of  0.25 3 0.75 2 0.5 2 0.50 1 0.25
category management (5rz)
Statu.s of completeness and quality of implementation of 0.2 3 06 2 04 2 04 ) 04
technical support processes of category management (Stz)
Status of completeness, quality, and effectiveness of the
5 implementation of the processes of organizational support 0.2 3 0.6 3 0.6 1 0.2 2 0.4
of category management (S0z2)
Provision of category management 2=2.65 2=2.35 2=1.45 2=1.40
Monitoring of the evaluation of the organisational effect in the field of category management
1 Status of assortment management (Sko) 0.15 3 0.45 2 0.3 2 0.3 3 0.45
2 Status of defining the roles of categories (Skn) 0.2 2 0.4 3 0.6 1 0.2 1 0.2
3 Status of inventory management (Stb) 0.25 2 0.5 2 0.5 2 0.5 2 0.5
4 Status of management of work with suppliers (Std) 0.2 3 0.6 2 0.4 2 0.4 2 0.4
5 Status of selection of categories and subcategories (Svd) 0.2 3 0.6 2 0.4 2 0.4 1 0.2
Organisational effect in the field of category management 2=2.55 2=2.20 2=1.80 2=175

Source: developed by the authors

Next, the study considers in more detail the global
macro-trends of the survey, which was attended by 163
respondents aged 20+, with different social statuses,
professional skills, and positions from 64 enterprises in
Ukraine, which have different sectoral groups, owner-
ship, several employees, working conditions and tech-
nologies (Table 7).

The radical changes that are already taking place
today in consumer markets have accelerated with the
onset of the pandemic and the conditions of martial
law in Ukraine. Thus, within the scope of this study, it is
expedient to consider the global macro trends revealed
as a result of the survey, which are transforming cat-
egory management: the store of the future; relevance

of the brand; digital supply system; future of the food
market; rapid growth of the role of environmental, so-
cial and corporate responsibility (Fig. 2).
Thus,according to global trends that have changed
the face of contemporary category management,
there is an undeniable fact that the world of physical
stores has gone into the past. It has been replaced
by an integrated store model with powerful innova-
tive technologies and the transition to omnichannel
functioning, providing meaningful value propositions,
perfect service for consumers, and strengthening the
role of environmental, social, and corporate responsi-
bility. The system of providing modern enterprises has
also transformed the activation of the ECR (Efficient
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Consumer Response), SCM (Supply Chain Manage-
ment) and CRM (Customer Relationship Management)
functions by establishing interactive interaction of
enterprises with permanent partners via the Internet,

building a system of forecasting expectations and be-
haviour models for consumers and rapid response to
them, implementing digital supply technologies, using
of smart contracts, etc.

Table 7. Analysis of the results of the questionnaire survey “The Future of Category Management”

Question Answer Number of % of answers
respondents
| buy products from companies that are conscious of the environment
d hel . 62 38
Please indicate to what and help protect it
extent you agree or disagree | choose products whose origin information is open and transparent 45 28
with such statements . . .
about the importance of | buy more biodegradable/environmentally friendly products 25 15
environmental friendliness | deliberately buy goods in ecological packaging or with minimal 27 13
in shopping. packaging
| practically don’t consider the environmental factor 10 6
Health benefits 43 26
Which features in these Made in your country/from local ingredients 38 23
product categories are you Eco-friendly/ecological packing of better quality 32 20
willing to pay more for? i : ; T
(Consumer goods, including Ethically produced trademarks are known for their ethical principles 30 18
food and beverages) Luxury brands 12 7
I'm not willing to pay more for any of the above 8 5
. Clearer selection of categories and subcategories 47 29
What will the development
of Category management Deﬁning the roles of Categories 39 24
at an industrial enterprise Category analysis and strategy definition 41 25
lead to?
Formation of tactics in work 36 22
Logistics 19 12
Merchandising 17 10
What areas of a category Procurement system 38 23
manager’s work do digital . .
technologies have a greater Keeping records of product categories 41 25
impact on? Financial activity 12
Project management 15 9
Cross-categorical analysis 21 13
Increasing the competitiveness of the enterprise 52 32
Attracting new consumers 57 35
What will the development . . .
The growing role of environmental, social, and corporate
of category management - 31 19
- L responsibility
lead to (in your opinion)?
Improving reputation and image 14 9
Brand development 9 6

Source: calculated based on the data of a questionnaire survey of 163 respondents from 64 enterprises in Ukraine

in May 2022

The digital supply system will continue to integrate
all relevant internal functions, such as merchandising,
category management, store operations, financial activi-
ties,andtaxation,and integrate the activities ofall supply
system participants,including suppliers, logistics organ-
isations, customers, and partners of innovative projects.

Many of the trends currently determining the fu-
ture of consumer markets O. Penkova et al. (2022) will
generally have a marked impact on the future of the
food market. The future of the food market will also be
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characterised by increasing personalisation, even exces-
sive,andambiguousattitudestowardsitbysomeconsum-
ers,as this degree of personalisation is achieved through
data collection and tracking of consumer behaviour.

Sharing the opinion D. Honcharenko (2021) even be-
fore the pandemic, there was a trend among consumers
to demand healthy and environmentally friendly health
and food products, and to limit the consumption of cer-
tain food groups and the use of food additives. The au-
thors’ consumer survey showed that half of the respond-




ents include more plant-based foods in their diets. It was
expected that this trend will intensify and gain momen-
tum.Therefore,according to the popularisation of healthy
food trends and a healthy lifestyle and considering the
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conditions of martial law in Ukraine, there is an increase
in consumer demand for healthy, organic food products,
pre-packaged products, and goods of local manufactur-
ers, produced from local components and ingredients.

- is an omnichannel format store with a perfect service
that combines the properties of material and digital
environments;

- technology will continue to radically change online
and physical enterprises, forcing rapid change and
innovation;

- consumers expect impeccable technological service;
- traditional channels will continue to lose relevance
as retailers and manufacturers move to a direct
customer relationship model;

- healthy lifestyle factors will remain relevant for the
retail and industrial sector;

- social networks will increasingly influence the image,
reputation and brand of the enterprise.

- the supply system of the future will operate almost
autonomously, making smart decisions for self-
regulation;

- fast-paced expectations and patterns of consumer
behaviour will transform supply systems into dynamic
and highly transparent systems capable of responding
quickly to needs;

- omnichannel shopping format, numerous order
fulfilment options, and geopolitical issues will increase
the number of calls to the supply system;

- the introduction of digital technologies will be a
major factor in the development of the supply system.

T~

Pl

Trend No.1. The store of the future

Trend No.2. Digital supply system

Trend No.3. Future of the food market

e

Generalized global macro trends, that transform
category management

Trend No.4. Growth in the role of environmental,
social and corporate responsibility

T

- consumer demand for healthier food products will
grow along with expectations for a higher level of
transparency and environmental sustainability of the
food supply system of local producers;

- locality, mass production, and personalisation are the
main trends of the future food market;

- the development of digital business models of
collaboration with consumers will increasingly reduce
the separation between how and where retailers and
manufacturers of packaged food products compete;

- understanding of caring for a healthy lifestyle and
ecology, and the need for personalised products, will
continue to fundamentally change the food industry.

- the level of socially conscious consumers will
continue to grow, as people will be interested in brands
that they trust and that share their values;

- pressure from regulators and corporate governance
bodies within the framework of environmental, social,
and corporate responsibility of enterprises will continue
to increase;

- focus on initiatives related to environmental, social,
and corporate responsibility will play a key role in long-
term value formation;

- companies will be forced to consider environmental,
social, and corporate goals and ideals in the corporate
culture and standards of behavior of their personnel in
their daily work.

Figure 2. Generalised global macro trends, that transform category management
Source: compiled by the authors based on the PwC database “The future of consumer markets” (2021); Vanharanta

et al. (2022)

Consumers demand accountability and transparen-
cy on a range of socio-environmental issues in catego-
ry management, including the reduction of packaging
waste, transparency of the supply chain,and fair employ-
ment practices. All participants in the production and
distribution chains, including agribusiness, commodity
producers,and trade enterprises, will have to meet these
expectations if they want to stay in the market. There-
fore, the practical aspects of category management are
important for enterprises of both trade and industry.

CONCLUSIONS
Category management is one of the most effective man-
agement approaches to managing the range of goods
in the trade sphere or the product range of goods and
material values in the sphere of industry. Its application
allows optimising business processes from the pur-
chase to the sale of goods (or internal use of materials,
depending on the field of activity). Despite several sub-
tleties that distinguish category management in trade
and industry, their common characteristic is the ability
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to differentiate approaches to the purchase of different
categories of goods or materials, to involve functional
consultants in the development of a category strategy,
and to increase the efficiency of the evaluation and se-
lection processes of suppliers.

The presented methodology for monitoring the
state of security and evaluating the organisational
effect in the field of category management was tested

of industrial enterprises. Therefore, the conducted
research proved the existence of significant reserves
for the development of category management at in-
dustrial enterprises. Prospects for further study are
related to the development of methods for analys-
ing the potential of industrial enterprise categories
based on information about consumers, suppliers,
and competitors.

at real trade and industrial enterprises in Ukraine and

provided several important conclusions. The process- ACKNOWLEDGEMENTS
es of identifying the roles of product categories and  None.
analysing the potential of categories based on infor-
mation about consumers, suppliers, and competitors CONFLICT OF INTEREST
are the least developed in the category management  None.
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AHoTauis. |aeHTUdiKyBaTM 0COBNMBOCTI KAaTErOPiMHOIrO MEHEMKMEHTY Ha NiANPUEMCTBAX TOPTiBAi i NPOMUCIOBOCTI,
po3pobuTH Ta anpobyBaTH METOAMKY OLLIHKM KaTeropiiHOro MEHEXKMEHTY B CBiTNi IM06aNbHUX MAaKpOTEHAEHAEHLLIN,
AKi TPaHCHOPMYHOTb KAaTeropiiHWi MEHEeIKMEHT 32 HUHILIHIX yMOB 00yMOBWAM aKTyaNbHiCTb AocigkeHHs. CborogHi
KaTeropinHMin MeHeIKMEHT CNPUIAMAETLCS BiNbLIICTIO OpraHisalin sk 6e3nepepBHUi HizHec-npoLec, ae LisNbHICTb
3 YNpaBAiHHS KaTeropiaMun € HeBiAEMHOI YacTnHO BisHecy. CaMe TOMY MeTol AoCNiAeHHs Byno 39CyBaTH 3MiHK
MaKpOTEeHAEHLM Ta MOX/IMBOCTi 3aCTOCYBaHHS MOAENEN KaTeropinHoOro MEHEMKMEHTY Y Pi3HUX rany3sax AianbHOCTI.
B npoueci ix onpautoBaHHs 6ynn BUKOPUCTAHI Taki HAyKOBO-EMMipUYHi METOAM, K NPUYMHHO-HACNIAKOBUIA aHani3
Ta CMHTE3, AedyKuiga Ta iHAYKUiS, cMcTeMaTU3aLis Ta y3araabHEeHHS, a TakoX CUMCTEMHMM Ta MPOLECHMI MiAXOoAM.
lNpoBeaeHi [OCNioKEHHS A,03BONUAN BUSBUTU HASIBHICTb 3HAYHUX pe3epBiB PO3BUTKY KaTeropinHOro MeHed»KMeHTY Ha
NPOMMCNOBUX NiANPUEMCTBAX. 3a pe3ynbTataMmn NPOBEAEHHS ONUTYBAHHS «MaibyTHE KaTEropiMHOro MeHeLKMEHTY»
ineHTMdiKOBaHO Taki rnobanbHi MakpoTeHAeHAeHLii TpaHchopMalii KaTeropiMnHOro MeHemKMEHTY, K MarasuH
ManbyTHbOro; LMPPOBa CUCTEMA MOCTAYaHHS; MalMbYTHE MPOLOBOMLYOIO PUHKY; 3POCTAHHS POAi €KOOTiYHOI,
CoLianbHOI Ta KOpNopaTWBHOI BiAMNOBIAANBHOCTI. 3aNPOMNOHOBAHO NiAXiA CTOCOBHO OLiHKM CTaHy KaTeropinmHoro
MEHEeMKMEHTY Ha MiANPUEMCTBI TOPriBAi Ta NPOMMUCNOBOCTI, 32 AONOMOIO KOHTPObHUX JINCTIB MOHITOPUHIY CTaHY
3abe3neyeHHs KaTeropiMnHOro MeHemKMeHTY Ta MOHITOPUHIY OLLiHKM OpraHi3auifiHoro edekTy B chepi KaTeropiinHoro
MeHeMKMEHTY NiANPUEMCTBA. 3aNPONOHOBAHMIA MiAXih CTOCOBHO OLLIHKM CTAHY KaTeropiiHoro MeHemXMeHTy byae
CNpUATM BAOCKOHANEHHIO MiAXOAIB WOAO MAaHYBaHHS, iHOOpMaLIiMHO-aHANITUYHOrO 3abe3neyYeHHs Ta KOHTPOSIHO 33
OCHOBHMMM MpoLecamMu YNPaBAiHHA Ha NiANPUEMCTBI

KniouoBi cnoBa: ToBapHa KaTeropisi; ynpaBniHHS; CTpATeris; MAapKeTUHT; piTein; bpeHa; TeXxHonoris
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