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lonoBHMIt pepakTop
B'auecnas LUebaHiH

YneHu pepakuiiHoi Konerii
Banepii laBpuw

MapuHa Oy6iHiHa
IpnHa KcboHXMK
Anacracia NMonTtopak
Harans CipeHko
Onena 3aitueBa
3opsaHa Mauyk
AHHa Bxo30BcbKa

AH-Yp6an CaHpan
Doxynia On6pexr

Onbra BuwHescbka
AnboHa KniouHuk
OneHa Kotukosa
Onekcanap HogikoB
Hartanga MotpuBaeBa
IBaH YepseH

Onena LLle6aHiHa
Panbd LLinaynepep
Muxaitno ®epopuyk

KatepuHa [laBuaeHko

Bitanii Jllo6uy
Onekcanap Xykos

Irop KoBaneHko
Bitanii Niuypa

Nipia MiweHko

bopuc boiHuaH
BaneHTtuHa lamaroHoBa
Nipia AvTMnosa

Mukona CamoiineHko

PepakuinHa Konerisa

[-p TeXH. HayK, npodecop, pekTop, MMKONAiBCbKMIM HaLLiOHaNbHWI arpapHuiA yHiBepcuTeT, YkpaiHa

[i-p €KOH. Hayk, npocdecop, 3aBiayBay kadeapu TPAKTOPIB Ta CisIbCbKOrOCMOAaPCbKUX MALLMH,
eKcnayaTauii i TeExHiYHOro cepaicy, MMKONQiBCbKMIA HALLiOHANbHMIM arpapHuiA yHiBepcuTeT, YkpaiHa
[-p EKOH. HayK, Nnpodecop, 3aBiayBay kadeapw 06iky i onoaatkyBaHHs, MUKoNaiBCbKui
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-p EKOH. HayK, npodecop, npodecop kadeapu 06aiky i onosatkyBaHHs, MUKONAiBCbKMIA
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[i-D EKOH. HayK, OLLEHT, 3aBiayBay Kadenpu MeHeLKMEHTY Ta MapKeTUHry, MUKonaiBCcbkuii
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, npodecop, 3aBifyBay kadpeapu diHaHCiB, GaHKIBCbKOI CnpaBu Ta CTPaxyBaHHS,
MuKONAIBCbKMIA HALLIOHANbHUI arpapHuii yHiBepcuTerT, YKpaiHa

KaHA. EKOH. HayK, [OLEHT, npodecop Kadenpu MapKeTuHry, [lep>KaBHUii TOProBesibHO-
€KOHOMIiYHWI YHiBepcuTeT, YKpaiHa

[-p eKOH. Hayk, npodecop, 3aBiayBay Kadenpu diHaHCiB, IBaHO-MDpaHKiBCbKMI HALLIOHANbHUIA
TeXHIYHMI yHiBepcUTET HadTH i rasy, YkpaiHa

[-p E€KOH. HayK, npodecop kadenpu 6isHec-iHPopMaTUKK, HeCTOXOBCbKMIA TEXHONOTIYHWUI
yHiBepcuteT, Pecny6bnika lMNonbwa

[-P E€KOH. HayK, npodecop, pekTop, IHCTUTYT SIHa-YpbaHa CaHpana, Hopseris

A-p dinocodii, npodecop, npodecop kadbenpu xapyyBaHHS Ta MEAUYHMX HAYK, YHiBepcuTeT
He6packu-JlinkonbH, Cnony4yeHi LWtatn AMepuku

[-P E€KOH. HayK, npodecop, AeKaH 06/1ikoBO-GhiHaHCOBOro dakynbTeTy, MUKONAIBCbKUI
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, npodecop, 3aBigyBay kKadgeapw nybaiyHOro ynpasniHHS Ta afMiHICTPYBaHHS i
Mi>XHapOAHOI eKOHOMiKM, MMKONATBCbKMIA HaLiOHaNbHWIA arpapHUi yHiBepCUTET, YKpaiHa

[-p E€KOH. HayK, npodecop, 3aBigyBay kadeapu eKOHOMiKM MigNPUEMCTB, MUKONAIBCbKUN
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, Npodecop, NPOpeKTop 3 HayKoBOi po60TH, MMKONATBCbKMIA HaLiOHAaNbHWIA
arpapHuit yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, npodecop, npodecop kadeapu 06aiky i onosatkyBaHHs, MUKONAIiBCbKMIA
HauioOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, npodecop, 3aBifyBay Kadeapwu roteflbHO-pecTOpaHHOi CpaBu Ta opraHisauii
6i3Hecy, MMKONAiBCbKMIM HALLIOHANbHMI arpapHuii yHiBepcuTeT, YkpaiHa

[-P E€KOH. HayK, npodecop, AeKaH PaKynbTeTy MeEHEOXMEHTY, MUKONAIBCbKMIA HALLiOHAIbHUIA
arpapHuit yHiBepcuTeT, YKpaiHa

[-p Hayk, npodecop, feKaH CinbCbKOrocnofapcbkoro hakynsTeTy, YHiBEpCUTET NPUKIALHUX
Hayk BavHwredaH-Tpusgopd, ®enepatnsHa Pecnybnika HimeuunHa

[-p C-T. HayK, npodecop, npodecop Kadeapy poCcIMHHULITBA Ta CaLOBO-NAPKOBOrO
rocnofapcrea, MMKONAiBCbKMIA HaLLiOHANbHWUI arpapHuUiA yHiBepcuTeT, YKpaiHa

KaHA,. C-T. HAYK, AOLEHT, CTapLUMiA HAayKOBUM CMiBpOBITHMK, 3aBigyBaY BigAiny eHTOMONOrii,
diTonatonorii Ta disionorii, YkpaiHcbkuit opaeHa “3Hak MowaHn” HayKoBO-A0CNIAHUIA IHCTUTYT
nicoBoro rocnofapcTea i arponicomeniopadii im. I B. Bucoubkoro, YkpaiHa

[-p C-T. HayK, npodecop, npodecop Kadenpn XapHoBUX TEXHONMOTiM, YMAHCbKMI HaLiOHaNbHUI
YHIBEPCUTET CaAiBHULTBA, YKpaiHa

[-p 6ion. Hayk, npodecop, npodecop kadenpu 6OTaHiKM Ta CaLOBO-NAPKOBOIO rocnofapcTBa,
MeniTononbCbKMiM fepKaBHMIM NefaroriyHMin yHiBepcuteT iMeHi borgaHa XMenbHMLBKOro, YkpaiHa
I-p 6ion. Hayk, npodecop, AekaH GakynbTeTy arpoOTEXHONOTIN Ta NPUPOAOKOPUCTYBAHHS,
CyMCbKMIM HaLiOHaNbHMI arpapHuUit yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, npodecop, 3aBigyBay kadenpu eKonorii Ta CTanoro po3BUTKY iMeHi npodecopa
t0.B. Mununenxka, ABH3 “XepcoHcbkuii AepxaBHUit arpapHuii yHiBepcuTteT”, YkpaiHa

A-p 6ion. Hayk, npodecop, NpoBiAHKUIA HayKoBuMit cniBpobiTHMK HHL, “IHcTuTyT Bionorii Ta
mMeanumHmn”, KUiBCbKMIA HaLioOHanbHWUIA yHiBepcuTeT iMeHi Tapaca LUeByeHka, YkpaiHa

[-p C-T. HayK, npodecop, anpekTop [lepxaBHoi ycTaHOBM HayKoBO-A0CNI AHULLKUIA iIHCTUTYT
nonbosux KynsTyp “Cenekuia’, Pecny6nika Mongosa

[-p C-T. HayK, npodecop, 3aBigyBay kadenpu 3eMnepobCTBa, reoaesii Ta 3eMeycTpoto,
MuKONAIBCbKMIA HALLiIOHANbHUI arpapHuUii yHiBepcuTerT, YkpaiHa

[-p C-T. HayK, npodecop, npodecop Kadeapy poCcIMHHULITBA Ta CaLOBO-NAPKOBOrO
rocnofapcrea, MMKONAiBCbKMIA HaLiOHANbHWUI arpapHuUiA yHiBepcuTeT, YKpaiHa

L-p C-T. Hayk, npodecop, npodecop kadeapy BUHOrpasapcTea Ta NaoL400BOUIBHULTE],
MuKONAIBCbKMIA HALLiIOHANbHUI arpapHuUii yHiBepcuTerT, YkpaiHa



Bsauecnas Ciukap

Cepriit YopHuii
BikTop Lllep6akos

Paica BoxeroBa
Cepriit KpamapeHnko

Cepriii Py6aH
Onena Mepota
CsitnaHa KoBTyH
Bikrop banaubkwii
Borpan lyTui
TetaHa AuMaHb

Icaak Pawanb
Muxaitno nb

Irop lop6areHko
BaneHTuH Pubanko
Jloamuna NatpeBa
Terana Mignana
Cepriit Jlyrosuit
AnToHiHa MaHdinosa
Irop AtamaHioK
Banepiii bynak
AHapiit CraBMHCbKKIA
B'auecnas lMpyc
lanuHa KoHpapareHko

Onekciit Ko3nos

AHTOHIHa KaniHiueHko

Bipxait Bupenppa

Bopuc byrakos

[-p 6ion. Hayk, npodecop, B. 0. 3aBiayBaya Bifainy reHeTUKH, Cenekuii Ta HaCiHHMUTBa 6060BMX
Kynbtyp, CenekuiiHO-reHeTUYHMI iIHCTUTYT — HauioHanbHUIA LEHTP HACiHHE3HABCTBA Ta
coptoBuByeHHss HAAH, YkpaiHa

[-p C-T. HayK, npodecop, 3aBiayBay kadenpu rpyHTO3HABCTBA Ta arpoxiMmii, MMKoONaiBCbKMi
HaLiOHaNbHWI arpapHUii yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, npodecop, npodecop kadenpu NofbOBMX i OBOUEBUX KynbTyp, Onecbkuii
LepP>XXaBHWI arpapHui yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, npodecop, ampekTop IHCTUTYTY 3poluyBaHoro 3emnepobcrea HAAH, YkpaiHa

[-p 6ion. Hayk, npodecop, npodecop kadenpu reHeTUKK, rofiBNi TBapuH Ta bioTexHonorii,
MUKONAIBCbKMIA HALiOHANbHWUIA arpapHuiA yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, npodecop, 3aBiayBay kadenpu reHeTUKK, pO3BEAEHHS Ta 6iOTEXHONOTIT TBAPUH,
HaujioHanbHWiA yHiBepcuTeT BiopecypciB i NpMpOAOKOPUCTYBaHHS YKpaiHu, YkpaiHa

[-p 6ion. Hayk, npodecop, npodecop kadenpu akywepcTsa Ta riHEKONOrii, XapKiBCbKUit
HaLioOHanbHWI yHiBepcuTeT iMeHi B. H. KapasziHa, YkpaiHa

[-p C-T. HayK, npodecop, nepLumii 3aCTynHMK AMPEKTOPa 3 HAYKOBOI po60TH, IHCTUTYT po3BEeLEHHS i
reHeTMKM TBapuH iMeHi M. B. 3ybus HAHY, YkpaiHa

[-p C-T. HayK, npodecop, 3aBiayBay nabopaTopii reHeTUKK, IHCTUTYT CBUHAPCTBA i
arponpomumcioBoro BupobHuuTea HAAH, YkpaiHa

[-p BET. HayK, npodecop, npodecop Kadeapu GapMakonorii Ta TOKCUKoorii, JTbBiBCbKMiA
HaLLiOHANbHWI YHIBEPCUTET BETEPUMHAPHOI MeaMLUMHI Ta 6ioTexHonorin iMm. C. 3. Dkuubkoro, YkpaiHa
[-p C-T. HayK, npodecop, NPOPEKTOp 3 OCBITHbOI, BUXOBHOI Ta MidXKHAaPOAHOI AiSNbHOCTI,
binouepKiBCbKMIM HaLiOHaNbHWUIA arpapHUii yHiBepcuTeT, YkpaiHa

[-p 6ion. Hayk, npodecop, IHcTuTyT Bionorii, JlaTsis

[-p C-T. HayK, npodecop, fekaH @akynbrety TBMMTCH, MMKONQiBCbKMIA HALLiOHANbHUI arpapHuii
yHiBepcuTeT, YkpaiHa

[-p 6ion. Hayk, npodecop, npodecop kadenpu reHeTUKK, rofiBNi TBapuH Ta BioTexHonorii,
MUKONAIBCbKMIA HALiOHANbHUIA arpapHuiA yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, npodecop, roNOBHUI HAYKOBWIA CNiBPOBITHMK, IHCTUTYT cBUHapcTBa i ANB HAAH
YKpainu, YkpaiHa

[-p C-T. HayK, npodecop, 3aBiayBay kadenpu NTaxiBHULLTBA, IKOCTI Ta 6e3ne4HOCTi NpoayKLii,
MMKONAIBCbKMIA HALiOHaNbHWI arpapHuiA yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, npodecop, 3aBifyBay kadenpu TEXHONOTIT NepepobKu, CTaHAapTM3aL,i | cepTudikauii
NPOAYKLii TBAPUHHULLTBA, MUMKONAIBCbKMIM HALLIOHANIbHWIA arpapHuii yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, AOLIEHT, B.O. 3aBiayBaya kadenpv reHeTuKK, rofisni TBapuH Ta bioTexHonorii,
MMKONAIBCbKMIA HALiOHANbHUI arpapHuiA yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, IOLLEHT, 3aBiayBay Kadeapu poCIMHHULTBA Ta CaA0BO-NapKOBOro rocrnosapcrsa,
MUKONAIBCbKMIA HALiOHANbHUIA arpapHuiA yHiBepcuTeT, YkpaiHa

[-p TEXH. HayK, npodecop, npodecop Kadeapu NpUKNagHoi MaTeMaTnku, Bapwascbkuii
YHiBEpCUTET HayK Npo xuTTs, Pecnybnika MNMonbla

[-p TEXH. HayK, Nnpodecop, pekTop, MMKONaiBCbKUI HaLiOHaNbHWIA YHIBEPCUTET

iM. B. O. CyxoMnunHcbKoro, YkpaiHa

[-p TEXH. HAayK, Npodecop, 3aBifyBay Kadeapu eNeKTpoeHepreTMku, eneKTPOTEXHIKM Ta
eNeKTpoMexaHikn, MMKONaiBCbKMI HaLiOHANIbHWUIA arpapHUi YHiBepcuTeT, YkpaiHa

[-p TEXH. HAyK, AOLEHT, 3aBiayBay kadenpu enekTpoTexHiku, KpeMeHuyLbkui HaLioOHanbHWIA
yHiBepcuTeT iMeHi Muxaina Octporpaacbkoro, YkpaiHa

KaH[. TEXH. HayK, LOLEHT, LOLEHT Kadenpw iHTenekTyanbH1x iHOpMaLLIMHUX CUCTEM,
YopHOMOPCbKMIA HaLLiOHaNbHUI YHiBepCUTET iMeHi [MeTpa Morunu, YkpaiHa

KaH[. TEXH. HayK, LOLEHT KadeLpu KOMMTOTEPU30BAHUX CUCTEM YNPaBAiHHS, HauioHanbHWI
yHiBepcuTeT kopabnebynyBaHHs iMeHi agMipana MakapoBa, YkpaiHa

[-p C-T.HayK, npodecop IHCTUTYTy TEXHIYHMX HayK, OnonbCbkuii yHiBepcuTeT, Pecnybnika MNonblua
PhD, npodecop, kepiBHUK, LLeHTp pO3BUTKY CifIbCbKMX PAOHIB Ta TEXHONOTiN, IHAIACEKMA
TEXHOMOTIYHMI iHCTUTYT [eni, IHais

[-Pp TEXH. HayK, npodecop, MMKONAiBCbKMIA HALLIOHANbHMIM arpapHuiA yHiBepcuTeT, YkpaiHa
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Abstract. The introduction of new crops to agrophytocenoses, to which Crocus sativus belongs, should be preceded
by research into their ecological safety and place in crop rotation. When harvesting raw materials for obtaining
saffron, up to 90% of by-products remain, which during decomposition can have a negative effect on the soil and
indirectly on the plants that are grown after saffron. Therefore,the aim of the research was to study the allelopathic
activity of water-soluble and volatile secretions of Crocus sativus flowers in the agroclimatic conditions of the
Northern Black Sea region. The research was conducted in 2021 according to the generally accepted methodology,
freshly picked flowers were used, from which individual elements were extracted, and flowers of different stages
of flowering. The following research methods were used: field, laboratory, computational and statistical. The
results of the research established that the water-soluble secretions of Crocus sativus flowers and their parts
stimulate the energy of germination and inhibit the growth of one-day seedlings of Lactuca sativum.Water-soluble
secretions of Crocus sativus flowers have a negative allelopathic effect. The index of allelopathic activity under
the action of water-soluble secretions of flowers ranges from -0.26 for a flower with all parts to -0.01 for petals.
The highest stimulating effect of volatile secretions on the growth of Lactuca sativum roots and the allelopathic
activity index value is characteristic of the flower that has just bloomed and the stamens, and the lowest - for the
pistils. The allelopathic activity of the volatile secretions of Crocus sativus flower parts is set at the level of 6.4
(pistil) and 28.8% (stamens). Substances that inhibit the germination of Lactuca sativum roots are found mainly
in the stamens. It was determined that the volatile secretions of Crocus sativus flower parts reduce the energy
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of seed germination of the test plant. The practical value of the research is that the results of the research can
be used when determining the place of the crop in crop rotation and the duration of its cultivation in one field

Keywords: allelopathy; flowering; flower elements; inhibition; stimulation

INTRODUCTION
In connection with climate change in Ukraine, by the
end of the century, an increase in the number of days
with high temperatures, more than 100 tropical nights
and up to 135 summer days per year, and a decrease
in precipitation in the summer period are predicted for
the Southern Steppe of Ukraine (World Bank..., 2021).
This will lead to a decrease in the yield of certain crops
(barley, corn, sunflower). For the stability of the coun-
try’s agricultural production, it is important to study
and attract new crops that would be adapted to rising
temperatures in summer, increased aridity in the south
and east of Ukraine, and other consequences of climate
change. One of these crops is saffron (Crocus sativus L.),
which belongs to the Crocus genus of the Crocoideae
subfamily of the Iridaceae family (Cardone et al., 2020).

Crocus sativus L. is a herbaceous perennial mono-
cotyledonous plant that reaches a height of 20-25 cm.
Underground, it forms a tuber with a diameter of 2.5-
3.0 cm, covered with mesh and fibrous scales and dark
brown fibers from destroyed old scales. The leaves
are linear 15-20 cm long and 2-3 mm wide with a
longitudinal white stripe. Plants bloom for 7-10 days
in October-November. The flowers are large, light
purple with a strong aroma (Cardone et al., 2020).
Crocus sativus is a sterile triploid (2n=3x=24), so it
does not form fruits and seeds (Cardone et al., 2021).
Cultivated mainly in Iran, Afghanistan, Morocco, In-
dia, Spain, Greece and Italy (Cardone et al., 2019). To-
day, Iran supplies about 90% of raw materials to the
world market (Kheirabadi et al., 2020).

C. sativus was introduced into culture around 3000-
2300 BC., does not occur in the wild (Nemati et al.,
2020). Saffron is the most expensive spice, which is
called “red gold’, has beneficial properties for human
health. Saffron is grown on different types of well-
drained soils with a pH range from neutral to slightly
alkaline (Ghanbari et al., 2019). According to the results
of research (Mzabri et al., 2022), the productivity of
the receptacles is affected by illumination: the highest
productivity is observed at 30% shading. The culture is
resistant to low and high temperatures and withstands
their range from -22 to 40°C (Siney et al., 2020). Ac-
cording to 0.0. Mykhaylenko (2019), to collect 1 kg of
dry saffron, it is necessary to collect receptacles from
about 167,000 flowers.

During the last time, Crocus sativus culture arouses
the interest of Ukrainian farmers, but some elements of
its agrotechnics of cultivation remain poorly studied.
That is why the aim of the research was to establish
the peculiarities of the allocation of generative organs
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of Crocus sativus in the climatic and soil conditions of
the Northern Black Sea region in order to establish the
safety of growing a new crop for the agrophytocenoses
of Southern Ukraine. The peculiarity of the cultivation
and processing of plant raw materials of the crop is
that when harvesting Crocus sativus, other elements of
flowers (petals, stamens) or blossomed flowers remain
as a by-product, which can be found in the fields or
disposed of (Mykolaichuk et al., 2021). Therefore, it be-
came necessary to determine the allelopathic activity
of water-soluble and volatile secretions of elements of
flowers and flowers of different flowering periods.

LITERATURE REVIEW

In Ukraine, commercial plantings of C. sativus for food
purposes were established in 2015 in the Kherson re-
gion (Mykhaylenko, 2019). After that, cultivation of this
crop was also started in other regions.

Recently, the demand for saffron has been increas-
ing, and this is due to the discovery of biologically ac-
tive substances in various plant organs that have phar-
macological properties (Jadouali et al., 2019; Chen et
al., 2020). Extracts and pure substances from C. sativus
have been shown to have antioxidant, antiparasitic,
hypolipidemic, hypotensive, immunomodulatory, an-
timicrobial, antitumor, and antidepressant effects. The
range of actions is determined by the composition of
biologically active substances contained in the cap-
sules (Chen et al., 2020; Soukrat et al., 2019). Among
the volatile aromatic substances, monoterpene al-
dehydes (isophorone, safranal and their isomers), as
well as non-volatile compounds of various nature, are
the main ones. Among which: crocetin, crocin, lyco-
pene, zeaxanthin, a, B, y-carotene; p-coumaric, van-
illic, 3-hydroxy-4-methoxybenzoic acids, pyrogallol,
gallic acid, mangi-crocin, emodin, 2-hydroxyemodin,
safranal, B-pinene, 1,8-cineole, picrocrocin; crocus-
es; 3-hydroxy-B-ionone, sugars, calcium, potassium,
phosphorus, etc. The composition of saffron essen-
tial oil includes pinnen, prineol, fatty oils, B vitamins,
flavonoids, sugars, gums, etc. Freshly collected flow-
ers of C. sativus contain the glycoside protocrocin,
which, when dried, splits into crocin and picrocrocin.
According to M.A. Shajari & P.R. Moghaddam (2022),
crocin predominates in the receptacles, (Ghanbari et
al., 2019) found mainly flavonoids in the petals and
leaves. As a result of research (Ghanbari et al., 2019) it
was established that the volatile organic compounds
of the C. sativus flower, in addition to safranal, include
11 compounds, including acetic acid, 2(5H)-furanone,



isobutanal, a fragment of biogenic aldehyde, 4-ketoi-
soferon, acetaldehyde, butyrolactone.

During the last decade, intensive studies of the
biochemical composition of C. sativus organs and
their allelopathic activity have been conducted. It is
known that C. sativus can grow in one place for up to
12 years, but after 5-6 years the plantations thin out,
the yield of the receptacles decreases (Ghanbari et
al., 2019). Releases of C. sativus have an inhibitory ef-
fect on seedlings and tested plants. The main volatile
substances of saffron that have an inhibitory effect
are safranal, D-limonene and isophorone (Mardani
et al., 2019). Safranal (2,6,6-trimethyl-1,3-cyclohex-
adiene-1-carboxaldehyde), which is the main com-
ponent of saffron volatile compounds, is known for
its inhibitory effect on cell division (Mardani et al.,
2019). The stimulating effect of the water extract of
the petals on the growth of eggplant seedlings was
revealed (Khoulati et al., 2020). The prospect of using
saffron by-products has been studied by a number
of scientists (Lahmass et al., 2018; Shadmehri et al.,
2019). Saffron leaf and tuber extract has an allelop-
athic effect on germination and shoot and root length
of Datura stramonium and depends on saffron pheno-
logical phases (Barkhordari et al., 2018).

During the production of saffron, for each kilo-
gram of spices produced, about 53 kg of perianth
leaves remain, which is up to 90% of the by-products
that end up in waste (Menghini et al., 2018). Scientific
studies have proven that some water-soluble metabo-
lites of perianth leaves have a positive effect on plant
growth, influencing the activity of photosynthesis
(Lahmass et al., 2018).

A study of the biochemical composition of saffron
grown in Ukraine showed that in terms of the content of
the main compounds (crocin, picrocrocin, saffron), the
raw material meets the international standards of ISO
3632 and belongs to category | (Mykhaylenko, 2019).
Research on the allelopathic activity of saffron flow-
ers in Ukraine was conducted on the basis of Mykolaiv
National Agrarian University. The stimulating effect of
water-soluble secretions of individual parts of C. sativus
flowers of different concentrations on the germination
energy of L. sativum seeds was established. The high-
est indicators of allelopathic activity of water-soluble
secretions of flowers were found at a concentration of
0.02% (Mykolaichuk et al., 2021).

MATERIALS AND METHODS

To establish the allelopathic activity of water-soluble
and volatile secretions of C. sativus flower parts of flow-
ers of different flowering periods, laboratory studies
were carried out in the laboratories of the department
of plant breeding and horticulture of the Mykolaiv Na-
tional Agrarian University in 2021. C. sativus was grown
in accordance with recommendations, the plot was
planted in 2019 on at the base of the branch of the
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department with coordinates 46°58'31” north latitude
31°59'37" east longitude, at an altitude of 42 m above
sea level. The material for research was collected in
the third decade of October 2021.

To study the allelopathic activity of flower parts,
freshly picked flowers were used, from which the gen-
erative organs (stamens and pistil) were removed in ac-
cordance with the recommendations for the collection
of saffron raw materials.

Determination of the allelopathic activity of wa-
ter-soluble and volatile secretions of individual parts of
the flower of C. sativus, the energy of germination and
growth of the roots of seedlings of the biotester plant
was carried out by the bioassay method of A.M. Grodz-
insky (1991). The test object was L. sativum seeds,
which were sown in sterile Petri dishes on filter paper
moistened with distilled water and placed for 24 hours
in a thermostat at a temperature of +23-24°C. Seed-
lings of L. sativum whose root length reaches 2 mm are
considered suitable for research.

To detect the allelopathic activity of the generative
organs of C. sativus flowers, fertile and sterile elements
were separated (variants of the experiment: “petals’,
“flower”, “petals+stamens”, “petals+pistil”). The mass of
stamens was 0.025+0.003 g, pistils — 0.035+0.002 g,
petals - 0.376%0.013, and flowers - 0.4350.016 g.
They were placed in distilled water in the ratio of 1 g
of the studied material per 100 ml (0.01%) of water and
kept for 24 hours at a temperature of +23-24°C in a
thermostat (Fig. 1). The solution was filtered through
filter paper No. 2. After a day, 100 seedlings of L. sa-
tivum were transferred to filter paper in Petri dishes
and 3-4 ml of filtrate was added.

Figure 1. Setting up an experiment with water-soluble
secretions of C. sativus flowers
Source: developed by the authors

To determine the allelopathic activity of volatile
secretions of the flower and its separate parts, they
were removed from the flower and placed on a plastic
rise in a Petri dish. At the same time, the flower and
its parts did not touch the surface of the filter paper,
which was moistened with 3-4 ml of distilled water
and where 100 seedlings of L. sativum were transferred
(Fig. 2). Petri dishes were placed for 24 hours in a ther-
mostat at a temperature of +23-24°C. The experiment
was carried out in five repetitions.

Ukrainian Black Sea Region Agrarian Science, 26(4), 9-18
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Figure 2. Setting up an experiment with volatile secretions of C. sativus flower parts

Source: developed by the authors

To determine the allelopathic activity of volatile secre-
tions of flowers of different ages, buds, a blooming flower,

a) b)

and a faded flower that bloomed 1 day ago were used.
The experiment was carried out in five repetitions (Fig. 3).

c)

Figure 3. Setting up an experiment with volatile secretions of C. sativus flowers of different ages
(a - wilted, b - blossomed flower, ¢ - faded flower)

Source: developed by the authors

During the day, the growth length of the roots of the
seedlings was measured with the help of a caliper. To
determine the energy of germination, the percentage of
L. sativum seeds with developed roots was calculated af-
ter one day of exposure to volatile extracts of C. sativus.

Germination energy was determined as the ratio
between the number of germinated seeds and their
total number in percentage. The statistical analysis
of the obtained results (the length of the roots of the
seedlings of the biotester plant) was performed using
Microsoft Excel and Statistica 7.0 programs. The aver-
age, minimum and maximum length of the roots were
determined. The degree of trait variability was deter-
mined according to the method of S.A. Mamaev (1972):
very low at <7%, low 8-12%, medium 13-20%, elevated
21-30%, high 31-40% and very high >40%. Graphs were
constructed using Excel 7.0 software.

Allelopathic activity was determined according to
the method of A.M. Grodzinsky (1991) as the ratio be-
tween the length of the roots in the experiment to the
length of the roots of L. sativum in the control (on dis-
tilled water), expressed as a percentage.

The allelopathic activity index (RI) was used to
quantify the allelopathic effect, which was determined
by the formula: RI=1-C/T,

where C are control indicators, T are indicators ob-
tained in the experiment. If RI>0, then there is a stimu-
lation effect, RI<0 indicates inhibition.

Ukrainian Black Sea Region Agrarian Science, 26(4), 9-18

RESULTS AND DISCUSSION
As a result of the research, it was established that the
water-soluble and volatile secretions of C. sativus flow-
ers are allelopathically active. Taking into account that
during the collection of C. sativus receptacles, other
morphological elements of flowers (petals, stamens) re-
main as a by-product, it became necessary to determine
the allelopathic activity of water-soluble secretions of
flowers and their elements, which in the future can be
washed by water into the soil and affect other types
of plants and crops in crop rotation. Considering the
results of research by O. Mykhaylenko (2019) regard-
ing the quality of saffron plant raw materials obtained
in Ukraine, it meets international standards 1SO 3632
and belongs to category 1, the content of safranal, cro-
cin and picrocrocin does not differ from the standards.

According to the research results, it was found that
the water-soluble secretions of C. sativus flowers inhib-
it the growth of L. sativum root length, compared to the
control (Table 1).

Among the variants of the experiment, the largest
indicators of root length were registered in the “petal”
variant, and the smallest - in the “flower”. Statistically
significant differences are typical for the variants “flow-
er” with control, “petals+pistil”and “petals” (p<0.05). The
coefficients of variation in the length of roots of L. sa-
tivum range from high (“petals+pistil”) (38.9%) to very
high (>40%), which is characteristic of other variants.



Water-soluble secretions of the flower of C. sativus and their
parts do not affect the energy of seed germination of the

Mykolaichuk et al.

biotestor plant. The germination energy is slightly lower
in the “petals+pistil” variant compared to other variants.

Table 1. The effect of water-soluble secretions of the flower of C. sativus on root growth (mm)
and germination energy (%) of L. sativum (N=100)

Option Mzm min-max

: disticl(l):c:r\?vlater) 8.18+0.49 2.0-18.0
Flower 6.48+0.36 2.0-13.0
Petals + pistil 7.75%0.37 2.0-18.0
Petals + stamens 7.29+0.41 2.0-15.0
Petals 8.10+0.42 2.0-15.0

Source: developed by the authors

The index of allelopathic activity indicates that the
water-soluble secretions of C. sativus flowers have neg-
ative indicators ranging from -0.26 for the flower with all
elements to -0.01 for the petals. It was established that
the allelopathic activity of the water-soluble secretions
of the C. sativus flower and its elements is in the range
from -21.4% (“flower”) to -1.0%, which is typical for
the petals (Fig. 4). Comparison of allelopathic activity

The energy of

Sk germination i
52.5 100 -
49.5 100 -0.26
38.9 99 -0.06
45.8 100 -0.12
45.7 100 -0.01

indicators with the index of allelopathic activity of the
elements of the C. sativus flower confirms that, with
different approaches to their determination, which we
used, the water-soluble secretions of the flower and its
individual elements are allelopathically active. Analyz-
ing the obtained results, it can be assumed that the sub-
stances that cause inhibition of the growth of the roots
of L. sativum seedlings are found mainly in the stamens.

1
(9]

N
o

Allelopathic activity, %
N
vl

-20
-25
flower petals+pistil petals+stamen petals
‘ Line 1 -21.4 -5.3 -10.9 -1

Figure 4. Allelopathic activity of water-soluble extracts of C. sativus flower, %

Source: developed by the authors

According to the research results, it was estab-
lished that the volatile secretions of individual parts of
the flower of C. sativus have a stimulating effect, and
their allelopathic activity ranges from 6.4% for the vol-
atile secretions of the pistil to 28.8% for the volatile
secretions of the stamens compared to the control.

Volatile secretions of individual parts of the C. sa-
tivus flower have a slight stimulating effect on the
growth of L. sativum roots compared to the control. The
length of seedling roots exceeded the control in all var-
iants, but the highest values were observed under the
influence of volatile secretions of stamens and flowers
(28 and 37%, respectively). The smallest increase in
length is characteristic under the influence of volatile

secretions of the pistil (6%). Statistically significant dif-
ferences are characteristic of the “stamen” and “flower”
options with the control (p<0.05), there is no signifi-
cant difference between the other options. The length
of the roots in all variants has high variability, it is
characterized by a coefficient of variation that is >40%.

Volatile secretions of individual parts negative-
ly affect the germination energy of L. sativum seeds,
which is in the range from 57.6% (stamens) to 72.2%
(pistil) and is less than the control by 42.4 and 27.8%,
respectively (Table 2). The results obtained by us co-
incide with the results (Mardani et al., 2019) regarding
the inhibitory effect of volatile extracts of C. sativus on
the growth of root length of seedlings.
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Table 2. Effect of volatile secretions of flower parts of C. sativus on root growth (mm)
and germination energy (%) of L. sativum (N=100)

min-max

Control

(distilled water) >66%0.31 20-130
Stamens 7.29%0.67 2,0-15.0
Pistil 6.02+0.54 2.0-14.0
Petals 6.510.54 2.0-13.0
Flower 7755037 2.0-18.0

Source: developed by the authors

The index of allelopathic activity of volatile secre-
tions of individual parts of the flower indicates that
they have a stimulating effect and range from 0.06
(pistil) to 0.24 (flower).

According to the results of research, it was estab-
lished that the volatile secretions of individual parts of
the flower of C. sativus plants grown in the Northern Black

The energy
of germination
42.7 100 -
53.5 57.6 0.22
58.5 72.2 0.06
51.3 66.1 0.13
58.0 62.3 0.24

Sea region have a stimulating effect, which ranges from
insignificant - 6.4% (pistil) to medium - 37.0% (flower)
(Fig. 5). The low allelopathic activity of the volatile secre-
tions of the uterus is due to the fact that it contains the
largest amount of physiologically active substances (sa-
franal, D-limonene and isophorone (Mardani et al., 2019;
Shadmehri et al., 2019), which have an inhibitory effect.

40 37
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stamen pistil petals flower

Variant

Figure 5. Allelopathic activity of volatile secretions of flower parts C. sativus, %

Source: developed by the authors

The analysis of the effect of volatile secretions of
flowers at different stages of flowering (from the bud
to the flower that has bloomed) shows their stimu-
lating effect on the growth of the roots of biotester
plants, compared to the control. The increase in seed-
ling root length ranged from 46.2% (open flower) to
65.9% (bud) compared to the control. Statistically sig-
nificant differences are characteristic of the options

“blossomed flower” and “bloomed flower” with con-
trol and “bud” with “bloomed flower” (p<0.05), there is
no significant difference between other options. The
volatile secretions of the C. sativus flower bud have a
greater stimulating effect on root growth, compared
to the control and other variants (Table 3). The coef-
ficients of variation of root length for all variants are
very high (>40 %).

Table 3. Effect of volatile secretions of C. sativus flowers at different stages of flowering
on root growth (mm) and germination energy (%) of L. sativum (N=100)

min-max

Control 5.64+0.43 2.0-20.0

Bud 6.43%0.36 2.0-19.0

A blossomed flower 7.75%0.37 2.0-18.0
A bloomed flower 7.29%£0.41 2.0-17.0

Source: developed by the authors

Ukrainian Black Sea Region Agrarian Science, 26(4), 9-18

The energy of germination

81.3 100

55.1 58.8 0.33
58.0 62.3 0.24
56.4 57.0 0.27



Volatile secretions of C. sativus flowers of different
stages of flowering negatively affect the energy of seed
germination, which was lower than the control and
ranged from 43% (bloomed flower) to 36.7% (bloomed
flower) compared to the control (Table 3). The re-
sults obtained coincide with the results of research by
H. Mardani (2019), regarding the inhibitory effect of vol-
atile secretions of C. sativus flowers on certain processes
in L. sativum. At the same time, the index of allelopathic

Mykolaichuk et al.

activity of volatile secretions of flowers, which was de-
termined by the increase in the length of the roots of
the seedlings of the test plant, has positive indicators
and ranges from 0.24 (blooming flower) to 0.33 (bud).

Volatile secretions of flowers of different degrees
of flowering are allelopathically active, their effect
is stimulating, and the values are in the range from
30.7% (bloomed flower) to 48.2% (bud), compared to
the control (Fig. 6).

60

50 48.2

40

30

30.7 32.8

20
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Allelopathic activity, %

0 ‘
Bud

Blooming flower

Faded flower

Figure 6. Allelopathic activity of volatile secretions of C. sativus flowers at different stages of flowering, %

Source: developed by the authors

It is known that the main factors causing the allel-
opathic effect are the content of volatile substances in
the flowers of C. sativus, among which safronal and other
compounds are isolated. We assume that the content of
these compounds is the lowest in flower buds, compared
to blooming and faded flowers, therefore the indicators
of allelopathic activity of volatile secretions of buds pre-
vail over the control and other variants of the experiment.

Research results confirm the presence of biologi-
cally active substances in C. sativus flowers that have
allelopathic properties, this is also confirmed by the re-
search of other scientists (Mardani et al., 2019).

According to the results of research (Khoulati et al.,
2020) it was established that the water-soluble secre-
tions of the perianth of C. sativus plants grown in Moroc-
co, the activity of water-soluble secretions also depends
on the concentration of biologically active substances:
at a dilution of 2 mg/ml, it stimulates plant height and
chlorophyll content, but reduces the antioxidant prop-
erty and content of malondialdehyde. When the con-
centration is increased to 3 mg/ml, the opposite effect
is observed: inhibition of plant growth and an increase
in the concentration of ascorbic acid. Based on this, the
authors suggest taking these phenomena into account
and using aqueous extracts at a dilution of 2 mg/ml of
perianth (petals) as biostimulants. The water-soluble
secretions of the petals of C. sativus, which were grown
in the Northern Black Sea region of Ukraine, when di-
luted to 1 g/100 ml of distilled water, have a slight
inhibitory effect on the seedlings of biotester plants.
At the same time, they do not affect the energy of seed
germination of the biotestor plant. This indicator is
slightly lower in the “petals+pistil” variant compared

to other variants. The obtained results coincide with
the results of studies (Abbasi-Alikamar et al., 2007),
which established that the petals of C. sativus flowers
do not significantly affect the germination of plants.

According to (Serrano-Diaz et al., 2013), inhibition
or stimulation of plant growth by water-soluble secre-
tions of parts of the flower of C. sativus depends on the
content of various compounds (amino acids, fibers and
necessary minerals) that stimulate growth.

Research (Feizi et al., 2018) showed that the allel-
opathic activity of C. sativus plants is determined not
only by the concentration of solutions, but also by
plant organs (flower, bulb, leaves). The research results
showed that the leaves and bulbs of C. sativus had an
inhibitory effect on the germination and vital activity
indicators of safflower and sugar beet seeds. Increasing
the concentration of the extract reduced all germina-
tion characteristics, including the percentage and rate
of germination, hypocotyl, seedling and root length,
seedling and root weight, as well as seed viability in-
dex of the studied crops. Therefore, there is a possibili-
ty of allelopathic action of all plant organs of C. sativus
on plants cultivated in crop rotation with it.

(Barkhordari et al., 2018) determined that aqueous
and alcoholic extracts of flavonoids of various organs
of saffron, regardless of the phase of plant growth and
development, have allelopathic potential, influencing
the germination characteristics of Datura stramonium
seeds. Thus, saffron concentration and phenological
stage had a significant effect on Datura stramonium
germination percentage, but the main effect of organ
type on this trait was insignificant. The aqueous extract
of saffron had no significant effect on the germination
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of Datura stramonium at the stage of formation of new
bulbs at a concentration of 2 g/|, but at a concentration
of 4 g it significantly reduced seed germination.
Research results (Kheirabadi et al., 2020) estab-
lished that C. sativus bulbs also have substances that
cause allelopathic effects. Thus, the allelopathic activ-
ity of bulb bulb residues and soil water extracts on the
germination of lettuce seeds showed that the highest
inhibition was associated with bulb extract. The mini-
mum germination percentage (82.0% and 86.5%) was
obtained in extracts with a concentration of 75% and
100%, respectively. The average time of germination of
lettuce seeds was significantly increased with respect
to different concentrations of aqueous bulb extract. The
combination of activated carbon and tuber bulb resi-
dues reduced the average germination time. However,
there were no significant differences in the average
seed germination time. The length of the root and hy-
pocotyl did not show significant fluctuations according
to different concentrations of the solutions. The allel-
opathic effect of saffron tuber residues caused growth
imbalance between the lettuce shoot and roots. Accord-
ing to biochemical analyses, the use of adsorbents in-
creased the content of carotenoids and the chlorophyll
index of lettuce by 23.33% and 5.25%, respectively.
The obtained results indicate that in the conditions of
the Northern Black Sea region of Ukraine, water-soluble
and volatile secretions of C. sativus plants have allelopath-
ic properties. Further research should establish the influ-
ence of the introductionr’s secretions on crops common in
the agrocenoses of Ukraine, the possibility of reducing the
negative impact on them, and the study of the phenome-
non of soil fatigue on perennial plantations of C. sativus.

CONCLUSIONS

Research on the allelopathic activity of water-soluble
and volatile secretions of flowers of C. sativus plants
grown in the agroclimatic conditions of the Northern
Black Sea region of Ukraine was conducted for the first
time, so the results obtained are original. It was es-
tablished that the water-soluble secretions of flowers
and their elements do not have a negative effect on
the germination energy of L. sativum seeds, but it was

found that they inhibit the growth of the roots of seed-
lings of the biotester plant. The highest inhibition rates
are characteristic of water-soluble secretions of a flow-
er with all morphological elements, the lowest - for
petals (-21.4 and -1.0%, respectively).

Volatile secretions of C. sativus flowers inhibit the
energy of germination of L. sativum seeds by 42.4 and
27.8% compared to the control in variants of exposure to
stamen and pistil secretions. However, the volatile secre-
tions ofindividual elements of the flower have a stimulat-
ing effect on the growth of roots, which are in the range
of 6-28.8%. The index of allelopathic activity of volatile
secretions of individual parts of the flower indicates
their stimulating effect and is in the range of 0.06-0.24.

Water-soluble secretions of flowers have a stimu-
lating effect on the germination energy of L. sativum
seedlings, but an inhibitory effect on the growth of the
roots of test plants and have a negative allelopathic
effect and index of allelopathic activity.

It was established that the volatile secretions of
C. sativus flowers of different stages of flowering inhibit
the energy of seed germination, the blossomed flower
and bud have a greater inhibitory effect compared to the
control, the indicators of which are 43.0 and 36.7% less
than the control. However, they stimulate the growth of
seedlingroots comparedtothe controlfrom46.2% (open
flower) to 65.9% (bud). The index of allelopathic activ-
ity ranges from 0.24 (blossomed flower) to 0.33 (bud).

Water-soluble and volatile extracts of C. sativus flowers
grown in the Northern Black Sea region are allelopathically
active. Their effect is stimulating and inhibiting on the ger-
mination energy and root growth of L. sativum seedlings.

Further studies of the allelopathic activity of C. sati-
vus plants should establish their influence on common
field crops of Southern Ukraine, primarily winter wheat.
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AHoTauig. BeegeHHio B arpodiToLLeHO03M HOBUX KYNbTYp, A0 SKUX HanexuTb Crocus sativus, NOBUHHI nepeayBaTu
[OCNioKEHHS iX eKonoriyHoi 6e3neyHocTi Ta Micus B CiBO3MiHI. [Tpyn 306MpaHHi CUPOBUHU NS OTPUMAHHS
wadpaHy 3anmwaerbcs Ao 90% nobiyHMX NpOAYKTiB, AKi MPU PO3KNA[/AHHI MOXYTb HEraTMBHO BMIMBATK Ha
I'PYHT i ONocepeaKoBaHO HA POC/IMHU, AKi BUPOLLYHOTLCS Nicns wadpaHy. ToMy MeTO AOCNigKeHb OYN0 BUBYEHHS
anenonaTUMYHOi aKTMBHOCTI BOOOPO3YMHHMX Ta NETKMX BUAineHb KBiToK Crocus sativus B arpokniMaTUYHMX
ymoBax [ligHiyHoro MpuyopHoMop’a. locnigxeHHsa nposoaunn y 2021 p. 3a 3arafibHONPUNHATO METOAMKOLO,
BMKOPUCTOBYBAaNN CBXKO3iOpaHi KBIiTKM, 3 SKUX BUYYaNU OKPEMI eNeMeHTW, Ta KBIiTKM Pi3HOro CTYMEeH
KBiTyBaHHSA. BukopuctoByBanu Taki MeToAM [AOCNIOXKEHb: MONbOBWMWA, NaBOPATOPHWUI, PO3PaxXyHKOBMI Ta
CTaTUCTUYHUI. Pe3ynbTaTamMu fOCNIAXKEHb BCTAHOBNEHO, WO BOAOPO3YUHHI BUAiINEeHHS KBiToK Crocus sativus Ta ix
YaCTUH CTUMYJ/IOKOTb EHEPrit0 MPOPOCTaHHSA Ta MPUTHIYYOTb NPUPICT 0AHOA000BUX NpOpOCTKiB Lactuca sativum.
Bopopo3unHHi BuaineHHa kBitok Crocus sativus MarTb HEraTUBHY anenonaTuyHy Aito. lHAeKC anenonaTU4HoI
AKTMBHOCTI 33 Ail BOAOPO3YMHHUX BUAINEHb KBITOK 3HAaXOAMTbCA B Mexax Big -0,26 onga KBiTKM 3 ycima
yactuHamu go -0,01 ong nentoctok. HanBuwa ctumynioya Ais neTkux BUAINEeHb HA NPUPICT KOpeHiB Lactuca
sativum Ta 3HA4YeHHS iHOEKCY anenonaTtMyHOoi aKTUBHOCTI XapakTepHa ANS KBIiTKM, fiKa LWOMHO PO3KBiTNa, Ta
TUUYMHOK, @ HAMMEHLLA — AN MATOYOoK. AnlenonaTtMyHa akTUBHICTb IETKMX BUAINEHb YaCcTUH KBiTKM Crocus sativus
BCTAHOBNEHA Ha piBHi 6,4 (MaTouka) Ta 28,8% (TMUMHKM). Pe4OBUHMU, SKi iHFiOYIOTb NPOPOCTaHHSA KOpeHiB Lactuca
sativum 3HaxoAsTbCs NepeBaXHO B TMUYMHKAX. BusHaueHo, Wwo neTki BUAINEHHS YacTUH KBiTKM Crocus sativus
3HMXKYIOOTb eHeprilo NPOPOCTAHHA HACIHHSA TeCT-pOCAMHU. [TpakTMUYHA LiHHICTb 4OCNIAXEHb, MONAra€ B TOMY, WO
pe3ynbTati AOCNIAXKEHb MOXYTb O6YTU BUKOPUCTAHI Nij Yac BU3HAYEHHA MiCLS KyNbTYpU B CiIBO3MIHI | TPMBANOCTI
BMPOLLYBAHHS Ti HA OA4HOMY noni

KntouoBi cnoBa: anenonaTis; KBiTyBaHHS; €1€EMEHTU KBITKM; iHTiOYBaHHS; CTUMY/IIOBAHHS
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Abstract. The need for phytoremediation prompts the introduction of plants into the culture, which will not only
have several directions of use of the obtained raw materials, but also contribute to the improvement of the soil
and be a good precursor for the further successful cultivation of the following agricultural crops. It is known that
essential oil crops activate the development of beneficial microbiota and prevent soil fatigue. The article presents
the results of research on the allelopathic activity of plant parts of medicinal hyssop (Hyssopus officinalis L.) of the
Marquis variety, taking into account age characteristics under conditions of climate change in Southern Ukraine.
The aim of the work was to reveal the influence of allelopathic activity of aqueous extracts of leaves, stems and
flowers of hyssop, soil in the rhizosphere zone and plant age on the growth of watercress roots. In the research
process, empirical methods were used, in particular, an experiment. As a result of research carried out with the
medicinal hyssop culture of the first, second and third years of vegetation on the basis of the experimental field
of the Mykolaiv National Agrarian University during 2019-2021, the optimal concentration of water extracts of
the culture with a stimulating effect was found. The dependence of the allelopathic activity of water-soluble
biologically active substances of aerial organs of medicinal hyssop plants is shown, and the concentration of
the solution, which causes an inhibitory effect, is revealed. Thus, the highest allelopathic activity was noted on
the variant using hyssop flowers of medicinal plants of the second year of vegetation in a concentration of 1:10.
Aqueous solutions of the soil layer of the root system where medicinal hyssop plants grew in the third year of
vegetation have an inhibitory effect on the linear growth of watercress roots. It was the largest in the leaf + stem
variant at a concentration of the aqueous solution of 1:10. This suggests that it is necessary to use the culture of
medicinal hyssop in crop rotation carefully taking into account its ontogenesis features. The obtained results will
have practical application in enterprises of various forms of ownership that will have the desire to grow medicinal
hyssop and use it in the structure of crop rotation
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INTRODUCTION
Such consequences of climate change as an increase
in average annual temperatures, frequent and intense
droughts, as well as the active, often ill-advised imple-
mentation of advanced agricultural technologies lead to
deterioration of soil properties and loss of soil fertility.
Therefore,there is a need to find effective solutions tore-
store optimal conditions for growing agricultural crops.
One of these solutions can be the use of phytoremedi-
ation, which significantly improves the physical prop-
erties of the soil, enhancing its biological activity and
increasing its humus content, which positively affects
the productivity and yield of plants (Aipova et al., 2020).

Recently, research aimed at the use of essential
oil medicinal plants as phytomeliorants that synthe-
size specific secondary metabolites, mainly of phenol-
ic nature, is relevant. For example, L. Mikhalska (2018)
experimentally established the possibility of cleaning
soils contaminated with metals and improving their
ecological condition with the help of such a plant as
narrow-leaved lavender. According to A. Shahid (2021),
root secretions of white mustard reduce the accumula-
tion of common diseases in the soil, such as late blight,
rhizoctoniosis, fusarium rot, etc.

The specificity of medicinal plants is that they con-
tain a variety of biologically active substances that can
be released into the environment, and their type, con-
tent and proportion can affect the growth and develop-
ment of plants that are in the same agrophytocenosis.
Such phytochemicals include phenolic compounds, al-
kaloids, flavonoids, tannins, resins and balms, essential
oils, etc. But terpenoids deserve special attention - sec-
ondary metabolites that affect the taste of fruits, the
color of leaves and the smell of flowers and are the
main component of plant essential oils. Terpenoids
produced by plants protect them from fungal diseases,
insects and animals. One of the ways of terpenoids en-
tering the soil is plant root secretions (Kornienko et al.,
2021). Essential oils have high volatility in atmospheric
air (Grodzinsky, 1992). Phytomelioration significantly
improves the agrochemical, agrophysical and biologi-
cal parameters of the soil. According to scientists’ ex-
periments, the essential oil of plants belonging to the
Lamiaceae family significantly reduces the number of
phytonematodes. The most sensitive are the soil stages
of the root nematode (Abd-Elgawad & Omer, 1995). In
the conditions of the Mykolaiv region, medicinal hys-
sop, as an essential oil crop adapted to the extreme soil
and climatic conditions of the south of Ukraine, can be
grown for the reclamation of degraded soils, on tech-
nogenically polluted territories for local greening, on
saline soils for the purpose of improving ecosystems
(Dobrovolskyi et al., 2021).

Root exudation is an important process that deter-
mines the interaction of plants with the soil environ-
ment and is the main component of carbon distribution
in the soil. Root exudation is a complex phenomenon
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that encompasses processes that control carbon trans-
port to roots and exudation from roots to soil. This pro-
cess optimizes root growth to facilitate efficient forag-
ing for nutrients and possibly detection of competing
neighbors. Root escudates include rhizodeposits con-
sisting of sugars, organic acids,amino acids, etc. The pe-
culiarity of perennial plants is that over the years in the
process of cultivation, they form a dead mass that forms
a specific microbiota, which not only activates the pro-
cesses in the soil, but also changes its properties. With
the constant cultivation of such crops, there is an accu-
mulation of phytopathogens and toxigens, which neg-
atively affect the realization of the biological potential
of the plant cultivated after the previous one (Canar-
ini et al., 2019). An experiment by Japanese scientists
showed that joint plantations of tomato (Solanum Lyco-
persicum) with plants of the Lamiaceae family improve
the growth and development of tomato plants, due to
changes in secondary metabolites and amino acids of
the plant. That is, Lamiaceae root exudates change soil
properties and have a positive effect on its microbiota
(Ahmad et al., 2020).

It is necessary to investigate not only the use of
allelopathy of essential oil crops in agriculture, but
also to establish determinants that can interfere with
its positive effect on the growth and development of
plants. A distinctive feature of plants of the Lamiace-
ae family, which includes hyssop, is their aromaticity,
which proves the presence of terpenes and their oxy-
gen-containing derivatives. In addition, plants contain
glycosides, saponins, resins and alkaloids (Islam Mom-
inul et al., 2022). Over time, the accumulation of these
chemicals can have toxic potential.

Based on the above, the goal was to study the in-
fluence of age, parts of plants and their root secretions
depending on the concentration of the solution on
the allelopathic activity of water-soluble biologically
active substances and to establish its stimulating and
inhibitory effect.

The tasks that contributed to the realization of the
set goal were:

- to investigate the allelopathic activity of the
above-ground organs of the hyssop plant and its
root-containing soil layer;

- to compare the allelopathic activity of the ob-
tained water extracts in relation to the test object;

- to determine the allelopathic activity of water ex-
tracts of aerial parts of the hyssop plant depending on
the age and the root layer of the soil in relation to the
test object.

LITERATURE REVIEW
In connection with the active cultivation of essential
oil crops, including medicinal hyssop, it is important to
study their effect on other types of plants, so scientists
have started researching their allelopathic properties.



According to M. Shinwari et al. (2013), 70 species of
Japanese plants were examined for allelopathy using
the aqueous extraction method. The scientists con-
cluded that before large-scale cultivation of any me-
dicinal plant in an established agricultural field, the
plant should be evaluated allelopathically, as chemical
exposure from previous plants, residues, related plants
and even autotoxicity can adversely affect the crop-
ping system. The results of experiments by Bulgarian
scientists show that water infusions of hyssop contain
secondary metabolites that show allelopathic effects
in the early stages of growth of other plants in lab-
oratory conditions (Dragoeva et al., 2010). Other stud-
ies demonstrate that hyssop essential oil exhibited an
allelopathic effect and inhibited seed germination and
seedling development of wheat and barley (Zheljazkov
et al., 2021). But medicinal hyssop, which was cultivat-
ed in the extreme conditions of Southern Ukraine, was
almost never studied.

According to A.M. Grodzinsky (1992) regarding allel-
opathy, the main issue of a biological phenomenon in
which an organism produces one or more biochemical
substances that affect the germination, growth, surviv-
al and reproduction of other organisms from the same
community is the study of genes - their concentration
and chemical composition. In addition, it is necessary to
study all stages of the cycle - in plant secretions and
precipitation, in the rhizosphere microflora and their al-
lelopathic influence on the phytocenosis. The scientist
believed that knees have a complex chemical nature,
so their presence and allelopathic activity should be
determined with the help of biological samples. Since
each plant can be both a producer - a donor of phys-
iologically active substances, and a recipient - their
consumer, accordingly, a plant can create both a pro-
tective biological sphere, or be allelopathically active,
and adapt to the presence of genes in the environment,
that is, be allelopathic tolerant. These special proper-
ties make it possible to find out the possibility of using
such a plant in combined crops or its ability to inhibit
the growth and development of weeds. Accumulating
and releasing genes into the environment, the plant
creates an allelopathic sphere around itself (Grodzin-
sky, 1992; Aipova et al., 2020; Grodzinsky, 1991).

Plant groups accumulate knees to a certain level,
which determines the activity of their growth and de-
velopment. There is a dependence between the produc-
tion of knees and the accumulation of plant biomass:
the higher the level of knees - the deterioration of the
growth of the components of the grouping. A reduction
in the production of knees weakens the growth and ac-
cumulation of plant biomass (Canarini et al., 2019).

Thus, the allelopathic activity of a plant is deter-
mined by such main properties as the formation, ability
to accumulate and release into the environment knees,
and allelopathic tolerance - resistance to secretions of
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other plants or one’s own (Storozhyk, 2019). The meth-
od of labeled atoms confirmed the presence of root
secretions (Laurent Simon et al., 2019; Ceranic et al.,
2020; Vivanco et al., 2012).

But it should be taken into account that there are
methodological difficulties in determining the allelop-
athic properties of a plant. Also, allelopathy is noted for
its instability in natural conditions (Cheng et al., 2015).

Allelopathy is a natural phenomenon that has a
significant impact on the functioning of biocenoses.
The phenomenon of allelopathy includes various types
of chemical interactions between organisms and is car-
ried out by the formation and release of metabolites
with allelopathic activity into the environment (Polyak
et al., 2019; Aci et al., 2022; Hussain et al., 2021). The
term “allelopathy”is most often used to characterize the
relationships between plants, but it is also widely used
to describe the relationships between microorganisms
and between plants and microorganisms (Kucheryavay,
2020; Zorikova et al., 2017).

By chemical composition, allelopathic substances
vary from simple carbohydrates to complex polycyclic
aromatic phenols, terpenes, flavonoids, polyacetylenes,
fatty acids. Allelopathic substances play an important
role in plant defense (Reigosa et al.,2010; Khalid, 2002).

Allelopathy is associated with competition for re-
sources and largely depends on many factors such as soil
structure, moisture, temperature, plant parts, plant age,
availability of nutrients, concentration of allelic compo-
nents and their stability (Sira, 2021; Amb et al., 2016).

MATERIALS AND METHODS
Research on model experiments of the Marquis medic-
inal hyssop, which is promising for cultivation in the
conditions of the southern steppe of Ukraine, was con-
ducted with plants of the first, second and third years of
vegetation during 2019-2021 on the basis of the lab-
oratories of the Mykolaiv National Agrarian University.
The plant material, i.e. the aerial part of the medicinal
hyssop, was selected in the phase of full flowering of
plants, because this phase is the most indicative of the
manifestation of allelopathic activity. Allelopathic ac-
tivity in water-soluble secretions of hyssop plants (Hys-
sopus officinalis L) was determined according to the
generally accepted method of A.M. Grodzinsky (1991)
using biological tests. Watercress seedlings (Lepidium
sativum L.) of the same size and from the same crop
were selected as the test crop. The choice was due to
the fact that watercress has a high seed germination,
so it is more sensitive to external factors. The next
day after planting, the germination of the seeds of the
test crop was observed. The research was conducted in
laboratory conditions at a temperature of +23°C and
a relative humidity of 60-70%. Water extracts of var-
ious concentrations from the leaves, stems and flow-
ers of the plant in the flowering phase were used to
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detect the allelopathic properties of hyssop. The main
place of manifestation of allelopathic relationships is
the soil (Scavo et al., 2019). Therefore, the root layer
of the soil of medicinal hyssop was also studied. Soil
samples for research were taken in the rhizosphere
zone of hyssop plants, in clear weather. To obtain aque-
ous extracts, fresh plant material was crushed and
infused in distilled water for one day. After infusion,
the aqueous extract was filtered. Aqueous soil extract
with a concentration of 1:10, 1:50, and 1:100 was used
for the research. In the experiment, aqueous extracts
from leaves, stems and flowers of medicinal hyssop
were used in concentrations of 1:10, 1:50, and 1:100.

Watercress seeds were germinated on filter paper
moistened with medicinal hyssop extracts in labeled
Petri dishes in a dark thermostat at a temperature of
25°C in the amount of 100 pieces for each variant of
the experiment, which were carried out in 3 repetitions.
Control test objects were germinated by moistening
with distilled water. The distance between adjacent
seeds was approximately the same.

To determine the effect of water extracts of dif-
ferent concentrations on the test object, the length of
Lepidium sativum L. roots was measured with a ruler
to the nearest 1 mm. The increase was calculated as a
percentage of the increase in the length of the roots
of the control seedlings, which were placed in distilled
water, using the methods of mathematical statistics
(Rozhkov et al., 2016).

To improve the analysis of allelopathic data, the
RI, response index, or inhibition index was deter-
mined, which characterizes the vector and relative
magnitude of the effect of allelopathic substances
on the growth rate of watercress seedlings, accord-
ing to Williamson as follows:

- if B>K, then RI=1-(K/B)

- if B<K, then RI=(B/K)-1

At the same time, B is the morphometric index of
the embryo in the experiment, K is the morphometric
index of the embryo in the control.

The stimulatory effect occurs when the value of
RI>0, the inhibitory effect occurs when the value of
RI<0 (Williamson & Richardson, 1988).

RESULTS AND DISCUSSION
In the process of growth and development, plants accu-
mulate genes that are released into the environment,
forming an allelopathic sphere around them. The allel-
opathic activity of a plant occurs within its surrounding
space - the phytogenic field. Allelochemical substanc-
es can be primary and secondary metabolites of plants,
produced during their development and dependent on
environmental conditions. There is an allelopathic inter-
action in plant communities (Dragoeva et al., 2010; Hus-
sain et al., 2021). But allelopathic activity depends both
on the soil and climatic conditions of cultivation,and on
the characteristics of the plant species (Grodzinsky, 1991).

According to N. Zaimenko et al. (2021), under the
influence of microflora and microfauna in the soil, there
is a transformation of allelopathically active substanc-
es, which in turn change the composition and number
of soil microbiota. Under the influence of allelopath-
ic substances, physical and chemical processes in the
soil change, which affect the growth and development
of plants. Thus, each plant receives chemical signals
that regulate its growth and development. M. Reigosa
et al. (2010) believe that allelopathy in agroecosystems
leads to a wide range of interactions between crops. As
a rule, such an interaction leads to the problem of soil
disease or can cause autotoxicity, which will adversely
affect the yield of the agricultural crop. But scientists
also do not rule out that allelochemical substances can
be used in practice, for example, to fight against weeds
and pests. The study determined the activity of knees in
the allelopathic field of hyssop of the medicinal grade
Marquis, which makes it possible to analyze and deter-
mine its effect on the soil during unchanged cultivation
and use of this plant as a precursor.

The obtained results prove that the age of medici-
nal hyssop affects the allelopathic activity of the plant
in relation to the germination of watercress seeds. Both
the stimulatory and inhibitory effects of aqueous hys-
sop solutions on the germination of the seeds of the
test object were revealed.

During 2019-2021, there was an accumulation of
genesintherhizosphereofhyssopofthemedicinalvariety
Marquis,which have both a stimulating and an inhibiting
effect on the germination of watercress seeds (Table 1).

Table 1. The effect of root secretions of hyssop plants of different growing seasons
in the flowering phase on the growth of watercress roots (1:100 dilution)

Vegetation year

Control 3.36+0.13 39.42
First 5.37%0.15 27.33
Second 5.26+0.16 30.45
Third 2.99+0.11 37.45

Source: author’s development
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Filtrate dilution

Allelopathic activity, % Allelopathic activity index (RI)

+59.82 +0.38
+56.55 +0.36
-11.02 -0.11



According to Table 1, it can be seen that in the
plants of the first year of vegetation, the allelopathic
activity of the soil in the rhizosphere zone of medicinal
hyssop is more active in the flowering phase, which
was expressed in the stimulating development of the
test object and amounted to 59.82% relative to the
control, in the second year - 56.55% in accordance.
The experiment proves that already in the second year
of growing medicinal hyssop, it is possible to observe
a decrease in the positive effect of allelopathically ac-
tive soil substances on the growth of watercress roots
by 3.3%. This is also confirmed by the value of the al-
lelopathic activity index (Fig. 1).

Figure 1 shows that the index of allelopathic ac-
tivity of the soil, which expresses the inhibitory effect

0.5
04
0.3
0.2
0.1
0
-0.1
-0.2

0.38

2019
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in the rhizosphere zone of medicinal hyssop, increas-
es depending on the age of the plants. This indicator
was the highest when using medicinal hyssop plants
of the third year of life. An inhibition of the growth of
the roots of the test object by 11.02% was observed,
which was also confirmed by the index of allelopathic
activity, which was a negative number (-0.11). That is,
in the third year of growing hyssop of the medicinal
variety Marquis, water infusion of the soil of the rhiz-
osphere zone of this plant containing knees, inhibits
the growth and development of watercress roots.

This is also confirmed by the results obtained by
S.I.Sorokinoi & N.I. Hnatyuk (2017) in studies of the dy-
namicsofallelopathicactivityofwater-solublesecretions
from the soil and aerial parts of medicinal hyssop plants.

0.36

-0.11

2020 2021

Figure 1. Changes in the allelopathic activity index of the root-containing soil layer over the years of research

Source: author’s development

According to the results of the scientists’ research,
it was found that the effect of knees on the develop-
ment of the test object was both inhibitory and stimu-
lating. In addition, it was found out that the soil in the
rhizosphere zone of the plant and the zone between
the rows accumulates knees throughout the growing
season, but the highest content of knees of inhibitory
action is observed in the flowering phase.

Medicinal hyssop is absent in the natural range of
Southern Ukraine, so the obtained results of the exper-
iment can be explained by the fact that it is an intro-
duced culture for the southern regions (Kucheryaviy,
2020; Reigosa et al., 2010).

In addition, plants of the Lamidceae family, which
includes medicinal hyssop, differ in their ability to ex-
hibit allelopathic activity. For example, the results of
the study of water extracts of the leaves and rhizos-
pheric sol of Marubium vulgare L, or Common Shandra
showed that they significantly (p<0.05) inhibited the
germination and growth of Sinapis arvensis (weed) and
Lactuca sativa (cultivated) seedlings, and their allelo-
pathic activity was dependent on the concentration -
with an increase in the concentration of the extracts,
the allelopathic effects were more pronounced. Allel-
opathic activity may be due to the presence of allel-
ochemical compounds, including tannins, phenolic ac-
ids, and flavonoids, which prevented seed germination

or caused seed death through chromosomal aberra-
tions in dividing cells. In addition, terpenoids and phe-
nolic substances are inhibitory substances in allelopa-
thy. Phenolic compounds are rapidly adsorbed and/or
oxidized by the soil and are most strongly correlated
with inhibition of plant growth. In addition, it has been
reported that toxicity may result from synergistic ef-
fects rather than either alone. In fact, allelochemical
compounds that determine the success of seed germi-
nation can inhibit germination by altering membrane
permeability, respiration, plant water balance, enzyme
activity, etc. (Dallali et al., 2017).

It is known that the essential oil of hyssop is main-
ly accumulated in the leaves and flowers and not a
large amount in the stems of the plant (Wolski et al.,
2006). Hyssop essential oil contains secondary metab-
olites, the release of which can affect the growth and
development of other plants (ZawiGlak, 2013). There-
fore, the study analyzed the effect of aqueous extracts
of different concentrations from the above-ground or-
gans of hyssop of the medicinal grade Marquis on the
selected test object.

The results of the analysis of the root length of
the test object and the allelopathic activity of the wa-
ter-soluble biologically active substances of the aerial
organs of Hyssopus officinalis L. of the Marquis variety
are shown in Tables 2 and 3.
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Table 2. The root length of the test object depending on the age of the plants
and the concentration of the solution, mm

Concentration of the solution

Part of plant Vegetation year 1:50
Control H,0 3.36%0.13 3.36%0.13 3.36%0.13
First 3.64+0.17 3.40%0.17 3.49%0.16
Leaf Second 4.44+0.19 4.54%0.17 4.95%0.14
Third 2.60+0.07 2.51+0.08 1.02%0.05
First 3.84%0.18 3.79%0.15 3.90+0.18
Stem Second 4.34+0.15 4.83%0.16 4.46%0.15
Third 2.73%0.09 2.59+0.09 1.46%0.07
First 4.04+0.14 4.42%0.16 4.15%0.15
Flower Second 4.73+0.16 4.560.16 5.36%0.15
Third 2.96%0.11 2.81+0.10 1.85+0.06
First 4.07£0.15 4.37%0.13 3.45+0.13
Leaf +stem Second 4.73+0.18 4.83%0.19 3.80%0.12
Third 1.39+0.05 1.12+0.05 0.68+0.03

Source: author’s development

An aqueous solution of hyssop flowers of the first
year of vegetation with a concentration of 1:50 acceler-
ated the growth of the root system of the test object by
1.31 times compared to the control. Aqueous leaf-stem
mixture reduced linear growth of watercress roots com-
pared to aqueous flower solution. During the study and
analysis of the allelopathic effect of the age of plants
and their aerial organs on the growth of watercress
roots, it was established that the aqueous solution of
hyssop flowers of the second year of vegetation at a con-
centration of 1:10 had the greatest effect. Active growth

of the roots of the test object took place. On average,
the length of watercress roots was 5.36 mm, which is
2.0 mm more than the control variant. When the con-
centration of the aqueous solution of hyssop flowers
was reduced to 1:50-1:100, the length of the roots of
the test object decreased to 4.56-4.73 mm, respectively.

Aqueous solutions of all variants of plant concen-
trations in the third year of vegetation slowed down the
linear growth of watercress roots and inhibited their
growth. This variant showed an inhibitory effect in all
years of research (Table 3).

Table 3. Allelopathic activity of medicinal hyssop plant organs depending on age and solution concentration, %

Part of plant

Vegetation year

Concentration of the solution

1:50

Control H,0 - -
First 8.33 1.19 3.87
Leaf Second 32.14 35.12 47.32
Third -22.62 -25.3 -69.64
First 14.29 12.8 16.07
Stem
Second 29.17 43,85 32.74
Third -18.75 -22.92 -56.55
First 20.25 31.55 23.51
Flower
Second 40.77 35.71 59.52
Third -11.9 -16.37 -44.9
First 21.13 30.06 2.68
Leaf +stem Second 40.77 4375 131
Third -58.63 -66.67 -79.76

Source: author’s development
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Aqueous solution of flowers of plants of the first year
of vegetation at a concentration of 1:10-1:50 showed
the highest allelopathic activity - 23.51-31.55%, re-
spectively. When the concentration of the solution was
reduced to 1:100, the stimulating effect on the linear
growth of watercress roots also decreased.

Aqueous solutions from all above-ground organs of
plants of the second year of vegetation had a varying
but positive effect on allelopathic activity. It was found
to be the lowest in an aqueous solution of a mixture of
leaves and stems at a concentration of 1:10-3.1%, and
the highest - 59.52% when using an aqueous solution
of flowers at a concentration of 1:50.

It is characteristic to note that when using flowers
in a concentration of 1:100 and 1:50, a positive effect is
noted, but the allelopathic activity of plants of the third
year of vegetation is significantly inferior to plants of
the first and, especially, of the second year of vegetation.

This is confirmed by the experiments of A.P. Drago-
eva et al. (2010), in which aqueous infusions of hyssop
show an allelopathic effect on the early growth stages
of T. aestivum and C. sativus. The effect of inhibition of
root growth was stronger in T. aestivum than in C. sativus,
which confirms the presence of secondary metabolites
that exhibit allelopathic effects in leaves, stems, and
flowers of hyssop plants. L.A. Kotyuk & D.B. Rakhmetov
(2014), investigating the allelopathic effect of plant res-
idues of 13 introduced species of the family Lamiaceae
Lindl., including hyssop, found that aqueous extracts
from H. officinalis plants slowed down seed germina-
tion in Z mays and caused the highest phytotoxic ef-
fect against T. aestivum, i.e. inhibited growth processes.

Tkachova et al.

The allelopathic potential of lavender plants, which
also belong to the Lamidceae family, as well as medici-
nal hyssop, were investigated. In order to determine the
allelopathic potential of lavender plants, the seeds of
the studied plants: corn, beans, wheat and lentils were
placed in aqueous extracts of seeds and leaves in con-
centrations of 5%, 10%, and 15%. The percentage of
germination, the length of roots and plumes, the total
antioxidant activity and the amount of hormones in the
seeds were monitored. Depending on the increasing con-
centrations of lavender extracts used in the tests, the in-
hibitory and phytotoxic effect on seed germination and
growth of the tested plants increased (Ayse Kuru, 2016).

Scientists of the Ferdowsi University of Mashhad
Crop Research Center and Mashhad Botanical Garden
(S. Sadegifard et al., 2022) collected different parts of
plants - flowers, stems, leaves, roots (123 samples) be-
longing to 31 families of medicinal plants. The influ-
ence of the studied plants on the basal and hypocotyl
growth of lettuce seeds, comparison with the control in
different plant families was studied separately. In each
plant family, the comparison was made at two levels
of probability (p<0.05; p<0.01). A high percentage of
inhibition (83-95%) of the growth and development
of the roots of test subjects (Lepidium sativum L) was
observed in extracts from lavender flowers of the com-
mon Lamidceae family. The results of the calculation of
the index of allelopathic activity of above-ground or-
gans of Marquis hyssop plants show that (RI) had the
option of using flower infusion at a concentration of
1:50 in plants of the second year of vegetation (2020)
relative to the control (Fig. 2).

2019 2020 2021

040 0.26 0.28 027

0.20 0.14 . 0.15 . 010 .

0.00

-0.20

-0.40 -0.28 -0.33%

-0.60

1:100 m 1:50 © 1:10 -0.63

-0.80

Figure 2. Index of allelopathic activity of aerial organs
of Marquis hyssop plants during the years of research (2019-2021)

Source: author’s development

As we can see on average over the years of re-
search, the index of allelopathic activity of hyssop
changes depending on the age of the plants and the
concentration of the aqueous solution of biological-
ly active substances of above-ground organs (Fig. 2).
Thus, the highest index of allelopathic activity that
caused a stimulating effect was noted at a concentra-
tion of 1:50 of the solution of flowers of plants of the

second year of vegetation. The inhibitory effect was
observed at a solution concentration of 1:10.

These research data are confirmed by the results of
other experiments regarding the allelopathic activity
of medicinal hyssop. Thus, B. Jop et al. (2021) proved
that hyssop oil is saturated with monoterpene ketones,
such as isopinocamphon - 42.1% and pinocamphon -
10.6%. Hyssop oil inhibits the germination of wheat
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and mustard, depending on the concentration. Visible
suppression of wheat seedlings occurs already at a
dose of oil of 1.0 g/l-1, and mustard - 2.8 g/I-1.

V. Pandey et al. (2014) obtained essential oil of hys-
sop from different parts of the plant: leaves, flowers and
stems by hydrodistillation. It was found that the main
components of the oil were cis-pinocamphon (49.7-
57.7%), pinocarvone (5.5-24.9%), B-pinene (5.7-9.3%)
and others. The comparative results clearly showed that
the oil samples obtained from hyssop leaves and stems
were quite similar in terms of cis-pinocamphon and
pinocarvone content. However, the oil obtained from
the flowers of the plant differed from the oil from the
leaves and stems by the presence of a greater amount
of pinocarvone. It is known that essential oils are mix-
tures of simple aliphatic and cyclic terpenoids, mainly
mono- and sesquiterpenes, their alcohols and ketones
with accompanying derivatives of benzoic acid and
phenylpropane. Ketones, which include pinocarvone,
deserve special attention. The biological effect of ke-
tones is diverse, but despite their positive properties,
it is necessary to note their possible toxic effect (Garna
et al., 2016). It can be assumed that the accumulation
of cis-pinocamphon and pinocarvone over the years in
hyssop stems, leaves and flowers gives allelopathic ac-
tivity to the obtained solutions of different concentra-
tions from parts of the hyssop plant in the third year
of vegetation and from its rhizosphere zone relative to
the linear growth of the roots of the test object, which
requires further studies of the chemical composition of
the aerial part of hyssop and its root-containing soil
layer cultivated in the conditions of southern Ukraine.

CONCLUSIONS

Thus, in the years of research (2019-2021), it was found
that the linear growth of the roots of the test object,
which was used as a watercress, was allelopathically
affected by aqueous solutions from all parts of hys-
sop plants of the Marquis variety. Analyzing the data
of the experiment, it can be concluded that aqueous
solutions of the root-containing layer of the soil and
above-ground organs of hyssop plants of the first and
second years of vegetation had a stimulating effect on
the growth of the roots of the test object. The obtained
result may indicate that there is no significant accumu-
lation of inhibitory substances in the roots of medicinal
hyssop plants during the first 2 years of growth and

development. Aqueous solutions of the soil layer of the
root system where medicinal hyssop plants grew in the
third year of vegetation have an inhibitory effect on the
linear growth of watercress roots.

It was established that the variant with the use of
hyssop flowers of the second year of vegetation in a
concentration of 1:10 has the highest allelopathic ac-
tivity. It was the largest in the leaf + stem variant at a
concentration of the aqueous solution of 1:10. Accumu-
lation of essential oil in hyssop occurs in flowers, leaves
and to a lesser extent in stems. Studies confirm that
substances with an inhibitory effect gradually begin to
be localized in the organs of medicinal hyssop plants,
which are able to accumulate essential oil, already in
the second year of the crop’s vegetation. On average,
the index of allelopathic activity of water-soluble bio-
logically active substances of above-ground organs of
medicinal hyssop plants of the first and second years of
vegetation had a stimulating effect at a solution con-
centration of 1:50, and an inhibitory effect when using
plants of the third year of vegetation with a solution
concentration of 1:10. This result confirms that the
largest amount of allelochemicals, which can negative-
ly affect the growth and development of other plants,
accumulated in the third year of medicinal hyssop culti-
vation. It should be noted that despite the difference in
the allelopathic activity of aqueous extracts from vari-
ous organs of hyssop plants, the tendency to its growth
occurs with each year of its cultivation in monoculture.
The experiment proves that perhaps the recommended
period of growing a plant in a monoculture is no more
than 5 years, because already in the 3rd year of cul-
tivation, hyssop shows a phytotoxic effect, but further
research is needed for a more accurate result.

The results of the study of the allelopathic effect of
hyssop plants of the Marquis variety on the growth of
watercress roots showed that the assessment of their
allelopathic potential is a promising direction for more
effective practical use of these plants.
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AnenonaTtuyHa aKTUBHICTb pocnuH Hyssopus officinalis L.

€ereHia CepriiBHa TkauoBa
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Oner AHatoninosuu KosaneHko
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AHotauif. HeobxigHicTb y @iToMeniopauii cnoHyKae Ha BBEAEHHS Y KYNbTYpy POC/MH, AKi He Tinbku ByayTb Matu
[LeKinbKa HanpsMKiB BUKOPUCTAHHS OTPUMAHOI CMPOBUHM, ane i CNpuUsTU 0340POBNEHHIO FPYHTIB Ta ByT 806pUM
nonepegHUKoM Ans NoAanbIOro YCMilHOr0 BUPOLLYBAHHS HACTYMHUX 338 HUMM CiNbCbKOrOCNOAAPCbKUX KYNbTYP.
BinoMo, Wwo edipooniiiHi KynbTypu akTUBi3ylOTb PO3BWUTOK KOPWUCHOI MikpoBioTM Ta 3anobiraloTb FPyHTOBTOMI.
B cTaTTi HaBeaeHO pe3ynbTaTh [OCNIAXKEHDb BMNIMBY HAa anenonaTtMyHy akTUBHICTb YaCTUH POCMH Ficony NiKapCbKOro
(Hyssopus officinalis L.) copTy Mapki3 3 BpaxyBaHHSM BiKOBMX 0COBAMBOCTEN B YMOBAX 3MiH K/liMaTy NiBAHS YKpaiHu.
MeToto poboTH Hyno BUSBUTH BNIMB anefionaTMYHOi aKTUBHOCTI BOLHMX €KCTPaKTiB UCTKIB, cTeben Ta KBIiTOK ricony,
IPYHTY Y 30Hi pu3ocdepu Ta BiKYy POCIUH HA PiCT KOpPEHiB Kpec-canaty. Y npoueci 4oCNiAXeHHS BUKOPUCTOBYBaINUCS
eMnipuyHi MeToaM, 30KpeMa, eKCnepuMeHT. B pe3ynbrati npoBeaeHNX [OCNIAKEHD 3 KYNbTYPOIO ricony NlikapCbKoro
nepLuoro, Apyroro Ta TpeTbOro poKiB BereTauii Ha 6a3i gocnigHoro nons MnkonaiBCbKoro HaLioHanbHOro arpapHoro
yHiBepcuTeTy BnponoBx 2019-2021 pokiB BUSBNEHO ONTUMaNbHY KOHLEHTPALIi0 BOLHUX €KCTPAKTIB KYNbTypu 3i
cTuMynioumM edekToM. MNokazaHa 3anexHicTb anenonaTMYHOi aKTUBHOCTI BOAOPO3YMHHUX BiONOMYHO aKTUBHUX
pe4yoBUH HAA3EMHUX OPraHiB POCAUH FiCOMNY NiKapCbKOro i BUSIBNIEHO KOHLEHTPALLIH0 pO34MHY, IKa BU3UBAE iHTiOY0UMin
edexT. Tak, HabiNbW BMCOKA anenonaTMyHa akTUMBHICTb BiAMivanacb Ha BapiaHTi 3 BUKOPUCTAHHAM KBITOK ricony
NiKapCbKOro poC/IMH Apyroro poky Beretauii B KoHUeHTpauii 1:10. BogHi po3unHu Wwapy rpyHTY KOpEHEBOI CUCTEMMU,
[le 3pOCTanu poCAMHM Ticomy NiKapCbKOro TPeTbOro POKY BereTalii, MatoTb iHribyouMii edekT Ha NiHiIAHWIA NpupicT
KOpeHiB Kpec-canaTy. Haibinbwoto BoHa 6yna y BapiaHTi IMCTOK + cTeb6N0 NpU KOHLEHTPALii BOAHOMO poO34nHY
1:10. Lle roBopuTb Npo Te, WO HEobXifHO BUKOPUCTOBYBATU KYNbTYpPY FiCOMY NiKAapCbKOro B CiBO3MiHi 06epexHo
BpaxoBytoum ii ocobnunsocTi oHToreHesy. OTprMaHi pes3ynbTaT MaTUMYTb NPAaKTUYHE 3aCTOCYBAHHSA Y NiANPUEMCTBAX
pi3HUX GOpPM BNACHOCTI, Ki ByayTb MaTU BaKaHHS BUPOLLYBATU KYNbTYpPY riCOMy NiKapCbKOro Ta BUKOPUCTOBYBATU
MOro B CTPYKTYpi CiBO3MiHM

KntouoBi cnoBa: ricon nikapcbkuii; Kpec-canat; BOAHI eKCTPaKTH; KOHLEHTPaLif pO34MHY; anenonatis; CTUMYNIOBAHHS;
iHribytounit edekr
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Abstract. Climate changes in recent decades have increased the degree of risks in crop production.The consequence
of such processes is an increase in the temperature regime against the background of a significant moisture deficit
in critical periods of plant growth and development. Accordingly, research aimed at establishing the adaptability
of plants to such climatic changes is relevant and timely. The purpose of the research is to establish the principles
of implementing the adaptive potential of new varieties of winter wheat of different types of development in the
Steppe zone under the conditions of climate change. Records and their assessment were carried out according to
the generally accepted methods of Ukrainian variety testing with mandatory statistical and dispersion analysis of
the results of field experiments. The establishment of indicators of the stability of quantitative traits and plasticity
was carried out using the Eberhard-Russell algorithm, which is based on a regression analysis of the dependence
of the grain yield of winter wheat of different varieties on the environmental index. The results of the research
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established that universal type varieties with a stem length of 85-90 cm are the most suitable for irrigated and
non-irrigated conditions. Regression analysis of the data on the plasticity and stability of the elements of the crop
structure in different varieties of winter wheat proved that their variability directly depends on the genotype and
ecological gradients. According to the results of the assessment of the adaptive potential, it was established that
the parameters of plasticity (b=0.804-0.989) and yield (7.33-7.63 t/ha exceed the standard by 10.4-14.9%) showed
winter wheat varieties of the universal type - Askaniyska, Askaniyska Bereginya, Perlyna, Znahidka Odeska, while
Khersonska 99, Kirena, Yaroslavna, Kuyalnyk, etc. were characterized by an intensive type of development. Varieties
of the universal type were more plastic and stable in the formation of ear productivity, compared to short and
tall biotypes. The scientific significance of the research lies in the substantiation of scientific principles, practical
recommendations for improving varietal agricultural technology of winter wheat, which had different genetic and

ecological origins, in irrigated and non-irrigated conditions of the Steppe zone

Keywords: climate changes; variety; stability; plasticity; morphobiotype; productivity

INTRODUCTION
The last three decades have been characterized by an
increase in the average annual temperature in Ukraine
by 1.2°C (Pichura et al., 2021). According to weather ob-
servations since the 1890s, the period from the end of
the 20t century to today is considered the warmest in
Ukraine in the entire history of monitoring (Pichura et
al.,2021). Such climatic transformations of recent years
have increased the degree of risks related to the tech-
nological processes of crop production: establishing
optimal sowing dates and sowing rates, growing vari-
eties and hybrids of grain crops of different degrees of
intensity and maturity groups, optimizing the applica-
tion of mineral fertilizers, etc. They are caused by an
increase in the temperature regime of the environ-
ment, the unevenness of precipitation or its complete
absence in critical phases of the development of field
crops (Pichura et al., 2021). The rate of change in aver-
age, as well as maximum and minimum temperatures
for the period 1961-2013 was 0.3°C every ten years
(Didovets et al., 2020). The last two decades have been
characterized by a fairly dangerous trend from the point
of view of the impact on crop production - the spread
of heat waves. Their appearance leads to the formation
of extremely difficult conditions for the vegetation of
agricultural plants not only in the whole world, but also
in the Steppe zone of Ukraine in particular. According to
NASA, in the summer of 2021, a heat wave with a record
temperature of +49°C was recorded in the city of Lyt-
ton in Canada. In the summer of 2022, large-scale heat
waves were observed throughout the European conti-
nent, as a result of which massive forest fires were re-
corded in Central, Western and Southern Europe.All this
led to considerable human casualties and the loss of bi-
odiversity in large areas. The intensification of the field
of crop production due to modern regional and global
climate changes with their negative consequences re-
quires not only an increase in the full productivity of
the assortment of grain crops, but also their ecological
stability of agrocenoses. Selection and varietal agro-
technics of agricultural crops are of primary importance
in solving these problems. According to the results of
research by Ukrainian and international scientists, the

increase in the yield of winter wheat due to the intro-
duction of certain technological innovations and the
improvement of agricultural cultivation techniques is
up to 60%, and due to the fate of modern high-yielding
varieties of intensive direction with appropriate varietal
agricultural techniques - up to 40% (Domaratskiy, 2021;
Williamson et al., 2022). The absence of high-intensity
varieties of winter wheat with an increased positive re-
action to the nutrient regime of the soil would nullify
the use of modern approaches in the intensification of
crop production, namely: the introduction of increased
doses and norms of mineral fertilizers, the use of new
stimulators and plant growth regulators, etc. Conduct-
ing high-quality seed production and variety renewal
are the most profitable and environmentally safe fac-
tors for increasing the gross harvest of winter wheat
grain (Domaratskiy, 2021; Williamson et al., 2022).

The yield indicator implements the effect of a set
of factors on the plant organism during its growing
season, and the yield is the result of a compromise be-
tween productivity and resistance to biotic and abiotic
factors of the environment (Herrera et al., 2021). For
maximum harvest indicators, the characteristics of pro-
ductivity and stability must be selected and adjusted in
such a way that in each individual case they best cor-
respond to the conditions of the external environment
(Domaratskiy et al., 2020; Panfilova et al., 2021).

Increasing the yield of winter wheat depends, first of
all, on the connection between individual components of
productivity and establishing the main patterns of crop
formation (Domaratskiy et al., 2019; Panfilova et al., 2020).
Many scientists (Sewenet et al., 2021; Ge et al.,2022) indi-
cate the important role of the linear relationship between
the variability of traits and environmental conditions, this
opens up new opportunities for studying quantitative
traits,and also allows predicting the adaptive reactions of
varieties during cultivation them in different conditions.

The purpose of the article is to establish and high-
light the principles of implementing the adaptive po-
tential of new varieties of typical winter and alternative
wheat in the Steppe zone of Ukraine under the condi-
tions of climate change.

Ukrainian Black Sea Region Agrarian Science, 26(4), 30-39
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MATERIALS AND METHODS
The research program included a comprehensive study
of new varieties of the universal type under different
growing conditions (irrigated, non-irrigated, sowing
dates and rates). The researched varieties of soft winter
wheat (Askaniyska Bereginya, Khersonska bezosta, Per-
lyna, Askaniyska, Zahidna Odeska) had different genetic
and ecological origins, and were also included in the
State Register of plant varieties suitable for distribution

point 2

in Ukraine. Field experiments were carried out in 2017-
2021 in the conditions of the experimental field of the
Kherson State Agrarian and Economic University (GPS:
46.743447, 32.481064, Kherson, Ukraine - point 1) and
the Askaniysk DSDS of the National Academy of Scienc-
es of the National Academy of Sciences (GPS: 46.55209,
33.82216, 40 Rokiv Peremohy Str., 16, Tavrychanka vil-
lage, Kherson region, Ukraine - point 2), which are part
of the Southern Steppe of Ukraine (Fig. 1).

\

Figure 1. Points of field research
Notes: Point 1 — GPS: 46.743447, 32.481064 Kherson, Ukraine; Point 2 - GPS: 46.55209, 33.82216 40 Rokiv Peremohy

Str, 16, Tavrychanka village, Kherson region, Ukraine

Assessment of winter wheat assortment, necessary
records and observations were carried out in accord-
ance with generally accepted methods of state variety
testing. Statistical and dispersion analyzes were per-
formed according to methodological instructions (Dos-
pekhov, 1979; Lytun et al., 1996).

The agricultural technique of growing winter wheat
in the experiment was generally accepted for the south
of Ukraine, which provides for the maximum accumula-
tion and preservation of moisture in the seed layer of
the soil at the time of sowing. This approach makes it
possible to sow winter wheat every year at the end of the
optimal period (in the last decade of September),even in
non-irrigated conditions. The precursor for winter wheat
in the experiment was black steam, both under irrigat-
ed conditions and without irrigation. The researched
varieties were sown at the rate of 3.5 million similar
seeds per hectare. Weeding of crops was controlled by
spring application of a herbicide with the active sub-
stance tribenuron-methyl in the interphase period at
the end of tillering - exit into the tube. Fungicidal pro-
tection against pathogenic microflora involved only the
treatment of seed material before sowing with prepa-
rations containing the active ingredient tebuconazole
750 g/kg.To establish indicators of plasticity of varieties
and stability of quantitative traits, the S.A. Eberhart &
W.A. Russell (1966) algorithm was used. This algorithm
is based on a regression analysis of the dependence of
the grain yield of varieties on the environmental index.

Ukrainian Black Sea Region Agrarian Science, 26(4), 30-39

RESULTS AND DISCUSSION

The productivity of the ear had a well-expressed genetic
specificity in the formation of the crop as a whole ac-
cording to the experiment. Over the years of research
under different growing conditions, the highest mass of
grain from an ear of corn was formed by the varieties
Kirena, Khersonska 99, Askaniyska, Solomiya, Askaniys-
ka Bereginya. These varieties were characterized by high
ear productivity, mainly due to the increased intensity of
grain filling, compared to other varieties of winter wheat.
Variability of growing conditions did not have a significant
impact on ear productivity indicators. This indicator was
genetically determined and reached a high level. The
highest mass of grain from the ear was formed by the
studied varieties in the variant of sparse sowing during
the late sowing period.From the point of view of yield for-
mation under such conditions, the lower productive stalk
was compensated by the higher productivity of the ear.

The studied varieties of winter wheat had their own
specificity in terms of compensatory features in crop
formation. Thus, winter wheat varieties Viktoriya Odes-
ka, Znahidka Odeska, Askaniyska, Askaniyska Bereginya
formed a highly productive ear (1.60-2.06 g) almost re-
gardless of the density of the plants.As for Odeska semi-
dwarf, Istok, Khersonska 99 and Kuyalnyk varieties, these
varieties had a tendency to decrease the ear productivity
index due to the increase in sowing rates. The decrease in
the stem density in these varieties had a significant effect
on the increase in the weight of the grain from the ear.



As for the number of grains in the ear of the studied
varieties, this indicator increased in the late sowing pe-
riod, similar to the overall productivity of the ear. Some
variety types were distinguished by different reactions
to the variability of growing conditions. Analyzing the

Bazaliy et al.

results of the experiment on the parameters of plasticity
and stability of the elements of the crop structure in win-
ter wheat varieties under different growing conditions,
it was established that their variability was dependent
on the genotype and environmental gradients (Table 1).

Table 1. Character of manifestation of structural elements in the ear
of winter wheat varieties under different growing conditions

Askaniyska Berehynia 1.87+0.03
Khersonska bezosta 1.58+0.03
Perlyna 1.78%0.02
Askaniyska 1.74%0.02
Zakhidna Odeska 1.56%0.03

Regression coefficient, b,

Dispersion, S*d

The number of grains in an ear. pcs.

Askaniyska Berehynia 43.7*0.65
Khersonska bezosta 41.81+0.85
Perlyna 46.41+0.53
Askaniyska 48.77%0.65
Zakhidna Odeska 42.10%0.31

Length of ear,cm

Askaniyska Berehynia 10.1+0.06
Khersonska bezosta 10.0+0.10
Perlyna 10.2+0.06
Askaniyska 10.7%0.07
Zakhidna Odeska 9.4+0.06

Source: developed by authors

From the results of the research, it was established
that among the genotypes that were studied in the
field experiment based on the indicator of grain weight
from the ear, only one variety (Khersonska bezosta) was
characterized by a significant reaction to the change
in growing conditions (b,=1.614). As for other new
universal varieties (Askaniyska Bereginya, Askaniyska,
Perlyna), they had a sufficiently high level of plasticity
(b,=0.612-0.836). Under such conditions, these varieties
can also be considered stable in the formation of ear
productivity (52d=0.005-0.006).

Similar results were also found in the formation
of the number of grains in an ear. Thus, winter wheat
varieties Askaniyska Bereginya,Askaniyska, Perlyna were
characterized by higher indicators of plasticity (b=0.501-
0.814) and stability (S*d=3.00-5.56) in the manifesta-
tion of this characteristic of productivity under differ-
ent growing conditions (Table 1). The variety Znahidka
Odeska needs special attention, which is characterized
by a significantly high level of reaction to the variability
of growing conditions (b,=1.018) and showed a high lev-
el of stability (S*d=6.14) according to this characteristic,
while the variety Khersonska bezosta with the greatest
reaction to improvement (deterioration) growing con-
ditions (b,=1.824) was significantly unstable in the for-
mation of the number of grains in the ear (S?d=12.16).

The structural analysis of productivity elements
proved that the number of grains and the mass of grain
from the ear increased in all varieties at a lower plant
density and later sowing dates.

0.612 0.006
1.614 0.034
0.836 0.007
0.759 0.005
0.760 0.026
0.501 3.00
1.824 12.16
0.623 5.56
0.814 4.84
1.018 6.14
0.466 0.08
2.342 0.46
0.166 0.09
0.648 0.11
0.843 0.13

Conducting a dispersion analysis of the mentioned
characteristics makes it possible to state that they are
largely modified by environmental conditions (46.5-
53.2%). The rate of sowing had practically no influence
on the variation of these characteristics (1.4-4.2%), the
timing of sowing, on the contrary,was characterized by a
significant influence (9.5-20.8%). The mass of grain from
an ear is due to genotypic variability to a greater extent
(25.6%) than the number of grains in an ear (14.1%).

Carrying out dispersion analysis of other important
subcomponents of ear productivity (ear length, number
of ears) made it possible to establish their significant
dependence on the genetic properties of one or anoth-
er variety and environmental gradients.

The indicator of spike length undergoes more signifi-
cant modifications under the influence of environmental
conditions (49.9%) with a slight manifestation of genetic
variability (17.1%) compared to the number of spikelets
in a spike. The last indicator had an average variability
(28.3%)forasufficientlyhighgenotypicvariability(55.6%).

The increase in the absolute expression of the
length of the ear and the number of ears in it occurred
against the background of the increase in the response
of winter wheat varieties to a decrease in the density of
sowing, which was formed under the influence of dif-
ferent norms and terms of sowing the crop.

The processes of formation of winter wheat va-
rieties with a productive stem largely depend on the
growing conditions and the indicator of the hydrother-
mal coefficient. A decrease in the number of productive

Ukrainian Black Sea Region Agrarian Science, 26(4), 30-39
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stems in plants per unit area caused by a decrease in
sowing rates, a late sowing period and unfavorable
weather conditions of the year is a general pattern. But
the modification of this feature was largely determined
by the architecture of the varieties.

New universal varieties (stem length 85-90 cm) Aska-
niyska, Askaniyska Bereginya, Perlyna formed significantly
more productive stems compared to medium-growing va-
rieties Khersonska bezosta, Dryada, Kirena, which was the
result of their formation of higher productivity in all peri-
ods and sowing rates. This is primarily due to their biolog-
ical morphological features, as well as the reaction of a
certain variety to irrigation conditions (Bazaliy et al., 2020).

With a late sowing period, the advantage of these
varieties over medium-sized ones is even more obvious.
Thus, in this case, due to the additional spring bushing
of plants and the synchronicity of earing, the produc-
tivity of universal varieties decreased to a lesser extent
than that of medium-sized varieties.

With an increase in the sowing rate, a general ten-
dency to increase the productivity of varieties was ob-
served, especially for the late sowing period. For plants
of universal type varieties, this is explained by the syn-
chronicity of stem formation and occurs as a result of an
increase in spike-bearing shoots.On average,in different
years of the tests, the largest yield was formed under op-
timal test conditions. The evaluation of varieties at dif-
ferent stem densities showed that a significant increase
in productivity was observed in them with its increase.

The results of the research established that only
during the late sowing period, the studied varieties had a
positive reaction to the increase in the sowing rate,during
other periods its increase did not have a reliable effect on
theyield change.This dependence is especially typical for
tall and medium-growing varieties of winter wheat (Dni-
provska 847, Yaroslavna, Khersonska bezosta and Kire-
na). These varieties, in most cases, had a mathematically
proven decrease in productivity with an increase in sow-
ing rates up to 7 million grains/ha (Bazaliy et al., 2020).

The difference between varieties of intensive and
semi-intensive type of development is that the former
require a higher level of agrobackground, moisture
supply, agrotechnical conditions, etc. Deterioration of
these conditions and their significant qualitative fluc-
tuation leads to the impossibility of maximum realiza-
tion of one’s productivity potential. Along with this, the
high sensitivity of intensive-type varieties to favorable
growing conditions often limits their range of distri-
bution in other agro-ecological zones, in which these
varieties may not form high productivity indicators. Ac-
cordingly, the creation of universal varieties, which are
characterized by an increased level of adaptive poten-
tial, is the main direction of winter wheat breeding in
the conditions of further increasing the productivity of
the agrocenosis. All this will guarantee the ecological
stability of a specific variety.

Cultivated plants are constantly affected by adverse
factors of the external environment, as a result of these
processes there is a depression in the productivity of
both individual plant organisms and agrocenoses as a
whole. The degree of negative reaction of the inves-
tigated agrocenoses is characterized by the presence
or absence of homeostasis mechanisms. At the same
time, the inconsistency of growing conditions with the
adaptive potential of plants is directly proportional to
the expenditure of assimilation products on protective
and compensatory reactions, which in turn must be
lost precisely on crop formation. Such processes have a
negative impact on the level of crop yield. The integral
physiological indicator determines the general resist-
ance of plants to negative environmental factors, it also
affects the dispersion in the formation of agrocenosis
productivity (Basu et al., 2021).

Theindicatorofstability (ecologicalstability) should
be understood as the ratio under stressful conditions
to yield under optimal conditions. According to this for-
mula for determining stability, we calculated indicators
of yield stability in winter wheat varieties (Table 2).

Table 2. Indicators of yield stability in winter wheat varieties under different growing conditions (2017-2021)

Irrigation

Khersonska bezosta 0.71
Khersonska 99 0.73
Khersonska ostista 0.76
Cyrene 0.64
Yaroslavna 0.57
Askaniyska 0.77
Askaniyska Berehynia 0.78
Perlyna 0.79
Odesa 267 0.79
Albatross Odesskyi 0.56
Kuyalnik 0.57
Znahidka Odeska 0.72

Source: developed by authors

As can be seen from Table 2, the varieties partial-
ly differed in indicators of ecological stability. Despite
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No irrigation Irrigation/ No irrig
0.79 0.54
0.80 0.52
0.79 0.54
0.71 0.49
0.68 0.43
0.71 0.49
0.82 0.57
0.84 0.59
0.83 0.58
0.70 0.51
0.73 0.48
0.71 0.48

the fact that they have different genetic origins and
belong to different ecological groups, the stability



of their plants in terms of yield is higher under con-
ditions of non-irrigated agriculture, which provided
less intensive vegetation growth than under irriga-
tion conditions, and this, in turn, led to smaller energy
costs for the protection of compensatory reactions.

It should also be noted that in conditions of insuffi-
cient soil moisture, the varieties of universal type Aska-
niyska, Askaniyska Bereginya, Perlyna and Znahidka
Odeska stood out in terms of absolute productivity and
ecological stability. In 2021, Obriy, Odeska 162 varieties
suffered from difficult factors of overwintering, main-
ly from frosts in autumn and early spring. The weather
and climate conditions of a specific growing year have

Bazaliy et al.

a significant impact on the realization of the potential
productivity of winter wheat varieties. This especially
applies to risky farming zones in the south of Ukraine,
including the Kherson region. The analysis of meteoro-
logical data for the last 30 years in the Kherson region
shows high variability of the amount of precipitation
by year (from 283 to 627 mm) and during the growing
season from 59 to 255 mm. (Bazaliy et al., 2021). It is
appropriate to consider the variety as a biological sys-
tem through the prism of its reaction to environmental
conditions. The ability of the variety to realize its genetic
yield potential depends on this, thanks to the parameters
of plasticity and its stability (Table 3).

Table 3. Character of manifestation of yield and plasticity parameters

Years of study  Height of plants, cm

Khersonska bezosta 5 106
Khersonska 99 5 108
Khersonska ostista 5 110
Cyrene 5 106
Yaroslavna 5 108
Askaniyska 5 95
Askaniyska Berehynia 4 90
Perlyna 3 96
Odesa 267 5 110
Albatross Odesskyi 5 108
Kuyalnik 5 106
Znahidka Odeska 5 96

Source: developed by authors

According to the results of the assessment of the
adaptive potential, it was established that the parame-
ters of plasticity (bi=0.804-0.989) and yield (7.33-7.63 t/
ha exceed the standard by 10.4-14.9%) showed winter
wheat varieties of the universal type - Askaniyska,
Askaniyska Bereginya, Perlyna, Znahidka Odeska, while
Khersonska 99, Kirena, Yaroslavna, Kuyalnyk, etc. were
characterized by an intensive type of development.

The analysis of breeding lines of winter wheat of dif-
ferentgeneticoriginrevealedthatinayearwithfavorable
weather conditions, genotypes with different plant
heights have high yields, but the most optimal stem
length for realizing productivity is 80-95 cm. This pat-
tern was more evident in unfavorable growing condi-
tions, when it was observed a sharp decrease in plant
height. Thus, the study of identical lines under unfa-
vorable growing conditions made it possible to dif-
ferentiate them into only two groups based on plant
height with a maximum stem length of 85-90 cm.
These morphobiotypes were characterized by higher
productivity of crop structure elements and yield than
lines with lower plant height.

The creation of morphobiotypes with a stem
length of 85-90 cm by crossing short forms with each
other does not cause difficulties, because the output
of taller genotypes in hybrid populations occurs in a

in winter wheat varieties under irrigation conditions (2017-2021)

Yeld of corn ) ..
5 Coefficient of plasticity, b.
Regarding standard, % :

6.64 - 1.120
6.78 102.1 1.018
6.65 100.0 1.203
6.84 103.0 1.314
6.64 100.0 0.980
7.05 106.2 0.989
723 1104 0.814
763 114.9 1.018
6.24 93.5 1.105
6.04 91.0 1.314
6.79 102.2 1.140
7.06 113.2 0.804

mass order. This significantly increases the possibility
for targeted individual selection of highly productive
morphobiotypes, in addition, such biotypes are usually
characterized by a greater expression of adaptive traits
compared to stunted forms of identical, genetic origin.
The results of experimental studies revealed that under
optimal conditions of moisture supply, morphobiotypes
of winter wheat were characterized by a high absolute
manifestation of grain mass from the main ear and ears
of the second order and grain size.

Characteristically, the ratio of these elements of the
crop structure during splicing was closer than under con-
ditions without splicing. Thus, the exaggeration of the
weight of the grain from the main ear to the weight of the
ears of the second order under the conditions of splicing
was 27.3-34.4%,and without splicing 32.6-41.0%, accord-
ing to the weight of 1000 grains, respectively, 10.9-24.5%
and 17.1-33.0%. So, in the conditions of splicing, the real-
ization of indicators of the elements of the crop structure
is significantly higher than in less favorable conditions
(without splicing), therefore, the selection of genotypes
resistant to adverse environmental conditions should
be carried out only after their high potential produc-
tivity has been proven in favorable growing conditions.

An increase in the mass of grain from an ear, as
one of the main elements of winter wheat productivity,
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depends on the stability of the manifestation of the
number of grains and their size. These signs have differ-
ent variability under the influence of limiting factors of
the external environment and from the genetic origin
of breeding lines of winter wheat. Morphobiotypes that
were selected from the hybrid populations Znahidka
Odeska /NS 314, Askaniyska /Victoria Odeska, Kherson-
ska bezosta / Perlyna and others showed the greatest
stability of high ear productivity traits. The parameters
of productivity traits in these hybrid populations are
average in severity but quite stable in manifestation.

Thus, selection lines were selected from these hy-
brid populations, which in terms of ear productivity
exceeded the standard Kherson seedless variety by 10-
15%, which was mainly ensured by an increase in the
number of grains in the ear and grain size.

The yield of winter wheat largely depends on the
duration of the growing season, but in the southern
Steppe of Ukraine, in the late-earing morphobiotypes,
the process of grain formation occurs in less favorable
conditions, compared to early-ripening forms, so they
form low ear productivity and thin grain. In early- and
mid-ripening hybrid populations, the selection of mor-
phobiotypes with a longer period of grain formation
(38-46 days) provided higher productivity under the
conditions of splicing.

However,the theoretical justification and effectiveness
of the selection of such morphobiotypes under the condi-
tions of growth did not always confirm their high productiv-
ity when grown in unfavorable and unirrigated conditions.

Only forms with early earing (the first and second
decades of May) and a long period of grain formation in
some hybrid populations retained their advantage over
other selection lines of different maturity groups, their
high productivity was formed mainly due to an increase
in grain size and ear productivity.

Late maturing selection lines practically did not
confirm their high productivity in extreme growing con-
ditions and without splicing.

Thus, there should be a differentiated approach to
highly productive forms with a longer period of grain
formation, and their use only after studying in the con-
ditions of varietal agrotechnics. A difficult problem
arose before the selection of winter wheat - the crea-
tion of varieties of a universal type, but at the moment
it is impossible to create such varieties for all eco-
logical zones and production conditions. The authors
of the article established that high-yielding varieties
are more adapted to favorable growing conditions, and
low-yielding varieties and local morphobiotypes are
more productive in stressful conditions, this coincides
with the opinion of scientists S. Ceccarlli & S. Gran-
do (1991), I. Stoeva & E. Penchev (1999), S. Boroevich
(1984). A number of Ukrainian scientists and scientists
of the European Union (Chuhrii et al., 2022; Keser et al.,
2022) claim that despite the deterioration of growing
conditions, selection for high potential productivity is
necessary, because the higher the potential capabilities
of the variety, the weaker it responds to environmental,
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weather and other changes in environmental conditions.

Australian scientists D. Cann et al. (2023) also dealt
with the problem of realizing the adaptive potential
of winter wheat during 2018-2022. In their research,
they established that morphobiotypes of winter wheat,
which have an accelerated type of development, had
a higher level of adaptation to adverse factors of the
external environment, compared to ordinary varieties.
Such conclusions completely coincide with the opinion
of the authors of the article, this type of development
is characteristic of winter wheat varieties studied in the
field experiment. Australian researchers claim that un-
der such conditions, phenology is already of secondary
importance for the process of plant adaptation.

A team of Polish scientists M. Rapacz et al. (2022)
based on their own six-year field research developed em-
pirical models on the adaptive potential of winter wheat
under climate change conditions until 2040, 2060 and
2080 under different scenarios. According to the forecast-
ing results, it was established that the main problem of
realizing the adaptive potential of agrocenoses will be
cold deacclimatization associated with climate warming,
which will be more important for the resistance of plants
to adverse environmental factors than the general in-
crease in winter temperatures. This conclusion coincides
with the opinion of the team of authors of the article and
indicates that resistance to deacclimatization should be
included in the programs of creation and breeding of win-
ter wheat varieties as a feature important for winter hardi-
ness of plants in future winters, at least in Central Europe.

A team of US scientists consisting of scientists
K. Kothari et al. (2019) conducted field studies to assess
the impact of climate change on winter wheat produc-
tion in the state of Texas. As well as evaluate potential
strategies for plant adaptation to new conditions. These
studies were conducted under irrigation conditions. Sci-
entists see that there are certain expectations regard-
ing the features of irrigation of field crops in the future,
namely: the use of total volumes of water for irrigation of
winter wheat will decrease due to the increase in the ef-
ficiency of water use due to the increased concentration
of CO, in the atmosphere and the reduction of the dura-
tion of the growing season, as a consequence of increas-
ing the temperature regime. These expectations are also
confirmed by the results of the authors’ observations.

Dryland yields are expected to tend to increase due
to improved crop water use efficiency. Among the cre-
ated virtual predictive models of the US scientists, test-
ed for adaptation to climate change, it was found that
an increase in the potential number of grains and the
development of a stronger root system were the most
desirable traits, as such varieties had higher yields and
required less irrigation water than the control variety.
Research has established that under the specified con-
ditions, varieties with a longer growing season, whose
leaf apparatus remained green longer, turned out to be
impractical due to significantly more use of water for
irrigation than the control variety. Overall, research re-
sults indicated that winter wheat production in the Texas



region could benefit from climate change under milder
climate conditions (average growing season tempera-
ture <13°C). In this case, the realization of the adaptive
potential of the researched varieties and the increase in
the level of productivity occurred due to the improve-
ment of the architecture of the root system of plants.

To date, the research of the authors of the article is
aimed at the creation and study of winter wheat vari-
eties of the universal type, which could be grown both
by intensive and conventional technologies. On the oth-
er hand, well-known Ukrainian breeders (Orlyuk et al.,
2002; Bazaliy et al., 2020) believe that it is far from al-
ways possible to obtain a variant - a variety for character-
istic specific conditions. Its productivity can vary greatly
from year to year in the same farm, when grown accord-
ing to the same predecessor, using similar agricultural
techniques and other identical conditions. It is expected
that in the future, our country will face a double problem:
food and water security, which are already relevant today
and will probably intensify in the future under the influ-
ence of further climate changes. The varieties of grain
crops that use soil moisture and irrigation water most
economically will be especially in demand, accordingly,
the coefficient of use of irrigation water when growing
such varieties will be in the optimal range. Such an ap-
proach can be considered key in solving these problems.

Analyzing the results of our own research and the
work of other scientists, it is necessary to note that cli-
mate changes will most likely directly affect the devel-
opment of agriculture in general and the field of crop
production in particular. This poses a number of tasks
for scientists to establish the dependence of the im-
plementation of the adaptive potential of agricultural
crops on such climatic changes, accordingly, the crea-
tion of a new assortment of grain crops and the study of
such morphobiotypes which will have the highest de-
gree of plasticity and yield stability, today are the most
relevant and priority areas of crop production develop-
ment in the countries of the European Union.

CONCLUSIONS

The analysis of the manifestation of the parameters of
plasticityandstabilityofthe elements ofthe crop structure
revealed that under different growing conditions in win-
ter wheat varieties, their variability and absolute manifes-
tation depended on both the genotype and environmen-
tal gradients. Varieties of the universal type (plant height
85-90 cm) were more plastic and stable in the formation
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of ear productivity, compared to short and tall biotypes,
they respectively formed a higher and more stable yield.

A variety, as a biological system, should be con-
sidered through the prism of its reaction to environ-
mental conditions and the ability to realize its genetic
potential. The analysis of the results of research on the
adaptive potential of winter wheat allowed us to draw
a conclusion about the high degree of homeostaticity
and high value of the universal type varieties Askani-
yska, Askaniyska Bereginya, Perlyna, Znahidka Odeska.

Under different growing conditions, morphobio-
types with integral interaction of valuable ear produc-
tivity sub-characteristics were selected from winter
wheat hybrid populations characterized by resistance
or tolerance to adverse environmental conditions.

Studies have proven that a one-sided increase in the
level of a separate characteristic increased its variabili-
ty under the influence of limiting factors of the external
environment, accordingly, the character of the manifes-
tation of productivity elements in the complex has an
average value.An inversely proportional dependence of
the absolute individual manifestation of subcharacter-
istics with the adaptive capacity of morphobiotypes has
been established. It is possible to break the specified
negative relationship under conditions of activation of
the work of the entire genetic and physiological system
of homeostasis, which in turn significantly affects the
complex manifestation of symptoms.

Under different growing conditions (splicing, with-
out splicing) and environmental weather conditions, the
advantage of good selection lines of the universal type
comparedtothestandardvarietyKhersonskabezostawas
steadily maintained within the range of 0.34-0.64 t/ha.

The prospect of further research is the development
and improvement of the elements of varietal agrotech-
nics for the cultivation of new promising winter wheat
varieties of the universal type under the conditions of
global climate change, as well as the maximum realiza-
tion of the genetic potential of each variety in the harsh
climatic conditions of the Steppe zone of Ukraine.
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AHoTauifi. 3MiHKW KNiMaTy OCTaHHIX 4eCATUAITb NOCUANAK CTYNiHb PU3MKIB Y BeAEHHI pOCIMHHMLTBA. HacniaKoM Takmnx
npoueciB € NiABULLEHHS TEMNEPATYPHOrO pexuMy Ha GOoHi icToTHOro AediuMTy BONOrM B KPUTUYHI Nepioan pocty
i po3BMTKY pocnauH. BignosigHo, AOCAIAXKEHHS CNPSMOBAHI Ha BCTAaHOB/IEHHS MPUCTOCOBAHOCTI POC/IMH A0 TaKMX
KNIMaTUYHMUX 3MiH € aKTyalbHUMK Ta CBOEYACHUMWU. METO0 JOCNiMKEHb € BCTAHOB/IEHHS NPUHLMNIB peanizauii
a[anTUMBHOIO NOTEHLIANY HOBMX COPTIB MLWEHMUL 03MMOT Pi3HMX TUMNIB PO3BUTKY B 30Hi CTeny 3a yMOB 3MiHM KNiMaTy.
O6nikM Ta iX OLiHKY NPOBOAMAM BiAMNOBILHO 3araJibHOMPUMHATUX METOMIB YKPAiHCbKOrO COPTOBMMPOOYBAHHS 3
000B13KOBUM CTaTUCTUUYHUM i AMCNEPCIAHUM aHaNi30M pe3ynbTaTiB NOAbOBMX AOCNIAIB. BCTaHOBNEHHS NOKa3HMKIB
€TabinbHOCTI KiNbKiCHMX 03HAK i N1ACTMYHOCTI NPOBOAMIOCS 33 4ONOMOrot anroputmy E6epxapaa-Paccena, B ocHOBY
SIKOrO MOKIAAEHO perpeciiH1iM aHani3 3aneXxHOCTi BPOXAMHOCTI 3epHa MLeHULi 03UMOT Pi3HMX COPTIB Bif iHAEKCY
LOBKinns. PeaynbtataMu AocnigXeHb BCTAHOBNEHO, WO A5 YMOB 3pOLEHHS | 63 3poLueHHs Hanbinbll NpUMCTOCOBaHI
COpTU YHiBEPCANbHOIO TUMY 3 AOBXMHO cTebna 85-90 cm. PerpeciiHiMM aHani3aoM gaHmWx NIACcTMYHOCTI i CTabinbHOCTI
€N1eMEHTIB CTPYKTYPU BPOXAI0 Y Pi3HUX COPTIB MILEHMLi O3UMOT AOBEAEHO, WO iX MIHAUBICTb MAE NPAMY 3aNEXMUTb
BiJ, reHOTUMNY Ta EKONOTiYHUX FpafieHTiB. BiAnoBiAHO pe3ynbraTiB OLiHKM aAaNTUBHOMO NOTEHLiaNy BCTAHOB/EHO, WO
3a napameTtpamu nnactnyHocti (bi = 0.804-0.989) i BpoxaiHocTi (7.33-7.63 1/ra nepebinblieHHs cTaHaapTy Ha 10.4-
14.9%) nokasanu copTv MWeHULi 03UMMOI yHiBepcanbHOro Tuny — AckaHincbka, AckaHivicbka beperuns, MepnuHa,
3Haxigka oaecbka, iIHTEHCMBHMM TUMOM PO3BMTKY XapaKTepu3yBanucsa coptu XepcoHcbka 99, KipeHa, fpocnasHa,
KysnbHuk Ta iH. CopTu yHiBepcanbHoro tmny 6ynum 6inblw naacTMYHUMK i cTabinbHUMK B GOPMYBAHHI NPOAYKTUBHOCTI
KOM0Ca, NOPIiBHSHO 3 HWU3bKOPOCAUMM i BUCOKOPOCAMMM BioTunamu. HaykoBa 3HauUMMIiCTb [OCHIAXKEHb NONSrae B
06r'pyHTYBaHHi HAYKOBUXMPUHLMMIB,MPAKTUYHMUX PEKOMEHAALLI M LLLOA0 BAOCKOHAIEHHS COPTOBOi arpOTEXHiKM MLLEHUL
03UMOI, SKi Manu pi3He reHeTUKO-eKoNOoriYHe MOXOOXEHHS, B 3pOLIYBAHMX Ta HE3poLWyBaHUX yMoBax 30HU CTeny

KntouoBi cnoBa: 3MiHW KfiMaTy; copT; CTabinbHiCTb; NAACTUUHICTb; MOpdOBIOTMN; YPOXKAMHICTb
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Abstract. The topicality of the topic is due to the problems of the essence and the basic principles of the
formation and development of the circular economy. The well-known systems of circular economy principles
3R and 9R have been supplemented with new principles that more widely reveal the content and possibilities
of transition to a closed-type economy. The purpose of the research is to determine improved organizational
forms of closed-loop business models, developed on the basis of advanced principles of the circular economy,
adapted to the realities of Ukraine. The research methodology consisted of a set of used methods, cognitive
and systemic principles of research, a sequence of stages that included: the study of scientific literature, the
analysis of the current state and international experience on issues of circular transformations, substantiation
of one's own concept and organizational forms of a business model of a closed economy. The scientific work
compares and summarizes the principles of circular economy development. Systematization of the classification
features of types of circular business models proposed in modern practice has been carried out. On the basis of
the conducted research, a scheme of the conceptual model of the R-economy is proposed. The main stages of
implementing the circular business model in practical activities are proposed. The key advantages of the circular
business model are defined as future long-term economic benefits that create additional potential for business
competitiveness and contribute to solving public environmental problems. Based on the generalization, modern
obstacles and socio-economic benefits from the transition to a circular model of development for business
and society were identified. The modern practice of successful implementation of circular business models is
analyzed. Proposals regarding the design of food production for the creation of a closed-type economic model
are substantiated. Various archetypes of the organization of closed-type business models have been studied.
The scheme of organizational forms of circular economy business models is presented, taking into account the
specialty of the value chain, as one of its most effective mechanisms

Keywords: R-economy; closed-type economy; principles of closed-type economy; organizational forms of the
economy; models of production and economic relations; socio-economic benefits

INTRODUCTION

For several years now, the limited resources of the Earth
and the accumulation of environmental problems of
its population have led to an active search for optimal
models of development of world and national econo-
mies, where the priority is to ensure consumer demand,
decent living conditions for mankind, while preserving
the environment for the needs of current and future
generations. The traditional linear model of the devel-
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opment of economic relations, focused primarily on ob-
taining business bonuses, has practically exhausted its
potential today. Society has come to the final conclusion
that continued existence in the long term is possible
only on the basis of taking into account environmental
needs and reorienting the basic motives of social ac-
tivity in the direction of ensuring environmentally safe
development (Bocken et al., 2019). Under such strategic
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guidelines, the issue of substantiating business mod-
els of a closed production cycle, the implementation
of which will allow to ensure the achievement of busi-
ness goals while simultaneously taking into account
long-term environmental needs and requirements
of social development, becomes extremely relevant.

The circular economy, thanks to its exceptional
tools for saving resources and protecting the environ-
ment, today plays a central role in the formation of
sustainable models of social development, in political
strategies that are reflected in the strategic plans and
programs of action of the governments of countries
and their associations (Desing et al, 2020). Circulari-
ty is increasingly seen as the preferred way to ensure
economic growth and recovery (Gonchar et al, 2020),
is increasingly and more often integrated into business
strategies, economic practices and supply chains (Elia et
al., 2020). At the same time, the development of circular
processes in global and national practice is accompa-
nied by certain difficulties of the dominant practice of
the traditional linear economy, both at the level of the
national economy and at the level of global economic
ties. The imperfection and insufficient level of uniform-
ity of global and national legislation, limited access to
the markets of producers’ resources, a high level of com-
petition with linear business companies, and insufficient
awareness of the issues of sustainable development of
society today continue to form a framework of obstacles
and reduce the intensity of circular business processes.
Along with this, the demand for circular (sustainable)
products and services is growing more and more ac-
tively in the modern market, the management of com-
panies more often make “circular or closed” decisions
in the field of choosing supply and service chains, and
the amount of financial support for businesses based on
the closed-loop model is also increasing. economy. The
development of such trends requires greater transpar-
ency in the practice of conducting circular business, the
development and dissemination of effective business
models of the closed type, the expansion of partner-
ships and economic relations based on the principles of
sustainability and responsibility. Society, the environ-
ment and the ecological sphere, future generations be-
come the biggest beneficiaries of the development and
spread of the circular economy. At the same time, the
achievement of a common effect for all participants of
the socio-economic process is possible under the condi-
tions when the business will see and experience real bo-
nuses and economic benefits from the implementation
of circular tools in practical activities. This objectively
requires the development of specific business models
based on the principles of the circular economy and the
outline of their future priorities, mechanisms and pros-
pects for implementation. The business model should
describe the means of the company to create new value
and realize the created value, that is, the nature of the
distribution of interests of business process participants.

Dovgal

Studies of the theoretical and practical aspects of
the transformation of traditional linear-type economic
models to closed-type models are becoming extreme-
ly relevant for science and practice today. The rele-
vance and significance of issues of the development
of the closed cycle economy today unites the scientif-
ic views and approaches of most scientists. However,
the methodological plane and practical principles of
implementing circular economy tools today are open
to discussion for various types of economic activity
and levels of economic management. V.S. Shebanin
& G.0. Reshetilov (2021) sees construction, mobility,
transportation, food, products and services as the main
areas of circular transformations. The main emphasis
of the research of these scientists is focused on the
study of the forms and methods of the circular econo-
my at the level of a separate type of economic activity
(industry). MV. Ruda & Ya.V. Myrka (2020) investigates
the implementation of tools of the closed cycle econ-
omy, first of all, from the standpoint of three-level
management of economic activity (national, regional,
local) and searches for effective regulatory levers at
each relevant level. N.O. Horbal & LV. Plush (2021),
A.P.M. Velenturf & P. Purnell (2021) focus mainly on
tools to optimize emissions and prevent environmen-
tal pollution. Desing et al., (2020) when investigating
the need to justify circular business models as the key
motives for their implementation in practice, see the
possibilities of using less resource-intensive produc-
tion methods and the wide potential of using innova-
tions aimed at extending the terms and expanding the
use of finished products.

The development of a closed economy is part of
the strategic course of the European Union countries,
which is implemented in the context of the Green Deal
strategic concept. At the same time, priority areas of
economic activity in which there is a need to imple-
ment strategies of active circular changes are consid-
ered to be: electrical and electronic equipment, auto-
motive, chemical industry, agricultural sector, material
processing, textiles and furniture production (Elia et al.,
2020). Despite certain differences in methodological
approaches to the study of the theoretical, methodo-
logical and practical foundations of the development
of the closed cycle economy, views on the mechanisms
of implementing circular transformations and methods
of managing them, there is a single consensus among
scientists regarding the existence of a powerful poten-
tial for increasing the opportunities for the develop-
ment of circularity in many sectors and a common view
regarding the irreversibility of such a circular concept
to ensure the future development of the entire world
(Trigkas et al., 2020; Ekins et al., 2019).

The purpose of the study is to systematize the key
principles of the circular economy and to substantiate
on their basis the organizational forms of closed-type
business models that are promising for Ukraine.
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MATERIALS AND METHODS
The main areas of research when writing a scientific
article were the following: systematization of the re-
sults of scientific research in terms of the general prin-
ciples of the development of a closed-type economy;
abstract-analytical evaluation of data for substantiat-
ing the conceptual foundations of circular economy
business models; development of proposals regarding
priority forms of implementation of closed-type models
in the practical activities of business entities.

In the first part of the article, information about the
essence of the circular economy was collected and used.
The materials for writing the article were primary data
obtained on the basis of generalizations of the domestic
practice of building business models for national com-
panies. The information base was represented by works
of scientists published in specialized scientific publica-
tions of Ukraine. Secondary sources included a review of
the literature devoted to this scientific issue published
in international scientometric databases. An important
element of the research information base has become
the results of scientific developments of scientists, high-
lighted in professional publications, which are included
in the Scopus scientometric database. The method of sci-
entific search and systematization of the obtained data
made it possible to expand the methodological plane of
the set of principles of formation and development of
circular processes in the economy. The combination of
methods of analysis, synthesis and comparison allowed
to offer author’s own view on the construction of the
classification of types of circular economy, which was
based on the types of its archetypes. In the second part
of the article, on the basis of the study of modern meth-
odological approaches, the meaningful characteristics of
closed-type business models existing in modern practice
were studied. Data from international organizations such
as: the World Economic Forum, the Organization for Eco-
nomic Cooperation and Development (OECD) were used
as additional informational and analytical materials.
Research of primary and secondary information sourc-
es, highlighting the problem of finding optimal circular
business models, made it possible to outline the meth-
odological contours of the author’s conceptual scheme
of the circular economy model. The main conditions for
building the proposed closed-type economy model were
the use of systematized R-principles and the importance
of achieving the global goals of sustainable develop-
ment. Creation of long-term value for the economy and
society was chosen as the criterion for the feasibility of
using the proposed model. The methodological basis of
the proposed model of the circular economy structurally
included a set of tools, target orientations and an analyt-
ical description of the results, which makes it possible to
detail the possible options for the practical implemen-
tation of its various organizational and economic forms.
Based on statistical observations, an assessment of the
benefits of implementing circular business models in
practical activities for the environment was carried out.
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Procedures for collecting relevant data made it possible
to present key indicators and indicators that fully testi-
fy to the potential effect of implementing closed-type
business models into practice. The systematization of
the results of scientific research in the spectrum of al-
ternative options for the development of circularity for
the economies of the world became the basis for sub-
stantiating proposals for a possible design of closed
agricultural production for the economy of Ukraine.

The article included the results of a systematic
study of literary sources devoted to analytical general-
izations of global circular economy models. The use of
the obtained data helped to develop the author’s vision
of the typology of organizational forms of closed-type
business models according to the criterion of the phase
of the value chain. When writing the article, a set of
general scientific and specific methods of economic
research was used, in particular: monographic method
(when identifying trends in the development of the cir-
cular economy in the world and researching its key prin-
ciples). The classification method was used in the study
of the classification features of types and archetypes
of the closed-type economy. The methods of analysis
and synthesis were applied in the study of the extent of
damage to the environment from the consequences of
the linear economy. Using the abstract-logical method
of scientific research, the conceptual scheme of the cir-
cular economy model and its organizational forms were
substantiated. The method of generalization was used
in the study of the principles and modern practice of
the development of closed-type economic models. The
review of literary sources, the systematization and ex-
pansion of the methodological basis for the construc-
tion of closed-type organizational models for national
practice was supplemented by a graphical method of
visualizing the results of scientific research.

RESULTS AND DISCUSSION

Circular economy or the economy of a closed cycle rep-
resents a new type of organization of social production
relations. The business interests of the subjects of the
circular economy are complemented by the priorities of
environmental protection and rational use of available
resource potential. Today, the circular economy is called
an economy of a revolutionary model, which is based on
the mechanism of managing the processes of recovery,
regeneration and reuse of resources. The economy of
the closed cycle is characterized as a modern model of
production and consumption, which is able to ensure
sustainable growth over time. With the help of tools
and methods of the circular economy, management is
able to ensure the optimization of resources, reduce the
amount of consumption of materials and give them a
new life as a newly created product. The goal of the
closed-loop economy is to maximize the use of avail-
able resources (including their reuse), based on three
basic principles: reduction, reuse, recycling.



The circular economy is called the 3R model: “Re-
duce”, “Reuse” and “Recycle”. Joining the global trend
of development of circular processes in social produc-
tion, I.L. Tatomir & L.G. Kvasnii (2021) supplement this
methodical and practical basis with elements 9R: refuse
(refusal of excessive use of resources), reduce (optimiza-
tion of resource use), reuse (reuse of used goods), repair
(extension of the product’s useful life), refurbish (updat-
ing and repair of goods), remanufacture (reproduction
of goods from used elements), repurpose (additional
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intended use of the product), recycle (processing and
secondary use of materials), recover (production of en-
ergy from materials).

Atthe sametime,today’swayoflife,models of consump-
tion and production, motives of business and social devel-
opment, existing environmental trends and increasing the
level of general culture and consciousness complement
the circular model based on the unity of the 3R principles
in a new complementarity (Table 1) (Gonchar et al., 2020;
Circular economy model...,2021; Moving towards...,2021).

Table 1. Principles of the modern circular economy

Principles of the circular

The content of the principle

economy

REACTIVATE
REBUILD
RECLAIM

RECONDITION

Return used equipment/technology to use
Development of a system or technology with greater efficiency, less waste and costs
Returning to practical use previously unusable resources (land, buildings, etc.)

Disposal and restoration of products from certain parts of them while maintaining the quality

parameters of products and services

RECONSIDER

Changing lifestyle and consumer attitudes and principles, increasing the level of consciousness and

awareness of saving resources and preserving the environment

RECONSTRUCT

RECOVER

REDESIGN

Restoration or new construction after product damage

Restoration (reimbursement) of the usefulness of resources, returning resources to their functional

properties

Viewing the appearance, purpose and functional characteristics of the resource (product). Design of new

business approaches to greening production.

REFORM
REFURBISH

REFUSE
REGENERATE
REGULATE

REHABILITATE

Correction of incomplete use of resources and their conservation

Repair, modernization, increasing the level of sustainability of resources and their compliance with

environmental safety

Rejection of a lifestyle that harms the environment
Investing in the restoration of the resource to restore its useful properties
Management and monitoring of resources, optimization of resource use

Restoration of the production and economic system to an optimal state with the help of training of

personnel (consumers/producers) and raising the level of their social consciousness

REINVENT

REINVIGORATE

Change in key factors that contribute to the sustainability of the product (service) in the long term

Provision of new incentives for the development of the circular economy (taxes, benefits, subsidies,

loans, etc.)

RELINQUISH/RENOUNCE Conscious voluntary refusal to use and consume resources (products, goods) that harm the environment

RELOCATION

Transferring production to new places that are safe for the environment, minimizing the geographical

factor of environmental disasters

REMANUFACTURING

REMODEL
RENEWABLE
RENT

REPAIR
REPLACE

REPURPOSE

RESOLVE

The use of components and the use of multifunctional resources that can be re-directed to production

Changing the structure and shape of the product to ensure the possibility of its safe and ecological use

Predominant use of renewable types of energy

New principles of renting products and services, which allows to minimize resources for the production

of new ones

Restoring the useful quality properties of the product and extending the term of their functioning
Replacement of scarce and expensive resources with more optimal and budget-friendly ones

A significant change in the functional properties, shape, design and other parameters of the product for

the possibility of its reuse

The ability to make decisions about changing the worldview, perception, consumer and production

business behavior
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Table 1, Continued

Principles of the circular
economy

The content of the principle

RESPECT Respect for nature, environmental laws and eco-responsible behavior of business entities and

consumers
RESTABILIZE Solving a complex problem, correcting a negative environmental situation using circular economy
methods and tools
RESTORE Return of resources that have been removed from the environment
RESTRICT Limitation, monitoring and control of irrational use of natural resources
RESTRUCTURE A fundamentally new organization of product elements by reducing resource costs and emissions
RETHINK Rational assessment of long-term goals of social, ecological and economic development for the benefit
of society
Improvement of technical and technological systems and management tools for the benefit of the
RETOOL : .
interests of the environment
RETURN The practice of returning products to the manufacturing company for further processing/reproduction
Formation of impulses for a new life of production, product under the conditions of increasing the level
REVITALIZE - R : . - .
of their sustainability and compliance with environmental requirements
REWARD Motivation and dissemination of best practices for sustainable use of resources and environmentally

responsible behavior of consumers and business entities

Source: systematized by the author according to I.L. Tatomir & L.G. Kvasniy (2021); Circular economy model... (n.d.);

Ellen MacArthur Foundation...(2018)

In the opinion of the author, taking into account the
system of these principles in the practical activity of the
modern economy makes it possible to provide addition-
al opportunities for economic growth and job creation,
to increase the level of independence from resources, in
particular, of imported origin, to obtain specific advan-
tages of the local economy due to savings and optimiza-
tion of resource use, to ensure protection environment.

The key advantage of the closed-loop economy is
the presence of a powerful potential for value creation
based on the transformation of waste into new value.
The concept of a circular economy is relatively new to
world theory and practice. However, the significant dete-
rioration of the ecological situation and the emergence
of new technological possibilities for its correction in re-
cent years have significantly expanded the range of tools
for implementing the circular economy in practical activ-
ities. Today, the circular economy is a modern and future
economy in which a significant (mostly) part of waste
is used as an element of the production cycle. Consid-
ering the content and configuration of these principles,
modern practice focuses its efforts on researching six
areas of management of transformations related to the
preservation of ecosystems: 1) perspective of complex-
ity (creating micro-principles of management); 2) con-
textual perspective (management policy, digital trends,
financial instruments and financial entities); 3) man-
agement perspectives (consciousness, culture, institu-
tions, knowledge); 4) geographical perspective (location
of business, resources, elements); 5) agency perspec-
tive (individual and partnership forms of cooperation);
6) network perspective (exploitation of global network
opportunities and social capital) (LaDeau et al., 2017).
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Until recently, production and society mainly exist-
ed on the basis of a linear model of production and
economic relations, the formula of which was: “we ex-
tract - produce - throw away”. Taking into account the
trends of constant growth of the global population and
the volume of consumption of products and goods, in
which the rate of consumption is significantly acceler-
ated, the linear model is quite fast and relatively effec-
tive, but it is not sustainable for society in the present
and long-term perspective (Desing et al., 2020).

The closed-cycle economy represents a more
sustainable model of production and consumption,
in which raw materials, materials and the final prod-
uct are stored much longer, can be reused, which en-
sures a much smaller amount of resource consump-
tion and waste. In recent years, the issue of building
a circular model of economic development has be-
come one of the most urgent tasks of science and
practice. At the same time, foreign researchers are
trying to form such a model in the context of finding
tools for implementing the principles of sustainable
development in the practical activities of business
entities. N. Bocken et al. (2019) attempted to sub-
stantiate the archetypes of closed economy models
that can contribute to the creation of value proposi-
tions that combine the interests of the environment,
economy and society. Archetypes of such models are
grouped by the authors according to the central type
of innovative component, which is used in econom-
ic practices. According to this methodical approach,
the following archetypes of business models are
distinguished: “creating value from waste”, “provid-
ing functionality, not property”, ‘replacing disposable



products with renewable and natural ones” N. Calvo
& 0. Villarreal (2018) add three archetypes of material

| archetype:

efficiency

Il archetype:
creating value from waste

Il archetype:

Types of R-economy archetypes

sources and natural processes

maximizing material productivity and energy

replacing energy sources with renewable
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and energy productivity to the existing business mod-
els of the closed economy (Fig. 1).

Result:
production of a larger volume of products
while generating fewer emissions, pollution
and waste

Result:
increasing the usefulness of production
facilities

Result:
increasing sustainability and reducing the
negative impact of business on the
environment

Figure 1. Classification of types of circular economy
Source: developed by author based on research by N. Calvo & O. Villarreal (2018)

A. Yablonsky & M. Marien (2020) in their research
propose the formation of network business models of the
circular economy, which have the potential of strategic
drivers of business success and the creation of new val-
ues based on the principles of digitalization. The high-
ly efficient generation of natural resources, the use of
their ability to be processed and reused will form a new
logic of income in the context of new business models.
The ability to manage repetitive cycles can be ensured
through digital management tools,which should become
key drivers of creating new types of business models.

J.Ferreira & M.Dabik (2022) also support the perspec-
tive of the development of the digital business model of
the closed-loop economy and note that “.. innovations
of the closed-loop business model and digitalization
under modern conditions of business activity are con-
sistent in the management structure, but uncertain in in

the field of identifying the effectiveness of the impact of
digitization processes on the results of the development
of the circular economy. The authors call digitization
“the driving force behind revolutionary business mod-
els, which allows for more efficient collection and inter-
pretation of data necessary for cyclical transformations”.

The closed-cycle economy represents a more sus-
tainable model of production and consumption, in
which raw materials, materials and the final product
are stored much longer, can be reused, which ensures
a much smaller amount of resource consumption and
waste. The author sees the content of the circular mod-
el of production relations in the fact that resources are
stored in the economy for much longer, which allows
for the optimization of the production process and the
reuse of waste as raw materials for other cycles and
branches of social production (Fig. 2).

CLOSED R-ECONOMY MODEL

Principles of R-economy

Goals, motives

Increasing competitiveness, meeting
modern needs and behavioral concepts
of consumers, ensuring sustainability of

development and maximizing profit

taking into account the interests of
society

Tools

Design of R-management
components in the modern
configuration of production and
economic systems, socially
responsible business behavior, tools
of sustainable strategic development

Results

Achieving business goals,
solving current and long-term
societal development tasks on
the basis of gaining strategic

competitive advantages

Creation of new long-term value

Achieving the goals of sustainable development of business and society

Figure 2. Conceptual diagram of the circular economy model

Source: author's development
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Author considers it expedient to organize the im-
plementation of the circular economy model according
to the following main stages: 1) development of the life
cycle and eco-design of a new product (works, services)
based on the criterion of minimum consumption of raw
materials and materials and extension of its useful life;
2) optimization of resources and production process-
es based on expanding the possibilities of using waste
and reusing materials; 3) product production based on
models that are alternative to linear models; 4) promo-
tion and provision of sustainable consumption (socially
responsible marketing and promotion and design of
consumer behavior of buyers).

The main advantages of the implementation of the
circular economy model in the practical plane can be:
future long-term economic benefits. Thus, according to
the results of studies conducted by the Accenture Corpo-
ration, in the period until 2030, the closed cycle economy
is able to provide 4.5 trillion dollars. additional volume
of production due to the creation of jobs and innovations
(Benefits of the Circular...,2022). The closed cycle econo-
my is a system of production relations with reduced (op-
timal) use of resources, which forms the prerequisites for
price competitiveness, reuse of materials, technical ser-
vices, which, potentially, provides opportunities to save
70% of resources. The development of a circular economy
has the power to create an additional 6 million in glob-
al production workplaces (Melnyk & Zlotnik, 2020). The
analysis of the latest trends in circularity allowed the au-
thor to determine that the circular economy is one of the
key elements of sustainable development on a global
socio-economic and ecological scale, which is a strategic
goal and requirement of modern society. Development
business models based on the principles of a closed-
loop economy should favor the emergence of long-term
stable relations between producers and consumers, help
to model consumer behavior and, on this basis, obtain
strategic competitive advantages in balance with the
needs and interests of social development. Other addi-
tional bonuses for business are believed to be increased
levels of innovative activity and economic growth (Gon-
char et al., 2020; Linder et al., 2021; Ekins et. al., 2019).

LaDeau et al. (2017) assessing the current state and
possibilities of implementing a closed-type economy,
point to the presence of certain shortcomings and obsta-
cles of the modern stage of transformations: certain in-
consistencies in the regulatory and legal framework reg-
ulating the processes of transition to the principles of a
circular economy in the countries of the world; low level
of awareness and awareness of a significant number of
consumers about modern environmental problems and
societal priorities; the need for technical and practical
skills of the labor force of the closed cycle economy,
which is being formed in developed countries; the pres-
ence of a significant amount of industrial and house-
hold waste, which is difficult to transform and recycle
and has accumulated in the world on a significant scale.
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One of the biggest contributors to climate change is
the global food system: CO2 emissions, increased pres-
sure on land use, and consumption of large amounts of
water and energy. In the EU, food systems account for
about 30% of greenhouse gas emissions, with the con-
tribution of each individual country varying between
25-42% (Crippa et al., 2021). The negative impact of
the industry on the environment is complemented by a
high level of losses in food supply chains: according to
UNEP, almost 17% of all food in the world is lost, and
the amount of food waste per capita in Europe is char-
acterized by the highest level in the world - 280 kg/
year. Thus, food waste currently poses a significant
threat to the sustainability of the global food system
and the solution to the problem of food security. A
closed food system opens up new opportunities and
can provide significant economic and social benefits in
the future. The Macarthur Foundation provides an esti-
mate according to which the creation of a completely
closed food system can provide economic benefits in
the amount of 2.7 trillion dollars, USA by 2050, in addi-
tion, there will be additional savings of 4.3 billion tons
of CO, emissions and 39.3 billion cubic meters of fresh
water resources (Ellen MacArthur Foundation..., 2018).
Accompanying bonuses will be received as a reductionin
health care costs, treatment and prevention of diseases
associated with the use of chemicals in food production.

Among the key processes that can appear in the
basis of the creation of a closed business model of the
agro-food sector is the increase in the circulation of
resources, design and production and processing. The
design of food products, related to the correct choice
of ingredients and the configuration of the final prod-
uct, which guarantees a low level of environmental im-
pact, is of exceptional importance in such a model. An
example of a circular economy business model in the
agri-food chain is the activity of the American company
Apeel, which has developed and uses plant-based coat-
ings that keep fruits and vegetables fresh three times
longer. This minimizes food waste in the value chain
(Vieira & Shannon, 2020).

Studies of international experience allowed us to
substantiate our own proposals regarding the design of
food production for the creation of a closed-type eco-
nomic model for Ukraine: 1) selection of components
with a lower impact on the environment (for example,
by replacing components of animal origin with plant
ones); 2) diversification of ingredients to stimulate ge-
netic diversity and strengthen sustainability potential;
3) processing of ingredients that are usually turned into
waste; 4) wider use of regenerative components (which
lead to a healthy lifestyle, preservation of biodiversity,
improvement of water and air). A practical example of
the implementation of such measures is the replace-
ment of soybeans and other ecologically dangerous
sources of proteins with grain and products of its in-
dustrial processing in feed production. Food waste can



be used as fertilizer, animal feed or compost to restore
the fertility of agricultural land.

In order to successfully implement the principles
of the closed loop economy in practical activity, it must
have effective motivators and interest for business.

The business model of the circular economy is
based on key R-principles and requires the implemen-
tation of the following basic rules in practical activi-
ties: 1) sources of raw materials and materials must be
formed in the economy (the system of already existing
production and economic relations), and not from eco-
logical natural resources; 2) creation of value of prod-
ucts (goods, services) for customers should be based on
already existing economic value; 3) expansion of busi-
ness entry opportunities based on the common inter-
ests of producers, partners, and consumers.

Under the conditions of the transition to the prin-
ciples of R-economy, various archetypes of the organi-
zation of business models of a closed type are possible.
The first type: data-driven coordination of circular value
chains - creating a product from recycling to reuse. The
second type: circular design of the product (works, ser-
vices) — creating a product with a maximum useful life
and return of waste to the production system. The third
type: reuse, sharing and repair - creating long-term
use goods from recycled and reused elements that will
become components for other business models. The
fourth type: collection and reverse logistics - closing
the life cycle of a material by creating a product that

Organizational form of the circular economy
business model

Circular supply (switching to secondary raw
materials and materials)

Platform exchange (partnership based on
digitization)

Providing customers with access to the
product through technical support services

Continuation of the life cycle of the product

Resource recovery (recycling and reuse)

Dovgal

is able to be recycled, repurposed and resold.The fifth
type: sorting and pre-processing - finding alternative
values in the parts that make up the product as a whole

The Organization for Economic Co-operation and
Development (OESD) identifies five main models of the
circular economy: 1) supply models that replace tradi-
tional resources with regenerative or biological ones; 2)
resource models that use waste streams for subsequent
operational cycles; 3) models focused on extending the
product’s service life and increasing its life cycle; 4)
models of joint use, in which limited products (resourc-
es, services) are used jointly by several participants; 5)
business models that substitute services for products
(OECD. Business Models..., 2019). Various models of the
organization of circular business models are charac-
terized by appropriate management mechanisms and
their tools. However, the main result at the output of
closed-type business models is the creation of values
that are greater than in traditional linear models of the
organization of economic relations.

One of the most effective tools of circular business
models is value chains. Thanks to the action of the
mechanism of value chains, it is possible to organize a
closed cycle in a certain type of economic activity (Cir-
cular model..., 2021; Benefits of the Circular..., 2022;
Churikanova, 2020). Additional design in the practical
implementation of such a model can serve as: logistics,
marketing, repair, rental and other tools of organiza-
tional forms of its implementation (Fig. 3).

Phases of the value chain

Search, production, logistics

Leasing, renting, marketing

Repair, service, guarantees, socially
responsible marketing

Design, repair, service, guarantees,
socially responsible marketing

Reverse logistics, marketing

Figure 3. Organizational forms of closed loop business models

Source: author's development

The creation and promotion of business models
of a closed cycle today finds increasing support in the
world, both from government bodies and from leading
socio-economic institutions. Thus, the World Econom-
ic Forum has created an accessible guide, Scale 360°,
which provides assistance in scaling solutions for cre-
ating circular business projects and chains (Scale360°
circular innovation..., n.d.). Innovations, without which

the implementation of circular economy projects is im-
possible, are accumulated within digital platforms and
hubs with the simultaneous creation of specialized so-
cieties and partnerships that help develop closed-type
business models (for example, the free and accessible
UpLink innovation hub). Digital accessibility and trans-
parency today appear to be a key condition for creating
sustainable value chains based on circular processes.
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At the same time, the transition to the principles
of a circular economy is associated with certain risks,
which domestic scientists include: environmental (ille-
gal methods of using primary and secondary resourc-
es); economic (increase in the cost of production and
decrease in efficiency); social (social inequality, corrup-
tion) (Churikanova, 2020).

The proposed organizational forms of closed econ-
omy business models, in contrast to the models con-
sidered by N. Bocken et al. (2019), take into account a
wide range of implementation possibilities through the
use of digital platforms. Digitalization will become a
key tool in the near future that facilitates the forma-
tion of value chains and their logistics and it is possible
to ensure the continuation of the phase of the product
value chain through the use of mechanisms of leasing
and renting of used products.

Developments by J. Ferreira & M. Dabic (2022)
consider after-sales customer service guarantees
as a possible form of product life cycle extension.
Agreeing with this approach, it is expedient to fo-
cus attention on the organization of technical main-
tenance services for goods with the help of repair,
restoration of useful consumer properties of goods
and mandatory use of socially responsible marketing.
A fundamentally new phase of value chains is such
an element as reverse logistics, which is absent in
the previously proposed models of A. Jabtonski & M.
Marian (2020). In the studies of N. Calvo & O. Villar-
real (2018), business models are classified based on
material and energy productivity and have different
results at the output of the process. According to the
author’s methodical approach, each organizational
form of its implementation involves the saving of re-
sources and energy with the simultaneous specifica-
tion of the phase of the production and sales chain of
value creation. In contrast to the forms of manifesta-
tion of the circular economy, which are mentioned in
the scientific works of N.I. Horbal & I.V. Plish (2021),
the author’s approach takes into account not only the
tools of environmental protection (reuse of raw ma-
terials and materials, extension of the product life cy-
cle), but also the saving of resources, which becomes
the basis of a closed-loop economy. The proposed
conceptual scheme of the closed-type economy mod-
el can become a methodological basis for the prac-
tical implementation of the proposed organizational
forms of R-economy business models. In the study,
this model, in contrast to the approaches proposed by
[.L. Tatomir & L.G. Kvasnii (2021), focused on creating
long-term values and has a strategic nature. To en-
sure business interests, the conceptual model, unlike
those proposed by M.V. Rudoyu & Ya.V. Myrka (2020),
focused on gaining strategic competitive advantages,
which can be formed over time by a closed-type econ-
omy. Also in the model, the design of the components
of R-management, which includes the systematization
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of all the principles of the circular economy, carried
out by the author in this study, is taken into account.

For the successful implementation of the proposed
models of the closed cycle in practical activity, the busi-
ness must see real benefits and prospects, which will
serve as effective motivators for the transformation of
its economic activity in the direction of transition to the
principles of a circular economy. It is believed that such
business benefits in the strategic perspective can be:
cost savings through the reuse of materials; increasing
the usefulness of resources based on their dual use;
development of new markets and attraction of new
customers; increasing the level of loyalty of buyers and
consumers; a more flexible response mechanism and
satisfaction of consumer needs; increasing the degree
of security and sustainability of own supply chains;
access to innovations based on the use of specialized
digital platforms; access to financial resources aimed
at the development of the circular economy by gov-
ernment programs, expansion of the practice of finan-
cial partnership; building image capital, value of own
brands and business as a whole.

CONCLUSIONS

The conducted studies showed that the issue of trans-
formational transformations in the direction of circular
economy development will become one of the most
urgent aspects of management in the near future. On
the basis of the conducted research, it was found that
the system of closed-type economic principles can be
extended to the 36R model. The main task of the cir-
cular economy model is to create long-term value, and
the goal is to achieve the goals of sustainable develop-
ment. Under modern conditions, the closed economy
model expands its methodical and practical plane and
is supplemented with new principles, tools and organ-
izational forms of development. The implementation
of circular models in practical activities is character-
ized by clear long-term benefits for business, society
and the environment. At the same time, at the current
stage, it is necessary to increase the degree of public
awareness of the advantages of circular and sustain-
able models of production and consumption, create
business models based on the demonstration of real
economic benefits for producers, form the infrastruc-
ture for supply chains, increase the degree of trans-
parency of partnerships and the system of economic
relations closed type.

Based on the results of the study, promising or-
ganizational forms of closed-type business models for
Ukraine were substantiated, in particular: transfer of
production to secondary raw materials and materials;
development of partnership on the basis of using the
possibilities of digital platforms; development and dis-
tribution of goods maintenance services; extension of
the life cycle of the product; recycling and reuse of
resources. Each organizational form corresponds to a



certain phase of the value chain. Support for the pro-
cesses of creation and implementation of circular busi-
ness models in practice should be accompanied by the
use of various forms of state financial assistance, the
spread of concepts of responsible consumption in so-
ciety, increasing the level of transparency of value cre-
ation chains, active consultation and information sup-
port, processes of unification of regulatory and legal
regulation at the level of international management
and development of national economies. The pros-
pects of further scientific research in the selected con-

Dovgal

text will be the substantiation of an effective toolkit

for business stimulation before the implementation of

circular business models in practice.
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Abstract. The relevance of research on the development of biotechnology for clonal micropropagation of plants
of the family Lamiaceae Lindl. is determined by the need for mass production of healthy, pure-grade planting
material for the establishment of industrial plantations and the expansion of areas of essential oil crops in
Ukraine. The aim of the research was to develop biotechnological methods of clonal micropropagation of
essential oil plants of the Lamiaceae family - Lavandula angustifolia Mill., Mentha x piperita L., Salvia officinalis
L. and Monarda fistulosa L. The task of the research was to select optimal conditions for effective cultivation
of plants of the Lamiaceae family at four stages of clonal micropropagation. The main methods of research:
laboratory, field, analytical, mathematical and statistical. The optimal nutrient media for the induction of in
vitro morphogenesis and the multiplication stage were determined based on the basic medium of Murashige and
Skoog: for L. angustifolia supplemented with kinetin (1.0 mg/l) and gibberellic acid (1.0 mg/l), for M. x piperita -
with 6-benzylaminopurine (1.0 mg/l) and gibberellic acid (0.1 mg/l), for S. officinalis — with 6-benzylaminopurine
(1.0 mg/l) and IOLK (0.5 mg/l ), for M. fistulosa — 6-benzylaminopurine (1.0 mg/l) and B-indolyl-3-oleic acid
(0.1 mg/l). At the stage of multiplication, it is advisable to carry out seven to eight cycles of cultivation. At
the stage of rooting of microshoots, the most effective for all studied plant species was determined to be
the Murashige and Skuga nutrient medium with a halved concentration of components, supplemented with
B-indolyl-3-oleic acid (0.5 mg/l) and B-indolyl-3-acetic acid (0.5 mg/l). The optimal substrate for plant adaptation
to in vivo conditions is peat: perlite in a volume ratio of 3:1. Incorporation of the developed biotechnology of

Article’s History:
Received: 25.07.2022
Revised: 10.09.2022
Accepted: 29.11.2022

Suggested Citation:
Manushkina, T., Kachanova, T., Samoilenko, M., & Petrova, O. (2022). Clonal micropropagation in vitro of essential

oil plants of the family Lamiaceae Lindl. Ukrainian Black Sea Region Agrarian Science, 26(4), 51-61.

*Corresponding author



52

Clonal micropropagation in vitro of essential oil plants...

clonal micropropagation into the seeding system of essential oil crops of the Lamiaceae family will allow to
quickly obtain healthy pure-bred planting material and introduce new productive varieties into production

Keywords: Lavandula angustifolia Mill.; Mentha x piperita L.; Salvia officinalis L.; Monarda fistulosa L.; reproduction

coefficient

INTRODUCTION
Family Lamiaceae Lindl. is one of the largest families of
flowering plants, which includes about 250 genera and
more than 7,000 species distributed throughout the
world. It is considered an important source of essential
oils and such valuable components as menthol, geran-
iol, eucalyptol, camphor and thymol (Mesquita et al.,
2019).Plants in this family are herbs or shrubs that pro-
duce large amounts of essential oil, which allows them
to withstand high temperatures in summer (Raja, 2012).

Essential oils in different types of plants accumu-
late in different organs: flowers, leaves, fruits, seeds, rhi-
zomes, and others. These volatile aromatic substances
include a mixture of organic compounds: hydrocarbons,
alcohols, monoterpenes, phenols, ethers, aldehydes,
ketones, and organic acids (Rozhkov & Ogurcoy, 2017;
Dehsheikh et al., 2020). The essential oil is obtained
by steam distillation and has sedative, diuretic, tonic,
antispasmodic and antiseptic properties (Raja, 2012). It
is used in the pharmaceutical industry, perfumery, cos-
metology and the food industry (Rozhkov & Ogurcoy,
2017). Recent scientific studies have proven the anti-
tumor properties of essential oils from plants of the
Lamiaceae family (Mesquita et al., 2019). The species of
this family are promising potential sources of natural
antioxidants due to their high content of polyphenols.
In addition, increasing scientific and epidemiological
evidence links consumption of polyphenol-rich foods to
health benefits such as reduced risk of cardiovascular
disease through anti-inflammatory effects (Tzima et al.,
2018). In Ukraine, narrow-leaved lavender, peppermint,
clary sage, clary sage, monarda, hyssop, lemon balm,
nepeta, rosemary, savory and others are cultivated as
essential oil plants of the Lamiaceae family (Rozhkov
& Ogurcov, 2017). In modern conditions, the agro-eco-
logical advantages of growing plants of this family are
important, such as the ability to grow on unproductive
eroded soils, form stable phytocenoses on man-made
disturbed lands, and act as phytomeliorants (Dobrovol-
skyi et al., 2021).

Narrow-leaved lavender Lavandula angustifolia
Mill. - perennial evergreen semi-shrub containing
1-2.5% of essential oils in inflorescences (Lis-Balchin,
2002; Manushkina, 2019). The main components of lav-
ender essential oil are linalool (10-20%) and linalyl ace-
tate (30-50%) (Kiicuketal.,2018; Pokajewiczet al.,2021).

Peppermint Mentha x piperita L. is a perennial herb
that is a hybrid type of mint that does not occur in the
wild. Essential oils are contained in all above-ground
organs of plants: leaves (2-4%), inflorescences (4-6%),
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stems (up to 0.3% of the mass of dry matter). Aerial
parts of plants in a withered state or dry leaves are used
as raw materials. The main components of peppermint
essential oil are menthol (41-92%), menthone (9-25%),
pinene, limonene and other substances, as well as phe-
nolic compounds with antioxidant properties (Rozhkov
& Ogurcoy, 2017).

Medicinal sage Salvia officinalis L. is a mul-
ti-stemmed subshrub reaching a height of 80 cm. The
main biologically active substances are phenolic com-
pounds (flavonoids, tannins, hydroxycinnamic acids)
and terpenoids (Jasicka-Misiak et al., 2018). Various
medicinal forms created on the basis of a combination
of these groups of biologically active substances from
plant raw materials are characterized by the high anti-
microbial and antioxidant potential of medicines based
on sage (Hudz et al., 2020; Schmiderer & Novak, 2020;
Francik et al., 2020). The content of phenolic acids and
flavonoids depends on the variety of plants and envi-
ronmental conditions of cultivation (Cavar Zeljkovi¢ et
al.,2021; Karalija et al., 2022).

Monarda fistulosa L. is a perennial herbaceous
and ornamental plant. The essential oil has antisep-
tic, expectorant and repellent properties (Shanaida &
Mashtaler, 2016). It belongs to non-official medicinal
plants, it is not included in the State Pharmacopoeia of
Ukraine, but it is promising for use as an essential oil
plant (Shanaida & Pokryshko, 2015).

In connection with the mentioned economic and
ecological advantages of essential oil plants of the
Lamiaceae family, it is advisable to increase their area
in Ukraine, in particular, to grow them as niche crops.
The yield and the quality of essential oil depend signif-
icantly on the pureness of the planting material used
for planting plantations. Since in many species of the
Lamiaceae family, during seed reproduction, splitting is
observed for economically valuable traits, vegetative
reproduction is used in seed production. This method
allows you to maintain the genetic identity of planting
material, but has a low reproduction rate and a high
probability of transmission of infectious diseases.

Currently, for effective vegetative reproduction of
plants, it is advisable to use the method of clonal micro-
propagation in invitro culture, which is characterized by
a high reproduction ratio, preservation of the genotype,
and recovery from pathogens of the planting materi-
al. According to the modern classification, two types of
clonal micropropagation are distinguished - activation
of the development of meristems already present in the



plant and induction of the development of buds or em-
bryoids de novo by direct or indirect morphogenesis. For
most plants, reproduction in vitro culture is carried out
according to the first type, since it ensures the preserva-
tion of the genotype of the obtained seedlings identical
to the original plants. Maintenance of genetic stability
of apical meristems is ensured by a number of mecha-
nisms: cells contain a diploid set of chromosomes, are
maintained in an embryonically active state, they are
organized in the form of discrete zones characterized
by high activity of DNA repair systems and negative se-
lection of altered cells. In connection with the above,
research on the development of technological meas-
ures of clonal micropropagation of essential oil plants
of the Lamiaceae family for the mass production of pure
planting material is relevant.

The task of the research is to choose optimal condi-
tions for effective cultivation of plants of the Lamiaceae
family at four stages of clonal micropropagation.

The purpose of the research was to develop bio-
technological methods of clonal micropropagation of
essential oil plants of the Lamiaceae family L., angus-
tifolia Mill., M. x piperita L., S. officinalis L., M. fistulosa L.
The task of the research is to choose optimal conditions
for effective cultivation of plants of the Lamiaceae fami-
ly at four stages of clonal micropropagation.

The purpose of the research was to develop bio-
technological methods of clonal micropropagation of
essential oil plants of the Lamiaceae family L., angus-
tifolia Mill,, M. x piperita L., S. officinalis L., M. fistulosa L.
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MATERIALS AND METHODS

The experimental work was carried out on the basis of
the laboratory of clonal micropropagation of farming
‘Agrolife” (hereinafter referred to as Farm ‘Agrolife”)
of the Mykolaiv Region, a branch of the Department
of Agriculture, Geodesy and Land Management of the
Mykolaiv National Agrarian University. As material for
research, lavender plants of the narrow-leaved L. an-
gustifolia varieties Sinyeva, Hemus, Imperial Gem, pep-
permint M. x piperita L. varieties Lebedina pisnia, Mama,
medicinal sage S. officinalis L. variety Shans, monarda
tubular Monarda fistulosa L. Fortune variety were used.

The main methods of research: general scientific
(analysis, synthesis, generalization) and special (labo-
ratory, field). In the course of conducting experimental
studies,methods generallyaccepted in plant biotechnol-
ogy were used (Kalinin et al., 1984; Kumar & Loh, 2012).

The development of biotechnological measures
was carried out in four stages of clonal micropropaga-
tion: | stage - isolation of the explant, introduction and
initiation of its development in vitro; Il stage — multi-
plication; Stage Il - rooting of microshoots; Stage IV -
adaptation of microplants to in vivo conditions.

In stages | and Il,Murashige and Skoog (MS) was used
as the basic nutrient medium (Murashige & Skoog, 1962).
At the III stage, the MS nutrient medium with a halved
concentration of components (%2 MS) was used as the
base. At the first three stages of clonal micropropagation,
the composition of hormones in the nutrient medium was
changed in various combinations and concentrations to
stimulate the necessary path of morphogenesis (Table 1).

Table 1. Hormones included in nutrient media for clonal micropropagation of plants of the Lamiaceae family

Full name Symbolic designation

6-benzyloaminopurine
6-furfurilaminopurin
gibberellic acid
B-indolyl-3-butyric acid
B-indolyl-3-acetic acid

Source: developed by authors

The acidity of the medium was adjusted to pH 5.5-
5.6 using 0.1 n HCL or 0.1 n KOH before autoclaving.
The nutrient medium was autoclaved at a temperature
of 120°C, a pressure of 0.8 atm. within 20 min.

Donor plants were grown in closed soil conditions.
Shoots were separated from the plant, washed in a
soap solution, washed in running water and in sterile
distilled water. Then they were divided into segments
with one pair of buds and staged sterilization was ap-
plied according to the scheme: ethanol 70% solution
(40 s), sodium hypochlorite 1% solution (5 min). After
sterilization, apical or axillary buds were isolated and
introduced into in vitro culture. Aseptic work was car-
ried out in a laminar box BBPO2a. Isolation of explants
was carried out under a MBS-9 binocular microscope

BAP
kinetin
GA
IBA
IAA

and cultivated one at a time in chemical test tubes with
a volume of nutrient medium of 10 mL

At the stage of multiplication, microshoots, the devel-
opment of which was initiated in the first stage, were divid-
ed into microcuttings 5-10 mm long with one pair of axil-
lary buds, and additional microshoots were separated and
cultivated in 250 mlvessels with a volume of 30 ml of nutri-
ent medium. 6 explants were placed in one culture vessel.

At the stage of rooting, the main shoot of the ob-
tained meristem plants was cut on a 5-10 mm long
microcutting with one pair of leaves, and additional
microshoots were also separated. Cultivated in vessels
with a volume of 250 ml with a volume of nutrient me-
dium of 30 ml for 6 microshoots. To stimulate rhizogen-
esis, auxins were added to the nutrient medium.
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At three stages of in vitro clonal micropropagation,
explants were cultured in a thermostatically controlled
culture room. Cultivation conditions: temperature 25-
26°C, illumination 2-3 klk, photoperiod 16 hours, rela-
tive humidity 60-70%.

At the stage of adaptation to in vivo conditions, mi-
cro-plants were grown in cassettes in climatic cham-
bers at a temperature of 20-22°C and constant humid-
ification, with periodic ventilation, the time of which
was increased as the adaptation period increased.
Substrates for cultivation in cassettes consisted of
peat and perlite in different ratios by volume - 1:1;
2:1; 3:1; 4:1; 5:1. Adapted plants were transplanted
into pots with a volume of 250 ml and cultivated in
climatic chamber conditions for 30-56 days, depend-
ing on the type of plants.

The repetition of all experiments is twofold, the
sample size is 20 plants.

The multiplication factor was calculated according
to formula 1:

_foNmstls+Ffastas

ME 100 100 ’

1)

16
14

12

Lavandula
angustifolia Mill.

Salvia
officinalis L.

Mentha x
piperita L.

where Rf - regeneration frequency, %; Nms — number of
main shoots, pcs.; NIs — number of pairs of leaves on the
main shoot, pcs.; Ffas - frequency of formation of addi-
tional shoots, %; Nas - number of additional shoots, pcs.

Mathematical processing of the results was per-
formed in the Microsoft Office Excel 2007 program us-
ing descriptive statistics (Rozhkov et al., 2016). The sta-
tistical characteristics of quantitative variability were
calculated: the arithmetic mean, the error of the arith-
metic mean. The reliability of the difference between
the mean values was determined by the Student’s t-test.

RESULTS AND DISCUSSION

Stage | - isolation of the explant, introduction and ini-
tiation of its development in vitro. After the use of step-
wise sterilization using ethanol and sodium hypochlo-
rite, the infection rate of explants of all types of plants
did not exceed 15%, the viability was at least 80%. The
regeneration rate reached 90.0-100.0%. However, the
hormonal composition of nutrient media significantly
influenced the formation of shoots, and therefore, the
reproduction coefficient, which is an integral parameter
that includes the frequency of regeneration and forma-
tion of the main and additional shoots (Fig. 1).

BAP 0,5 mg/L

BAP 1,0 mg/L

BAP 1,0 mg/l+HA 0,1 mg/L
BAP 1,0 mg/l+HA 1,0 mg/L
BAP 1,0 mg/l+IOLK 0,1mg/L

I
I I BAP 1,0 mg/L+IOLK 0,5 mg/L
1Tl kinetin 0,5 mg/L
T kinetin 1,0 mg/L
T = kinetin 1,0 mg/l+HA 0,1 mg/L
kinetin 1,0 mg/l+HA 1,0 mg/L
Monarda
fistulosa L.

Figure 1. The coefficient of reproduction of plants of the Lamiaceae family at the stage of explant isolation,
introduction and initiation of its development in vitro depending on the composition of hormones

Source: developed by the authors

It was determined that nutrient media based on the
basic medium of MS are optimal for inducing morpho-
genesis in vitro: for Lavandula angustifolia Mill. supple-
mented with kinetin (1.0 mg/l) and HA (1.0 mg/l), for
Mentha x piperita L.- BAP (1.0 mg/l) and HA (0. mg/l), for
Salviaofficinalis L.- BAP (1.0 mg/l) and IOLK (0.5 mg/l),for
Monarda fistulosa L.- BAP (1.0 mg/l) and IOLK (0.1 mg/l).

Il stage - multiplication. At the second stage, the
multiplication of shoots is achieved in two ways. First,
due to the addition of increased concentrations of

Ukrainian Black Sea Region Agrarian Science, 26(4), 51-61

cytokinins to the nutrient medium to remove apical
dominance and stimulate the development of lateral
and adventitious buds. Secondly, by carrying out sever-
al cycles of subcultivation until obtaining the required
number of shoots. By combining these two ways, it is
possible to achieve a multiplication factor of up to 105-
106 per year (Kalinin et al., 1984). At the multiplication
stage, the effectiveness of the hormonal composition of
the nutrient media was evaluated by the reproduction
coefficient indicator (Fig. 2).
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20 BAP 0,5 mg/l
18 I BAP 1,0 mg/L
16 I BAP 1,0 mg/I+HA 0,1 mg/L
14 I 1 BAP 1,0 mg/l+HA 1,0 mg/L
12 I I BAP 1,0 mg/1+I0OLK 0,1 mg/L
10 I I. 1.1 19l I
1 "I I BAP 1,0 mg/I+IOLK 0,5 mg/L
8 I I I o
I I I kinetin 0,5 mg/L
I ine ,
61 I°; I I I, oI o g
I I kinetin 1,0 mg/L
4 T I T
5 T - kinetin 1,0 mg/l+HA 0,1 mg/L
0 kinetin 1,0 mg/l+HA 1,0 mg/L
Lavandula Mentha x Salvia Monarda
angustifolia Mill. piperita L. officinalis L. fistulosa L.

Figure 2. The coefficient of reproduction of plants of the Lamiaceae family
at the multiplication stage depending on the composition of hormones

Source: developed by the authors

It was established that for the in vitro cultivation
of L. angustifolia plants at the multiplication stage, the
optimal nutrient medium is MS with the addition of ki-
netin (1.0 mg/l) and HA (1.0 mg/l), which provided the
highest multiplication factor - 17.5. Atendency was not-
ed that nutrient mediums with the addition of kinetin
stimulated the process of shoot formation more com-
pared to BAP cytokinin, with the use of which vitrified
shoots were formed (up to 65%), which cannot be used
for further micropropagation. The addition of HA con-
tributed to the increase in the length of the internodes
of the shoots, which allows dividing them into separate
microcuttings with one pair of buds for further cultiva-
tion in the next cycle,and, accordingly, increases the re-
production ratio. The inclusion of auxin IOLK in nutrient
media containing BAP caused the formation of callus at
the base of the cutting, and with increasing concen-
tration, the frequency and intensity of callusogenesis
increased. Callus formation is unacceptable during
clonal micropropagation, as indirect hemogenesis and

the formation of somaclonal variants are possible.
For the cultivation of explants of M. x piperita, S.

officinalis, and M. fistulosa, the addition of MS BAP to

Multiplication factor

the basic nutrient medium was more favorable for
stimulating hemogenesis compared to kinetin. On me-
dia with BAP, the development of a greater number of
additional and adventitious shoots was noted, while
their vitrification was not observed as in L. angustifolia
explants. The addition of HA or IOLK contributed to the
optimization of shoot development. Optimum nutrient
media for the induction of in vitro morphogenesis and
the stage of multiplication were determined based
on the base medium of MS: for M. x piperita - BAP
(1.0 mg/l) and IOLK (0.1 mg/l), for S. officinalis - BAP
(1.0 mg/l) and IOLK (0.5 mg/l), for M. fistulosa - BAP
(1.0 mg/l) and I0OLK (0.1 mg/l).

At the multiplication stage, micropropagation prop-
agation can be carried out in several cultivation cycles to
achieve the required number of plants, therefore it is ad-
visable to study the effect of the micropropagation cycle
on morphogenesis in in vitro culture. This allows to find
out the possibility of carrying out subcultivation without
changing the morphometric parameters and the repro-
duction ratio. The dynamics of the reproduction coeffi-
cient of plants of the Lamiaceae family during ten cycles
of cultivation depended on the type of plants (Fig. 3).

=== [ avandula angustifolia Mill.

1 T 143 77 o
T / / == Salvia officinalis L.
AT~ ]’0\; 12.8 \I 112 < 81 ¥ %%8 Mentha x piperita L.
T4 9.8 7 9 VRN :{ - Monarda fistulosa L.

L e 6 5 1 : _JI: T 6.5

71 : 6.8 T o T
139 48 L33

1 2 3 4 5 6 7 8 9 10 Cultivation cycle

Figure 3. The multiplication factor of plants of the Lamiaceae family depending on the cycle of cultivation

Source: developed by the authors
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The highest reproduction ratio was observed in L.
angustifolia plants, it ranged from 16.5 to 22.7 and re-
mained stably high from the 15 to the 8" cycle of culti-
vation, and decreased to 10.8-13.0 in the 9*" to 10th cy-
cles.Asimilar trend was observed in M. x piperita plants,
the reproduction coefficient remained stable during
eight cycles of cultivation within the range of 10.7-15.3,
and in subsequent cycles it decreased to 8.1-6.5. The
multiplication factor of S. officinalis was the highest in
the 6th cultivation cycle - 14.2, the lowest - 7.7, in the
9th passage, and slightly increased to 9.4 in the 10" pas-
sage. The reproduction coefficient of M. fistulosa was
the lowest among the studied plant species and ranged
from 6.5 to 9.4 during 1-7 cycles of cultivation, except
for the 3 cycle, when this parameter was the maxi-
mum - 14.7. A significant decrease in the multiplication
factor to 4.8-3.3 was observed in 7-10 cycles.

120
100 I I
80
® 601 I
40
20

0

Mentha x Salvia

piperita L.

Lavandula
angustifolia Mill.

officinalis L.

The obtained data make it possible to recommend
seven to eight cycles of cultivation during clonal micro-
propagation of plants of the Lamiaceae family, during
which they maintain high morphogenetic potentials and
provide a stable multiplication factor of 6.5-22.7, de-
pending on the biological characteristics of the species.

Stage Ill - rooting of microshoots. Stimulation of
rhizogenesis in plants is carried out under the influence
of auxins, which induce division of shoot parenchyma
cells, as a result of which differentiation of root primor-
dia occurs in its basal part. It has been shown that for in
vitro rooting of microshoots of plants of the Lamiaceae
family, the nutrient medium of %2 MS supplemented with
IOLK (0.5 mg/l) and IOCK (0.5 mg/l) is optimal (Fig.4).On
this nutrient medium, the frequency of rooting was 80.0-
97.5%,the highest height shoots were also formed - 56.8-
51.5 mm and the largest number of roots - 3.5-4.7 pieces.

I I0CK 0,5 mg/L
I I0CK 1,0 mg/L
I I I0CK 0,5 mg/L
I |0CK 1,0 mg/L
I0CK 0,5 mg/L+ 10CK 0,5 mg/L
Monarda
fistulosa L.

Figure 4. The frequency of rooting of microshoots of plants of the Lamiaceae family
depending on the composition of auxins

Source: developed by the authors

It is obvious that IOLK and IOCK auxins in combina-
tion provided a synergistic effect. When added individ-
ually, they acted less effectively even at a concentration
of 1.0 mg/L. The frequency of regeneration was signifi-
cantly lower compared to this indicator on the medium
with a combination of auxins.Also, when the concentra-
tion of auxins increased to 1.0 mg/, inhibition of shoot
growth was observed.

Stage IV - adaptation of microplants to in vivo condi-
tions.Duringthetransferof plantsfrominvitro conditions
to in vivo conditions, cultivation parameters change -
temperature, relative humidity, substrate, lighting.
Therefore, it is important to develop adaptation meas-
ures that contribute to the optimal survival of mericlons.

In plants of the Lamiaceae family, after 7-10 days, de-
pending on the species, there were clearly visible signs
of the growth of shoots and the formation of the root
system. It was determined that 14-20 days are enough
for the adaptation of meristem plants, during which 2-3
pairs of leaves were formed. It should be noted that the

Ukrainian Black Sea Region Agrarian Science, 26(4), 51-61

viability of meristem plants and their growth depended
significantly on the composition of the substrate. It was
established that the optimal substrate for adaptation is
peat: perlite in a volume ratio of 3:1, on which the sur-
vival rate of all studied plant species was 82.5-100.0%,
while with an increase or decrease in the proportion of
perlite in mixture, this indicator decreased.

Duringthe period of adaptationand cultivationinthe
collection nursery,meristem plants of all studied species
had morphological characteristics typical for the varie-
ties.In order to further research the processes of growth
and development of plants obtained in in vitro culture,
a model experiment was established in the collection
nursery of the Ukrainian National Academy of Scienc-
es, while the survival rate of plants was 95.0-100.0%.

As a result of the experiments, the processes of
morphogenesis in the in vitro culture of L. angustifolia,
M. x piperita, S. officinalis, and M. fistulosa were investi-
gated, and technological measures were developed at
the four stages of clonal micropropagation (Fig. 5).
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Figure 5. Development of plants of the Lamiaceae family at different stages of clonal micropropagation:
a - M. fistulosa (I stage); b - L. angustifolia (Il stage); ¢ - M. x piperita (Ill stage); d - L. angustifolia (IV stage);
e - S. officinalis (Il stage); f - L. angustifolia (collection nursery); g - M. x piperita (collection nursery)

Source: developed by the authors

The revealed features of cultivation, in particular,
the optimal composition of the nutrient medium, the
multiplication factor and its dynamics depending on
the cultivation cycle, the conditions of rooting and ad-
aptation of microplants differed for L. angustifolia, M. x
piperita, S. officinalis and M. fistulosa. For the clonal mi-
cropropagation of L. angustifolia, the most effective at
the stages of in vitro culture introduction and multipli-
cation was determined to be a nutrient medium based
on the MS basic medium, supplemented with kinetin
(1.0 mg/1) and HA (1.0 mg/l). D. Leelavathi & N. Kuppan
(2013), T. Manushkina (2017) also indicate that the use
of kinetin affected the formation of more shoots with-
out morphological changes in L. angustifolia. A. Hamza
et al. (2011), D. Andrys et al. (2017) found that plants
that produced the highest number of shoots were
grown on medium with BAP (0.8-2.0 mg/l). According to
A. Kumar et al. (2015), the use of MS with the addition
of cytokinin BAP (2.0 mg/l) and auxin I0CK (0.5 mg/l)
affects the increase in the number of shoots. This study
showed that the cultivation of the studied varieties on
MS nutrient medium with the addition of BAP (1.0 mg/l)
stimulated the development of shoots, but 65% of them
were vitrified, excessively hydrated, and the addition of
BAP to the nutrient medium together with IOLK caused
the formation of callus at the base of the cutting. Both
processes are unacceptable in clonal micropropagation.
J. Koefender et al. (2021) also noted excessive hydration
in Lavandula dentata plants grown on MS medium sup-
plemented with BAP (5.0 uM).

For M. x piperita, it was determined that in the first
two stages of cultivation, the optimal nutrient medium
is MS supplemented with BAP (1.0 mg/l) and HA
(0.1 mg/l). Such results are consistent with those ob-
tained in the work of A. Islam et al. (2017), in which the
specified hormones were applied, but in stages. The

largest number of shoots was obtained on the medi-
um containing BAP (3.0 mg/l). For further elongation,
microshoots were transferred to media with different
concentrations of HA. The greatest length of shoots
with a frequency of 100% was achieved on the medi-
um containing 1.0 mg/L HA. In the work of T. Talanko-
va-Sereda et al. (2016) also determined as optimal the
MS medium supplemented with BAP (0.75 mg/l) and
HA (0.5 mg/l), but additionally used adenine and I0CK
at a concentration of 0.05 mg/L.

Initiation of development and multiplication of
shoots in the in vitro culture of S. officinalis took place
most effectively on the nutrient medium of MS with
the addition of BAP (1.0 mg/l) and IOLK (0.5 mg/l),
and M. fistulosa - with the addition of BAP (1.0 mg/l)
and IOLK (0.1 mg/l). Similar results were presented by
M. Petrova et al. (2015), who showed maximum shoot
proliferation from seedling segments obtained in vitro
when cultured in MS medium supplemented with BAP
(2.22 yM) and IOLK (0.57 pM). I. Grzegorczyk-Karolak et
al. (2021) during clonal micropropagation of Salvia bul-
leyana based on leaf segments, the highest regenera-
tion frequency (95%) was obtained on MS medium con-
taining BAP (2.0 mg/l) and naphthylacetic acid (NOC)
(0.1 mg/l). However, researchers P. Santos-Gomes &
M. Fernandes-Ferreira (2003) showed that the greatest
accumulation of essential oils and the greatest increase
in shoot biomass was obtained when kinetin (2.0 mg/l)
and 2.4 - dichlorophenoxyacetic acid (0.05 mg/l).

At the stage of rooting of microshoots of plants of
the Lamiaceae family, the highest frequency of rooting
(80.0-97.5%) was ensured on nutrient medium % MS,
supplemented with I0LK (0.5 mg/l) and I0CK (0.5 mg/l).
The same auxins in a concentration of 0.5-2.0 mg/l
were used in the work A. Islam et al. (2017) to root M.
X piperita microshoots. Among them, the greatest root
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proliferation was obtained on the medium containing
IOLK (1.5 mg/l). J. kyczko et al. (2020) revealed a high
degree of rooting (97-100%) on MS medium with the
addition of IOLK (0.5 mg/l). The researchers Andrys et
al. (2017) show a significant influence of the L. angusti-
folia genotype on the rooting process. For two cultivars,
the optimal effect on root length was noted on Y4 MS
nutrient medium with the addition of 0.2 mg/l IOLK
or (NOC), while for the third cultivar, the best results
were obtained on the MS medium with the addition
of 0.2 mg/l NOC. In the work Hamza et al., (2011) it
was found that the use of ¥2 MS medium with the addi-
tion of NOK (1.0 mg/l) resulted in more roots, but IOLK
(2.0 mg/l) had the most positive effect on root length .

The viability of plants obtained by the method of
clonal micropropagation in field conditions was 95.0-
100.0%. Similar results were obtained in th work of re-
searchers Islam et al. (2017).

In general, the direction of morphogenetic process-
es at individual stages of clonal micropropagation of
plants of the Lamiaceae family was similar. However, the
hormonal regulation of morphogenesis varied, which is
obviously due to genotypic differences in the morpho-
genetic reactions of plants in in vitro culture, as well as
different explants, growing conditions of donor plants,
the season of explantation, and other factors. The works
Andrys et al. (2017), Islam et al. (2017) emphasize that
the hormonal conditions for reproduction depend on the
species and variety of the source plants. The biotechno-
logical measures of clonal micropropagation of essen-
tial oil plants of the Lamiaceae family developed in this
study are effective and can be recommended for inclu-
sion in the technologies of obtaining planting material.

CONCLUSIONS

Based on scientific research, a biotechnological method
of cloning and micropropagation of essential oil plants
Lamiaceae L. angustifolia Mill., M. x piperita L., S. officina-
lis L., M. fistulosa L. was developed.

The most effective for the stages of introduction into
culture in vitro and multiplication are nutrient media
based on the basic medium of MS, supplemented with
hormones: for L. angustifolia - kinetin (1.0 mg/l) and HA
(1.0mg/1),forMxpiperita-BAP(1.0mg/l)andHA(0.1 mg/l),
for S. officinalis - BAP (1.0 mg/l) and IOLK (0.5 mg/l),
for M. fistulosa - BAP (1.0 mg/l) and I0LK (0.1 mg/l).

At the stage of multiplication, plants maintain high
morphogenetic potentials in in vitro culture and pro-
vide a stable multiplication factor of 6.5-22.7 during
seven to eight cycles of cultivation, depending on the
biological characteristics of the species.

At the rooting stage of microshoots, the nutrient
medium Y2 MS, supplemented with I0LK (0.5 mg/l) and
IOCK (0.5 mg/l), was determined to be optimal, which
ensured a rooting frequency of 80.0-97.5%.

The most effective for the adaptation of plants to in
vivo conditions is a substrate containing peat and per-
lite in a volume ratio of 3:1, on which the survivability
of all studied plant species was 82.5-100.0%.

Prospects for further research are in the develop-
ment of an integrated system of seed production of es-
sential oil plants with the aim of obtaining standard
planting material and studying the characteristics of
growth and development, forming the productivity of
plants of the Lamiaceae family for the development of
technological measures for their cultivation in the con-
ditions of the Southern Steppe of Ukraine.
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KnoHanbHe MiKpOpPO3MHOXeHHS in vitro edipooninHnx pocninH
poauHn Lamiaceae Lindl.
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AHoTauif. AKTyanbHICTb AOCNIAXKEHHS WOAO0 po3pobKM BiOTEeXHONOTiT KNOHANbHOrO MiKPOPO3MHOXEHHS POCIUH
poaunHu Lamiaceae Lindl. 3yMOBNIOETLCS HEOOXiOQHICTIO MACOBOro OAEepyKaHHS 03[40pPOBAEHOMO YMCTOCOPTHOIO
CagMBHOrO MaTepiany ANs 3akNafaHHS NPOMMCIOBMX MAAHTaLiW Ta PO3WMPeHHa nnow, edbipooniiHUX KynbTyp
B YKpaiHi. Metotwo pocnipkeHb ©6yno po3pobuTu 6GiOTEXHOMOriYHI 33aX0AM KIOHAJbHOMO MiKPOPO3MHOXEHHS

edipooninHnx pocanH poamHu Lamiaceae — Lavandula angustifolia Mill., Mentha x piperita L., Salvia officinalis L.

i Monarda fistulosa L. 3aBoaHHa OocnigpkeHHS — nigibpatv onTMManbHi YMOBU Ans eDeKTUBHOIO KyNbTUBYBAHHS
pPOCAUH poanHu Lamiaceae Ha YOTUPbLOX eTanax KNOHANbHOro MiKpOpO3MHOXeHHS. OCHOBHI MeToAM A0CNIAXKEHHS:
nabopatopHui, NONMbOBUM, AHANITUYHMM | MATEMATUKO-CTAaTUCTUYHUI. BU3HAYeHO ONTUMANbHI AN iHAYKUii
MopdoreHesy in vitro Ta eTany MynbTUNIKaLiT XXMBUbHI cepefoBMLLa Ha OCHOBI 6a3oBoro cepeposuiia Mypacure
i Ckyra: pna L. angustifolia nonosHeHe KiHeTuHoM (1,0 Mr/n) i ribepenosoto kucnototo (1,0 mr/n), ana M. x piperita -
6-6eH3mnamiHonypiHoM (1,0 mr/n) i ribepenoBoto kucnotot (0,1 mr/n), ana S. officinalis - 6-6eH3nnamiHonypiHOM
(1,0 mr/n) Ta 108K (0,5 mr/n), pna M. fistulosa - 6-6en3nnaminonypiHom (1,0 Mr/n) Ta B-iHBONIN-3-0NiMHOK KMCIOTOKO
(0,1 mr/n). Ha eTtani MynbtMnnikauii AOUINbHO NPOBOAMUTU CiM-BICIM LMKNIB KyNbTUMBYBAHHS. Ha eTani yKopiHeHHS
MiKponaroHie Hambinblw edbekTMBHUM AN YCiX AOCNIAXYBAHUX BUAIB POCAMH BU3HAYEHO XUBUSIbHE CEpEfOBULLE
Mypacure i Ckyra 3i 3MeHLEeHO BABIYi KOHLEHTPALi€l0 KOMMOHEHTIB, 4OMNOBHEHe B-iHA0NiN-3-0N1iMHO KMCNOTO
(0,5 mr/n) Ta B-iHponin-3-outosot kucnotot (0,5 mr/n). OnTuManbHUM ans aganTauii pocivH A0 YMOB in Vivo

BM3HaueHO cybcTpaT Topd: MepnitT y CniBBiAHOWEHHI 33 06'eMoM 3:1. BkiwodyeHHs po3pobreHoi GiomexHonozii

K/IOHA/16HO20 MiKPOPO3MHOXEHHS [0 CUCTEMMU HACIHHMLTBA edipOOoNifHUX KyNbTyp poauHu Lamiaceae fO3BONUTL
NPUCKOPEHO 04epXKyBaTU 0340POBAEHUN YUCTOCOPTHUI CAAMBHUIA MaTepian Ta BNPOBAaAXKYBATU HOBI MPOAYKTUBHI
COPTH Yy BUPOBHMLTBO

Knwouosi cnosa: Lavandula angustifolia Mill.; Mentha x piperita L.; Salvia officinalis L.; Monarda fistulosa L.;
KoediLiEHT pO3MHOMEHHS
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Abstract. Maritime transportation is the essence of the international economy. Today, about ninety percent of
world trade is carried out by sea through 50,000 merchant ships. Most of these vessels are powered by mainline
diesel engines due to their reliability and fuel efficiency. Reliability of system elements in general depends on
random failures, significant wear during operation, additional wear during start-up. Accidental damage to diesel
engine components is @ major hazard during operation, as some parts (such as cylinder liners and pistons) are
usually replaced during repairs. On the other hand, preventive service does not eliminate random malfunctions.
Therefore, in the general problem of assessing the reliability of a diesel engine, there is a mathematical problem
of assessing the reliability and durability, taking into account only the random failures of its elements, which are
of the greatest practical importance. The purpose of the work is a mathematical study of the reliability of parts of
the cylinder-piston group of the main engines of dry cargo ships. Using a systematic approach and a probabilistic
statistical method, it was established that the most common and difficult case is the simultaneous action on
a system element (for example, a cylinder sleeve) of factors that cause wear during the period of operation
(including during the start-up period) and accidental failures. It was determined that the quality of the cylinder-
piston system in ships of the “Ostriv Rosiyskiy” type is higher than in the ships of the “Simferopol” and “Murom”
types. Empirical formulas for estimating the probability of emergency failure of main engine system elements
during the period of operation between factory repairs were obtained, where the main danger during the period
of operation was carried by accidental failures. Based on the results of the study, it is possible to establish a
schedule for the periodicity of maintenance of the ship’'s main engine and the cost of losses due to ship downtime
due to failures, and can also be used in the reliability study of other types of ship's main engines. The results
make it possible to determine the reliability of the parts of the cylinder-piston group of the main engines of dry
cargo ships. and, in particular, to establish the maintenance schedule of the ship's main engine and the cost of
damages due to ship downtime due to failures, and can also be used in the study of the reliability of other types
of main engines of other series of ships
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INTRODUCTION
The problem of quality and reliability for sea transport is
of particular importance, as it is related to the safety of
navigation. In order to predict the quality and reliability
of the ship’s main diesel engines, it is necessary to study
the operating conditions of the main power plants, de-
termine and forecast the probability of an emergency
failure in any period of time, as well as the probability
that there will be no emergency failures for the entire
period or an emergency failure will occur inthe first tran-
sition. Trampert et al. (2008) emphasize the importance
of accurately defining the boundary conditions and the
sensitivity of the service life of cast iron cylinder heads
to the defined engine operating boundary conditions.

On the basis of operational data and results, which
are verified with the help of a computer program to
determine the relevance of the obtained results, it is
established that the reliability of system elements in
general depends on the effect of component aging on
system reliability (Mihanovic et al., 2021).

Munir & Shah (2015) discuss available analysis
methods, also a step-by-step approach to systematic
qualitative analysis of engine reliability.

J. Kowalski et al. (2017) propose an automatic sys-
tem based on machine learning for intelligent fault di-
agnosis of marine diesel engines.

Wear of main engine parts during maneuvers for
transport refrigerated vessels of the “Surf” series, the
average number of starts and reverses during one
stop (7 days) is 20. For quantitative assessment, it is
assumed that one start from a cold state corresponds
to the amount of wear for 5 hours of running time. The
amount of wear during one hot start or reverse - one
time of running time. In the total number of starts, 25%
belong to the cold state. All reversals are considered
hot, since less than 4% belong to the cold state. Then
the average wear during one parking lot corresponds to
the wear during 34.5 hours of normal work. The addi-
tional time proportional to maneuvering wear (for park-
ing time) will be: with 31 parking spaces per year, this
time is 1070 hours/year. With an average annual run-
ning time of 2,300 hours, the additional time is 46.5%.

The identification of car failures as a way to in-
crease its reliability is considered in the work (Pagan
Rubio et al., 2018; Vera-Garciaetal., 2019). In the con-
ditions of the operating company, in order to increase
the operational reliability of the car, it is important to
classify failures by the source of occurrence. Today,
most modern enterprises implement a quality man-
agement system in order to increase the efficiency of
their activities. From the point of view of the quality
management system, taking into account its continu-
ous improvement, it is necessary to identify problem
areas of operational reliability and direct appropriate
efforts to increase it.

The issue of information systems for monitoring
the technical condition of cars, a general approach to

Ivanov and Polyansky

the formation of models for evaluating the technical
condition of a car in operating conditions, and the study
of an agent approach to control the technical condition
of vehicles are discussed in works Anantharaman et al.
(2019), Fang & Cui (2020), Zhang et al. (2022).

Predicting the fatigue life of the main engine cylin-
der head and taking into account accurate and accept-
able models is discussed by Jing et al. (2022).

Detection and elimination of marine diesel en-
gine failures based on real-time diagnostic signals,
i.e., symptoms and their relationship to failures in
an extended form with symptom onset time tracking
and based on human expert heuristic knowledge, is
discussed by Sanchez-Herguedas et al. (2021), and for
more accurate identification of wear defects, a mul-
ti-model fusion system based on the rule of evidentiary
reasoning is proposed (Xu et al., 2020).

The article by Lazakis et al. (2018) proposes a sys-
tematic approach to the identification of critical sys-
tems/components of ship equipment and the analysis
of their physical parameters. Critical systems/compo-
nents of the ship’s main engine are used as inputs to
a dynamic time series neural network to monitor and
predict future values of physical parameters associated
with critical ship systems.

The development of a 4-stroke high-speed marine
diesel engine used on military and civilian vessels as
a main engine is described in work Pagan Rubio et al.
(2018). The failure simulator is based on a one-dimen-
sional thermodynamic model developed, adjusted and
validated with experimental data from a real engine
on a test bench. The novelty of this work is the applied
methodology that combines asset expertise, method-
ology and failure modeling to obtain an accurate and
reliable database for failure prediction, which is a key
element of diesel engine failure.

The authors Sanchez-Herguedas et al. (2022) pre-
sented a new method for calculating the optimal time
interval before preventive maintenance and developed
a mathematical expression represented by a system of
differential equations.

In their study, Zhang et al., (2022) analyze relevant
data collected from various sources to determine the
most plausible failure model representing a particu-
lar component. The collected data and the developed
model will be very useful for assessing the reliability
of ship engines and planning maintenance activities on
board the ship. This can lead to a reduction in marine
engine failures, which will ultimately contribute to a
reduction in accidents in the shipping industry.

The purpose of the study is to study the operating
conditions of the main power plants, to determine and
forecast the probability of an emergency failure in any
period of time, as well as the probability that there will
be no emergency failures for the entire period or an
emergency failure will occur in the first transition.
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MATERIALS AND METHODS
A systematic approach and a probabilistic statistical
method were used to obtain empirical formulas that
allow determining the probability that there will be
no emergency failures during the entire period or that
an emergency failure will occur on the first transition
and to predict the probability of emergency failures of
parts of the cylinder-piston group of the main engines.

It is presented that the ship’s main diesel engine is
a sequence of chains of N elements (parts or assembly
units), the reliability of which depends on the overall
failure-free operation of the engine.

First, the law of the distribution of random failures
of elements is determined, which is expressed by the
reliability function - the probability of trouble-free op-
eration P(t) for the time from O to the moment t, as
well as the time of operation, wear and failure of each
element, separately for the following cases: 1 - failure
with replacement, where it is possible to determine the
time after which all the initially delivered parts will fail,
i.e. the term of their work; 2 - failure with replacement
and recovery, where the parts that failed are replaced
with new ones, so there will be mixed parts in the
work. This will allow you to calculate the number of
failures of parts of this type for a given period of time.

Knowing the laws of distribution (the number of ac-
cident-free transitions during the normative period), we
find the mathematical expectation - the average num-
ber of error-free transitions. The time interval T can be
considered random, since its choice did not require the
condition that T is the standard service life, and it can
be replaced by any time interval from the start of oper-
ation to the moment t. Then it is necessary to calculate
for engine cylinder liners. Having obtained the result,
it can be argued that at the current rate of failure of
the bushings, none of them will reach the wear limit.

Significant wear occurs when starting and revving
the engine. This additional wear is quantified based on
the number of starts and reverses.

To maintain reliability at a sufficiently high level at
time points t1,t2,...,ti,the number of preventive inspec-
tions and repairs is determined. They must be performed
duringparkingtimesothattherunningtimeisnotaffected.

The failure data together with the failure time is used,
comparingthe preventive interval obtained afterapplying
the methodology with the interval obtained when only
the failure data without hours of attendance are known.
As a result, there is a need to compare the exponent cal-
culation for cylinder sleeves with the average data to de-
termine the adequacy and validity of our dependencies.

Having determined the time loss due to failures of
each part for the entire inter-repair period or the num-
ber of failures of parts, it is possible to estimate the full
cost of operational time for failures at sea (in hours),
which is one of the main factors that affect the cost of
transportation and maintenance of main diesel engines
in trouble-free operation work.
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RESULTS

A diesel turbopiston engine is considered as a sequen-
tial chain of N elements (parts or assembly units), the
reliability of which depends on the overall reliability of
the engine. Reliability of system elements mainly de-
pends on random failures, basic wear and tear during
operation, additional wear and tear during start-ups.

Accidental failures of diesel engine system elements
are the primary danger during operation, because some
parts (for example,cylinder liners and pistons) are replaced,
as a rule, during repairs. On the other hand, accidental fail-
ures are not eliminated by the preventive service. That is
why, in the general problem of diesel engine reliability as-
sessment, the mathematical problem of reliability and du-
rability assessment taking into account only random fail-
ures of its elements has the greatest practical importance.

The law of the distribution of random failures of
elements is expressed by the reliability function - the
probability of failure-free operation P(t) for the time
from O to the moment t:

P(t)=exp(-at), (1)

where t - time in thousands of hours; a - coefficient of
the exponential law of parking time distribution.

The rate of wear of the cylinder liners during opera-
tion will be assumed to be constant and independent of
accidents,which is natural for the period of normal oper-
ation.The amount of wear {during one transitionisaran-
domvariable (&=v-t)withan exponentialdistribution law:

fx)=1exp(-1x). (2)

Here 4 = %,x?O;ﬁ - the coefficient of the exponen-
tial law of the transition time distribution.

For the following decisions, it is necessary to have
the value of a, which refers to the details we need un-
der different conditions. Note that the failure expo-
nent should be determined for the relative proportion
of parts that fail. If there is an information about z_of
ships, and the ship’s engine has z_of parts of this type,
then their total number is equal to the product of z z.
The number of failures in any interval of the statistical
series is determined by the ratio m./(z_z).

The final expression will be written in the follow-
ing form:

mi

exp(—at)=1- vt (3)

Hence, for the given value of t, there is an opportu-
nity to find the value of o for the following cases:

1. Rejection with replacement of .. It is possible to
determine the time after which all the initially supplied
parts will fail, i.e. the term of their operation.

2. Failure with replacement and restoration of a,
The parts that failed are replaced with new ones, so

there will be mixed parts in the work. This will make



it possible to calculate the number of failures of parts
of this type for a given period of time (mixed failures).
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The value of a for the main engines of some types
of vessels is given in Table 1.

Table 1. The value of o for the main engines of some types of ships

Value a-10-2, 1/thousands of hours

Ships series
cylinder liners
“Simferopol” 2.08/3.38
“Murom” 2.80/3.38
“Lysychansk” 1.75/2.38
TR “Ostriv Rosiyskiy” 0.47/0.74

Note: The numerator is the value of o, the denominator is o,

Source: author's development

Currently, shipping companies and administrations
have introduced a four-year period of operation of ships
between factory repairs, so the reliability calculation
for this period is of undoubted interest. The working
time corresponding to this period will be determined,
as it is called, normative.

Knowing the laws of distribution of the value of 5
(the number of accident-free transitions during the reg-
ulatory period):

==
. 4
+a%exp[—(a + Bn)Tn] ; @
Py, =0) = z exp[—(a + B,)T,]. )

a+fn

There is an opportunity to find the mathematical
expectation - the average number of error-free tran-
sitions:

Mty =211 - exp(=aT)]. (6)

pistons cylinder covers
2.08/2.40 -
2.70/3.04 3.13/3.46
0.75/1.21 0.87/0.87

Formulas (4) and (5) give the final solution to the
problem. The first formula gives the probability that
there will be no failures during the entire period,and the
second - that the failure will occur on the first transition.

Expression (6) can be represented in the form:

Mn,=Q(T)-My. (7)

That is, the average number of failure-free transi-
tions for the normative period T is equal to the multi-
plication of the probability of a random failure during
this period by the average theoretical number of fail-
ure-free transitions.

In formulas (6) and (7), the time interval T is con-
sidered random, since its selection did not require the
condition that T is the standard service life, and it can
be replaced by any time interval from the start of oper-
ation to the moment t.

For cylinder liners of vessel engines, the calcula-
tion according to formula (8) gives the result (values of
coefficients a, #, b and 1 are given in Table 2).

Table 2. Values of coefficients a, , b,

a, 1/(thousands of

B, 1/(thousands of

Ships series hours) hours) b, mm 2, 1/mm
“Simferopol” 0,0208 5,75 6,5 261
“Murom” 0,0280 7,00 6,5 279
“Lysychansk” 0,0175 3,40 7,0 170
TR “Ostriv Rosiyskiy” 0,0047 740 4,5 7350

Source: author's development

That is, at the current rate of bushing failure, none
of them will reach the wear limit. This statement is also
true for pistons.

As you know, significant wear and tear occurs when
starting and revving the engine. This additional wear is
quantified based on the number of starts and reverses.
For example, for transport refrigerated vessels (TR) of
the “Kamchatka Mountains” type, the additional time
proportional to wear on maneuvers (during docking) is

870 hours or 38% of working time. This value is 800
hours or 20% of the average annual working hours on
dry cargoes of the “Morom” series.

The probability of failure-free operation of the ele-
ment before its replacement at the specified level “b” of
the wear limit is:

alf

P(b) = (a‘%ﬁ) exp (—m) ®)
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Indeed, the average time to reach the wear limit, ex- Finally, there will be a period of random failure of
pressed in the number of transitions, can be defined as:  the cylinder liners due to accidental breakages:

4.6
M(b)=A-b. 9) T,c = o (11)
Thecalendartime ofreachingthewear limit (inhours The values of the numbers included in formulas

and thousands of hours) is found from the expression:  (9)-(11) are given in the Table 3.
The time to reach the limit of wear is such that the
T, = @, (10)  bushings are discarded much earlier than necessary,
and their wear period will exceed another period be-
where k is the average annual number of conversions. tween factory repairs (four years).

Table 3. Values of quantities M(b), T,, T .

Ships series M(b), transitions T, thousands of hours
thousands of hours

“Simferopol” 1700/1410 69.0/57.0 290/240 221
“Murom” 1830/1500 65.5/53.5 262/214 164
“Lysychansk” 1190/995 59.0/49.3 352/294 263

Source: author's development

Thus, the main safety during operation, in particular  is necessary to finish the transition or even travel at a
directlyduringtransitions,iscreated byaccidental(emer-  reduced speed after eliminating a malfunction at sea.
gency) failures that cause stops (delays) at sea to elimi- Various parts and assemblies can fail in main en-
nate them. This leads to an unproductive waste of time, gines at sea. An example of indicators for transporta-
increasing the transition time. In addition, sometimes it  tion of refrigerators and dry cargo is given in Table 4.

Table 4. Indicators for transport refrigerated and dry cargo vessels

Refusals in the sea
Parts and assembly units of main engines

Quantaty Percentage of the total

TR “Ostriv Rosiyskiy”:

High pressure fuel pumps 396 53.0
Injectors 227 30.0
TR “Sea of Okhotsk”:

Injectors 102 16.0
Cylinder cover 89 14.0
High pressure fuel pumps 84 13.5

“Murom”:
Injectors 56 26.0
Bearings 51 24.0

Source: author's development

The average indicators of the number of failures, bly units of the main engines of the ships of the “Mo-
warnings and disclosure of the main parts and assem-  rom” series at sea are shown in the Table 5.
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Table 5. Average indicators of the number of failures, prevention of parts
of the main engines of the “Murom” series ships at sea

Detail of the assembly unit Injectors

Bearings 0.3800
Piston-sleeve 0.3460

Fuel pumps 0.2720
Cylinder covers 0.1360
Outlet valves 0.1220

Gas turbochargers 0.0952
Telescopic pistons 0.0340
Detail of the assembly unit 0.0340

Source: author's development

They are obtained by calculations according to the
formulas:

Nm _ Ner .
Mg = ———; Ang = ————;
zs Tavg zs Tavg-Zc
1 1
T, .=—; T, =—.
ms = ppo 0 Nr T (1 2)

Here, An__is the number of failures at sea for one
vessel per 1,000 hours of operation; n_ - the number
of failures at sea; z, - number of vessels; T - vessel
operating time, thousand hours; An, - number of dis-
closures and warnings per element per 1,000 hours of
work; n_- number of cases of discovery, transfer and
prevention on the dock; z, - the number of parts of this

0.1680 2.63 5.95
0.2380 2.89 4.20
0.7760 3.67 1.29
0.1145 7.35 8.74
0.2415 8.20 4.15
0.1350 10.50 740
0.2210 29.40 4.53
0.1520 29.40 6.58

type of engine; T - the average operating time of the
vessel between element failures, thousand hours; T, -
the average operating time of the element between
opening and warning, thousand hours.

The probability of failure-free operation of the
part during the standard time is determined by the
formula:

P(T )=exp(-a,T ), (13)

where a_is the rate of failures with replacement and res-
toration, 1/(thousand hours), see Table 1; T - standard
time, thousands of hours. The values of parts of the cyl-
inder-piston group of ships of the “Simferopol”,“Murom”

and “Ostriv Rosiyskiy” series are given in the Table 6.

Table 6. Values of P(T ) for parts of the cylinder-piston group

Time intervals,

of ships of the “Simferopol’, “Murom”

3

and “Ostriv Rosiyskiy” series

Detalls thousands of hours s » ) L.
Simferopol” Ostriv Rosiyskiy”

0-8 0.763 0.763 0.943
Cylinder bushings 0-16 0.583 0.583 0.888
0-32 0.340 0.340 0.790
0-8 0.825 0.784 0.908
Pistons 0-16 0.682 0.616 0.823
0-32 0.464 0.379 0.678
0-8 0.758 0.880
Cylinder covers 0-16 0.574 0.774
0-32 0.330 0.599

Source: author's development
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The average number of accident-free transitions
during the standard period is determined by formula (6).
The average number of transitions for the established
period between factory repairs is based on statistical
information about the operating experience. It is equal
to 112 and 32, respectively, during the four-year peri-
od of operation of the ships of the “Murom” and “Ostriv
Rosiyskiy” series. The above dependencies allow you to
calculate the number of failures.

The number of element failures that may occur dur-
ing the established repair period can be determined by
the formula:

_ Mper Mper

= 14
Mn¢ g[l—exp(—a,,Tn)]+1 (14)

The values of the average number of accident-free
transitions and the number of failures of engine parts
of the above-mentioned vessels are given in the Table 7.

Table 7. The value of the average number of accident-free transitions
and the number of failures of engine parts of dry cargo and transport refrigerated ships

M(T)

Time intervals,

thousands of hours

“Simferopol” Ostriv

“Murom”

Rosiyskiy”

“Ostriv

Simferopol Rosiyskiy”

Cylinder bushings

0-8 40.2 49.0 57.2 2.40/2.0 2.30/2.0 0.55/1.0
0-16 71.0 86.5 113.0 1.40/1.0 1.30/1.0 0.28/0
0-32 112.0 137.0 212.0 0.88/1.0 0.82/1.0 0.82/1.0
Pistons
0-8 42.0 49.7 56.0 2.36/2.0 2.25/2.0 0.56/1.0
0-16 76.0 88.5 108.0 1.30/1.0 1.27/1.0 0.28/0
0-32 128.0 143.0 196.0 0.78/1.0 0.78/1.0 0.16/0
Cylinder covers
0-8 - 48.0 56.0 - 2.33/2.0 1.57/1.0
0-16 - 86.0 104.0 - 1.30/1.0 0.31/0
0-32 - 136.0 181.0 - 0.83/1.0 0.17/0

Note: in the denominator is the number of refusals accepted for calculation

Source: author's development

Comparing the calculation based on the expo-
nent for cylinder sleeves with the average data in the
Table 5. The running time of the “Murom” series ves-
sel over four years of operation is T =16 thousand
hours. Then the probability of failures will be Q(16)=
=1-exp(-0.28-16)=0.36. So, out of six engine bushings
(on one vessel), bushings will fail and need to be re-
placed. This will cause two vessel delays at sea. The
average time between exits is thousand hours. Ac-
cording to the Table 5, it is possible to calculate that
bushing and piston failures are distributed equally, the
average working time between failures will be equal to
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2-3.67=7.34 thousand hours, that is, a little more than
the calculated one. This ratio is also valid for pistons.

For cylinder covers, the ratio between the calcu-
lation results and the data in the Table 5 will be dif-
ferent. Indeed, for T =16 thousand hours there will be:
0(16)=1-exp(-0.0313-16)=0.39.

Therefore, 0.39-6=2.34 covers need to be replaced.
The average time of operation of the cover between
failures will be 16-2.34=6.85 thousand hours, which is
less than the data in the Table 5. This is explained by
the fact that covers that have received water flow can
be replaced at the parking lot, and this does not lead to



delays at sea. At the same time, it should be noted that
the calculation results and the data in the Table 5 are
close to each other.
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Estimated data for the “Ostriv Rosiyskiy” TR (at the
value of running time for 4 years of operation T =10
thousand hours) are given in Table 8.

Table 8. Calculation data for TR type “Ostriv Rosiyskiy”

Indexes
Cylinder bushings

Failure probability Q(10) 1-¢0008710=0,09

Number of failures 0,09-24=2.16

Average time between failures,

thousands of hours 10/2.16=4.64

Source: author's development

The main negative result of failures at sea is the
loss of operational time. For example, the average time
of forced stops, obtained by averaging information on
vessels of the “Murom” series, ranges from 0.5 to 4
hours. The loss of time due to failures of each part for
the entire inter-repair period is (in hours) r_ =z - z,. Here
z,is the number of part failures.

The total cost of operational time for failure at sea

(in hours):
n
Tst1 = Zzi " Ty

i=1

(15)

Damage (thousand hryvnias) arising from forced
downtime at sea due to failures:

R=C-t

=t *

(16)

Here C - the cost of maintaining one vessel during
the day, thousand hryvnias.

As an example, let’s calculate the damage only
for parts of the cylinder-piston group (piston, bushing,
cover) of vessels of the “Murom” series over a period
of 4 years. Taking into account that two of the named
parts fail in a year, and the time spent on each out-
put for bushings and pistons is 4 hours, for covers -
2.3 hours, we get for a four-year period: R=2.982“—4
(2-4+2-4+2-2.3)=10.23 thousand UAH.

DISCUSSION

The researchers Xu et al. (2020) proposed a multi-mod-
el fusion system for more accurate identification of
wear defects. Authors agree that it is necessary to con-
sider marine diesel engines, which consist of many
tribological systems, such as cylinder liner-piston ring
system, main bearing system, and that almost 50% of
engine failures are caused by abnormal wear of fric-
tion pairs, the authors also consider a chain sequence

Cylinder-piston group of ships

Piston cylinder covers Piston cylinder covers

:I__e-0.0075~10=0.07_7> 1_e-0.00787-10=0_05

0.073-24=1.75 0.05-24=1.2

0/1.75=6.45 10/1.2=8.30

of N elements (parts or assembly units), the reliability
of which depends on the overall health of the engine.

The authors Sanchez-Herguedas et al. (2022) pro-
posed a method for detecting and eliminating ship
diesel engine failures, based on real-time diagnostic
signals and on the basis of human expert heuristic
knowledge, which may not provide fully accurate infor-
mation about the true state of the parts and underesti-
mate the period of trouble-free operation. However, the
authors of the study derived dependencies that allow
determining the probability of fault-free operation of
elements based on statistical data.

In the research paper (Vera-Garcia et al., 2019), au-
thors use a methodology that combines expert knowl-
edge of the object and modeling of technical inspection
to obtain an accurate and reliable database for predict-
ing diesel engine failures based on a failure simulator.
Lazakis et al. (2018) proposed a systematic approach
to the identification of critical systems, components
of the ship’s main engine are used as input data to a
neural network of dynamic time series for monitoring
and forecasting future values of physical parameters
related to critical ship systems. Zhang et al. (2022) pro-
pose a method for reconstructing dynamic fault trees
to find weak links at the component level. Basurko et
al. (2022) presented engine performance monitoring
and fault detection to create a three-layer forward neu-
ral network of engine operation. Kowalski et al. (2017)
presented an experiment consisting of measurements
made during the operation of a laboratory engine with
simulated faults to create a classification of fault pat-
terns. The authors Rao et al. (2022) propose online con-
dition monitoring and self-healing for in-service diesel
CLPRs from a tribosystem perspective in a real-time
maintenance context. However, the authors of the study
use a probabilistic statistical method, which is a faster
way to determine the prediction of diesel engine fail-
ures. The study of the operational reliability of the main
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engines of marine transport vessels was carried out
taking into account the operating conditions and load
level. The applied restoration theory apparatus is most
convenient in the conditions of engine operation with
alternating transitions and ship stops.

Trampert et al., (2008) in their article predict the
fatigue life of the cylinder head of the main engine.The
authors similarly investigated the ultimate wear of the
sleeve. In addition, the authors considered the joint ef-
fect of semi-random and random failures: main wear
during running time; additional wear during maneuver-
ing time associated with parking lots; accidental (emer-
gency) failures.

The authors Anantharaman et al. (2019) are sug-
gested to draw up an optimal maintenance plan taking
into account the advice of engine manufacturers and/or
chief engineers and ship captains. The authors obtained
empirical formulas that allow determining the proba-
bility of work for the entire period or at the first transi-
tion. This method of calculation: the number of failures,
stops at sea with or without replacement, emergency
failures of parts of the cylinder-piston group. For this
purpose, the value of the failure exponent indicator is
determined for several cases: failure with replacement,
which allows you to trace the gradual failure of the
initial group of parts. It is possible to determine how
long it will take for all initially delivered parts to fail,
i.e.trace their service life; failure with replacement and
recovery. Rejected parts are replaced with new ones, so
there will be a mixed composition of parts in the work.
This allows you to determine the number of failures of
parts of a given type in a given period of time (mixed
failures), failures with replacement and stoppage at
sea; failure without replacement, but with a stop at sea.

CONCLUSIONS

The diesel turbopiston engine was considered as a se-
quential chain of N elements (parts or assembly units).
The overall reliability of the engine depends on its re-
liability. On the basis of operational experience, it was
established that the reliability of the system elements,
for the most part, depends on random failures, basic
wear and tear during operation, and additional wear
and tear during start-ups.

The elements that make up the marine engine sys-
tem, which are considered, work in conditions defined

by various distribution laws, which are established dur-
ing the statistical processing of information obtained
from operational documents.

The given dependencies allow you to determine the
probability of failure-free operation of the element be-
fore its replacement and the probability of failure-free
operation of the part during the standard time.

It has been proven that the case of simultaneous
action on an element (for example, on a cylinder sleeve)
of factors that cause wear during the period of opera-
tion (including during the start-up period) and acciden-
tal failures is common and difficult. Other elements of
the system under consideration correspond to the same
complex of conditions or its partial case.

The calculation showed that the probability of
failure-free operation of parts of the cylinder-piston
group for the standard time of 8 and 32 thousand
hours in the vessel of the “Ostriv Rosiyskiy” type is
0.943 and 0.790, respectively, and in the dry cargo
vessels of the “Simferopol”and “Murom” series - 0.763
and 0.340 , which indicates higher quality details in
the first type of vessels.

It has been studied that when the elements of the
system reach the limit of wear during the set period of
operation, between factory repairs is practically exclud-
ed, so the main danger during the period of operation
is accidental failures. The period of accidental failure of
cylinder liners is determined.

Empirical formulas were obtained for the first time,
which make it possible to determine the probability that
there will be no emergency failures during the entire
period; that a failover will occur on the first transition.

Taking into account the different reliability of
elements of the marine engine system, which affect
the behavior of the control system as a whole, the re-
sults make it possible to establish the periodicity of
their maintenance and the cost of downtime losses
due to failures.
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Determining the probability of failure of marine diesel engine parts
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AHoTauifl. MopcbKi NepeBe3eHHs € CYTTH MiXKHAapOAHOi eKOHOMIKU. CborofiHi 61M3bKO AeB’SHOCTa BiACOTKIB CBITOBOI
TOPriBAi 34iMCHIOETLCA MOPCbKMM TpaHcnopToM vepes 50000 Toprosumx cyfeH. binblwicTb LMX CyaeH NpUBOAUTLCS B
PpyX FONOBHUMU AU3ENbHUMK ABUTYHAMM 3aBASKM iX HAAIMHOCTI Ta NAnuBHIM edeKTUBHOCTI. HadiiHiCTb eneMeHTiB
CMCTEMM B 3araJibHOMY BMUMAAKY 3aNeXWTb Bif BMNaAKOBMX BIAMOB, 3HAYHOrO 3HOCY B MpoLeci ekcnayaTadii,
[0[aTKOBOrO 3HOCY NMpu Nycky. BunagkoBa nonomMka KOMMOHEHTIB AM3e/bHOro ABUIYHA € BENUKOK Hebe3nekoto nig
Yyac ekcnnyaTauii, OCKinbKW AesKi aetani (Hanpuknag, BTYAKW LMATHAPIB | MOPLUHI) 3a3BMYal 3aMiHIOIOTLCA Nif Yac
peMOHTY. 3 iHwWworo 60Ky, NpodinakTnyHa cnyxba He yCyBa€ BMNaLKOBI HECMPABHOCTI. TOMy B 3arasbHilt npobnemi
OLHKM HAfiMHOCTI AM3ens — MaTeMaTuMyHa 3ajaya OUiHKM HALIMHOCTI | AOBrOBIYHOCTI 3 YpaxyBaHHAM TiNbKu
BMMAAKOBMX BiAMOB ii €/1eMeHTIB, L0 MalTb HaWbiNblue NpakTMYHEe 3HA4YeHHs. MeTo poboTH € MaTeMaTu4yHe
LOCNIAXEHHS HAAIMHOCTI OeTanen UMNiHAPO-NOPLIHEBOI FPynu TONOBHUX AOBUIYHIB CYXOBAHTAXHMX CYOEH.
BUKOpUCTOBYIOUM CUCTEMHUI MigXig Ta MMOBIPHOCHO-CTAaTUCTUYHWMIA MeTofd, OyNo BCTAHOBMEHO, WO HaMbinbL
3aranbHUM | BaXKMM € BMNAAOK OQHOYACHOI Aii HAa eNeMeHT CUCTeEMM (HanpUKNag, Ha rinb3y uuniHapa) dakropis,
O BUKIMKAIOTb 3HOCK B Mepiof ekcnayaTauii (B TOMy unchi B nepiog, Nyckis) i BUNaakosi BigMOBKU. BU3HaueHo, wo
AKICTb LMAIHAPO-NOPLUHEBOT CUCTEMU Y cyAeH TNy «OCTpiB pOCINCbKMt» BULWA, HIX Y cyaeH Tuny «Cimdbepononb»
i «Mypom». OTpuMaHO eMnipuyHi GOPMYNM OLIHKM MMOBIPHOCTI aBapiHOI BiAMOBK €fIeMEHTIB CUCTEMM FOIOBHUX
LBWUIYHIB 332 Nepiog, ekcnayaTauii MiX 3aBOACbKMMU PEMOHTAMU, e OCHOBHY Hebe3neky B nepiof poboTu Heciu
BMNAAKOBI BiAMOBW. 3a pe3ynbTaTaMu [AOCAILXKEHHS MOXHA BCTAHOBUTM rpadik nepioguyHOCTi NpoBeaeHHs
TEXHIYHOro 06CNYroByBaHHS rOIOBHOMO CyAHOBOMO ABUIYHA Ta BApTiCTb 30MTKIB MPOCTOIB CyAHA BHAC/iA0K BiAMOB,
a TAKOX MOXYTb OYTM BWMKOPWUCTaHI Npu AOCAIAKEHHI HaAIMHOCTI iHWMWX TUMIB CYAHOBWUX FONOBHUX ABWUIYHIB.
Pe3ynbTat [atoTb MOXJIMBICTb BM3HAUYMUTKU HaAiMHICTb pobOTWM AeTaneit LMAIHAPO-NOPLUHEBOI TPYNu FOIOBHUX
OBUTYHIB CYXOBAHTaXHWX CyAeH. i, 30Kpema, BCTAHOBWUTM rpadik NpoBeAeHHS TeXHiYHOro 06CyroByBaHHS
rO/I0BHOIO CYAHOBOIO ABUIYHA Ta BapTiCTb 30UTKIB BHACNAOK NPOCTOiB CyAHa Yepes BiAMOBM, @ TAKOX MOXYTb ByTH
BMKOPUCTaHI NpU AOCAILXKEHHT HAAIMHOCTI iHWWX TUNIB FONOBHUX ABWUIYHIB IHLWKX Cepin CyaeH

Kntouosi cnoBa: 3HOC; ekcnnyaTauiiHUiA Yac; BTyAKa UMAIHAPA; NOPLUEHb; KPULLKA LMAiHApa
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Abstract. In modern conditions of water scarcity, the research of the energy evaluation of different modes of drip
irrigationtoreducetheconsumptionofirrigationwater,materialandenergyresources,theireffectiveuseonirrigated
grape plantations cultivated on the sandy chernozems of the left bank of the Lower Dnieper, where only irrigation
is the guarantee of annual, constant high yield of vineyards. The purpose of the research was to study the energy
efficiency of grape drip irrigation regimes, determine the volume and structure of resource costs, and the level of
their payback. Field and comparative-calculation methods were used during the research. The establishment and
conduct of experiments were carried out according to the methodology of the research case. The paper presents
the results of research on the energy efficiency of drip irrigation modes of grape plantations. It is established that
maintaining an unhindered moisture supply to plants during the growing season is achieved by an additional cost
of 9.29 GJ/ha of anthropogenic energy. A more economical regime of humidity of the active soil layer during the
growing season reduces energy costs to 5.2-7.7 GJ/ha. The structure of additional energy costs, regardless of the
irrigation regime of plantings, is dominated by the energy of irrigation water - 80% and energy carriers — 18 %.
The practical significance of the research is to conduct an energy assessment of different modes of drip irrigation
of grapes to reduce the consumption of irrigation water, material and energy resources and their efficient use

Keywords: moisture consumption; differentiated irrigation regime; optimal soil moisture; energy; energy
intensity

INTRODUCTION

Intheworldwhere drinking water is becominganincreas-
ingly scarce resource, 80% of which is used for irrigation
of crops, optimizing water use should be a top priority
for agriculture (Bulukazari et al., 2022). This is especial-
ly true in viticulture, where the trade-off between crop
loss and improved quality can be economically costly for
producers and highly dependent on water supply. In arid
regions, where limited precipitation is a limiting factor
for the grape plant, irrigation plays an important role in
compensating for water scarcity (Silvestroni et al., 2020).
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Global warming leads to changes in precipitation pat-
terns and an increasingly negative water balance during
the growing season of plants, which increases the risk of
drought (Tabari, 2020; Korkhova & Mykolaichuk, 2022).

Changes in namely an increase in the average an-
nual temperature by more than 2°C (Avalos & Araujo,
2021), observed over the past decades, a reduction in
the precipitation rate and a violation of the precipitation
regime significantly increase the likelihood of an acute
shortage of moisture supply to grapes, very often before
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the beginning of the first phase of bush vegetation. In
the subsequent stages of grape development, the lack
of moisture consumption only increases, so you can pre-
vent the harmful effects of drought by using artificial
irrigation of plantings. Drip irrigation has the greatest
prospects, the use of which provides an optimal water
regime with lower irrigation water costs, it activates the
production processes of plants during the defining pe-
riods of growth and development, and guarantees the
most complete realization of the biological potential of
various grape varieties (Miras-Avalos & Araujo, 2021;
Ma, 2020).In turn,the effectiveness of reception directly
depends on the humidity regime of the active soil layer.

Numerous studies and extensive practice of using
drip irrigation of vineyards show that the greatest effi-
ciency of local irrigation is provided at clearly defined
upper and lower thresholds for moistening the local soil
volume (Scholasch & Rienth, 2019; Romero et al., 2022).
Violation of the irrigation regime increases the consump-
tion of irrigation water, financial and energy resources, it
reduces the yield of plantings, worsens the quality and
marketability of berries, which directly affects the eco-
nomic efficiency of the industry (Gomez-Zavaglia et al.,
2020). It complicates the determination of the efficiency
of viticulture as a branch of agricultural production, ad-
ditional costs of energy resources and the use of various
units of measurement: Hryvnia, kg, T, L, m?, people/hour,
kWh, which increase the probability of error in econom-
ic calculations, limit the search for promising areas for
reducing technological costs, rational use of Natural Re-
sources (Noha, 2022; Sassu et al., 2021). In addition, in a
market economy, the efficiency of viticulture in gener-
al, and irrigated, in particular, depends on fluctuations
in prices for energy carriers, fertilizers, plant protection
products, the level of wages of workers, the demand and
cost of viticulture products, and therefore complicates an
objective assessment of the balance of costs and reve-
nues from the sale of viticulture products (Strub & Loose,
2020; Sylva et al., 2021). In this sense, the greatest pros-
pect is energy analysis, which is based on the applica-
tion of constant energy indicators that do not depend on
constant changes in the price of viticulture products, fer-
tilizers, fuels and lubricants, pesticides, etc. Comparison
of the energy parameters of grape cultivation technology
allows objectively determine the difference in the bal-
ance of technogenic and biological energy consumption.
Energy analysis is particularly relevant today in the con-
text of global and regional climate changes and the ur-
gent need for economical use of resources, development
and use of agricultural measures aimed at moisture ac-
cumulation and reducing the cost of moisture for the for-
mation of a unit of viticulture production (Leeuwen et al.,
2019; Droulia & Charalampopoulos, 2022; Xyrafis et al.,
2022).This corresponds to a detailed justification of the
bioenergetic efficiency of various modes of drip irriga-
tion of grapes, as it allows you to establish the most ef-
fective mode of drip irrigation of plantings, to ensure an
optimal balance of man-made energy costs and energy
receipts synthesized by plants (Shevchenko et al., 2021).
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Purpose of research was to study the energy efficiency
of drip irrigation modes of grapes, determine the volume
and structure of resource costs, the level of their payback.

LITERATURE REVIEW

Agriculture, including industrial viticulture, is based on
the process of converting solar energy through plant
photosynthesis into the energy of macro-energy bonds
of organic matter (Cataldo et al., 2021). The volume of
bound solar energy in the form of plant biomass is an
integral indicator of the efficiency of cultivation of all
crops, including grapes (Simon & Hiilsbergen, 2021).

In the absolute majority of examples, the high pro-
ductivity of modern grape growing technologies in-
volves substantial costs for soil cultivation, fertilization,
plantation care, irrigation, which directly affects the
efficiency and terms of cultivation and the prospects
of viticulture, causes negative changes in the environ-
ment, often irreversible. Permanent improvements and
introduction of new methods of cultivation technology
of grape plantations do not reduce the overall energy
intensity, but involve certain additional financial and
material costs, often significant, which in the absolute
majority of cases are not fully covered by the additional
harvest of berries (Mynkin, 2020). That is, the increase
in productivity is achieved by the constant growth of
direct and indirect costs of anthropogenic energy ten-
fold, and in the event of their termination or reduction,
the production system degrades. One of the high-en-
ergy methods for optimizing environmental conditions
is the widespread use of irrigation in the practice of
growing a high yield of traditional agricultural crops,
including grapes (Neupane & Guo, 2019).

Almost until the beginning of the 215t century, most
often soil moisture was maintained by applying sprinkling
and irrigation on the soil surface, which was achieved by
high costs of man-made energy, natural energy resources
(water),and their inefficient use (Vytoptova & Bondarenko,
2010). Producers have several options for minimizing the
negative impact of drought, including switching to more
efficient irrigation technologies, which are understood as
technologies that increase the share of water available to
the root system of a plant with a smaller amount of it (No-
vikov et al.,2021; Bayala & Prieto, 2020). Recently, drip ir-
rigation has been introduced into the practice of growing
grape crops, which, unlike continuous moistening meth-
ods, provides humidity at a given level of 20-25% of the
design volume of soil, which varies within 0.75-0.9 m3/
bush and depends on the area of plant nutrition and their
age, the depth of maximum root system development,
which significantly reduces the cost of man-made and
natural energy resources (Pisciotta et al., 2018; Miras-Av-
alos & Araujo, 2021). However, the different level of
pre-irrigation humidity of the active soil layer, during
the growing season of grapes, causes significant fluc-
tuations in the consumption of irrigation water, energy
carriers, and affects the productivity of grape planta-
tions in different ways, the specific consumption of wa-
ter, man-made energy per unit of production, and so on.
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Irrigation of vineyards is one of the most expensive
technological techniques for growing grapes in con-
ditions of insufficient natural moisture. This problem
becomes especially important in connection with the
shortage of water all over the world and irrigated agri-
culture is one of the most inefficient consumers of this
resource. Low water use efficiency (WUE) combined with
increased competition for water resources with other
industries is forcing producers to adopt new irrigation
methods that use water more economically. In areas
with arid and hot climates, deficit irrigation strategies,
such as regulated deficit irrigation or partial root desic-
cation,have been used to conserve water,allowing crops
to withstand moderate water stress with little or no re-
duction inyield and quality (Miguel Costa et al.,2007).In
their opinion, the irrigation deficit helps to save irriga-
tion water in viticulture. Thus, a better understanding of
grapevine response to water and heat stress combined
with temperature-based yield monitoring will help op-
timize irrigation and soil management in viticulture.

T. Scholasch & M. Rienth (2019) indicate that when
the root mass and root absorption sites are concentrat-
ed near the soil surface, the water consumption of the
grape plant depends on the moisture content of the
soil, which is located below the surface. K. Nader et al.
(2019) acknowledge that older vines do have deeper
and more developed root systems, making them more
drought tolerant than younger plants.

Despite some inconsistencies in the obtained re-
search results, all the mentioned authors believe that
the greatest efficiency of local irrigation, reduction of
energy consumption, and high efficiency of their use
are achieved at clearly defined upper and lower thresh-
olds for moistening the local soil volume (Vozhehova et
al.,2017; Lemos-Paiao et al., 2022; Scholasch & Rienth,
2019). Reducing soil moisture, or increasing it beyond
the established limits, reduces the yield of plantings,
the quality of berries, and the efficiency of using energy
resources (Weiler et al., 2018).

The vast majority of studies on the effectiveness of
various drip irrigation regimes of grapes were conduct-
ed on plantings cultivated on heavy loamy or southern
chernozemsofthe country(Zelenyanska & Borun, 2021).
Such studies are especially relevant for irrigated grape
plantations cultivated on sandy loam chernozems ofthe
left-bank lower Dnieper region, where only irrigation
guarantees an annual, stable high yield of vineyards.

Problem statement - conducting an energy assess-
ment of various modes of drip irrigation of grapes to re-
duce the consumption of irrigation water, material and
energy resources, and their efficient use.

MATERIALS AND METHODS

The experiment was conducted during 2019-2021 car-
ried out on 15-year-old plantings of the Rkatsiteli vari-
ety cultivated in Agricultural Private Firm (APF) “Tavria”
of the Kherson region.
The study scheme included the following options:
1. Control (without irrigation);
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2. Humidity of the active soil layer at the level of
100-80% the lowest moisture content during the grow-
ing season of plants;

3.100-80% by the end of the flowering phase, sub-
sequent phases (berry growth, crop maturation) 100-
70% the lowest moisture content;

4.100-70% the lowest moisture content during the
entire growing season of plants.

Theexperimentswereperformedinathree-doserep-
etition. In each variant, there are 45 accounting bushes,
15 inrepetition.There are 180 registered bushes in total.

The scheme of planting plants is 3.0x1.25 m, the for-
mation of bushes is a high - stamp two - shoulder border
withaheight of 120 cm.The load of bushes with shootsinall
variants of the experimentranged from 32.4-33.1 PCs/bush.

The technology of drip irrigation of grapes uses ir-
rigation pipelines with a diameter of 16 mm with inte-
grated water outlets in increments of 0.6 m and a water
flow rate of 3.8 dm®/ha, mounted on the lower wire of
the trellis. The timing of regular irrigation, irrigation
rates, and the duration of the inter-watering period
were determined based on monitoring the dynamics of
moisture reserves in the root layer of the soil,the regime
and rate of precipitation. Moisture reserves were moni-
tored every decade by the thermostatic-weight method.

Industrial grape plantations of the farm, including
the experimental site, are cultivated on unproductive
lands of the left-bank lower Dnieper region, which an-
nually receive a large amount of heat and light, are
characterized by high evaporation and aridity.

The soil of the experimental site, as well as the en-
tire array of perennial plantings, is sandy loam cher-
nozem with a humus content in a layer of 0-100 cm in
the range of 0.4-0.6%. The volume weight of the soil is
1.42 g/cm?3, the duty cycle is 41%, and the lowest mois-
ture capacity is 17.1%. The type of water regime is not
washing, the main natural moisture reserves of the soil
are formed during the autumn-winter period.

During the research, agrobiological records of
the development of eyes and elements of fruitfulness
were carried out according to the generally accepted
method in viticulture. Records of the berry yield were
carried out by weight method, separately for each of
the variants of the experiment. Water and electricity
consumption was recorded using meters installed directly
inthe pumping station.The energy intensity of irrigation re-
gimes, the use of natural and man-made energy resources
for irrigation of plantings,and the volume of biological en-
ergy synthesis were calculated according to methodologi-
cal recommendations (Tarariko, 2005; Lyannoy et al., 1994).

RESULTS AND DISCUSSION

The dominant factor in the growth, development of
grapes and high yield is the humidity of the active soil
layer during the growing season of plants, which de-
pends on the norm of precipitation and the mode of
their precipitation. In most cases, the main soil mois-
ture reserves in the region are formed during the au-
tumn-winter period and reach 2200-2500 m3/ha, of
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which 1500-1600 m3/ha are available for plants and en-
sure unhindered moisture consumption of grapes until
the end of the flowering phase. In subsequent phases,
plants vegetate in conditions of acute shortage of mois-
ture consumption, which is not eliminated by summer
precipitation, with the exception of individual years.

On average, over three years of research (2019-
2021), the total moisture reserves of the active soil lay-
er at the beginning of the first phase of vegetation also
ranged from 1850 m3/ha to 2100 m3/ha, which poten-
tially provided optimal conditions for plant moisture
consumption until the end of the growth phase shoots.
However, the high temperature regime that is estab-
lished in the Steppe zone in the first decade of April,

insignificant amounts of precipitation, or their long-
term absence cause a significant loss of moisture and
accelerate the formation of an acute deficit of moisture
consumption already in the middle of the second phase
of vegetation, and humidity at the level of 80% of the
lowest moisture content was formed already at the be-
ginning of the shoot growth phase.

Reducing moisture reserves to the lower threshold
of optimal moisture content for the second version of
the experiment became the basis for regular irrigation
of plantings. Soil moisture at the level of 80% the low-
est moisture content during the growing season was
provided by 14 waterings with an average irrigation
rate of 81 m3/ha (Table 1).

Table 1. Drip irrigation mode of grape plantations depending on the level of pre-irrigation humidity
of the local soil volume Agricultural Private Firm “Tavria’, Rkatsiteli variety

RPVG, % the lowest

X Number of waterings
moisture content

Control (without

irrigation)
100-80 14

100-80-70 9 105
100-70 5 127

Source: authors’ own research

According to the data in Table 1, the irrigated water
rate for the growing season of grapes in this version of
the experiment was 1134 m3/ha, with fluctuations, de-
pending on the conditions of the year, up to 12%. The dif-
ferentiated irrigation regime, which was applied with the
beginning of the berry growth phase, reduced the num-
ber of waterings to 9, while irrigation water standards
increased by almost 30% and amounted to 105 m3/ha.
The irrigated water rate in this version of the experiment
decreased by 17% and amounted to 945 m3/ha. The low-
est total irrigation water consumption was achieved by

Irrigation rate, m3/ha

Inter-irrigation period,

.. .
days Irrigation rate, m*/ha

7 1134
11 945
19 635

maintaining the lower threshold of optimal soil moisture
at the level of 100-70% the lowest moisture content.
For three years of research (2019-2021), the optimal soil
moisture at the level of 100-70% the lowest moisture
content was provided by 5 waterings carried out after 19
days at a rate of 127 m3/ha.

The conditions for providing plants with moisture
that have developed under different irrigation modes
have had different effects on the structure of energy
consumption, the energy intensity of irrigation modes
for grape plantations (Table 2).

Table 2. Structure and energy intensity of drip irrigation regimes for grapes APF “Tavria’, Rkatsiteli variety

Regimes of

irrigation, % HB

Irrigation water Energy carriers

100-80 7439 1670
100-80-70 6200 1395
100-70 4165 957
% 80.0 18.0

Source: authors' own research

According to the data in Table 2,the structure of ener-
gy consumption is dominated by the energy of irrigation
water, the share of which is 80% and it does not depend on
the irrigation regime of plantings.The power consumption
used for the operation of pumping and filtering equipment,
water supply, creation and maintenance of the required
pressure in the irrigated network depends on the operat-
ing time of the equipment and ranges from 1670-957 M)/
ha, or 18.0% of the total energy intensity of reception.
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Energy intensity of resources, MJ

Energy intensity of

irrigation modes,

Technical means Live work

MJ/ha
125.7 62.5 9297.2
104.5 54.7 7754.2
70.2 35.8 5228.0
1.35 0.65 100.0

The energy costs of the technical means involved and live
labor are directly related to each other and are aimed at
maintenance of pumping and filtering equipment, mon-
itoring the state of the drip irrigation network, and en-
suring its reliable operation. The share of these energy
costs is insignificant and ranges from 188.2-159.2 MJ/
ha, or 0.65-1.35% of the total energy consumption.

The level of pre-watering humidity of the active soil
layer directly determines the overall energy intensity



of irrigation of grape plantations. Unhindered moisture
consumption of grapes at the level of 100-80% the low-
est moisture content, during the growing season causes
the consumption of 9.29 GJ/ha of energy, which is equiv-
alent to 218 kg of diesel fuel. The introduction of a dif-
ferential irrigation regime for plantings with a thresh-
old of 100-80-70% the lowest moisture content reduces
the energy intensity of reception by 16.7%. Maintain-
ing the pre-watering humidity of the active soil layer

Table 3. Bioenergetic efficiency of drip irrigation modes of APF “Tavria” grapes, Rkatsiteli variety
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during the growing season of grape plantations at the
level of 100-70% the lowest moisture content, reduces
energy consumption to 5.2 GJ/ha or almost 1.7 times.

The conditions for providing plants with moisture
that have developed under different irrigation regimes
have had different effects on the development of grapes,
the volume of biological energy synthesis, the energy in-
tensityofthebiologicalmassof plantsand Berryyield,and
the level of payback of man-made energy spent (Table 3).

Yield of grapes, t/ha Synthesized energy (Eb) in the Energy.
. crop, MJ . consumption .
Regimes of Specific energy onit Kee irrigation
irrigation, % consumption, additional modes,
HB biological  yield of berries  biological berries MJ/t of berries berry yield, T*=Tb/Tt
Mi/t
Control
(without 10.1 7.8 45564 24804 5807 - 0.547
irrigation)
100-80 143 11.7 66616 37206 4639 2383.9 0.685
100-80-70 14.1 11.3 61884 35934 4695 22155 0.677
100-70 134 10.7 58766 34026 4586 1802.8 0.673

Note: E*= Eb, biological /Et, technogenic; Kee-defined for the berry yield

Source: authors' own research

AccordingtothedatainTable 3,totalenergyconsump-
tion on the site without irrigation, control - 45.5 GJ/ha.
The energy intensity of modern technology for cultivat-
ing industrial grape plantations ranges from 45-47 MJ/ha
and includes two components: energy costs for creating
plantings and caring for them before they enter full fruit-
ing and annual costs for caring for fruit - bearing plants.

The use of irrigation of plantings increases the con-
sumption of man - made energy by an average of 17-
20% and depends on the annual volume of soil moisture
of natural supply, the efficiency of its use,and the pre-ir-
rigation level of soil moisture maintained by irrigation.

Unhindered moisture supply of grapes at the level
of 100-80% the lowest moisture content, during the en-
tire growing season of plants, is achieved by additional
man-made energy costs in the range of 9.29 GJ/ha and
increases the energy intensity of Berry cultivation tech-
nologyto 54.27 GJ/ha.Adifferentiated irrigation regime
at the level of 100-80-70% the lowest moisture content
reducesthe costof man-madeenergybyanaverage of 8%.

As a result of research, it was established that the
lowest total cost of man-made energy for growing a
grape crop consists in constantly maintaining the hu-
midity of the active soil layer at the level of 100-70%
the lowest moisture content, and it does not exceed
49.1 GJ/ha. Under the influence of the moisture supply
regime of grapes, the specific energy costs for growing a
berry crop also change significantly. With natural mois-
ture supply, the energy consumption for growing 1 ton
of berries is, on average, 5.8 GJ of man-made energy. In
irrigated areas, regardless of the level of pre-irrigation
soil moisture maintained during the growing season,
specific energy consumption is reduced to 4.5-4.6 GJ/t

of berries, due to the elimination of stress on plants,
more efficient use of the natural potential of the envi-
ronment by plants in irrigation conditions. Optimization
of soil moisture has become a key factor in reducing, by
more than 50%, the specific cost of man-made energy
for growing an additional crop of berries of irrigated
variants of the experiment. In addition to the direct
impact of the irrigation regime on the energy intensi-
ty of the technology, pre-irrigation soil moisture also
changes the efficiency of biological energy synthesis, its
volume in the biological mass, and the yield of grapes.

The most intensive synthesis of natural energy
by plants was observed with an unhindered intake of
moisture (100-80% the lowest moisture content) and
amounted to 66.6 GJ/ha in the biological yield and
37.2 GJ/ha in grape berries. The differentiated regime of
soil moisture at different stages of the growing season,
worsening the conditions of plant moisture supply, re-
duced the total amount of energy synthesized by plants
to 61.8 Gl/ha, including in the berry yield to 35.9 GJ/
ha. The same trend was observed in the area where
soil moisture was constantly maintained at the level of
100-70% the lowest moisture content.

The above analysis shows that the amount of syn-
thesized energy in the berry crop is significantly less
than the amount of man-made energy spent on caring
for plants during the growing season, regardless of the
soil moisture regime that was maintained during the
growing season of plants.

Analyzing the level of payback of man-made energy
costs by grapes in various conditions of moisture sup-
ply, it should be noted that irrigation of plantings con-
tributes to a more efficient synthesis of organic matter
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in the biological crop and the accumulation of 58.7 GJ/
ha of energy in it, which is 19.5-24.0% higher than the
cost of anthropogenic resources.

At the control site, the volume of synthesized ener-
gy in the biological mass of the grape crop was 45.5 GJ/
ha, which is equivalent to its cost for caring for plant-
ings during the growing season.

Agroclimatic conditions of the southern regions of
Ukraine potentially allow binding about 4-5% of photo-
synthetically active solar radiation, which is equivalent
to the yield of grapes in the range of 10-12 t/ha.

DISCUSSION

According to the results of many years of research per-
formed both in Ukraine and in countries with an arid
type of climate (USA, Spain, Latin American countries),
increasing the lower threshold for optimal moisture
content of the active soil layer from 60% the lowest
moisture content to 70% the lowest moisture content,
during the growing season, increases the consumption
of irrigation water and energy resources by almost 42%
(Sunetal.,2022; Mboyerwa et al.,2021; Vozhehova et al.,
2017).Reduce the consumption of irrigation water, ener-
gy and funds allows a differentiated irrigation regime of
plantings, which provides for the humidity of the active
soil layer at the level of 100-80% the lowest moisture
content in the growth phase of shoots and flowering,and
its subsequent reduction to 10-70% the lowest moisture
content during the berry growth phase and 100-65% the
lowest moisture content during the ripening period of
the berry crop (Lemos-Paiao et al., 2022). Current re-
search established that the moisture supply of grapes at
the level of 100-80% RH, during the entire growing sea-
son of the plants, is achieved by additional costs of man-
made energy in the range of 9.29 GJ/ha and increases the
energy intensity of the berry crop cultivation technology
to 54.27 Gl/ha. Differentiated mode of irrigation at the
level of 100-80-70% the lowest moisture content reduc-
es man-made energy consumption by an average of 8%.

Previous studies show (Shevchenko et al., 2012)
that all modern grape growing technologies used in
Ukraine are characterized by high energy intensity,
which is 4.6-7.2 times higher than the recommended
international standards (15 Gl/ha year). Significant en-
ergy costs have a negative effect on the state of grape
bushes, significantly reduce the efficiency of using ar-
tificial energy. Thus, the irrigation regime has different
effects on the efficiency of the use of irrigation water,
the consumption of which for the formation of 1 ton
of berry crop with an unimpeded supply of moisture
(100-80% RH) during the growing season of grapes is
476 m3/t. Irrigation water is used most sparingly in the
irrigation mode at the level of 100-70% RH, which re-
duces specific water consumption to 266 m3/t. On the
site of this variant, the yield of berries was 10.5 t/ha,
that is, it decreased by 8.6%. At the same time, the spe-
cific consumption of water decreased by 38.3% com-
pared to similar indicators of the site with unimpeded
moisture inflow (Shevchenko et al., 2021).
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One of the promising ways of reducing energy costs
in irrigated viticulture is the further improvement of ir-
rigation regimes, the use of more modern diagnostic
methods to adjust the timing of successive irrigations.
Mynkina (2021) recommends adjusting the timing and
rates of irrigation in years with insufficient rainfall,
which may not coincide with long-term practice. Thus,
in dry years, it is recommended to irrigate grape plan-
tations at the beginning of the shoot growth phase at
the rate of 80-100 m3/ha for local irrigation methods.
It is advisable to coordinate the timing of subsequent
waterings and irrigation rates with the dynamics of the
moisture content of the active soil layer of a specific
site, using tensiometers or other methods of diagnosing
the next watering periods. On the basis of this infor-
mation, also determine irrigation rates, which is con-
firmed by current research. Thus, the results of confirm
the need for a differentiated irrigation regime, which
was applied at the beginning of the berry growth phase,
which helped reduce the number of irrigations to 9,
while the irrigation water rates increased by almost
30% and amounted to 105 m3/ha.

In research, the optimization of soil moisture be-
came a key factor in reducing, by more than 50%, the
specific costs of man-made energy for growing an addi-
tional crop of berries in the irrigated variants of the ex-
periment. In addition to the direct influence of the plan-
tation irrigation regime on the energy intensity of the
technology,the pre-irrigation soil moisture also changes
the efficiency of the synthesis of biological energy,
its volume in biological mass and the yield of grape
berries. Similar results were obtained by a number of
scientists (Vozhehov et al., 2021), who established that
the use of drip irrigation according to a resource-saving
and biologically optimal scheme ensured an increase in
yield by 16.8-28.3% - up to 7.9-9.2 t/ha. It was estab-
lished that drip irrigation regimes had the maximum
influence on the yield of grapes, as their share of influ-
ence was the highest and amounted to 59.8%.

Some researchers, (Cooley et al.,2017; Linares Torres
etal.,2018; Scholasch, 2018) to increase the efficiency of
water use in vineyards, recommend the use of increased
irrigation rates after a period of moderate drought to re-
duce the water stress of the grapevine. For this purpose,
the maximum amount of water that the root system zone
can accommodate is applied, while the maximum pos-
sible level of vine transpiration (Kcb, max) is achieved
and the next watering is postponed as far as possible.
Between waterings, drought periods of varying intensity
are established in accordance with production tasks. In
their opinion, the changes in water deficit between two
large irrigations are smoother compared to those ob-
served between irrigations of a smaller volume. These
strategies tend to promote water and energy savings and
are currently supported by water agencies and energy
conservation agencies (Scholasch & Rienth, 2019). Au-
thors of the current research support these assumptions.
Thus, the lowest total consumption of irrigation water
was achieved with the support of the lower threshold



of optimal soil moisture at the level of 100-70% RH.
During the research period, the optimal soil moisture
at the level of 100-70% RH was provided by 5 irriga-
tions carried out every 19 days at the rate of 127 m3/ha.

At the very end, it should be noted that studies of
the influence of drip irrigation regimes on the grape
plant in conditions of limited moisture supply have
achieved significant results. The attention of scientists
was mainly devoted to the study of the influence of
irrigation on the productivity and yield of grapes. But
in the modern conditions of agricultural production,
in connection with limited water resources in the con-
ditions of climatic changes, the energy assessment of
all technological methods of crop cultivation becomes
especially relevant. Thus, in the future, research in this
direction should become the focus of attention of sci-
entists, where the most important is the study of wa-
ter-saving methods of viticulture, methods of limited
irrigation to save energy resources.

CONCLUSIONS

As a result of research conducted on 15-year-old plant-
ings of grapes of the Rkatsiteli variety cultivated on ir-
rigated sandy chernozems of the left bank of the Lower
Dnieper in the Kherson region, an energy assessment of
various modes of drip irrigation was carried out in order
to reduce the consumption of irrigation water, material
and energy resources with their effective use. Relevant
conclusions are drawn:

The lowest total costs of man-made energy for
growing a crop of grapes consist of constant mainte-
nance of the humidity of the active layer of the soil at
the level of 100-70% RH, and do not exceed 49.1 GJ/ha.

In irrigated areas, regardless of the level of pre-ir-
rigation soil moisture that was maintained during the
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growing season, the specific energy consumption is re-
duced to 4.5-4.6 GJ/t of berries,due to the elimination of
stressonplants,moreeffectiveusebyplantsofthenatural
potential of the environment under irrigation conditions.

Maintaininganunhindered moisture supplyto plants
during the growing season is achieved by an additional
cost of 9.29 GJ/ha of anthropogenic energy. A more eco-
nomicalregime of humidity of the active soil layer during
the growing seasonreduces energy coststo 5.2-7.7 GJ/ha.

The specific consumption of man-made energy for
growing 1 ton of grapes ranges from 5.8 GJ for control
without irrigation and 4.51-4.69 GJ for areas of differ-
ent levels of pre-irrigation soil moisture.

Bioenergetic analysis of modern technology of cul-
tivation of industrial plantings allows us to identify the
most energy-intensive techniques, provide directions
for their improvement for gradual optimization of an-
thropogenic energy costs, and its more efficient use.

In order to increase the efficiency of water use, the
reaction of the variety, its physiology, the characteristics
of the soils on which it is grown and energy costs should
be studied in orderto optimize theirrigation strategies of
grape plantations in accordance with production tasks.

Further research should be focused on the study of
optimalirrigationregimesin conditions of Limited natural
moisturewhengrowingacertainvarietyinspecificsoiland
climatic conditions to reduce material and energy costs.
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AHoTauia. B cyyacHux ymoBax Aediumty BOOHMX PeCcypCiB akTyallbHUMWU € AOCNIOXKEHHS eHepreTUUYHOi OLLiHKM
Pi3HMX PEXMMIB KpanJMHHOMO 3polleHHs. BOHO BaxnBe AN9 CKOPOYEHHS BUTPAT MOJIMBHOIT BOAM, MaTepianbHUX
Ta eHepreTMYHMX pecypciB, iX e(peKTUBHOro BMKOPUCTAHHS HA 3pOLWYBAHWMX HACAMKEHHAX BWMHOrpagy, Lo
KYNIbTUBYIOTbCS Ha CYNilaHMX YOpHO3eMax niBobepexHoro HWXHbOAHINPOB'S, A€ TiNIbKM 3POLUEHHS SBNSETHCS
rapaHTOM LWOPIYHOI, CTaNioi BMCOKOI BPOXAMHOCTI BMHOrpagHWKiB. MeTow [ocnigpkeHb Oyno BUBYEHHS
eHeproeeKTUBHOCTI PEXMMIB KPAMJIMHHOIO 3POLUEHHS BUHOTPaAy, BU3HAYEHHS 06CAriB Ta CTPYKTYPU pecypCcHUX
BMTpaT, PiBHA X OKynHocTi. llig 4Yac AOCNIOXEHHS BMKOPUCTAHO MOJSILOBMI Ta MOPiIBHANIbHO-PO3PAaXYHKOBUIA
MeTOoAM. 3aKnafaHHa Ta NPOBEAEHHS AOC/IAIB NPOBOAMAM 3TiLHO METOAUKM JOCNiIAHOI cnpaBu. B poboTi oTpuMaHi
pe3ynbTaT AOCNIAXKEHb i3 BUBYEHHS eHepreTUYHOoi epeKTUBHOCTI PeXMMIB KPanJMHHOMO 3POLEHHS HACAOXKEHb
BMHOrpagy. BctaHoBneHo, wo nigTpumMaHHg 6e3nepelKkofHOr0 BONOrOMNOCTaYaHHS POC/IMH MPOTAroM BereTauii
[OCAraeTbCca AoaatkoBumu sutpatamm 9,29 Ix/ra aHTponoreHHoi eHeprii. binblw owannuemii pexxmm BOAOroCTi
AKTUBHOTO LWApY IPYHTY NPOTArOM BereTawuii pOC/IMH CKOPOYYE eHepreTuyHi BuTpatn 8o 5,2-7,7 ITx/ra. B cTpykTypi
[OJAATKOBUX E€HEepreTMYHUX BUTPAT, HE3ANEXHO Bif PEXWMY 3pOLLIEHHS HAacafXeHb, AOMIHYE eHepris NMOAUBHOI
Bogn — 80 % Ta eHeproHociiB — 18 %. [pakTMyHe 3HaYeHHs OOCNiAKEeHb NOASArAE B NPOBEAEHHI eHepreTUYHOI
OLiHKM Pi3HUX PEXMMIB KPanIUHHOMO 3pOLLIEHHS BUHOrpaay 4151 CKOPOUYEHHS BUTPAT NOJIMBHOT BOAM, MaTepia/ibHUX
Ta eHepreTMYHUX pecypciB Ta iX eheKTUBHOrO BUKOPUCTAHHS
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Abstract. The relevance of the topic is due to the need to optimize the nutrition of winter rape (Brassica napus L.),
including the use of non-traditional fertilizers, taking into account the limited amount of low-cost mineral fats. The
purpose of the research was to study the influence of a mixture of production by-products (wood ash and digestate)
on the yield and quality of winter rapeseed. Field experiments were conducted at the “Peterlauki” research farm
(Latvia). In agriculture, both wood ash and biomass digestate are used separately as materials for liming and
fertilizers, while a high-quality fertilizer can be obtained from their mixture. The authors evaluated mixtures of
cattle manure digestate and wood ash in different ratios. Analyzes from the groups of systemic, statistical and
comparative were used. The next research methods are applied: generally accepted in crop production, field and
laboratory - to clarify the interaction of the object of research with agrotechnical and natural abiotic factors;
calculated and weighted - to determine the productivity of crops; calculation and comparison; mathematical and
statistical (dispersion) - in order to estimate the probability of research results. It was determined that, using
mixtures of wood ash and digestate, it is possible to obtain appropriate crops of winter rapeseed without the use
of mineral fertilizers. A higher yield of this crop - 2.45 t/ha was obtained in cases where fertilizer rates of 10 t/
ha were used for fertilization. Winter rape seeds had a higher oil content in variants with the use of a fertilized
mixture of 5 t/ha, but without ammonium nitrate. The bulk weight (nature) of winter rapeseed in the investigated
variants slightly exceeded 670 g/l. The scientific novelty is that the influence of the mixture of digestate and
wood ash on productivity, including the oiliness of winter rapeseed, was evaluated. The practical value lies in the
improvement of the technology of cultivation of the researched culture by means of a correctly selected mixture
to optimize nutrition and obtain high-quality oil
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INTRODUCTION

Winter rapeseed (Brassica napus L.) is widely cultivat-
ed in Latvia, while the yield is increasing (from 2.5 t/
ha in 2010 to 3.3 t/ha in 2020) and the total culti-
vation area (from 67.6 thousand ha in 2010 to 127.7
thousand ha in 2020) (Areas, gross harvests..., 2020).
According to the State Statistics Service of Ukraine,
the area of winter rapeseed crops in Ukraine reached
1.4 million hectares in 2022, which is 40% more than
in the previous year. The average annual yield of rape-
seed in Ukraine is 2.67 t/ha (Areas, gross harvests...,
2022), which indicates the interest of farmers in the
cultivation of winter rapeseed and the development
of its cultivation technologies.

For the production of winter canola, special atten-
tion should be paid to agronomically and economically
justified use of fertilizers,thus reducing costs and poten-
tial risks of environmental pollution (Litke et al., 2019).

E.Shahini et al. (2022) studied that the use of “smart”
fertilizers is an important approach to increasing the
volume of food production, which is extremely neces-
sary both to provide it to the population and to support
proper economic development. Scientists say based on
their research that such fertilizers can be a solution to
the problems of both biodiversity and food security in
difficult times. Different types and doses of fertilizers
are used to optimize the feeding conditions of rapeseed.

According to the conclusion of 0.0. Matsera (2020),
the best conditions for the synthesis of organic matter,
thanks to which plant productivity is formed, is the rate
of fertilizers N, P, K, -

According to VV. Bazalii et al. (2015) in the years
of research (2009-2010, 2010-2011, 2012-2013) deter-
mined changes in the yield of winter rape in a very wide
range -from 0.39 to 2.82 t/ha.A higher seed yield (on av-
erage 2.18 t/ha) was formed in the model where the es-
timated dose of mineral fertilizers was applied together
with the use of complex organo-mineral liquid biofer-
tilizer Rostkoncentrat, which exceeded the benchmark
by 100.5%, and other fertilized options by 15.3-59.1%.

Fertilizer application efficiency varies from year to
year depending on the fertilization system (Garbar et
al.,2018; Hospodarenko et al., 2022).

M. Kolomiets (2001) analyzed a number of literary
sources and concluded that increasing the dose of ni-
trogen fertilizers contributes to the increase in yield. At
the same time, the absolute value of the yield increase
per unit of applied nitrogen decreases.

Currently, biogas cogeneration plants and various
solid fuel boilers, whose byproducts are digestate and
wood ash, are widely used in Latvia for heat and energy
production. Until now, these materials have been used
in agriculture separately as liming materials and ferti-
lizers (Patterson et al., 2004; Koszel et al., 2020).

At the same time, mixtures of wood ash and diges-
tate can provide a high-quality fertilizer that can be used
to fertilize a wide range of agricultural crops (includ-
ing winter rape), providing increased productivity and
crop quality (Hejcman et al., 2011; Koszel et al., 2020).

Adamovics et al.

Therefore, the purpose of the research was to study
the influence of a mixture of digestate and wood ash
on the yield and quality of winter rapeseed.

LITERATURE REVIEW

Rapeseed (Brassica napus L.) is an annual herbaceous
plant belonging to the cabbage family (Brassicaceae).
Currently, rapeseed is recognized as the second oil
content in its composition after soy. It is considered a
strategic crop for oil production. Oil products are pri-
marily used in the food industry. Due to its properties,
rapeseed oil competes with olive oil. Rapeseed oil is
used as a raw material for the production of such prod-
ucts as biodiesel, lubricants, and plastic. It is in demand
in the paint industry. Two types of resin are extracted
from rapeseed, which is used for the production of
ink. Beekeepers consider this culture to be one of the
most common honey plants, because the period when
rape blossoms lasts more than 30 days. One hectare of
rapeseed can provide the opportunity to collect about
100 kg of honey (Malyna, 2020; Food and Agriculture
Organization of the United Nations, 2019).

0. Malyarchuk (2012) conducted a study of the
growth and development of winter rapeseed plants in
the fields of short-rotational crop rotations. The soils
under the experiment are dark chestnut. It has been es-
tablished that in the southern region, the most favora-
ble conditions for the formation of winter rape seeds
can be considered systems of various depth of the main
fallowing of the soil, or differentiated treatment with
the use of deep loosening for rape seeding. Fine pro-
cessing can be carried out if 40 cm deep slits are made
under the previous crop. According to the scientist, the
dose of nitrogen fertilizers is necessary in the range of
N,o,~N, 5, for the formation of a high yield.

J. Beres et al. (2019) confirmed a statistically sig-
nificant effect of fertilization in the autumn period on
the increase in aboveground biomass and root growth.
The influence of nitrogen application on the forma-
tion of the seed crop was also statistically confirmed.
When applying 40 kg/ha of nitrogen, the yield was the
highest, on average 10.6% higher than the control (5.7-
6.5 t/ha), on the other hand, the dose of N, kg/ha in-
creased seed yield by only 7.4% on average (5.4-6.3 t/
ha), that is, it was less effective. It is emphasized that
the above dose of N, complies with the rules of the
Nitrates Directive, supports the strengthening of oil-
seed rape before winter and intensifies its growth and
development to increase seed yield.

K. Jankowski & M. Sokolski (2018) on the basis of
research conducted at the agricultural experimental
station in Balcyny (north-eastern Poland), assure that it
is advisable to apply mineral fertilizers as a starter or
strip, which is effective. Thanks to these methods, the
doses of fertilizers are reduced (the costs of their ap-
plication) and the environmental risk is minimized (the
stratification of nutrients is reduced, their emissions into
surface water, ground water and the environment are re-
duced). Local application of fertilizers leads to increased
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drought resistance of plants. At the same time, foci with
an increased content of nutrients are formed in the soil,
where active root branching occurs.

Foliar feeding of winter rapeseed at the stage of
formation of 4-6 leaves (VVSN 14-16) is effective, which
helps increase winter hardiness by 8-119%. Autumn fer-
tilizing with non-root macro- and micronutrient ferti-
lizers leads to an increase in seed vyield, significantly
increases the content of crude fat (by 1.3-7.4 g/kg of
dry matter), increases the content of oleic acid, reduces
the concentration of linoleic acid, and the content of
glucosinolates (Jankowski et al., 2019).

E. Gutiérrez-Moya et al. (2021) found that the actual
level of fertilizer application in different countries of
the world is quite different. Most of them are made in
the Netherlands. In this country, a total of 258 kg of
fertilizers are used for 1 hectare of arable land for agri-
cultural production. Somewhat less of them are applied

winter rapeseed, their application methods, insuf-
ficient amount of cheap drugs to optimize the nu-
trition of the studied crop, which can be considered
an unused reserve for increasing the productivity of
plants of this species.

MATERIALS AND METHODS

Field experiments were conducted at the educational
and research farm “Peterlauki” (56°53’N, 23°71°S) of the
Latvian University of Natural Sciences and Technolo-
gies:the soil is turf-carbonate, heavy loam; soil reaction
pH 6.7%; the content of plant-available phosphorus
(P,0,) - 60 mg/kg; potassium content (K,0) - 144 mg/
kg; the content of organic matter is 2.6%.

Sowing of winter rape was carried out using fat
mixtures of cattle digestate (D) (obtained from Ziedi JP
JSC) and wood ash (P) (obtained from Gren Jelgava LLC)
in different ratios:

in Great Britain - 247 kg, Germany - 202 kg, France - B1-D;

169 kg, USA - 137 kg, Turkey — 107 kg. B2-D+P1:1;
According to M. Makadi et al. (2012), a fertilizer B3-D+P2:1;

in which plant nutrients are present in a more easily B4-D+P3:1;

assimilated form plays an important role in the pro- B5-D+P3:1+N, P, K, ;

duction of competitive crops. The digestate contains a B6-D+P3:1+N,

relatively large amount of nutrients that are easily ab- B7-D+P4:1.

sorbed by plants, and has a high level of nitrogen and
phosphorus mineralization. During the fermentation
process, various changes occur (ammonium content,
pH, carbon and nitrogen ratio, etc.), which affect the
amount of trace and macroelements available to plants.

Literary sources testify to the fluctuation of opin-
ions regarding the norms and doses of fertilizers for

Innovative results from the introduction of a mix-
ture of digestate and wood ash were noted according
to the norms Al - 5 t/ha,A2 - 10 t/ha and A3 - 20 t/ha.

The chemical composition of the digestate and
wood ash mixture is shown in Table 1, according to
which the amount of nutrients applied with each ferti-
lizer mixture and the rate can be calculated.

Table 1. Nutrient content in digestate and wood ash mixtures

Nutrients

Content in dry matter, %

D+P1:1 D+P2:1 D+P3:1

Nitrogen in a natural sample (N) 0.29 0.27 0.30 0.51 0.34
Ammonium nitrogen (N/NH4), g/kg 1.20 0.43 0.40 0.76 0.37
Phosphorus (P) 0.74 0.90 0.89 0.83 0.83
Potassium (K) 1.70 2.90 292 2.73 2.64

Calcium (Ca) 241 13.44 13.55 10.48 10.86

pH 9.27 12.19 11.84 11.22 10.91

Note: D - digestate from cattle manure; P - wood ash
Source: author's development

As a control, unfertilized plots of winter rape and
different application rates of digestate from cattle ma-
nure (D) were used. Variants in two-factor studies were
randomized in three replications. In total, 66 sites were
laid in the experiment, the area of each site was 30 m2.

Winter wheat (Triticum aestivum L.) was the pre-
decessor of winter rape. To prepare the experimental
plots, plowing was carried out to a depth of 22 cm, and
before sowing, pre-prepared mixtures of digestate and
wood ash and mineral fertilizers were applied in option
5-D+P3:1+N, P, K  kg/ha.

16" 40" "60
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Fertilizers were spread on the prepared plots of
winter rapeseed, which were wrapped in the soil with
the unit of pre-sowing soil treatment - the universal
rotary harrow Zirkon 8. It is characterized by positive
qualities. So, with the help of the optional DUAL-Shift
gearbox, it is possible to change the rotation of the ro-
tors from 300 to 400. If necessary, the direction of their
rotation is also changed - from aggressive to gentle,
moreover, without tools.

For sowing, the Visby winter rapeseed variety was
used with a sowing rate of 80 similar seeds per m%.Winter



rapeseed was sown to a depth of 1.5-2 cm. In the spring,
when plant vegetation was recovering, N 68.8 kg/ha of
ammonium nitrate was applied to the plots of the exper-
imental variant A6. Harvesting from each plot was car-
ried out separately with a small-sized “Sampo” harvester.

After the test plots were harvested, the harvest from
each plot was weighed and cleaned using a PFEUFFER
SLN3 automatic sample cleaner. This sample cleaning
complex is capable of weighing the initial seed sam-
ple (approx. 1.5 liters) in one cycle, running the SLN3
sample cleaner, removing the coarse fiber, opening and
closing the bottom to remove the coarse fiber, per-
forming a time-controlled cleaning and automatically
weighing two fractions - fine grain and quality grain, i.e.
cleaned sample. Available modern software allows you
to view the obtained masses and their corresponding
percentage ratios on the display. Then, average samples
were taken from each version of the two-fold repetition
for chemical analysis. Analyzes were carried out in the
accredited scientific laboratory of biotechnology of the
Latvian University of Natural Sciences and Technologies
(LBTU BZL). Using standard methods, dry matter content
(%), total protein (%), seed oil content (%), seed volume
weight (g/l) and weight of 1000 seeds were determined.

According to the obtained results, the yield (t/ha)
and the amount of oil (t/ha) were calculated at stand-
ard humidity (8%) and full (100%) purity of the sam-
ples. Data processing was carried out with the help of
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two-factor variance analysis of computer programs Mi-
crosoft Excel and R-Studio.

RESULTS AND DISCUSSION

Tips for applying fertilizers for rape are quite di-
verse. Thus, in the experiments of V. Parkhuts (2015),
conducted in the conditions of typical chernozem of
the Khmelnytsky region, it was established that the
highest yield of rapeseed (3.94 t/ha), on average over
three years of research, was formed under the model
of the main application of mineral fertilizers with the
rate of N P, K. ., with the following by feeding plants
N,,- The yield increase under the specified model was
2.10 t/ha (or 114.1%).

In Latvia, four-year research by O. Balodis & Z. Gaile
(2011) proved the significant dependence of plant
growth and development, in particular the germination
ofwinterrapeseeds,on precipitationandairtemperature.

The average yield of winter rape in the experimen-
tal plots was relatively low (1.97-2.48 t/ha) compared to
the potential of the variety. This was caused by dry and
hot weather conditions during the emergence of seed-
lings and the beginning of vegetation. It is described in
the literature that abiotic stress - drought reduces the
diameter and length of the rape stem and negatively
affects the seed yield (Sangtarash et al., 2009).

In the study, the lowest winter rapeyield of 1.97 t/ha
was obtained directly from control field plots (Table 2).

Table 2. The influence of different rates of fertilizers from mixtures of digestate

The ratio of digestate and wood ash in the mixture (F,)

Fertilizer rate (F,)

D+P1:1 D+P2:1
Control
5 t/ha 1.85 2.21 1.94
10 t/ha 2.76 2.47 2.45
20 t/ha 2.26 2.67 2.13
On average p=0.046
LSD,,+(B)=0.230 2.29 2.45 2.17

LSD, ,

00s(AB)=0.393
Note: D - digestate from cattle manure; P - wood ash

Source: author's development

Significantly higher (p<0.05) average yields of winter
rapeseed were obtained when applying fertilizer rates of
10 and 20 t/ha.At the lowest fertilizer rate of 5 t/ha,a low-
er yield was formed in variants D, D+P2:1 and D+P3:1+N
than in the control variants; however,the differences were
significant (p>0.05). The variants D, D+P1:1, D+P3:1+N-
PK, D+P4:1 had significantly higher (p<0.05) average
yields of winter rape, of which the highest yields were
obtained from fertilizer in variants D+P1:1 and D+P4:1.

Research by M. Koszel et al. (2020) also showed
that the use of liquid digestate, at least 25,000 l/ha
as fertilizer, can significantly (p<0.05) to increase the
yield of rapeseed, and due to the increase in digestate
rates, the yield increases.

and wood ash on the yield of winter rapeseed, t/ha

(FA)p=0.003
D+P3:1  D+P3:1+NPK D+P3:1+4N  D+P4:1  LSD,,,=0.149
1.97 1.97
2.24 212 177 2.30 2.05
2.24 2.53 2.06 2.66 2.45
2.03 211 225 2.50 2.28
217 2.26 2.03 2.48 x

The use of organic fertilizers such as digestate can
lead to the formation of small anaerobic zones in the soil.
Thus,the use of digestate canincrease N,O emissions com-
pared to the use of mineral fertilizers (Jones et al., 2007).

The cultivation of rapeseed during the winter is
closely related to the problems of N,O emissions aris-
ing from the use of nitrogen fertilizers in the cultiva-
tion of rapeseed. Nitrification is one of the main sources
of N,O formation in soil (Hoefnagels et al., 2010).

D. Fangueiro et al. (2009) found that the application
of organic fertilizers with nitrification inhibitors increas-
es nitrogen use efficiency and increases yield.

In the study, compared to the control, the use of
digestate alone increased the average yield of winter
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canola at a fertilizer rate of 10 t/ha in all mixed fer-
tilizer treatments, indicating that nutrient deficiency
was not a yield-limiting factor in the test years. The ob-
served conclusion is also supported by the fact that the
average increase in seed yield when using a mixture of
digestate and wood ash with the addition of nitrogen
fertilizers only slightly increased the yield.

Itshould be notedthatthereare conclusionsintheliter-
ature according to which an increase in nitrogen fertilizers
up to 60 kg/ha also led to a significant increase in the yield
of winter barley, regardless of the trial year (Litke, 2019).

One of the main indicators of the quality of winter
rapeseed is the oil content of its seeds.

The analysis of the results showed that significant-
ly higher (p=0.07) average oil content in winter rape-
seed was obtained at the rate of 5 t/ha of digestate and
ash mixture. Between the average values of all variants
of fertilizer mixtures, the oil content is significantly
higher (p=0.001) in the variants D+P1:1,D+P2:1,D+P3:1,
D+P.3:1+NPK; while a significantly lower (p=0.001) oil
content was obtained in variants where ammonium ni-
trate was additionally used for feeding (Table 3).

Table 3. The influence of different rates of fertilizers from mixtures of digestate
and wood ash on the oil content of winter rapeseed, %

Fertilizer The ratio of digestate and wood ash in the mixture (factor B) ()(:aac:::ig)e
application rate, p=0.007
t/ha (factor A) P1:1 P2:1 P3:1 P3:1+NPK D+P3:1+N P4:1 -
D+ D+ D+P3:1  D+P3:1+ D+P3:1+ D+ LSD, = 0.295
Control 473 473
5 t/ha 4770 48.03 48.06 48.06 48.03 46.27 47.27 47.63
10 t/ha 47.23 47.50 47.70 47.63 47.57 45.87 47.40 47.27
20 t/ha 4743 47.73 47.76 4793 47.87 46.37 48.06 47.59
On average
LSD, ,(B)=0.390 47.45 47.75 47.84 47.87 47.82 46.17 4758 x
LSD, ,;(AB)=0.781

Note: D - digestate from cattle manure; P - wood ash
Source: author's development

This trend was also observed in other studies,
where increasing the rate of nitrogen fertilizers sig-
nificantly reduced the oil content of winter rapeseed
(Farahbakhsh et al., 2006). In a trial (Kesenheimer et al.,
2021) conducted in Germany, N,O emissions were in-
vestigated when digestate fertilizers with and without
nitrification inhibitors were used in rapeseed cultiva-
tion. The studies did not reveal a positive effect of nitri-
fication inhibitors on the yield of winter rape, as well as
the yield of oil from 1 ha. The yield of rapeseed varied
from 2.8 to 5.7 t/ha, and the yield of oil varied from 1.2
to 2.7 t/ha, depending on the location of the experi-
ment and the year. These results were probably influ-
enced by the high rate of fertilizer application (180 kg
NH4=N ha-1 per year) when using liquid digestate.

At the same time, in the experiments of J. Beres
et al. (2019), it was established that the effect of fer-
tilizer on oiliness and weight of 1000 seeds was sta-
tistically insignificant. And according to VV. Bazalii et
al. (2015), the application of mineral fertilizers in the
calculated dose and feeding with Rostkoncentrate led
to the formation of the largest mass of 1000 winter
rape seeds, an increase in the content of fat, protein,
fiber and raw ash.

Studies show that the use of a mixture of wood ash
and digestate as fertilizer did not have a significant ef-
fect (p=0.334) on the average oil content of rapeseed.
But, on the other hand, increasing the rate of fertilizers
to 10 and 20 t/ha led to an increase (p=0.004) in the
collection of oil of the studied crop (Table 4).

Table 4. The influence of different rates of fertilizers from mixtures of digestate
and wood ash on the collection of winter rapeseed oil, t/ha

Fertilizer The ratio of digestate and wood ash in the mixture (factor B) (::a ca:;err:g)e
application rate, t/ 5=0.00 ‘:
ha (factor A) D+P1:1 D+P2:1 D+P3:1  D+P3:1+NPK D+P3:1+N D+P4:1 LSD, ,.=0.128
Control 0.93 0.93
5t/ha 0.88 1.06 0.93 1.07 1.02 0.80 1.11 0.98
10 t/ha 1.30 1.17 1.17 1.07 121 0.94 1.26 1.16
20 t/ha 1.07 1.28 1.02 0.97 1.01 1.04 1.18 1.08
o; 0334 1.08 117 1.04 1.04 1.08 0.93 118 x

Note: D - digestate from cattle manure; P - wood ash
Source: author's development
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An important indicator of seed quality is the nature
of the grain (volumetric mass). This is the mass of seeds
in a volume of 1 liter. The higher this indicator is, the
higher the seed quality.

The analysis of changes in the volumetric weight
of winter rape seeds showed that increased rates of
fertilizers from mixtures of wood ash and digestate

Adamovics et al.

significantly (p=0.001) reduce this indicator com-
pared to the control. A comparison of the mixture
variants showed a significantly greater (p=0.001)
volume mass with the additional introduction of
ammonium nitrate. In this variant, a bulk density of
679.6 g/l was achieved, which is similar to the con-
trol variant (Table 5).

Table 5. The effect of fertilizer rates from mixtures of digestate
and wood ash on the volumetric weight of winter rapeseed, g/!

On average
The ratio of digestate and wood ash in the mixture (factor B)
Fertilizer application (FA)
rate, t/ha (factor A) -0.001
D+P1:1 D+P2:1 D+P3:1 D+P3:1+NPK D+P3:1+N p=_.
LSD,,,=1.62
Control 679.3
5 t/ha 671.0 673.3 672.7 672.0 672.0 680.3 673.3 673.5
10 t/ha 671.7 668.3 675.0 671.7 669.3 679.3 675.0 672.9
20 t/ha 671.3 671.3 669.7 672.3 672.0 679.3 672.3 672.6
On average p = 0.001
LSD,,(B)=2.1 671.3 671.0 672.5 672.0 671.1 679.6 673.5 x
LSD, s (AB) = 4.3

Note: D - digestate from cattle manure; P - wood ash
Source: author's development

The experiment evaluated the effect of a mixture of
wood ash and digestate on the weight of 1000 winter
rape seeds. The average weight of 1000 seeds of the
samples ranged from 4.37 to 4.79 g. Small differences
between fertilizer treatments were observed, but they
were significant (p=0.671).

At the same time, V. Parkhuts (2015) claims that the
highest indicators of the structure of the winter rape-
seed crop (number of pods - 99.7 pcs./plant, seeds in
a pod - 20.0 pcs./plant, number of seeds - 1994 pcs./
plant, weight 1000 of seeds - 3.49 g, weight of seeds
from 1 plant - 7.0 g) was noted in the version of the ex-
periment for the application of mineral fertilizers at the
rate of N, P,.K, ., followed by N, plant feeding, which
led to a higher yield under this model of fertilization.

Also, no significant differences (p=0.095) were found
betweenthe samples of winterrape accordingtothe intro-
duced norms of fat mixture. The relatively low 1000-seed
weight values obtained in the trial can be explained by
the dry conditions of the season, which prevented devel-
opment in the spring and caused heat stress in the plants
at the end of flowering before full maturity of canola.

L. Shkarivska et al. (2021), scientists of the NSC
“Institute of Agriculture of the National Academy of
Sciences of Ukraine” also assure that it is possible to
use digestates as fertilizers, but it is necessary to con-
trol the presence of heavy metals and trace elements in
them, because thanks to the agrochemical examination
of digestates and their by-product (liquid fraction) a
high their nutrient content.

Some laboratory studies have confirmed significant
reductionsinN,Oemissionswhenusingnitrificationinhib-
itorsinthe digestate (Wolfetal.,2014;Severinetal.,2016).

Digestate, depending on the source and type of ma-
terials used, can also contain heavy metals, which can
significantly affect its use in food production (Kupper et
al., 2014; Govasmark et al., 2011). It may contain com-
pounds that stimulate or inhibit microbiological soil
activity (Risberg et al., 2017).

When analyzing the content of heavy metals in
rapeseed and soil after three years of using the diges-
tate, their increase was not detected. The content of
heavy metals in the soil, as well as in rapeseed, met EU
standards (Rozylo et al., 2019).

H. Riedel & C. Marb (2008) conducted a compari-
son of composts obtained by different methods for the
content of heavy metals in them. Composted digestate
from food waste was analyzed, as well as compost
obtained from the same waste. They found that there
was no difference between the two samples in terms
of heavy metal content for almost all indicators. Both
composts met German quality requirements.

The impact may be different in groundwater con-
servation zones, where farmers must reduce nitrogen
application rates. Overall, research findings show that
the use of organic fertilizers such as digestate can help
reduce greenhouse gas emissions during the industri-
al production of synthetic nitrogen fertilizers (Kesen-
heimer et al., 2021).

A. Comparetti et al. (2013) note that the production
of agricultural products must be carried out in accord-
ance with the requirements of environmental protec-
tion. It is important to support the safe use of fertilizers
in the agricultural environment, especially nitrogen
fertilizers. The nutrients contained in the digestate are
in a form that is convenient for plants and is a suitable
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fertilizer for them. The organic matter contained in the
digestate has a positive effect on the physical and chem-
ical properties of the soil and its fertility in general.

Therefore, the results of research indicate the pos-
sibility of replacing high-value mineral fertilizers with
non-traditional fertilizers. In addition, it is common
knowledge that mineral fertilizers are assimilated by
only 30-50%, and biofertilizers — almost completely, si-
multaneously increasing the yield of agricultural crops,
in particular, winter rapeseed.

CONCLUSIONS

It has been established that under modern farming con-
ditions, a large amount of organic waste is accumulated
in the form of cattle manure and wood shavings, which
causestheneedfortheirdisposal. These wastes are mostly
used for the production of heat and energy by biogas co-
generation plants and various solid fuel boilers. By-prod-
ucts of these enterprises are digestate and wood ash.

Accordingtotheresultsoftheconductedresearch,itwas
established that using a mixture of wood ash and digestate
as alternative fertilizers, it is possible to obtain good crops
of winter rape even without the use of mineral fertilizers.

A higher yield of winter rapeseed - 2.45 t/ha was
obtained in variants treated with fertilizers at the rate
of 10 t/ha, while in the control (without fertilizers) this
indicator was 1.97 t/ha, or 24.4% less.

The highest oil content of winter rapeseed was
also formed on variants treated with a norm of 10 t/ha
of fat mixture (1.16 t/ha), while on the control (with-
out fertilizers) this indicator was noted at the level of
0.93 t/ha, or 24.7% less. Significantly lower oil content
was obtained in variants where ammonium nitrate was
additionally used for feeding. A higher average oil con-
tent in the seeds of the studied crop was obtained by

applying 5 t/ha of a mixture of digestate and ash. The
volumetric weight of winter rape seeds in the investi-
gated variants was slightly higher at 670 g/L. No signifi-
cant difference between the studied options was found.

Applying a digestate mixture of cattle manure and
wood ash to optimize nutrition for winter rape, instead
of a large amount of mineral fertilizers, can be expect-
ed to reduce the risk of environmental pollution by pro-
duction waste, which includes heavy metals, radionu-
clides, and organic pollutants.

The use of mixtures of digestate from cattle ma-
nure and wood ash contributes to the processing of the
above-mentioned biomass and the return of organic
matter to the soil to preserve or even increase its fertil-
ity, therefore it is advisable to use mixtures of wood ash
and digestate to optimize the nutrition of winter rape-
seed in agro-formations. It is quite important to deter-
mine the specific benefit from them, the impact on the
surrounding natural environment, in which terms it is
better to apply the studied mixtures, which will be the
goal of further research.
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AHoTauif. AKTyanbHicTb TEMM 06yMOB/IeHa HEOOXIAHICTIO ONTUMI3aLii XKMBNEHHS pinaky o3uMoro (Brassica napus L.),
y TOMY 4McAi 1 i3 3aCTOCYBaHHAM HETPaauLiiHUX f,0OPUB, BPAXOBYOUM OOMEXEHY KiNbKiCTb MiHepanbHUX TYKiB 3
HWM3bKOK BApPTICTIO. MeTo focniaxeHb Oyno BUBYMTM BMIMB CyMillli NOBIYHMX NPOAYKTIB BUPOOHMLTBA (LepeBHOI
3071 Ta AMrecTaTy) Ha BPOXaMHICTb Ta SKiCTb HACiHHS pinaky o3uMoro. [poeeaeHo NonboBi JOCNIAN B HABYANbHO-
nocnigHoMy rocnogapctsi “Peterlauki” (JlaTsis). Y cinbcbkoMy rocnoaapcTsi 9K AepesHa 3013, Tak i gurectat 6ioMacu
BMKOPUCTOBYIOTbCS OKPEMO SIK MaTepianu ANa BanHyBaHHA Ta O06pMBa, TOAI AK i3 iX CyMilli MOXHa OTpUMaTH
BMCOKOsKiCHe f,006p1BO.ABTOPaMM OLLIHEHI CYMiLUi 3 AUrecTaTy rHO BEIMKOT poraToi Xya,00bu Ta AepeBHOi 3011 Y Pi3HUX
CNiBBIAHOWEHHAX. BUKOPUCTAHI aHani3u i3 rpyn CUCTEMHUX, CTaTUCTUYHUX Ta NOPIBHANIbHMX. 3aCTOCOBAHO HACTYMHI
MeTOAM LOCNIIKEHHS: 3araflbHONPUNHATI B POCIMHHULTBI NONbOBWIA Ta IABOPATOPHUI — AN 3'9CYyBaHHS B3AEMOA,I
ob'ekTa [OCNIAXEHb 3 arpOTEXHIYHMMM Ta NPUPOAHUMM abioTMYHMMK (DaKTOpaMu; po3paxyHKOBO-BAroBMi — ANis
BM3HaYeHHA NPOOYKTUBHOCTI MOCiBIB; pO3paXyHKOBO-NOPIBHSANbHUI; MaTEMATUYHO-CTAaTUCTUUYHUI (BUCNEPCIAHUI) —
3 METOH OLLIHKM MMOBIPHOCTI pe3ynbTaTiB AOCAiAKeHb. BU3HaueHo, Lo, BUKOPUCTOBYOUM CyMiLli AepeBHOI 3011 Ta
[UrecTaTy, MOXKHa OTpUMYBaTK BiAMNOBIAHI BPOXaAi pinaky 03MMoro 6e3 3acTocyBaHHs MiHepanbHUX L06pwmB. Buwy
BPOXAMHICTb L€l KynbTypu — 2.45 T/ra 6yno oTpuMaHo y BUNagKax, Ae A4S NifX1MBIEHHS BUKOPUCTOBYBAIM HOPMU
no6pwme 10 1/ra. HaciHHg pinaky 03MMoro Mano 6inblwuii BMICT 0ii y BapiaHTax i3 3aCTOCYBaHHAM yA00peHOi cyMiLli
5 1/ra, ane 6e3 amiauHoi cenitpu. O6'eMHa Maca (HaTypa) HaCiHHg pinaky 03MMOro B A0CiIAXKYBaHMX BapiaHTax TPOXM
nepesuitysana 670 r/n. HaykoBa HOBM3HA NOASra€ B TOMY, LLLO OLIHEHO BNMB CyMiLli AMrecTaTty Ta 4epeBHOT 30711 Ha
NPOAYKTUBHICTb, Y TOMY YMCAI ONIMHICTb pinaky 03uMoro. MNpakTMyHa LiHHICTb NONAra€E B YAOCKOHANEHHI TEXHONOTI
BMPOLLYBaHHS AO0CHIMKYBAHOI KyNbTypu LWASXOM MpaBWAbHO MigibpaHoi cyMmiwi Ang onTuMisauii XMBNEHHS i
OTPUMAHHS BUCOKOSIKICHOT 0Nl

Kntouosi cnoBa: Brassica napus; aurectar; 4epeBHa 30/1a; BPOXXaMHICTb; ONiMHICTb; SKiCTb YpOXKato
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