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®enrox A.b. ®izionoriuni acnmexkTu criiikocri pocaun Salix viminalis L. B
yMOBax TeXHOTeHHOro 3a0pyaHeHnsi. — KpamigikamiiiHa HaykoBa mparls Ha MpaBax

PYKOIIUCY.

Jucepraltiss Ha 3100yTTS CTyneHs JaokTopa (ingocodii 3a crnemianbHicTio 091
«biomoris» ramysi 3Hanb 09 «biosorisy. JIbBIBCbKUI HalllOHAJIbHUIN YHIBEPCUTET IMEHI

IBana ®panka, JIpBiB, 2022,

B nanmii yac mnpobOnema 3a0pyJHEHHS HABKOJUIIHBOIO CEpEIOBUIIA €
HaJ3BUYAHO akTyalnpHOI0. (OCOOJMBO 1€ CTOCYETHCS TEXHOTEHHO 3a0pyIHEHHX
teputopiid. [Ipuknanom takoi Tepuropii € CTeOHUIIbKE XBOCTOCXOBHUILE, SIKE MICTUTH 22
MJIH TOHH COJISHO-TJIMHUCTUX BIAXOJIB (IOTAlIMHOrO 30aradyeHHs, YTBOPEHHUX
BHACJ1/I0K 30araueHHsl MiHEPaJIbHOI CHPOBHHHU.

BuBYeHHS 3aXMCHMX MEXaHI3MIB POCIMH 3a BIUIMBY a0lOTUYHHUX CTPECOPIB Mae
BEJIMKE 3HAYECHHS B CYYaCHUX YMOBAaX PO3BUTKY CUIbCHKOTO TOCHOAApPCTBA Ta 3MiH
kiiMary. CTIHKICTh POCIMH J0 TEXHOTEHHOTO 3a0pYyIHEHHS € CKJIQJHOI0 03HAKOM0, SKa
BKJIIOYA€E (P1310JI0TTYHI MEXAHI3MHU B OPraHi3mi pOCIUH.

HuceprartiitHa po6oTa mpucBsYeHa JOCTIKEHHIO BIUTMBY a0l0THYHOTO CTPeECy, a
caMe 3acoyieHHs Ta Baxkux MertaniB (BM) B yMoBax TEXHOT€HHO 3a0pyJHEHOTO
xBocTocxoBuia M. CTeOHMKAa Ha MOpP(OMETPUYHI MapamMeTpu, aHTUOKCHJIAHTHY Ta
OLIOK-CHHTE3YBaJIbHY CHCTEMH POCIMH BepOu mpyToBuanoi (Salix viminalis L.) Ta ix
diTopeMenialliftHui MOTEHITIAN, a TakoX yrpymnoBaHHs cHIodiTHux Oaktepiii (EB)
kopeHiB S.viminalis 3a BBy pusochepuux Oakrepiit Salicornia europeae L. Ta
3a0pyIHEeHHS XBocTOocXoBuUIa M. CTeOHUK.

Mertoro aucepTaiiiHoi poOOTH 0YyJIO OLIHUTH BIUIUB TEXHOTEHHOTO 3a0pyIHEHHS
Ha MopdoMeTprudHi Ta disionoriuni mokasuuku S. viminalis, a Takok BUBYEHHS CKJIaLy
yIpynoBaHb €HAO(PITHUX OakTepiil KOpeHiB pociuH B yMoBax CTeOHUIBKOIO

XBOCTOCXOBHIIIA.



OcHoBHI 3aBiaHHs POOOTH:

- BUSIBUTHU BIUTMB TEXHOTCHHOTO 3a0pyJHEHHS Ha MOp(OMETpUYHI MOKAa3HUKHU Ta
BMICT BOJH y opranax S. viminalis B ymoBax CTeOHUIIBKOTO XBOCTOCXOBHIIIA;

- BU3HAUUTH BMICT BM y pocimHHOMY Matepiajii Ta cyocTpaTi XBOCTOCXOBHIIIA 3a
YMOB POCTY POCJIMH, a TaKOX OIIHUTH BIAMOBIIHICTh BMiCTy BM ekonoridHuM HOpMaM;

- BU3HAUUTH cKiaja yrpymnoBanb Eb kopeniB S. viminalis 3a cymicHOro BIuMBY
TEXHOTCHHOTO 3a0pyaHeHHS CTEOHUIIBKOTO XBOCTOCXOBHUINA Ta 1HOKYJTFOBAHHS
pusocdeporo Salicornia europeae L.;

- JOCIHIJUTH BIUIUB YMOB XBOCTOCXOBHUIIIA HA HAKOIMWYEHHs OLUIKIB y OpraHax
S. viminalis;

- BCTAaHOBHTH IHTEHCHBHICTB MPOIIECiB NIepekncHoro okucHenHs miniais (ITOJI) y
TKkaHuHax S. viminalis 3a yTBopeHHIM ManoHOBOro quanbieriay (MIA);

- JIOCHITUTH BIUIMB YMOB XBOCTOCXOBHIIA Ha CTaH OKPEMHUX KOMIIOHCHTIB
anTHoKcHIaHTHOI cuctemu (AOC) pociaun — aktuBHICTD Katanasu (KAT) (KD 1.11.1.6)
ta niepokcuaasu (ITOJ]) (KD 1.11.1.7), Bmict ackop6inoBoi (AK), merigpoackop6iHOBOT
(AI'AK) Ta nukerorynonoi kuciotT (JIKT'K), hbenonbHuX crioityk, OpoiiHy Ta pO3YMHHUX
IyKpiB y opranax S. viminalis.

J1J1st mpoBeIeHHS TOCIKeHh BUKOPUCTOBYBAIM JINCTKH, CTeOa Ta kopeHi 30-Tu
noboBux S. viminalis, BupornieHux y 1abopaTopHUX yMOBax Ha CyOCTparti i3 JUISTHOK
xBocrocxoBuiia M.Cteonuk ta 120-t1 1060BUX S. viminalis, BuporieHux Ha TepuTOpil
CTeOHMIILKOTO XBOCTOCXOBHIIA Yy TIOJROBUX YMOBax. BapiaHTtamMu JOCIHIIKEHb
CJIyTYBaJIM POCIIMHU BUPOIIEH] Ha cyocTpaTi CTEOHUIIBKOTO XBOCTOCXOBHIIA 13 AUTSTHOK
BIJIHOBJIEHOTO 01l0TeoreHo3y (KOHTPOJb) Ta 13 [IISHOK, /i€ TOIIMPEH1 MOHEPH]
riaikoranoditu (mocmin). s mocmimkends EB kopeniB S. viminalis, okpim Buie
nepesiyeHnx BapiaHTiB, BUKOPUCTOBYBAIU CyOCTpAT 13 HalO1IbII 3a0pyAHEHUX TIISTHOK
CreOHMIIBKOr0 XBOCTOCXOBHINA Ta pu3ochepHi Oakrepii Salicornia europaea L., pociuH,
K1 POCTYTh Ha HAHOUIBII 3aCOJEHUX AUISTHKAX IAaHOTO XBOCTOCXOBHIIIA.

Buznauennss MoppoMeTpuuHUX TOKa3HHMKIB mpoBoamwind Ha 30 mo0y pocTy y

nabopatopHux ymoBax Ta Ha 120-Ty — B MOJBOBHUX.



Ha 30-ty 100y pocrty S. viminalis nocaimkeno aktusHicts AOC Ta nporecis [1OJI,
MIPOaHaII30BaHO BMICT 3arajlbHUX Ta CTPECOBUX OLIKIB y OpraHax pOCJIHMH, BUSBJICHO
BJIACTUBICTh POCIIMH BepOU NMPYyTOBUAHOI HaKommayBaTu BM.

Bin6ip 3paskiB kopenis S. viminalis s ckpuninry Eb 6yino nposeneno mics 90
Ti0 pOCTY POCIIMH y TaOOPAaTOPHUX yMOBaX.

Amnaniz ¢pepmentroi ta HedhepmentHoi AOC mnpoBeneno Ha 120-ty moOy pocty
S. viminalis B mop0BHX YMOBax.

VY pe3yibTari MpOBEICHUX JOCTIKEHb BCTaHOBIIEHO, 110 S. Viminalis 3a3HaBamu
CTpecy B YMOBaxX pOCTy Ha TEXHOT€HHOMY cyOcTpaTi CTEOHULIBKOIO XBOCTOCXOBUIIA T
MPOSIBJSUIA AJIalITUBHI peakilii. 30KpemMa BUSABJICHO HE3HAUHE MPUTHIYEHHS POCTOBUX
napameTpiB S. viminalis 3a pocty Ha TexHOoreHHOMY cyOcTpaTi CTEOHHIIBKOTO
XBOCTOCXOBHIIIA SIK y JIAOOpAaTOpPHHUX, TaK 1 Yy IMOJHOBUX YMOBax BHUPOIIYyBaHHS.
Bu3HaueHHs 1HTErpaIbHOTO MOKa3HMKa CTa0lIbHOCTI pocTy S. viminalis moka3saso, 1o
Ha JUISTHKax BIJTHOBJIEHOrO O10r€OlIEHO3Y € YMOBH NEPEXOAY 10 CTPECOBUX YMOB (BiA
HOpMH JI0 3a0pyJHeHHs). BusiBieHo HakomuueHHS BOAM y KopeHax 30-Tu 10060BHX
POCIIHH y JIabOpaTOPHUX yMOBax Ta y JimcTkax 120-tu moboBux S. viminalis y moiapoBux
YMOBaXx.

BusiBneno BB ¢itopemenaianii pocimaamu S. viminalis Ha BMicT nesikux BM y
cyOCTpaTi XBOCTOCXOBHIIA. BusiBIeHO 3HaUHE 3MEHIIIEHHS BMICTY IIUHKY B JJOCIIHOMY
cyOcTpaTi, MOPIBHAHO 3 MOYATKOBUM BMICTOM, TOOTO TEpe] BHPOIIYBAHHSIM POCIHH.
Exonoriuny iHdopmaTuBHICTH BMICTY BM oIliHIOBaIM 3a €KOJIOrO-re0XiMIYHUMHU
koedimienTamu. HaiiBumuii xkoedillieHT KOHIEHTpaIlli OyB y KaJaMmiio, KU 3HA4YHO
MEPEBUIIYBaB CEPE/IHIN BMICT €JIeMEHTa B OPHHX 3eMJISIX YKpaiHU, Ta MOJiOACHY.
[TonienemeHTHe 3a0pyAHEHHS CyOCTpaTy 31 XBOCTOCXOBWINA, 3TIIHO 3 1HIAEKCOM
3abpyaaenns rpyuty (I31), Oya0 OJHAKOBUM A0 POCTY POCIHH, @ IICISA — MOKA3HUK
3MEHIIUBCS Yy aochial. JlocmipkeHHs: 010reoXiMigYHOT aKTUBHOCT1 POCIIUH MiATBEPINIIH,
0 POCIMHM BepOM MaroTh BHCOKY 3[aTHICTh HakonuuyBaTu BM 13 cyOctpary
xBoctocxoBuia M.Cteonuk. Ciia BiAMITUTH, 110 BMICT BM y cy0cTpaTti XBOCTOCXOBHIIA

JOCUTh 3HAYHUH, OJJHAK pociuHu S. Viminalis mposiBuiu diTopemeiiaiiiiHi BIaCTHBOCTI



Ta CTIMKICTh JO KOMIUIECHOTO CTpecy 3acojieHHs Ta BM B ymoBax CTeOHHUIIBKOTO
XBOCTOCXOBHIIIA.

Bukonano ckpuninr Eb kopeniB S. viminalis 3a ymoB BrumBy pusochepHux
Oaktepiri Salicornia europaea L. Ta TexXHOreHHO 3a0pyAHEHOIO CyOCTpaTy
xBoctocxoBuia M. CteOHUK. Pe3ynbratu JOCTIIKEHDb MOKa3aiy, 0 PI3HOMAaHITHICTh
Oaktepii y mochmipkyBaHMX 3paskax S. viminalis 3 ta 6e3 momaBanHs puzochepu
S.europaea Bipi3HAIMCH, HE 3HayHO. OJHAK, CIIA BIAMITUTH TO3WTUBHUN e(ekT
pusochepuux Oaktepiii S. europaea Ha 301TbIICHHS BITHOCHOI KITBKOCTI OaKTepil y
3pa3kax. Y BCiX JOCTIKYBaHUX 3pa3kax KopeHiB S. viminalis Ha piBHI poay HaiOibIIe
Oynu mpencrasneHi Oakrepii Enterobacteriaceae, Pseudomonas, Rhizobacteriaceae ta
Flavobacterium. Bussieno poxu Marinobacterium, Idiomarina, Marinamicrobium Ta
Halomonas, siki Oynu mpeacraBieHi y OUIbIIid KiUTBKOCTI y 3paskax S. viminalis, siki
pocii Ha cyOcTpaTi 13 HalOUIbI 3a0pyAHEHUX NTUISHOK CTeOHUIIBKOTO XBOCTOCXOBHIIIA.
BusiBieHO HasgBHICTh OAKTEpii-MOrIMHAYIB MOMEPEHUKA «CTpecoBoro» etmineny ACC
(1-amiHonukIIONpONaH-1-kapOOHOBOI KHCIOTH). 3a YMOB JOAaBaHHSA pHU300aKTepiid
S. europeae, 3minu koHreHTpaiii ACC Oynu 6171bI1 BUpa3HIIIUMHU.

BusiBneHo HakonmuueHHs OiKiB y cTeOiax Ta kopeHsx 30-tu go6oBux S. viminalis
3a POCTYy Ha 3acoJICHOMY cyOcCTpaTi 13 XBOCTOCXOBHINA B JIaDOpPaTOPHHUX YMOBax
BUpOIIyBaHHs. B enextpodoperpamax mpoanaiizoBanux oprais S. viminalis BusiBieHo
HU3BKOMOJISKYJIApHI ntoinentuau 13 Mr 30, 23, 22, 20, 17, 15, 12, 10 ta 8 x/la, BMicT
SKUX 1CTOTHO BapilOBaB B 3aJIEKHOCTI BiJ opraHa pociuH. [IoMiueHo sIKiCHI Ta KUIbKICHI
BIJIMIHHOCTI CIIEKTPIB HU3bKOMOJEKYJISPHUX O1JKIB Y KOHTPOJBHOMY Ta JIOCIITHOMY
BapiHTaX, 30KpeMa y opranax gociiaaux S. viminalis 3minu OiJIkiB OyJid BUpa3HIIIAMHU.
VY kopensx S. viminalis BusBieHO Hu3bKOMOJIEKYJsIpHI Olnkm i3 Mr 19—21 k/la y
KOHTPOJIBHOMY Ta JIOCJIITHOMY BapiaHTaX, OJITHAK 32 BIUIMBY TEXHOTEHHOTO 3a0pyIHEHHS
iX KUIBKICTH 301IbIIyBasiach. BusiBieno Outbiuii BMIcT OUIKIB 13 Mr 22 k/la y crebnax
JOCIIITHUX POCJIMH Yy TMOPIBHAHHI 3 KOHTPOJBbHHUM BapiaHTOM. 3a CTPECOBUX yMOB, Y
crebmax S. viminalis yrBoproBanuch Oinku i3 Mr 17 xJla. V nmucTkax JOCTIIHUX POCTHH
OyB MeHIui BMICT OUIKIB 13 Mr 20—23 k/la y mopiBHSIHHI 13 KOHTPOJIEM, OJIHAK OLIbIIE

oukiB Mr 10 xJla. OTxe, 3a mii TEXHOTEHHOTO 3a0pyAHEHHS B OpraHax pPOCIUH S.



viminalis HakonuuyBaIMCh HH3LKOMOJIEKYJISPHI CTPECOBI OUIKH, IO MOXe OyTH
OB’ S13aHO 3 IEBHUMHU OCOOJIMBOCTSIMU TPUCTOCYBAHHS POCIIHH.

BcranoBneno BrumB TexHoreHHoro 3a0pyaHeHHs Ha AOC 30-tu m060BHX
S. viminalis. BusiBiieHO 3HIKEHHS BMICTY (PeHOJBHHUX CIOJIYK 3a il CTpecy, BHACIIIOK
aJanTarii poCJIMH 0 HOBUX YMOB Ta TOKCHYHOI 1ii 3acojieHHs. OTpuMaHi JaHl MOXHa
HNOSICHUTUA JAC(IIIUTOM BOJIOTH, SIKWH BUHHUKAE NPHU 3acOJCHHI. BusBieHo 3pocTaHHs
Bmicty AK, JIAK Ta JKI'K y nuctkax Ta kopensx S.viminalis y mopiBHsSHHI i3
KOHTPOJBHUMH pOCIMHaMU. Y crebmax S.viminaliS BCTaHOBJIGHO i1HTEHCHBHE
BukopucrtanHa AK Tta 3poctanns smicty JIAK ta JIKT'K BigHocHO koHTpOMMI0. OTpUMaHi
pe3yJabTaTd MOXKYTh CBIIYHTH TNPO MPHUCTOCYBaHHSA pociuH S.viminalis 1o BmimBy
TEXHOTCHHOTO 3a0pynHeHHs. DepMeHTaTHBHA akTUBHICTH 30-TH 1000BHX S. viminalis
OyJia HaiBUIIOO y JIUCTKAX JOCIIIHUX POCIHH, MOPIBHSIHO 13 KOHTPOJILHUMH. Bigomo,
0 3a POCTy Ha 3a0pyJAHEHOMY CYOCTpaTi CIOCTEPIraeThbCsl MIABUIICHHS 3arajibHOi
MEPOKCHUIA3HOT aKTUBHOCTI, 110 MIATBEPKYETHCS OTPUMAHUMU TaHUMHU. Y Pe3yNbTaTi
71a060paTOPHUX JOCIIHKEHb BCTAHOBJICHO HAKOIIMYEHHS MPOJTIHY B cTeO1ax 1 kopensx 30-
T g00oBux S. viminalis mocmigHoro BapiaHTy, MOPIBHSHO i3 KOHTpoJeM. Pe3ynbratn
JOCITIJIPKEHHSI MOJKHA TMOSCHUTU (D1310JIOTIYHOIO TOCYXOl0, SIKa BUHUKA€E SK HACIHIJIOK
3aCOJICHHS CyOCTpaTy XBOCTOCXOBHIIIA.

3a yMOB pOCTy B MOJBOBHX yMOBax CTEOHHIIBKOTO XBOCTOCXOBHIIA, 120-TH
n06oBi S. viminalis Oynu BukopucTaHi U TOCTIKEHHS CHCTEMH aHTHOKCHIAHTHOTO
3aXUCTY POCIIMH B YMOBaxX TEXHOICHHOIO 3acojieHHs. Y crebmax S. viminalis BusiBiieHo
AKTUBHICTb ITEPOKCH/IA31 T4 HAKOITMICHHS TIPOJTIHY 32 YMOB TEXHOT€HHOTO 3a0pyIHCHHSI.
OmHak y KOPEHSX CHOCTEpIirayiocs ITiABUINECHHS aKTUBHOCTI KaTamasu. AmamTarfiiiHi
mexaHizmu  S.viminalis mposiBisiiMch  y  30UIBIICHHI  KUTBKOCTI  CIMPTO-  Ta
BOJIOPO3YMHHUX IYKPIB Y JUCTKAX Ta KOPEHSX pociuH. OTxe, 301IbIIEHHS KIJTbKOCTI Ta
3MIHM aKTUBHOCTI (hepMeHTIB mokasanmu ydacth AOC B amamramii S. viminalis mo
TEXHOTCHHOTO 3a0pyAHEHHS B yMoBaX CTEOHHUIIBKOTO XBOCTOCXOBHIIIA.

OTpumani pe3yiabTaTH JUcCepTaIliiiHOi poOOTH 3aCBITYYIOTH AJANTHUBHI PEAKITi
S. viminalis B ymoBax pocTy Ha cyOcTpati xBoctocxoBuia M. CTEOHUK, SIKi IPOSBISLTUCH

y aKTUBHOCTI aHTHOKCUJAHTHUX (PEPMEHTIB Ta 301JIbIIIEHHS BMICTY He(hepMEHTAaTHUBHHUX



AHTHOKCUIAHTIB. TakoX BHUSABICHO UITKE HAKOMWYEHHS HU3BKOMOJEKYJIAPHUX
CTPECOBUX OLIKIB MOPIBHSIHO 13 KOHTPOJBHUMH POCIMHAMU. BakKIMBO BIAMITUTH, IO
S.viminalis mposBisn - diTopemenianiitai  BiactuBocTi. OTpuUMaHi JaHI CTaHYTh
BIIIPABHOIO TOYKOIO JII PO3yMiHHS MexaHi3MiB azganrtanii  S.viminalis 1o
KOMIUIEKCHOT'O BIUTMBY 3acojicHHS Ta BM B ymoBax CTEOHHMIIBKOTO XBOCTOCXOBHIIA.
BBaxxaeMo, 1110 OTpuMaHi pe3yJIbTaTH Y MaHOYTHROMY J1aayTh 3MOTY BUKOPHUCTOBYBATH
S. viminalis y mnpupomoOpi€eHTOBaHHMX PIIICHHSIX Ta EKO-IH)KCHEPHHX IPOEKTaX Ha
TEXHOT'CHHO 3a0pYIHCHHUX TEPUTOPIAX.

Kmouosi caosa: Salix viminalis, xBocTocxoBwine, 3acoyieHHs, MiHEpalbHI
CJIEMEHTH, BaXXKl MeTand, (QiTopemesiaiis, aHTUOKCHUJAHTHA CHCTEMa, Karajasa,
MEePOKCH/Ia3a, PO3UYMHHI IYKpU, (EHOJIBHI CHOJYKH, acKOpOIHOBa KHCJIOTa, MPOJIiH,

CTpecoBi OLTKH, eHA0(DITHI OaKTepii.



SUMMARY
Fetsiukh A. Physiological Aspects of Salix viminalis L. Tolerance to

Technogenic Pollution Conditions. — Qualifying scientific work with manuscript rights.

Ph.D. thesis, field of knowledge 09 "Biology", speciality 091 "Biology". lvan

Franko National University of Lviv, Lviv, 2022.

Currently, the problem of environmental pollution is extremely significant. This
especially applies to technogenically polluted areas. An example of such an area is the
Stebnyk tailing, which contains 22 million tons of salt-clay waste from flotation
enrichment, formed as a result of enrichment of mineral raw materials.

The study of the protective mechanisms of plants under the influence of abiotic
stressors is of great importance in the modern conditions of agricultural development and
climate change. Plant tolerance to technogenic pollution is a complex trait that involves
physiological mechanisms in the plant organism.

This thesis is devoted to the study of the effect of abiotic stress, namely salinity and
heavy metals (HM), in the conditions of the technogenically polluted tailing in Stebnyk
on the morphometric parameters, antioxidants and protein profile of willow plants (Salix
viminalis L.), and their phytoremediation potential as well as the community of
endophytic bacteria (EB) in S. viminalis roots under the influence of rhizospheric bacteria
of Salicornia europeae L. and pollution of Stebnyk tailing.

The aim of the investigation was to evaluate the nature of the impact of technogenic
pollution on the morphometric and physiological parameters of S. viminalis, as well as to
examine the composition of endophytic bacteria of plant roots under the Stebnyk tailing
conditions.

The main tasks of the thesis:

- to reveal the influence of technogenic pollution on the morphometric parameters
and water content in organs of S. viminalis under Stebnyk tailing conditions;

- to determine the content of HM in S. viminalis organs and substrate of the tailing

after plant growth, as well as to assess the compliance of HM to ecological norms;



- to determine the community composition of endophytic bacteria of S. viminalis
roots under the combined influence of technogenic pollution of the Stebnyk tailing and
rhizosphere bacteria of Salicornia europeae L.;

- to investigate the influence of tailing conditions on the accumulation of proteins
in S. viminalis organs;

- to establish the intensivity of lipid peroxidation in S. viminalis tissues based on
the formation of malondialdehyde (MDA);

- to investigate the influence of tailing conditions on some components of the
antioxidative system (AQOS) of plants — the activity of catalase (CAT) (EC 1.11.1.6) and
peroxidase (POD) (EC 1.11.1.7), the content of ascorbic (AsA), dehydroascorbic (DHA),
and diketogulonic acids (DKG), phenolic compounds, proline, and soluble sugars in
S. viminalis organs.

Leaves, stems, and roots of S. viminalis after 30 and 120 days of growth in a
greenhouse on substrate from the Stebnyk tailing, and in the field conditions of the
Stebnyk tailing respectively were used for the research. For our research, we used plants
grown on Stebnyk tailing substrate from areas of restored biogeocenosis (control) and
where pioneer glycohalophytes are common (experiment). To study the EB of S. viminalis
roots, in addition to the variants listed above, we used substrate from the most polluted
areas of the Stebnyk tailing and rhizospheric bacteria of Salicornia europaea L., plants
that grow on the most saline areas of the Stebnyk tailing.

Determination of morphometric parameters was carried out after 30 days of growth
in a greenhouse and after 120 days of growth under field conditions.

The activity of the antioxidative system and lipid peroxidation processes in organs
of S. viminalis after 30 days of growth was investigated; the content of common and stress
proteins in plant organs was analyzed; the ability of basket willow to accumulate heavy
metals was revealed.

Selection of S. viminalis root samples for screening of EB was carried out after 90
days of plant growth in a greenhouse.

Analysis of the enzymatic and non-enzymatic antioxidants was carried out after

120 days of growth of S. viminalis under field conditions.



It was established that S. viminalis was stressed under growth conditions on the
technogenically polluted substrate of the Stebnyk tailing and showed adaptive reactions.
In particular, a slight suppression of the growth parameters of S. viminalis during growth
on the Stebnyk tailing was found both under laboratory and field conditions. The
determination of the integral indicator of developmental stability of S. viminalis showed
that conditions of transition to stressful (from normal to pollution) exist on the area of
restored biogeocenosis. Water accumulation was detected in the roots of 30 day-old plants
in greenhouse conditions and the leaves of 120-day old S. viminalis under field conditions.

A positive effect of S. viminalis growth on the content of some HM in the substrate
of the tailing was found. A significant decrease in the content of zinc in the experimental
substrate was revealed, compared to the initial content before plant growth. The
ecological informativeness of the HM content was assessed by ecological-geochemical
coefficients. The highest coefficient of the concentration was for cadmium, which
significantly exceeded the average content of the element in arable lands of Ukraine, and
molybdenum. Polyelement pollution of the tailing substrate according to the soil pollution
index (SPI), was the same before the growth of plants, but after plant growth, the indicator
was decreased in the experiment. Studies of the biogeochemical activity of plants have
confirmed that willow plants have a high ability to accumulate HM from the substrate of
the Stebnyk tailing. It should be noted that the content of HM in the substrate of the tailing
is significant, however, S. viminalis showed phytoremediation properties and resistance
to the complex stress of salinity and HM under the Stebnyk tailing conditions.

Screening of the EB of S. viminalis roots was performed under the conditions of
exposure to the technogenically polluted substrate of the Stebnyk and rhizosphere
bacteria of Salicornia europaea L. The research results showed that the diversity of
endophytic bacteria in S. viminalis samples with and without the supplementation of
S. europaea rhizosphere did not have a significant difference. However, a positive effect
of rhizosphere bacteria of S. europaea on EB amount was established. In root samples of
S. viminalis, Enterobacteriaceae, Pseudomonas, Rhizobacteriaceae, and Flavobacterium
were the most represented at the genus level. It should be noted that such genera as

Marinobacterium, Idiomarina, Marinamicrobium, and Halomonas were represented in
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greater numbers in the roots samples of S. viminalis, which grew on the substrate from
the most polluted areas of the Stebnyk tailing. ACC-utilizing bacteria were found.
Changes in ACC concentration were more distinct in samples that were supplemented
with rhizosphere bacteria of S. europeae.

Accumulation of proteins in the stems and roots of 30-days old S. viminalis during
growth on technogenic saline substrate from Stebnyk tailings under greenhouse
conditions was revealed. Low molecular weight polypeptides with Mr 30, 23, 22, 20, 17,
15, 12, 10, and 8 kDa were found in the electrophoregrams of the analyzed proteins in
organs of S. viminalis. The content of proteins varied significantly depending on the plant
organ. Qualitative and quantitative differences in the spectra of low molecular weight
proteins were observed between the control and experimental variants, in particular, in
the organs of the experimental S. viminalis, protein changes were more significant.
Proteins with Mr 19-21 kDa were detected in the control and experimental variants in
S. viminalis roots, but their number increased under stress conditions. Higher content of
proteins with Mr 22 kDa was found in the stems of the experimental plants compared to
the control variant. Proteins with Mr 17 kDa were found in the stems of S. viminalis under
stress conditions. Lower content of proteins with Mr 20-23 kDa and more proteins with
Mr 10 kDa was found in the leaves of plants under stress conditions, compared to the
control. Therefore, low molecular weight stress proteins accumulated in the organs of
S. viminalis under technogenic pollution, which may be related to certain features of plant
adaptation.

The influence of technogenic pollution on the antioxidative system of 30-day old
S. viminalis was determined. The content of phenolic compounds was decreased as a
result of plant adaptation to new conditions and the toxic effect of the tailing’s substrate
salinity. The obtained data can be explained by the moisture deficit that occurs under
salinity. An increase in the content of AsA, DHA, and DKG in the leaves and roots of
S. viminalis compared to the control plants was revealed. In the stems of S.viminalis,
intensive use of AK was established. The content of DHA and DKG was increased
relative to the control. The obtained results may indicate the adaptation of S.viminalis

plants to technogenic pollution. Enzymatic activity of 30-days old S. viminalis was the

11



highest in the leaves of the experimental plants, compared to the control. It is known that
growing on polluted substrate showing an increase in total peroxidase activity, which is
confirmed by the data we obtained. As a result of laboratory studies, the accumulation of
proline in the stems and roots of the 30-days old S. viminalis experimental variant was
established, compared to the control. The results of the study can be explained by
physiological drought, which occurs as a result of substrate salinity.

One hundred and twenty days old S. viminalis were used to study the plant
antioxidative defense system under Stebnyk tailing field conditions. Peroxidase activity
and proline accumulation were detected in the stems of S. viminalis under technogenic
pollution. However, an increase in catalase activity and the content of soluble sugars was
observed in the roots. Therefore, the amount increase and changes in the activity of
enzymes showed the participation of the antioxidative system in the adaptation of S.
viminalis to technogenic pollution under the conditions of the Stebnyk tailing.

The obtained results of the dissertation prove the adaptive reactions of S. viminalis
under the conditions of the Stebnyk tailing, which were shown in the activity of
antioxidative enzymes and an increase in the amount of non-enzymatic antioxidants. A
clear accumulation of low molecular weight stress proteins was also detected compared
to control plants. Importantly, S.viminalis demonstrate phytoremediation properties. The
obtained data will be a starting point for understanding the mechanisms of S. viminalis
adaptation to complex impact of salinity and heavy metals under the conditions of the
Stebnyk tailing. We believe that the obtained results will make it possible to use
S. viminalis in nature-based solutions and eco-engineering projects on technogenically
polluted areas in the future.

Key words: Salix viminalis, tailing, salinity, mineral elements, heavy metals,
phytoremediation, antioxidant system, catalase, peroxidase, soluble sugars, phenolic

compounds, ascorbic acid, proline, stress proteins, endophytic bacteria.
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MNEPEJIIK YMOBHUX ITIO3HAYEHbD
AOC — anTHOKCHIaHTHA CUCTEMA
AK — ackop6iHOBa KHCIOTa
AOK — akTuBHI HOPMU KHUCHIO
BTUI — 61J1KK TEIJI0BOTO MIOKY
BXA — noka3Huk 010reoXiMiyHOT aKTUBHOCTI
BM — Baxki MmeTanu
['JIK — rpaHrYHO TOTyCTHMAa KOHIICHTPAITIS
JAK — nerizpoackop6iHOBa KMCIIOTa
JKI'K — nukerorynoHoBa KMCIOTa
Eb — ennodithi OakTepii
Kc — xoedimienT koHneHTparii
KAT — karanaza
K6 — koediient 6e3nexu
KBH — koeditieHT 01070T14HOT0 HAKOMTUYEHHSI
KK — xmapk koHIeHTpartii
H.n. — Hemae nanux
HMBTUI — HU3bKOMOJEKYJIAPHI OLIKK TEIJIOBOTO LIOKY
ITOJ1 — nepokcuaaza
DA — daykryariitna acumeTpis
OT — ¢dakTop TpaHcaoKalli
ACC — 1-amiHouukIiionpormnan-1-kapO0oHoBa KUCI0Ta
ACCD - neaminaza 1-aminonukionponaH-1-kapOOHOBOI KHUCIOTH
Mr — monexysipHa Maca
NMDS — HemeTrpuyHe 6araToBUMIpHE HIKATOBAHHS
OTO — oneparrifina TaAKCOHOMIYHA OJIMHUIIS
PGPB — picT-cTumyoroui 6akrepii

ZC — cyMapHUil MOKa3HUK 3a0pyTHEHHS

16



PO3JIJI 1. OTJISI JIITEPATYPH. ...
1.1. TexHoreHHo 3a0pyaHEH1 TEPUTOPIT Ta MUISIXH TX BITHOBICHHS . ..ccvvvreenveennns
1.2. Bep0a mpyroBuana (Salix viminalis L.) sk Bua eHepreTHYHUX POCIIHH Ta 1X
(BITOPEMETIAITIITHII TIOTEHITIAIT. ... eevveeestveessteeesteeessseesssneessteeesssesssssesssseeessneesnsessenes
1.3. Mexani3zmu aganTaiiii pOCINH J0 a010THUHOTO CTPECY ..uvvvrerivrreessrreressisneeens
1.4. Ponb MikpoOioMy B afanTallii pOCIUH 10 CTPECOBUX YMOB.....cervvrereerirerneennss
PO3J1J 2. YMOBU, MATEPIAJIM TA METO/JU JOCJIIKEHbD...............
2.1. XapakTepHucTruKa JOCIIIKYBAaHUX POCTHH S.VIMINAlIS........coocvvviviiiirciece,
2.2. Bigbip cyOcTpaty Ta 3aKiagaHHs MOJbOBOTO JOCIITy Ha TEPUTOPIi
XBOCTOCXOBHIIA M. CTEOHMKA. .. ccuvveeiutieeirreaiieasitiessineesneessnseesnsneesneessnnessnnneessnes
2.3. BuzHaueHHsI KUCJIOTHOCTI Y cyocTpari CTeOHUIIBKOTO XBOCTOCXOBHIIIA. ...
2.4. Bu3HaueHHs BOJOPO3YMHHMX 10HIB y cyOcTpaTi CTEOHUIIBKOTO
XBOCTOCKOBHIIIA. 1 tveeutveesuteeestteessssaessseeasseesasseessseeasseessbeeessseeeabeeesnsseessneeenneeesnneess
2.5. Buznauenns BM y cyOcTpaTi Ta pOCTMHHOMY MATEPIAML..ccuvveveerireanreerieeanes
2.6. BuportyBanns S. viminaliS y 1a00paTOPHUX YMOBAX.......euvenrerraneanannnnns
2.7. BuzHaueHHS MOPPOMETPUIHUX MOKAZHHUKIB....vvveersrrreesssrreessisneresssseeessnsneesanns
2.8. BuzHaueHHs QUIyKTyaIliiiHOT aCUMETPIT JIMCTKOBUX TIACTHHOK ... .veervveersensss
2.9. BuzHaueHHS BMICTY OLITKA 38 JIOYPIuriiivviiiiiiiii i ettt
2.10. Xpomatorpadivuae po3aiieHHs] HI3bKOMOJIEKYISIPHUX OLTKIB.....ccvvervvenness
2.11. Omninka eheKTUBHOCTI MOTIMHAHHSI BM POCIHHAMH. ..o,
2.12. ExonoriyHa OIliHKa HaBaHTAKEHHS CyOCTpaTy BaXKKUMU METAJIAMMU...........
2.13. BUBHAYEHHS BMICTY TIPOJIIHY .vveeuvveesrreessreesreesssneesssseessessssnessssesessessnsneesnes
2.14. BuzHaueHHs BMICTY acKOpOIHOBO1, IET11p0oacKopOiHOBOI Ta
JIAKETOTYJIOHOBOT KHCIIOT ... .uutttesrseesesseesessssssssssssnsssssssssssssssssssssssssssssnnsssssssessesses
2.15. Bu3HnaueHHs BMICTY MaJIOHOBOTO JUATBILTIAY SIK MMOKa3HUKA aKTUBHOCTI
11070 8 (51e31: 30 1§ (@ ) R PR SPPRR
2.16. Buznauennst aktuBHOCTI KaTanasu (KO 1.11.1.6)......ccccceeviiiiiiieiiie

2.17. Busnauensst aktuBHOCTI mepokcuaas (KD 1.11.1.7) i

34
40
46
46

46
48

48
50
51
53
53
55
55
56
57
58

59

60

61
62

17



2.18. BusHaueHHS BMICTY (DEHOIBHMX CITOITYK..uvvreesurreresssrrressssnneesssseessssneessnnsens
2.19. BusHnaueHHs BMICTY CIIUPTO- Ta BOJOPO3UYNHHHX IYKPIB
CTIEKTPO(DOTOMETPUTHIM METOOM. .....ceuvenrerteesteanreansessnesseessesssesssessessseessessesseesses
2.20. Excrpakiis JJHK ta cexBenyBauus Hllumina MiSeq..........c.ccocvevvvieccinennnen,
2.21. Bupainenns 6akTepiii Ta sikicHa omiHka akTuBHOcTI ACC-ne3aminasm. . ......
2.22. HinrigpuHOBUN MeTOJ CKpHHIHTY OakTepiii-nornunavyiB ACC 3a
JTONTOMOTO0I0 96-TyHKOBOTO TTJIP-TITAHIIIETY ....vvveesiiiiiiiee et
2.23. CTaTUCTUYHO-MaTEMaTUYHE OMPAIIOBAHHS PE3YyJIbTATIB

B (o100 811 0 (X< & 1 TR
PO311 3. PE3YJAbTATHU JOCIIIKEHDb TA IXHE OBI'OBOPEHHA
3.1. MopdomeTrpryni mokazHUKU pocimH S. viminalis 3a pocty Ha cyOctpari
XBOCTOCXOBHIIA M. CTEOHTK. ... vvevveiuviesiieesieesieeesiessieesnsessiesaseessnessseesseesnsessseesnnens
3.2. BMicT BOJOpO3YMHHUX 10HIB Y cyOcTpaTi CTEOHULIBKOTO XBOCTOCXOBHILA. ...
3.3. Bmict BM y cy6ctpari CTEOHUITLKOTO XBOCTOCXOBHIINA Ta X aKyMYJIAIIs B
OPraHax S. VIMINALIS.........ccoiiiiii it
3.4. Exonoriuna ominka BMicty BM y cyOcTpati Ta B opranax S.viminalis 3a
pocTy Ha cyocTpaTi CTEOHUIIBKOTO XBOCTOCKXOBHIIIA. .vvveesvreeesssreresssrnesessssnessnsnnes
3.5. Ckpuninr enmoditHux Oaktepiit S. viminalis B ymoBax CTeOHUIIBKOTO
XBOCTOCKOBHIIIA. 1.ttt steeteesseaseesseesseessesssesssesseesseassesseenseeabeansesbeesseeabeasnesneenseeneeans
3.6. Busnauenns ACC-nornuHaounx eHaoiTHUX OakTepiii kopeHis S. viminalis
3a YMOB BUPOLTYBaHHS Ha TEXHOTE€HHOMY cyOctpaTi
XBOCTOCKOBHIIIA. 1.1 tvesveteeasteessseasteesseesseesssesssessaeseseessseassessseeesbessssessbesssneensessssesnnes
3.7. Haxomuuenns OinkiB y opranax S. viminalis 3a pocty Ha cyoOctparti
CTCOHUIIBKOTO XBOCTOCKOBHIIIA. 1.t .veesvstressesseeastessessseessesssesssessesssesssessesssesnsesessnes
3.8. Axtuamis mporecie [1OJI y pocnuaHux TKaHuHax S.viminalis 3a
YTBOPEHHAM MIA ... .o s
3.9. BumicT (eHonmpHEX crosiyk B opranax S. viminalis 3a pocty Ha cyOctpari

XBOCTOCXOBHIIIA. . .ot vttttiiiiittteettinnnaeeeeeeesasanssseeesenssansassseseassannnsscassnes

62

63

64

66

66

67
69

69
77

78

88

94

103

106

111

18



3.10. BwmicT ackopOiHOBO1, AET1Ap0acKOpOIHOBOI Ta TUKETOTYJIOHOBOI KUCIOT Y
opranax S. viminalis 3a ymoB pocry Ha cyocrtpari CTeOHHIIBKOTO
XBOCTOCKOBHIIIA. 1. vveuvvesveseesseessaassesseesseessesssesnsesseessenssessessssessesssessessssessenssennsesseessennes
3.11. AKTHBHICTh KaTajla3u Ta MEepPOKCcHIa3u B opraHax S. viminalis 3a pocty Ha

cyocTpaTi CTEOHUITBKOTO XBOTOCKOBHIIIA. ..c..uvveesvreessseesssressseeessneesssnessnseesssessnsnes

3.12. BmicT BoJI0- Ta CIUPTOPO3UMHHUX IIYKpiB Y opranax S. viminalis 3a pocty
Ha CyOCTpPaTi XBOCTOCXOBHILA M. CTEOHUK. .....ccvviririeiiesiiieieesieeereesiee e
3.13. BwmicT mpomdidy B opranax pociud S. viminalis 3a pocty Ha cyOcTparti
XBOCTOCXOBHIIA M. CTEOHIIK. ......cvvvvruieieeierttiieieeeeieesssssssssesssessssassessssesssssssssessssnes
PO3IT 4. Y3ATAJIBHEHHS ..ot
BUICHOBK ...ttt a et e e e e nnees
CIIMCOK BUKOPUCTAHMUX JAKEPEJL...........coviiiiiiiiiieiee e

B 131 €2 o ) PP

116

120

125

19



BCTYII

AKTyasbHicTh TeMH. OJIHI€I0 3 HAWBAXIMBIMIUX 1 HAWAKTYaJbHINIUX CEpEN
npobsieM 3a0pyJHEHHS HABKOJHUIIHBOTO CEpPEAOBUINA € TEXHOTCHHE 3a0pyTHEHHS
3HauHUX TepuTopid. [Ipuknanom takoi Tepuropii € CTEOHHUIIbKE XBOCTOCXOBHIIE, SIKE
MICTUTh 22 MJIH TOHH TBepHOi (a3u COJISTHO-TJIMHUCTUX BIAXOMIB (JIOTAIIHHOTO
30ara4eHHs, yTBOPEHUX BHACIIIOK 30araueHHs MiHepaibHO1 cupoBUHU (CHITHHCHKU Ta
iH., 2013). ¥V KOHTEKCTI IIi€l poOJIeMH BaKJIUBUM € BUBYEHHS BIUTUBY a0l0OTHYHOTO
cTpecy Ha (i310JI0T14HI aCHIEKTH CTIHKOCTI POCIIHH Ta nepepo3noain BM Mix rpyHTOM i
pociIrHaMU JIs 3’ cyBaHHA piTopemMeaialiiiHIuX BIACTUBOCTEN OCTAHHIX.

Bimomo, mo Salix spp. € mepcneKTUBHUMH POCIMHAMH 3 BHCOKHM IPHUPOCTOM
OloMacm Ta 3MATHICTIO HAKONMWYyBaTH METAW, TOPSA 13 1AM  POCIMHHU
XapaKTepU3yIOThCS aJaNTalll€l0 10 CTPECOBUX (PaKTOPIB HABKOJIHUIIHHOTO CEPEIOBUINA,
MOJAJIBIIOTO TIOM SIKIIIEHHSI HECTIPUSATINBUX (DaKTOPIB 3MIHU KJIIMaTy Ta 3a0pyaHEHHS
rpyaty (Cao et al., 2022). Ha cporomnimmnii nenp, Salix viminalis L. BBaxaeThcs
0e3yMOBHUM JIiJIepoM B OioeHepreTHill. POCIMHN BUKOPUCTOBYIOTHCS SIK CHPOBUHA JIJIS
BUPOOHMIITBA TBEPIOTO MaauBa. ToMy qy’ke 4acTo B JIITEpATypi 3yCTPIYAETHCS e OTHA
Ha3Ba — BepOa eHepreruuna (bopmryk, 2022).

B yMoBax po3BUTKY CUIBCHKOTO T'OCIIOJAAPCTBA, KIIMATUYHUX 3MIH TUTAHETH Ta
MPOJYKTOBOT KpPW3HU, BUBYEHHS MEXAHI3MIB COJBOBOTO CTpPECy POCIUH HaOyBa€e BCe
OinpIoro 3HavYeHHs. Peakiis pociuH Ha JIiF0 BUCOKHUX KOHIICHTpAIlIH coJiel CKIaaHa Ta
KOMIIJIEKCHA, BOHA BKJIFOYA€E BEJIMKY KIJIBKICTh YITKO CKOOPJIMHOBAHMX MpolieciB. Brius
Ha POCIMHU HAaIMIPHUX KOHIICHTPAIIK COJIEH MPU3BOIUTH 0 OCMOTHYHOTO CTpECy Ta
CTBOPIOE 10HHHH AucOaaHC BHACIIOK HAKOMMMYCHHS TOKCHYHMX 10HIB Cl™ Ta 0c00IMBO
Na*. ConboBUli CcTpeC TaKOX HETaTUBHO BILIMBAE HA MIHEPAIbHHIA TOMEOCTa3 pSIy
MOKMBHUX MakpoesieMeHTiB, a came Ca?* ta K* (Icaenkos, 2012).

Pocnunu, BUpoIeHi Ha 3a0py JTHEHUX IPyHTaxX, 3HAXOASTHCS 1] BILTUBOM KUIBKOX
CTpECiB 0JJHOYAcCHO, a caMe BM, 3acosieHHs1, HecTaya MOKUBHUX PEUYOBHUH, (Di310J10T1UHA
mocyxa Ta 10HHAa TOKCHYHICTh. Lli (akTopu HEraTMBHO BIIMBAIOTH Ha PICT,
NPOAYKTUBHICTh Ta mepedir ¢i310J0ro-010XIMIYHUX MPOLECIB Yy TKAHMHAX POCIUH

(Shankar, Evelin, 2019; Zahra et al., 2021; Fetsiukh et al., 2022). Peakist pociud Ha
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BHUIIIC TIEPETIUEeH] CTPECH 3aJICKUTh BiJl BUY, TEHOTHUITY, CTaHy PO3BUTKY Ta METa0O0II3MY
pPOCIMHH, a TaKOX TpUBaJIOCTI 1ii ctpecy (Babeanu et al., 2017). BcranoBneHo, 1o y
BIJINIOBIIb HA JaHi CTPECOBl (h)aKTOpHU y KIITUHAX POCIUH CIIOCTEPIraeThCs HaIMIpHE
HakonuueHHs akTuBHUX popm kucHio (ADPK) (Yang et al., 2021; Fetsiukh et al., 2022),
AK€ MOXe BUKIMKATH TepekucHe okucieHHs mimiaiB ([1OJI), oxucnmenus Oinka,
iHakTuBali0 QepmenTiB, nmomkomkeHHa [JHK ta/abo B3aeMonis 3 1HIIMMH JKUTTEBO
BOKJIMBUMU CKJIQJOBUMHU KIIITUHU POCIIHH, @ TAKOK BUKIIMKAE TOLIKO/KEHHS KIIITHH, 1110
NPU3BOAMTE 10 3amporpamoBanoi 3aruoeni xritun (Koyro et al., 2012; Parihar et al.,
2014; Hasanuzzaman et al., 2020; KaBymnuy, 2020). Heitrpanizanis APK y opranizmi
POCIIMH 32 YMOBaX OKHCHOTO CTpecy €(heKTHBHO 3a0e3medyeThcsi (PyHKIIOHYBAHHSIM
0araToCTyNEeHEeBOI CHCTEMH 3aXHCTY, KA CKIAAA€THCS 3 BACOKOMOJICKYJISIPHUX CIIOJIYK —
AHTUOKCUIAHTHUX (epMeHTIB (Karajasza, MEpPOKCHIa3a) Ta HU3BKOMOJIEKYJISIPHUX
AaHTHOKCHJAHTIB ((EHOJBHI CIOJYKH, BITaMiHM, aMiHOKHCIOTH Ta Iykpu) (Mushtaq et
al., 2020; Chiappero et al., 2021; Eljebbawi et. in., 2021). JI151 KOHTPOJIIO OKKCITIOBAILHO-
BIJIHOBHOT'O TOMEOCTa3y B KJIIITUHAX POCIIMH BOXKIMBHUM € Oanianc Mix mpoykiiero ADK
Ta OIOCHMHTE30M aHTHOKCHJIaHTIB. BBaxkaeThcs, 10 AHTHOKCUAAHTHA (PEpMEHTHA
CHUCTEMAa € OCHOBHUM MEXaHI3MOM CTIHKOCTI POCIWH 3a BIUIUBY CTPECOBUX (HaKTOPIB
(Das, Roychoudhury, 2014; Foyer, Noctor, 2005; Amist et al., 2019; Dumanovi¢ et al.,
2019; Ghasemi-Omran et al., 2021; Xie et al., 2022).

KimiTuau pocivH BiAMOBIAAIOTh HA CTPEC 3MiHAMHM IpoIiecy O10CHHTE3y O1JIKIB.
30epeKeHHSI CTPYKTYpH O1JTKOBMX MOJIEKYJI 1 3amo0iraHHs iX arperamii Ba)JUBI st
icHyBanHs B cTtpecoBux ymoBax (Wang et al., 2004; Kosova et al., 2013). Binkwu
terioBoro moky (BTL), siki yTBOPIOIOTHCS y BIAMOBIAL HA 3MIHY TaKUX YMHHHKIB SIK
3aCOJICHHS, BIAMOBIJAIOTh 3a CKJIAJaHHS OUIKIB, TpaHCJIOKalll0 Ta Jerpajaliio B
0aratb0X KIITHHHUX Tpollecax, CTaduT3yloTh Outku i MemOpanu (XamiH, [Tupixoxk,
2020). IIpoTeoMHO0 IMIACTHYHICTIO POCIMHH aJaNTYIOThCS 0 3MiH HAaBKOJHUIIHBOTO
cepenoBuia. Po3kpuTTs MexaHi3My (opmyBaHHS BIANOBIAI POCIMHHM Ha CTpec 1
3’CyBaHHsS pPOJi OUIKIB y 3a0e3medeHHl iX CTIHKOCTI MAarOTh BEJIMKE MPaKTUYHE U

TeopeTuyHe 3HaueHHs (Wang et al., 2004).
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PocauHu B OCHOBHOMY € MEPBUHHUMM akymyjsitopamu BM, ToMy BuUBUYEHHS
BIUIMBY BM Ha pOCIMHHI OpraHi3MHu 1 MEXaHI3MH iX CTIMKOCTI CTaHOBJISATH BEIMKHUM
dbyHnamenTanbHul 1 npukiIaauui intepec (Xamin, [upixok, 2020). JlepeBa Takux poiB
sk Salix, Betula, Populus, Alnus ta Acer gocuTh 4acTO BHUKOPHCTOBYIOTHCS JIJIst
nochimkenHs BBy BM Ha pocnunaHMii opraHizM. I[Ipore 3 mertoro ¢itomemioparrii
OUTBITY yBary NPHIUISIOTH IMIBHIKOPOCTYYUM BHJIaM, HANpUKIaa, TakuMm sk Salix sp.
(Derrox Ta iH., 2019). Psag gociimkens MiATBEPIUIN BUCOKY edekTuBHICTH BepO (Salix
Spp.) Y BUKOPHCTaHHI JuIs ouuleHHs 3a0pyaHennx 3emenb BM (Arsenov et al., 2020;
Gautam et al., 2021; Sameena, Puthur, 2021).

BaxxnuBe 3HAY€HHS BIJIITPAIOTh 3B'S3KM POCIMHA-MIKpOOioM. OIliHKa BIUIMBY
MIKpOOiOMY Ha O3HAKH, IO JEXaTh B OCHOBI €KOHOMIYHO BRXKJIMBUX KYJIBTYp € JTy)KeE
BaxxiuBuMu (Cappelli et al., 2022). KopucHi MikpoopraHi3M# BxKe€ 1aBHO BUIUISIOTH 3a
JIOTIOMOTOI0 TPAJIULIMHUX MIAXOMIB, SIKI HaJAAlOTh KOPUCHY 1H(OpMAaLiio A1 OLIHKA
MikpoOHoro pizHoMaHITTA (Gupta et al., 2021). Ognak He yci 1aboapTOpHI MiAXOAU J1€BI,
OCKUJIbKHU TOKUBHI CEPEIOBHUINA, CICHU(IYHI I TPyNu OaKTepiil, MOKYTh OOMEKYBaTH
BUSIBJICHHS JIOMIHYIOYMX MIKPOOHHUX YIpYNOBaHb, IIOB’SI3aHMX 3 POCIMHAMHU.
B3aemo3anexxHicTh MDK OakTepisMH MOXKE 3MEHIIUTH iX PICT Ha TOKXUBHOMY
cepenoBuil. Tomy BUHHUKAE MOTpeda y MeTOAaX 13011111 BUAIB crieludiuHuX OaKTepiH,
30epirarouu MOTEHLIHI B3aeMO/I1i OakTepisi-OaKTepis, skl BTpayarOThCs, KOJIM KOJICKITIi
KyJbTYp CTBOPIOIOTBCS HA OCHOBI YHCTHX KyJbTyp. JlochmimKeHHS BUKOPUCTAHHS
MIKpOOHOT'0 KOHCOPIIiyMY 3a JOTIOMOI0I0 MiJIX0Ay 300py KYJIbTYp Ha OCHOBI MiKpOOHUX
yIpyMHOBaHb SIK aJbTEPHATUBHOTO BUKOPUCTAHHS KOPUCHUX 1HOKYJISTHTIB MIKpOOiOMYy €
akTyanpbHUM muTaHHsIM (Aamir et al., 2021). [Hokynsimis pociuH OakTepialTbHUMU
KOHCOPIIIyMaMH MOX€ MPUHECTH KOPUCTh POCIHHI OLIBIIOI MIPO, HIK THOKYJISIIIS
JUIE OAHUM OakTepiaJlbHMM INTaMOM. I[HHOBaliiiHa cTpateris uIs iaeHTHdIKAIi
KOHCOPIIIYMIB KOPUCHHUX MIKpPOOPTaHi3MiB POCIIMH 3/I1IMCHIOETHCS Ha OCHOB1 aKTUBHOCTI
MikpoOHoro karabosnizmy ropmoniB (Lebrun et al., 2021; Santoyo et al., 2021).

Mera i 3aBaaHHs JocjigxeHHs. Meroro poOoTH OyJnO OLIHWUTH BIUIMB

TEXHOTEHHOTO 3a0pyIHEHHS Ha MOppoMeTpryHi Ta (iziosoriuni mokazHuku S. viminalis,
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a TAaKOX BUBYECHHS CKJIaJly YyIPyIOBaHb €HA0(PITHUX OaKTepiii KOPEHIB POCIUH B YMOBaX
CTeOHHMIIPKOTO XBOCTOCXOBHIIIA.

OcHoBHI 3aBAaHHS pOOOTH:

- BUSIBUTHU BIUTMB TEXHOTCHHOTO 3a0pyaHEHHS Ha MOp(OMETpUYHI MOKAa3HUKHU Ta
BMICT BOJH B opranax S. viminalis B ymoBax CTeOHHIIBKOTO XBOCTOCXOBHIIIA;

- BU3HauuTH BMicT BM y pocinHHOMY MaTepialii Ta cyOCcTpaTi XBOCTOCXOBHIIA 32
YMOB POCTY POCJIMH, a TAKO OLIIHUTH BIAMOBIAHICTb BMicTy BM eKoi0riyHUM HOpMaMm;

- Bu3HaunTH ckiax Eb kopeniB S. viminalis 3a cymMicHOTO BILUTUBY TE€XHOT'CHHOTO
3a0pynHeHHss CTeOHMIIBKOTO XBOCTOCXOBHINA Ta pu3ochepu Salicornia europeae L.;

- JOCIHIJUTH BIUIUB YMOB XBOCTOCXOBHUINIA HA HAKOIMWYEHHs OLUIKIB y OpraHax
S. viminalis;

- BCTAHOBHMTH IHTEHCHBHICTB MPOIIECIB TIepeKncHOro okucHenHs miniais (ITOJI) y
tTkaHuHax S. viminalis 3a yrBopeHHsM MasioHOBOTO auanbaeriay (MIA);

- JOCHIIWTH BIUIMB YMOB XBOCTOCXOBHINA Ha CTaH OKPEMHX KOMIIOHEHTIB
antuokcuganTHoi cucreMu (AOC) pociuH — axtuBHICTh Katanasuw (KAT) Ta
nepokcunazu (I1OJ]), Bmict ackop6iHoBoi (AK), merimpoackop6inoBoi ([II'AK) Ta
nukerorysonoi kucioT (JIKIT'K), dhenonpHUX crionyk, MpoJiiHy Ta PO3YMHHUX IYKPIB Y
opranax S. viminalis.

O0’exT nocaimkenHs — (iziosnoriuni agantuBHi peakmii S. viminalis B ymoBax
POCTY Ha TEXHOTEHHOMY CyOCTpati XBocTocxoBuia M.CTeOHUK.

IIpeamMer pociaixkKeHHsl — BIUIMB TE€XHOT€HHOTO 3a0pynHeHHs CTeOHUIBKOIrO
XBOCTOCXOBHIIA HA POCTOBI Ta (hi310J10T1UHI MOKA3HUKHK pociuH S. viminalis, 3okpema Ha
CTaH AHTUTOKCHJIAHTHOI CHCTEMH Ta BMICT OIJIKIB y OpraHax pOCJIHH, a TaKOX
diTopemeniaiiitHi BractuBocti S. viminalis Ta B3aemoii pocimHa-MiKpoOioMm.

MeTtoau aocaimpkeHHss — OiomeTpuuHi (pOCTOBI Mmapamerpu), (i3HKO-XiMidHi
(KHCIIOTHICTB cyOcTpary), OioxiMivni (BMICT Oijika, HAKOTTUYCHHS HU3bKOMOJICKYJISIPHUAX
oinkiB, MJIA, nponiny, nepokcuaasu, kartaiasu, (peHonpHux crnoiyk, AK, JIAK Ta
JKI'K), KOMIUIEKCOHOMETPUYHUH (BMICT BOJOPO3YMHHHX 10HIB), CIEKTPO(POTOMETPHYHI

(Bmict BM y pocniHHOMY MaTepiani Ta cyOCTpaTi; BUSHAYCHHS OaKTepid-MOTIIMHAYIB
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ACC), monekymspni (exctpakmis JITHK, cexBenyBanus Illumina MiSeq), cratuctuuni
(anaui3 1 Bizyaui3allisi pe3yJbTaTiB).

HaykoBa HOBHM3HAa oJep:kaHMX pe3yJbTaTiB. Brepiue BCTaHOBJIEHO BIUIMB
TEXHOTEHHOTO COJILOBOTO 3a0pyJHEHHS XBocTocxoBHia M. CTeOHHK Ha (popMyBaHHs
peaxiiiii aHTHOKCHIAHTHOI Ta O1JIOKCUHTE3YI0UOi CUCTEM €HEpreTUYHOI POCIMHU BEpOu
npytoBuaaoi (S. viminalis). Ilokazano yuacth QepMeHTHUX Ta HEPEPMEHTHUX
aHTHOKcHIaHiB S. viminalis y 3abe3mnedenHi cTpec-pOTEKTOPHOT peakiiii opraHiaMy 3a
71a00paTOPHUX Ta MOJFOBUX YMOB BHPOIIyBAaHHS POCIIMH Ha TEXHOTEHHO 3a0pyIHEHOMY
cyOcTpaTi  XBOCTOCXOBHINA. J[OBEEHO NPUYMHHO-HACHIAKOBHM  3B’SI30K  MIX
30UTBIICHHSM KUTBKOCTI 3a0pyTHEHHSI B CyOCTpaTi XBOCTOCXOBHIIA T2 BMICTOM MPOJIiHY,
PO3YMHHUX IIyKpPiB, aCKOPOIHOBOI KHUCJIOTH, aKTUBHOCTI aHTUOKCHIAHTHUX (PEpMEHTIB
(KAT, ITO) B opranax S. viminalis 3a 1ii TeXHOr€HHOTO 3a0pyIHEHHS XBOCTOCXOBHIIIA.

Bnepiie BCTaHOBIEHO HAsBHICTb HHU3bKOMOJEKYJSIPHUX CTPECOBHX OLJIKIB
(8 — 30 kx/la) y opranax S. viminalis Ta mokaszano iX y4acTp y afanTtalifHuX mporecax
S. viminalis 1o ctpecoBux ymoB CTEOHUIILKOTO XBOCTOCXOBHIIIA 32 Ta0OPATOPHUX YMOB
BHUPOIITYBaHHSI.

[IpoaeMOHCTPOBaHO  IOLIBHICTG  BUKOpHCTaHHs  S.viminalis 3  Meroro
¢diTopemeniailii Ha TEXHOT€HHO 3a0pYyJIHEHUX TEPUTOPISX. BCTaHOBIEHO 3MEHIICHHS
BMicTy BM y cy0cTpaTi XBOCTOCXOBHILA HUISIXOM iX HAKOMMYEHHS B OpraHax pOCIIHH.

Brnepiie onep:xaHo pe3ysbTaTH CyMICHOI'O BIUIMBY TEXHOTE€HHOTO 3a0pyAHEHHS
XBOCTOCXOBHIIA Ta pu3ochepHUX OakTepii S. europaea Ha ckiag eHaopiTHIX OaKkTepii
(EB) kopeniB eHepretnynux pociamH S.viminalis B ymoBax CTeOHHUIIBKOTO
xBocTocxoBuiia. [{ys BuBuenns ckinany Eb kopenis S. viminalis y auceprartiiiniii po6oTi
BUKOPUCTAHO METOJ] CeKBeHyBaHHs HoBoro mokoiinHs lllumina MiSeq. Bucsitieno
HasIBHICTh POAIB OakTepiH, AKi )KUBYTh Y €KCTPEMAJIbHUX YMOBaX CEpeOBHILA, a caMe
Halobacterium, Marinobacter, Idiomarina, Marinobacterium.

Teopernune Ta mMpakTH4yHe 3HA4YeHHs poOoTH. OTpUMaHi eKCTIepUMEHTANIbHI
JlaH1 TUCepTaIifHOT poOOTH TOMOBHIOIOTH TCOPETHYHI YSIBJICHHS MPO PEAKINii CTINKOCTI
POCIHH, 3B’SI30K MiXk MPOIIECAMHU POCTY, aKTUBHICTIO €H3UMATUYHUX aHTUOKCH/IAHTIB Ta

KUIBKICTIO HE()EePMEHTHUX aHTUOKCHUJIAHTIB, OITOKCHMHTE3yIOYOi CHUCTEMH, a TaKOXK
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dbiTopemMeniiamiiftHi BIACTHBOCTI POCIMH BepOM eHeprernuHoi S.viminalis 3a ymoB
3pOCTaHHS Ha TEXHOTEHHO 3a0pyJIHEHUX TepuTopisx. JloChipKeHHs aucepTaHTa
po3mmproe  (QyHIAMEHTaNbHI 3HAHHS TPO MEXaHI3MH CTIMKOCTI Ta ajanTarlii
CHEPreTUYHUX POCIUH JI0 YMOB TEXHOTEHHOTro 3a0pyaHeHHs. [IpakTuyHe 3HaYEHHS
poboTHU mossirae y OUIBII I€TaJIbHOMY BUBYEHHI MPUCTOCYBAHHS €HEPTEeTUYHUX POCIUH
70 POCTY HAa HEMPOAYKTUBHUX Ta 3a0pyIHEHUX IUISHKAX 3 METOI0 MIABUIICHHS iX
MPOJYKTUBHOCTI Ta PO3BUTKY CUIBCHKOrO rocrnojapcTBa. Iloka3zaHO MOMXIHBICTh
MPAKTUIHOTO BUKOPUCTAHHS POCIWH 13 MeTow pememniamii. J{ocmmkenns ckmanxy Eb
KOPEHIB JIOCIIKYBAaHUX POCIWH TIOKa3aJid HAsSBHICTh OakTepiil, fKi >XHUBYTh Yy
eKCTpaMaJbHUX YMOBAX CEpe/IOBUINA, MPEICTABHUKH SKUX BIIITPAIOTh BAXIJIUBY POJIb Y
CTIMKOCTI POCJIMH J10 3acoJieHHs Ta BIUIMBY BM. OTpumani pe3ynbTaTd CHPUATUMYTh
MOJAJIBIIIOMY PO3BUTKY BHKOPHUCTAHHSI TPEACTABHUKIB JaHUX POJIB B SIKOCTI
THOKYJISTHTIB JJIS MTIATPUMKH POCTY POCIHH B TEXHOTCHHUX YMOBAX BUPOIIyBaHHS.

Pesynbratu nucepTaiiiiHoi poOOTH MOXKYTh OyTH BUKOPHUCTaHI MPHU MPOBEACHHI
JOCITIJIKEHB Y Tamy3i (i310J10T1i CTINKOCTI POCIIMH Ta BUKJIaJIJaHHI HABYAJILHUX KYpCIB Ha
kadenpi ¢izionorii Ta eKoJorii pociuH OionoriyHoro (axkynpTeTy JIBBIBCHKOTO
HaIllOHAIBHOTO YHIBepcuTeTy M. [. dpanka, a Takox y 1HIKX 3akiaagax. OTpuMaHi JaHi
€ BaXJIMBUMU JJIs1 PO3BUTKY Taiy31 (1310JI0T1i Ta €KOJOrii pOCINH, KPIM TOIO BOHH €
BarOMHUMH JIJI1 BUPOINMYBAaHHS JAaHOTO BHUAY CEHEPTCTUYHUX POCIMH Ha TEPUTOPIi
XBOCTOCXOBHIIA Ta IHIIUX TEXHOTCHHO 3a0pyTHEHUX TEPUTOPIX YKpaiHu.

Oco0ucTuii BHecok 3100yBaya. 3100yBay 0COOMCTO BUKOHAJIA MONTYK Ta aHaJi3
JOKEpen JnTepaTypu, OOIPYHTyBaJla METy Ta 3aBJaHHS CKCIEPUMEHTIB, OCBOija
BIIMOBIHI METOAM JOCIIKEHb Ta IMpoBeja €KCIEPUMEHTH, a TaKOXX Hamucanga yci
pO3aIM AMcepTalli Ta 3HAYHY YaCTUHY TeKcTy nyOmikamiid. OTpumaHi pe3ylibTaTu
MPOBEICHUX JIOCIIKEHb IHTEPIIPETOBAHI, y3arajibHEHi 1 MATOTOBJICHI 0 myOmiKkaiii 3a
y4acTIO HayKOBOI0 KepiBHUKa 1.0.H., pod. Tepek O. 1., a Takox criiBpoO1HUKIB Kadeapu
¢b1310J10T1i Ta €KOJIOTrii poCauH 010J0r1YHOr0 (hakybTeTy JIbBIBCHBKOTO HaI[lOHAIBHOIO
yHiBepcurety M. I. @panka acuct. bBynwso JI.B. ta nom. Iamynu O.1. opmyBanns inei
po0OTH, TUTAHYBaHHS KOMIUIEKCY J1a0OpaTOPHUX IOCTIIKEHb MPOBEIACHO 3a Y4YacTIO

HAyKOBOTO KepiBHUKA 11.0.H., mpod. Tepek O. . /{151 BUKOHAHHS OCIIKEHHS CKPUHIHTY
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eH0¢hITHUX OaKTepiid KOPEHIB POCIUH Ta iX MeTaboIuyHuX PYHKIIIHM 37100yBay mpoitiiia
CTaXyBaHHs Ha 0a31 kadeapu MikoJsorii Jiicy Ta martosorii pociaun IlIBenchkoro
YHIBEpCHUTETY CillbchKorocmoaapchkux Hayk (Department of Forest Micology and Plant
Pathology, Swedish University of Agricultural sciences (SLU) (Vumncana, IlBenis)) y
pamkax cruneHpiitHoi mporpamu Visby Bin LlIBencekoro inctutyty (Svenska Institutet
(S1)) mix xepiBaurTBOoM Dr. S. Timmusk.

3B's130K po00TH 3 HAYKOBUMH NMPOTrpamMaMM, IJIAHAMHU, TeMaMHu. J(ucepraliiini
JOCTIIKEHHSI BUKOHYBAJIUCS B MEXaX HayKOBO-JOCHIIHOI TeMU Ha Kadeapi ¢izionorii
Ta eKoJIoTrii pociuH OlonoriyHoro ¢akynpTeTy JIBbBIBCHKOTO  HAIIOHATBHOTO
yHiBepcuTeTy iMmeHi IBana ®panka — «BUKOpPUCTaHHS EHEPreTUYHUX POCIUH IS
ditopememiamii TexrozemiBy (Ne mepxkpeectparii 0117U000893 (B mexax poOoUoro
yacy); Ta Ha kadeapi MIKOJOrii JCy Ta Marojiorii pociuH (aKyJIbTeTy HPUPOIHHUX
pecypciB 1 cimbchKorocmojapcbkux — Hayk  llIBeacbkoro  yHiBepcHTETY
clbchKOTOCTIOAapchkux Hayk (Ymmcana, I1IBemis) B pamkax nmpoektiB «Development of
native rhizosphere community-based microbial consortia (CBC) for crop stress tolerance
improvement» ta «Bioremediation of pollution generated by manmade chemicals in the
form of industrial activity, agricultural chemicals, or the improper disposal of waste» 3a
niarpumk [lIBenceroro inctutyTy (Svenska Institutet).

Anpobania pesyabratiB aucepramii. OCHOBHI MOJOXXEHHA JUCEPTALIMHOI
poGotu Oynu mpexacrasineni y ponoBigsx Ha XII-XVI MixHapoaHux HayKOBHX
KoH(epeHIIisIX CTYACHTIB Ta acmipaHTiB «Mojoab i moctyt 6iomorii» (JIseis, 2016; 2017,
2018; 2019; 2020), Il-omy HayKOBO-METOAWYHOMY IHTEpHET-ceMiHapi «®diziosoris
POCIIMH Yy CHCTEMi CydacHHMX OIO0JOTIYHMX 3HaHb Ta Hayk» (Xapkis, 2016), XI-XII
Mixnapoguux HaykoBuX KoH(epeHuisax «biosoris: Big Mosekynu A0 Oiocdepu»
(XapkiB, 2016), XV MixHapoaHii HayKOBIA KOH(MEpEHIli MOJIOAUX BUYECHUX
«llleBuenkiBcrka BecHa» (KuiB, 2017), InTepHamioHaNbHIA HAyKOBO-IIPAKTHYHIH
xoHdpepentii «Modern methodolodies, innovations, and operational experience in the
field of biological sciences» (Lublin, 2017), IV MixHapoaHiii HayKOBO-ITpaKTHYHi#
KoHpepeHIli «CTaH NpUpOTHUX PECYPCIB: IEPCIEKTUBHU iX 30€peKEHHsI Ta BITHOBJICHHS

y KOHTEKCTI cTajoro po3BUTKy» (Iporodmu, 2020), MixHapoaHiii HayKOBOi
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KoH(epeHiii «AKTyanbHi mpobiemu (izionorii pocinun 1 reHetukn» (Kuis, 2021),
acHipaHTChKUX JHSX (DaKyJbTE€Ty XapyoBOi I1HXKEHEpii, TypuU3My Ta OXOpPOHHU
HABKOJIMIITHLOTO cepeioBuIia YHiBepcuteTy Apena Bnaiky (Apanx, Pomynis, 2021).

Ilyoaikanii pe3yabTaTiB  JOCHiI:KeHHs. 3a  MaTeplaJiaMu  JUcepTalii
ormy6JikoBaHO 19 HayKOBHMX mpallb, 13 HUX — 6 cTared, y TOMy 4ucili 5 y (axoBux
BUJAHHAX YKpainu Ta 1 y MDKHApOJHOMY BHJaHHI, 0 BXOAWTH 10 HAYKOMETPHUUYHOI
0a3u Scopus.

Crpykrypa Ta o0car guceprauii. J[ucepTaiiiss MICTUTh HACTYITHI PO3/LIN: BCTYII,
OIJISI JITEpaTypu, Marepiaii Ta METOAM JIOCHIKEHb, PpEe3ylbTaTh JOCIIKECHb,
BHUCHOBKH Ta CIIMCOK BUKOPUCTAHUX JiKepel. Jlucepraiito BukianeHo Ha 182 cropinkax
npykoBaHoro Tekcty 1 mpoimoctpoBaHo 30 pucynkamu Ta 10 tabmuusamu. Crmcox

JiTeparypu Haniuye 293 HaliMeHyBaHb.
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PO3I1JI 1
OorJjisA JITEPATYPU

1.1. TexHorenno 3a0py/aHeHi TePUTOPIi Ta HIJISIXH iX BiAHOBJICHHA

B Vkpaini, 3okpema y [lpukapnarri, po3TamioBaHl yHIKajdbHI MOJIMIHEpaJIbHI
pyIY, aHAJIOTIYHUX SKUM Y CBITI qyke Mano. B ix ckmag Bxomuth monam 10 pi3HuX
minepanis ([laBmiok, depent, Menvko, 2013). YV Jlporobunbkomy paiioHi JIbBiBCbKOT
obsacTti 3Hax0AUThCsl CTEOHUIIBKE POJIOBHINE KaJlHHO-MarHi€BUX COJICH. Woro moma
cknagae 30 xm? (JaxiB Ta im., 2013). Iokmagu poJOBHINA 3a XIMIYHHM CKIagOM
HaJeXaTh J0 coyie cynbdarHoro tumy. JlJis HUX XapakTepHUW IyKe CKIaJHUN 1
CBOEPIJTHUNA KOMIUIEKC COJISTHUX MIHEpaIiB 1 BUHITKOBO BEJIMKHI BMICT TJIMHHCTOTO
Marepiany. [l moknagu miHepasaiB MalOTh BAXKIMBE MPOMUCIOBE 3HAYEHHS, OCKIIbKU
BOHU € IIIHHOI CHUPOBHHOIO JUIsi BUPOOHUIITBA ACHIIUTHUX OE3XJIOPHUX KaTIHHUX
miHepanbauX no0puB (binonixkka, [sxis, 2009; Cuitnnchkui, 3emicko, 2013).

[HTeHCHMBHE pO3pO0IEHHS ModIMiHEpaIbHUX pyA M. CTEOHMKA BEJIOCH 1€ 3 YaciB
CPCP (ITaBmtok, ®epeni, Menbko, 2013). ¥V 1946 p. Oysno chopmoBane CTeOHHUIIbKE
nepkaBHe TipHU4YOo-XiMiuHe mianpueMctBo (AI'XII) “Ilomiminepan”. ¥ 1966—-1967 pp.
noOy70BaHO XIMIUHYy 30aradyBajbHy (aOpuKy, sKa BHUITyCKaja KaJlliHO-MarHi€eBe
MiHepaiabHe J0OpuBO (KamimarHesito) 3 BmictoM KO no 17-18 %. HailinTeHcuBHiLIe
pojoBuIle ekcrutyaryBasiocs y 80-x pokax XX cT. — moHaj 2,5 MJIH T Ha pik. Y 1988 p.
y 3B’SI3Ky 13 YTBOPEHHM IIIJI3EMHUX KApCTOBUX IOPOKHHUH, SKI CTAHOBJIATH 3HAYHY
HEeOEe3MeKy 1 MOKYTh IPU3BECTHU A0 TEXHOTE€HHOI KaTacTpodu, Ta miciis poOoTH Oararbox
JIep’)KaBHUX KOMICIHM, XiMiuHy 30aradyBaiibHy Gabpuky Oyino 3akputo, a y 1993 p.
NPUITMHEHO TaMIOHAXHI po0oTH y KapcroBux mopokHuHax (Kypumsk, 2016). Ha
ceorojiHi mepepobienHs pyau Ha JI'XIT we 3milicHioethesa. lle moB’sizaHo 13
HEJIOCKOHAIIICTIO, CKJIAJIHICTIO ¥  EHEPrOBUTPATHICTIO  CIMOCOOYy  XJIOPHUIHOTO
suiyroByBanHs (binonixkka, Jlskis, 2009; IMapdentok, 2011).

Bnacnigok aismeHOocTi CreOHUIbKOTO KaiiiHoro 3aBoay I XIT «Ilomiminepan
Ha MIBHIYHO-CX1AHIH oxoiuil M. CTeOHMKAa HAKONMMYMIOCH 22 MIIH T BIOXOIB, SIKI
30epiratoTbCs y XBOCTOCXOBHILI 3aBOJy. Y XBOCTOCXOBHILE CKHIAIU HeNepepoOeHy

pyay, MICOK, TIMHUCTI MaTepiajiy, pomy, Ka MICTUJIA 3IMIIKH KaTIMHUX COJIeH, y TOMY
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gucii i1 BM (Pesera, 2006). CyGcTpaT XBOCTOCXOBHIIA Y TTOBITPSHO-BUCYIIIEHOMY CTaHi
Mae 3a0apBIIEHHS BiJl TEMHO-CIPOTO JIO0 CBITJIO-CIPOTO KOJIbOPY. 3a0apBIICHHS 3aJICKUTh
BiT BMICTY COJIeH, SIKi, KPHUCTaJI3yIOUUCh, HAJaIOTh CBITJIIIIOTO 3a0apBICHHS.
XBOCTOCXOBHIILIE CKIATAETHCS 3 JBOX CEKI[M 3arajbHOIO IMUIONIer0 Oym3bko 125 ra.
[Tnoma mnepmioi cekmii — 69 rta. Jlpyra cekmis 3amoBHEHA pOTOK 1 pPO3JAUICHA
NEPEeMUYKOIO Ha /1Bl AUISHKH — IMIBJACHHY Ta MiBHIUHY, TUIOIICIO BiAMOBIAHO 28,9 Ta 26,9
ra (ITepexymnko, 1998; binonixkka, 2009; ®errox Ta iH., 2020). 3a CTPYKTYpoOrO cyOCcTpart
TpiOHO3EPHUCTHI, TOOPE 3MOUYYETHCS BOIOK0. TOMY BHACIIIOK B3a€MOII1 aTMOC(EpHHUX
OmajiiB 31 CyOCTpaToM XBOCTOCXOBHIIA BiJOYBAa€TbCsl BWIYTOBYBaHHS COJIEH 1
YTBOPIOETHCSI BTOPUHHA POTIA, SIKa CTIKAE Yy 3HMKEH1 IIIITHKY JTHA repiioi cekiii (Derrrox
Ta 1H., 2018). OCHOBHUMH KOMIIOHEHTaMH XBOCTOCXOBHIIIA € COJISIHI PO3COJIH, rajJiTOBI
Ta IUTAMOBI TBepAl Biaxoau. Po3conm, Ha kamb, HE HEPEpOOISIOTHCSA, a MOCTIHHO
3aCOJIOIOTh MPUJIETIIL 3€MJI1 Ta BOJAM 1 CTAHOBIIATH E€KOJIOTIYHY 3arpo3y i panoHIB
BUPOOHUIITBA Ta s Oaceitny piku Hictep (SIBopcekuit u np., 2012).

HeraTuBHuii BIJIUB XBOCTOCXOBHIIA HA JOBKIJUISI CIPUUYMHEHUN 3a0pyHEHHSIM
rigpocepy COJOHOK BOJAOIO, IO 3yMOBJIEHE MO3UTHUBHUM OajgaHCOM BOJAU B
XBOCTOCXOBHII. Taki pyKOTBOPHI «MEPTBI» 3eMJIl 3aiiMalOTh 3HaYH1 3€MEJIbHI TISTHKH,
10 BWJIYYarOThCS 3 CUIBCHKOTOCIIOAAPCHKOTO KOPUCTYBAHHS, @ TaK0X CTBOPIOIOTH
MOCTIMHY 3arpo3y JJisl IpUPOaU Ta Ipwieraux HaceneHux nyHKTIB ([TaBmrok, depenil,
Menbko, 2013). OnHak, y 3B’ 13Ky 31 3HH)KCHHSIM BOJIOTOCTI Ta 3MEHIIICHHS KOHIICHTpAIIii
cojiei, y cyOcCTpaTi XBOCTOCXOBHILIA BIIOYBA€ThCA IMOCTYNOBE MPOHUKHEHHS
ditoneHo3iB. Hampsim 3apocTtaHHs Mae JHIMHMA XapakTep 1 YiTKO JETEPMiIHOBAHHM
3MIHOIO 3aCOJICHOCTI i BosiorocTi. [TioHepHi crasii 3apocTanHst GOPMYIOTHCS 3 POCTUH
rajio()iTHUX 1 COJECTIMKUX EKOJOTIYHUX TPYI, Y SIKHUX HEMAE MPEACTAaBHUKIB ABTOXTOHHOT
baopu (Cabar, Ilatitnep, 2014). Ile cBimuuTh NPO HEBIAMOBIAHICTH CyOCTpaTy
XBOCTOCXOBHIIA YMOBaM MPUPOJHUX IPYHTIB 11i€l Teputopii (Caiyk, 2006). YV 3B’ 53Ky
i3 M xBocTocxopuine CTeOHHMKAa HaJICKHUTh J0 TEXHOreHHHMX cyoOctpatiB (Cabar,
[aiitiep, 2014; derrox Ta iH., 2018).

[IIupoke mnpomuCiIOBEe 3a0pyAHEHHS Ta HOrO0 CEPHO3HI EKOJIOro-eKOHOMIYHI

HACJTIIKM BUKJIMKAIOTh aKTYaJbHICTh PO3POOKH Ta BIOCKOHAJICHHS IMiJXOJIB [0
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pPeKyJIbTHBALII TPYHTIB SIK KJIIFOYOBOTO KoMIoHeHTa ekocuctemu (Koptsik et al., 2021).
Po3B’s13aTu JaHy €KOoJIoTiuHy MpobiieMy MOXKHA, pO3pOOJISIOUr 1 BIPOBAIKYIOUN HOBY
CHEeprooIIaHy TEXHOJOTII0 KOMIUIEKCHOTO MEepepOOICHHS TaKUX PO3YHHIB, OCKUIBKU
BIJIOMI TEXHOJOTii CcKjiaagHl Ta eHeproButpaTHi. Cepen TakuX TEXHOJOTIH €
3aCTOCOBYBAHHS OPTaHIYHUX PEAreHTIB, SKi MAIOTh 3/IaTHICTh CEJICKTUBHO BHCOJIOBATH
MIEBHI COJII YM iX TPymnH 13 6araTOKOMIOHEHTHUX cucTeM: eTaHoi (braxkiBchkwmii Ta iH.,
2011), 13ompominoBuit cnupt (ABopckuii Ta iH., 2009). JoCHiAHUKHA HOBEIH, IO
BUKOPHCTAHHS MIEBHUX BHJIIB POCIUH Y Tpolieci piTopeKynbTuBaiii Ta ¢iTopememiamii
IPOZEMOHCTPYBAJIO MIEBHY Haito Ha 6iopememiarito (CamoxBaioBa 1a iH., 2015; Asgari
Lajayer et al., 2019). CtBopeHHS MITY4YHHX JICiB BH3HAHO €(PEKTHMBHUM METOJIOM
O3JIOpPOBJICHHS JerpajoBaHux 3emenb (Jabbarov et al., 2021). Jlns edekTuBHOTO
BIJIHOBJICHHSI 3aCOJICHUX TIPYHTIB JOLUIBHUM € TiA0Ip KyJIbTyp, fKl Oyiau O
HEBHOATIMBUMHU JI0 YMOB 3pOCTaHHS, KOHKYPEHTO3JaTHUMH T10 BiTHOIIECHHIO JIO 1HIIINAX
POCIIVMH Ta NMPUJATHI 1JIs1 3pOCTaHHs Ha 3a0pyAHEHUX I'pyHTax. ToMy BUHMKae oTpeda y
BUSIBJICHH1 POCIIMH, K1 37aTHI €()EeKTUBHO Ta B KOPOTKI TEPMIHU IOTJIMHATH COJ1 3
IPYHTIB, a TaKOX MOKpallyBaTHu (I3UKO-XIMIYHI BJIACTUBOCTI IPYHTIB Ta CIPHUATH
301JIBIIICHHIO B HUX BMicTy rymycy (JIaBpuk, [TaBmuuenko, 2014).

3 Meroro ¢itopeMeniaiii 3a0pyJHEHUX 3€MeJib BUKOPUCTOBYIOTh TMEBHI BUJIU
pOCIIMH AJid BHJaJeHHs1 abo cTtabimi3amii 3a0pyIHIOI0YMX PEUYOBHUH 3 HABKOJIUIIHBOTO
cepenoBuia abo K I 3MEHIIEHHS iX MIKIJIMBOTO BIUIMBY. OJHAK OUIBIIICTh
MOIIMPEHUX POCIUH-(DITOpEeMeniaTOpiB Ba)XKO BUPOIIYBATH Ha 3aCOJIEHUX IPYyHTaX
(Shang et al., 2020). ITpote ¢ditopememiamis Hamae Oarato nepepar, MO POOWTH ii
e(EeKTUBHOIO TEXHOJIOTIEI0, OCHOBHOIO TEPEBArol0 SIKOT 3BUYAWHO € HU3bKA BapTICTh.
ditopememianiiiHi MexaHI3MU MOXYTh OyTH KiacudikoBani sk (Sarwar et al., 2016;
[Mamyna Ta in., 2018; Asgari Lajayer et al., 2019; Yaashikaa et al., 2022):

1.®itoekcTpakiisi — BUKOPUCTAHHS  METal-aKyMyJIIOYUX  POCIHH  JJIs
HarpoMapkeHHs: BM 3 IpyHTY Ta 1mojjanpiiie BUAAICHHS HA3EMHUX Ta Mi3¢6MHUX YaCTHH
POCIIHH 13 CepeIOBHIIIA.

2.PuzodinbTpaiiisis — TMOIVIMHAHHS, HAarpoMaJKEHHs Ta JeTokcukauis BM

KOPEHEBUMHU CUCTEMaMH POCJIHMH 13 PIJIKOTO CEpEIOBUIIIA.
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3.diToctabim3zaris (ditoiMmmMoOLTI3allis) — BUKOPUCTAHHS POCIIUH, JUIS 3HMKEHHS
MoO1IbHOCTI BM y IpyHTI, 3ano0irarouu NpOHUKHEHHIO y TPYHT Ta BOY.

4. ditoBonaTamzailis — Ie e OJWH MiaXid, sSKUW Tepeadadae TepeTBOPEHHS
MeTaiy B JieTiouy ¢hopMy 1 HOro BUKUJ B aTMocdepy depe3 Mpoauxu pociiuH. Llei metos
B mepiry 4epry edekTuBHUN A Hg, OCKUIbKY 10H PTYTi MEPETBOPIOETHCS Y BIAHOCHO
MEHIIT TOKCHYHY elleMeHTHY (opmy. Ockinbku JieTka dopma Hg, mo BumiiseTscs B
aTMocdepy, Moke OyTH MOBEpHYTa Ha3zaJl y I'PYHT 3a JIOMOMOTOIO OMajiiB, TOMY Ll
METOJI € THMYACOBUM BUPIIICHHSAM Tipooiemu (Sarwar et al., 2016).

5.biopemeniaiiisi — KOpEeHEBI CUCTEMH POCIWH B acoIlialli i3 MiKpoopraHizMaMu
pO3KIIaatoTh TOKCHYHI opraniyHi croyyku ([laryna ta in., 2018). MikpoopraHizmu, siki
BUKOPHUCTOBYIOTHCA JIJIsl BAKOHAHHS (PYHKI1i OlopeMenunaliii, BiAoMI sIKk O10peMe/I1aTopH.
Jlo wmx wHamexxats Bugd Xanthofacter, Penicillium, Bacillus, Pseudomonas,
Flavobacterium, Mycobacterium Ta Nitrosomonas (Desoky et al., 2020). Cnix BigmiTH,
110 y 01opeMeiailii 3a0pyIHEHUX IPYHTIB BaXKJIMBA POJIb HAIEXKUTH PICT-CTUMYJIFOIOUUM
oaktepisim (PGPR). Benuka kinbkicTh pu3oOakTepiii, Takux sik B. subtilis, Bacillus
pumilus, Pseudomonas pseudoalcaligenes ta Brevibacterium halotolerans pasom i3
POCIMHAMHU-TINIEPAKyMYJIATOPAMH, BHKOPUCTOBYETHCS I pHU30peMesialii pi3HUX
TOKCUYHUX METAalliB, MPUCYTHIX y acouliiioBaHoMy IpyHTI. KpiM 1poro, aeski mramu
OakTepiil BUPOOIISIIOTH O10Cyp(paKTaHTH ISl TIOCUIIEHHS! PO3YMHEHHS METaJIB y IPYHTaX.

biorpancdopmariisi, 6iocopOiris Ta 610aKyMyJIsIlis € OCHOBHUMHU TPbOMa BUJIAMU
MIKpOOHUX MpPOLIECIB BIIHOBJIEHHS, SIKI 3HM)KYIOTh TOKCHYHICTH 1 TpaHcnopT BM,
BIJIIrPArOYM BUPIIIAIBHY POJIb Y MiKpOOHiit pemenaiiii BM. Bukopuctanus puzodakrepiit
s pemepeniaiii BM e nemeBoro, HeiH(EKIIIHHOO Ta €¢()eKTUBHOIO TEXHOJIOTIEIO, SKY
MOXHa BUKOHYBaTH Ha 3a0pyJHEHIN AUIAHII pa3oM 13 (PI3MYHUMHU Ta XIMIYHUMU
metomamu. Jlesiki poau pusobaktepiid, Taki sik Pseudomonas, Bacillus, Alcaligenes,
Micrococcus, Sphingomonas i Mycobacterium, noope BigoMl I0J0 iX MOTECHIIIHHOI
nerpanarii Ta BugaieHus metaniB Cr, As, Cu, Ni (Dixit et al., 2021). CriiikicTb pociuH
70 KOMOIHOBaHOi /ii METaJliB Ta BJIACTUBOCTI, 10 CTUMYJIIOIOTH PICT POCIUH MOXYTb
nath npuiyineHHs, mo mTam Paenibacillus sp. PM moxxe OyTv BHKOpUCTaHUUN st

oiopememianii Big BM (Desoky et al., 2020).
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JlemeBuii, eHeproeeKTUBHUNH METOJ| JACTOKCUKAIll, SKUM 3a0e3meqyeThCs
ditopeMeiailiero, MaHIMYJIIOE BHYTPIIIHIMA XapaKTEePUCTUKAMH POCIWH, 1100
HAKOMHMYyBaTH 3a0pyIHEHHS MeTallaMu y 6ioMaci pOCIUH Ta 3MEHIITUTH 01010CTYITHICTh
BM. Tokcuunuii BrumiB BM Ha pociiuHM MOM’ SIKITYE€THCS MIKPOO1OMOM IPYHTY HUISIXOM
CeKperlii KUCIoT, O1IKiB, ()ITOAHTHOIOTHUKIB Ta 1HIIMX XIMIYHMX PEUYOBHH, IO CBIIYHTH
npo Te, 1m0 OakTepli € MOTEHIIHHUMHU IHCTPYMEHTaMH Ta TEHACHIIIEI0 JJIs CTaJoro

CUIBCHKOTO rocroapcTBa B MaitoytnboMy (Saud et al., 2014).

1.2.Bep6a npyroBuana (Salix viminalis L.) sk Bux eHepreTHYHUX POCTUH
Ta 1 piTopemMenianiiHui MOTEHLiaX

EHepreTnyH1 pociMHU € OJJHUMH 13 IOHOBIIOBAJILHUX JKEPEN €HEPrii, K1 MaIOTh
psI TepeBar HaJl BUKOIHUM TaJIMBOM, OCHOBHUMHU 3 SKUX € CTBOPEHHS MO3UTHUBHOTO
oanancy Kapoony B 6iocdepi. B AKOCTI eHEpreTUYHOi CUPOBUHH BUKOPHUCTOBYIOTHCS
JIEPEeBHI POCIMHU. Y 3B’S3KYy 13 IIUM, BUHUKIIO TMUTAHHS MPO IITYYHE BHUPOIIYBAHHS
pociuH i 1ux notped (Ilamyna ta i1., 2018).

EneprernuHi pocauHu 3/11HCHIOIOTH BILUIMB HA JOBKULIS HACTYITHUM YHHOM:

. OJIMH TEKTap IJIaHTAIllll eHEPTETUYHUX POCIIHMH TOTJIMHAE 3 MOBITPS MOHA]
200 ton CO; 3a 3 poxu;
. 1IealbHO  MIAXOAATH  JJISI  3acajuKeHHs  3a0pyJHEHUX  3eMellb,

MaJIONPOAYKTUBHUX, 3 TOUKU 30pY BUPOLIYBAaHHS CLIIbChKOTOCIOJAPCHKUX KYJIbTYD;

. e(heKTUBHO 3aCTOCOBYIOTHCS Y MPOTHEPO3INHUX 3axodax ISl YKPIIJICHHS
IPYHTIB, 30aradyioTh TIPyHTH MiHEpaJaMl Ta MIKpOEJIeMEHTaMH, TOKUBHUMHU
pPEYOBHHAMM HPUPOJTHOIO MOXOKEHHS;

. IUIaHTAIl] eHePTeTUYHUX POCIIUH € TPUPOAHUMU (PLIbTpAMU JIs BUIATCHHS
BIJIXO/IIB arpoOIPOMHUCIIOBOTO BUPOOHUIITBA, 3aCTOCOBYIOTHCS K Oy(hepHi 30HU B MICIISIX
HAKOIMWYEHHS 010JIOTTYHUX BIIXO/IB (PepMEPCHKUX rOCTOAAPCTB;

. €HEPreTUYH1 POCIMHU € IPUPOJIHUMU PLIBTPAMHU 7151 OUMILICHHS IPYHTIB BiJ
nectunuaiB (Pomanuyk, 2013).

IneanbHi €HepreTHYHi POCIWHUM TOBUHHI MaTH MaKCHUMAalbHO e€()EeKTUBHUN

MEXaHI3M TEepPEeTBOPEHHSI COHSYHOI eHeprii y Oiomacy Ta MiHIMaJbHUN BIUIMB Ha
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OTOYYIOY€ CEPEJOBHUILIE, @ TAKOK MO3UTUBHUM €HEPreTUUHUN OalaHC — IX eHEepPreTUYHUN
BHX1Jl Ma€ OYTH O1IBIITUM 332 EHEPIeTUYH1 BUTPATH Ha X BUPOITYBaHHS Ta BUKOPUCTAHHS
no0puB. Ha choroHi € KiJibKa BUJIIB POCIINH, 110 BiATIOBIAI0TH UM BUMOTaM Ta IITUPOKO
3aCTOCOBYIOTBCS y Oaratbox KpaiHax cBity. Cepen Hux € BepOa mpyrtoBuimHa (Salix
viminalis L.), rormonist wopHa (Populus nigra L.), a Takok OararopidHi TpaBH — IPOCO
nepeBoBuaHe (Panicum virgatum L.), danapic tpoctunoBuanamii (Phalaris arundinacea
L.), poctuna rirantceka (Arundo donax L.) i mickautyc (Miscantus xgiganteus Greef et
Deu.). [lani pocnuHU BUCAIKYIOThCS JIMILIE OJUH pa3 Ta BUKOPUCTOBYIOTHCS MPOTSITOM
10 — 20 pokiB aJi1 BUTOTOBJICHHS MaJIMBHUX ejaeMeHTiB ([Tamyna ta i1., 2018; Roman et
al., 2021).

Bep06a (Salix spp.) € omHUM 3 BUAIB POCIHH, SKHH 9acTO BUKOPUCTOBYETHCS B
npupozaoopieHtoBanux pimenHsx (ITOP) Ta eko-imxkeHepHux mnpoekrax (Gonzalez-
Ollauri, Mickovski, 2020). IlIBuako3pocTtarodi Bepou HaiexaTh 10 poaunu Salicaceae,
fKa Hajliyye OaraTo BHJIB Ta BiAIrpa€ BaXJIMBY pPOJb Yy MNPOAYKIII JEPEBHHHU Ta
OlomanuBa, 3aXMCTI HABKOJHUIIIHHOTO CEpPEJOBUINA, 3J0pPOB’i IPYHTIB Ta 3alliCHEHHI
nerpagoBanux 3emenb (Khoma et al., 2021). 3rigHo Jia et al. (2020), BepOu BigirparoTh
BOXJIMBY pOJIb Y BITHOBJICHHI JETPaJOBaHUX 3eMelb. KpiM TOTO, pOCIMHH CTiHKi 10
abiotuyHoro crpecy. Lle 103Bossie BUKOPUCTOBYBATH iX y (iTopemeaiallii MpoMUCIOBO
3a0pyaHeHux 3emeb (Fetsiukh et al., 2022).

Bepba mpyrtoBuaHa (Salix viminalis L.), Takox BigoMa sk eHepreTHdyHa BepoOa,
Ma€ YHIKaJdbHY 3/IaTHICTh TOTJMHATH, CaKTHUBYBAaTH Ta HArpoMajyKyBaTH BEJIHKI
kinbkocTi BM 6¢3 3umkenns poctoux nmokasuukis (Wrobel, Mikiciuk, 2010; ITamy:ia ta
iH., 2018). L{1 BIaCTUBICTH € JOCHTh BUCOKOIO, TIOPIBHIHO 13 1HIIUMH POCIMHAMH, IO
JI03BOJISIE CMIJIO BIJTHECTH i1 JI0 TINEpakyMmyJsiTopiB. BaxkinmBo, 110 Bepba HarpoMaKye
oinpme BM y nepepaxyHky Ha onuHuIlto cyxoi macu (ITamyna ta in., 2018). Knonu Salix
XapaKTepU3yrThCs BEIUKUMHU BIJIMIHHOCTSMHM B HAKOMHUYEHHI METalTy, 3aJIEKHO BiJ
CTPYKTYpPH, a TAKOX KIJIbKOCTI Ta focTynHOCTI BM y rpyHTi. BusiBneno, 1mo aeski Buau

BepO edexTUBHI B MOTIMHAHHI He yuiie i0HiB BM, a i opraniyaux cnionyk (Mleczek et

al., 2010; Mleczek et al., 2018).
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Crig HaroJocuTH, 10 BUKOPHUCTAHHS O10€HEPTETHYHUX POCIHH 3 MOTEHIIIaJIoM
CTIAKOCT1 70 a0l0TMYHOTO CTpPeCy Mae€ MOJBIMHY IepeBary Qitopememialiii, a TaKokK
XOpOoIy eKOHOMIUHY €(EeKTUBHICTh 3 TOUKU 30py BUpOOHHIITBA OGioeHeprii (Sameena,
Puthur, 2021). BueHni cTBepIKyIOTh, 110 BUpPOIIyBaHHA S. viminaliS B eHepreTHuHuX

IUISIX € OJTHUAM 13 BHJIIB JiSUTBHOCTI, IO CHpHsE 3yIMMHCHHIO 3MiHM KiimaTy (Janicka et

al., 2020).

1.3. Mexani3mu aganTamnii pocJuH 10 a0i0OTHYHOTO0 cTpecy

Pocnunu, BUpoOIeHi Ha 3a0pyAHEHOMY IPYHTI, 3a3HAIOTh KUIBKOX CTPECIB, TAKUX
gk BM, 3aconeHHsi, HecTaya MOXMBHHUX PEYOBUH, (Di310JIOT1YHA IMOCyXa Ta 10HHA
TOKCUYHICTh. Lli (hakTOpM HEraTMBHO BIUIMBAIOTh HAa PICT, MPOJYKTUBHICTh Ta Pi3HI
dizionoriuni/0ioximiuni mporecu pociun (Shankar, Evelin, 2019; Zahra et al., 2021;
Fetsiukh et al., 2022). YHacnigok mpoMHUCIIOBOI IisUIBHOCTI 0arato TEpUTOPId CBITY
OJTHOYACHO TOCTPaKJIaIM BiJl 3acojieHHs Ta 3abpyanenHs BM (Sharma et al., 2020;
Ondrasek, G., & Rengel, 2021). AnanTaris pocius 10 BiutuBy BM y 3acosieHOMY IpyHTi
npuBepTae A0 cebe Bce OUIbIIEe yBarn Ta CTAa€ CBITOBOK €KOJIOTIYHOK MPOOIEMOIO
(Shang et al., 2020; Ullah et al., 2021).

[TomupeHuM HACIIIKOM CTPECY Y POCIMHHOMY OpraHi3Mi € 1HAYKI[IS HaJMIpHOTO
HakonuyeHHs1 akTuBHUX (opm kucHio (ADK), mo Moxke BHUKIMKATH NEPEKUCHE
oxkucieHs mimiaiB (ITOJI), okucnenus OuIKa, 1HAKTUBAIlIIO (DEPMEHTIB, MOITKOIKECHHS
JIHK Ta/a6o B3aeMois 3 IHIIMMU KUTTEBO BAXKIMBUMU CKJIAJJOBUMU KIITUHHU POCIUH, a
TaKO0’X BUKJIMKAE TOMIKOKCHHS KIIITHH, 10 TPU3BOJIUTH J0 3alpOrpaMOBaHOi 3aruoei
writun (Koyro et al., 2012; Parihar et al., 2015; Kasyauu, 2020; Hasanuzzaman et al.,
2020). ConboBHH cTpeC MOXE TMPU3BECTH O 3aKPUTTSA MPOAMXIB, MO 3MCHIIYE
JIOCTYITHICTh BYTJIEKHCIIOTO Ta3y B JIMCTKaX 1 mpurHiuye ¢ikcarito KapOony, mianaroun
XJIOPOIIACTH HAAMIPHIN eHeprii 30yIKeHHs], 1110, Y CBOIO Yepry, 30UIbIIyE YTBOPEHHS
A®K, takux sk cynepokcuy (02), rinporen nepokcua (H20z), rigpokcuisHuil paaukann
(OHe¢) i1 cunrnernuit kucenb (10;) (Parihar et al., 2015; Hasanuzzaman et al., 2020).
[lepeunauM wmicuem renepainii ADPK € xmopomiactv, MITOXOHAPIi, MEPOKCUCOMH,

arnoIulacTH Ta miasMaTuuHi mMemOpanu (Hasanuzzaman et al., 2020). Ilokasano, 110
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OIMocepeIKOBaHe MOMKOMKeHHST MeMOpaH ADPK € 0CHOBHOIO MPUYMHOIO TOKCUYHOCTI
3aCOJICHHS Y TAKMX POCIIHH K PUC, TOMATH, IIATPYCOBI, ropox Ta ripuuiis (Parihar et al.,
2015).

IlepekucHe OKHCHEHHS JINiJAIB y KIITHHI MIATPUMYETbCS Ha (Pi310JOTTUHO
HOpMaJIbHOMY, (DOHOBOMY pPiBHI 3aBISKH HAsSBHOCTI y O10XIMIYHOMY CKJaJi POCIMHU
BEIUKOi KUTBKOCTI  OlojoriuHo akTuBHMX pedoBuH (BAP), ski  BOJOmIIOTH
AHTUOKCUJAHTHUMHU BJIACTUBOCTSIMH Ta B LUIOMY CKJIAJaloTh 0OaratopiBHEBY
AHTUOKCUIAHTHY 3aXUCHY cucteMy. 30amancoBaHicTh Mik [TOJI ¥ aHTHOKCHIAHTHOIO
AKTUBHICTIO € BaXXJIMBOIO YMOBOIO I 3a0€3MedYeHHs] HOPMAaJIbHOI >KUTTEIISIIBHOCTI
pociiuHHOTO oOpraHizmy. I[lpote, Oynb-sKUil 30BHINIHIA BIUIUB CYHPOBOIKYETHCS
MOCWICHHSIM BUIBHOPAJIUKAIBHUX IPOIECIB 1 3MIIMIEHHAM pPIBHOBaru y OIK aKTHUBAIlll
[TOJI. AxtuBamia I1OJI innykye mnepebymoBu y 3axucHii AOC, 30kpemMa, 3MiHU
aKTUBHOCTI aHTHOKCUIAHTHUX (PEPMEHTIB 1 ITyJTy HU3bKOMOJIEKYJISIPHUX AHTUOKCUAAHTIB
(Zhai et al., 2020; Koportka, Illepctiok, 2021). JlaHuii nporiec € OJJHUM 13 MOYaTKOBUX
eTamiB, Kl MPU3BOIATH J0 (opMyBaHHA cTpecoBoro craHy. CTymiHb PO3BUTKY
OKCHJIATUBHOTO CTpECy Ta XapakTep MOro BIUIMBY Ha POCIMHY MOJXKHA OLIHUTH 3a
inTeHcuBHicTIO (ITOJ]), KiHIIEBUM MPOIYKTOM SIKOTO € MajloHOBHM quanbaeria (MA).
ManoHoBul JUANBIETIT € TOKCUYHOK PEYOBUHOIO, B3aEMOJII€ 3 BUIBHUMU
amiHorpymnamu OuIkiB, ¢docdomimiaiB, Mo MOPU3BOAUTH 10 MOPYIICHHS KIITUHHUX
meMOpaHd. Hakonuuennss MJIA Bka3ye Ha BIAMOBIIb POCIMHH O BIUIMBY 30BHIIIHIX
¢dakropiB (Kopotka, lllepctiok, 2021).

PocivHu B OCHOBHOMY CIIPABIISIIOTHCS 3 OKHCIIIOBAJIbHUM CTPECOM 3a JIOTIOMOT'0F0
CHJOTEHHOTO 3aXMCHOTO0 MEXaHi3My, IO CKJIQJa€Tbcsl 3 PI3HUX (EPMEHTHUX
(cynmepokcuaancMyTa3u; —KaTalla3W, acKOpOaTHepOKCHAa3u; TIIyTaTiOHPEIyKTa3H;
MOHO/IETiApOacKOpOaTpeIyKTas3n; IETiApoackopoaTpeIyKTa3u; riIyTaTioH IEPOKCUIA3H;
I'BasIKOJIMIEPOKCHIa3H; TIIyTaTioH-S-TpaHcdepa3u) Ta HehepMEHTATUBHUX (acKOpOIiHOBA
KHUCTIOTa; TIIyTaTioH; (DEHONbHI KUCIOTH; alKanoigw; (IaBOHOINM; KapOTHHOITH; O.-
Toko(eposr; HeOLIKOBI aMiHOKMCIOTH ToIno) aHthokcuaaHti (Koyro et al., 2012;
Hasanuzzaman et al., 2020). Karanaza (KAT) i nepokcuaasa (IIO) e bepmeHTaTHBHUMU

KOMITOHEHTaMHU, SIK1 BIIITPAIOTh IIEHTPAIbHY POJIb Y CUCTEMI 3aXUCTy POCIuH. bamanc
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MK Tipoaykifiero ADK ta 610CHHTE30M aHTHOKCHIAHTIB JTyKE BAKITUBUM JJIs1 KOHTPOJIIO
OKHCITIOBAJIbHO-BITHOBHOTO TOMeocTasy B KiaiTuHax pociuH (Gajié et al., 2018). binbiie
TOTr0, aHTUOKCUIaHTHA ()EpMEHTHA CHCTEMa BU3HAHA OCHOBHUM MEXaHI3MOM CTIHKOCTI
POCIIUH JI0 CTpecy HaBKoJuIIHboro cepemonuina (Alencar et al., 2021; Fetsiukh et al.,
2022). BusBneHo, 1o 3a Aii OCMOTHYHOTO CTpECy 3HA4HO 30UIbIITyBallaCh aKTUBHICTH
AHTUOKCUAAHTHUX  ¢QepmeHTiB Ta BMIicT MJIA. IliABUIIEHHS  aKTHUBHOCTI
AHTUOKCUIAHTHUX (DEPMEHTIB MPU3BEIO J0 3HIKEHHSI OKUCHOTO CTPECY il Yac MOCYyXH
Ta coiboBoro crpecy, akuil 3menurye ADK (Hafez et al., 2021). Bcranosieno, nio
TPUBAJIC 3aCOJICHHS NPU3BOAMTH 10 3HauHOTO 30umbIIeHHs H,0, ta [1OJI y Brassica
napus Ta Triticum aestivum (Parihar et al., 2014).

Pocnvian B OCHOBHOMY € INEpBUHHUMH aKyMyJsiTopamMu BM, ToMy BHBYEHHS
BIUTMBY BM Ha pociuHHI Opra”i3Mu 1 MEXaHi3MU iX CTIHKOCTI MPEACTABIISIIOTh BEJIUKHI
byHnameHTabHUN 1 npuknagauid iHTepec (Xamid, I[Mupixok, 2020). Pocnaunm, ski
BUKOPHUCTOBYIOTHCA 3 METOIO (piTOpEMeAialli MIOBUHHI MaTH 100pe pO3BUHEH] MEXaHI3MHU
CTIHKOCTI 1O BaXXKUX MeTajiB. Baxkki MeTanu, ikl MOTJIUHAIOTHCS IIUMU POCIMHAMU I10-
pPI3HOMY 1 BKJIIOYAIOTh TaKi MPOIECH, AK BUAAJICHHS, NEPEHECEHHs, Jerpajauis ado
IMMOO1TI3alis. Baskki MeTany BIUIMBAIOTH Ha POCIUHU PI3HUMU CIIOCOO0aMU, HAITPUKJIIA/:
(a) IMITYyIOYM TOXUBHI 10HM, IO NPHU3BOAUTH 1O KOHKYpEHLII 3a TMOTJMHAHHSA Ha
MOBEpPXHI KOpPEHiB; (0) B3aeMoiss MeTaliB 13 Cyab(riIpUILHOI0 TPYIOK OUIKIB, IO
MIPU3BOJANTH 10 1HAKTHUBAIll OinKa; (B) BUTICHCHHS HE3aMIHHUX 10HIB 13 CIeIU(IYHUX
CalTIB 3B'I3yBaHHs O1JIKIB, IO MPU3BOAUTH A0 (DYHKI[IOHAJIBHOI BTpaTH OUIKIB; 1 (T)
yTBOpPEHHsI akTUBHUX PopM kucHio Ta nommkopkenusa JJHK, PHK, 6inkiB 1 miniais. Tomy
BOXJIMBO 3pO3YMITH peakilito OI0CHEePreTHYHUX pOCIMH Ha crtpec BM, 3 Meroro
CTBOPCHHSI CTIHKMX COPTIB POCIMH 3a arpOHOMIUHUMH oO3Hakamu (Sameena, Puthur,
2021).

[Ipouec nornuuands BM pociuHamu 3a1€xuTh Bl 6aratbox GakTopis, TAKUX SK
010/I0CTYITHICTh METANIB y IPYHTI, BIK Ta €Tan POCTY POCIHH, CE30HHI KOJIMBAHHS Ta
xapaktepucTiku Metany (Shang et al., 2020). OgHyM 3 OCHOBHMX HUTSIX1B HaIXOKCHHS

BM y pocnuHy € noriuHaHHS KopeHsMu pociuH 3 pyHTy (LlleBuyk, Myapak, 2021).
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[Tornuuanns BM 31iiCHIOETBCS KOPKOBUMHM TKAaHWHAMU KOPEHS CHUMIUIACTHUM abo
aroIJIaCTHUM IUIIXOM JI0 TPAHCIIOPTHOI cucTeMu keuaemu (Sarwar et al., 2016).

HIBuaKiCTh HAAXOMKEHHS 10HIB BM y pocnTuHHUI OpraHi3M € pi3HOIO 1 3aJIeKHUTh
BiJl BIACTUBOCTEHN CamMoro eJleMeHTa, BUIY POCIIHHH, ii 3aXMCHUX MEXaHI3MIB, a TAKOXK
BiJl KHCIOTHOCTI IpyHTy Ta ymoB noBkuUis (KaBymmu, 2020). BcranosneHo, o
3aCOJICHHS BIUTMBA€E HA PYyXJIMBICTh METAJIB Ta CIpusie iepeHeceHHio BM Big KOpeHiB 110
cteben. Buznaueno, mo nomipae gonaBanHs NaCl miaBuiye 610 J0CTYHICTh CBUHITIO Y
puzocdepi, 301IbIIy€e HOTO MOTJIMHAHHS Ta TPAHCJIOKAIIIO BiJl KOPEHIB 0 cTeOen 1, SIK
HACIIIZIOK, TiIBHIIY€ 3arajbHui BMICT MeTaity y S. salsa (Shang et al., 2020).

Cnin 3a3HauuTH, MO0 (ITOTOKCHYHICTE BM 3anekuTh Bil pi3HUX YMHHHKIB: BiJl
iXHpO1 OyJOBHM, a TaKOX BIJ CaMmOi pPOCIMHU — 11 (i3lonoriyHMX (yHKLII Ta YMOB
3pocTaHHs. Taki k pi3HOMaHITHI 1 BIutiBH BM Ha pocnunnuii opranizm (Kasynuy, 2020).
3HauyHe 30UIbIICHHS NEPOKCHAALIl JIMiAIB pPa3oM 13 BHUCOKUM pIBHEM aKyMYyJISIii
NEepPOKCHy BOJIHIO OyJI0 BU3HaueHo y mpopoctkiB O. sativa 3a BmuBy 0,25 Ta 0,5 MM
NiSQO,. IToaiOHi pe3ynpTaTi 0yJI0 OTPUMAHO MPH AOCTIKEHHI Pisum sativum 3a BIiuBy
100 uM NiCly. Bomus kanmiro (100 pM CdCly) cnpuannus 36insmenas MJIA ta HoO;
y Arabidopsis thaliana ta npopoctkax Cucumis sativus. 30i1blIICHHS JaHUX TTOKa3HUKIB
OyJI0 TaK0>X BUSBIJICHO 3a BIUIMBY BUCOKOro BMicTy Mial (1000 ppm) y 6a3uiiky, oaHak
npu MeHIIi KoHIeHTpanii metany (500 ppm) 3naunoro 30inbmenHs M/IA ta H,O; ve
susiBieHo (Hasanuzzaman et al., 2020). IToka3aHo 3Ha4He MiABHUINEHHS AKTHBHOCTI
anTrokcuaanTHUX pepmenTiB (ATIO, KAT, ITOJ1 i CO/I) ta nakonmuenns H,O,1 MJIA
y pociuH Oamii, SIKl 3a3HaJIM TOKCHYHOTO BIUTMBY 10HIB XpoMy. OKpiM IIbOTO, CTpec
MPU3BIB J0 3HAYHOTO MIJBUILECHHS PIBHSI HE(PEPMEHTATUBHUX aHTHOKCHUIAHTIB, a came
dbeHomniB, (GaBOHOIAIB Ta acKOpOIHOBOI KHCIOTH B TOPIBHSHHI 13 KOHTPOJHHUMU
ymoBamu (Ashraf et al., 2021).

TonepaHTHICT, POCAMH [0 €KCTpEMaJbHUX YMOB aOIOTMYHUX CTpECiB Ha

MOJICKYJISIPHOMY PiBHI BH3HA4Ya€Thcsl TphoMma ocHoBHMMH (pakTopamu (Kosova et al.,

2013):

37



1 — reHOMHH PiBEHb: TOJICPAHTHI POCIMHU MOXYTh MAaTH JICSK] YHIKAJIbHI T'€HHU,
[0 pearyoTh Ha CTPEC, sIKi BIACYTHI y COPUHUHATIUBUX POCIUH (BIJIMIHHOCTI Ha PiBHI
CTPYKTYPH F'€HOMY );

2 — TPaHCKPUINITOMHHUN pIBEHb: TOJEPAHTHI POCIWHU BUSBIAIOTH 3MIHEHY
pEryJifiio eKCIpecii reHiB BaXKJIMBUX TEHIB, IO pearyloTh Ha CTPEC, Y MOPIBHSHHI 13
YYTIMBUMH POCIIMHAMH (SKICHI Ta KUTBKICHI BIIMIHHOCTI Ha PiBHI €KCIIpecii TeHiB);

3 — IpOTEOMHUH piBEHb: OUJIKH, SIK1 O€pyTh YUacTh Y peakilii Ha CTPeC, BUSBISIOThH
3MIHEHY aKTHBHICTb y TOJIEPAHTHHUX POCIHUH, MOPIBHSIHO 13 HECTIMKUMH POCIUHAMHU
(pi3HUIA B CTPYKTYpi O11Ka Ta piBHI aKTUBHOCTI). 3aCOJICHHS BUKIIMKAE CUTHAIBHI MOJII1,
10 TIPHU3BOJIATH J0 3MIH Y €KCIIpecii TeHiB, BIJHOCHOT KUIBKOCTI Oljka Ta aKTUBHOCTI.
bisiku, y cBOIO 4epry, BUKIMKAIOTh ITTMOOKI 3MIHM B €HEPreTUYHOMY MEeTadoJ13Mi, 110
IPU3BOJIUTH SIK O KOPOTKOYACHUX (CTpEecoBa peaklis, COpsIMOBaHA Ha MOCIaOJICHHS
NPSIMUX BIUIMBIB CTPECY, TAKUX AK 3MIHHM OCMOTHYHOIO IMOTEHI[1a]y Ta aKTUBHOCTI1 10HIB
COJI1), TaK 1 10 JOBrOTPUBAIUX aJANTalli 10 CTpecy (CTPYKTYpHI afganTallii pOCIMHHUX
KJIITHH y PEe3yJIbTaTi 3MIHU POCTY 1 pO3BUTKY poCiuH). KIITHHU pOCIUH BIANOBIIAIOThH
Ha CTpec 3MIHaMu mpouecy OlocMHTe3y OUIKIB. 30epeXeHHS CTPYKTypH OJIKOBUX
MOJIEKYJI 1 3amoOiraHHs iX arperaiiii Ba)KJIWBI JJi1 ICHyBaHHS B CTPECOBUX YMOBaXx.
[IpoTeOMHOIO TJIACTUYHICTIO POCIWHU AJANTYIOThCS JO 3MIH HaBKOJUIIHHOTO
cepenoBuia. PO3KpUTTS MexaHI3My (OopMyBaHHS BIAIOBIAlI POCIMHM Ha CTpec 1
3’ACyBaHHsS pPOJi OUIKIB y 3a0e3nmedeHHl iX CTIHKOCTI MarOTh BEJIMKE MpPaKTUYHE U
teopetuune 3HaueHHs (Wang et al., 2004).

VY BiamoBiAbr Ha cTpec, 30kpema BIUIMB BM, y pociuH BUPOOISIOTHCS
HU3BKOMOJIEKYJISIDHI CTPECOBl OUIKM — METAJOTIOHETHHU, fKI 3B’SI3YIOTh METal, €
TEPMOCTIMKHMMU 1 MICTSATh BEJIMKY KUIBKICTb TUCTEIHY. [0 HUX BIAHOCATH (DITOXENATUHH,
K1 3B’s13y10Th 10HM BM y Burisai tionatHux komiuiekciB. Kpim metanoTioHeiHiB Ta
(iTOXEIaTHHIB Ha JIit0 CTPECY MOXKYTh I1ie cuHTe3yBatucs diroanexkcuuu (Vatamaniuk et
al., 1999; Kasymuu, 2020).

binku mizasoro emopiorenesy (LEA-Ginku) Hamexarh A0 TPy aeriapuHiB. L
KaTeropis MPOTEiHIB 3HAXOJIUThCS B SAAP1, HUTOIUIA3M1, MiTOXOHIpiax. [loxibHO A0

manepoHiB, LEA MoxyTh 3amo0iraTu JeHaTypailii BHy TPIITHBOKIITHHHUX CTIOJYK Y pasi

38



3HEBOJIHEHHsI. BoJlHOYAaC BCTAHOBIIEHO, 110 10HU KaJMIiK0 COPUYUHSIOTH IIKOJAOYMHHUN
BiuB Ha LEA (Cepreesa Ta iH., 2020). YTpumanHa OUIKIB y iX (PYHKIIOHAJIBHHUX
KoH(poOpMaIlifax 1 3amobiranHs arperaiii HEHaATUBHUX OUIKIB OCOOJMBO BaXKJIMBI TS
BIDKMBAHHSI KJIITHH B yMOBax ctpecy. biku TeroBoro moky (BTLI), siki yTBoproroThes
y BIAMNOBIAb Ha 3MiHY TaKWX YWHHUKIB, SK 3aCOJIEHHS Ta IHIII, BIAMOBIZAIOTH 3a
CKIaJaHHs OUIKIB, TPAaHCIOKAII0 Ta JErpajaiilo B 0araTb0X KIITHHHUX IPOIIEcaXx,
cTabuI3yoTh Ok W MemOpanu. OJHOYACHO 3 AaKTHUBAIEID CTPECOBUX OILIKIB
CTHOBUIBHIOETHCS CUHTE3 OLIKIB, 1110 YTBOPIOIOTHCA B HOpMaJbHUX yMoBax (Derox Ta iH.,
2020).

st Toro, mo6 BUXKUTH B yMoBax ctpecy BM, pociauHu po3BUHYIH KiJIbKa
3aXMCHUX MEXaHI3MIB, TaKUX SIK: 3B’S3yBaHHA 3 (pITOXEATUHAMU/METAIIOTIOHETHAMM,
CEKBEpCTYBaHHS Y BaKyoJsX, 3HIKEHHS piBHSA mnorauHaHHa BM Ta axTuBaiis
AHTUOKCUAAHTHOI cucTeMHu. [loTeHIIan ToJIEpaHTHOCTI POCIIUH IO METAILY 3aJI€KUTh B1J
3B’SI3yBaHHS METAJIIB 3 KJIITUHHOIO 000JIOHKOIO, aKTUBHOI'O TPAHCIIOPTY 10HIB METAJIIB Y
BaKyoOJII0, XeJaTyBaHHS 10HIB METaliB 3 OUTKaMH Ta MENTHUAAMH, a TaKOX YTBOPEHHS
xomiutekciB (Kosakivska et al., 2020; Patel et al., 2021). deHonbHI crHonykH, fKi
HaJIeXaTh JI0 TPYNU HEEH3UMATUYHUX aHTHOKCUIAHTIB, YTBOPIOIOTH XEJIaTHI KOMIUIEKCH
3 BM, 1110 TpaHCTIOPTYIOTHCS Y BaKyOJIt0, 3SMEHIIIYIOTh IJIMHHICTH MEMOpaH, 3arooiraouu
HAJIXO/KeHHIO MeTalliB y kiniTuny (KaBynuu, 2020).

Pocnunau 3a3Bruyait IHAyKyIOTh 010CHHTE3 KIJTbKOX HU3bKOMOJIEKYIISIPHUX, BUCOKO
riApoQIILHUX OPTaHIYHUX CIOYK, a TAKOX BUCOKOMOJIEKYJIIPHUX TAPO(UIbHUX OUIKIB
(mampuknaa, Oinkie LEA — late embryogenesis abundant proteins), siki He TiTbKH
3HIDKYIOTh BHYTPIITHBOKIITUHHUNA OCMOTHYHMM TIOTEHIIIAN, ajie i MIJCUITIOI0Th 3aXUCHI
BJIACTUBOCTI 1HIIUX KJIITHHHUX CTOJIYK, SIK1 TOCTPaKAaJIM BiJl HETATUBHOI'O BILJIUBY Uepe3
sueBonueHHs (Kosova et al., 2013).

OprasiuHi PEYOBHUHHU BIJITPAIOTh BUPIMIAIBHY pOJib Yy BUIIMX POCIHH, SKI
3pOCTal0Th HA MOCYNIIMBUX Ta 3aCOJICHUX IpyHTaX. OHAK 1X BIUIMB 3aJICKUTH Bijl BUIY,
copty Ta opranis pociaun (Koyro et al., 2012). Opraniusi HU3bKOMOJIEKY/ISIPHI OCMOJITH
BKJIIOYAIOTh HITPOTE€H-BMICHI CHOJIYKH, Takl SK BUIbHI aMIHOKHUCIOTH, CIOJIYKH

YETBEPTUHHOTO aMOHIIO, SKI Ha3WBaIOThCS OeTaiHaMH 1 IIOJiaMIHHM; OCMOJITH 0Oe€3
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Hitporeny BkJIIOYalOTh OaraToaTroMHi CIOUPTH 3 TMPSAMHUM JIAHITIOTOM, I[TUKJIIYHI
GaraToaToMHi criupty i mykpu (Koyro et al., 2012; Kosova et al., 2013). Ix ocHOBHOIO
(GYHKIIEIO € 3MEHIICHHS BOJHOTO IMOTEHIIaNy, MATPUMAaHHS TYypropy KIITHH Ta
3abe3reueHHs 0ajaHCy Yy POCIMHHOMY opraHizmi. Kpim 1mporo, BUCOKa KOHIICHTpAIlis
OpPraHiYHUX PEYOBUH 30CEpE/PKEHa B OCHOBHOMY B IIMTO30J1 JUis 30ajaHCyBaHHS
HU3BKOTO BOJHOTO MOTEHINIANY, IKUHA BUHUK Y PE3yJIbTaTi BUCOKOI anorjia3MaTH4HOT Ta
BakyoursipHoi koHmeHntparii Na* 1 C1™. JlocmikeHHS BKa3yOTh Ha T€, II[0 OCMOJIITH TaKOX
3aXUIIAI0Th CYOKJITHHHI CTPYKTYpH Ta TOM SKIIYIOTh OKHCHE TOIIKOJKEHHS,
CIPUYMHEHE BIUILHUMHU paJuKallaMH, SIKI yTBOPIOIOTHCA Y BIIMOBIAL Ha 3aCOJCHHS
(Icaenkos, 2012; Koyro et al., 2012; Kusik, bynpo, 2017). 11{00 3MEHIINTH IIKiIJIUBY IO
COJILOBOTO CTpeCy, MPOJIH i€ K OCMOJIT, nmoriuHarodu ADK nuisixoM MOCUIIECHHS
AHTUOKCUIAHTHOI aKTUBHOCTI, a TAKOX CTabuIi3ye CTpyKTypy Oiomonexyn. Kpim Toro,
BIH TAKOK JOTIOMAarae NiATPUMYBAaTH Typrop i ctabuli3ye KJIITUHHI CTPYKTYPU B YMOBax
3aconeHns (Sami et al., 2016). IIponin € ogHUM 3 HaWOLTBI GaraTo(yHKITIOHATBHUX
CTPECOBHUX METa0OJIITIB pOCIHH. BBaXkaeThCs, 0 KPIM OCMOIIPOTEKTOPHO1 (DYHKIIIT, BiH
BUKOHY€ IIaNlepOHHY, AHTUOKCHJIAHTHY, CHUTHAJbHO-PETYJATOPHY Ta 1HII (QYHKIII,
HAJa€ OCMO- 1 MEMOpPaHONPOTEKTOPHY Jit0, Oepe y4acTh B PEryJsilli ekcrpecii TeHiB
AHTUOKCUIAAHTHUX (PEPMEHTIB 1y 3B'sI3yBaHHI METAJIIB 31 3MIHHOIO BaJICHTHICTIO, BIUTUBAE
Ha Oamanc HAJ(®)H/HAA(D®) (Komymaes u nap., 2014; Hecrepenko, 2019).
Hakormmuenns ADK Ge3nocepeiHO KOPEIIOEe 3 HAKOMTMYEHHSIM IYKPY JUTsl aKJiMaTr3arlii
HEraTUBHUX HACIIAKIB CTpPECYy HaBKOJHUIIHBOTO CEpeloBHINA. PO34YMHHI LyKpU
BIJIIrPArOTh MOJIBIMHY (DYHKIIIIO Y POCIIMHHOMY OpTaHi3Mi, OCKIJIbKA BOHU TIOB’sI3aH1 SIK 3
anabomsmMoM A®K, Tak 1 3 Kara®oji3sMoM, HaIlpHUKIAJA, OKHCIIOBAIBHUM
neHTo30pochaTHUM HUIIXOM, kUi 3a0e3neuye BupoOnennss HAJIPH, Gepe yuyacts y

BuBegeHHI ADK (Sami et al., 2016).

1.4. Poab MikpoOiomy B aganTaiii poc/jivH 10 CTPECOBUX YMOB
CtpecoBi  (akTOpu HABKOJMIIHBOTO cepeloBHia (HOPMYIOTh MIKpoOHE
«HACEJIEHHS» IPYHTY, 1O, Yy CBOIO 4Yepry, BIUIMBa€E Ha (Di310JIOTIUHI MPOLECH Y

POCIMHHOMY OpraHi3Mi Ta HaBMAakKW. TaKUM YMHOM, BIDKUBAHHS TOJO0I0OHTA 3aJICKUTH
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BiJl IBOHAIIPABJIEHOTO MOTOKY CUTHAIIB, SIK1 JOMOMAaratoTh HOMy aJlalTyBaTUCS O YMOB
CepelloBUIla Ta MepeHOCUTH ioro. [1oB’s3aHuii 3 pociMHaMu MIKpOOIOM Yy CTPECOBUX
yMOBax Ma€ Oaratuid myn OakTepid 3 pPI3HOMAHITHUMH (DYHKIISIMH, $SKI MOXHA
BUKOPHCTOBYBaTH B skocti OioiHokyasaTiB  (Anand et al., 2021). I'pyna
MIKpOOPTaHi3MiB, SIKi BUIUISIOTHCS B IIbOMY POCIMHHOMY MIKpOOiOMi, — 11€ KOPUCHI
OakTepii, BigoMi sK picT-ctuMmyioroui  Oaktepii pocima (PGPB — plant growth-
promoting bacteria). ITokazano, mo Oakrtepii, Taki sk Azospirillum, Arthrobacter,
Azotobacter, Bacillus, Burkholderia, Enterobacter i Pseudomonas, moxpamiytooTs
CTIMKICTB JI0 3aCOJICHHS Y KIJIbKOX pociauHHUX KynbTyp (Orozco-Mosqueda et al., 2019).
BukopuctanHs 1HOKYJIATIB pU300aKTepii, K1 CTUMYIIOIOTh PICT POCIIHH Ta € CTINKUMHU
110 3acoJIeHHS (ranodiabHI OaKTepii) € aTbTepHATUBHUM METOAO0M ITiJIBUIIICHHS CTIHKOCTI
pociuH a0 3aconenns (Chen et al., 2021).

bakTepii B3a€EMOIIIOTh 13 BUAIEHHSMU KOPEHIB Ta I'PYHTOBUMH MIKpPOOHHMH
yIpyHoBaHHAMHU, POPMYIOTH CTIMKI acolialli 3 pociinHaMH. bakrepii, ikl CTUMYIIIOIOTh
PICT POCIIMH Y MPUPOJIHIM €KOCUCTEMI BIAITPAIOTH KIOUOBY POJIb Y 3aXUCTI POCIUH BiJl
0aratb0X CTpecoBUX (DaKTOpIB, BKJIIOYAIOUM BIUIMB BHUCOKHMX KOHLEHTpauii BM Ta
3acojieHHS. 3a 1X BIUIUBY (DOPMYIOTBCS CTiMKI POCIMHHO-MIKpOOHI acoriarii s
ciiibHOTO BHkMBaHHS 000x maptHepiB (Pishchik et al., 2021). Tokcuuna ais 1ux
3a0pyHIOBAYiB BIIMBAE HA 1X BIDKMBAHHA Y PI3HUX CEPENIOBHUIIAX, & CaMe, PU3BOIUTH
710 iX BUCH&)XKEHHsI, 200  MPUCTOCYBAHHS Ta PO3BUTKY MeBHUX MexaHi3MiB (Desoky et
al., 2020).

Puzopemenialiist € €KOJIOTIYHO YUCTUM O10JOTIYHUM BUPIIMICHHSIM I YCYHEHHS
tokcuuHocTi BM. [lns nuboro PGPR BukopucToByTh pi3HI MEXaHi3MH, 30KpeMa TaKi SK
Oloakymymsiis Ta OlocopOuis. BoHM BUAUIAIOTE HU3BKOMOJEKYJISIPHI CHUIEPOQOpPHI
XEJIaToOpH, K1 YTBOPIOIOTH CTA01THHI KOMIUIEKCH 3 TAKUMHU METAJIaMH, SIK 3aJ1130, KaJIMiH,
mine, ceuHenb 1 uHK (Ullah et al., 2021).

Pict-cTumyntoroui 6akTepii pOCIMH MOXKYTh CIIPUSATH POCTY Ta PO3BUTKY POCIHH
npssMuM Ta HerpsimuM criocodamu (Glick, 2014; Ibort et al., 2017; Orozco-Mosqueda et
al., 2020). HenpsiMe cTUMYJIIOBAaHHS POCTY POCJIHMH BiJIOYBAa€ThCs, KOJU IIi OakTepii

3MEHINYIOTh 200 3amo0iraroTh ACSKUM IIKIUIMBUM e(eKTaM POCIMHHOTO TaToreHa
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(3a3Bruaii rpubda), BUKOPHUCTOBYIOUH TEBHI MeXaH13Mu. [IpsiMe — cripusie mojermeHHio
OTpMMaHHS TIOKUBHUX PEUYOBHH 13 HABKOJUIIHHOTO CEPEIOBUINA, BKIIOYAIOYU
dbikcoBaHuil a3zoT, 3ami3o Ta ¢ocdop, ado crenudiuHe MOIETIOBAHHSI POCTY POCIUH
[UIIXOM 3MIHHM PIBHS POCIMHHUX TOPMOHIB, TAKUX SIK AyKCHH, IUTOKIHIH Ta €THJICH
(Glick, 2014; Shrivastava, Kumar, 2014; Mokrani et al., 2020). HocmigHuku
NPUITYCKaIOTh, IO POCIMHHI TOPMOHH BIJITPalOTh BAXIWBY pPOJb y MOKpAIIEHHI
TOJICPAHTHOCT1 POCIMH 10 aOlOTMYHOTO CTpecy, BKJIrouarodu 3acojieHHs (Rao et al.,
2020).

["azononi6uuit ropmon etmineH (CyHa) € BaKIMBUM MOIYJIATOPOM HOPMAJIBHOTO
pPOCTY Ta PO3BUTKY POCIIMH, SKHI BIIITPa€ KIOUOBY POJb y BIAMOBIAI POCIUH Ha [0
HIMPOKOIrO CIEKTPY a0lOTHUYHUX Ta OIOTUYHUX CTPECOBUX (PakTopiB. Y BIIMOBIAL Ha
CTpEC CIOCTEPIraeThesl MiABHUINEHHS piBHs eHporenHoro etuieHy (Glick, 2014; Ali et
al., 2018). Ileri mnpomec Oe3mocepeHbO TIOB’SI3aHMM 3 KOHIEGHTpamiew 1-
amiHonukIionponan-1-kapoonoBoi kucinotu (ACC) y Tkannnax pociun (Fahad et al.,
2015). ETuneH € mMOXiAHMM METIOHIHY, SKMH IEPETBOPIOEThCS Ha S-afaeHo3mi-L-
MeTioHiH (SAM) 3a nonomoroo SAM-cunTerasu, a SAM NoTIM NepeTBOPrOEThCS Ha 1 -
amiHorukIonponan-1-kapoonosy kucinory (ACC) 3a pomomororo ACC-cuHTeTasu,
nicisg yoro ACC nepeTBoproeTbest Ha eTuieH 3a gonomororo ACC okcuaasu (Orozco-
Mosqueda et al, 2020; Naing, Maung, Kim, 2021). Kpim neperBoperass ACC npsmo y
etwieH 3a nonomororo ACC-okcupazu, ACC moxxe OyTH CHONTydeHUN 3 1HIIUMHU
dopmamu, takumu sk M-ACC (manonin-ACC), G-ACC (rayramin-ACC) i J-ACC
(mxacMonoin-ACC), siKi MOKYTh HAaKONMWYYBATUCS Ta TPAHCIOPTYBATUCA Yy TKAHWHAX
pociun (Glick, Nascimento, 2021).

BusiBiieHo, 1110 poCIWHU MICTSTH JEKiIbka komid reHiB sk ACC-cuHTa3u, Tak i
ACC-okcunaszu. Tpanckpumnuis neskux reHiB ACC-CHHTa3M 1HAYKYETHCS PI3HUMHU
CTpECOBUMHM (DAKTOpaMH, BKIIFOUAIOUU 3a0pYTHEHHS IPYHTY METajaMu, a TaKOX BHCOKI
KOHIIeHTpallii cojieit B rpyHTi (Orozco-Mosqueda et al, 2020).

bakTepianpHa 03HaKa, sIka € KIIOYOBOIO JIJISi CTUMYJIFOBAaHHSI POCTY POCIIMH — II€
HasBHICTH epMeHTy 1-amiHonukionponan-1-kapookcunar (ACC) aeaminazu (ACCD).

[le#t ¢pepmeHT BiAmoBiae 3a pO3MIEIUICHHS MONEPETHUKA POCIMHHOTO E€THIICHY, a cCaMe
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ACC, nHa amiak i a-kerooytupar (Glick, 2014). ACC-aeaminaza KOHKYPY€E 3 POCIHHHUM
dbepmentom ACC-okcHia3or0, SIKMA MIABUILYE PIBEHb €TUJICHY HUISIXOM OKHCIICHHS
ACC B etuner (Barnawal et al., 2016). Pocnuau KykypyI3u B yMOBaX COJIbOBOTO CTPECY
POJIEMOHCTPYBAJIM MiABUIIEHY akTHUBHICTh ACC-0KCcH1a3u MOPIBHAHO 3 POCIUHAMU B
HOpMaJIbHUX YyMoOBaxX. 3acrtocyBaHHs PGPR mpusBeno 10 3HAYHOrO 3HUXKEHHS
akTuBHOCTI ACC-0KCH1a31 — pOCIIMHU KyKypy13H, iHOKyboBaHi Bacillus safensis NBRI
12 M, mnokazanu MaKCHUMaJIbHE 3HUKEHHS, IO Y3TOMKYETHCS 3 HU3ZBKUM pIBHEM
YTBOPEHHSI €THJICHY MPpHU cOTboBOMY cTpeci (Mokrani et al., 2020).

3umxkytoun piBeHb ACC B pociauHax, Oaktepii, mo mnpoaykywTs ACCD,
3HIKYIOTh PIBEHb €TWJICHY, SIKMH y BHCOKHX KOHIIEHTpAIliiX MOKE MPHU3BECTH JI0
NMPUTHIYCHHS pOCTy pociimH abo HaBiTh 3aruoeni (Glick, 2014). CtBopeHO TpaHCTeHHI
COpPTH POCJHH, SIKI MAlOTh Kpallll MEXaHI3MH CTIMKOCTI IO CTPECy 3aBISKH EKCIpecii
OakrtepianbHoro reHa ACCD. BukopuctanHs OakrepiadbHuUX €HAO(DITIB, IO
npoaykyioth ACCD, moxe OyTu OUIbII E€KOHOMIYHO BUTIJHUM, JOCTYIIHUM Ta
€KOJIOTIYHO YUCTUM Ta OUTBII MPUIHATHUM Yy TOPIBHSHHI 3 TPAHCTEHHUMH POCIHMHAMU
qutst Tiei sk metr (Barnawal et al., 2016). Jocnimkeno, mo mram Streptomyces sp. GMKU
336, sxuit Mmictuth ACCD, MOXe MOKpAIIUTH PO3BUTOK Ta CTIHKICTh POCIUH PUCY HO
3aCOJICHHS, 332 PaXyHOK 3HUKEHHSI KOHIIEHTpallli eTusieHy, 3HemkokeHHss ADK ta
30epexenHs ionHoro romeoctady (Mokrani et al., 2020). Pocnvau ropoxy, iHOKYJIbOBaHi
Variovorax paradoxus 5C-2, siki npoaykytots ACCD, Manu miBUIICHY iHTCHCHBHICTh
(bOoTOCHHTE3Y, TPAHCIIOPTY €JIEKTPOHIB, 30aJJaHCOBAaHUN 10HHUI TOMEOCTa3 3a PaxyHOK
301bIIcHHS HaaxomkeHHs K* 10 maroniB Ta HakonndeHHs Na* Ha KOpEHsX, 3HIKCHHS
PE3UCTEHTHOCTI MPOJIMXiB Ta TUCKY OallaHCy KCUJIEMH, a TAaKOX 30UIbIIIEHHST O10MacH 3a
BBy 3acoiienHs npu 70 1 130 MM NaCl. Ina pocaun 6amii PGPR, sxi npoaykyroTh
ACC, crpusinu TOJEPAHTHOCTI POCHHH JO 3aCOJIEHHS, ITABUIYBAIA aKTHUBHICTh
AHTUOKCUAAHTHUX (DEPMEHTIB, a TaKoXK akTuBizyBanu renu nuisixy A®K. IIpopoctku
KyKypya3u, iHokyiasoBani Bacillus amyloliquefaciens SQR9, wmamu migBuineHy
TOJICPAHTHICTh JO COJIbOBOTO CTPECY, BKIIIOYAIOYM ITiJIBUIIEHUA BMICT XJIOpodiTy,

nopiBHsHO 3 KoHTposeM (Backer et al., 2018).
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PicT-ctumynroroui 6akrepii, siki mictath ACCD, npucyTHi B pi3HUX TIpPyHTax i
JIIOTh K OaKTeplaJIbHUK 1HOKYJAT JJIA CHOPHUSHHA POCTY POCIHH, OCOOJHMBO 3a
HECTPUATINBUX €KOJIOTITYHUX YMOB, TAaKUX SIK OBEHI, BIUTMB BM, diTonaTorenu, mocyxa
Ta BUCOKHI BMICT coneii (Saud et al., 2014; Anand et al., 2021). BcranoneHo, 1o Iri
OakTepli crmoYaTky 3B’SI3yIOThCS 3 TOBEPXHEI0 POCIWHHU (3a3BMuYail HACiHHSAM abo
KOPIHHSIM), OAHAK Il OakTepii TakoXkK MOXYTh OyTHM Ha JUCTKax 1 KBITKax abo y
BHYTpIIIHIX TKaHWHaX pociauHu (ToOTo sk enmoditu) (Ali et al., 2013; Glick, 2014;
Kumari et al., 2016). B pe3ynbraTi poCiavHH, SKi POCTYTh B acomiamii i3 picT-
CTUMYJIIOIOYMMU OakTepiamu, siki MicTatb ACCD, MaroTh J0BIIII KOpPEeH1 Ta MaroHu, a
TaKOXK OUIBII CTIMKI 0 NPUTHIYEHHS POCTOBUX IOKA3HUKIB 3a BIUIMBY €THJICH-
iHnykyrounx crpecoBux daktopie (Ali et al., 2013; Glick, 2014). Takum uYmuHOM,
B3aemoniss PGPR Tta pocnun, siki nmepeOyBaloTh y CTpPECOBOMY CTaHl, MOXE 3HU3UTU
pIBEHb €TUJIEHY, 30UIBIIMTH BUTPUBAIICTh Ta CHPHUITH NPOAYKLIi OloMacu y pOCIvH
(Fahad et al., 2015). Bcranosieno (Achard et al., 2006; Fahad et al., 2015), oo y pociuu
apaliJIOTICUCy €TWJIEH CIpHsE CTIMKOCTI JI0 3acCOJIeHHA. Peakiiisi pocivH Ha COJIbOBUMN
CTpPEC MOJXKE 3aJIeKaTH Bij OanaHcy Ta/ab0 B3a€MOJIIi MK PELENTOPOM Ta €TUIICHOM.
Bimomo, mio 3a BmiMBY cTpecoBUX (DaKTOpPIB HA OPraHi3M POCIUH Y BIJINOBIIbL
reHepytoTbest A®K y Hammmky, sSki € HaA3BUYaWHO MIKIIJIUBUMHU JUISl KUBHUX
opraHi3miB. PociMHM 1HOKY/IbOBaHI OakTepisiMM TMOKa3add  MEHIIYy AaKTUBHICTb
AHTUOKCHUIAHTIB 3a BIUTUBY 3aCOJICHHS, 1[0 CBIAYUTH MPO TE, IO POCIHHH IMiITAI0ThCS
MeHIoMy okucHoMy crpecy (Kumari et al., 2016).

Kinbka ponais 6akrepiid, Takux sik Alcaligenes, Azospirillum, Bacillus, Clostridium,
Klebsiella, Pseudomonas, Rhizobium, Thiobacillus, Serratia Ta Streptomyces Oymiu
BU3HAUCHI CTUMYJIATOPAMU POCTY POCIMH 3a BIUIMBY 3acoseHHs. Conecrtiiiki PGPR
PO3BUHYJIM MEXaHI3M CTIMKOCTI JI0 CTpPEeCy dYepe3 MPOAYKIIIO €K30MoJicaxapHiB Ta
(dopMyBaHHs 010IUTIBKH, siKa 3B’ s13ye kKaTionn Na* ta oOMexye iX MOTJIMHAHHS B yMOBaXx
3acojJieHoro IpyHTy. Ek3omnomicaxapuau BiZIrpaloTh (GyHIAMEHTalIbHY pOJib Y
dbopmyBaHHI OaKTepiaIbHOT O10TUTIBKH, SIKa BIIACHE 1 MTOCHITIOE KOJIOHI3aII0 OaKTepiit Ha
noBepxHi kopeHiB pociaud (Nadeem et al., 2010; Shultana et al., 2020; Fetsiukh et al.,
2021).

44



Bukopucranns PGPR y ciibcbKkOMy rOCIOIapCTBI € MOTEHIIMHUM IHCTPYMEHTOM
Ta TCHJCHIIIEI0 B MaliOyTHhOMY. TOMy ICHY€ moTpeda y JOCHIKCHHIX ISl BU3HAYEHHS
KOPHUCHUX OaKTepiid A7l pI3HUX YMOB HABKOJIMITHHOTO CEPEAOBHIIA TA POCIUH, AJIsl TOTO,
o6 MokHa OyJio BHOpaTH Ta/ab0 MOKpAIIUTH ONTUMAJIbHI ITaMu OakTepiid. Jlms
BUJIAJICHHS COJIl 3 TPYHTY 3BHYaiiHI METOAM HEMPAKTUYHI Ta JIOPOTi, TOMY B JaHHH 4ac
PO3POOIAIOTECS KOMOIHAITIT KOPUCHUX IITaMiB OaKTepil, SKi B3a€MOIIOTh CHHEPTIYHO.
JocnimpKkeHHs oKa3yoTh 0aratoo0ilg0dy TeHACHIIII0 B 00J1aCTI TEXHOJIOT11 1HOKYJIAIIIT
(Etesamia, Maheshwarib, 2018).

TakuM 4YHHOM, CTIMKICTh Ta peakiis POCIUHHOTO OpraHi3My JI0 YMOB
TEXHOT'€HHOT'0 3a0pYyJHEHHSI € 0COOJIMBO aKTyaJIbHOIO Ta Nependaydae psij MpoLeciB, SKi
CIPUYMHEHI KOMOIHOBaHUM CTPECOBHM BILUTMBOM 3a0pYyJIHEHOro cyOcTpary. Anjanraris
POCIIUH IO CTPECOBUX YMOB MPOSIBISIETbCA Y (POPMYBaHHI 3aXMCHUX MEXaHI3MIB, cepell
SAKUX IHIYKUISI CHHTE3Y aHTUOKCHJIAHTHUX (PEPMEHTIB, a TAKOXK CTpecoBUX OUIKIB. Tomy
€ JOLUIbHUM BUBUEHHS MEXAaHI13MIB 3aXUCTY POCIUH Ha (i310J0r1yHOMY piBHI. BogHouac
CJI1J1 3a3HAYUTH POJIb CTIMKUX POCIMHHO-MIKPOOHMX acoIliallii, aKi 3a0e31ne4yoTh yMOBU
BIDKMBAHHS i1 000X mapTHepiB. (i1 LBbOro JOIUIBHUM € MPOBEAEHHS CKPHUHIHTY
eHAo(piTHUX OakTepiii KOpPEHIB MOCHIAHMX POCIMH B YMOBAaX TEXHOTCHHOIO
3a0pyHeHHs. BaxnuBUM € BUBUEHHS nepepo3noauty BM y opranax pociuH 3 METOO
BUKOpUCTaHHA y (itopemeniaiii. ToMy NTpOBENEHHS JAHOTO IOCIHIJKEHHS, a TaKOX
BIJIMOBIIHICTG BMICTY BM y mocnimHoMy cyOCTpaTi Ta OpraHax JOCTIAHUX POCITUH
BIJIHOCHO €KOJIOTITYHHUX HOPM, BIJITPa€ Ba)JHUBY pOJib Y MPAKTUYHOMY BUKOPHUCTAHHI

SHEPreTUYHUX POCIIMH 3 METOIO BITHOBJICHHS TEXHOTC€HHO 3a0pyTHEHUX IPYHTIB .
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PO341JI 2
YMOBU, MATEPIAJIN TA METOJU JOCJIT’)KEHb

2.1. XapakTepucTHKAa A0CTizKYBaHuX pocaun S.viminalis

[TpyToBuanHa Bepba (Salix viminalis L.), Takox BigoMa sik eHepreTHyHa BepOa, —
By BepoOu (Salix), poquan BepOoBux (Salicaceae), mo mBuaAKO pocTe Ta MPUAATHA JUIS
BUKopucTaHHA sk Oiomaca (I'yauak, Hukudopaxk, 2014). Ile nepeBomoaibna KyasTypa,
sKa TpeacTaBisie co000 Kyl ado KyIIOINoai0He AepeBO BUCOTOO 10 6 — 8 M (puc.2.1)
JIerko po3MHOXKY€EThCS maronamu. S. viminalis — mBuakopocia yarapaukoBa Bepoa — 710
3-5 cm Ha genb (Toncrymko Ta iH., 2014; Xia et al., 2021). Tomy pociauHu
BUKOPHUCTOBYIOTHCS JUIsl CTBOPEHHSI IJIAHTAIlI B €eHEPTETUIHUX IIJISIX B €BpoTIi. 3aBIsIKu
BHUCOKOMY €IIEMEHTHOMY HAKOIHMYEHHIO, BepOa TaKOX IIMPOKO BHUKOPHUCTOBYETHCS Y
diTopemeniamii (Zou et al., 2021). PocnuHu MokHa BHPOIIYBaTH Ha IPYHTax Pi3HUX
THUTIB, K JIETKUX (MIIIaHKUX ), CEPEAHIX (CYTJIMHHUX) TaK 1 BAXKKHUX (TTTMHUCTHUX) TPYHTAX
(Roman et al., 2021). Bueni cTBepmKyHOTh, IO BHpoOIIyBaHHs S.Viminalis B

CHEPreTUYHUX IUIAX € OJIHUM 13 BUIIB MISUIBHOCTI, SKUH CHpHS€ MPUIIMHEHHIO 3MIH

kiimaty (J

Puc. 2.1. Pociunu BepOu npyrtoBuanoi (Salix viminalis L.)

2.2. Bindip cyOcrpary Ta 3akjajaHHs NOJbOBOrO J0CJHIIy Ha TepUTOPil
xBocTocxoBuma M. CreOHuKa
Binbip cybcrpary 3aiiicatoBasm 3rigao JICTY 17.4.4.02:2019 y BecHSHO-TITHIH

nepiof. BinOupanu cyOctpart Ha riaubuni 0-25 cM B MiCUAX BIAHOBIEHOTO 010T€01IEHO3Y
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(49°18'39.8"N 23°33'59.3"E; 49°18'40.0"N 23°34'00.7"E; 49°18'41.1"N 23°33'57.7"E),
cepennporo (49°18'45.0"N 23°34'07.7"E; 49°18'43.8"N 23°34'07.8"E; 49°18'43.3"N
23°34'07.4"E) Ta cunbHOTO (49°18'45.2"N 23°34'05.5"E; 49°18'45.4"N 23°34'03.4"E;
49°18'45.3"N 23°34'04.5"E) 3acoicHHS, SKi BH3HAYalld Bi3yaJbHO 3a MICIIEM pPOCTY
pociuH (puc. 2.2.). Y 1maboparopHUX yMOBax CyOCTpar BHCYIIyBaJIUA JO IMOBITPSHO-
CyXOro CTaHy, pO3THUpaH, BIAOMpATX POCIMHHI 3aJMIIKK 1 TMPOCIIOBANM Yepe3 CHUTA.
Bnocunu no 2 — 3 kr cyOcTpary y nocyaunu o6’emom 3 1. Bosoricts cyOcTpaTy Ha yac
3BaKyBaHHs cTraHoBmia 10 %. 3 K0XKHOT AOCTIAHOT MOCYIMHU 3 CyOCTpaToM Opaii OJHY
3MilIaHy mnpoOy, sIKy TOTyBaJd 3 25 IHAUBIIyalbHUX Npo0. [HAMBIAYyanbHI TpoOH
PETENIbHO MEepEeMIILyBaIM Ta 3 3arajlbHOi MacH I'PyHTY BIIOUpAIU CEpEIHIO MPoO0y Macoro
500 r Ta 3cunanu o0 manepoBHUX MimeukiB A 30epirannsa (['pumnaenko ta iH., 2003).

HiI[l“OTOBJ'IeHHﬁ CY6CTpaT BHUKOPHUCTOBYBAJIHN IJIA ITOJAJIBIITNX I[OCJ'IiJ_I)KeHB.

Puc. 2.2. Micus Binbopy npo6 cyocTpary 3 xBoctocxoBuina M. CteOHHMK: 1 — wmicis

BIJTHOBJICHOTO O10T€0IIEHO3Y; 2 — MICLS MOIIMPEHHS MIOHEPHUX IIKOranogirtis; 3 —

MICII HE3HAYHOT'O MOLIMPEHHS COJIOHII eBporneiichkoro (Salicornia europaea L.)
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[TonpoBuUiA AOCHI 3aKiIanaiyd Ha IUX Ke JIUISHKAX, 3 SKUX BIIOUpanu cyocTpat
(puc. 2.2.). B eKoJOTIYHUAX JOCITIKESHHIX SK KOHTPOJIb MPUHHITO BBAKATU TaKUU XKe
THUI TPYHTY, aje 0e3 3a0pyaHeHb. OCKUIbKH 7151 pOOOTH BUKOPUCTOBYBABCS HE IPYHT, a
3aCOJICHHM CyOCTparT, JjIsl KOHTPOJIIO 00paHOo MICIls BITHOBJIEHOTO OloreolieHo3y. [Tmoria
ommiei mocmigHoi minsHku cknagana 30 Mm% IToBToproBaHicTh HiNSHOK TpukpartHa. Ha
KOXKHY JIUISHKY HaBecHI Oyyio BucamkeHo 1o 150 BkopiHeHmX kuBIIB S. viminalis.
Bia6ip 3pa3kiB pocinuH BepOu 3aiiicHioBanu Ha 120 100y pocty. Ha 1ieit nmepioa pocinHu
S. viminalis 3 minsHOK 13 CHJIBHUM 3acojeHHSIM (auB. puc. 2.2.(3)) Ha 99 % 3aruHy:.
Tomy mopanblili JOCHIKEHHS TPOBOIAIIN TUIBKH 13 POCIIMHAMM, SIK1 POCIIM HA JIIJISTHKAaX

HOLIMPEHHS MOHEPHUX TIIiKoranodiTis (2) Ta BiAHOBICHUM OioreomeHo3oM (1).

2.3. BusHayeHHs1 KHUCJIOTHOCTI y cyocTpaTi CTeOHMIBLKOI0 XBOCTOCXOBHUIIA

AKTyanbHy, OOMIHHY Ta TIIPOJITUYHY KHCIOTHICTh Bu3Hauamu 3a JCTY
8346:2015.

20 T NOBITPSHO-CYXOrOo IPYHTy MoOMIIanud Yy Kouly, 3amuBaiu S50 M
JTVCTUIILOBAHOI BOJM NJI1 BU3HAYEHHS aKTyallbHOI KUCIOTHOCTI, abo 50 mu 1 H kamiit
XJIOpUJ JJIsI BU3BHAYCHHS OOMIHHO1 KHUCIIOTHOCTI, a00 50 mi 1 H Hatpii amerary s
TAPONITHYHOT KUCIOTHOCTI. 300BTYBaJId yNIpoaAoBx 5 XB. [licia nepeminryBanHs, mpoOu
3aKpUBAIM Ta 3amumaiu Ha 24 roauHu. KuciaoTHicTh BU3HAYaM y BIAQIIBTPOBAHUX

po3unHax 3a gpornomororo pH-merpa Seven Compact (Mettler Toledo, CIIIA).

2.4. BusHayeHHs BOJAOPO3YMHHUX ioHIB Yy cyoOcTpari CTeOHUIBKOTO
XBOCTOCXOBHIIA

Bomopo3unHHi  10HM BHW3HAYEHO KOMIUICKCOHOMETPUYHUM MeToaoM. s
MIPOBENICHHSI aHAITI3y BijOupanu mpobu ta roryBanu BUTHKKH 3a JJICTY 4288:2004.

Busnauenns Ca®*: no surskku gomasamu 2 ma 2 H NaOH go pH = 12-13 Ta
nonaBamu 1 Mu1 KaJIbKOHKapOOHOBO1 KHCJIOTU. Po3umH 3a0apBiitoBaBCS y BUIITHEBUIA
komip. BigturpoByBanu 0,1 u kommiekconoM I 1o 3minu 3a0apBiaeHHS HA CHHIM KOJIP.

Busnauennss Mg**: 10 BOIHOI BUTSKKM CyOCTpaTy I0AaBadd 5 MJ aMiauHOro

oydepy no pH = 10, mexingpka KpynmMHOK €piOXpOMY YOPHOTO (3a0apBIICHHS PO3UYUHY
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cTayio BUIIHEBO-uepBoHe). TurpyBanusa nposoawiu 0,11 xommiekconom I 1o 3minun
3a0apBJICHHS HA CHHIM KOJIp.

Busnauenns Fe?* i Fe**: nomasamu no sursxku HCI, mo6 pH = 2. HarpiBamu 1o
50-60 °C, momaBayiu 20-30 M cynbdocaTiiuaoBOi KUCIOTH, BHACIIIOK YOT0 PO3YHH
HaOyBaB 4epBOHO-(10JI€TOBOTO KOIbOpY. TuTpyBanHs npoBoauin 0,01H KOMIIIEKCOHOM
Il — po3umn 3HeOapBmroBaBcs. Ilicas mporo y 1o x mpoOy momaBamu 100 mi
HAJICIPYaHOKUCIOTO aMmoHio. Po3umH 3abapBiioBaBcs y poxeBuil koiip. TutpyBanu
0,01 1 xommiekconom III mo 3HEOapBITIOBAHHS.

Busnauenna HCOs™: 10 BUTSDKKY JI0/1aBaJId METWIIOPAHK. TUTpYBaHHS IPOBOIUIU
0,1 1 HCI 1o 3miHu 3a0apBieHHS 3 )KOBTOTO Ha POXKEBE.

Busnauenns Cl~: moBoaunu piBens pH Butsikku 10 7-10. JogaBanu 1 mi 5% kasiito
xpomoBokucioro. Turpysanu 0,11 AGNOs3 10 3MiHU 3a0apBIICHHS HA OPaH)XEBO->KOBTUM
KOJIP.

Busnauenns SO, sl BUSIBJCHHS IIbOTO aHIOHY TOTYB&JIM KOJOHKY (CKIISIHY
TpyOKy niamerpom 2,5 cm 3 kpanom (1000 mi), Ha map ckinoBatu Hacunanu KVY-2). Jlns
pereHepaiiii kKationy 4epe3 KoJaoHKy, npornyckanu 0,11 HCI noku pH BuXiHOTO po3unHY
HCI ne 6yno piBauM pH BuXigHOTO po3unHy. AHANI3yI0Uy BUTSKKY MPOITYCKaJIA Yyepe3
KoJIoHKY 3 KarioHiToM KVY-2. Ilepmri 20 mn ¢dinptpary BunmuBanu. o 10 M ¢imsTpaty
nonasanu 10 mi eTunioBoro cnupty, 2 karut 0,2% niTxpomaszo. BintutposyBanu 0,02 H
BaNQOj3 10 3miHM 3a0apBiIeHHS Ha TOYyOUH KOTIp.

KinpKkicTh IIUX €€MEHTIB Y BUTSXKIII PO3PaXOBYBaJU 3a POPMYJIOIO:

V X C XM x1000
X= ,
V1

ne V — 00’eM po3urHy, IKMii BAKOPUCTABCS HA TUTPYBaHHA,
C — KOHLIEHTpAallisl PO3UHHY, SIKUIl BAKOPUCTOBYBAJIU JJIsl TUTPYBAHHS,
M — ekBiBaJICHTHA Maca 10HY,
1000 — xoedirtieHT MepepaxyHKy,

V1 — 06’em npoOu BOHOT BUTSKKHU, B3ITUH JIJIT TUTPYBAHHS.
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2.5. Buznauennsst BM y cyGcTpari Ta pociuHHOMY MaTepiai

Bwmict Baxkux wMertanie (BM) Bu3Hauamu MeETOJOM aTOMHO-aO0COpOIIHHOT
cnektpodoToMeTpii Ha ciekTpodoToMeTpi CTI-1 3 ByriIbHUMU €AEKTPOAAMH Y MOIYM 1
cyMilIi aneTuneH-noitps. YyTnmusicTs MeToxy cranoBuTh 10 % (Anekcanaposa u ap.,
2001).

Busnauenns BM y cy6cmpami: no Butspkku cyoctpaty 3 1M HNOj3; momaBamm
areraTHo-aMoHIHUN Oydepuuit po3uun pH = 4,8 y cniBBigHomeHHi 1:10, 300BTyBaN
npotsiroM | roaunu. BumipioBaHHS NpPOBOAWIM Ha AaTOMHO-aOCOpOIIHOMY

cnexktpodoromerpi. Bmict BM Buznauanu 3a ¢hopmyroro:

X = VX (A1~40) ’

m

e X — MacoBa YaCTKa BU3HAYEHOI0 METAJy y IOBITPSAHO-CyXili mpo6i cybcTpaTy, MiH L

(mr/kr);
Al — xoHIIEHTpAIlis MeTaly Yy JociiaHIi OydepHiil BUTSKII cyOcTpaTy, 3HaiiieHa 3a
KamiOpyBanbHUM rpadikom, mr/am?;
AQ — KOHIIEHTpallil MeTaly y KOHTPOJIbHIN mpoOi, 3HaieHa 3a rpajiloBaJbHUM
rpadikom, mr/nam>;
V — 00’eM JOCTITHOT BUTSHKKH, MIT;

M — Maca MOoBITPSHO-CYX0i Ipodu cyOcTpary, T.

Buznauenns BM y pocnumnomy mamepiani: MiHepalli3alilo Tpod poCiIuH
MPOBOIMIN MeTofoM cyxoro o3oneHHsS 3a ['OCT 26657-85. BusHaueHHs MeTaniB
MPOBOAMIIM Y PO3UYMHI 30JIM: JOJaBajy KiJbKa Kpamneiab OiMMCTHIHLOBAHOI BOAM Ta
po36asiieny (1:1) HiTpaTHy KUCHOTY. [licas bOoro TUreah HarpiBaJiv Ha €JIEKTPOIUIATIN
no kumHHA.  Bwmict Turns QineTpyBanmu Ta BU3HaYanM MeTanu y Marepiami. s

BU3HAYCHHS BMICTY BaXKHUX METATIB BUKOPUCTOBYBAIH (POPMYIIY:

X = VX (@1-40) |

m 1

JIe X — MacoBa 4aCTKa BU3HAYEHOTO METAIY Y POCIMHHIN po6i, MiH * (Mr/Kr);
Al — KOHIIEHTpAllisl METaly y pO3UMHI 30J14, 3HalJIeHa 3a IpaJil0BAIbHUM rpadikoM,

mr/mmS;
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AQ — KOHIEHTpallis MeTajqy y XOJOCTiii mpoOi, 3HaWJeHa 3a TpajJiloBaIbHUM
rpadikoM, mr/nms;

V — 00’eM IOCTIAHOTO PO3YUHY 30JIH;

M — Maca NoITPSHO-CYX01 MPOOU POCIIHMHH, T;

K — xoedirieHT, sikuii BpaxoBye 3MEHIICHHS HaBaXXKU POCIMHHOTO MaTepiany (K=1,

AKIIO MaTepiaiy y 2 pa3u MeHie, To K=2).

2.6. BupomyBanns S. viminalis y 1a6opaTopuux ymoBax

A) B)

Puc. 2.3. Bkopineni skuBmi S. viminalis, sfki BHKOpHUCTOBYBaJIHMCh B SKOCTI

MOCaJIKOBOTO MaTepiany (A); BUpOIyBaHHS POCIIMH Yy JabopatopHux ymoBax (b)

XKugi pocnun S. viminalis BuponryBanu npotsarom 30 ta 90 1i0. Bucamkysanu y
CcyOCTpaT BKOPiHEH1 KUBIIl JOBKUHOIO 25 &+ 2 cM Ta aiametpom 0,8 + 0,2 cM 3 JTOBKHUHOIO
kopeHiB 2 + 0,5 cm. B onHy mocyauHy BucamkyBanu mo 5 xuBLliB (puc. 2.4). Yci
BaplaHTH TMOJWBAJIN JUCTHWJIHOBAHOI BOJOI B OJHAKOBUX KUIBKOCTSX. Bosoricts
niaTpuMyBau y Mexax 60 % Bijx moBHOI Bojoroemuocti. 3rigHo (Faroog, 2002), nana
BOJIOTICTh CHpus€e HaiikpamomMy pocTy pociuH. Ilicna 14 mHiB pocty Ha cyOctpari i3
MICIIb HE3HAYHOTO MOUTUPEHHSI COJIOHIIS EBPONIEHCHKOTO (UB. puc. 2.2.(3)), He BKOpPIHEHI

KUBL 3aTMHYJIU. Y pe3yJbTaTl IOro, OUIBIIICTD TOCHTIIKEHb BUPIIIEHO MPOBOIUTH Ha
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cyocTparti 13 AUISHOK MOIMIMPEHHS MOHEPHUX TIIKOraaogiTiB (OCTi) Ta BIIHOBJIEHOTO

OioreorieHO3y (KOHTPOJIb) (IUB. puc. 2.2.).

REAALA \AAAAZ

NN N

pEzochepa
alicornia europaea L

2,5-3 kT cyOcTpary 2,5-3 k1 cyOcTpary
i3 NiTAHOK I3 HimgHOK
XBOCTOCXOBHIIA | XBOCTOCXOBHIIA |
(KOHTpoOME) Ta 2 (Z1),2(Z2)T1a 3
(nmocin) (Z3).
A) b)

Puc. 2.4. Cxema BupoiyBanns S. viminalis B mabopartopuux ymoax mnpotsarom 30 (A) ta

90 116 (b) Ha cybcTpari xBoctocxoBuila M. CTeOHUK

Opnak mns gociaipkeHHs ckiaay EB kopeniB S. viminalis, BkopiHeHi >XKuBIIi
BHUCQ/KYBAJINCh y CyOCTpar 13 HaWOUIbII 3a0pyAHEHUX JUISTHOK XBOCTOCXOBHINA (IUB.
puc. 2.2.(3)). Takox Ay UbOTO AOCTIAY, CEpPEIHIN IIap TOPIIMKIB 13 5-Ma BKOPIHEHUMU
JKUBIIMA POCJIMH OYB 3allOBHEHUW 3pa3kaMu CcyOcTpaTy 13 pu3oc(epHOi 30HH
S. europaea (auB. puc. 2.4). PusocdepHi 3pasku S. europaea Bigoupanu Ha riauouni 5-10
cM 13 cyoctpaty CTeOHUIIBKOMY XBOCTOCXOBHIIA Y JIITHIN Mepioa. 3pa3Ku NepeHOCHIH

y CTepUJIbHI TTAKETH Ta TPAHCTIOPTYBAJIU J10 JJabopatopii. B SIKOCTI KOHTPOJIIO, POCITUHHU
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S. viminalis BupoimyBanu Ha CyOCTpaTi XBOCTOCXOBHINA i3 TPhOX IIISHOK (puc. 2.2).

KosxeH 13 BapiaHTIB JOCHIIKEHHS MMPOBOAWIHN Y 6-TH MMOBTOPHOCTSIX.

2.7. BuzHaueHHs1 MOp(oMeTPUYHHUX MOKAZHUKIB
IInowy nucmka BUMIPIOBAJIA 32 JOTIOMOTOIO MPOTpPaMH i BU3HAYEHHS IO
CKIIQTHUX biryp «Easy Leaf Ares Freey»

(https://play.gooqgle.com/store/apps/details?id=com.heaslon.Easyl eafArea&hl=en&qgl=

US) , pobora sikoi oCHOBaHa Ha CKaHyBaHHI JABOX (piryp, mioma omHoOI 3 SKUX Biloma
(m1ab10H), X TOPIBHIHHSAM 3 HACTYIHUM PO3paxyHKOM Iuioil apyroi ¢irypu. [Toxubka
BU3Ha4YeHHs muionli He nepesuinye 0,001%.

Pocmosi npoyecu BU3HaUanM BUMIPIOBAaHHSAM OKPEMHUX YAaCTUH POCIHH 3a
JIOTIOMOTOXO JITHIMKH.

06’em «kopenesoi cucmemu BuzHadaiu 3a MetogoM JI. A. CaliniHa 1
I. I. KonocoBa. /[lanuii MeToJ Mmojisira€ y BU3HAUEHHI KIJIBKOCTI BOJIU, Ky BUTICHSIOTh
KOpEHI 1] Yyac 3aHypeHHs iX y MIpHUN nuIiHap. BigHocHa noxubka MeTony OJHM3bKO 5
% (BoluexiBcbka Ta iH., 2010). Kopeni, BigiOpaHi a1 aHani3y, CKJIagand y Ty4doK, 00
KOpEHEBI uitku 0ynu Ha oiHOMY piBHI. KopeHi 3merka mpocyiryBanu GuibTpyBaIbHUM
nanepoM, BiJ3Ha4alld MOJIOKEHHS MeHicka A’ B minetui. KopeHeBy cucremy pocivH
3aHYpIOBAJIMA 10 KOPEHEBOI IIMHKKU Y BONy. PIBeHb BOAM y MOCYJUHI IiJIBUIIYBaBCS, 1
MEHICK Yy TIimeTIi MmigHiMaBcs 10 mojoxkeHHs B'. 30uibmenHs o0’emy Boau
JOPIBHIOBATHUME 00’ €MOB1 KOPEHEBOI CUCTEMHU JTOCIIIJIKYBAHUX POCIIHH.

Hnst eusnauenHs emicmy 600u y PI3HMX OpraHax BepOH, pOCIMHHHN MaTepial
BucymryBanu mipu temneparypi 105 ° C y cymmnbHii madi 10 nmoctiiHoi Macu. Bmict
BOJM B HaBaXIIl pO3paxOBYBAJIM 32 PIZHUIICIO MAC CUPOi Ta CyX0i peuoBUHU. Bupaxkanu

BMICT BOM y % 110 Macu cupoi pedoBunu (Tepek Ta iH., 2005).

2.8. BusHauyeHHs (UIYKTYyaliifHOT acCMMeTPiil TUCTKOBUX IJIACTUHOK
Busznauenns Qaykryariiinoi acumerpii (PA) mpoBeneHO sl POCIHH 13 MICIb
BiJIHOBJIEHOTO Oioreorneno3y CteOHuIbKOro xBocrocxonuiia (49.18409N; 23.34010E)

Ta eKOJIOT1YHO yucTuxX Teputopiit (49.47130N; 23.52302E ta 49.627531N; 23.463897E).
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Bigbupanu no 5 nuctkiB i3 cepeanboi yacTuHu 10 maroHiB 3 KOXKHOI pociauHu. s
TOYHOCTI pe3yJbTaTy JUCTKU CKaHyBaJId Ta MPOBOJWIIM BUMIPIOBaHHS 5 OllaTepalbHUX
O3HaK JUIst: 1 — mupwHA JTiBOI 1 MPaBOi MOJOBUHOK JIMCTKA; 2 — BiJICTaHb BiJl OCHOBH JI0
KIHIIS )KWJIKH JIPYTOTO TOPSAJIKY, APYTOi BiJl OCHOBM JIUCTKA; 3 — B1ICTaHb MK OCHOBaMU
nepioi 1 Apyroi KUJIOK APYToro MopsIKy; 4 — BIACTaHb MK KIHIISIMH TEpPIIOi 1 Apyroi
KHUJIOK; 5 — KyT MIJK TOJIOBHOTO KHJIKOFO 1 APYTOIO Bl OCHOBH JIMCTKA KIJIKOFO.

BumiproBaHHs TOBKUHU Ta IIUPUHU JIMCTKOBOI MJIACTUHKYA BU3HAYAIIN Y MIKCENSIX
3a jgomomoror kowmm 'totepHoi mporpamu Image Tools. Jlns BumiproBaHHS KyTa
BUKOPUCTOBYBAJIM TpaHCHOPTUp. [ aHamizy KoMIuiekcy MOpPQOJIOTIYHUX O3HAK
BUKOPHCTOBYBAJIM 1HTETPAbHUN MMOKA3HUK, SIKUH pO3PaXOBYBAJIM TaKMM YMHOM: 1) Jj1st
KOXHO1 JINCTKOBOI IUNTACTUHKHU OOYMCIIIOBAIM BIJTHOCHI BEIMYMHHA aCUMETPI JIJIs1 KOAKHOL
o3HaKH (pi3HUIO Mk npomipamu 3imiBa (L) 1 mpaBopyd (R) nimwinm Ha cyMy IUX 3aMIpiB:
(L—R)/(L + R); 2) obuucnroBaJiv MOKa3HUK aCUMETPIi JIJIs1 KOKHOTO JIMCTKA (J10JaBaiv
3HAYEHHA BIJTHOCHUX BEJIMYHMH aCUMETPIT 38 KOKHOIO O3HAKOIO 1 JUTHIIA HAa YUCIIO O3HAK);
3) oO6uKCIIIOBAIM IHTErPAbHUN MOKa3HUK CTA0UIBHOCTI PO3BUTKY — BEJIMUUHY CEPEIHBOT
B1JIHOCHOI BIIMIHHOCT1 MI>K CTOPOHAMHM Ha 03HaKy (0OUHCIIIOBAIIM CEPEIHE apUPMETUUHE
BCIX BEJIMYMH aCUMETPIi).

Bennunny @A o1iHIOBalM 3a ICHYHOUY0I0 MEeTOIMKOI0 (3axapoB, 1987). [l ouiHku
CTYTICHsSI BUSBIICHUX BIIXWICHb BiJi HOPMH BHKOPHUCTOBYBAIM OallbHy IIKaTy, IO
XapakTepu3ye piBeHb 3a0pyAHEHHS TEpUTOPii Ha OCHOBI TokazHuka DA. 3HayeHHS
IHTErpaJIbHOTO TOKAa3HUWKA acCHUMETpii, sIKI BIANOBIIAIOTH MepuioMy Oay, 3a3BUyai
CIIOCTEPITaloThCs Y BUOIPKAX POCIUH CHOPHUSATIMBUX YMOB 3pPOCTaHHS, HANpPUKIAI B
MIPUPOJIHUX 3amoBigHUKaX. [1’aTHif 6an — KpUTHYHE 3HAYEHHS 1 Taki JaHl MOKa3HUKa
acHMeTpii CIIOCTePiraloThes y BKpail HECIPUATIMBUX YMOBAaX, KOJIM pOCIIMHA TiepedyBae
B cuiibHO TipurHiveHomy ctani (bapabami, 2019). 3HaueHHsS 1HTETpaIbHOTO MOKA3HHUKA
acuMeTpii, SKi BIAMOBINAIOTH MepHIoMy Oaiy, 3a3BUYail CIOCTEPIraloThes y BUOIpKax
POCIIMH CIIPUATIMBUX YMOB 3pOCTAaHHS, HAIPUKJIA] B IPUPOIHUX 3anoBiAHUKAX. 1’ sTHid
0as — KpUTUYHE 3HAYEHHS 1 Taki JaH1 TMOKa3HUKA aCUMETPIii CIIOCTEPIraroThCsa y BKpait
HECTIPUATIMBUX YMOBaX, KOJU POCIHHA mepedyBae B CWIBHO MPHUTHIYCHOMY CTaHi

(bapabar, 2019).
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2.9. BuznaueHHsi BMicTy 0Oisika 3a Jloypi

HaBaxkky pociauanoro wmatepiany (0,5 ) po3TUpaiv y CTYIIi 3 OXOJOHKCHUM
alleTOHOM Tpuyi, mopuismMu mo 3,75 mu. O6’eqHyBaiv 1 BUMAPOBYBAJIHM AIETOH ITiJl
BEHTWISATOpOM J0 mnopoinky. Cyxuil mopomok po3unHsuii B 5 ma 0,1 M po3uuny
docharnoro 6ydepy (pH 8,0), mpotsarom 30 xB. OTpumany cymim neHtpudyrysanu 20
xB. mpu 3000 06/xB.

o 0,4 M Ginka qomaBaid 2 Mul poOOYOro po3unHy Ta nepemimryBanu. Yepes 10
xB nmomaBamu 0,2 mi peaktuBy Dosina-UekanbTey, mepeminryBamu 1 depe3 30 xB
BU3HAYAJIM ONTUYHY T'YCTHHY OJIEpKaHO1 CyMilll npu MoBxkuH1 XBUiIl 750 HM (KroBeTa 1
CM) MPOTH KOHTPOJIO, SIKMM TOTYyBaju aHAJIOT4yHO MpoOi (3aMiCTh pO3YMHY OLIKa
nomasamu 0,4 M1 THCTHIIBOBAaHOI BOjH). BMicT Oimka (Mr/r Macw cuUpoi peYOBHHH) B

npo0i BU3HAYaJH 3a KaniopyBaisHuM rpadikom (Lowry, 1951).

2.10. XpomarorpadiuHe po3aiieHHsI HI3bKOMOJIEKYJISAPHUX 0iKiB

PocnaunHmMil Matepian roMoOTreHi3yBaldM B CTYMIN 13 PIAKUM a3oToM. JlomaBanu
oydepuwmii po3unn Tpic-HCI (pH = 6,8) miist 3MoueHHs, Tak 106 Oyia sia3a 1 mm. [Totim
coHiiKyBaJId Ha yJIbTPa3ByKOBOMY coHidikaTopi Ha 5 motyxHocTi (30 c). ITicas mporo
neHrpudyrysamu npu 12 000 06./5 xB. Ta 30upanu cynepHaTaHT. btk ocamKyBamu
anetoHoM (12 roa.) 1 motiM 3HOBY HeHTpudyryBasin. Ocaj O1JIKiB 3aJIUBAIM allETOHOM Ta
MPOCYITYBaJIA 3pa3Ku. 3roJI0M PO3YMHSUIM iX y 30 MKJI AMCTUIILOBAHOI BOJIU Ta J01aBaIN
10 Mk 4-kpatHoro Oydepy Jlemil, sikuil MicTUTh MepKanToeTano. [licisg uporo 3pazku
CTaBWJIM Ha BOJASHY OaHio (2 XB) 1 HaHOCWIM Ha 12% momakpuiIaMiiHUA Telb, STKUM
bikcyBaimu B Oydepi, mo mictuB 14% wmeranony, 7% ONTOBOI KHUCIOTH 1 pemTy —
TUCTHIIbOBaHa Boja. e (apOyBamu dapooro Coomassie G250, BimmuBamu i 7%
PO3YUHOM OLTOBOI KMCIIOTH.

JIJ1ist TOpIBHSIHHS, MPOBOAMIIM OCaKEHHs OLIKIB y 3pa3kax 3a nonomoroto TXO,
3amicTh anerony. Jlo Bucymenux 3paskiB gonaBanu 100 % poszunn TXO, ocan

BimMuBaM aretoHoM. OTpumani 3pa3ku 00pobssy 1o Tik xe cxemi ([laBmuHOBa,

1971).
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2.11. Ouinka epexTuBHOCTI norjuHanusa BM pociaunamu

JI1s KiIIbKICHOT OIIHKHM €(DEKTUBHOCTI (DITOCKCTPAKIIii 3aCTOCOBYBAIN KOS(IIIEHT
oionoriunoro HakormyenHs (KBH) Ta dakrop tpancnokarnii (OT) (Nawrot et al., 2021;
Lamine, Saunders, 2022).

KoedimieHT 61010r1Y4HOT0 HAKOIMYEHHS! BU3HAYAETHCS CITIBBIIHOIICHHAM BMICTY
MeTajy B OJUHUII MacH akienTopa (pOCIMHY B IEPEpaxyHKy Ha i1 Cyxy mMacy) 1 JoHOpa
(TpyHTY):

Ke=2,
r
ne Ky— koedirieHT 010J0T1YHOTO HAKOTTUYEHHS,
C,— BMICT MeTally B POCJIMHI, MI/KT;
C,— BMICT M€Tally B IPyHTOBOMY ITOKPHBI, MI/KT.

Hnst rpynyBanHs BM y psnax 3a iHTEHCUBHICTIO O10JIOTIYHOTO HAKOMHYEHHS
BUKOPHMCTAHO IT’ATh Tpajariii (ABeccaaamon, 1987):

Enementu 6iosoriunoro Hakonuyenns (KbH > 1):

I rpyna — KBH — 10n i Ginbine — eneMenTn eHepriitHoro Hakonuuenns (Cd, Cs, Rb);
II rpyna — KBH — 10 — n — eneMeHTH CHIILHOTO HAKOTIMYCHHSI.

Enementu 6iosoriunoro 3axsary (KBH < 1):

[T rpyna — KBH — 0,n — enemMeHTH cnabKoro HaKOMUYEHHS 1 CEpEeAHBOTO 3axBaTy (Zn,

Mo, Cu, Pb, As, Co);

IV rpyna — KBH — 0,0n — entemenTn cmabkoro 3axsaty (Mn, Ni, Cr);

V rpyna — KBH —0,00n i MeHIIe — eneMeHTH ayxe ciabkoro 3axsary (Se, Fe, Ba, Te).
®daxrop TpaHciuokaii (OT) nmokazye eheKTUBHICT TIEPEMIIIICHHS HAKOTTMYEHOTO

Metany 3 Horo migzeMunx yactud (K) ngo creden (C) 1 mucta (JI) Ta Mixk Hag3eMHUMU

gactuHami (C 1 JI):

BM C
PTe=—,
BM K

BM JI
BMK'
BM JI

OTnic=——
Jan/C BM C

CDTj'[z
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JIJ1st KITbKICHOTO BUpA3y 3arajbHOI 3IaTHOCTI BULy POCIHMH J0 KOHIIeHTpaiii BM
BUKOPHUCTOBYBaJIM OloreoxiMiuHui moka3HuK akTUBHOCTI (BXA) Bumy (ABeccanamos,

1987), mo siBisie co00I0 CyMapHy BEJIWYHHY, Sika OTpUMyeThbes Bia ckiaganHs KBH

bXA = Z KBbH

2.12. ExoJ10riyHa OL[IHKA HABAHTAKEHHSA CyOCTPATYy BaXKKUMH METAJIaMHU

okpemux BM:

Exonoriyny 1H(OpMaTHUBHICTh OTpUMaHUX BedU4YMH (oHOBOro BMmicTy BM
OI[IHIOBAJIM 32 €KOJIOTO-T€OXIMIYHUMU Koe(illieHTaMH, sIKi BUCBITIIOIOTH OCOOJUBOCTI
nanamadTHEX nporeciB mirpamii BM knapkamu konuentpanii (KK) 1 koeditientamu
konuneHTparii (Kx) (Knoc, bipke, JKoBuncbkuii, 2012).

OI11HKY TEXHOT€HHOTO HaBaHTakeHHs npoBoauiu 3a 0. €. CaeTom, Bu3Hauaouu
koedimientu 0e3nexu (KO6) ta xonnentpartii (Kc), 1 cymapHuii mokazHuk 3a0pyaHEHHS
(ZC) (Caer, 1990).

Koedimientn 6e3nexu Ks Bu3Hauanu 3a hopmyioro:

Ks=C/ T K,
ne C — (dakTU4HMI pIBEHb BMICTY PEYOBHH Y IPYHTI;

I'JIK' — rpaHMuYHO JONMycTHMa KOHIEHTpamis (3rimHo Posmopsupkenns KaGimery
MinictpiB Ykpainu Ne 93 Bin 20.01.2016 p., nokazuuk ['JIK BU3HaHO TakuM, 1110 BTPATHUB
cuity. [Ipote, He BBe/IeHO HOBHI MOKA3HUK 1 10 ChOroaH1 BUKOpUcTOBYeThes ['JIK).

Koedimient konuentpauii metany (Kc) Bu3Hauanu 3a BiJHOLIEHHAM PEAJbHOIO
BMICTY XIMI4HOTO ejeMeHTa B IpyHTi (Ca) 1o poHoBoro BMicTy 116010 X enemenTa (Cd)
B CEPE/IOBHIIII

Kc = Ca/Cqd.

KoedimienT koHIEHTpamii MeTally CBIIYUTh TPO AKTUBHICTH TIPOIIECIB
BunyroByBanHs (Kc < 1) 1 nakonmuenns (K¢ > 1) XiMIYHUX €JIEMEHTIB Y TPYHTI.

CymapHuii TOKa3HUK 3a0pyIHEHHS Zc BUPAXOBYBAJHU 32 (OPMYJIOIO:

ZC = Z"il KCTU
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ne Kc — koedilieHT KOHIIEHTpallii MeTay,
N — YUCJIO €JIEMEHTIB.
PiBeHb 3a0pyTHEHHS OIIHIOBAIIM 32 3HaYeHHAMH Zc (Tab. 2.1).
Taomurg 2.1.
OpieHToBaHa 1IKaja OLIHKYA HeOe3MeKn 3a0pyJHEHHS TPYHTIB 32 CYMapHUM

NoKa3HUKOM 3a0pyaHeHHs (Z¢) (biinosa Ta iH., 2009)

Kamezopis 3abpyonenns rpynmie (R) Benuuuna (Z¢)
I xateropis (momycTuma) <16
II kareropis (moMipHO Hebe3MeuHa) 16-32
III kareropis (HeOe3neuHa) 32-132
IV xareropis (Hag3BU4YaitHO HEOE3MMEeYHA) >128

HopmyBanHsi moenemMeHTHOro 3a0pyaHeHHs IpyHTy BM  mnpoBogunu 3a
meroaukoro B. B. Chakina (ChHakus, 1992) Ta rpyHTOBO-EKOJIOTTUHUX MPUHIUIIB, SK1
BIJIKUJIAI0Th MOXJIMBICTh 3HAXO/IKEHHSI TOOIMHOKUX 3HAYEHb IS BCiX IPYHTIB (BanbkoB
u ap., 2004). IlomieneMeHTHE HOPMYBaHHS 3IIMCHIOBAIA 3a OIIHKOIO 1HACKCY
3abpynnenns rpynry (I131). Iokasuuk 131 nae 3Mory nopiBHIOBATH PE3YJILTATH OTPHMAHI
Ha PI3HUX TEPUTOPISIX.

Pospaxynok 3T 3xilicHOBaNM 3a CIIPOILEHOI0 CXEMOKO, 3alpOoHOBaHo M. O.

bornanosum (bormanos, 2013):
131 = ¥n(5m) /n = Zh(K6)/n,

ne Ci— konuenTpatiss BM B IpyHTI KOHKPETHO B35TO1 AUIIHKY (MI/KT);

CI'’IK — I'’IK BM B rpyHTI (MI/KT);

Ci
CTIIK

N — 4UCJIO EJIEMEHTIB.

2.13. BusHaYeHHS BMICTY NPOJIiHY
ExcrparyBaHHsi mpoJiiHy MPOBOAMIIA KHIT SITIHHSM POCIUHHUX 3pa3kiB (300 mr
pociuuaHOoro Marepiany) B 5 M HzOuer. (10 xB). Iicns uentpudyrysanns (20 xg 3000

00/xB) 1o 1 mn cynepnaranty goxaBamu 1 mu CH3COOH 1 1 My HIHTIIPUHOBOTO
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peaktuBy. IIpoOu iHKYyOyBaaum mpoTaroM | roj y KUIUISYiA BOJsSHIN OaHi, IIBUAKO
0XO0JIOJKYBAJIU Y JIbOI1. [HTEHCUBHICTH 3a0apBIICHHS BUMIPIOBAJIM Ha CIIEKTpooToMeTpi
C®-2000 npm nosxkuui xBrii 510 am (Bates, Waldren, Theare, 1973).
Bwmict mposiny (MKMOJIB/T MacH CHpOI peYOBHHHN) BU3HAYAIIN 32 (DOPMYJIOIO:
_ AXVx100
1000xH ’
e A — eKCTHHIIIA,
V — 00’eM €KCTpaKTy,

H — HaBa)kka pOCIMHHOTO MaTepiamy.

2.14. BuzHaueHHsI BMicTy ackop0iHOBOi, [Jerigpoackop0iHoBoi Ta
JTUKETOTYJIOHOBOI KHCJIOT

HaBaxky pocimurHoro marepiany (0,5 r) momimanu y $happopoBy CTYNKy Ta
samuBamu 10 mn 5% wMeradocdopHoi kucioth Ta postupanu. Ilicas 1poro
HeHTpUyTryBaiu i BuaaieHus ocaxy (20 xB npu 3000 06/xB) .

VY nBi npoOipKu 3 MPUTEPTUMHU KOPKaMU HATUBAJIH 110 0,75 MJT OTpPUMAHOTO BUTATY
1 B onHy aoaasanu 0,001 H po3uuH 2,6-nuxiaopiHao(eHoy A0 MOSBU €J1ab0 POKEBOIO
3a0apBieHHs, cTiiikoro npotsrom 30 c.

V tpetio mpobipky BHOcumu 0,75 mu Butary, npurorosanoro Ha 0,5 x10° M
pPO3YMHI MEpKanToeTaHoidy. Butiar orpumyBamu npu po3tupanHi 0,5 T POCIUHHOTO
Matepiany B 10 Mi1 po3unHy MEpKanTOeTaHOTy MPUroTOBaHOTO Ha pochaTHOMY Oydepi
(pH=7,0). BuTsr ctpyuryBanu Ta nepeHocuiau Ha xoJiof (10 xB) 1 nenTpudyrysanu.

OcamxyBaHHS OUTKIB MPOBOAMIA BUKOPUCTOBYIOUYH MeTadocopHy KucioTy. s
nporo A0 4 mi uentpudyra ta gomaBamu 1 ma 5% meradochopHOi KHCIOTH, OCal
BigenTpudyrosysamu (15 xB mpu 3000 06/xB).

Ho ycix Tprox mpoOipok gomaBamu mo 0,25 w™a  posuumny 2,4-
TUHITpOPEeHUITApa3uHy 1 3 M AUCTHIILOBAaHOI Bou. [IpoGipku mominany y TepMocTaT

Ha 20 xB. npu temrepatypi 100 °C. [1o 3akiHUeHHI TepMiHYy TIPOOIPKU MEPESHOCUIIN Ha
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JH0AsHY OaHIO 1 B KOKHY 3 HHUX J0oJaBaiu mo 1 mu (TppoMa MOPIisIMU) CYJb(aTHOT
KHUCIIOTH.

Yepes 1 romuny 3abapBieHi po3unHd (HOTOKOJIOpUMETpyBaiu npu 520 HM B
ktoBeTi 10 MM (KOHTpOJBHUHN po3uuH — 3Ma 5% metadocdopHoi kuciaotu + 1 mi 2,4-
TuHITpodeHUr Apa3uHy + 1 M1 OUCTHIATY, nail oO0poOnsanu sk 1 jgociifgHi). 3a
KaJIiIOpYBAJIBHOIO KPUBOIO BU3HAYAIHM KOHIIEHTPAIiI0 KUCIOTH. BmicT kucmotn X Ha 1 1T

HABA)KKHM BU3HAYAJIM 32 (HOPMYJIOIO:

_10xC
0,75xn "’

ne C — KOHIIEHTpaIlis po34rHYy, 3Hal/IeHa 3a KaiOpyBaIbHUM rpadikoM, MKT/miT;

N — HaBa)KKa POCIMHHOrO Martepiany, T;

10 — 06’eM mOCTiAKYBAHOTO PO3YHHY;

0,75 — 06’ eM po3uMHY, B3SITHI IJIs aHATI3Y.

KinbkicHUM BMICT KUCJIOT PO3PaXOBYBaJM 3a HACTYITHOIO CXEMOIO.

VY npo0ip1ii 3 eKCTPaKTOM, OTPUMAHUM 13 MEPKAINITOETaHOJIOM, BU3HAYANN JIUIIIE
BMmicT JIKI'K (Mr/100 r cupoi peuoBunu), 60 Bin BimHoBmoe JJIAK 1o AK, ska 3 2,4-
JTUHITPOPEHUITIIPa3uHOM HE BU3HAUAETHCA.

VY npo6ipui 3 kucnoTHUM ekcTpakToMm BuzHavanu J{AK 1 JIKT'K, Tomy BigHIMaroun
Bif miei cymu kinbkictb JIKI'K, 3naxoaunau Bmict JJAK (Mr/100 r cupoi pedyoBuHN).

Y nmpoOipui 3 KUCIOTHUM ekcTpakTtoMm, Jne AK Oyna okuciena 2,6-
nuxisopinagodenonom a0 JAK, BusHaunthcs cyma tpprox kucnot (AK, JAK, JIKT'K).
3natoun Benuunny JIAK 1 JIKT'K, 3a pisauriero 3naxoauau Bmict AK (mMr/100 r cupoi

pedoBuHM) (OKyHLEB U 1p., 1981).

2.15. BuzHayeHHsi BMiCTy MAJIOHOBOI0 [HAJIBJAErIAY SK MOKA3HUKA
aktuBHOCTI npouecis ITOJI

HaBaxxxy pocnuaHOT0 MaTepiany (0,5 T) po3tupanu y 3 Ml JUCTHIHOBAHOI BOJIH.
Honasanu 3 mu 20 % TXO 1 e po3tupanu. 3 TOMOTreHaTy BiiOupaiu y MipHi IpoOipKu
2 ipo6u 1o 2 mit. B onny nonaBanu 2 mi 20% TXO — koHTpods, B ipyry — 2 mut 0,5 %

TBK. ITpo6u ingykyBanu 30 XB. Ha KATIISTY1H BOISIHIN OaH1, MICIS I[OTO OXO0JIOIKYBAIIN
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1 nenTpudyrysaau. ONTUYHY T'yCTUHY CYIEPHATAaHTy BUMIPIOBAIU MPH JTIOBXKUHI XBHIJII
532 um (Mycienko T1a in., 2001).
Kinpkicte ManoHoBoro aumanpaeriny (MJIA) (amMons/T Macu cHpoi PEYOBHHHM)

po3paxoByBaiu 3a (HOPMYIIOIO:

~ D532 X1000000XVxA
HXe

X

ne Dsz— 3naueHHa onTuyHOT rycTUHU Tipu A=532 HM,

V — 00'em peakuiitHoi cyminii (4 mi),

A — BIJIHOIIEHHS 3arajlbHOro 00'eMy BHUTSDKKH J1O 00'eMy MpoOH, B3SATOI s
BU3HAYCHHS,

€ — MoJsipHui koedimieHT ekctuHIlii (155000 i1/(cM-Moiib)),

H — HaBa)kka pOCIMHHOTO Martepiaiy, T.

2.16. Busnauennsi akTuBHOCTi kaTanas3u (K® 1.11.1.6)

HaBaxkky pocnuaHOro marepiany (1 r) romorenizyBaim y 3 mu 50 MM Tris-HCI
oydepi (pH 7,8). Otpumany cymiir iieaTpudyrysanu 15 xe npu 3000 06/xB. Karanasny
peaxiiro 3amyckany gogaBanasM 1 mi romorenary ao 20 mu 0,03% H20,. V xomocty
npoOy 3amicTh roMoreHary BHocuiu 1 M1 HyO nuctunboBanoi. Peakiiro 3ynuHsim yepes
10 xB gomaBanusiM 10 mi 4 % p-Hy MomiGmaty amoHir0. Y SKOCTI KOHTPOJIO
BUKOPHCTOBYBAJIM  JTUCTWIBOBAHY  BOAY.  BuMipioBaHHS  TpOBOAWIA  Ha
criekrpodoTomeTpi npu gorxuHi XBuii 410 HM (Kopostok 1a iH., 1988).

AKTHBHICTH Katanasu (MKMoib HyO,/Mr 0ikaxxB) BU3Ha4YaIM 3a (HOPMYIIOH0:

AEXV Xn
exCxtxax1'

ne AE — pi3HHIIS €KCTUHITIT X0JIOCTOT 1 JOCITHOT IPpooH,
V' — 3arasibHuii 00’ €M cyMillll B KIOBETI,
N — pO3BEJICHHS BUX1THOTO €KCTPAKTY,
& — MoJsApHUH koediuieHT ekctuHmii kommuiekcy HyO2 3 NHsMo0O;

(22,2 cm Ixmrmons L),
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C — koHIIeHTpaIlis O1IKa,
t — yac peaxiiii,
a — 00’ €M EKCTpakKTy,

1- JOBKHWHA OIITUYHOI'O INIJEIXY.

2.17. BusHayeHHs akTHBHOCTI mepokcuaasu (K® 1.11.1.7)

HaBaxky pociaunanoro matepiany (0,5 r) posrupanu 3 10 mut aneratHoro oydepy
(pH=4,7). Ilicns 10 xB. HACTOIOBaHHA 3 MEPIOAUYHUM TMEPEMIIIyBAHHSIM BHUTIKKY
neHrpudyrysain npu 3000 o6/xB 15 xB. CynepHataHT BHUKOPHUCTOBYBAIH JIJISI
BU3HAYECHHS aKTUBHOCTI (pepMEHTY. Y JBI MPOOIPKM HAIMBAIM MO 2 MJ (PEPMEHTHOrO
po3unHy, 2 Ma Oenzuauny 1 2 mMa HoO nuctunboBaHoi. Y KOHTPOJIBHY MpPOOIpKY
HaguBam 2 min H,O, a mo mocmigHoi — 2 mu HyO,. BumiproBanHs NpoBOAMIM Ha
cnekTpogoroMeTpi npu 1oBxkuH1 XBuil 625 uM (I"aBpuiienko u ap., 1975).

AxTuBHICTh (pepMeHTy mepokcuaasu (Mkmonb HpOo/Mr Oinka) BH3HAYald IO
IIBUJIKOCTI peakiiii 3a (popMyJIoro:

Ex(axb
AEX@D)
HXCXt

ne A — akTUBHICTh (DepMEHTY Ha | T HaBaXKH,

E — excTuHIg,

a — 00’ €M BHUTSIKKH,

b — cTymiHb po3BeCHHH,

H — HaBakka poCITMHHOTO MaTepiaiy,

C — ToBmIMHA APy PEUOBUHU B KIOBETI.

2.18. BuzHaueHHs1 BMicTy (peHOJILHUX CIOJIYK
biomacy nmio¢inbHO BUCyTyBaiu 1 Bu3Havyanu cyxy macy. Cyxy Tkanuny (50 mr)
po3Tupanu i nepeHocuiu B enenaopd ta zanmsanu 80 % eranosnom (1,5 mu). ITicas uporo

cTaBWIM Ha BonsHy Oanro (80°C, 30 xB.).
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Exctpakt ocamxkyBamu npu 12 000 g X10 xB. CynepHaTaHT NEPEHOCHIH Y
npoOipky-enenaopd ob'emom 2 mia. [o ocagy momaBamu 0,5-0,7 mu 80% eranomny,
3MINTyBaJy 1 e pas neHTpudyrysaiu. CynepHaTaHTH 00'€THYBaJX Ta KIHIIEBUN 00'eM
JTOBOJWJIN JI0 2 MII.

J1y1st BUBHAYEHHS ONTUYHOI T'yCTUHN BUKOPUCTOBYBAIH TaKy PEAKIIIHY CyMIIIT:
0,5 mu ekctpakTy+2,5 mu po3BeneHoro peaktuBy DomiHa-UokampTey 1 yepe3 3 XB
nonaBanu 2,0 ma NayCOg. Ilicnsa mporo peakiiiiiHa cymiln oTpuMaia cuHiil kodip. o
KOHTPOJIbHOT TpoOipku moxaBanu mo 0,5 mu 80% eranomy. [IpoOipku 3 peakiiiftHOO
CYMIIIIIIO T0Ope CTPYLIyBaIM Ta 3JIUIIAIN Ha 2 TOJUHHU.

BumiproBaHHsI ONTUYHOI TYCTHHU IPOBOIMIM HA CIEKTPOPOTOMETP1 MPHU JOBXKUHI
xButi 765 um (Singleton et al., 1999). BmicT BHYTPITHBOKIITHHHUX (DEHOJBHUX CIOTYK
po3paxoByBaiu 3a (HOPMYJIIOIO:

D=(CXVexerpacry)(MX1000),
ne @ — 3aranpHUN BMICT BHYTPIIIHbOKJIITUHHUX (PEHOJIBHUX CHOJYK, MI-€KB TajoBOi
KHCJIOTH/T CyX0i MacH,
C — koHpeHTpawiss (GEeHONBHUX CIIONYK, OTpUMaHa 3a KamiOpyBadbHUM Ipadikom,
BUXOJISIUH 13 ONTHYHOI 'YCTHHH 3pa3KiB, MI'-€KB TaJIOBOi KUCIOTH/II,
V exerpaxry — 3aTaJIBHAN 00’ €M €KCTPAKTY, MIL,
M — Maca HaBaXKH, T,

1000 — koedirtieHT epeBeAeHHS J1 B MJI (00’ €M €KCTPaKTYy).

2.19. Bu3HayeHHs BMiCTy COMPTO- Ta  BOJOPO3YMHHMX  HYKPiB
CIEeKTPO(OTOMETPUYHUM METOA0M

[MonpiOHeHwmit pocnuaanii MaTepian (0,5 T) mepeHoCHI B IPOOIPKH Ta J0aBaJId
5 mn 95 % cnupty. I[IpoOipku momimanu Ha BOASHY OaHIO Ta TpUYl JOBOIWIHA JI0
KUIIHHSA, OXONOoMKyBamu Ta neHtpudyryBamm (15 xB 5000 06/xB). CynepHaraHt
BUJIMBAJIM y BUNIAPIOBAJIbHY yamiky. [licist mboro y mpoOipKy 3 pOCIMHHUM MaTepiajioM
nommBa 5 Ma 80 % C,HsOH, BMICT mepemimnryBaiu 1 ABIYl HArpiBajdu 0 KHUIIIHHSA,

0X0JI0/KyBald, IleHTpudyryBanu. CynepHaTtanT 3auBad y (hapdopoBi BUNaprOBaIbHI
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yamky. Taky ekcTpakiiio IpoBOAWIH J1Bidi. CIUPT 3 BUNAPIOBATIbHUX YaIIOK BUAAIISIIN
BUITAPOBYBAHHSM 3a KIMHATHO1 TEMIIEPATYPH.

Cyxuii BMICT YalllOK PO3YMHUIA y 5 MJI BOJIM Ta nepeHocwin y 50 ma xonbu ta
JOBOJIUIIM /10 MITKHU. 3akpuBaiu Ta mnepemimryBaiu. [ami npoBoawnu 10-kpathe
PO3BEICHHSI OTPUMAHOTO pO34YUHY. /{7151 IIHOTO 5 MIT PO3YMHY MEPEHOCHIIN B K0JIOU Ha 50
ML

BinOupanu o 1 mi po3uuHy, nepeHocwiId y npoOipku Ta npogaBamu 1 ma 5 %
posuuny ¢enoiny Ta 5 Mt HaSOuxonn . CTpytryBanu Ta BuTpumMyBaiu 10 XB mpu KIMHaTHIH
temriepatypi. [|isi BUBHaUE€HHS BOJIOPO3UYMHHUX ITyKPIB MPOOU €KCTparyBaju BOJAOIO Y
ciiBBiAHOIIEHH] 1:20 Ha mpoTs31 2 TOJ Mmicis 4oro GuIbTPyBalld yepe3 CKIsHI QUIbTPU
[ToTa Ne3. Bimbupamm 1 mut pimerpaty i qomaBamm 1 mut 5 % denomy Ta 5 M HaSO4 ou,
peTenpbHO  TEepeMillyBajidi 1  OXOJOKyBaiu. BuMmiproBaau  eKCTHUHKIIIO  Ha
cuektpodoromerpi mpu A=490 HM. BwmicT 1ykpiB (MI/T Macu CHpPOi PEUOBUHH)

BH3HAYAIM 3a KajaiOpyBaJlbHUM Tpadikom, skuii OymyBaau mo caxapo3si (Dubois et al.,
1956).

2.20. Excrpaxkuisi IHK Ta cekBenyBanns lllumina MiSeq

JInst maHOTO ITOCIIDKEHHSI BHKOPHCTOBYBamM 36 3paskiB kopeHiB S.viminalis,
BHPOIIECHUX Ha cyOcTpaTi i3 ainsHok CteOHuIbKoro xsocrtocxopuma 1 (Z1), 2 (Z2) ta 3
(Z3) (mmB. puc. 2.2.) Ta IHOKYJIbOBAaHMX HATUBHMUMHU pPHU30CHEpHUMU OaKTepisMU
Salicornia europea L. Mikpoony JJHK orpumysamu 3 200 Mr gociigHOro Marepiainy,
BuKopucToByroun Habip Nucleo Spin® Soil (Macherey-Nagel, Germany) Ha 06a3i
nabopatopii UMBLA (Ultuna Metabarcoding Laboratory, SLU, Uppsala, Sweden).
KinbkicHe Bu3HaueHHd KoHueHTpamii (Hr/mxi) Ta uyucrotu JHK (A260/280)
BUKOHYBaJIU CeKTpohOTOMETPUIHO, BUKOPHUCTOBYIOYU NanoDrop Lite
Spectrophotometer (Thermo Fisher Scientific, USA). Kounentpanito JIHK BuzHauanu
byopomeTpuuHo 3a gonomororo Qubit 2.0 (Invitrogen, USA). 3pasku JIHK 36epiranu
ripu -20°C 17151 ToAaNIBIIIMX aHAITI31B.

bakrepiitni temn 16S pPHK (V3-V4 rinepBapiabenbni  00iacti) Oyiu

amIuTihiKOBaH1 13 BUKOPUCTAHHSIM npaiimepin
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Pro341F (TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG) Ta
Pro805R (GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG).

Awmrurigikanis npoBoguiack y asa eranu. 15 mxi [TJIP Nel mictunu 4 mxn 2,5 Hr
JTHK, 0,375 mxi 10 MmxM kosxHOTO mpaiitmepa, 7,5 mxir 2X Phusion Master Mix (Thermo
Scientific). 30 mxu [TJIP Ne2 mictuina 3 mkn 3pazka JJHK i3 monepennboi peaxiii, 3 MK
2 MkM koxHoro mpaiimepa, 15 mxa 2X Phusion Master Mix (Thermo Scientific). TTJIP-
peaxiiii npoBoawn y TepmiddomMy rukiaepi MiniAmp Plus™ (Thermo Fisher Scientific,
USA). [li1st oumIeHHs 3pa3KiB MK eTaraMu aMInTidikaiii BUKoprcToByBam Sera-Mag
(Merck KGaA, Darmstadt, Germany). I{uxx ITJIP Nel 6yB takum: 3 xB 98 °C (30 ¢ 98
°C, 30 ¢ 55°C, 30 ¢ 72 °C)x25 mukimiB micist nporo 10 x8 72 °C, 10° C xonoxa. Jist UKty
[TJIP Ne2 ymoBu Oyiu Taki 3k OKpiM MOJIOBXKEHHS Yacy aHItoBaHHA 10 45 ¢, 3 8 uKiIamu.
AwmrutipikoBaHi 3pa3ku 00’ €IHYBaJIM Ta OYMIIYBaJIU 3a Jonomororo Habopy E.Z.N.A.®
Cycle-Pure Kit (Omega Bio-tek, Georgia). Po3mip aMIUTIKOHIB TepeBipsiIv 3a
JIOTIOMOTOI0 TeJib-eNIeKTpodopesy, a KOHTPOJb SKOCTI npoBoAwian Ha BioAnalyzer
(Agilent, Santa Clara, CA, US). Ilicns KUIbKICHOTO BH3HAYEHHS 3a JOMOMOTOIO
dbayopomerpa Qubit (Invitrogen, Kapnc6an, Kamidopnis, CIIIA) Oymu cTBOpeH1
0i6moTeku. [Ticist yoro 3pa3ku Oyiu HazicaaHi Ha cekBenyBanHs |llumina MiSeq 2,250
bp (lllumina, USA) y ma6opatopito ScilLifeLab (Uppsala, Sweden). Pesynbrartn
CeKkBeHyBaHHs Oyiu orpuMani y Buriiaal FASTQ daiinis.

Amnani3z nanux cekBenyBanus 16S pPHK Oyno mposeaeno y mothur MiSeq SOP
(Kozich et al., 2013). BupiBHroBanHus erajonHoro periony 16S pPHK V3V4 6Gyno
CTBOPEHO 3a JonoMoroxo mociigoBHocti rera 16S pPHK L. acidophilus Ta mosiaxoBoro
baitmy SILVA (silva.seed v123.align, https://mothur.s3.us-east-
2.amazonaws.com/wiki/silva.seed_v123.tgz). TakcoHoMiuHa Ki1acudikaris 30epekeHux
MOCTIIOBHOCTEH Oyja BHKOHaHa 3a jomomororo komanau  classify.seqs 3
reference="trainset16 022016.rdp.fasta” and taxonomy="" trainsetl6 022016.rdp.tax”,
hi(S v16 RDP JIOBIKOBI dbaiimu OTpUMaHi 3 mothur
(https://mothur.org/wiki/rdp_reference_files/). ITocaimoBHOCTI, KIacudikoBaHi SIK TaKi,
o Hajnexath 10 TakcoHiB «Chloroplast-Mitochondria-unknown-Archaea-Eukaryotay,

Oynu BuydeHI 3 mojanbioro aHam3sy. [locmimoBHocTi OyiuM KjacTepu3oBaHI B
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omepariiiiai takcoHomiuni oguuuii (OTO) 3a momomoror komaHau cluster.split 3
napametpamu taxlevel=4 1 cutoff=0,03. Iligpaxynok OTO Oyno oTpumaHo 3a
nomoMororo komanau make.shared, a koHCeHCYCHY TakcoHOMIiO KoxkHOTO OTO Oymo

OTPUMaHO 3a JOTIOMOroro komanu classify.otu.

2.21. Buainenns 6akrepiii Ta sikicHa ouninka akruBHocTi ACC-1e3aminasu

bakrtepii BuauIanuM 13 3pa3kiB KOPEHIB METOJOM CEpIMHOTO PO3BEJICHHS B
pocparnomy Gydepi (pH=7,4). Possenenns 102 ta 10° y kinekocti 50 Mkn Gynu
BUKOPHUCTaHI JUIsl 1HOKyJAWii 5 M pigkoro cepeposuina. [IpoOipku 1HKYyOyBamu
npotsarom 24-48 roaun nipu 28°C ta 150 06/xB. Ilicnsa vyoro Gakrtepii mepeBipsuiM Ha
aktuBHICTh ACCD Ha crepusibHOMY MiHIMaabHOMY cepeaoBuill JlBopkina-docrepa
(Dworkin and Foster, 1958) (4,0 r KH,PO,, 6,0 r Na;HPO,4, 0,2 r MgS04,7H,0, 2,0 r
II0KO03H, 2,0 T TIFOKOHOBOI KMCIOTH 1 2,0 T TUMOHHOI KUCIIOTH, MIKpOEIEMEHTH: 1 Mr,
10 mr H3BO3, 11,19 mr MnSO4xH0, 124,6 mr ZnSO4x7H,0, 78,22 mr CuSO4x5H,0,
10 mr MoO3, po3und 3ami3za (10 mr FeSO4x7H,0 y 10 Mn nuctunsoBanoi Boau), pH 7,2)
13 monaBanHsM 3 MM ACC sk enHOTO JKepena HitporeHy Ta 8.0 r mikpo arapy (Duchefa
Biochemie, The Netherlands) (Nascimento et al., 2019). Yamku Iletpi, siki MicTHIN
cepenoBule J[Bopkina-doctepa 6e3 ACC, BAKOPUCTOBYBAJIM SIK HETaTUBHUN KOHTPOJIb,
a vamku 3 (NH4)2SO4 (2 T Ha 1 71 cepenoBuIna) BUKOPUCTOBYBAIN SIK TTO3WTHBHHIMA
KOHTpOJIb. [HOKyNbOBaHi yamiku iHKyOyBanmu mpu 28°C mpoTarom 5 AHIB 1 IIOJTHS
CIIOCTEPITaJIA 332 POCTOM. 30UIBIICHHS KUJIBKOCTI KOJOHIM Ha yamikax 13 Bmictom ACC
MOPIBHIOBAJIA 3 HETATUBHUM 1 TO3UTUBHUM KOHTpoJieM. KoJoHii, siki pociau Ha Jaiikax

13 ACC, BBaxkaynu npoaytentu ACC-ae3aMminasu.

2.22. HinrinpuHoBuii MeToa CKpHUHiHry Oakrtepiii-noraunauie ACC 3a
AonomMoror 96-isynkosoro INJIP-nnanmery

[lonepenHbo oTpuMaHi KOJOHII Oakrepid 3 uamok Iletpi 13 cepepoBuieM
JHBopkina-®ocrepa ta 3 MM ACC, nepeHOCHIN y CTEpUIIbHUIN 24-TyHKOBUHN IJIAHILIET
JUIsL BUPOLIYBAaHHS KyJbTYp, KOXKHA JIyHKa SIKOTO MICTHIa | MJI piIKOrO CepeloBHILA

JBopkina-®ocrepa ta 3 MM ACC. 3pa3ku iHKyOyBanu npotsarom 24 rox npu 28°C ta
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200 06/xB. IlicTaecsaT MIKpPOJITPIB KOKHOTO JECATUKPATHO PO3BEICHOIO CYIIEPHATAHTY
BUKOPHCTOBYBAJIM JUI CKpHHIHTY Oakrtepiii-mormunadie ACC (Li et al., 2011) y 96-
ayakoBomy [1JIP-mnanmeri. CepenoBumie J[Bopkina-docTepa BUKOPHUCTOBYBAIM B
AKOCT1 KOHTpoJito. KokeH po3BeJeHul cynepHaTaHT BHKOPUCTOBYBAIU Y TPHOX
MOBTOPHOCTSIX, /10 SIKOTO AoaBajiu 120 MKJI HIHT1IPUHOBOTO PEAKTHUBY Ta IEPEMIIIyBaIH
3a JomoMororo mnetku. [manmer nepenocuan Ha BoasHy Oanto (30 xB). Ilicis mporo
BI3yaJIbHO BH3HAYallM HasBHICTH OakTepiii-noriuHadiB ACC, MOpiBHIOIOYH TIUOUHY
NypIypy B PO3BEACHUX 3pa3KiB Ta po3BeAeHOro cepeaonuina JBopkina-docrepa-ACC
06e3 1HOkymsmii. I[licmg Yoro mNpoBOAMIM BUMIPIOBAHHA Ha CHEKTPOPOTOMETPI
SpectraMax 384 Plus Microplate Reader (Molecular Devices, San Jose, CA, USA),
BUKOpHUCTOBYIOuM nporpamy Soft Max 7.1, npu nomxuni xBum 570 HM. Bapiantu
OakTepiii, IO BIANOBIAAIM TOMITHO MEHINIM TIHOWHI KOJbOPY ab0 CTaTHUCTUYHO
HUKYOMY PIBHIO MOTJIMHAHHA CYNEPHATAHTY, NOPIBHSAHO 13 KOHTPOJIBHUM CEPEIOBUILA
JBopkina-@octepa-ACC 6e3 IHOKYIALIT, po3rsgany aK OaKTepii, skl BAKOPUCTOBYIOTh
ACC. Konnentpaniro ACC Bu3Hauaiu 3a KajaiopyBaabHUM rpadikoM, TOOYA0BaHUM 32

konneHTparismu (0,005-0,50 MMOJ1/T) HIHTIIPHHOBOTO PO3YHHY.

2.23. CTaTUCTHYHO-MaTeMATHYHEe ONPANIOBAHHS Pe3yJbTATIiB J0CTiIKEeHb

bioxiMiYHI Ta CHEKTPOMETPHYHI JOCHIAM MPOBOAMUIM Y II'SITUKPATHIN
MOBTOPHOCTI. Y KOXXHOMY BapiaHTi JOCIiy BHUKOPUCTOBYBAJIM MO TpHU O10JOTIYHI
MOBTOPHOCTI, @ y HUX — IO TPpU aHANITH4HI. Bizyamizauiro pe3ynbTaTiB JOCIIIKEHb
MPOBENECHO 3a JornoMoror rpadiyHoro ¢yHkuionary MS Excel 2016 Ta y mporpami
RStudio. Otpumani pe3ynbraTi 010XiMiYHMX MOKA3HHKIB OMPAI[bOBaHI CTATHCTUYHO 3
BUKOpPUCTaHHSAM Tporpamuoro nakety MS Excel 2016 nyis nepcoHanbHUX KOMIT FOTEPIB.
Busnauanu cepenne apudmerndne, craHgapTHy MoxuOKy. JloCTOBIpHICTh PI3HUIN MIXK
BaplaHTaMU OLIHIOBaIM 3a KpurepieM CTblofieHTa, BUKOPUCTOBYHOUYM 5% piBEHb
JIOCTOBIPHOCTI.

BaitecoBe monentoBaHHs 0yJI0 BAKOHAHO 3 BUKOpPUCTaHHAM 01010TeK R rstan vers.
2.21.3 (Stan Development Team 2020) Ta brms Bepcii. 2.16.1 (Biirkner 2018). Moneni

OyJu BU3HA4YEHI1 3a JIOMOMOTOI0 pO3IIUpPEeHOoro cuHTakcucy dhopmynu R Ime4 (Bates et al.
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2015), peanizoBanoro B nmaketi R brms. Bukonano minimym 2000 itepariiif 1 4oTupu
JAHIFOKKH, 1100 migiopaTtH Moxeni. BukopucToByroun Drms, KOHTPOJIbHUI MapameTp
Stan NUTS adapt delta 6yno 36imsmeno mo 0,95-0,99, a max treedepth — o 12-15.
[lepeBipky rimoTe3 MPOBOIWIA 3 BHKOPUCTaHHSAM piBHA ambda = 0,05, Bkasyroun
baiiecoBuil noBipumii iHTEpBaN (IOCTOBIpHUI 1HTEpBa), M0 MICTUTH l-anmbda = 0,95

(95%) amoctepiopHHX 3HAYEHB, OO BU3HAYUTH HASBHICTH €(DEKTY.
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PO311J1 3
PE3YJBTATHU JOCJI)KEHD TA IXHE OB OBOPEHHS

3.1. Mopdomerpuyuni mokazuuku pocaud S. viminalis 3a pocry Ha cy6crpari
xBocTocx0BUIA M. CTeOHHUK

ApanTaiisi pOCIMH JI0 YMOB HAaBKOJHUIIHBOTO CEPEJOBHINA HacaMIepe.
MO3HAYAETHCS Ha TPOIECI POCTY, KUK € (QYHKIE Oararbox CKIaAHUX (izionoro-
oioximiunux peakiiit (Tepek, ITamymna, 2011). 3aconeHns Ta HassBHICTE BM y rpyHTax €
OJIHUM 13 HalOLIbII NOIIMPEHUX a0IOTHYHUX (AKTOPIB 3HMKEHHS PpOCTYy Ta
IPOAYKTHBHOCTI pociauH y Bcbomy cBiTi (Hafez et al., 2021; He et al., 2021; Raklam et
al., 2021). AGoiTnuHwMii cTpec cripuurHsie MOPQOIIOriuHi, PYHKIIOHAIBHI Ta MOJICKYJISPHI
3MiHHU, $IKI TPU3BOJASTH JO 3MEHIICHHS MPOAYKTUBHOCTI Ta JAerpajallii €KOCHUCTEM
(Shanker, Venkateswarlu, 2011).

Peakuii pocivH Ha ablOTUYHI CTPECOPH, Cepell SAKUX 3acOoJieHHs Ta BIUIMB BM,
3ajexaTh BIJ TPUBAJIOCTI BIUIMBY CTpecopa 1 Bia eramy oOHToreHesy. HaiOinbin
XapaKTepHUMH O3HaKaMHU BIUIMBY BHCOKHMX KOHIIEHTpaliil coyiedt Ta Haauuiiky BM y
POCIIHH € YncieHH1 (pi310710r1yH1 Ta 010X1MI14HI IPOLECH, 8 CaMe MOIIKOHKEHHS MeMOpaH,
3MiHa aKTUBHOCTI €H3UMIB, 3HWKEHHS (YyHKIIOHYBaHHA (POTOCMHTETUYHOIO amapary,
raJIbMyBaHHS TUXaHHS, TOPMOHAIBHUN TUCOaIaHC, MOPYIIEHHS TPAHCTIOPTY aCUMLJIATIB,
3MiHa BOJHOIO pekUMY Ta iH. Bcil 11 mporecu BenyTh 10 psiiy BTOPUHHUX €(EKTIB, K1
HPU3BOJIATH JI0 3aTabHOTO 3HIKEHHS POCTY Ta PO3BHTKY POCIMHHOTO opraHismy (Zhou
et al., 2013; Kapyuu, 2020).

Salix viminalis L. — pociuHa poauHH BEepOOBHUX, sIKa BUKOPHUCTOBYETHCS IS
CTBOPEHHsSI €HEPreTMYHUX IUIaHTalid y €Bpomi, OCKUIBKM JIaHI  POCIUHU
XapaKTepPU3yIOThCS IIBUAKUMH TEMIIAMH POCTYy Ta HEBPA3NMBICTIO 70 YMOB
BUpolyBaHHs. [lepeBaroro JaHUX POCIMH € MOXJIMBICTH X BHUPOLIYBAHHS Ha JETKHUX
(mimaHux), cepeHix (CYMNIMHHMX) Ta BaXKUX (TJMHUCTHUX) IPyHTaX, a TaKOX HeE
qyTIMBicTh pociuH jo pH rpyaTy (Roman et al., 2021). /TocniiHUKH TIOBITOMIISIFOTb, 1110
nesiki BM BHKJIMKAIOTh 3aTPUMKY POCTY 1 3HFDKEHHS MpoaykTuBHOCTI pociuH (Ortiz-
Oliveros et al., 2021). Oxnak BcTaHOBJICHO, 1110 pocauuu S. Viminalis xapakTepu3yoThest

YHiI(aJ'IBHOIO 3I[aTHiCTIO MOTJIMHATU, ICAKTUBYBATHU Ta HAI'POMAIKYBATU CIICMCHTU 1 BOOY
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13 TpyHTY 0€3 3HIDKEHHS POCTOBUX IMOKa3HHKIB. LI BIacTUBICTH € NOCUTH BHCOKOIO,
nopiBHsHO i3 iHmmmMu pociauaamu (Greger Landberg, 1999; Toncryiko Ta iH., 2014 ).
BizyanpHa o1iHKa BIUIMBY YMOB T€XHOTEHHOTO 3a0py/JHEHHS XBOCTOCXOBHIIA Ha

pOCIUHHU BepOH MOKa3aia BiIMIHHOCTI y 30BHIIIHbOMY BHIIIsa (puc. 3.1.).

Puc. 3.1. 3aransuauii Burisa S. viminalis va 30 o0y pocty B mabopatopHux ymoBax (1—

KOHTPOJIb; 2 — OCIIIT)

Kpim 3miH 3aranbHOi OloMacu pOCIWH, HJis OIIHKKA BIUIUBY 3aCOJICHHS
BUKOPUCTOBYIOTh Macy cTeOes, KOpPEeHIB Ta JMCTKIB. Takl MOKa3HUKU SK JOBXKHHA
KOpEHIB 1 cTe0es, po3ralyKeHHsI KOPEHIB 1 KIJIBKICTh JOJaTKOBUX KOPEHIB, KUIBKICTh
JIMCTKIB BUKOPHUCTOBYIOTKCS SIK POCTOBI IapaMeTpu B yMoBax 3acosieHHs (Soltabayeva et
al., 2021). KopeneBa cucreMa poCiIvH MEPIIO CIPUIMAE CTPECOBI CUTHAJIM B YMOBaX
3aCOJICHHS, TOMY 11 PO3BUTOK MPUTHIYY€ETHCA 31 30IBIIICHHSIM KOHIIEHTpAIIil COJTl y TPYHTI
(Appenroth, 2010; Sanchez-Calderon et al, 2013; Zhou et al., 2013). JlosxwuHa Ta
KiTbKicTh KopeHiB 30-Tu qo6oBux S. viminalis 3 gociigHOro BapiaHTy Oy/iM MEHIITUMHU

BITHOCHO KOHTpoJIto Ha 21 % Ta 17 % BignosigHo (Tab:. 3.1). O6’eM KOpeHEBOI CUCTEMH
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y JocaiAl TexK OyB MEHIIIUM MOPIBHSHO 13 KOHTpoJieM. ["amy’>KeHHsI KOPEHIB Y 10CI1THOMY

BapiaHTi OyJ10 JinIIe 0 3 MOPSAIKY, a y KOHTPOJI 10 4.

Ta0mms 3.1.
BB TeXHOT€HHOT0 3a0pyIHEHHS Ha MOP(GOMETPHYHI ITOKa3HukH S. viminalis
30 nobpa pocty 120 noGa pocty
(JtabopaTopHi YMOBH) (TI0JIbOB1 YMOBH)
KOHTPOJIb JOCII KOHTPOJIb JOCIII
JIncTKkoBa IJIaCTHHKA
JloBxkHMHA, CM 10,20 + 0,92 8,07 £ 0,24 11,25+0,56 9,02+0,17*
Iupuna, cM 1,40 £ 0,08 1,30+ 0,05 1,12+0,06 1,35+0,09
IInoma
JINCTKOBOI 7,86+ 1,37 5,77 £ 0,69 7,72+0,63 6,24+0,18
IOBEPXHi, cM?
KigpKicTh 33,50 + 3,25 27,33 £2,44* 25,80+1,88 6,36+1,97*
Crebi1a
JloB>KHHA, CM 39,10 + 3,30 29,68 +2.47* 57,60+3,60 25,05£2.91*
KuekicTs 4,67 +£ 0,44 4,00+ 1,00 3,20+0,64 1,92+0,50*
Kopeni
JloB>K1HA, CM 30,10 £ 1,00 23,75 £3,95* 18,60+1,30 13,57+1,93*
KibkicTe 30,00 + 4,67 25,00 +2,00* 37+3,00 32+5,00*
O0’em
KOPCHEBOT 2,25+0,25 1,50 +£ 0,67 2,00+0,8 1,00+0,33
CHUCTEMU, MJI
[NanyxeHus
KOPCHIB, AV i v 11
OPSIOK

[Ipumitka: *

CTaTUCTUYHO A0cToBIpHA npu p<0,05

— TyT 1 Jajai Ha BCIX TaOJMIIX — PI3HUI IOJI0 KOHTPOJIIO

BigoMo, 10 TKaHWHM KOPEHIB MiJJAIOTbCSI OKCHUIATUBHOMY CTpecy, SIKUN

cnpuurHeHuit 3acoennsM (Hasanuzzaman et al., 2020). Crnig BpaxyBaTu TaKOX HE JIUIIE

BIUTUB 3acOjicHHS, a ¥ BMB BM Ha pocnuHu. BcTaHoBieHO mpsMmy 3aliexHICTh

1HT1I0yBaHHS POCTY KOpEHiB Ta creben Bij koHueHTpauii ioHiB BM (Konymaes, 2010).

ITpu 11bOMY YyTIHMBIIII € KOPEHI, 1110, MAOYTh ITOB’s13aHE 3 IXHLOIO 0ap’ €pHOI0 (DYHKIIIEIO
y4y
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(KaBynuu, 2020). Bigomo, 1m0 OCHOBHA YacCTHHA CBHUHI[IO 3aTPUMYETHCS Y KOPEHSX
pOCIIMH. Y BENUKHMX KOHLEHTpAIsfX 1€l MeTal MPUTHIUYE PICT POCIMH 1 BUKIHUKAE
XJIOPO3, KU BUHUKAE BHACIIIOK MOPYIIEHHS HaaxomkeHHs 3amiza (LleBuyk, Mynpak,
2021).

JIOBXkMHA KOpEHIB 3 JOCHITHOrO BapiaHTy Oyma Ha 27 % MEHIIOI BIHOCHO
KoHTpoJto (Tadu. 1). O6’em KopeHeBoi cuctemMu OyB y 2 pa3d MEHIIUM Yy JTOCIITHOMY
BapiaHTI BIIHOCHO KOHTPOJIIO. ['almy’>KeHHSI KOPEHIB Yy JIOCIiHOMY BapiaHTi Oyjo a0 3
MOPSZIKY, @ Y KOHTPOJIi — 10 4.

PesynbraTi HammX JOCHIIPKEHb MOKa3aid, mo pocauHu S. viminalis 3asnanm
CTpeCy B yMOBaxX pOCTy Ha cyoOcTpaTi XBocTtocxoBuma (tadn. 3.1.). JloBxkuHa
HOBOyTBOpeHux creben 30-tm moboBux S. viminalis, ski pocim Ha cyOcTparti
XBOCTOCXOBHIIA cTaHOBMIA 29,68 + 2,47 cMm, 1m0 Ha 24 % MeHIIe BITHOCHO KOHTPOJIIO.
Kinbkicte creben Oyna y wMexax MNOXMOKA. B  MonboBUX yMOBax JIOBKMHA
HOBOYTBOpEHUX cTeben Ta iX KipKicTh y 120-1u 1o6oBux pocnun Oyna Ha 57 % 1a 40 %
BIJIMOBITHO MEHIIIOIO BITHOCHO KOHTPOJIIO.

3HMWKEHHSI MIBUJKOCTI POCTY TAaroHIB BHACIIJOK 3acCOJIEHHS BUPAXKAETHCA
3MEHIIICHHSIM TUIONII JUCTKIB. KiHIeBUi po3Mip JTUCTKA 3aJICKUTh BiJ MOAUTY KIITHH 1
ixaporo pocty posrsaryBanssMm (Tepek, [lamymna, 2011; Tuteja et al., 2012). [TapameTpu
JIMCTKOBO1 IJIACTUHKU JOCHIAHUX POCIMH HE3HAYHO BIJIPI3HSUIMCH BiJl KOHTPOJIBHHX:
JOBKMHA Ta IMUPUHA JUCTKOBOI IJIACTUHKU AOCTiAHUX pociuH Ha 30 go0y pocty Oynu
MEHIITUMHU BiTHOCHO KOoHTpouro, Ha 20,8 % Tta 7,14 % BignoBigHo. Ilnoma aucTkoBOT
TJIACTUHKHU Y JOCIITHOMY BaplaHTi TeX OyJia MEHIIOK II0A0 KOHTPOJIO 32 POCTY 5K Y
7a00paTOPHUX, TAK 1 Y MOJbOBHX yMOBax. KiabKiCTh MHCTKIB Ha cTebOsax JTOCTITHUX S.
viminalis, ctanom Ha 30 100y pocty, Oyna piBHa 27,33 + 2,44, mo Ha 18 % MeHIIe
MOPIBHAHO 13 KOHTpojeM. Ciif BIAMITUTH 3HAYHE 3MEHIICHHS KIJBKOCTI JIMCTKIB Ha
ctebi y gocnigaux 120-tu oO0BUX POCIIHH 3a POCTY B IOJIbOBUX YMOBAaX, a came Ha 75
% MeHIIe BIJHOCHO KOHTPOJIO. JlaHe NpUrHIYEHHS POCTOBUX MapaMeTpiB MOXKHA
MOSICHUTH Ji€10  3acosieHHs. OCKUIbKM Ha eTali BEereTaTMBHOTO POCTY ICHYE
NPSAMONPONOPLIMHA 3aJIEKHICTh MK BMICTOM COJIEW y CEpEJOBHUIIl Ta BHUCOTOIO

POCIIMHY, TIIOMICIO JIMCTKA, 3arajbHOI0 KUThKICTIO JTHUCTKIB ([lepkau, Pomantok, 2016).
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OTpuMaHi JaHi HaIIOTO JOCHIDKEHHS Y3TO/KYIOThCS 13 TBEPKEHHSIM  IOJ0
HETaTHBHOTO BIUTUBY TEXHOTEHHOTO 3aCOJICHHS Ha BCi CTafil pOCTy pPOCIHWH, a came
3HWKCHHSI BUCOTH POCIHH Ta nmpoaykTuBHOCTI (Dubey et al., 2020).

JIMCTKY pOCIIMH € JyKe YyTIMBUMHU IO YMOB HaBKOJIUIITHHOTO CEPEIOBHUIIA, TOMY
3a BIIUBY CTPECOBHX (paKTOPIB B HUX CIIOCTepiraroThess Mmopdosoriuni 3miam (Glukhov,
Shtirts, 2015). Jlns BCTaHOBJIEHHS CTYIEHS BIUIMBY CTPECOBOIO YMHHHKA HA POCIUHH
BepOu OyJsio BU3HaueHO GiykTyaliiHy acuMmerpiro (DPA) TUCTKOBOI IMJIACTUHKH, SKa
BUSIBIISIE HE3HAUHI BIAMIHHOCTI MK TPaBOIO 1 JIIBOIO CTOPOHAMU JINCTKOBOI IJIACTUHKH
(bapa6ami, 2019). Ilpu 3a10BUILHOMY CTaHI HABKOJIMIIIHBOTO CEPEIOBHUINA iX pIBEHBb
MIHIMQJIbHUM, KOJM  HETaTUBHUM BIUTUB 30UIBIIYETHCS, MPOSBISETHCS aCUMETPIs
(Bapabar, JIozoBa, Ko3nosa, 2018).

@dunykTyalliifHa acCUMEeTpis — 1€ MPOCTHH 1 HEOPOTuil O101HTUKATOP, IKUH MOXKE
CIIyT'yBaTH TPHBOKHUM CHUTHAJIOM BIUIMBY cTpecopa Ha mopdodorito (Mabrouk et al.,
2020). Bimomo (KopossikoBa, 2013), mo cTpecH pi3HUX THUIIB MOXYTh CYTTEBO
3MIHIOBaTH CHUMETPUYHICTh JIMCTKOBUX IUIACTHMHOK. [lomepenHbo  J1OCTOBIPHO
BcranoBiieHo (ITputyna, 2021), 1m0 3a NOripiIeHHs YMOB ICHYBaHHs MEBHOTO Bugy GA
0ocoOuH 3pocTtae. B mporieci JOCHIKEHHST BUSBIICHO HE3HAYHE 30UIBIICHHS acUMeETpii
JMCTKOBUX TIacTHHOK S.viminalis, siki pociu Ha cyOcTpaTi XBOCTOCXOBHIIA i3 AUISTHOK
BIJIHOBJIEHOTO O10T€0LIEHO3Y, MOPIBHAHO 13 JIMCTKOBUMHU IUIACTHHKAMU POCIUH 13
IHTaKTHHX 30H (puc. 3.2.).

BcraHoBiieHO pO30DKHOCTI MK NPaBOK Ta JIIBOKO YAaCTMHAMM JIMCTKOBOI
TUTACTUHKY 32 TAKUMHU O3HAKaAMU, SIK KYT M1 TOJIOBHOIO 1 JPYTrO0 BiJi OCHOBU >KHIIKOIO
JIMCTKA Ta ITUPUHOIO MOJIOBUHM JUCTKA. OHAK BICTaHb MK KIHI[IMU TIEPIIOT Ta APYTOi
KUJOK Oyna Oinpln cuMmeTpudHa. I1[o0 pociuH 13 €KOJOTIYHO YHCTUX JIISHOK,
MOKa3HUK acuMeTpii OyB HaAHOIBIINM Y JAHUX KyTa MIXK T'OJIOBHOIO Ta APYTOIO )KHIIKOIO
BiJl OCHOBH JINCTKOBOT IJIACTHHKH, & TAKOXK JIOBKUHOIO APYTOT KUIJIKH BiJl OCHOBH JINCTKA
Ta BIACTaHb MK KIHLISIMH MIEPIIOi Ta APYTOi )KUIIOK JIMCTKOBOI TUNIACTUHKU. [HTEerpanbHuit
MOKa3HUK CTaOLIBHOCTI pocTy pociud S.viminalis Ha BigHOBIEHOMY OiOreoIeHO031 Ta
1HTAaKTHUX AUITHKAX Bignosigac Il ta [ Gamam BIAMOBIAHO 3T1IHO 3 5-0aJIbHOIO IIKAIOKO

OLIIHKHM CTaOlIbHOCTI PO3BUTKY POCIHH 3a BennuuHO DA. JlaHi pe3ynbTaTH MOXKYTb
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CBIUMTH IIPO T€, [0 HA €KOJIOTIYHO YMCTHX AUIAHKaxX S. viminalis pociu B HOpMaIbHHUX
yMOBaXx, a Ha JUISHIII XBOCTOCXOBHIIIA — B YMOBAaX MEPEXOIY J0 CTPECOBUX YMOB POCTY

(Bi HOpMU 10 3a0pyTHEHHS).

Bemrumza ax:}mle.'rpﬁ NMHCTEOROL IIACTHHEHN
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Puc. 3.2. 1) Jluctkosi miactuaku S.viminalis (a — 3 iHTaKTHHX 30H, O — JIUISHOK
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XBOCTOCXOBHIIA 13 BIJHOBJICHUM OioreoneHo3oM); 2) Benwumna acumerpii
JMCTKOBUX TUIACTHHOK S. ViIminalis 3a pocTy Ha JiISHKAX BiJHOBJICHOIO 010I[EHO3Y
xBoctocxoBuiia M. Creonuk (I — auetku S. viminalis 3 inTakTaux 30H, K — nmucTku
S. viminalis 3 ginsHOK BiHOBICHOTO OiOreoIeHo3y): 1 — muprHa MOJIOBUHY JIUCTKA;
2 — JTOBXKMHA 2-01 »KWJIKU B1JT OCHOBH JINCTKA; 3 — BIJACTaHb Mi’K OCHOBamMu 1-o0i Ta 2-
o1 KuiIKu;, 4 — BIICTAaHb MK KIHISMH KWIOK; 5 — KyT M TOJIOBHOIO 1 2-010 Bij
OCHOBH JKUJIKOIO; 6 — BelIMunHa acuMeTpii tuctka). [Ipumitka: * — TyT 1 1asi Ha BCiX

PUCYHKAaX — PI3HUIA 100 KOHTPOJIIO CTATUCTHUYHO JTocTOBipHA npu p<0,05

3acoJyieHHs MPU3BOAUTH JI0 MOPYIIEHHS 3/IaTHOCTI O OCMOPETYJIIii, ToOTO i3
30UIBIIICHHSIM KOHIIEHTpAIlll COJIi POCIMHM BTpadyaroTh 3/IaTHICTh 30epiratu BOAY Y
opraHax, 10 HEraTMBHO BIUIMBA€ Ha iX CTIMKICTh 1O 3acojieHHs. Bimomo, 1mo Ha

3aCOJIEHUX IPYHTaX y POCIUH TOPYIIYEThCS BOAHHMN 0OMIiH. JlOCHiPKEHHS BILTUBY
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TEXHOTCHHOTO 3a0pyaHeHHs CTEOHUIILKOTO XBOCTOCXOBHINA HA BMICT BOJU Y OpraHax
pociun nokazanu (puc. 3.3), mo Ha 30 100y pocty S. viminalis y mabopartopHux ymoBax
BMICT BOJH B opranax S. vViminalis Bigpi3HsBCsI Bil KOHTpOIIr0. BMicT BoM y IMCTKaX Ta
ctebnax 30-Tu 1000BUX POCIMH OyB y MeXaxX MOXUOKH, a Y KOPEHSIX — OLIBIIUM Ha 25
%, TIOPIBHAHO 13 KOHTpoJieM. 3rimHo i3 miteparypuumu nanumu (Kyk, 2011), came
KOpPEHI pearyroTh Ha 3MiHy BMICTY BOJIU Y IPYHTI.

A b

Hocaig ™ Kortpon Hocmim ™ Kourpons

' *
Koper Kopei

e —
20 40 60

Buict soan, %o
-
Buuct rogm, %o

s —— e

0 20 40 60 80 100 0

Puc. 3.3. Bumict Boau B opranax S. viminalis: A. 30-ta mo0Opa pocty B 1abopaTopHUX

ymoBax; b. 120-ta no0a pocTy B m0JIbOBUX YMOBax

Pe3ynbraTy moap0BUX JOCTIHKEHD TTOKA3aJIH, 1110 HAMEHIIIE BOAN HAKOITUYIYE€ThCS
y creb1ax IOCiIHUX POCIIUH, Ha 4 % HuK4Ye BITHOCHO KOHTPOJt0. CItijl 3B€pHYTH yBary,
10 POCJIMHH, SIK1 POCJIM Ha CyOCTpaTi XBOCTOCXOBHUIIIA 13 JIJISTHOK MOIIUPEHHS MIOHEPHUX
TIIKOTao(iTiB, HAKONUYYBAIX OUIbIIE BOAM Y JUCTKAX Ta MEPEBUIILYBAIH KOHTPOJbHI
noka3HukH Ha 23 %. OTpuMaHi JaHi 010 HU3bKOT0 BMICTY BOH y cTebiax S. viminalis
MOXXYTh CBIJYATH TIPO TE€, IO €HEPreTHYHAa CHPOBUHA JAHUX POCIUH OyJie BHCOKOI
SKOCTI.

IMincymoxk. TTokazano He3HaYHE MPUTHIYCHHS POCTOBHX MapamMeTpi S. viminalis
3a pocty Ha cyocTpaTi CTeOHUIIPKOTO XBOCTOCXOBHINA Y JTA0OOPATOPHUX Ta MOJBOBHUX
yMOBax BHpOIyBaHHs. KiIbKiCTh cTe0N SIK Y KOHTPOJI1, TaK 1y A0CTii Oyiia mIpaKTUIHO
onnakoBa Ha 30 moOy pocty. OgHaK 3a MOJILOBUX YMOB, MOKa3HUKHU 120-Tu 10060BHX
pocnuH Oynu MmeHIIME. [lapameTpu TUCTKOBOT TUTACTUHKY JOCIITHAX POCITUH HE3HAYHO

BIJIPI3HSUIUCH BiJ KOHTPOIbHUX. [11011a TUCTKOBOI TIJIACTUHKY y JTOCTIHOMY BapiaHTI
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Oyra MEHIIIO0 010 KOHTPOJTIO 32 POCTY SIK Y JJA0OpAaTOPHUX, TaK 1 Y TIOJLOBUX YMOBaX.
[TomiyeHO 3HaYHE 3MEHIIIEHHS KUTBKOCTI JIMCTKIB Ha cTe0J1aX IOCHITHUX POCIIMH 32 POCTY
y MOJBOBUX YMOBaX. BUSABIECHO acCHMETPit0 TUCTKOBUX IUIACTUHOK 33 POCTY HA TIISTHKAX
BIJIHOBJICHOTO OioreorieHo3y. Bu3HaueHHS I1HTErpaJibHOTO TMOKa3HUKa CTabUIBHOCTI
pocty S.viminalis moka3ano, mo Ha JUITHKAaX BiJHOBJICHOTO 0iOTEOIEHO3Y € YMOBHU
Mepexoay 10 CTPECOBUX yMOB (BiJ HOpMHU 110 3a0pymHEHHs). BusBiIeHO HAaKOMUYCHHS
BOJM Y KopeHsax 30-Tu 1000BUX POCIUH Y J1abOpaTOpHUX yMOBax Ta y Juctkax 120-tu
no6oBux S. viminalis y moibpoBux ymMoBax.

Otpumani MopdomerpuuHi mokasHuku S.viminalis 3a pocty Ha cyOcTpari
xBocTocxoBuIa M.CTeOHUK OmyOIiKOBaHI y HACTYITHUX POOOTax:

1. Fetsiukh, A., Bunio, L., Patsula, O., Timmusk, S., & Terek, O. (2022) Content
of enzymatic and nonenzymatic antioxidants in Salix viminalis L. grown on the Stebnyk
tailing. Acta Agrobotanica, 75, 1-13. https://doi.org/10.5586/aa.752

2. @emox, A., bynro, JI., & Tepek, O. (2021). Kinetuka pocty Salix viminalis L.
32 YMOB TEXHOTE€HHOTO HaBaHTaXEHHS. AKkmyanvui npobdiemu ¢hizionoeii pociun i
eenemuxu. Tezu donosioeti Mixcnapoornoi naykoeoi kongepenyii (Kuis, 17 uepens 2021
p.) (C. 200-202). Kuis: InTepcepsic.

3. ®emwox, A., & bynro, JI. (2020). ®aykryamiiina acumerpis iuctkiB Salix
viminalis L. B iHTakTHI{ 30HI 1 30HI TEXHOTCHHOTO 3a0pymHeHHs. Cman npupooHux
pecypcig: nepcnekmusu ix 306epedxceHHsi ma B6IOHOGNEeHHs Yy KOHMEKCMmI Cmano2o
pozeumxy. Te3u oonogioeii IV Mixcuapoonoi Haykogo-npakmuunoi KoHpepeHyii
(lpoecobuu, 27-28 scosmusn 2020 p.) (C. 81-83). Iporoduu: JJITY.

4. bynwo, JI. B., ®emox, H., Ilanyna, O. 1., & Tepek, O. 1. (2017). Sxictb
POCIMHHOI CHUpOBUHHU ojepxanoi 3 Salix viminalis L. BupomieHoi Ha 3acojicHOMY
cyocTparti xBocrocxoBuina M. CteOuuKa. bionoeiuni cmyoii, (11, Ne 3-4), 96-97.

5. ®emwox, A., buonis, X., I'yzap, O., Ilamyna, O., & bynso, JI. (2017).
Bopoyrpumyroua 3naTHicTh aucTKiB pociud Salix viminalis L. 3a pocty Ha 3aconieHOMY
cyOcTparti xBoctocxoBuila M. CteOHUK. [/lesuenkiscbka 6ecna: 0ocsacHeH A OI0N02IUHOT

nHayku/BioScience Advances. Tezu donosideti XV Miscnapoornoi naykoeoi koHpepenyii

monooux suenux (Kuis, Yrpaina, 18-21 xeimnsa 2017) (C. 124-125). Kuis: [lanuBona A.B.
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3.2. BmicT Bogopo3unHHUX I0HIB y cy0cTpaTi CTEOHMIBKOT0 XBOCTOCXOBHIIA

BaxnmBo0 TEHETHUYHOI0 OCOOJHMBICTIO IPYHTOBOro MNOKpHUBY CTEOHUIBKOIO
XBOCTOCXOBHIIIA € 3aCOJICHICTh IPYHTIB, SKa 3aJICKUTh B/l BMICTY BOJJOPO3YMHHUX COJICH.
HasiBHICTB y TpYyHTI BOJOPO3UMHHHUX COJIeH 3HAYHOIO MIPOIO BIUIMBA€E HA MOTro (hi3H4HI
BJIACTHBOCTI, a TAKOXK Ha 3J]aTHICTH OMOpY 210 HaBaHTaxeHb (KopHeenko, 2016). Ctyninb
UX 3MiH 3aJ€KUTh BiJ KIJTBKOCTI Ta CKIaAy coJjiel y IpyHTax. BMIiCT BOJopO3UMHHUX
COJIC BHM3HAauae€ CTYMiHb 3aCOJEHOCTI TIPYHTIB, a BIUIMOBIAHO, 1 MOXJIHUBICTh
BUKOpUCTaHHA IpyHTY (Hazapenko Ta iH., 2003).

Bnacnimok B3aemopii aTtMochepHUX OIaaiB 3 BiAXOoJAaMH TBepAoi ¢azu
XBOCTOCXOBHIIA BiZIOYBAa€ThCS BIJIYTOBYBAHHS HAsBHUX Yy HINM COJIEH, 1[0 BUXOJSATH Ha
JICHHY TOBEPXHIO, 1 YTBOPEHHSI BTOPUHHOI POIH, SIKA CTIKAE€ y 3HWKEHI JUISHKU THA
nepmioi cekiii (IBamoB Ta iH., 2018). YV cyOcTpari XBOCTOCXOBHINA BiJI0YBa€ThCS
MOCTYIIOBE TMPOHUKHEHHS (DITOUEHO31B Yy 3B’SA3KY 31 3HIKEHHSIM BOJIOTOCTI Ta
KOHLEHTpalii coneil. Hampsam 3apoctaHHd Mae JIIHIMHMA XapakTep 1 YITKO
JICTepMIHOBaHHI 3MiHOIO 3acojieHOCTi i Bojsiorocti (Cabar, [aiTiep, 2014).

OTpumaHi pe3yiabTaTH IOCIIIKEHHS IOKa3ajid, M0 BMICT COJE€H y KOHTpPOJII
ctaHoBUTH 1,23 0,16 r/kr, a y nocmiai — 2,49 + 0,32 r/kr, mo Ha 49 % OibI1e KOHTPOJIIO.
BusHauaroun BMICT BOJOPO3YMHHHUX 10HIB, BHUSIBICHO, 1[0 OCHOBHHMH CKJIQJIOBUMHU €
ioHM XJI0pY Ta cynbgaTy. IX BiICOTOK y HOPIBHSHHI 3 iHITMMYU i0HAMU OyB HAHOLIBIIIM.

Cepen KaTiOHIB TOMIHYBaJIM 10HH KajbIlifo. (Ta0. 3.2).

Tabmuis 3.2.
Bwmict Boiopo3unHHUX 10HIB y cyocTpari CTeOHUIIBKOTO XBOCTOCXOBHIIIA,
mr/100 r rpyHTY

Bapianr | HCOy | CI | soZ | O™ | ca* | Mgzt |(Na*+KH| O%e

AHIOHIB KAamioH16
134,21 | 266,12 | 499,22 204,41 | 107,27 27,60

Komrpoms| "y 55 | 1g33 | +10022 | 89995 | 1011 | 1255 | z067 | 339%8
. 225,70 | 439,58 | 1133,51 352,70 | 192,13 144,84

Joemin | (g oox | 4345+ | s565% | 179879 (5 7gx | iggyx | 1p3sx | 98967

YV OUIBIIOCTI BUIIAIKIB HETATUBHUN BIUIMB 3aCOJICHHS OB’ I3aHUHA 13 30UJIBIIICHHAM
B pOCIIMHHOMY opraHi3Mmi Bmicty ioHiB Na* Ta Cl-, npuuomy nebesneunimmm € Cl~(Suga,

2002). EdekT coibpoBOro CTpecy MPHU3BOAWTH IO BTOPHMHHUX 3MIiH — CIIOBLIBHCHHS
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pO3TATYBaHHS KJITUH, (DOTOCMHTETHMYHOI aKTUBHOCTI, (DYHKIIIOHYBaHHS MeMOpaH,
NPUTHIYCHHS METab0IIi3My, @ TAKOXK 3YMOBIIIOIOTH PO3BUTOK OKCHIATHBHOTO CTPECY, IO
B MiJICYMKY MPHU3BOAUTH JI0 MPUTHIYCHHSI POCTY, PO3BUTKY 1 MPOAYKTUBHOCTI POCIHH
(Chen, 2013).

IMincymok. Ionn xymopy Ta cyiabdary € OCHOBHMMH CKJIQJIOBUMH BH3HAYCHHUX
BOJIOPO3YMHHUX 10HIB y cybOctpari xBocTtocxoBuma M. CteOHuMK. Cepen KaTiOHIB
NepeBakaroTh 10HU KaJbIlii0. JlaHi BMICTY cojiel y TOCTITHOMY CyOCTpaTi MEePEBUIILYIOTh
KOHTpOJIbHI Ha 49 %. Y KOHTpoJbHOMY BapiaHTi BMICT coneit € 1,23 = 0,16 r/kr, a 'y
nociigHomy — 2,49 + 0,32 r/KT.

i pe3ynbratu omy0JiKOBaHi:

1. Fetsiukh, A., Bunio, L., Patsula, O., Timmusk, S., & Terek, O. (2022) Content
of enzymatic and nonenzymatic antioxidants in Salix viminalis L. grown on the Stebnyk
tailing. Acta Agrobotanica, 75, 1-13. https://doi.org/10.5586/aa.752

3.3. Bmict BM y cyocTpaTti CTeOHMIBKOI0 XBOCTOCXOBHIIA TA X AKYMYJISA LISt
B opranax S. viminalis

3a0pyJHEHHSI HABKOJIMIITHBOTO cepeloBuilia BM, cipuunHEHOTro aHTpONOreHHOO
TISUTBHICTIO, BUKJIMKAE 3aHETIOKOEHHS y BchoMy CBiTi (Yang et al., 2021), ockinbku ganuit
BUJl 3a0pyJHEHHS IPYHTY € HE3BOPOTHIM BHJAOM Jierpajauii. Baxki meTanu Jerko
HAaKONMMYYIOTBCS Yy TIPYHTI, aje HaJ3BUYallHO TMOBUIBHO 3 HBOIO BHUBOJSATHCS.
Haxonuyenus, 31e011b1110T0, BiJOYBAETHCA Y BEPXHBOMY POAKOYOMY IIApl IPYHTY, i€
BM craHoBiATh TipsiMy HeOe3MeKy JUisi pOCIMH Ta MikpoopranizmiB (BosommHchKa,
2008).

ditopemeialiis — 1€ MEePCIeKTUBHA 3€JIEHa CTpaTeris Mesioparllii 3a0pyIHEeHUX
TUJISHOK 4Yepe3 EKOHOMIUHY e(EeKTHUBHICTh Ta BIIHOBIEHHS MOP(MOIOTIYHUX 1
(b1310JI0TIYHUX XAPAaKTEPUCTUK IPYHTY 0€3 HAaHECEHHS BTOPWMHHOI IIKOAW MPUPOJIHOMY
cepenoBuiy (Yang et al., 2021). Salix viminalis — TuroBa qBooMHa yarapHuKoBa Bepoa,
sKa MTUPOKO BUKOPUCTOBYETHCA Y MUISIX (iTopeMeiaiiii IpyHTIB, 3aBISKH ii IBUIKOMY
pocty, rHOOKiH KOpeHeBii cucTemi Ta crikikocti g0 BBy BM (Zou et al., 2021;

Sandil, Gowala, 2022). Psix qocimimkeHb miaATBEpAUIN BUCOKY eheKTuBHICTH BepO (Salix
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Spp.) Yy BUKOPHUCTaHHI /IS OYHUIICHHS 3eMeib 3a0pyanenux BM  (Arsenov et al., 2020;
Gautam et al., 2021; Sameena, Puthur, 2021).

Pesynpratn Bu3HaueHHs BMicTy BM (ctanymy, kaamiro, MoJiOneHy, BaHAJIIo,
CBUHEIIb, KyIPYMY, LIMUHKY, IIAPKOHIIO, XPOMY, HIKEJIO, CTPOHIII}0, MAHTaHy, TUTaHy Ta
depymy) y cyoOcTpari XxBocTtocxoBuma a0 Ta micas 30 mo00BOro pocTy pPOCITUH
S. viminalis BucBiTiieHo y Tabymii 3.3. BusBiaeHo, 1m0 y J0cCiigHOMY CyOcTpati OyB
OutbIMi BMICT cBUHINIO (Ha 33 %), miai (Ha 34 %), xpomy (Ha 23 %), cTpoHitito (Ha 60
%) 1 Tutany (Ha 20 %), TOPIBHSAHO 13 KOHTPOJIBLHUM BapiaHTOM.

[Tomiueno nepeBunienns ['JIK (Eroposa, 2014) om0 BMICTY Kaamiro Ta pepymy
B CyOCTpaTax XBOCTOCXOBHIIA, & TAKOXK CTPOHIIIIO, aJie JIUIIE Y JOCIITHOMY BapiaHTi 10
BuporryBaHas S. viminalis. 3okpema, Bmict kaamiro nepeBuntyBaB [JIK Ha 84,21 %,
ctpoHito — Ha 33,33 % Tta depymy — Ha 97 %. Y cybcTparax BUSBICHO MEPEBUIIICHHS
KJIAapKIB KaJMII0, CBUHIIIO, MiJl, IIMHKY, [IUPKOHIIO (JIMIIE B KOHTPOJ1), CTPOHIIIO Ta
MaHraHy. Baxximeuwm € Te, mo S. viminalis € pociimHO0-peMeiaHToM 1 31aTHA TOTIIMHATH
nesiki BM, a came kaamiil, Hikelb, UHK 1 Mijab 13 IpyHTY (Dermtox Ta iH., 2019). Ha 30
700y POCTY POCIIHH Y JIaDOpATOPHUX YMOBAX, Pe3yIbTaTH HAIIUX JOCITIIKEHb MOKa3alu
3MEHIIICHHSI BMICTY IIMPKOH110, HIKEIIO Ta CTpoHIio, Ha 50 %, 33 % Ta 17 % BiAmoBiaHO
y KoHTpoJibHOMY cyOctpati. [llogo 3minu BMicty BM y gocnigHomy cyOctpaTi micis
BUPOIIYBaHHs BepOM, BUSBIICHO 3MEHIIEHHS BMICTYy BaHafioo (B 1,6 pasm), mimi (y 3
pasu), uHKy (B 11 pasiB), nupkonito (B 1,3 pasu), crposiito (B 1,5 pasu), Tutany (8 1,7
pasu), xpomy (B 1,3 pa3u) Ta 3amiza (B 1,7 pa3u). Ciaij BiA3HAYUTH, 1110 CEPE]T [IUX METaJIB
HaWOUIbIIIE 3MEHINUBCA BMICT IIMHKY, MOPIBHSHO 13 MOYAaTKOBUM BMICTOM, TOOTO 10
pocty S. viminalis.

Omxke, 3a ymMoB BupolryBaHHs S. viminalis Ha cyOcTpaTi XBOCTOCXOBHIIA,
BUSIBJICHO KOJIMBaHHS ()OHOBOTO BMicTy BM y KOHTpOJIbHOMY Ta IOCIIIIHOMY BapiaHTax.
OTpuMaHi pe3yJabTaTH MOXKHA MOSICHUTH (PiToOpeMeTialliiHUMKU BIACTUBOCTSMU POCIUH
S. viminalis. OckijbKu JaHUW BUJT POCITHH HAJICKUTH JI0 POCITUH-TIIEPAKYMYJIISATOPIB, AKi
MOKYTh MOTJIMHATHA TOKCHUYHI 10HM MeTaiB. OJHAK MUTaHHS TOJISITa€ y TOMY, y SIKId

dbopmi nepedyBarOTh TOKCUYHI 10HU B OPraHi3Mi pOCIIHH 1 SIK caMe 111 POCJIMHA YHUKAIOTh
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Taomur 3.3.

Bwmict BM y cy6crpari xBocTocxoBuiia M. CTeOHUK (10 1 TicJIs BUpoOIyBaHHs pociuH S. viminalis), Mr/kr

[Ipo6Ga Sn?* | Cd** | Mo®* | V?* | Pb?" | Cu?* | Zn?* | Zr** | Cr¥* | Ni#* | Sr** | Mn?* | Ti* Fe3*
K 9,22 [19,63| 6,17 |40,25|10,29|20,16|70,43| 600 8,11 [15,24| 600 1000 1600 50000
+0,12 |+0,98 |+£0,45|+2,31 |£1,09 | £1,25|£1,87 | £20,36 | £0,32 | +0,47 | £45,16 | £6,23 | +£38,52 | £152,33
K 9,12 (19,24 | 6,21 |40,16|10,56|30,72|70,34| 300 8,23 [10,17| 500 1000 1600 50000
+
+0,42 | +1,02 | +0,94 | +1,57 | +1,02 | £1,68 | £1,46 | £32,48 | +£0,64 | +£0,65 | 56,32 | +22,68 | 42,94 | 230,38
I 9,31 19,14 | 6,42 {40,36|15,37/30,43(70,18| 210 |10,36|10,11| 1500 1000 | 2000 50000
+0,56 | +£0,69 | £0,21 | £3,12 H1,63*£1,24* £1,08 [+27,89*| £0,46 +0,67*|£87,42*| £46,12 |+37,56*| £421,87
I 9,14 {1956 | 6,33 |25,29|20,64 10,11 | 6,98 160 8,27 [10,14| 1000 1000 1200 30000
+
+0,34 | £0,78 | £0,67 £2,57*H1,35*+0,98*+£1,32* £30,24 | £0,36 £0,98*+£32,67*| £58,11 |£39,23*|+563,12*
TJIK BM,
AT H 3 | u 150 | 30 | 100 | 300 | © 100 | 85 | 1000 | 1500 | = 1500
Erapezs, i . g g
2014)
Knapk, mr/kr
(BoiiTkeBu4 T4
1H., 1970, ga | 05 | m.a | 100 10 20 50 300 75 40 300 850 4600 H.I.
["oponHiii Ta
in., 2003)
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TOKCUYHOCTI LIMX MeTajiB. BBakaeTbcs, 10 y POCIUH-TINEPAKYMYJISATOPIB 3aJ11sTHO
KiJIbKa MEXaHi3MiB, ajie 30epiranHs MeTaiB y Bakyolsix € ocHoBHuM (Tangahu et al.,
2011).

IIpyu HagxoMKEeHHI B OpraHi3M pociauH Bepou BM moBoasaTh cebe mo-pizHOMY.
CBHHEILb, XpOM Ta MiJIb MIEPEBAXKHO HATPOMA/KYIOThCSl Y KOPEHSX, a KaJMiii, HIKellb Ta
IIUHK € OLTBIIT MOOUTEHUMH Ta JIETKO MepeMIlytoThes y Haa3emMuy uactuny (Mleczek et
al., 2009; ®emrox Ta iH., 2019). Busnauenns Bmicty BM y opranax S. viminalis BusiBuiio
BIIMIHHOCTi Y HAKOTIMYCHHI METAJIIB Pi3HUMH OopraHamu pociuau (Tadm. 3.4). 3okpema,
MOKa3aHO BUCOKHUHM PIBEHb aKyMyJislii MOJIOJEHY, Miji, MaHTaHy Ta 3aili3a KOPEHSIMU
pPOCIIMH, a TaKoXX 30UIBIIEHHS BMICTY IIMPKOHIIO, XPOMY Ta HIKEIIO BITHOCHO
KOHTPOJILHUX TIOKA3HUKIB. Jlero MeHIe HakonmnayBanuch BM y mucTkax, MOpiBHSIHO 13
cTebsiaMu Ta KopeHs MU pociivH. OJIHaK y JTUCTKaX BUSBJICHO BUCOKUH PIBEHb aKyMYJIAIIi1
MiJll, IIMHKY, IIUPKOHIIO, CTPOHIIII0 Ta MaHrany. Y cre0jax BepOU MOKa3aHO BUCOKUM
BMICT KaJIMit0, MOJIIOICHY, BaHA(110, CBUHIIIO Ta IIUPKOHIIO.

Crnig HaroJoCUTH Ha TOMY, IO CTYIIHb MOTJIMHAHHS METANIB 3aJ€XKHUTh Bl iX
KUIBKOCTI, (JOPMH CIOJIYK, CKJIaIy Ta BJIACTUBOCTEW IPYHTY, a TAKOXK BHUIY POCIHH.
Haii6inpiie BM HakonmuuyeThcsi y KOPEHEBiN CHCTEMi POCIHMH, MEHIE — B cTe0ax 1
HalilMEHILlE — B PENpOAYKTUBHUX oOpraHax. Ll 3aKOHOMIpHICTh 30epiraerbcsi i mpu
30uTbIIeHH] KOHIeHTpauiii BM y rpynTi (I'opoaniii Ta iH., 2003; ®emtox Ta iH., 2019).
Bume mnepemiueHi gaHi CHIBNANalOTh 13 OTPUMAHUMHU pe3yJibTaTaMH  HAIIOTO
JOCIIJIKCHHS, & caMe 3HAYHE HAKOIMMYCHHS METaliB Yy KopeHsx S. viminalis, mopiBHsHO
13 IHIIIUMHA OpPTaHAMH POCIIVH.

[Ipu nocmnimkeH1 BIUIMBY 10HIB KaJAMIIO 1 IUHKY HA P13H1 KJIOHU POCJIMH BepOu OyI1o
BCTAHOBJICHO, 110 €K1 KJIOHW OyJM TOJIEPAHTHUMH JO IIMX METaTIB, 1HIII — JIUIIE J0
oxaHoro. TonepanTHi KJIoHK HarpomakyBaiaun BM y mianmasowi Big 1 1o 72 % (Landberg,
Greger, 1996). 3rigHo i3 OTpUMaHUMHK PE3yJIbTaTaMH, y cTe0iax gocmigaux S. viminalis
NOMIYEHO 3HayHE HArpoMa/KeHHA Kaamito, 1o Ha 43% mnepeBullye KOHTPOJIbHI

ITIOKAa3HUKMH.
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Bwmict BM y opranax S. viminalis a 30 100y pocTy, MI/Kr

Taomuis 3.4.

[Ipo6a | Sn?* | Cd** | Mo®* | V# | Pb** | Cu®** | Zn* Zr¥r | Cr¥* | Ni** | Sr& | Mn* | Ti* Fe3*
202|194 | 94 | 7,7 | 201 | 70,5 | 250,3 | 3704 |10,3| 9,2 | 6000 | 1000 | 200 3000
5 K 41,4 | £1,6 | £1,3 | 20,6 | £1,0 | £4,3 | £21,3 | 43,6 |09 | +0.4 | +47,6 | £563 | £46,2 | £124.,6
g I 92 (193|203 | 7,4 |10,2| 70,4 | 400,2 | 380,2 |80,3| 7,1 | 1500 | 1000 | 500 3000
+0,9*%| £1,4 | £1,8* | £0,5 [£0,9*| +5,1 |+45,6*| +£23,8 [+1,2*|+0,06*|+89,6* | £78,2 |+64,3* | +473,2
« 176|192 | 86 | 76 | 6,8 | 40,6 | 200,2 | 30,1 6,2 | 43 | 1000 | 400 400 2000
S +1,2 | #1,7 | £0,9 | £0.4 | £0,6 | £3,2 | £58.7 +2,6 |+03| £0,6 | £67,8 | £73,2 | £21,3 | £211,8
% I 95 33,7 133 |136|334| 1205|3305 | 80,2 |17,4| 12,2 | 5000 | 670 800 4000
+0,8% | +1,7* | £1,2* | £0,7 |+1,4*| £6,9* |+42,1* | +3,7* |+0,6*| £0,7* |£52,3* | +45,8* | +£98,4* | £160,7*
« 94 [19,7| 65 |104| 6,2 | 40,3 | 70,6 | 150,6 |156| 4,4 | 3000 90 2000 | 30000
g +1,1 | £1,6 | £0,6 | £0,3 | £0,6 | £2,8 | +£8,1 | £124,6 |+0,8 | 0,3 | £43,7 | £12,3 | £28,7 | £231,2
qé* 1 9,7 (19,2 | 70,1 | 10,3 | 6,4 | 100,7 | 70,2 | 200,3 |20,4| 30,1 | 1000 | 1000 | 1200 | 50000
+1,0 | £1,3 | £1,8*% | £0,8 | £0,7 | £8,4* | £7,3 | +48,7* | £0,4 | £0,8* |£97,5* | £36,8* | £23,4* | +652,3*
I'’AK <0,5 <10 | <10 | <100 <10 | <30
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BusiBiieHo 3HauHe MepeBUINECHHS 3HaYeHb KaaMmito, Miai Ta xpomy momo ['JIK, a
TAaKOXX y JIMCTKAX CBHHIIIO Ta JUCTKaX 1 cTeOyiaX IUHKY. Y JHCTKaX KOHTPOJIBHUX Ta
JOCITITHAX POCIHH BMICT Mifi OyB y 7 pasiB Ounsmmm 3a ['JIK, y cTebmax Ta KopeHsx
KOHTPOJILHUX POCJIMH — Y 4 pa3u. 3HaYHUIA BMICT MiJll IOMIYE€HO Yy cTeOIaX JOCIITHUX
pocnuH, mo y 12 pasis nepesunrye aadi ['JIK, ta y kopeHsx gocmigaux pociud —y 10
pasiB.

JIOCTITHUKHA MOBIAOMIISIIOTH MPO €()EKTUBHICTh 010aKyMYJIAIil Ta TpaHCIOKaIlii
BM pocnmuramu (Mganga, 2014; Ganeshkumar et al., 2018; Ganeshkumar et al., 2019;
Wani et al., 2020). Tomy mast Bu3HaueHHS (hiTOpeMETIalliiftHOTO MOTCHIIATY POCINH
S.viminalis mu po3paxoByBanu koeoitieHT Oiojoriunoro HakornuueHHs (KBH) Ta
¢daktop Tpancnokauii (OT). Pe3ynbratn HalMX AOCHIIKEHb MOKA3aJIH, 1110 32 POCTY Ha
TEXHOI€HHOMY cyOcTpaTi xBocTocxoBumia M. CteOnuk, S.viminalis B HaiOinbmIii
KUTBKOCTI aKyMYJIFOBaJId MOI10/I€H, Ha IPYTOMY MICIIi — CTPOHIIINA, Ha TPETHOMY — XPOM,
1 Ha YeTBepTOMY — IIUHK (puc.3.4).

3rinno 13 Abdelaal et al. (2021), Bugu i3 KBH>1 ta ®T< 1 MOXyTh
BUKOPUCTOBYBAaTUCh 3 METOK (piTocTadimizamii, B Toi 4ac sk Buau 13 KbH=0OT>1
MOXXYTh BUKOPHUCTOBYBAaTHUCh Yy MUIIX ¢iToeKcTpakiii. 3TiHO 13 OTPUMaHUMU
pe3yJsibTaTaMu, JI0 eJieMeHTiB cruibHOTro HakormmueHHs (KBH>1) S. viminalis 3a pocty Ha
cyOCTpaTi XBOCTOCXOBUILA, HAJIEKATh CTaHYM, KaJIMii, MOJI1OJIeH, CBUHEIb, M1/lb, [IUHK,
IIUPKOHIN, XpOM, HiKeJb Ta CTpoHIid. Enementamu cmabkoro HakonuyeHHs (KbH<1)
OyJii BaHa1i, MaHTaH Ta 3aJ1130.

OTtpumaHni pe3ynbTaTu Mmoo (axkropa Tpancmokaiii (puc. 3.5) Mk HaI3eMHUMU
opraHamu Ta KopeHsmu S. viminalis BapitoBaiau 3ajexHo Bif BMicTy BM y opranax.
binbmiicTh MOKa3HUKIB MEPEBUINYBadu | K y KOHTPOJBHOMY, TaK 1 B JOCIHIIHOMY
BapiaHTax. Y KOHTPOJIbHOMY BapiaHTi mokasuuku ®T muctku/xopeni Oynu y mexax 0,1-
11,1, ®T creodna/kopeni — 0,07-4,44 ta OT nuctku/credoma — 1,01-12,02. Hlomo
JOCTITHOTO BapiaHTy, MOKa3HUKH Oynu HrxanMmu st @T muctku/kopeni (0,06-5,07) Ta
®T nuctku/crebmna (0,3-4,74) BimHocHO KOoHTpoITt0, a it OT crebna/kopeni (0,08-5,21)

— BUIIII.
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Puc. 3.4. KoedimienT 6iomoriunoro HakonudeHHs (KbH) BM y opranax 30-tu 1060BHX
S. viminalis, BupoieHux Ha 3a0pyaHeHOMY CcyOcTpati 3 xBocTocxoBuia M. CTeOHUK

(maboparopHi yMOBH)
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Puc. 3.5. ®akrop Ttpancmokanii BM y nmcTKax/KopeHsX, cTe0JaX/KOpEeHSX Ta

nuctkax/ctebnax 30-tu moboBux S. viminalis 3a pocty Ha cybctpari i3 CTEOHUIIBKOTO

XBOCTOCXOBHIIIA (JJAOOPATOPHI YMOBH)
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JI1s KUTBKICHOTO BHUpPaXXEHHSI 3arajibHO1 3/IaTHOCT1 POCIUH 10 KOHIeHTpalii BM
MH pO3paxyBaJid MOKa3HUK OioreoxiMiuHoi akTUBHOCTI (BXA) mociimkyBaHUX POCIIHH,
SAKUI XapaKTepu3ye€ IHTEHCUBHICTh MOTJIMHAHHS €JIEMEHTIB POCIMHAMH Ta B HOpMI
craHoBuTh 5—10. UuM BuIIl 3HAYEHHS IIHOTO ITOKA3HUKA, TUM OLIBIIMNM TE€XHOICHHHM
HaBaHTAXCHHAM XapakTepusyeTbes Tepuropis (BoiiTiok, 2016; ®eriox ta iH., 2019).

Pesynbratu BusHaueHnHs nokasanka bXA HaBeneri Ha puc. 3.6. BusBieno, mo y
cTebnax Ta KOPEHSAX JOCHIIHUX POCIMH OloreoxiMiuHa aKTHBHICTH Oyjia BHIIOK Y
MOPIBHSHHI 13 KOHTPOJBHUMHU TOKa3Hukamu, Ha 51 % Ta 35 % BignosigHo. Cin
3BEpPHYTHU yBary, 1o JaHi MaloTh BHUII 3Ha4Y€HHS, HK 5-10, 110 CBIIYUTH MPO TE, IO
teputopis ~ CTEOHHUIIBKOTO  XBOCTOCXOBHMINA  XApPaKTEPU3YETHCS  TEXHOTEHHUM

HAaBaHTAXCHHM.

35

30

——
——

25 -

20 -

B KoHTpOIIb
15 -

B locmin
10 -

BioreoxIMIYHHI ITOKA3HUK

JInctkn Crebna Kopeni

Puc. 3.6. [Tokasuuk Oioreoximiunoi aktuBHOCTi (BXA) S. viminalis 3a ymoB pocty

Ha cyOcTpaTi XBocTocxoBuina M. CTeOHUK

Ha ocHoBI mpoBeeHnx MTOCHTIIKEHD Ie PaHO JaBaTH CTBEPHY BIAMOBIAbL 100
ditopememianiiiaux BractuBocter S. viminalis 3a pocty Ha cyOctpari CTEOHHIIBKOTO
xBocTocxoBuia. OaHak, 31aTHICTh JOCITHUX POCIIMH HAKOMUYYBAaTU Ta MEPEMIITyBaTH
nesiki BM y opranax pociauH roBOpUTH MPo iX OlopemeiaiiifHi BIaCTHBOCTI.

Mincymku. Pict pocimu S. viminalis 3ymormoBaB 3MiHy KinbkocTi BM 'y

cyOcTpati XBocTocxoBuIa. BuspneHo, 1o 301abi1eHHs BMicTy BM y IpyHTI IpU3BOAUTD
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710 301IBIIIEHHS 1X KOHIIEHTpaIlli y pocinHax. HalOubiry iXHIO KIJIBKICTh aKyMYJTFOBAIH
cTeb1a TOCTIAHUX POCIIMH, MOPIBHSAHO 3 IHIITUMU OpraHaMu. Y 3B’s3KY 13 IUM, HaJI3eMHa
YacTHUHA POCIIMHA MOKE€ BUKOPUCTOBYBATHUCH sk OiomanuBo. 3HaueHHs KbH ta ®T mns
oinpinocti BM Oynu Bumumu 1. EnemenTamu 6iooriyHOro HakomudeHHs S. viminalis
3a POCTy Ha CyOCTpaTi XBOCTOCXOBHIIA OyJIM CTAaHYM, KaJMiil, MOJTIOICH, CBUHEIIb, MiIb,
IIUHK, [UPKOHINA, XpOM, HIKENIb, Ta CTPOHIIINA. EmeMeHTamMu c1abKoro HaKOTTMYCHHS —
BaHaiil, MaHraH Ta 3am30. Jlocmmkenas BXA BusBuin, mo S. viminalis MatoTh BUCOKY
3[IaTHICTh HaKomu4yyBatu BM.

i pe3ynbTratu omy0JiKOBaHi:

1. ®demtox, A., bynro, JI., [1amyna, O., & Tepek, O. (2019) HakonuueHHs BaXKKUX
MeTanmiB pocauHamu S. viminalis 3a pocty Ha cyOctpari 3 CTeOHHUIIBKOTO
XBOCTOCXOBHINA. Bicnuk Jlvsiecvkoco yuisepcumemy. Cepis 6ionoziuna, (81), 96-110.
http://dx.doi.org/10.30970/vIubs.2019.81.11

2. ®emox, A., Ilanyma, O., bynro, JI., & Tepek, O. (2019). bioreoximiuna
akTUBHICTB pociuH Salix viminalis L. 3a pocty Ha BiiBajgax nepepoOKH HoTiMiHepaIbHUX
KamitHux pya M. CteoHuk. Monoos i nocmyn 6ionoeii. Tezu donosioeii XV Misicnapoonoi
HayKkosoi koHgpepenyii cmyoenmis ma acnipanmis (Jlveie, 9 — 11 keimmus 2019) (C. 180-
181). JIsBiB: JIHY.

3. ®emiox, A. b., bynro, JI. B., & [Tamyna, O.1. (2016). BmicT BayXKuX MeTaJiB y
pociuu Salix viminalis L. 3a pocty Ha 3acoyieHOMy CyOCTpaTi 3 XBOCTOCXOBHIIIA M.
CrebOnuk. bionoeis: 6i0 monexyru 0o 6iocghepu. Teszu oonosioer XI MisxcnapooHoi
Haykosoi kongepenyii (Xapxie, Yrpaina, 29 nucmonaoa — 2 epyous 2016) (C. 106-107).
Xapkis: XHY.
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3.4. ExoJjioriuna oninka Bmicty BM y cy6cerpari Ta B opranax S. viminalis 3a
pocty Ha cy0cTpaTi CTeOHMIBKOr0 XBOCTOCXOBHUIIA

3BakalouM Ha JMHAMIYHI OCOOJIMBOCTI PO3MOALTY 1 30aJaHCYBaHHS XIMIYHHX
CJIEMEHTIB y TEOXIMIYHMX JaHamadrax, TMpoIecd Mirpamii Ta BIAMNOBIAHICTb
€KOJIOTIYHUM HOpPMaM PaH)KOBAaHO 3a TPhOMa KaTeropisiMu: 30aJlaHCOBAaHMM CTaHOM 1
BIJIMTOBITHICTIO e€KoJoriyHUM HOopMaM ¢oroBoro BMicty BM 3a KK i Kc Big 0,5 no 1,5;
iHTeHcuBHUM poscitoBanHsAM 3a KK 1 K¢ menmie 0,5; 1HTEHCUBHOIO KOHIIEHTpAIIIEIO 32
KK i Kc monan 1,5. Kimapku konmenTpamii (Tadn. 3.5) po3paxoBaHo IMIOAO KJIApKiB
IPYHTIB CBITY 1 KJIapKiB I'pyHTIB €Bpornu; kKoedimieHT koneHrparii (tabm. 3.6) — no I'IK
Ta CTATUCTHUYHUX OIIHOK PETiOHaIbHOTO (POHY IJIsi OpHUX 3eMenb YKpainu (Derrox Ta
iH., 2019).

Haeneni pesynbpTaTv CBiuaTh NPO HE3PIBHOBAKEHUW TEOXIMIYHUN CTaH 1
HEBIJIMOBIJIHICTh €KOJOTIYHUM HopMaM (hoHOBoro BMicty BM. Ilpouecu iHTEHCUBHOI
konneHTparii (KK > 1,5), mono BMicTy kKaamito, MOJIOAEHY 1 CTaHYMY, 3a(piKCOBAHO 10
Ta MICJISI POCTY POCIHMH, TOPIBHIHO 13 (OHOBMMH OIIHKAaMH 31 CBITOBUMH Ta
€BPOIEUCHKUMU KJIapKaMu. BakJIMBO BIAMITUTH 3HaYHE MIEPEBUILEHHS (POHOBOT'O BMICTY
kaamito, Ha 99 % 1070 rpyHTIB CBITY. BHSBICGHO MPOIIECH 1HTCHCUBHOI KOHIIEHTpAITli
MIJIl, UHKY, MaHTaHy Ta (epyMmy 11010 IpyHTiB €Bponu. Pemita naHux BiANOBIAAIOTH
30aJaHCOBAaHOMY CTaHy ¥ €KoJOoriyHuM HopmaMm (onoBoro Bmicty BM y cyOcrtpati
XBOCTOCXOBHIIIA.

3riiHO 13 OTPUMAaHUMHU JaHUMH, HallBULMI KoedimieHT koHueHnTpauii (Kc) OyB y
KaJIMif0, IKMi1 3HAYHO MEPEBUIILYBAB CEPEIHINM BMICT €JIEMEHTA B OPHUX 3eMJISIX Y KpaiHu,
Ta MoioaeHy — Ha 99 % ta 59 % BiamoBigHO (Ta6:1.3.6). Hamni pe3ynbraTu 3aCBiIUyIOThH
IHTEHCUBHY KOHIIEHTPAIIil0, OCKUIBKH CIIOCTEPIraeThCs MEPEBUIIEHHS TaHUX moHaj 1,5

pasu. Yci po3paxoBani (GoHOBI 3HaueHHsT BM 1151 sikux Bimomo I'IK Oynu HUKIUMH.
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Krnapku KoHILIEHTpaIlli BMICTY BaXKKUX METaJIB y cyOcTpaTi 3 XBocTocxoBuina M. CTeOHUK

(mo 1 miciis BUpoIIyBaHHS pociuH S. Viminalis)

Tabmuus 3.5.

Knapku xoHIIeHTparlii (POHOBOTO BMICTY BaXXKHUX METAJIIB y cyOcTpaTax
IIpoba BIJTHOCHO KJIAPKIB IPYHTIB CBITY (UHCENIbHUK) 1 €Bpony (3HAMEHHUK)
Sn# | Cd?* | Mo®* | V¥ | Pb* | Cu® | Zn** | Zr* | Cr* | Ni# | Sr** | Mn* | Ti* | Fe*
K 231 56,09 514 045 08 067 0,78 150 0,12 030 240 1,00 0,32 1,25
461 wn 617 058 048 149 114 234 013 0,76 6,19 1,68 044 2,03
K+ 2,28 5497 518 045 088 102 0,78 0,75 0212 020 2,00 1,00 0,32 1,25
S.viminalis 456 wng 621 057 049 227 113 1,17 013 051 515 168 044 2,03
233 5469 535 045 128 101 0,78 053 015 020 6,00 1,00 0,40 1,25
s 466 wn 642 058 071 225 113 082 016 051 1546 168 055 2,03
T+ 2,23 5589 528 028 172 034 008 040 012 020 4,00 1,00 0,24 0,75
S.viminalis 457 wnp 633 036 09% 075 011 063 013 051 1031 168 0,33 1,22
Knapku rpyHTiB, MI/KT
IpynTH
cBiTy(Bowen, 4 035 1.2 90 12 30 90 400 70 50 250 1000 5000 40000
1979)
IpynTn
€Bpic})1np12(é<i1120)c Ta 2 H.JI. 1 70 215 135 62 256 635 20 97 597 3655 24650
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Tabmuus 3.6.

Koedimient konnenTpaiii ponosoro Bmicty BM BignocHo I'JIK y cybcTpati 3 xBocTocxoBuiia M. CTeOHHUK

(mmo 1 miciis BUpoIIyBaHHs pociuH S. Viminalis)

KoedoimienTn koHuenTpauii GOHOBOro BMICTY BaXKHUX METAJIB y I'pyHTaxX JaHamadTiB

IIpoba BiHOCHO I'JIK (4ncenbHUK) 1 OpHUX 3eMellb YKpaiHu (3HAMEHHUK)
Sn?* | Cd** | Mo* | V? | Pb* | Cu® | Zn** | Zr* | Cr¥ | Ni?* | Sr** | Mn?" | Ti* | Fe*
K H.]I. H.]I. H.]I. 0,27 | 0,51 H.]I. 0,83 H.]I. 0,08 | 0,61 H.JI. 0,67 H.JI. H.JI.
2,56 11547 3,86 | 059 | 059 | 1,39 | 1,39 | 149 | 0,11 | 058 | 6,12 | 159 | 0,42 | 2,21
K H.]I. H.]I. H.]I. 0,27 | 0,53 H.]I. 0,83 H.]I. 0,08 | 0,41 H.JI. 0,67 H.JI. H.JI.
+
2,53 113,18, 3,89 | 058 | 061 | 2,12 | 1,39 | 0,74 | 0,11 | 0,39 | 509 | 159 | 0,42 | 221
I H.]I. H.]I. H.]I. 0,27 | 0,77 H.]I. 0,83 H.]I. 0,20 | 0,40 H.JI. 0,67 H.]I. H.JI.
2,59 11259 401 | 059 | 0,89 | 209 | 1,38 | 052 | 0,14 | 0,39 | 1529 | 159 | 0,53 | 221
I H.]I. H.]I. H.]I. 0,17 1,03 H.]I. 0,08 H.]I. 0,08 | 0,41 H.JI. 0,67 H.]I. H.JI.
+
2,54 115,06 39 | 0,37 | 1,19 | 069 | 0,14 | 0,39 | 0,11 | 0,39 [ 10,19 | 159 | 0,32 | 1,33
I'IK rpyHTiB
(Cosinosa, H.J. H.I. H.I. 150 20 H.JI. 85 H.II. 100 25 aa | 1500 | B H.JI.
I[Mpictepad 1994)
CepenHiii BMICT
y IPyHTax
OpHHUX 3eMelb | 3,6 0,17 1,6 68,8 | 17,3 | 145 | 50,7 | 403,3 | 74,7 | 26,1 | 98,1 | 628,3 |3772,1(22576,2
Yxpainu (Kioc
Ta iH., 2012)
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HeOe3mneka 3a0pyIHEHHS TPYHTIB € TUM BHIIOI0, YAM BUIIHMN (PAaKTUUYHHUI PIBEHb
BMicTy pedoBuH nepesuinye ['JIK. Tooto Hebe3neka 3a0pyJHEHHS TPYHTY TUM BHIIIA,
yuM Ounblie 3HaueHHs koedimienty Oesneku (KO6) mepeBuiye 1. [l Takux eleMeHTIB
AK KaaMId Ta 3ali30 y cyOcTpari 13 JOCHIIHOI Ta KOHTPOJIbHOI MAUISHOK J1aHi
nepesunyBam 1 (tabm. 3.7). Koedimient 6e3nexku (KO) cTpoHmito y mociaigHOMY
BapiaHTi 0 POCTy pOCiIMH cTaHoBUB 1,50, mpoTe y KOHTPOJHLHOMY HE BHUSBIICHO
MOKa3HUKIB, K1 0 mepeBuinyBanu 1. Takox MeHIMM 1 Oyiu 3Ha4YEeHHS ISl BaHAIO,
CBUHIIIO, MiJIl, IUHKY, XpPOMY, HIKEIIO Ta MaHTaHy.

Tabmmis 3.7.
Koedimientn 6e3neku (K6) rpyHTiB CTEOHHIIBKOTO XBOCTOCXOBHIIIA
Cd Vv Pb Cu Zn Cr Ni Sr Mn Fe
K 6,54 0,26 034 020 023 008 018 060 0,67 33,32
K+ 641 027 03 031 023 008 012 050 0,67 33,32
i 6,38 0,27 051 030 0,23 0,10 0,12 150 0,67 33,32
A+ 652 017 069 0,10 002 0,08 0,12 1,00 0,67 20,00

OulHIOIYM €KOJOTIYHUM CTaH I'PYHTIB, 3aBUIIEHI MOKa3HUKUA BMicTy BM mozno
I'’IK MOXyTh po3riiiaTuCsa B SIKOCTI MOKAa3HUKA CTYIEHS iX XIMIYHOI Aerpafariii. Mu
BusiBuiM niepeBuiiieHns ['JIK kaamiro, cTpoHIito ta pepymy.

3a cyMapHHUM TMOKa3HUKOM 3a0pynHeHHsi (Zc) cyoctpar 31 CTeOHHUIIBKOTO
XBOCTOCXOBHIIA 32 BMicToM BM nHanexuts no IIl kateropii 3a0pyaHeHHS y KOHTPOJII
(47,35) Ta nocmiai (64,44).

Ekonoriyni HOpMHM MaioTb OyTH OpIEHTOBAaHI Ha BHUPILNIEHHS 3aBJaHb
ONTUMAJIBHOTO (PYHKIIOHYBaHHsS BJIACTHBOCTEH IPYHTIB, 3a0e3MeyeHHs iX CTaJloCTi,
BIJIHOBJICHHSI POJIOYOCTI, 30€pexeHHS 3E€MENbHUX peCcypciB MUIIAXOM MiHIMIZaIll
HEraTUBHOTO BIUIMBY Ha IpyHTU. CaMe TOMY, 3a YMOB HU3bKUX (DOHOBUX KOHLIEHTpALIN
Ta BUCOKMX 3HaueHb [JIK, BHHMKae nUTaHHA IOIIYKYy CHUCTEMH HOPMYBAaHHS IS

aJIeKBaTHOI OLIIHKU PIBHS €KOJIOT14HO1 HeOe3neKku 3a0pyaHeHHs IPpYyHTY (SIkoBuIIMHA,

2016).
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HopMyBaHHST TIO€IEMEHTHOTO 3a0pyAHEHHsS CyOcTpaTy 3TilHO TpPyHTOBO-
€KOJIOTTYHMX MPHUHIIMIIB BITHOCHO KJIapKiB BanoBoi ¢opmu y rpynTtax Ta I'JIK momano y
tabnuii 3.8. Ak BUAHO 3 HUXKUYE HaBeIeHO1 TaOIUII, BITHOCHO BMICTY KaJIMiIO Ta hepymy
B cyOcTpaTax XBOCTOCXOBHIINA € KatacTpodiuHa ekosioriyda cutyartis. [1{ogo mupkoHito
Ta MaHraHy CUTYallisl € 33 JOBLUIBHOIO.

Tabmuus 3.8
3abpynuennst BM cyOctpaty 13 CTeOHUIIBKOTO XBOCTOCXOBUIIA
3TiTHO 13 TPYHTOBO-CKOJIOTTYHIMH MPUHITAITAMH
Cd2* V2* Pb* Cu2* Zm?* Zr** Cr3* Niz* Sr2* Mn2* Ti% Ee¥
[IpoGa
1212121212 2 1212 1212
Koutponre K Kb bbb BbbBbbBbDbBIKBBBB b 35 3

K+ KKbbbBbBbbbBbbb 3 BbBbb b bbb 3 b

Hocmin K KBBBBBbBbBbB 3 BBBBIIK3 b 3 b

~ R AR AR D

I+ KKbbb3bbbb 3 Bbbbb 3 3b 3 b

Ipmmitkn: 1 — BiTHOCHO KJIapKiB BaoBoi (hOpMH y IPYHTAX, 2 - BaJoBi ¢popmu y rpyHTax BimHOocHO ['JIK, K —
KaTacTpo(iyHa ekoyioriuHa curyanis, b — 6maronomnyuna, [1K — nepenkpuzosa, 3 — 3a10BiIbHA.

[Tokasuuk inmexcy 3abpynuenns rpyury (I3I) Hamae 3Mory mopiBHIOBAaTH
pe3ynbTaTH OTPUMaHI Ha PI3HUX TEPUTOPINX, GaKTHUUHO € iHTerpanbHUM piBHeM ['JIK
(AxoBummnaa, 2016; demtox Ta iH., 2019). [TomenemenTHe 3a0pyaHeHHs cyOCTparty i3
xBocTocxoBuia 3riguo 131 (puc. 3.7) Gys10 0JHAKOBUM Y KOHTPOJILHOMY Ta AOCTIIHOMY
BapiaHTax, ajge MICIsl POCTY POCIMH TOKAa3HUK 3MeHIMBCS Ha 32 % y mochigHOMY
BaplaHTI BIIHOCHO KOHTPOJIIO.

[IBuaKicTh HATXOKEHHS 10HIB BM y pocinHHMI OpraHi3M € Pi3HOIO 1 3aJICKUTD
BiJl 0araThOX YMHHUKIB: BIACTHUBOCTEW CAaMOro e€JleMeHTa, BUAY POCIHHH, I 3aXUCHUX
MEXaHI3MiB, TaKOX BiJ KHCIOTHOCTI IPyHTY Ta ymoB noBKULIA (3a Kamymuu, 2020).
Tokcuunicte BM 06epHeHo mponopiiiiiHa 3HaueHHI0 pH rpyHTOBUX po34MHIB. Y pasi
30UTBIIEHHS! KUCIIOTHOCTI IPYHTY, efleMeHTH BM 13 HepOo3uMHHUX coJiel TepexXoasiTh B
10HHY (opMy 1 CTalOTh JOCTYMHUMH I MOTJIMHAHHA iX pocnuHamu (Kumari et al.,

2011). ToMy BaXJIMBUM TIOKa3HUKOM 3a0pYJHEHHSI IPYHTIB € IXHS KHUCJIOTHICTb.
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P€3YJII>T3TI/I Hammnx ,Z[OCJIi,Z[}KCHI) ITOKa3aJik, 10 CY6CTpaT XBOCTOCXOBHIIIA 3 M. CreOHMka

MaB CJ1a00ITyKHY peakiiiro (Tadir. 3.9).
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Puc. 3.7. [lonienemenTHE HOpMYBaHHA cyOcTpaTy 13 CTEOHUIIBKOIO XBOCTOCXOBHIIA 32
OIiHKOIO iHaeKcy 3a0pyanenns rpyHry (131) (K — konTposs, 1 — pociix, K+ — KoHTpoIib

HicIsl pOCTy pociuH, [+ — nociiaHuil cyOoCcTpar micist pocTy pOCIUH

Tabmums 3.9
Kucnothicts cydcTpaty 3 nuyisHOK CTEOHHUIILOTO XBOCTOCXOBHUIIA
Axmyanvua Obminna T'ioponimuuna
Bapiant KUCIIOMHICMb | KUCIOMHICMb | KUCTOMHICINb
(PH 0 (pHic) (pHcr,coona)
Jlo mocazky pociuH Bepou
Kontpoib 7,3+0,03 7,4+0,01 7.9+ 0,02
Jlocmin 7,5+£0,15* 7,5+£0,10* 8,0+0,05*
[Micas 30-tu 116 pocty S. viminalis
KoHTposb 7,3+0,04 7,4+0,15 8,0+0,10
Hocmnin 7,4+0,08* 7,4+0,04 8,1+0,05*

VY KOHTpPOJILHOMY BapiaHTi micist pocty S. viminalis sik akTyanbHa, Tak i 0OMiHHA
KHUCIIOTHICTh CyOCTpaTy He 3MiHIOBATUCH. [I0Ka3HUKHM JOCIITHOTO CyOCTpaTy HE3HAYHO
3MEHIITYBaJIUCh. ['1IpOITHYHA KUCIOTHICTh CyOCTpaTy 13 KOHTPOJIBHOTO Ta JTOCIITHOTO
BapiaHTIB 301IbIIyBaachk Micas pocTy pociauH. Takum umbom, pict S.viminalis

3MIHIOBaB CTaH IPYHTY 3 CJIa00IY>KHOTO Ha JTy>KHUH. BIIMOBIIHO 11€ MOXe CBITUUTH ITPO
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te, mo BM 3Haxoamnuce y cyOcTpaTi y MEHII JTOCTYMHIH ¢Gopmi Il MOTJIMHAHHS
pOCITUHAMH.

IMincymku. Ananiz Bmicty BM y cyOGcTparax € pernpe3eHTaTUBHUM MOKAa3HUKOM
€KOJIOTTYHOTO CTaHy Teputopii. ¥ cydctpaTti Oyio BusiiaeHo nepesuienns I'JIK kaamiro,
3amiza Ta crpoHuito. llomienementHe 3abpynHeHHs CyOcTpaTy 13 TepuUTOpii
CTeOHHIIBKOTO XBOCTOCXOBHINA OYyJI0 OJHAKOBUM y KOHTPOJBHOMY Ta JIOCIITHOMY
BapiaHTax A0 pocTy pociuH. [IpoTe, 3a pocTy pOCIHMH y AOCTITHOMY BapiaHTi BUSBICHO
3HIDKCHHSI TIOKa3HUKIB.

i pe3ynbTaTu omy0JiKOBaHi:

1. ®emrox, A., bynno, JI., [lanyna, O., & Tepek, O. (2019) HakonuueHHs Ba)KKHX
MeTanmiB pocauHamu S. viminalis 3a pocty Ha cyOctpari 3 CTeOHHUIIBKOTO

XBOCTOCXOBHINA. Bicnuk Jlvsiecvkoco yuisepcumemy. Cepis 6ionoziuna, (81), 96-110.

http://dx.doi.org/10.30970/vIubs.2019.81.1

3.5. Cxpuninr engodirHux d6akrepiii S. viminalis B ymoBax CTeOHHIILKOIO
XBOCTOCXOBHII[A

Mikpo6ioM pocnuH BIUIMBAE Ha (YHKIIOHATBHICTH POCIMHHOTO OPraHi3My Ta
PO3TTISAAETHCSA SIK BKJIMBUN KOMITIOHEHT CHCTEMH POCIMHA-TOCHOJAp, BIAOMHUN SK
rojo0ioHT. OKpiM 1BOTO, MIKpOOIOM pu3ochepu pPOCIUH BIAIrpae BaXKJIUBY pPOJb B
OCHOBHHMX BHUJAX [ISJBHOCTI TPyHTY. BBaxkaeTbcs, MmO pi3HI YJIEHH OCHOBHOTO
MIKpOOiOMY BIJITPalOTh BHUPIIIAIBHY POJb Y (POPMYBaHHI MIKpOOIOTH, MOB’SI3aHOI 3
POCITMHAMH, 10U SIK KIIFOUOBHH PEryJIsTOP POCTY 1 po3BUTKY pociuH (Srivastava et al.,
2022).

Puzocepa — 1e ocobOnuBa Hilia, 1€ KOPUCHI OakTepii KOHKYPYIOTh 3 1HIIOIO
MIKpOOIOTOI0 3a OpraHiuyHI PEYOBHMHHU Ta B3AEMOJIIOTH 13 POCIMHAMHU Ta TPYHTAMH
NUISIXOM KoJtoHi3alii kopeHiB (Wang et al. 2021). MikpoOHe yrpynoBaHHsI puzocdepu
BapilO€ B 3aJICKHOCTI BIJl BUAY, CTaJlIi pOCTY Ta CEpPEAOBUIIA ICHYBaHHS POCJIHMH 1 4aCTO
Bimouae PGPB, ski kononizdytoTe ix kopeni. [leski mramu PGPR mokpanryroTs
3MATHICTh POCIMH aJaNTyBaTHCS 1O CTPECOBUX YMOB CEpPEIOBHINA, HAMPHUKIAI [0

3aconenns (Gao et al., 2019). Tomy taki mramu PGPB MoxxHa BUKOpHCTOBYBaTH SIK
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010JI0T14HI IHOKYJISIHTH JUTSI CTUMYJIFOBaHHS POCTY Ta PO3BUTKY POCIIMH B YMOBaX POCTY
Ha 3a0py/THEHUX IPYHTaX.

Pict-crumymoroui Gaktepii (PGPB) 3naxomsatecst B puzocdepi abo y BHIIISII
eHAO(DITIB y MDKKIITHHHMX MPOCTOpax KOpu KopeHs. OcTaHHI BU3HAYAIOTHCS SK
OakTepii, sIKI KOJIOHI3yIOTh BHYTPIIIHI TKAHWHU POCIIHH, HE 3aBJAlOYM HEraTUBHOTO
BILIMBY Ha pocimHy-Tocnonaps (Backer etal., 2018; Vandana et al., 2021). Y nopiBHsHHI
3 OakTepisiMHU 30BHIMIHBOT pu3ochepu, enaoditHi 6akrepii (EB), mBumiie 3a Bce, TiCcHIIIE
B3aEMO/IIFOTH 31 CBOIM TOCIIOAApeM Ta 3a0€3MeUyIOTh iM CTIHKICTh B yMOBaX COJIbOBOTO
CTpecCy, a TAaKOXK TPUBAIMH PICT POCIIMH Y CTPECOBHX YMoBax cepenonuina (Zhang et al.,
2020; Makap, Pomantok, 2022).

VY pe3ynbTaTi OpOBEACHOTO IOCTIIKEHHS MPOAHATI30BaHO BChOTO 6 697 (micis
po3pimkenns 3 231) ta 8 693 (micnst pospimkerHs 4 380) onepaliiHUX TAKCOHOMIYHUX
onuauils (OTO) Eb kopeniB S. viminalis, Bupoiennx Ha cyoctpati 13 CTeOHULIBKOTO
XBOCTOCXOBHIIA 0€3 Ta 3 JoJaBaHHsAM puzochepu S. europaea BiaNoOBiAHO (puc. 3.8).
Hocnimxeno 36 3paskiB S. viminalis, 1m0 npenctabisaioTh 1 439 201 (micnst po3piiKeHHs
245 448) 3untyBaHb, 1m0 MicTITh 10 137 yHikansHux OTO (micas po3pimxenHs 8255).
Haiimeniry kinbkicte OTO BusiBiieHo y 3paskax S. viminalis, siki pociau Ha cyOCTpari i3
nissHK 3 xBocTtocxoBuia (Z3) 6e3 momaBaHHs puszochepu S. europaea (1033), a
HaiOubma Kiabkicth OTO Oyna y 3paskax S. viminalis BUpOIIEHUX Ha cyOcTpaTi 13
ninsHKd 1 CTeOHUIBKOTO XBOocTOoCXOBHINA (Z1) 13 10o1aBaHHIM HATUBHHUX PU30C(EpHux
Oaktepiii S. europaea (2994).

3pa3Kku poCIuH BepOH, sIKI POCTU HA CyOCTpaTi 3 TPHOX JOCTIKYBAHUX NUISHOK
XBOCTOCXOBHIIA MAJIM BJIACHE XapaKkTepHe MIKpoOHe criiBToBapucTBO. Jlume 321 ta 346
OTO Oynu npucyTHI Y BCIX 3pa3Kkax POCIHH, sIKI pOCIH Ha cyOcTpaTax XBOCTOCXOBHIIA
13 momaBaHHSAM Ta 0€3 HAaTUBHHMX pu3ochepux Oaktepiit S. europaea, BimnmosigHo. e
ctaHoBuTh 11,0% [95% CI, 9,8%-12,3%] Ta 8,6% [95% CI, 7,7%-9,6%] Bix 3araiabHOi
kinbkocTi OTO (puc. 3.8 A, B).
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Z3 Z3+Se-rhiz
521 768
no supp +Se-rhiz
58 133 201 100
301 346 1396 1835 2545
1176 703 2131 518
71 SI9Y 75 Z1+Se-rthiz 210 724Se-rhiz
D E F

Z1 Z1+Se-rhiz Z2 Z2+Se-rhiz Z3 Z3+Se-rhiz
776 1098 1896 818 658 622 505 528 887

Puc. 3.8. B3aemo3B’s3ku Mixk Habopamu OTO, inenTrdikoBani y puzocdepi S. viminalis,
BHPOIICHUX Ha CyOcTpari i3 TphoX AsSHOK CTeOHUIbKOTr0 XBocTocxoBua (Z1, Z2, Z3)
Ta Ha CyOCTparti i3 XBOCTOCXOBHINA 3 JI0JaBaHHIM pusochepu S. europaea (Se-rhiz): A.
OTO S. viminalis, Bupomenux Ha cyoOcTpari i3 TphOX HiNSHOK CTEOHHIIBKOTO
xBocTocxoBuia (Z1, Z2, Z3); B. OTO S. viminalis, Buporienux Ha cyocTpari i3 TphoX
ninstHok CTEOHHUIIBKOT0 XBOCTOCXOBHIIL i3 JToAaBaHHIM pruzocepu S. europaea (Se-rhiz);
C. Cnopigrenicte Mixxk OTO S. viminalis, BupomeHux Ha cyOcTpaTi XBOCTOCXOBHINA 3
(Se-rhiz) Ta 6e3 (N0 supp) monaBanHs puszochepu S. europaea; D.-F. Tlomapui OTO
S. viminalis, Bupomienux Ha cyoctparti i3 auisHok xBoctocxopuma Z1 (D), Z2 (E), Ta Z3

(F) 6e3 nonaBanHs Ta 3 qomaBaHHsIM pu3ochepu S. europaea (Se-rhiz)

VY BapianTax, ae Oyno gogaHo puzochepHi 6aktepii S. eUropaea BUABICHO OibIIe
yHikanbaux OTO, y nopiBHSHHI 13 3pa3kamu 6e3 puzochepu (puc. 3.8 C). Anamiz map
3pa3kiB HabopiB OTO y Tpbox 30oHax Oe3 pgomaBaHHsA pu3ochepu S. europaea,
HAIMIPOTUBATY 3pa3KaM 13 J0/1aBaHHsIM puszochepu S. europaea mokaszas, MO y 3pa3Kax,
BHPOILIEHUX Ha JOTIOBHEHOMY CyOCTpaTi XBOCTOXOBHINA OyJia O171bI11a YaCTKa YHIKAIBHUX
OTO mnopieusHO i3 3aranmeauMu OTO 3paskiB S. viminalis 6e3 noxaBanHs puzochepux

OaxTepiit S. europaea.
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BaxxiuBo, mo pocaunu S. viminalis, siki pociu Ha cyOcTpaTi 3 XBOCTOCXOBHIIA 0€3
nonaBaHHs puszochepux Oakrepit S. europaea, manu menue yHikaasHux OTO, y
nopiBHsAHHI 13 3aranbHUMU OTO. KinbkicTs 1 yacTka 3aransHux OTO 3MeHmryBaiucs B
3QJIGKHOCTI BiJI JIOCTIKYBaHMX JUISTHOK XBOCTOCXOBHINA, TOOTO 31 301IBIICHHSIM
3a0pyaHeHHS cyocTpaTy xBoctocxoBuiia M.CteOnuk (puc. 1D-F). 198 OTO 3 5776, mio
CTaHOBIATH 2,5% [95% CI, 2,2%-2,9%] Bix 3aransHOi kiibkocTi OTO, Oynu npucyTHi y
BCIX BapiaHTax JOCIIIKEHHS.

HocnimxkyBane ©OararctBo OTO Ta iHzmekc pisHomaniTHOcTi lllenHona
OakTepiaIbHUX yTrPyNOBaHb 3MEHIIYBAaBCS 13 30UIBIICHHSM 3a0pyJHEHHS y BaplaHTax
nocIiKeHHs: 6e3 monaBaHHs puzochepu S. europaea (Z1<72<7Z3) (puc. 3.9. A, B, D,
E). BcranoBieHo 3MeHIeHHs 3HWKEHHS BusBiIeHUX OTO 3a yMOB BUPOLIyBaHHS
S. viminalis y BapianTax JOCHIJKyBaHUX IUISHOK 2 Ta 3 CTEOHUIIBKOTO XBOCTOCXOBHUIIA
(Z2 Ta Z3), omHak 3HA4YHMX 3MiH y gociipkyBaHomy OaratctBi OTO Ta iHmexci
pizHoMaHiTHOCTI lllenHoHa He Oyino BusiBieHo (puc. 3.9. C, F). Innekc Cimricona He
1ICTOTHO 3HIDKYBABCSl y JOCHIDKYyBaHUX 3pa3kax (puc. 3.9. G-I). Otpumani pe3ysbratu
CBIIYaTh MpPO Te, IO KUIbKICTh €(PEKTUBHUX BHUJIB OaKTepiii 3MEHIIYeTbCS 31
30UTBIIIEHHSIM 3a0pyaHeHHS y cyOcTpari CTEOHUIIBKOTO XBOCTOCXOBHUINA, TIPHU IIHOMY
O1IBIIICTh MOIMPEHUX BUJIIB 3a3HABAIM MEHIIIOTO BIUIMBY. BapiaHTu JOCHIIKEHHS, 1€
OyJ10 nogaHo pusocdepy S. europae nokazanu 301IbIIEHHS KUTBKOCTI BUIB OaKTepiid, siKi
BIDKMBAIOTh y BaplaHTI JOCTIKEHHS TUISHKU 3 XBocTocxoBuia (Z3) (nuB. puc. 2.2).

Pesynbratu Oera-pi3HOMaHITHOCTI TPOUTIOCTpOBaHO Ha rpadiky NMDS, Ha ocHOBI
Bincraneir bpes Keprica mnma Bcix gocmimxyBaHux 3paskiB (Puc. 3.10 A). 3pasku
3rpYINOBaHi BIAMOBIAHO 70 PiBHS 3a0pyAHEHHS XBOCTOCXOBHIIA B3/10BXK oci NMDSI 3
OUTbII 3a0pyJTHEHHMH TpyNaMHd pa3oM B acoIialliiHO-MO3UTHUBHUX oLiHKax NMDS.
OTpumani JaHi TOKa3aliu, 1O CHUTLHOTH 3pa3kiB Eb kopeHiB S. viminalis 3a BIITUBY
3a0py/IHEHHsSI XBOCTOCXOBMIIA Ta puzochepHUx OakTepiid S. europaea rTpynyBaucs
pa3oM 3 BaplaHTaMU JOCIIKEHHS JI0 AKX He OyJ10 f10/1aHo O6akTepii S. europaea. 3riHO

13 rpadikoM, BUSIBJICHO SIBHE TIEPEKPUTTS JISIKUX 3pa3KiB 13 JUISTHOK

97



xBocTtocxopuia 1 Ta 2. Opnak, 3a0pyaHeHHs CTEOHMIIBKOIO XBOCTOXOBHIA Ta

nonaBaHHs puzochepu S. europaea 1ICTOTHO HE BIUITMBAJIM HA IUCTIEPCIIO CHIILHOTH (PHC.

3.10 B).

A . D 54 . G . J .
0.7 1
3000 1 60
51 ¥ t .
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Puc. 3.9. Anbda-pizHomaniTHICTh Bu3HaueHMX OTO ennodiTHuX OakTepiii KOpEHIB
S. viminalis, BUpOIeHUX Ha CyOCTpaTi XBOCTOCXOBUIIA 13 TPObX IMUISHOK (Z1. Z2, 7.3)
CrebnuIpkoro xBocrocxonuina 3 (Se rhiz) Ta 6e3 nomxaBanus puzochepu S. europaea: A.
bararcteo OTO; B. Bruius 3a0pyaHenHs Ha qociimkyBane 6ararctBo OTO y 3pa3kax S.
viminalis, BupomieHux Ha cyocTtapTi 13 CTeOHHMIIBKOTO XBOCTOCXOBHUINA 0€3 J0/1aBaHHs
pusocdepu S. europaea 3 HeraTUBHOI O1HOMIAJILHOT MOJIEJ1 JJOCIIII)KYBaHe ~ 30Ha + PU30
+ 3oHa:pu3o. Haxun pocnimpkyBaHoro OaraTcTBa 3HAYHO BIAPI3HSABCS BIJ HYJS 3
aroCcTEeplOPHOI0 WMOBIpHICTIO >95%, nBocTopoHHs Tinore3a; C. BmiuB 3abpyaHeHHS
XBOCTOCXOBHIIIA Ta puzochepu S. europaea 3 HETAaTHUBHOI OIHOMIAJIBHOI MOENI
JOCITIJIKYBaHE ~ 30HA + pr30 + 30HA:pU30. 3IPOUKH MO3HAYAIOTH JIJISTHKH, JIe 0ararcTBO
OyJI0 3HAYHO BUIIIUM Y 3pa3Kax 13 J0JIaBaHHAM puzochepu S. europaea 3 anocTepiopHOIO
HMoBIpHICTIO >95%, ogHOCTOpOHHS TinoTe3a. Haxun nocnimxyBanoro 6ararctesa OTO

S. viminalis, BUpOIeHNX Ha CyOCTparti 13 JomaBaHHAM puszochepu S. europaea CyTTEBO
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HE BIJIPI3HABCS BiJ HYJIS 3 aOCTEpiopHOI0 MMoBipHicTIO 0,17, ABOCTOpOHHS rinoTe3a; D.
Innexc Illennona; E. BmimB 3a0pyaHEeHHS XBOCTOCXOBHINIA Ha PI3HOMAHITHICTH
OakTepianbHUX eHA0(]ITIB KOpeHiB S. viminalis 6e3 momaBaHHs puzochepu S. europaea
10 1HJIeKCcy pisHOMaHITHOCTI [lleHHOHa 3 HaAiMHOI JiHiitHOT Mojeni [1lenHoHa ~ 30Ha +
pu3o + 30Ha:pu30, t-po3moain CreogeHTa. Haxwn mociimkyBaHoro 6aratcTBa 3HAYHO
BIJIPI3HABCA BiJ HYJIS 3 allOCTEPIOpHOIO WMOBIpHICTIO >95%, ABOCTOpOHHS rinore3a; F.
YMOBHUIA BIUIUB 3a0pyHEHHSI XBOCTOCXOBHIIA 3 J0JIaBaHHIM puzochepu S. europaea
1o iHAeKcy pisHoMaHiTHOCTI [lleHHOHA 3 HamiiHOI MiHiHOT Moneni [llerHoHa ~ 30Ha +
puzo + 3ona:puzo; G. Ilugexkc Cimmicona; E. YMoBHMI BIUIMB 3a0pyJaHEHHS
XBOCOTCXOBHINIAa 0€3 jomaBaHHA pu3ochepu CadikopHi 10 1HBEpCli 1HIEKCY
pizHOMaHITHOCTI CiMIicoHa Bif JiHIMHOTI Mojeni InvSimpson ~ 30Ha + pu3o + 30Ha: pu3o,
HOpMaJIbHUN po3moAiia. Haxui qocmipkyBaHOTo OararcTBa iCTOTHO HE BiPI3HIBCS Bij
HYyJIS, JBOCTOPOHHS Timore3a; F. BmimB 3a0pynHeHHS XBOCTOCXOBHINA Ha
pizHoMaHITHICTE Eb kopeHiB S. viminalis Tta nomanus puzocdepu S. europaea 10
3BOPOTHROTO (iH(BEPCIMHOTO) 1HAEKCY pizHOMaHITHOCTI CiMIicoHa 3 JHIAHOI Mozemi
InvSimpson ~ 30Ha + pu3o + 30Ha:pu3o (Kpanku no3zHa4yaroTh 1HIUBIAyalbHI 3pa3ku, N
=6. Jlinii mo3HauaoTh MOJIEINb, SIKa HAUKPAIIIE M1IX0UTh. 3aTIHEHI CTPIYKM MO3HAYAIOTh

95% KBaHTUJILHUX IHTEPBAJIIB)
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Puc. 3.10. A. Hemetrpuune 6araroBumipte macmradyBants (NMDS) 3 BukopucTanasIm
Bijctanelt bpes-Keprica. Konip mo3nauae mociimpkyBaHi 3pa3ky, BUPOIIIEHI Ha CyOCTparTi
13 TphOX AUITHOK CTeOHUIIBKOTO XBOCcTOCX0BUIA (Z1, Z2 Ta Z3). Dopma TOUKM 03HAYAE
JIOTIOBHEHHS 3pa3KiB puzocheporo S. europaea. Enincn — ne 95% noBipui obmacTi t-
posnoainy. B. Biacrani qo nenTpy, po3paxoani s Bigctaneit bpes-Keprica NMDS
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Hamni  pgani, 1o mpeacTaBisioTh TpajieHT 3a0pyaHeHHs CTeOHMIIBKOTO
XBOCTOCXOBHIIA IMOKa3zaid, 10 aidbda- Ta OeTapi3HOMAHITHICTh OaKTepiaIbHOI
CIUIBHOTH 3MEHIIyBajacs, a CKJIaJ CHUIbHOTH 3MIHIOBAaBCSA BIAHOCHO TPAJi€HTy
3a0pyAHEHHS, 1110 CBITYUTH MPO TOMOTEHI3aI[II0 CIIJILHOT Y MIpY MOSBH 3a0pyTHCHHS.

Bigomo, mo momepenHi MOCTIKEHHS Ha POCIMHAX 13 BUKOPUCTAHHS METOIIB
[Nllumina cekBeHyBaHHS aMIUTIKOHIB MMOKa3aiy, o Eb BiAirpatoTs BaXXJIUBY poOJib Y pOCTI
pocius (Lu et al., 2020). OnHi€ero 3 XapakTEpHUX PUC CEKBEHYBAHHS HOBOT'O MOKOJIHHS
€ MOXJIMBICTH 17IeHTH(]IKyBaTH MiKpOOH1 TaKCOHH, BIMOBIAANBHI 32 3MIHUA B CTPYKTYpi
MIKpOOHOi CMUIBHOTH. 3a Jonomoroio cekBeHyBaHHsi 16S pPHK BusiBneHo HasBHICTBH
BIJIHOCHO 0arartoi eH10(hiTHOI CIIIJILHOTH KOPEHiB S. viminalis, BU3BHAYEHOT K KUIBKICTh
inentudikoBanux OTO (puc. 3.11).

Xoua crpykrypa cnuibHOT EbB kopeHiB S. viminalis, siki pocnu Ha cyOcTpari
XBOCTOCXOBHIINA 13 AUISTHOK 1 (Z1) Ta 2 (Z2) Oyna BIIHOCHO OJTHOPIAHOI0, 3HAYHO OB
3MIHM B CHUIBHOTI CHOCTEpiraimucs y 3paskax S. viminalis, K1 pocin Ha cyOcTparti
XBOCTOCXBHINA 13 AUISTHKY 3 (Z3). Y BCiX IOCHIIKYBaHUX 3pa3kax S. viminalis Ha piBHI
poay HaWOuiblie OyJiu mpeacTaBiieHl Oaktepii Enterobacteriaceae, Pseudomonas,
Rhizobacteriaceae ta Flavobacterium. Cnig BiAMITHTH, IO Taki poaud SK
Marinobacterium, Idiomarina, Marinamicrobium Tta Halomonas Oynu piako
npeacraBieHl B MikpoOHux cnunbHOTax EB kopeniB S. viminalis, BupomeHux Ha
cyOcTpaTi XBOCTOCXOBHINA 13 AUISHOK 1 Ta 2, OHAK y BapiaHTI AUISHKHU 3 1X KUIBKICTh
Oysa 3HayHO OinbIIO0. bakTepii 13 BHIlle MEPEIUYCHUX POJIIB HalekaTh N0 KIacy
Gammaproteobacteria, TpeNCTaBHUKU POJIB SKOTO XapaKTEPU3YIOTHCS SK TMOMIPHO
raiodiibHI, a TNPeACTaBHUKU poauHu Halomonadacea  BBaxaroTbcs HaWKpale
BUBYCHUMHU Ta HaBaXIuBiMMU raiodinpsHuMu Oaktepisimu (Biswas et al., 2018).

bararo OTO, mnoB’s3aHMX 13 BHINE3raJaHUMHU TaKCOHAMHM, YacTO TaKOXK
OMUCYIOThCS SIK OakTepii, SKiI MOB’si3aHl 13 3a0pynHeHHsMu cojisimu BM. Binomo, 1o
JeKUIbKa TIpeACTaBHUKIB  Marinobacterium, Ildiomarina, Marinamicrobium Ta
Halomonas BUKOPHUCTOBYIOTHCSI B SIKOCT1 1HOKYJISIHTIB JJII MOKPAIICHHS YMOB POCTY

POCIJIMH 3a CTPECOBOTO BIUIMBY 3acoyieHHsS Ta BM, AeMOHCTpYyIOYM BUCOKY CTIMKICTB A0
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3aCOJICHHS Ta BHUHATKOBI aJanTaliiiHi MOMUIMBOCTI J10 cTpecoBux ymoB (Kamika,

Momba, 2014; Biswas et al., 2018; Li et al., 2019; Mukherjee, Mitra, Roy, 2019).

Vibrio
Thalassospira
Marinimicrobium
Idiomarina
Marinobacter
Halomonas
Bacteria u.
Enterobacteriaceae u.
Pseudomonas
Rhizobiaceae u.
Flavobacterium
Enterobacter
Sphingobium
Pleomorphomonas
Cellulomonas
Kosakonia
Bacteroides
Clostridium_XlVa
Propionispira

Bacillus

Puc. 3.11. TennoBa kapta ckiany Eb kopeniB S. viminalis vHa piBai poay. Kiacrepuzartis
BKa3y€ Ha CXOXKICTh OKPEMHUX BUIB cepel p13HuX BUOIpoK. Konbopu TerioBoi KapTu Bijl
0€KeBOT0 /10 TEMHO-YEPBOHOTO MPEACTABISAIOTh BITHOCHY KUIBKICTh POJIIB OaKTepiil BiA

HU3bKO1 JO BUCOKOI
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Hamni pesynbrat gociipkeHHS y3rojpkyroTees 13 Luo et al. (2021) Tta
MIITBEP/KYIOTh HETaTUBHI HACHIJIKM TEXHOTCHHOro 3a0pyaHeHHs cyOcTpary, IIo
BKJIIOYa€ B ce0e 3MiHM Oioreoximii, (i3UKO-XIMIYHUX BIIACTUBOCTEH Ta CKJIaLy
cyOcTpary, ki Oe3rocepeHbO BIUIMBAIOTh Ha PI3HOMAHITHICTH OakTepid Ta CKIaJ
MikpoOHOT cnimpHOTU. Cii BpaxyBaTH TakoX TpUBaIUW BIUIMB BM Ha HaBKOJIMIIHE
CEpeoBHUIlle, IO CTAHOBUTH 3arpo3y MJs MIKPOOHHMX TOMyJAIiA Ta IITICHOCTI
exocucteMu. JlocmipkeHHs Ha IUITHKaX BUJOOYTKY CBUHIIO-IIMHKY IMOKa3ao, mo BM
3MIHMJIM PI3HOMAHITHICTh, 0ararcTBO Ta CTPYKTypy OakTepiaibHOI CHIJTBHOTH.
[TintBepmxeno (Berg et al., 2013), mo crpecoBuii BruimB BM mnpu3BiB 10 MOSBU
TOJEPAHTHUX MIKpOOPraHi3MiB. IX ajanTalis 0 CTPECOBUX YMOB CepelOBMINA
MOSICHIOETHCS BIAMIHHOCTSIMU B 610copOl1ii, O1onpenumiTaliii Ta xenatyBanHi (Luo et al.,
2021).

[lokazano, mo Eb MaroTe 30aTHICTH JONOMAaraTd pOCIMHAM-TOCIOAAPAM
aIanTyBaTHCS OO HECIPUATIWBAX YyMOB TPYHTYy Ta TIIBUIIUTH €(QEKTUBHICTH
ditopemeniailii, CHOPUAIOYM POCTY POCIUH, 3MeHIIyoud (iToTokcuuHicTh BM,
3MIHIOIOYH 010A0CTYIHICTh METAJIIB Y IPYHTI Ta iX nepeMilieHHs no pociaudi (Ma et al.,
2016).

Hincymkn. JlocaiakeHHs BIUIMBY TEXHOT€HHOTro 3a0pynHeHHs CTeOHHUIIBKOIrO
XBOCTOCXOBHUIIA, a TAKOXK CYMICHOI J1i yaoOpeHHs 3pa3kiB S. viminalis puzocheporo S.
europaea JIanv 3MOTY OIIIHUTA HETaTHUBHUW BIUIMB 3a0pyJHEHHS Ha CKJIaa Ta
oiopiznoManiTHicTe Eb S. viminalis. HocnimxyBane OararctBo OTO Ta iHAekc
pizHoManiTHOCTI llleHHOHa OakTepiadbHUX CHUTHHOT 3MEHIIYBAaBCS 13 30UIBIICHHSIM
3a0py/IHeHHsS y BapiaHTax JOCHiKeHHs Oe3 momaBanHsi puzocdhepu S. europaea
(Z1<Z2<Z3). BusBiaeHO TNO3WTUBHHUI BIUIUB pu3ochepu S. europaea Ha KIUIbKICTh
yHikanpHUX OTO y mnopiBHAHHI 13 3pa3kamu S. viminalis, SKi BHUPOILYyBaJIHCh Ha
cyOcTpati XBOCTOCXOBUINA 0€3 Jo0/1aBaHHs puzochepu S. europaea. BctaHoBEHO, 1110 Y
3paszkax S. viminalis, BAPOIIEHUX Ha CyOCcTpaTi 13 AUISTHKU 3 XxBocTOCcXoBuIIa M. CTEOHUK
(Z3) y OinbIriil KUTBKOCTI BHSIBJICHO HasIBHICTH Oaktepiit Marinobacterium, Ildiomarina,
Marinamicrobium ta Halomonas y OpiBHSIHHI 13 1HITMMHU BapiaHTaMH JOCJI1IKCHHS.

i pe3yabpTaT OmyOIiKOBaHI:
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3.6. Busnavyennss ACC-noriiuHa4Iux eHA0(pIiTHUX 0aKTepiii KOpPeHiB
S. viminalis 32 yMOB BUPOLIYBAHHSI HA TEXHOT€HHOMY CyOCTpPaTi XBOCTOCXOBHUIIA

Pocaunam 3a 10oMororo cBoiX (POTOCUHTETHYHUX LUISXIB MOXYTh MOTJIMHATH Ta
HAKOIMWYYyBaTH 3a0pyJHIOBaYi, TOAl SK MIKPOOPTaHI3MU 3A1MCHIOIOTH JIeTpajalliio
CTIMKHX 3a0py/IHIOBAYiB 3a JIOIIOMOTrOK0 CBOiX MeTabomiunux nuraxis (Sandil, Gowala,
2022). 3okpema, eHAODITH MBUIIYIOTh TOJEPAHTHICTH POCIUH-TOCTIONAPIB 0
OlI0TUYHUX CTPECOpIB 3a JOMOMOTOK 0araThOX MEXaHI3MIB, cepell SKUX CHHTE3
neaMiHasu  1-amiHonukionponaH-1-kapooHoBoi kucinotu (ACC), y cBowo uepry
MIBUIYIOYN UM X CTIMKICTh /10 BIUTUBY CTPECOBUX (DAaKTOPIB MUISXOM BUPOOICHHS
010aKTUBHUX METAaOOMITIB Ta CIPUAIOYM POCTy Ta po3BUTKY pociuH (Hazarika et al.,
2021; Wang et al. 2021; Gupta et al., 2022; Moon, Ali, 2022).

Busisneno psin pisaux PGPR, sxi BupoOsitoTh qanuit GepMeHT, sIKUid PO3IICTUIIOE
ACC — HeOUIKOBY aMIHOKHUCIIOTY 1 Oe3mocepeHii MonepeHUK rOpMOHY €TUJIEHY, Ta
3HIKYE PIBEHb CTPECOBOTO €TUJICHY, SIKUM YTBOPIOETHCA B yMOBaX abl0TUYHOTO CTPECY
(Orozco-Mosqueda et al., 2020; Hazarika et al., 2021; Moon, Ali, 2022;). AKTHBHICTb
ACCD e edexTuBHUM MapkepoM sl OakTepiil, acolioBaHWUX 3 POCIUHAMHU, IJIS
CIPUSIHHSI POCTY POCIWH IIJISTXOM 3HIDKCHHSI PiBHS eTuiieHy B pociuH (Bonatelli et al.,
2021; Goyal et al., 2021; Singh et al., 2021). Bu3naueHHs Ta moAaibiie BUKOPUCTAHHS

Eb, mo npoaykytots ACCD, Moxe OyTu OUTbIIT €KOHOMIYHO BUTIIHHUM, JOCTYITHUM Ta
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€KOJIOTIYHO YHCTUM, a TaKOX OUIbI MPUUHATHUM Yy TIOPIBHSAHHI 3 TPaHCTCHHUMU
pOCITUHAMM IS Ti€l K METH.

Pesynasratu Bmicty ACC y iHOKynboBaHOMY cepenoBulli JlBopkina-doctepa
nmokazano Ha puc. 3.12. Cmig BIAMITUTH, 0 TJIMOMHA KOJHOPY PO3BEICHHUX
CylepHaTaHTiB jociikyBaHnux EB kopeniB S.viminalis Oyma momiTHO cnadmioro
MOPIBHSHO 3 TJIMOWMHOIO KOJIbOPY PO3BEACHOTO HEIHOKYJIhOBaHOTO cepemoBuima J[D-
ACC. [liarpamu pUCYHKY YITKO 3aCBII4YIOTh MO3UTUBHUMN BIUIUB pu3ochepu S. europaea
Ha noka3Huky 1moAo yruiizanii ACC EB S.viminalis. Haii6iibmre 3menmenss (Ha 20 %)
BMicTy ACC BUSIBIIEHO y TPEThOMY BapiaHTI JIOCHIKEHHS — 32 POCTY POCIUH BepOU Ha
cyOcTparti i3 HalOUIBIIT 3a0pYTHEHHUX JUISTHOK XBocTocxoBHIIa (Z3). Y apyromy BapiaHTi
nociipkenns (Z2) pisauns Oyina y Mexax moxwOkw. Illogo BapianTy i3 miisHkm 1,
nokasHuku Oynu Ha 15 % meri 3a BruuBy pusocdepu S. europaea.
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Puc. 3.12. Konnenrparis ACC y cepenouii JIBopkina-doctepa-ACC micnsa 24 roauH

iHKyOarrii kosoniit Eb kopenis S.viminalis

3rifHo 13 MiTepaTypHUMH JaHUMH, iHOKYJsis pociuH PGPR, ski mictate ACCD,
MIJBUIIYE IX CTIHKICTh A0 CTPECOBUX (DaKTOPIB TakuX sIK 3acojeHHs, BM, mocyxa i T.n.
(Gupta, Pandey, 2019; Wang et al. 2021). OkpiM 1bOro, pOCIMHH 3a BIUTUBY OaKTEpiii-
npoayueHtiB ACCD xapakTepu3ylThCsi BHCOKOIO KOJIOHI3alll€l0, y TOPIBHSHHI 13

pociuHaMH, SfKi HE Maju BIUIMBY naaHux Oaktepiii (Moon, Ali, 2022). BiamosigHo,
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OTpUMaH1 PE3yJbTaTH IIATBEP/KYIOTh 301IBIIEHHS KIIBKOCTI OaKTepii-MOorjInHaviB
ACC 3a ymoB yno0penns/inokysmii kopenis S.viminalis puzocheparmu 6akrepisimu S.
europaea B yMoBax poCTy Ha TEXHOTEHHOMY CyOCTpaTi XBOCTOCXOBHINA. BukopucTanmii
y naniit poooti [1JIP-rutanmernuit HinrigpuaoBuit merona (Li et al., 2011) posmupur
pPEHTA0ENbHICTh pPeakKilii 3 HIHTIPUHOM Ta IMOJIETIINB CKPUHIHT OaKTepii-TIOTINHAYIB
ACC.

bakrepianbay akTuBHICTE ACC-1e3amiHa3u MO)KHA KOHIIETITYaJIbHO PO3AUIUTH Ha
JIBi TPYIIM Ha OCHOBI BHCOKOi a00 HU3BKOI (hepMEHTAaTHBHOI akTHBHOCTI (Souza et al.,
2015). MikpoopraHi3mu, IO EKCIPECyITh je3amiHaszy 3 BUcOkuM piBHeM ACC,
Hecrnenu(iuHo 3B’ A3YI0ThCS 3 PI3HUMU MOBEPXHIMH POCIIHH, 1 111 MIKPOOU BKIIIOUYAIOTh
puzocdepHi, pinocdepHi Ta enaodiTHI Mikpoopranizmu. [Ipogemonctposano (Bal et al.,
2013) edexTuBHICT OakTepil, ki BUsABIAIOTH akTuBHICTH ACCD, Takux sik Bacillus sp.
y 1HAYKYBaHHI COJIECTIMKOCTI Ta MOKPAIEHHI POCTY POCIUH PUCY B YMOBAxX COJHLOBOIO
ctpecy. OTpuMaHo pe3yibTaTH moao mramy Pseudomonas spp. 3 aktuBaicTio ACCD,
KM 9aCTKOBO YCYHYB BIUTUB TOCyxu Ha pict Pisum sativum L. ITomiOHuM uuHOM,
pociauHM TIoMijopiB, morepenubo oOpobneni Eb P. fluorescens i P. migulae, mio
BUSBJISIIOTE  akTUBHICTE ACC-me3aMinasu, OyiM 3J0pOBINIMMH Ta JEMOHCTPYBaJU
KpaIluii picT MiJ] BIULTMBOM CHUJIBHOTO 3aCOJICHHSI MOPIBHSIHO 3 POCIWHAMM, MONEPETHbO
o0po6sieHumMu MyTanToM 3 aediuutrom ACCD abo 6e3 OakTepianbHOi 00poOku (Ali et
al., 2014). Kpim Ttoro, Bin6ip ermodirie 3 aktuBHicTIO ACCD MOXe OyTH KOpHUCHHM
MIIX00M JUIsl PO3pPOOKH YCHIIIHOI cTpaterii gitopeMenialii, BpaxoBylOUM MOTEHLIAT
X OakTepiit 3MeHIyBaTu cTpec pociun (Souza et al., 2015).

[Ipami HaykOBHX MJOCHIJHUKIB TMOKa3yloTh, 1m0 BukopuctanHsi PGPB cramno
0araTooO0ILAI0Y0I0 aTbTEPHATUBOIO [IJISl MOJETLIEHHSI CTPECy POCIWH, CIPUYMHEHOTO
3acoJICHHsIM Ta HaOyBae Bce Oinbmioro 3HadenHs ( Shrivastava, Kumar, 2014)

Hincymkn. Ilokazano HasBHICTH Oakrtepiii-norivHadyie  ACC B ycix
JTOCTIKyBaHUX 3pa3kax kopeHiB S.viminalis. OmgHak 3a yMOB 1HOKYJISIII HaTHBHUMU
puszochepuumMu OakTepisMu S. europaea puszocepHOro Imapy pOCIUH BepOu, y
BapiaHTax JOCIIKEHHS BUSBJICHO HAsSBHICTH OUIBINOI KIJTBKOCTI OaKTepiii-morjinHaviB

ACCD, mo nposiBuseTrbes y 3MmeHmeHHi konnentparii  ACC. Orpumani naHi
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MITBEP/DKYIOTh BaXIMBICTh OakTepidi-orimHadiB. ACC st poOCiAMH  HUISIXOM
BUKOPHUCTAaHHSA XIMIYHOTO 1HTi0iTOpa OloCcHHTE3y eTujeHy. Pesynbpratu pobotu
JIeMOHCTPYIOTh noTeHian Eb xopenis S.viminalis y mosermienHi BIDIMBY TEXHOTEHHOTO
3a0pyJHCHHs] Ha POCIWHHU 13 PO3YMIHHSIM BaKJIMUBOCTI TAaKOTO 3acTOCyBaHHS Ha

(1310J10T14HI TPOLIECH POCIIHH.

3.7. HakonuuyenHsi 0inkiB y opranax S. viminalis 3a pocry Ha cyocrpari
CTeOHMIBKOr0 XBOCTOCXOBUIIA

BaxnuBuM eneMeHTOM ajanTailli pOoCiIMH JO CTPECOBHUX BIUIMBIB € CHCTEMa
KOHTPOJIIO SIKOCTI KJITHMHHUX OUIKIB, OCKUIBKM aJanTalllifHi 3aXHMCHI peakilli pociuH
JIOKaNI30BaHl BCEPEMHI KIITHH 1 O€3M0CepeHbO CTOCYIOThCA (PYHKIIOHYBaHHS
oinokcunTe3yrouoi cucremu (Kosova et al., 2013; derrox Ta iH., 2020). 3aBasku cBOIM
CHJIbHUM OKHUCTIOBAJIbHUM BJIACTUBOCTSIM, IMABHINCHI KoHIEHTpamii APK MOXyTh
BUKJIMKATH HE3BOPOTHI 3MIHU B KJIITUHHUX O10MOJIEKYJIaX, TaKUX K OLIKH, JIMIAU Ta
HYKJICTHOBI KHUCJIOTH, IO PU3BOAUTH JI0 MOIIKOHKEHHSI MEMOpaH KIIITUHU Ta OpraHes
(Naliwajski, Sktodowska, 2021). Pi3HoMaHITHI CTpecH NMPU3BOIATH 0 NPUITUHEHHS 200
MPUTHIYEHHS CUHTE3Yy OUIKIB, SIKI MarlOTh MICIIE€ B HOPMI, Ta CHUHTE3Y CHErudIuHUX
CTpPECOBUX O1JIKIB, XapaKTepHUX ISl BIAMOBIJI HA JiI0 3aCOJICHHS, K1 BIIICPAIOTh
BAXJIMBY pOJb y 3a0€3MEUeHH] KIITHHHOIO TOMEOCTa3y B HECHPHUSTIMBUX YMOBAX,
3aXMCTI Ta BIAHOBJICHHI piBHOBaru micis ctpecy (Bemnuko, 2012; Bennuko, 2014). ¥V
BIJINIOBI/Ib HAa 3MIHY BHILETIEPETIYEHNX YNHHUKIB YTBOPIOIOTHCS O1JIKM TEMJIOBOTO MIOKY
(BTIL), sixi BiAMOBIAAIOTH 32 CKJIaJIaHHS, 30MpaHHS, TPAHCIOKAIIIIO Ta AeTpajiailiio O1JIKiB
y 0araThoX KJIITHHHHX TIpoIlecax, a TaKoK cradimizaiito OuIKiB it MemOpan (derrrox Ta
iH., 2020; Xamn, ITupi xok, 2020). Takum YUHOM, i CTPECY CYIPOBOIKYETHCS
cuaTe30M BHCOKO- (Mr 60—100 k/la) ta Husbkomosekyasspuux (Mr 15—45 k/la)
cTpecoBuX OUTKiB, a Takox yOikBiTHHY (Mr 8,5 k/la) (KocakiBckka, 'onoB’siak0, 2006;
Timperio, Egidi, Zolla, 2008; Kosova et al., 2013).

Pesynbratu enekTpoopeTHYHUX MOCTIKeHb MOKa3aiu, 110 CIEeKTPU OLIKIB y
opranax S. viminaliS 3a KOHTPOJFHUX Ta CTPECOBHUX yMOB MaJld SIKICHI Ta KUIBKICHI

BIJIMIHHOCTI — 3a CKJIaJIOM KOMIIOHEHTIB Ta 1HTEHCHBHICTIO OKpEeMHUX TpekiB. B ycix
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opraHax pociuH S. viminaliS He BHSBJIEHO CTPECOBHX OLIKIB, IO HAJEKaTh J0 POIUH

BTUI 60 Ta 70, ane BusBneno HMBTII (Hu3bKOMOJNEKYIIApHI OUIKK TEIJIOBOTO IIIOKY)

(puc. 3.13).
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Puc. 3.13. EnextpodopeTnuni CrekTpu HU3BKOMOJICKYIApHUX OuikiB 30-10060BHX
S. viminalis 3a pocty Ha cybcTpati i3 CTEOHHUIIBKOTO XBOCTOCXOBHINA (J1a00paTOpHi
yMOBH): 1— Mapkep; 2 — KOHTpoJIb (KOpeHi); 3 — KOHTpouib (cTebna); 4 — KOHTPOIIb

(muctkn); 5 — mocmin (koperi); 6 — gocia (ctedna); 7 — qociia (TMCTKH)

3rifHo i3 JaHUMH, SIKI BUCBITJICHI Ha elekTpodoperpami, B opranax S. viminalis
HasBHI HU3BKOMOJICKYJIIpHI nominentuau 3 Mr 30, 23, 22, 20, 17, 15, 12, 10 Ta 8 x/a,
BMICT SKMX ICTOTHO BapiloBaB 3ajJie)KHO BIJl OopraHa pociiH. Y mnpodinai OUIKiB, SIKI
CHUHTE3YIOThCS 32 HOPMAJIbHUX Ta CTPECOBUX YMOB OUIBIIICTD OLIKIB OyJia 3 1€ HTUYHUMHU
MOJICKYJIIpHUMHU Macamu. OTHAK y JOCTIIHUX opraHax S. viminalis, sMiHM KOHIIEHTpaIlil
OinkiB Oyynm BupasHimumu (puc.3.13). ¥V muctkax S. viminalis curte3yBamuce Oiku B

OUTBPIIOCTI 3 TAaKUMH K MOJIEKYJSPHUMHM MacaMy, OJHAaK Yy JOCTIHOMY BapiaHTI
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criocTepiraiocs 3MeHIeHHs BMicTy 011kiB 13 Mr 20-23 k/la, mOpiBHSHO 13 KOHTPOJIBHUM
BapiaHToM. Taki pe3yJbTaTH MOXXYTh OYTH HACHIJKOM 1HT10OyBaHHS iX CHHTE3y, ab0 K
HACJIIKOM X Jerpajartii.

Binomo, 1110 aG10THYHI CTpECH MPU3BOAATH J0 Aerpajallii OUIKIB XJIOpPOIJIACTIB Ta
yTBOpeHHs amiHokucioT (Stoychev, 2013; ®errrox Ta iH., 2020). 3a yMOB 3pocTaHHS Ha
CyOCTpaTi XBOCTOCXOBHINA, y JUCTKaX JdociigHux S.viminalis BusBieHO 301IbIICHHS
KoHIeHTparii OuikiB 13 Mr 10, y TnOpiBHAHHI 13 KOHTPOJBHUMH POCIHHAMH.
BcranoBneno, mo MK TpboMma modinentugamu 3 Mr 10, 22 1 24 k/la icHye TicHa
cTpykTypHa acorriarist (Ljungberg et al., 1986; ®errox Ta iH., 2020).

Crnig 3a3Ha4YMTH, MO 3TITHO 13 eIeKTpodoperpamoro, B JOCTIIHOMY BapiaHTI
HasBHI 01k 13 Mr 8 x/la. Li 6iiku € iIMOBiIpHO YOIKBITHHAMH, SIKI BUKOHYIOTH (DYHKITITO
rigpomizanii neHarypoBanux OunkiB. [logo ¢pakiiiinoro ckiagy OUIKIB y crebiax
S. viminalis, i BIUIMBOM COJIbOBOTO HaBaHTaKEHHS 3pocTaja KUIbKICTh OLIKIB 13 Mr 22
k/la, MOpIBHSIHO 13 KOHTPOJBHUM BaplaHTOM. Takox y crebiax JOCIIAHOTO BapiaHTy
BUsBJICHO OUTkM 13 Mr 17 x/la — panHi cBiTio-inayubensHi Oinku (ELIP — early light-
inducible protein). Jlani OikM (QYHKIIOHYIOTH JIMIIE MPOTITOM KOPOTKOTO TEPioay
NICPETBOPEHHS €TIOMIACTIB B XJopormiactd. 3rigHo 3 pobor K. E. Steinback i3
cmiBpoOiTHukamu  (1981), TwiakoigHi MeMOpaHu, a0 SKHX OyB IEepCHECEHHI
nocTTpancasuiiaui 6110k 17 x/la, ¢ppakuionyBamucs y pi3Hi OLJIKOBI KOMIUIEKCH 1 el
0110k TIepeBaxkaB y (ppaxkiiii, 30araueniii yactuakamu portocuctemu [ (OCII). Ockinbku
oiok i3 Mr 17 x/la mae cnenudiuny gpyukimiro npu ckinaganui ®CII (Kloppstech, 1985).

VY kopensix S.viminalis BusBineHo HmMbTIII i3 Mr 19-21 k/la, ik y KOHTPOJIBHOMY,
Tak 1 B JIOCIIJIHOMY BapiaHTaX. BaxjamBO, 3a yMOB TEXHOTEHHOTO 3a0pyIHEHHS
XBOCTOCXOBHIIA 1X KUIBKICTh OyJia OUIBIIOH0.

3rifiHo 13 JiTepaTypHUMH NaHUMH, TIpu 00poOmi mimeHuuHoro mpoca (Eleusine
coracana Gaertn.) 200 MM NaCl BusiBaeHo cunTe3 OinkiB i3 Mr 23 x/la (Uma, Prasad,
Kumar, 1995). V nucTtkax sSiMMeHI0 BUSBJICHO IHTCHCUBHE HakomuueHHs OikiB 3 Mr 30,
27 ta 6 x/1a 3a aii 3aconeuns (Hellal et al., 2017). Bcranosneno (Bennuko, 2012) cunres

HU3bKOMOJIeKyJIspHuX OUIKIB (30-40 k/la) y mucTkax coi y BiJMOBI/Ib HA CTPECOB1 YMOBH.
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JlocmaHUKA BBaXawTh, 0 BM 37aTH1 1HAyKyBaTH TaK 3BaHl O3HAKU
“OKHCHIOBAJIBHOTO CHaiaxy’’, SIKUM aKTHUBY€ aHTHOKCHUJAHTHY CHCTEMY, 110, y CBOIO
4yepry, MOXe MiABUIYBaTH Oyab-SKy JIAHKY 3aXHCTY, 4 CaM€ CHHTE3 CTPECOBUX OLTKIB
(KaBymuu, 2020). Bigpmricts HMBTII MoxyTs misith sk HesanexkHi Big AT
MOJICKYJISIPHI IIANEePOHU, 3B’SI3YIOUM JCHATYpOBaHI OUIKM 1 TMM CaMHUM 3aXUIIAI0ud
KJIITUHY B1J IONIKOXKEHHSI BHACIIIOK HE3BOPOTHOI arperariii Oi1kiB (Basha et al., 2012;
Takemura, Tamura, 2016).

HusbkoMoneKkysipHi CTpPEcOBI OUTKM MOXYTh CIHPHITH MIATPUMAHHIO PIBHA
TPAHCIOPTY €JIEKTPOHIB 3a iHaykoBanoro BM crpecy (Tomuii, 2010). Bigomo, 1110 ioHu
KaaMilo 1HAYKyIoTh cuHte3 BTIHI y OGarathbox pociauH. 3a HasSBHOCTI IHMX 10HIB
nocuinoBaiack ekcrpecis rena Hvhsp 17, siknii Binnosinae 3a cunte3 bTL y kykypyazu
Ta SYMEHI0. Y KITHHHIA KyJapTypi Lycopersicon peruvianum (L.) Mill. 3a aii coneit
kaaMito 3HayH1 KibkocTi BT 70 Oynu 3B’s13aH1 3 MeMOpaHaMu OpraHed.

3rigHo i3 JaHuMU Hammx gociimkeHb (Peirox Ta iH.,, 2019), BMICT KaaMiio
nepesuinyBaB ['JIK y opranax pocaur S. viminalis, BupomieHux Ha cyOcTpaTi
XBOCTOCXOBHUIIA. BiANOBIAHO 1€ BKa3ye Ha BHUCOKHA pPIBEHb aKyMyJsiLli MeTany
pociunamu. [Ipuunnu BigcytHocti BTIH 70 B opranax S. viminalis 3a cTpecoBux yMoB
MOKH HE 3’5ICOBaHI Ta MOTPEOyIOTh MOAAIBIIOTO AOCHIKEHHS. MOXKIMBO 11€ TTOB’3aHO
3 BIJICYTHICTIO UM Iy’K€ HU3bKUM PIBHEM (32 MEXaMH Yy TIUBOCTI MeToy ) cuHTe3y BT
70. Xoua IHAYKIlIS CHHTE3Y IIbOTO CTPECOBOIr0 O1IKa € OJTHUM 3 YHIBEpPCAJIbHUX, 3HAYHO
MOIIMPEHNUX KOMIIOHEHTIB CTPEC-peaKIlii 0 HECTIPUATIUBUX YMOB, B OKPEMHUX BHUJIIB
TaKui Mpoliec peayKoBaHWM a00 He BU3HAYaeThcsa. Onucanuii GeHOMEH BIIOMUM IS
JESKUX CIeliali30BaHNX Ta €HACMIYHUX BHJIB, BY3bKO aJalTOBAaHUX JI0 TIEBHUX YMOB
icayBanns (Di Toppi et al., 1999).

Pesynbrat HaAmoro AOCTIHKEHHS IMOJO0 3arajibHOTO BMICTY Oijka B opraHax
S.viminalis mokaszanu, mo BMicT OilKa y cTe0jaX 1 KOpPEHSAX AOCTIAHHUX POCIHH
JOCTOBIPHO 30uIbLIYBaBCsS Ha 27,5 % Ta 39,8 % BIANOBIAHO BIIHOCHO KOHTPOJIIO (pHC.
3.14). Y nuctkax BMicT Oisika OyB MeHITUM Ha 32 % mopiBHSAHO 3 KOHTpojeM. OTpumaHi

pe3yJbTaTH HAILIOTO AOCTIIKEHHS 1al0Th 3MOTY CBIIYMTH MPO MPUCTOCYBAHHS POCIHUH
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JI0 YMOB POCTY Ha CyOCTparTi 13 XBOCTOCXOBHIIA. B MucTKaX JOCTITHUX POCIUH TOMIYEHO

BIUIUB 3aCOJICHHS, SKUU MPOSBIISIBCA Y 3MEHIIIEHHI BMICTY O1J1Ka BITHOCHO KOHTPOJIIO.
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Puc. 3.14. Bmicrt 6inka B opranax 30-tu mo6oBux S. viminalis 3a pocty Ha cyOcTpari i3

xBocTocxoBuina M.CTeOHuK (J1abopaTopHi YMOBH)

Bcranosneno (Hellal et al., 2017) Bucoke HakKONWYEHHS 3arajibHOro OlKa y
opraHax pOCJIMH BiBCa B YMOBAaX 3aCOJEHHS, 110 MIATBEPIKYETbCS MOP(OIOTrTYHUMU
BJIACTUBOCTSIMHA POCIMH Ha cTafii mpopocTaHHs. OIHAK y BHUITAJKy NPUTHIYCHHS
3arajJpHOTO OITKOBOTO CHHTE3y B YMOBaX CTpecCy, SIK MPaBWIIO, BiIOYyBalOTHCS 1 3MIHU
NPUPOAU OLIKIB, IKI CHHTE3YIOThCA. AKTUBY€THCS HAKOITMYEHHSI HOBUX TPAHCKPHUITIB Ta
KOJYIOUMX HUMH MOJINEnTuaiB — crpec-0ukiB (Stoychev, 2013). Taka x TeHaeHIIisA
criocTepiranach iy pocimH S. viminalis 3a pocTy Ha TeXHOTeHHOMY CyOCTpari
CTeOHMIILKOTO XBOCTOCXOBUIIA. Y JIUCTKAX JOCIIAHUX POCIIHUH MOKa3aHO MPUTHIYCHHS
CUHTE3Yy 3arajbHoro OiJika, MOPIBHSIHO 13 KOHTPOJIHLHUM BapiaHTOM, aje BiJOyBa€TbCA
aKTUBHE HakomuueHHs O11kiB 13 Mr 20-23, 10 ta 8 k/la.

OTxe, HU3BKOMOJICKYJISIPHI TIOMINENTHIA OyJIM BUSBIICHI B eJIeKTpodoperpamax
BCIX MMPOaHaIi30BaHUX OpraHiB pociauH S. ViminaliS y KoHTposIi Ta A0CTiIHOMY BapiaHTi
32 poCTy Ha 3a0pyIHEHOMY cyOcTpari XBocTocxoBuina. OTpumaHi pe3yJbTaTH
niaTBepKy0Th 3HaueHHs: HMB T y 3amo6iranHi MOMIKOIKEHHS 33 CTPECOBUX YMOB, a

TaKOX MIJKPECTIOITh X y4acTh Y POCTI Ta PO3BUTKY pociuH. Bimomo, mo HMBTIII
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NPOSIBIISIIOTH IIAMIEPOHHY aKTHBHICTH, & IX CHHTE3 aCOIIOETHCS 3 PO3BUTKOM CTIHKOCTI
1o il ctpecy. biocunre3 HMBTI cBiquuTh PO 3axuCHY (DYHKIIIIO ITUX MOJINEITH/IIB
npu 3HEBOJHEHH] Ta/abo periaparaiii (Cheng et al., 2008). Pi3HoMaHITHICTD POCTHHHUAX
HMBTII BimoOpakae yHIKaJbHICTH BIJMOBIAI POCIWH Ha CTpeC Ta iX ajamnraiio i,
HAIICBHO, € HACIIKOM HEPYXOMOT'O CIIoco0y >KHTTs pociuH (Jianbo et al., 2018).

IMincymku. Pe3ynpTaTé MpOBEACHOTO MOCHTIKCHHS MiATBEPAWIN BiAMIHHHOCTI
O1IKOBOTO CHeKTpy OinkiB y pociuHax S. viminalis B ymoBax pocty Ha cyOcTparti
CTeOHHMIIBKOTO XBOCTOCXOBMINA. Y BCiX opraHax pocinuH BusiBneHo HMBTII. B
OCHOBHOMY, 32 KOHTPOJFHUX Ta CTPECOBHX yMOB, OiIKM OyJU iCHTHYHUMH, TIPOTE Y
nocmigHux pociaud S. viminalis 3minm OinkiB Oymu Ot BupasHimmMmu. Lle €
CBITUCHHSIM TIPUCTOCYBAHHS POCIWH BEpOM 0 3pOCTAHHS HAa TEXHOTCHHOMY CyOcTpaTi
XBOCTOCXOBHIIIA.

L1 pe3ynbTraTh omy0JiKOBaHi:

1. ®emrox, A. b., bynro, JI. B., ITanyna, O. L., & Tepek, O. L. (2020). Brums
3aCOJICHHs. Ha CKJaJa OUIKIB 1 BMICT mpojiiHy B opraHax pociamn Salix viminalis L.

Dizionocis POCIUH i 2eHemuKa, 52(5), 412—A421.

https://doi.org/10.15407/frg2020.05.412

3.8. AkxrtuBauis npouecis IIOJI y pocaunHux TkaHmHax S.viminalis 3a
yrBopenHsm MJIA

VY pocaMHHOMY OpraHi3Mi OJTHUM 13 MOKJIMBUX KOMITOHEHTIB IIBUJIKOT PEaKIlii Ha
cTpec € akTuBallis nepekucHoro okucHenus jinigiB (ITOJI) (denotos, 2016; Kopotka,
Iepctiok, 2021). BetaHOBIICHO, 10 1€k MPOIIEC € OJTHUM 13 YHIBEPCATBbHHUX 1HIUKATOPIB
peakiii KJIITHH Ha BIUIMB 0araThb0X ab0l0OTMYHMX YMHHMKIB 1 TOBUHEH PO3TJISIATUCS SIK
000B’s13k0Ba j1anka cTpecy (Komymaes, Kaprern, O603ub1#, 2011). IIpo aktuBariiro [1OJI
CyIATh 3a IIBHJKICTIO YTBOpPEHHs MayioHOBoro nuansaeriny (MZA), skuii € Horo
KiHieBuM mpoaykrom (Demoros, 2016; Kopotka, Ilepctiok, 2021). ManoHoBwuii
JUAJTBJIET1]] B3a€EMOJIIE 3 BUTbHUMHU aMiHOTpyTHamMu O1KiB, (hochomimiaiB, 0 MPU3BOIUTh
no nopymeHHs kmtuHHUX MemOpan (Kopotka, [lepctiok, 2021). YtBopenus MJIA

NpU3BOIUTH A0 TiApodimzalii MemOpaH, mopymieHHs riapodobHoro Oap’epa, Ta
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OB’ S3aHOTO 3 IIUM 30UIBIICHHSM MPOHUKHOCTI 1 INIMHHOCTI MEMOpPaHH, 3HUKEHHSIM X
B’S3KOCT1, MOPYIICHHSM CTPYKTYpH Ta JIOKai3alii peuentopiB, (QepMeHTIB Ta
SJICKTPUYHOTO 3apsiAy 3 MOKIMBUM MOJATBITAM BUHUKHEHHSM TIOP, PO3PUBY MeMOpaH
Ta OCMOTHUYHOTO IIOKY, IO BUKIHWKAE BUIbHOpAJMKaIbHHMI HekpoOio3 (KasHadeesa,
2010; Mallhi et al., 2020). Hakormuenast MJIA Bka3ye Ha BiIITOBIb POCIUHH JIO BIUTHBY
3oBHIMHIX (pakrtopiB (Koporka, Ilepcriok, 2021). Bucoki mokasamku MJIA
PO3TIISAAAIOTECS SIK MApPKEPU BAXKKOCTI Mepediry OKCUIaTHBHOTO CTPECY.

PesynapTatn Hammx MOCHIPKEHb MOKa3aiH, IO YMOBU POCTY Ha cyOcTpati i3
JOCITITHUX JIUITHOK XBOCTOCXOBHIIA 1HIYKYBaiu MiABUIIECHHS BMicTy MJIA y nmucTkax
S. viminalis, 110 CBiTYUTH PO IHTEHCUBHICTD MEPeOITy MPOIIECIB JIIMOMEPOKCH AL (pHC.
3.15). BusBneno 3HauHe 30iibIIeHAS BMicTY MJIA y IHMCTKaxX MOCTIAHMX POCIHH, Ha
21,40 % BigHOCHO KOHTPOJIO. Y crebiiax Ta KopeHsx S.viminalis — 3HaueHHs Oyiu y

MEXKaxX IMMOXHUOKH.
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Puc. 3.15. Bmictr MJIA B opranax 30-tu mobGoBux S. viminalis 3a ymoB pocTy Ha

cyoctapTi 13 CTEOHUIIBKOTO XBOCTOCXOBHINA (J1Ta0OpaTOpHI YMOBH)

ABTOpY CTBEP/KYIOTH, 110 32 BIUIUBY CTPECOBUX (PAKTOPIB, TAKUX K OCMOTUYHHIA
CTpEC, 3aCOJICHHS, Tocyxa, BIUTMB BM, 0yJ10 BusIBIIEHO 3HaUHE 301IbIIeHHS BMICTY MJIA
B OpraHax pOCJIHH puUCYy, apallJoncucy, MIIeHHI], Oamii iCTIBHOI, JIIOMUHY OLJI0TO0,
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rap0Oys3a 3BHYaiiHOro, COHsIIHMKA Ta pinmaky (bakyx Ta iH., 2011; Kokopes Ta iH., 2020;
Labidi et al., 2020; Raklami et al., 2020; Kopotka, Illepctiok, 2021; Sctpeb 1a in., 2021;
Ashraf et al., 2021; Hafez et al., 2021). [lana peakiiisi poCJIMH BHKJIMKaJIa IPOAYKIIIIO
MJIA six Mapkepa nomkopkeHHss MemOpanu yepes I[TOJI (Raklami et al., 2020).

Hakonuuenns MJIA Bka3ye Ha BIAMOBIIb POCIHH A0 BIUTMBY 30BHIIIHIX ()aKTOPiB
Ta BKa3ye Ha 3ryOHy nito ctpecopa (Kupma-Hecmisn, 2016; Kopotka, Lllepctiok, 2021).
ToMy MU MOXEMO CTBEpJUKYBaTH, 10 JHCTKH S. viminalis 3a3HaBanu HanOiNbIIO
TOKCUYHOI CyMiCHO1 i1 3acoseHHst Ta BM B yMOBax pocTy Ha TEXHOT€HHO 3a0pyTHCHOMY
cyocrpati CTeOHUIIBKOTO XBOCTOCXOBHIIA. 3MiHA O10I0CTYIHOCTI IIMX METAJIIB Y KIITHHI
crpusie iXHIM B3a€MOJIi 3 MOJIEKYJSIPHUM KHCHEM Ta YTBOPEHHIO T1APOKCHIBHUX
pajuKaiiB — HAlaKTUBHIIIKUX MPOOKCHUIAHTIB, IIJIBUILIEHA T€HEPALlisl SKMX MPU3BOJIUTH
1o mBuakoro Hapoctanus nporieciB [10OJI (Vangronsveld et al., 1994; Cuypers et al.,
2016).

Higcymkn. TakuM 4YMHOM, HECHPHUATIMBA i a0l0OTUYHOrO CTPECYy B YMOBax
XxBOocTOcxoBHUIIa M. CTEOHHK 3yMOBIJIIOE OKCHUJATUBHUN CTpEeC B OpraHi3mi POCIUH
S. viminalis, sikuii posiBIIIeThCS Hakonmu4IeHHIM npoaykty I1OJI, a came 301MbIIy€eThCs
BMicT MJIA y IMCcTKax AOCIIIHUX POCIIMH BEpOH.

L1 pe3ynbTraTu omy0JiKOBaHi:

1. ®emox, A. b., bynso, JI. B., & Ilamyna, O. 1. (2017). IIpookcuaaHTHO-
AHTHOKCHJIAHTHA cucteMa y pociuH Salix viminalis L. 3a aii coiboBOro 3a0pyIHEHHS.
International research and practice conference: Modern methodolodies, innovations,
and operational experience in the field of biological sciences (Lublin, Poland, December
27-28, 2017) (pp. 288-291). Lublin: Izdevnieciba «Baltija Publishing».

3.9. Bmict (peHosbHMX cnosiyk B opranax S. viminalis 3a pocty Ha cyocrpari
XBOCTOCXOBHIIA

PociauHu BUpPOOIISAIOTH BENIUKY KUIBKICTh META0OITIB, OJTHUMHU 3 SIKUX € (DEHOJIH,
SIKi CHHTE3YIOTbCS 3 KOPHYHOT KMCIOTH. IX CHHTE3 i HAKOIMYEHHS TIOCUIIOKTHCS, KOJIH
pociiMHM 3a3HatoTh BBy BM. JlaHi crionyku Hajiexarb 10 TPyNU HEEH3UMaTHYHHMX

AHTUOKCUAHTIB Ta BIJIOMI CBOIMH XEJIAaTyIOUMMHU BIJIACTUBOCTSAMH METANIB, 1110
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TPAHCTIOPTYIOTBCSA Y BaKyoJIl0, 3MEHINYIOTh IUIMHHICTH MeMOpaH, 3amobirarodu
HAJIXO/DKCHHIO METATIB Y KIITUHY. DEHOIBHI CITOIYKH, 10 MICTAThH T'JIPOKCUIIBHHM 10H,
3B’A3YIOThCSI 3 MeTanaMmu, ocoOnuBo 13 (epymoM Ta KympymoMm. Bouu Takox
3ano6irarote [IOJI muisixom oOOMIHY JMIAHUX —QJIKOKCUJIBHMX paJuKaliB, SKi
CHHTE3yIOThCsI B ymoBax crpecy (Kasymmu, 2020; Patel et al., 2021). JloBemeno
IPOTEKTOPHUHN e(PEeKT pOCTHMHHUX (DEHOIIB y BUTIAAKAX EKCTPEMAIbHUX CTPECOPIB, Cepe
SKHMX 3aCOJICHHS, HecTaya MiHepaibHuX eeMenTiB (Saha et al., 2021; Nigam et al., 2022).

B 3anexxHocTi Bij BHIy POCIWH Ta BiJ MICIIEBOCTI, Ha SKid BOHU 3POCTAIOTh,
Oil0JI0TIYHA AKTUBHICTH (PEHOJIBHMX PEUYOBHUH € pi3HA. BU3HAUeHHS iX BMICTY MOXeE
CIIyTyBaTH OJIHUM 13 TIOKa3HUKIB CTIMKOCTI POCIMH JO HECHPUATIUBUX (PaKTOpIB
noBkiia (bemmieit Ta iH., 2015). Pe3yapTatn Hammx J0CTiKEHb Moka3am (puc. 3.16)
JIOCTOBIpHE 3MEHIIIEHHS BMICTY (DEHOJIBHUX CIIOJIYK Y BCIX OpraHax pOCJHH 3a Jiii cTpecy,
NOPIBHSAHO 13 KOHTpoyeM. Y Jmctkax S.viminalis, 3a pocty Ha cyOcTpati
XBOCTOCXOBHIIIA, BMICT ()eHOIIIB 3MeHIIUBCs Ha 22,6%, y cTebnax — Ha 42 %, y KOpeHsIx

—Ha 27,8 %, MOpiBHAHO 13 KOHTPOJIEM.
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Puc. 3.16. BmicT denonpHuX crionyk B opranax 30-tu po6oBux S. viminalis 3a ymos

pocty Ha cyOcTparti 13 xBocTocxoBuia M.CTeOHUK (11a00paTopHi YMOBH)
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3MEHIIIeHHsS] BMICTY (PEHOJIbHUX CIOMYK y JAOCHITHUX POCIMH MOYHA MOSCHUTU
nedinuToM BOJIOTH, SIKMM BHHMKae npu 3acosieHHi (beuwteit, 2015). Otpumani naHi
MOXXYTb OYTH IPUYUHOIO aKTHBYBAHHS POCTOBUX MPOIIECIB POCIHH Y CTPECOBUX YMOBAX
(KaBynuu, 2020). OaHak y HamoMmy BUMNAJKYy HE MOMIYEHO AaKTHBYBaHHS POCTOBUX
MIPOIIECIB POCIMH BepOU MPYTOBUIHOT B yMOBax CTeOHUIIBKOTO XBocTocxoBuma. Ciij
3a3HAUMTH, [0 OaraTbMma JOCHIJHUKAMHU TOKAa3aHO MPOTWICKHUN €(QEeKT BIUIUBY
CTPECOBUX YMOB Ha BMICT (DEHOJIBHUX CITOJTYK, TOOTO 301JIbIIICHHS MOKA3HUKIB 3a BILIUBY
cTpecoBux (akTtopiB. BusBiaeHo, 3HauyHUIl TpUPICT (HEHOIBHUX CHOIYK y 3B A3KY 13
30inpmenasM koHneHtpaii NaCl y nauctkax rpeuku (Saha et al., 2021). docmimkeHo
(Gasecka 1 inne, 2017) BMicT (heHONBHUX CIOMYK Y JTUCTKAX POCIUH BEpOU, BUPOIIICHUX
3a pi3HMX IpyHTOBUX YMOB. ABTOpHU (Galovi¢ et al., 2021) BigMiuarOTh, 110 HAIMIpHE
3aCOJICHHSl 30UIbllly€e pPiBEHb (DEHOJBHUX CHOJIYK B OpraHi3Mi pociuH. Y poOOoTi
(KaBynuu, 2020) BUSIBIICHO HaKOMWYEHHsI (DEHOJIB y KOPEHAX Ta MaroHax pOCIUH
MIIEHUIIl 3a BIUIMBY 10HIB Kaamito. BcranoBneno (Ashraf et al., 2021) 3naune
M1JBUIIEHHS HEEH3UMATUYHUX aHTHOKCUJAHTIB, a caMe (PEHOJIbHUX CIOJYK y OpraHax
POCIIMH 3a TOKCHYHOI /i1 XpoMy.

IMincymoxk. [{ocmipkeHo 3MiHU BMICTY (DEHOIBHUX CIOJYK Y AOCTIAHUX OpraHax
S.viminalis 3a pocry Ha cyOctpari CTEOHHMIIBKOTO XBOCTOCXOBHWINA. BUsIBIEHO
JIOCTOBIPHE 3HUKEHHSI BMICTY (DEHOJBHUX CIOJYK BIJHOCHO KOHTPOJIIO, IO MOTJIO
BUHUKHYTH Ha (OHI afanTarlii pocJIvH J0 HOBHUX YMOB 3pOCTaHHS, a00 kK 32 TOKCHYHOI
i1 3aCOJIEHHS.

i pe3ynbratu omy0JiKOBaHi:

1. ®emox, A. b., bynro, JI. B., & Ilamyna, O. 1. (2017). BrumuB cosiboBOro
3a0pyIHEHHS Ha BMICT )CHOJIBHUX CIONYK B opranax Salix viminalis L., Bupormenux Ha
cyoctpati 3 xBocTocxoBuia M. CteOHUK. bionozia: 6i0 monexyau 0o 6biocghepu. Tesu
oonosioeti XII Mixcnapoonoi kongepenyii monooux Hayxoeyie (29 aucmonaoa — 1

epyous 2017) (C. 110-111). Xapki: ®OII [Hlanosanosa T. M.
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3.10. BmicT ackop0inoBoi, 1erizpoackop0iHOBOI Ta TUKETOTYJIOHOBOI KHUCJIOT
y opranax S. viminalis 3a ymoB pocty Ha cyocTpati CTeOHMIIbKOT0 XBOCTOCXOBHINA

Ackop0OinoBa kucnota (AK) — 11e aHTHOKCUJIAHT, SIKUI € KJIIIOYOBUM CyOCTpaTOM
s nerokcudikamii ADK, 1o crpuse miABUIIEHHIO CTIMKOCTI POCIMH JI0 OaraThox
HecnpusaTauBux yrnHHUKIB (Gisbert et al., 2010; Akram et al., 2017). AnioH ackopbary
(AH") € >KUTTEBO BaXIMBOIO MOJEKYJIOK BOJIOPO3YMHHOTO AHTHOKCUIAHTY B
Olonoriuniii cuctemi (Akram et al., 2017). [lama KHCIIOTa OKHCIIOETHCS [0
nerigpoackop6inoBoi (JIAK) KuciIoTH, JIaKTOHOBE KiJIbIE SKOi JIETKO T1APOJII3y€EThCS 3
YTBOPEHHSIM KUCIIOTH 3 BIIKPUTUM JIAHIIOTOM — AUKETOTy0HOBO1 kuciioTH (JIKIT'K). 3a
(i310JIOTIYHUX YMOB piBHOBara Mi>k HUMHU CHIbHO 3MitieHa B 0ik AK (Kusik, 2014). Crin
3a3HAYMTH, 110 B yMOBax cTpecy 3MeHieHHs BmicTy AK BigOyBaeThCsi BHACIIIOK
30UTBIIIEHHST KUTbKOCTI Jeriapoackop6inoBoi ([AK) ta nukerorymonoBoi (JAKI'K)
kucioT (Tepek Ta 1H., 2009). Kinpkicaumii ananiz Bmicty HKI'K moxe cioyxutu
MOKa3HUKOM MEBHOI CIIPSIMOBAHOCTI (P1310JI0TTYHUX MPOLIECIB, TAK K PEAKIIs] YTBOPEHHS
JKT'K HeoGopoTHa 1 1aHa KMCIIOTa € KIHIIEBUM MPOAYKTOM, 1110 HE ITPOSIBJIsi€ 010JI0TTUHOT
aktuBHOCTI (Kusik, 2014).

PesynwraTu nocnimkens Bmicty AK, JIAK ta JIKI'K HaBeneno Ha puc. 3.17. 3rigHo
3 OTPUMaHMMHU JAHMMH, 32 POCTY POCIMH Ha CyOCTpari 13 XBOCTOCXOBHINA, MOKa3aHO
30uIbIIeHHS KUTbKOCTI AK y JUCTKax Ta KOpEeHSX MOCHigHuX pociauH, Ha 7,70 % Ta
9,02 % BiAMOBIAHO MOPIBHIHO 13 KOHTpoJieM. [IpoTe y cTebnax 1oCaiIHUX POCIUH BMICT
AK 3MeHniyBaBcs 3a BIUBy crpecy 1 OyB Ha 21,09 % MeHIMM BITHOCHO KOHTPOJIIO.
[Monmo HAK, y BciX AOCHIIKYyBaHHUX OpraHax poOCIMH BepOUM BMICT KHUCIOTH
30umbITyBaBcsa. OnHak, y crebaax BUSIBICHO JOCTOBIpHE 301IblIeHHS KUCIOTH HA 41 %
BIJIHOCHO KOHTPOJIIO, Y 3BsI3KYy 13 3MeHIeHHsM Yy Hux AK. locnimkenns smicty IKI'K
MoKa3ajau, 10 BMICT KHUCJIOTH Yy cTeOjax Ta KOpeHsSX OyB BHIIUM, IMOPIBHSIHO 13
KoHTposieM Ha 48,19 % Ta 64 % BiAMmoBiAHO. Y JUCTKaX CHOCTEPIraJioch 3MEHIIICHHS

BMICTYy KUCJIOTH Ha 31,25 % NOpPiBHSHO 13 KOHTPOJIEM.
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Puc. 3.17. Bwmict ackop6inoBoi (AK), gerinpoackop6inoBoi (JJAK) ta qukeroryioHoBoi
(AKTK) kucior y opranax 30-tm moOosux S.viminalis 3a pocty Ha cyOctparti i3

xBocTocxoBuina M. CTeOHHK (J1a00paTOpHI yMOBH)

I'onoBue micie cuntresy AK — nuctku. BioxXimiuHi peakiii CHUHTE3y BITaMiHY
KOPEJIOITh 3 BYIJICBOJHEBUM OOMIHOM, OCKIJIBKHM TOJIOBHI IUIIXH OlocuHTe3y AK
B1JI0YBaIOTHCSI BHACIIJIOK MIEPETBOPEHHS BYTJIEBOAHIB, OCOOJIMBO TIIOKO3U 1 FAIAKTO3H,
Kl € TOJIOBHUMHU TpoayKTamMu ¢(oTocuHTe3y. HakomuueHHs BiTamiHy TO3UTHUBHO
KOPEJIIOE 3 THTCHCHBHICTIO PocTy 1 po3BUTKY pociuH (bemurasi, 2002). IlepeBarkanHs
BMicTy AK y nHcTKax € 03HaKor iXHbOI BUCOKOI (DYHKIIOHAJIBHOI aKTUBHOCTI. OHAK
pe3ynbTaTH HAIIOTO AOCTIHKEHHS MTOKa3aiu nepeBakanHs BMicTy AK y KOpeHsx pociuH
BepOU.

Cmissinnomenss Bmicty AK/JIAK € mokasHukom (hi310710T194HOTO CTaHy POCIUHHU:
BHCOKa 1HTEHCHUBHICTh IIPOIIECIB KUTTEMISIIBHOCTI — Oinmbie BigHOBIeHOI AK, HH3bKa
IHTCHCUBHICTh — 30ibImyeThesi BMicT aeriapodopmu  (Kusik, Oxkcentok, 2016).
CmiBignomenass AK/JIAK y kiiTHHaX pociauH Ma€ BIUIMB Ha TPOIECH TUXaHHS, Y

3B’SI3KY 13 1HT1OyBaHHSIM aKTUBHOCTI Jeriaporenas 3a yyacti JAK, a Takox npurHiuye
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IHTEHCUBHICTh BIJHOBJIIOBAJIBHUX IIPOIIECIB Ta YTBOPEHHS MaKpOEPridHUX 3B’SI3KiB
(Kusik, 2014).

Ominroroun cmiBBigHomeHHs AK/JIAK y opranax S. viminalis 3a ymoB pocty Ha
TexHOoreHHoMy cyoctpari CreOHuibkoro xBoctocxoBuina (puc. 3.18) BcTaHoBieHO
3MEHIIIECHHS CITIBBIIHOIIEHHS BIIHOCHO KOHTPOJIO y cTeOsiaXx 1 He3HAYHO Y KOPEHSX i
auctkax. OTxe, MaroHy AOCHITHUX POCTUHH NepeOyBaiy B CTaHl IPUTHIYEHHS IPOIIECIB

JKUTTEMISUTHHOCTI.

KoHnTtpois Hocmin

——

o
P

WK

CniBBinHOMmIeHHA BMICTY AK/TAK,
Mr/100 r Macu cHpO1 PEIOBHHH
Lh
=

JIucTku Cte0na Kopeni

Puc. 3.18. CmiBBigHomeHHs Bwmicty AK/JJAK y opranax 30-tu mo0oBux

S. viminalis 3a ymoB pocty Ha cy0cTparti i3 CTeOHUIIBKOTO XBOCTOCXOBHIIA

3a HOpMAJILHUX YMOB JKUTTETISTILHOCTI MIATPUMY€EThCS piBHOBara Mixk piHeM AK
Ta TPOAYKTIB ii okucHeHHs. OnHak Oyab-fKi CTPECOBI yMOBH, IO MOPYIIYIOTh
KJIITUHHUM PEJOKC — TOMEOCTa3, MOXYTh OyTHM BHU3HAUEHI SIK OKCUJATUBHHUUA CTpec
(Tapan, 2004). AckopOiHOBa KMCJIOTA 3aBSIKM BiJHOBIIOBAILHOMY MOTEHITIANTY 37aTHA
oe3nocepenubo B3aeMoAisiTu 3 ADK, a Takox OpaTu y4acTh y BIJHOBJICHHI IHIIUX
HU3bKOMOJIEKYJIIPHUX aHTUOKCUJAHTIB IIJITXOM He()epMEHTATUBHUX 1 PEPMEHTATUBHUX
peakiiii (Tepek Ta in., 2009).

3a eKCTpeMaJIbHUX YMOB YHACIIJIOK MOCWJICHHS OKMCHO-BIAHOBHUX PEaKIiil My

ackopOiHOBOI kucIoTH MOXke BuuepiyBatucs (Tepek ta iH., 2009). Buxoasuu i3 Toro mu
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MOJKEMO CTBEpKYBaTH, IO cTeOna pociauH S. viminalis 3a3HaioTh HaKWOLIBIIOTO
COJTLOBOTO HaBaHTaXCHHsA. OJHAK, CIiJ BIAMITHUTH, IO y MOMEPEAHHO MPOBEICHUX
nonsoBux jgocuimkenHsx (Fetsiukh et al., 2022), 6yno BusBneno naxormmyenns AK y
crebax S. viminalis 3a pocTy Ha JOCTIIHHMX AUISHKAX XBOCTOCXOBHIIA BITHOCHO 1HIIIMX
oprasiB pociauH. OTpuMaHi JaHi y3ro/pKYIOThCA 13 THIIMMHU TPaLsMU, sIKi 3aCBITIYIOTh
nigBumieHHsa BMicTy AK y nepeBHHX poCiIuH Ha BIANOBIAb 10 CTPECOBUX YMOB. Taky
peaxIlifo pOCIWH Ha CTPEC MOXKHA TIOSCHUTH BUCOKUM piBHeM mpoaykiii ADK, mo, y
CBOIO Yepry, MOXe 1HJIyKyBaTH CTIHKICTh pociivH 110 3a0pyanenns (Ashraf et al., 2021;
Karmakar et al., 2021; Fetsiukh et al., 2022,).

Otxe, 30upmenHs Bmicty JKI'K y crebmax Ta KOpeHsSIX — pe3ysbTar
IHTEHCUBHOT'O BHKOPHUCTAHHS MyJy acKOpOIHOBOI Ta JEripoackopOIHOBOI KHCIOT Ha
JIKBIAAIII0 HACHIJIKIB HETaTUBHOTO BIUIMBY (akTopiB cepenoBuina. OTpumani
pe3yJabTaTH MOXYTh CBIIYUTH NIPO MPUCTOCYBaHHs pociuH S.viminalis mo aii ctpecy.

Higcymkn. VY3aradbHIOIOUYM JaHI NP0 BMICT KHUCIOT, BHUSIBJICHO HE3HAYHE
3poctanHs Bmicty AK, JAK ta JIKT'K y kopeHsix Ta quCTKax pOCIHH, Y TIOPIBHIHHI 13
KOHTPOJIbHUMH pociIMHaMH. Taka K TeHAeHIIs 30epiraiach 1 A JUCTKIB. Y crebnax
S.wiminalis 3a BIUIMBY COJLOBOTO HABAaHTAKEHHS CIOCTEPIraJii  1HTCHCHBHE
BukopuctanHa AK, 1mo miarBepKyBanock BIANOBIAHUM 3pocTaHHsAM BMicTy JJAK Ta
JKI'K BiIHOCHO KOHTPOJIIO.

i pe3ynbratu omy0JiKOBaHi:

1. ®emox, A., bynso, JI., [Tatyna, O., & Tepek, O. (2018). Briius 3acosieHHs Ha
BMICT acKOpOiHOBOI KHCIOTH y opranax pociud Salix viminalis L. Moroow i nocmyn
bionocii. Tesu odonogioeit XIV Mixcnapoonoi nayxoeoi xoughepenyii cmyoenmie ma
acnipanmis (Jlvsis, 10 — 12 keimus 2018) (C. 309-310).

2. ®eumwox, A. b., bynso, JI. B., & Ilamyna, O. 1. (2017). [IpookcuaanTHO-
aHTHOKCHJIaHTHa cuctema y pociuH Salix viminalis L. 3a aii coaboBoro 3a0pyaHeHHS.
International research and practice conference: Modern methodolodies, innovations,
and operational experience in the field of biological sciences (Lublin, Poland, December
27-28, 2017) (pp. 288-291). Lublin: l1zdevnieciba «Baltija Publishing.
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3. ®emox, A., bubnis, X., I'yzap, O., bynso, JI., & Ilanyna, O. (2017).
AHTHOKCHIaHTHA cucTeMa pociuH Salix viminalis L. 3a pocty Ha 3acojieHOMy CyOCTpaTi
xBocrocxoBuia M. CreOHUK. Monoods i nocmyn 6ionoeii. Tezu oonogioei XIII
Misxcnapoonoi Haykoeoi konghepenyii cmyoenmie ma acnipanmis (Jlesis, Ykpaina, 25-

27 keimua 2017 p.) (C. 293-294). JIpiB: JIHY.

3.11. AKTHBHIiCTBh KaTajIa3d Ta MePOKCHAA3| y opranax S. viminalis 3a pocrty
Ha cy0cTpaTi CTeOHHIBKOr0 XBOTOCXOBHILA

AxtuBaria I[1OJI innykye nepeOynoBU y 3aXUCHIA aHTUOKCUIAHTHIN CHCTEMI,
30KpeMa, 3MIHM AaKTUBHOCTI AHTHOKCHJIAHTHHX (EPMEHTIB, sKi OepyTh yd4acTb Yy
perymoBanHi koHteHTparii ADK (Zhai et al., 2020; Kopotka, llepctiok, 2021; Labidi
et al., 2021). [/laumii mporec € OJHUM i3 IMOYATKOBHX €TaliB, SKi MPU3BOAATH IO
dbopmyBaHHs cTpecoBoro crany. depMeHTH € rojoBHUMHU ytuiizaropamu ADK, mio
TEHEPYIOTHCS B JAUXAJIBHOMY JIAHLIOTY Ta 1HIMMX MeTaboiiyHux npouecax (Kopotka,
[epctiok, 2021). AKkTUBaIlS aHTHOKCUIAHTHOI CUCTEMHU € (PaKkTOpoM, SKUN HaJae
POCJIIMHHOMY OpraHi3My MiJBUIIEHY CTIMKICTh. 30alaHCOBAHICTh MIX MEPEKUCHUM
OKUCHEHHSIM W aHTUOKCHUJIAaHTHOIO aKTHBHICTIO € BXKIUBOIO YMOBOIO JUIsl 30€pEKEeHHS
HOPMAJIbHOT JKUTTEMISUTBHOCTI KJITUHHU. 3MIMIEHHS MPOOKCUIAHTHO-aHTUOKCUIAHTHOL
PIBHOBAru € OAHIEI0 3 MEPIIMX HECHEeUU(PIYHUX JAaHOK Y PO3BUTKY CTpEC-peakKilii, ska
3amyckae iHmn Mexanismu 3axucty (bakyn Ta in., 2011; Mallhi et al., 2020; Kopotka,
[epctiok, 2021). OkcuaaTuBHUN CTpec NPU3BOAUTH A0 IHTEHCH(QIKAIlll MpOLECciB
JIIIONEPOKCHUIAINT Ta 3HMIKEHHS aKTUBHOCTI €H3UMIB CHCTEMH AaHTHOKCHJIAHTHOTO
3axucty (MameHko Ta iH., 2016).

Karamaza € motryxHUM (QEpPMEHTHUM aHTHOKCHJIAHTOM, SKHH HaJICKHUTh IO
TeMBMICHUX TeTpaMepHux ¢GepMeHTiB kiacy okcuaopeaykraz (K@ 1.11.1.6), mio
KaTaJi3ye po3Kjaja riporeH NepoKCUy 3 yTBOPEHHSIM KUCHIO 1 Boau. JlaHuit pepmeHT €
OJIHUM 3 OCHOBHHUX (PepMeHTIB, sakuil pyilHye ADK Ta € ogHUM 13 HAMAKTUBHIIIKUX
ersumiB (Kasnaueesa, 2010; Jahantigh et al., 2016).

B pesynbrati Hamux aociimkeHb BusBieHo (puc. 3.19), mo aktuBHicTh KAT y

S.viminalis ra 30 100y poCTy JOCTOBIPHO 3pOCTaja B JUCTKaX Ta credyax pocivH, Ha 80
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ta 43 % BIANOBIHO MOPIBHSAHO 13 KOHTposieM. OJHAK y KOPEHSIX TOCHIAHUX POCITHH

aKTUBHICTH (hepMEHTY 3MEHIITyBanach Ha 15 % BITHOCHO KOHTPOJIIO.
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Puc. 3.19. AktuBHicTh Katana3u B opraHax 30-tu mobGosux S. viminalis 3a pocty Ha

cybcTtparti 13 xBocTtocxopuila M.CteOHMK (J1TabOpaTOpHi YMOBH)

JHocmimkenns aktuBHocTi KAT y opranax S. viminalis 3a pocty B mojiboBHX
ymoBax CTeOHMIIBKOTO XBOCTOCXOBHINA MOKa3aHo Ha puc. 3.20. Bussneno, mo Ha 120
100y POCTY POCIMH Ha JUISHKAX XBOCTOCXOBHWINA, Y KOPEHSX IOCIIIHUX POCITHH
aktuBHiCTh KAT Oyiia HaliBHIIOIO BIHOCHO cTeOen Ta JucTKiB S. viminalis, a takox
JIOCTOBIPHO TJBUIIYBAJIACh AKTUBHICTh (DEPMEHTY BITHOCHO KOHTpOIO Ha 63 %. VY
crebmax S. viminalis aktuBnicTe KAT Oynia Butioro Ha 48 % MOPIBHAHO 13 KOHTPOJLHUM
Bapi1aHTOM. Y JIMCTKAaX BUSBJICHO JIUILIE HE3HAYHE 301IbIIICHHS aKTUBHOCTI (DEpMEHTY 3a
YMOB 3acoJieHHs, Ha 14 % MOpPIBHSIHO 3 KOHTPOJIEM.

PocnvHu MaroTh MOTY»HI MEXaHI3MM CTIMKOCTI Ta ajanTallii 10 3acOJICHHS. Y
CTIMKMX POCIWH CIOCTEPIra€ThCs 3POCTAaHHS aKTUBHOCTI Karaja3u, TUM YacoM, SIK y
COJICUYTJMBHX POCHH — 11 3HmKeHHs (Shalata, Tal, 1998). 3menienns aktuBHocTi KAT
BUSIBJICHO Y JMcTKax moBkowuii (Harinasut, Poonsopa, 2003), mpopocTKiB KyKypya3u
(Kypunenko, [1ammanina., 2005), Birau (Cavalcanti, Oliveira, 2004) Ta mpopOCTKiB pucy

(Lee, Kim, Lee, 2001). IHmIi gocaiJHUKH HE BCTAHOBHJIM 3MiH aKTHBHOCTI KaTajia3H aHl
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B jauctkax (Fadzilla, Finch, Burdon, 1997), ani B kopensx (Tsai et al., 2004).
Bcranosneno (binbuyk, Poccuxina-I'anuyga, 2014), mo ais 3a06pyaHIOBaviB MpU3BOIUTH

110 miaBueHHsa aktuBHOCTI KAT.

1.2
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Puc. 3.20. AktuBHICTh KaTana3u B opraHax 120-tm moOosux S. viminalis 3a pocty Ha

cybcTpati xBocTocxoBuia M.CTeOHUK (IMTOJILOB1 YMOBH)

OTxe, Taka 3miHa akTuBHOCTI pepmerty KAT y opranax S. viminalis 3a pocty Ha
XBOCTOCXOBHIII MOX€E CBIIYUTHU MPO CTIAKICTh POCIMH 10 TEXHOTEHHOTO 3a0pyHEHHSI.
Haiini pe3ynbratl y3roKyrOThCs 13 JaHUMU 1THIIUX JOCIITHUKIB, SIKI BUSBUJIM 3HAUYHE
30uIbieHHsT akTUBHOCTI KAT y nucTkax Ta KOpPEHSIX POCIMH TICOMy Ta JIbOHY
3BHYAITHOTO, a TaKOXK 3a BIUIMBY BM BusiBneno Bucokuii piseHb KAT y nuctkax BepOu
(Jahantigh et al., 2016; Arsenov, 2017; Dubey et al., 2020; Fetsiukh et al., 2022). Iumri
aBTOPH TOBIIOMJISIOTH PO 3MeHIeHHs akTUBHOCTI KAT 3a mii pi3HUX KOHIICHTpaIlii
10HIB KaJMiI0 y pOCIHH Tap0y3a 3BUYATHOTO Ta 3a BILIUBY COJHOBOTO CTPECY B POCIUH
kykypymsu (IknsipeBchkuii Ta in., 2019; Labidi et al., 2020).

[Mepoxcumaza (ITOM) (K® 1.11.1.7) 6epe yyacTpb y pi3HHX HpOIIECcaX POCIUHHOTO
OpraHi3my, BKJIIOUAlOYH CTIMKICTh 0 3acoyieHHs Ta BiumuBy BM (Jahantigh et al., 2016).
[lepokcuaasHi peakilii B KJIITHHI € HeCIEUU(PIUYHUMH PEAKIISIMUA POCIIMHHOTO OpPraHi3My

Ha [0 CTpecoBUX (haKTOPiB, a HANPSIMOK 3MIHU aKTUBHOCTI ()epMEHTa CBIAYUTH MPO
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CTaH ajanTaili opraHi3My Ta PiBEHb BIJIBHOPAJAMKAIBHUX OKUCIIOBAJILHHUX ITPOIIECIB
(Konymaes, 2013).

3a pocTy Ha 3a0pyaHeHOMY cyOcTpari xBocTocxoBuina, y 30-Tu m000BUX
S. viminalis aktuBHicTh [1OJ] Oyna HaWOUIBIIOW Yy JIMCTKAX, MOPIBHSIHO i3 IHIIMMHU
opraHamu pocyiaH (puc. 3.21). ¥V cre61ax akTUBHICTB MTEPOKCUIAA3U TOCTOBIPHO 3pocTala
BiTHOCHO KOHTpoJto Ha 70 %. HaliMeHIa akTUBHICTh (PEPMEHTY BHSIBICHO Y KOPEHSX

S. viminalis — nHa 50 % MeHIIIe BiTHOCHO KOHTPOJIIO.
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Puc. 3.21. AktuBHIiCcTh IepokcHaa3u B opranax 30-tu g1060Bux S. viminalis 3a pocty Ha

cyOctparti 13 xBocTocxoBuila M.CTeOHUK (1abopaTOpH1 YMOBH)

[Iomo BrIMBY cTpecopa y MOJBOBUX YMOBAX, BUSBIICHO JOCTOBIPHE 301IbIITCHHS
aktuBHOCTI [IOJ] y crebmax mocmigamx 120-tu A00GOBHX pPOCIMH TMOPIBHIHO 13
KOHTpPOJbHMM BapianToM Ha 28 % (puc. 3.22). YV nmctkax S. viminalis nokasano
3HM)KEHHSI aKTHBHOCTI (hepMeHTa BIZHOCHO KOHTpouto. I[llogo KopeHiB, 3HaYeHHS
aktuBHOCTI [IOJ] OynM He3HAYHO HIKYUMH BITHOCHO KOHTpoJto. OjaHaK 1HIII
JOCTIPKEHHsI BUSBWIM 3HayHO Bunly aktuBHICTh [IOJ] y kopeHsx 1 JucTkax
S. matsudana mig yac o6pooku NaCl (Wang et al., 2013; Li et al., 2018) Ta y pocnun

0aBoBHH B yMoBax cosiboBoro crpecy (Munavar et al., 2021). BusiBiaeHo 30iIbIIeHHS
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(Ashraf et al., 2021). BcraHoBieHO, II0 aKTHBHICTh AHTHOKCHIAHTHUX (EPMEHTIB

30ibIIIyBajachk 3a aii crpecosoro ¢akropa (Mallhi et al., 2020).
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Puc. 3.22. AkTHBHICTb IepoKcHIa3u B opranax 120-tu qo6osux S. viminalis 3a pocty Ha

cyoctpari CTeOHUILIBKOTO XBOCTOCXOBUIIA (TTOJILOBI YMOBH)

MMincymkn. PesynbTaTy Hammx AOCHIDKEHb TMOKa3zalu, IO (epMeHTaThBHA
akTUBHICTh y 30-TH J000BHX POCIMH 3a yMOB pocTy Ha cybctpari CTeOHUIIBKOTO
XBOCTOCXOBHIIA OyJia HAWBUIIOKO Y JUCTKaX S. viminalis, mopiBHSHO i3 KOHTPOJIbHUMH
pociinHaMH. Y TOJIbOBUX YMOBAX pOCTy Ha XBocTtocxoBuili Ha 120 qo0y pocty pociivH
MOKa3aHO BUCOKUH piBeHb aKTUBHOCTI KAT y KopeHsx f1ociiiHuX pociivH Bepou, a [TO /]
— y crebnax. OTpumaHi pe3ysbTaTd CBIAYATh MPO PI3HHUM pPIBEHb aHTHOKCHUAAHTHOTO
3aXUCTY B OpraHax POCJIHH, a TaKOX 3/JaTHICTh POCIHH €(PEKTHUBHO 3HEIIKOKYBaTH
A®K. TakuMm 4YHMHOM POCITMHHUN OpraHi3M MOOLTI3y€ CHCTEMY 3aXHUCTy BIJ
OKHUCJTIOBAJILHUX TIOIIKO/KEHb, IO TPOSBIAETHCS Yy 30UIBIICHH] aHTHOKCHUIAAHTHOL
aKTUBHOCTI, 1 B CBOIO Yepry 3a0€3IeuyeThCsl HOT0 ajanTariis 10 CTPECOBUX YMOB.

i pe3ynpTaTl OmyOIiKOBaHI:

1. Fetsiukh, A., Bunio, L., Patsula, O., Timmusk, S., & Terek, O. (2022) Content
of enzymatic and nonenzymatic antioxidants in Salix viminalis L. grown on the Stebnyk
tailing. Acta Agrobotanica, 75, 1-13. https://doi.org/10.5586/aa.752
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2. ®emwx, A., bubnis, X., I'yzap, O., bynso, JI., & Ilamyna, O. (2017).
AHTHOKCHIaHTHA cucTeMa pociuH Salix viminalis L. 3a pocty Ha 3acojieHOMy CyOCTpaTi
xBocrocxoBuia M. CreOHUK. Monoods i nocmyn 6ionoeii. Tezu oonogioei XIII
Midicnapoonoi naykosoi kongepenyii cmyoenmie ma acnipanumis (/Iveie, Ykpaina, 25-
27 keimua 2017 p.) (C. 293-294). JIpiB: JIHY.

3. ®emwox, A. b., bynro, JI. B., & Ilamyma, O. 1. (2017). [IpookcuaanTHO-
aHTHOKCHIaHTHa cructema y pocimu Salix viminalis L. 3a aii coapoBoro 3a0pyaHeHHS.
International research and practice conference: Modern methodolodies, innovations,
and operational experience in the field of biological sciences (Lublin, Poland, December
27-28, 2017) (pp. 288-291). Lublin: Izdevnieciba «Baltija Publishing».

3.12. BmicT BOI0O- Ta CHHPTOPO3YMHHMX HYKpiB y opranax S. viminalis 3a
pocTty Ha cy0cTpari xBocTtocxoBuina M. CTeOHUK

[IpoTsiroM ocTaHHIX I’ SITH AECATUIITH BEJIUKA yBara NpUILIS€ThCS BMICTY LYKpPIB
y OpraHi3amMax 3a BIUIMBY pi3HUX cTpecoBux ymoB (Yasseen et al., 2018). Ilykpu €
(b1310JI0T1YHO BaXJIMBUMHU O010MOJIEKYJIaMH, SIK1 JIIFOTh SIK TOJIOBHE JIPKEPEJIO BYTJICIIO B
pocivHax. BoHM TakoX € BaXJIMBUMH OCMOJITaMH, SIKI HIATPUMYIOTh KIITUHHUN
OCMOTHYHUHM TOTEHIIAJ 1 Typrop MijJ 9ac ablOTUYHUX CTPECIB, TAKUX SIK 3aCOJCHHS Ta
tokcnuHicte BM (Banerjee, Roychoudhury, 2021; Chakraborty et al., 2013). Po3uunni
LYKPU BiAIrparoTh MOJBIMHY (YHKIIIO, OCKIIBKM BOHHU IOB'sI3aHI SIK 3 aHA00J113MOM
A®K, Tak 1 3 ix kara®oii3MOM, HaINPUKIAJ], OKUCIIOBAILHUM TMEHT030(hochaTHUM
HUISIXOM, siKuH 3a0e3neuye Bupoonenas HAJIOH, 6epe yuacts y BuBenenni ADK (Sami
et al.,, 2016). Bigomo, 1110 pO3YMHHI IIYKPH € OJHHUMH 3 OCHOBHHMX METAOOIITIB, SIKi
MIITPUMYIOTh PICT 1 pO3BUTOK POCIHH. 3a JIi1 COJILOBOTO CTPECY, Y JUCTKAX Ta KOPEHSIX
POCIIMH 3a3BUYall CIIOCTEPIraeTbCcsl HAKONMUYEHHS PO3UYMHHUX IYKpIB, 1 HaWOUIbII
TOJICPAHTHI COPTH HAKOMMYYIOTH X y OubIi# KiabkocTi (Song, Su, 2017; Fetsiukh et al.,
2022).

JlaHi, oTpuMaHi B pe3yJbTaTi HAIIOrO AOCHiKeHHs (puc. 3.23), cBigyaTh mpo
HAKOMUWYCHHS IIyKPiB (CIUPTO- 1 BOJOPO3UMHHUX) B opranax S. viminalis 3a pocty Ha

nociaHuX AuistHkax CTeOHUIIBKOTO XBOocTocxoBuIA. HaitbiibIna KUIbKICTh PO3UMHHUX
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IYKpIiB BUSBJEHA B KOPEHSAX JOCIITHUX POCIHH, MOPIBHSIHO 13 KOHTPOJEM. 3araabHui
BMICT I[yKpiB Y JIUCTKaxX Ta KopeHsx OyB Ha 7,69 % Tta 35,74 % BUILIMM BiJIIIOBIJHO,
MOPIBHSHO 3 KOHTPOJLHUMH pocimHamu. HaTomicTh, y ctebmax S. viminalis 3MiH He
criocTepiranocs.

A b

4.5

1.2
4 B KoHTpob Tocmin *

KonTpoms Jocmin

[

—
— %
—

—

—
—

3.5

(8]
e
)

e g
= o

Buict 1nykpis
MIVT MacH cHpoi pedoBHHI
g RN
BMicT LykpiB
MI/T MacH CHPOi PeTOBHHH
(=1
i

0 [

CrnproposunHHi  Bogopo3duHHi Cyma CmmpToposunaai  BomopostwmmHI Cyma

(=]

B

12
B KoHTpoTb Iocnin

—— %

10

— %

BMicT ykpiB
MI/T MacH CHpOI pedoBHHIL

=

[S+]

.

Croupropo3unHHi  Bogopo3unHHi CyMma

Puc. 3.23. BwmicT cnupro- Ta BOIOPO3YMHHHX ILyKpiB y opranax 120-tm mo6oBux
S. viminalis 3a pocty Ha cyocTpaTi CTEOHUIILKOTO XBOCTOCXOBHIIA (ITOJIBOBI YMOBH): A

— mucTkH, b — crebna, B — kopeHni

OTtpuMaHi pe3ysbTaTH NIATBEPKYIOThCA IHIIUMH aBTopamu (Song, Su, 2017; Lu
et al., 2021), sixi BKa3yrOTh Ha 301IBIICHHS 3arajbHOI KUIBKOCTI PO3YMHHHUX I[YKDIB Y

opraHax JIepeBHUX POCIIMH 3a BIUIUBY 3acojieHHs. [1[010 3HaUHOTO HAKOMUYEHHS ITyKPiB
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y kopensx S. viminalis 3a pocTy Ha XBOCTOCXOBHIII, II€ € IEBHOIO aJaNTalliiHOIO
peaKkIlie€l0 pociauH, sika 3abe3nedyye 30UIbIICHHS OCMOTHYHOIO IMOTEHIaNy KIIITHH.
3rigHo 13 JiTepaTypHUMH JaHUMH, 301TbIICHHA KUTBKOCTI TOCHIKYBaHUX CHOIYK Y
TKaHWHAX POCIWH 3a Jii cTpecoBOro (hakTopa BiJlirpae BaXKIIMBY Ta MO3UTHUBHY POJIb Y
amarrartii pocyimH 10 ymoB 3poctanns (Rosa et al., 2009; Nemati et al., 2011; Bilek et al.,
2020; Fetsiukh et al., 2022).

IMincymku. BcraHoBIeHO 3pocTaHHS KUTBKOCTI CIOUPTO- Ta BOJOPO3YHMHHHUX
I[KPIB y JINCTKaX Ta KOpeHsx S. viminalis, 1o € BiAMOBIAI0 POCIHH Ha YMOBHU 3pOCTaHHSI
Ha CTeOHHWIIBKOMY XBOCTOCXOBHUII. OTpuMaHi pe3yiabTaTH MOXYTh CBITYUTH PO
ajpanTariiigi Mexanizmu S. viminalis.

L1 pe3ynbTaTh omy0JiKOBaHi:

1. Fetsiukh, A., Bunio, L., Patsula, O., Timmusk, S., & Terek, O. (2022) Content
of enzymatic and nonenzymatic antioxidants in Salix viminalis L. grown on the Stebnyk
tailing. Acta Agrobotanica, 75, 1-13. https://doi.org/10.5586/aa.752

3.13. Bmict mpoainy B opranax S. viminalis 3a ymoB pocty Ha cydcrpari
XBOCTOCXOBHIIA M.CTEOHUK

HakormuueHHs BITRHOTO TMPOJIIHY Y TKAaHWHAX POCIWH CIPUYMHEHE 3arajibHOIO
peaxIiiero pociavH Ha 3acojieHHs, BM Ta inmi adiotnuni crpecopu (Khoma et al., 2021,
Hernandez-Canseco et al., 2022). BinpHi panukaiu, siKi yTBOPIOIOTHCS BHACIIIOK
cTpecoBoro BBy BM, MoxxyTh OyTH He#TpanizoBani npominom (Patel et al., 2021).
Jlana aMiHOKHCIIOTa KOHTPOJIIOE TaKOXK Tpoiiec MopdoreHesy Ta picT pocinH. OCKiIbKU
MPOJIIH € OCHOBHUM OCMOPETYJISITOPOM, BiH BiJIrpae OoCOOJMBY poib y (hopmMyBaHHI
3aXUCHHUX Oap'epiB Ha NUIAXY MPOHUKHEHHS «CTPECOPay, a TAKOK BUKOHYE IIaIEPOHHY,
AHTHOKCHJIAaHTHY, CUTHAJI-perysaTopHy Ta inmi ¢yukiii (Khoma et al., 2021).

3a n1i ab10TUYHUX PaKTOPIB, SIKI CIPUUUHSIIOTH OCMOTUYHUMN CTPEC, CTBOPIOIOTHCS
YMOBU JUIsl HAMOUIBII BUPAKEHOTO TMPOSIBY CTPECOBOTO CTaHy POCJWH, OJHOYACHO
HETaTHBHO BIUIMBAIOYM HA BMICT BOJM B OpraHax pociuH. Tomy KpUTEpiil 3MiHU
KOHIICHTpAIlii TPOJIIHY BPaXOBYEThCSA JJISI OLIHKK (Di1310JI0TIYHOTO CTaHy POCIWHHHX

oprani3mis (Hectepenko, 2019). ¥V npoueci aganTaiiii poCiauH, sIK 10 KOPOTKOYACHOI, TaK
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1 10 TpuBajaoi Mii HECHPUITIMBUX YMOB CEpPEJIOBUINA, BMICT MPOJIIHY OararopasoBo
3poctae. HakomuueHHs BUIBHOTO TPOJIIHY € TMOKa3HUKOM IHTEHCHUBHOCTI CTpecy 1
YUHHUKOM, SIKFI BU3HAYA€ MOKIIMBOCTI BITHOBJICHHS opraHizmy (Derrox Ta iH., 2020).
JlocmipkeHHs: BMICTY nposainy Ha 30 100y pocty nokasano (puc. 3.24), mio 3a il
CTpecy BMICT aMIHOKUCTIOTH y cTe01ax BepOu OyB HalOUIBIINMU, TIOPIBHSHO 13 1HIITUMH
opranamu pociuH. lI{ogo mopiBHSHHS POCIUH 13 KOHTPOJIEM, BMICT MPOJIIHY y cTedsax
Ta KOPEHSX JOCTOBIPHO 30LIBIITYBABCS BITHOCHO KOHTPOJIt0 Ha 22 % Ta 18 %, a y nuctkax
OyB HmxuuM Ha 18 % BigHOCHO KOHTpomio. Hamm nani cmiBmagaroTh 13 JEIKHUMH
JITEPaTYpHUMHU JTAHUMU, SIKI TIOKa3yIOTh, 1110 3a Jii cTpecoBUX (HaKTOpIB MPOJIH Ma€e
TEHJICHI[IIO JIOJIaTKOBO HAKOMHMYyBaTHUCS y cTeOmax pociaun Salvadora persica L.,

nopiBHsHO 13 kopensmu (Patel et al., 2021).

0,3
=] Isg)HTpoms B JTocaing
‘é 0,25
- *
5 5
Ex=s 02
3 2 §
<%
= A
=& 2 015
Q 4 0O
S 5 =
m
= 01l
=
0,05
0

Juctku Crebna Kopeni

Puc. 3.24. Bwmict nposiny B opranax 30-tu go6oBux S. viminalis 3a pocty Ha cyOcTparti

13 CTEOHUITLKOTO XBOCTOCXOBHIIIA (JJAOOPATOPHI YMOBH)

Amnaizyro4u BMIiCT TpoJiiHy B opranax S. viminalis va 120 100y pocTy 3a BIUIUBY
cTpecoBux (akTopiB, OyJ0 BHSBICHO JOCTOBIpHE HAKOMWYEHHS aMIHOKUCIOTH Y
cTe0nax IOCTiTHUX POCIHH, a came Ha 75 % OinbIine BiJHOCHO KOHTpOIO (puc. 3.25).
Boanouac, y KOpeHsIX pOCIvH MOMIYEHO 3HIKCHHSI TTOKa3HUKIB Ha 19 %, MOpiBHSHO 13
KoHTpoJieM. [le Moke CBIIUUTH MPO MPUCTOCYBAaHHS KOPEHIB 710 3a0pyMHEHHS IMiJ Yac

aJlanTaliifHOrO MPOIIECY, a TaKOX € HaCHiAKOM (Di310J0TIUHOI MOCYyXH, MOB’S3aHOI 13
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3aCOJIEHHSIM, fIK€, Y CBOIO 4epry, 30UIbLIy€e HAKOMUYEHHS MPOdiHYy. Y JIMCTKaX

S. viminalis 3MiH He BHSBIICHO, TOKa3HUKH OYJIM Y MeXaX MOXUOKH.
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JIncrin Crebmna Kopemni
Puc. 3.25. Bmict npoutiny B opranax 120-tu mo6osux S. viminalis 3a pocty Ha cyOcTparti

CTeOHUIIBKOT0 XBOCTOCXOBHUIIA (TIOJIHOBI YMOBH)

OtpumMaHi pe3yabTaTH MOXKHA TOSCHUTH BOJHHUM CTPECOM, CIPUYMHEHUM
3acofieHHsM. Biomo, 110 piBeHb MPOJIIHY 3a OJHAKOBHX CTPECOBUX YMOB MOXKE
BIJIPI3HATHCS B PI3HUX BU[IB, a TAKOXK y COPTIB OJHOTO BUAY. 3rifHo 13 (Sami et al.,
2016), HakOTIMYEHHS PO3YMHHUX ITyKPIB 301JIbIIIY€ BMICT MPOJTIHY IPU COTHOBOMY CTPECI.
Hamri gani 13 MM CBITYEHHSIM HE Y3TOJIKYIOTHCS, OCKUIBKM HAOUIBIINN BMICT I[yKpPiB
BUSIBJICHO Y KOpPEHsIX Ta JucTKax S. viminalis, a He y crebmax pociiuH.

Bmict mpominy B auctkax S. viminaliS BHSBHBCS 4yJOBHM TOKa3HHKOM
coJecTiiikocTi cepen pisaux reHoruiis (Stolarska, Wrobel, Przybulewska, 2008; ®errox
Ta iH., 2020). ABropu (Watanabe et al., 2000; Kumar, Reddy, Shudhakar, 2003; Misra,
Gupta, 2005; Stolarska, Klimek, 2008) moBimomiisitoTh, 1110 HAKOMUYEHHS MPOJIHY B
naucrax pociuH S. viminalix BizOyBamock B OCHOBHOMY 4epe3 Te, IO BOHHM POCIH Ha
3aCOJIEHOMY CyOCTpaTi XBOCTOCXOBHIIA, OCKUIBKM BHCOKA PO3YMHHICTH MPOJIIHY B

MO€EJIHAHHI 3 Oro Ay»e€ HU3bKOIO 3/IaTHICTIO 1HTI0yBaTH (hepMEHTH MOXKE 30UIbLITYBaTH
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PO3YMHIOBAIBHUN 00’€M KIIITHHU, 3HIKYIOYM MM KOHIICHTPAIIIO COJEH B IMTO30JII.
OTtpuMaHi pe3yIbTaTh BiPi3HAIOTHCS, OCKUTEKH HAKOITMYCHHS aMiHOKHCIIOTH y JIMCTKaxX
BepOM He BusABIeHO. OHAK, BUCOKUI BMICT MPOJTIHY, BUSBICHUHN Y cTeOJIaX Ta KOPEHSIX
POCIHH, SIKI 3a3HaJIM BaXXKUX 1 TOMIPHUX CTPECOBUX YMOB, Bi/IirpaBa€ BaXXJIUBY POJb Y
BIJTHOBJICHHI POCJIMH MICIsl CTpeCy. 3a3HAYUMO, 110 HAKOMMWYCHHS BUIBHOTO MPOTIHY €
MOKa3HUKOM 1HTEHCHBHOCTI CTpecy 1 (hakTopoM, II0 BH3HAYA€ 3[ATHICTH POCIHUH 0O
BigHoBieHHs opranisMy (Hernandez-Nistal et al., 2002). Y3aranpHio0ur JaHi OO0
HAKOIMYEHHS MPOJTIHY B OpPTraHax POCIIMH 32 POCTY Ha CyOCTpaTi XBOCTOCXOBHIIA, MOYKHA
BBaKaTH, 1m0 crebiaa S. viminalis Oynau migmaHi HaWOLIBIIOMY COJBLOBOMY
HABAHTAXKEHHIO, OCKUIBKHU CTPEC CIIPUYMHUB 3HAYHE HAKOITMYEHHS MIPOJIIHY.

Hincymkn. 3a pocty Ha cyOcTpari CTEOHHMIIBKOTO XBOCTOCXOBHILA BHSIBIICHO
amarraiiiina peakiii S. viminalis, a caMme HaKOIIUYEHHS MPOJIiHY B CTEOJIaX Ta KOPEHSIX
JOCTITHUX POCIIMH 3a POCTy B Ja0OpaTopHUX yMoBax. binbm TpuBana ais crpecy (120
n00a €eKCrmo3ullli y MOJLOBUX YMOBax) 1HAyKyBaJla 3HayHE 30UIBIIEHHS KIJIBKOCTI
IpoJiiHy y crebiax AOCHITHUX POCIWH, BIAHOCHO KOHTpomo. IIpore y KopeHsx,
MOKA3HUKHU OYyJIM HU>KUYUMHU BiJl KOHTPOJIIO.

i pe3ynbratu omy0JiKOBaHi:

1. Fetsiukh, A., Bunio, L., Patsula, O., Timmusk, S., & Terek, O. (2022) Content
of enzymatic and nonenzymatic antioxidants in Salix viminalis L. grown on the Stebnyk
tailing. Acta Agrobotanica, 75, 1-13. https://doi.org/10.5586/aa.752

2. ®emmox, A. b., bynro, JI. B., Ilanyna, O. 1., & Tepek, O. 1. (2020). Brus
3aCOJICHHsS Ha CKJaja OUIKiB 1 BMICT mpojiiHy B opraHax pociamu Salix viminalis L.
Dizionocis POCIUH i 2eHemuKa, 52(5), 412—421.
https://doi.org/10.15407/frg2020.05.412

3. ®emwox, A., budnis, X., I'yzap, O., bynso, JI., & Ilamyma, O. (2017).
AHTHOKCHIaHTHA cucTeMa pociuH Salix viminalis L. 3a pocty Ha 3acojieHOMy cyOcTpaTi
xBocTtocxoBuia M. CreOHUK. Monoodv i nocmyn 6ionoecii. Tezu oonogioei XIII
Miscnapoonoi Haykoeoi koughepenyii cmyoenmie ma acnipanmis (Jlvsis, Ykpaina, 25-

27 keimus 2017 p.) (C. 293-294). JIsBiB: JIHY.
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PO3/11J1 4
Y3ATAJIBHEHHS

[Ipobnema amanTarlii Ta CTIMKOCTI POCIMH € OAHIEIO 3 TOJOBHUX Y (Pi310J0Tii
pOCIIMH 'y 3B’43Ky 13 aHTPONOr€HHUM BIUIMBOM Ha 3arajibHe 3a0pyJHEHHS
HaBKOJMMIIHEOTO cepenoBuma (Jluxomar, 2013; Tammmmu, 2015; fApemuyk, 2021).
['0710BHUM CTPECOBUM UMHHUKOM, II[0 TAJIBMYE MPOIIECH BIIHOBJICHHS POCIMHHOCTI Ha
teputopii CTEOHUIIBKOTO XBOCTOCXOBHIIA € 3acoiieHHs cyoctpary (Kusk, 2017). Oqnak
OKpIM COJIel, XBOCTOCXOBHILIE MICTUTh B1IX0H, cepea skux BM. Binomo, 3a0pyaHeHHs
cyOcTpaTy CHpUUYMHSAE 3HUKEHHS POCTOBHX IMAapaMETPiB Ta PO3BUTKY POCIWH Ha (HOH1
OCMOTHYHOTO cTpecy, TokcudHocTi ioHiB Na* ta Cl', mpoaykuii etuneny, nucOanancy
NOKMBHUX pedoBHH, poaykiii ADK Ta in. (Gamalero et al., 2009; ITanuyxk, ITimaTiok,
2015; Dhiman et al., 2021).

[li1BHILIEHHS KOHIIEHTPALlli COJIEH y IPYHTI BIUIMBAE B MEPUIY YEPTy Ha KOPEHEBY
CUCTEMY, a Yepe3 Hel 1 Ha >KUTTEIISIIbHICTh BCIE€I POCIMHHU, 0OYMOBIIOIOUYHM YHUCIICHHI
amanrtamii ([epkau, Pomantok, 2016). CknagoBUMH HETaTUBHOTO BIUIUBY COJIeH €
BHUCOKHI OCMOTUYHHI TUCK, 3HAYHA 10HHA CHJIA 1 BEJIMK] 3HAYEHHS €JIEKTPONPOBITHOCTI
I'PYHTOBOTO PO34YHHY, JI€ MICTAThCS kopeHeBi cuctemu (Tapan, 2004). ConboBuii cTpec
MPU3BOJUTH A0 MOpyLIEHb (1310JI0r0-010XIMIYHUX (QYHKLIA POCIMHHOTO OpraHi3my, Kl
CYIIPOBODKYIOTHCS TIOCUJICHHSIM TeHepallil MPOIyKTiB BUTBHOPAIUKAIEHOTO OKUCIICHHS
Ta BiOYyBalOThCS aganTuBHI 3MiHUM y (yHkiionyBanHi AOC Ta cucteM OUIKOBOTO
oOMiHy. ApmanTaiiis pOCIWH 10 Jii COJMBOBOTO HABAaHTAXEHHS € BH3HAYAJIBHOIO IS
dopmyBanns Bpoxato (KosecHikos, Ilamenko, 2017). 3a nii conboBOro crpecy y
KJIITUHAX KOPEHIB PO3BUBAETHCS OKCUAATHUBHUYN BUOYX, ADK BUKOHYIOTH POJIb TpUTEpa
KackaJly repeaBaHHs MDKKITITHHHUX CUTHAJIB, B T. Y. 32 PaXyHOK XBUJICMIOAIOHUX 3MiH
A®K. Bracninok 9oro BiOyBa€ThCs MOMIKOKEHHS MEMOpPAH 1 MIEPEKUCHE OKUCTICHHS
JIMIIB, 110 MPU3BOAUTH 10 HakomuueHHs MJIA ([lepkau, Pomantok, 2016; Ahmed et al.,
2021).

BuBueHHsT MexaHI3MIB BIUIMBY TEXHOTE€HHOTO 3a0pyJAHEHHS Ha POCIWHHUHN
OpraHi3M € OJIHUM 13 aKTyaJbHUX MUTaHb. MeXaH13MU i1 BUCOKUX KOHIIEHTpaLlii coJien

y IPYHTI MOXKYTh 3HAQUHO BIAPIZHATHUCS 3aJIEKHO BiJl PIBHS 3aCOJICHHS Ta BHUJLy POCIUH
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(Konynaes, 2001). B ymoBax CTeOHMIIBKOIO XBOCTOCXOBHINA OKpIM 3aCOJICHHHS,
pociiiHU 3a3HatoTh BBy BM (®ertox Ta 1H., 2019). Lle cBiguuTh mpo Te, 10 peaxiii
opranizmy S. viminalis ciig po3isgaTi sK BiAIOBIAL HA TOJIKOMIIOHCHTHUH CTpeC B
yMOBaX TEXHOT€HHOTro 3a0pyaHeHHs. CxeMaThyHe 300pakeHHsI aJalTUBHUX peaKIlii

pocauH S. viminalis B ymoBax xBoctocxoBuina M. CTeOHHK 300paxeHo Ha puc. 4.1.

\//36iJII>IIIeHHSI : / \
axtuBHOCTI KAT, I1O/] ’ g v/ [aribyBanus pocty
v’ HakonnueHHS L s NS KODEHIB
AO » ’ f ' & ‘. S 8 p
He(epMEHTHHX / T o v 3MeHIICHHS
v/ AKTHBAIIisSl TIpOTIECiB NX B GioMacH pociHH
1oJ1 1 :
o . a &Y v’ 301IbIIIEHHS
UILIICHHS BMICTY PR acHMETPIl JINCTKIB
> II}K, HAK, IKT'K 520N v IaribyBanns
AKOITMYECHHSI Rk |‘.? [IOTIMHAHHS BOJIN
HH3BKOMOJICKYIAPHUX n Sl v/ 3MEHIIEHHS BMICTY
OLIKIB . L) } (eHOMBPHUX CIOTYK
v’ Akymysiist Ta !
TpaHciokaris BM |

4

Puc. 4.1. CxemarnmuHe 300paXCHHS ITOJIKOMIIOHEHTHOTO BIUIMBY TEXHOTEHHOTO
3a0pyaHeHHS Ha (izionoriuni peakiii pociawa S. viminalis B ymoBax CTeOHHIIBKOTO

XBOCTOCXOBHIIIA

[IpoBeneni maGopaTopHi Ta TOJBOBI  JOCHTI/DKEHHS  3aCBIIYUIM  BILIUB
TEXHOT'CHHOT'O 3a0pyIHEHHS Ha picT Ta po3BUTOK S. viminalis B ymoBax CTeOHHUIIBKOTO
XBOCTOCXOBHIIA. [loka3aHO 3MCHIICHHS JOBXHHU KOPECHIB Ta 00’€My KOpPEHEBOI

cuctemu y 30-tu nob6oBux S. viminalis 3a pocty y mabopaTOpHMX yMOBax BiTHOCHO
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KOHTPOJILHOTO BapiaHTy. ['aimy>keHHs1 KopeHiB 0yJio Juiie 10 3 MopsSAaKy B AOCHIAHOMY
BapiaHTi, a Yy KOHTPOJI 10 4.

Cnig BIAMITUTH, U0 Yy TIOJBOBUX YyMOBAaX KOpPEHI 3a3HaBalld O1IBIIOTO
HaBaHTAXXEHHS 1 BIAMOBIIHO TOKAa3HUKH OyJIM 3HAYHO MEHIIMMM Y TIOPIBHSAHHI 13
KOHTposbHUMU. OFHAK Tamy>KeHHS KOPEHIB OyJIo TakuM ke fK 1 y JabopaTopHUX
ymoBax. Ctebiia poC/IMH TEX 3a3HaBAIM BIUTUBY TEXHOTE€HHOTO 3a0pyaHeHHs . [lokazano
3MEHIIIEHHS JOBXHUHU Ta KiJIbKocTi cteden y 30-tu ta 120-Tu 1060BUX pociuH. Takox
BUSIBJICHO HE3HAYHI BIAMIHHOCTI y TMapaMmeTpax JUCTKOBOi IUIACTUHKU JOCHTITHUX Ta
KOHTPOJILHUX POCIHUH. JIOBXKMHA, IMPUHA Ta TUIONIA JIMCTKOBOI IIACTUHKH JOCTIIHUX
pociiuH OyJla MEHIIOI BIIHOCHO KOHTPOJBHOTO BapiaHTy. BigmideHo 3HauHe
3MEHIIEHHS KUTBKOCTI JUCTKIB y 120-TH 10O0BUX POCIUH JAOCIITHOTO BapiaHTy 3a POCTY
y MojaboBUX yMoBax CTeOHHUIIBKOTO XBOCTOCXOBHUIA. OTpUMaHi JJaH1 Y3TO/HKYIOThCS 13
TBEPI>KEHHSM 1100 TPSAMOIPONOPLIITHOT 3JIEKHOCTI MK HAsIBHICTIO COJIEH y CyOCTparti
Ta MOp(OMETPUYHUMH TapaMeTpaMH POCIHH, 30KpeMa BHUCOTOI0 POCIHWH, IUIOIICIO
JUCTKAa Ta KUIBKICTIO JIMCTKIB Ha CTeOsi. BCTaHOBIEHO 3HUKEHHS MPOIYKTUBHOCTI
Oiomacu S. viminalis i3 36inbpmennsm 3a0pynHeHHs rpyuty (Lamine, Saunders, 2022).

Jist  OlabIn  JETalnbHOTO aHaji3y BIUIMBY TEXHOTCHHOTO HABAHTAKCHHS
CTeOHHIIPKOTO XBOCTOCXOBHIIA Ha POCIUHU OyJ10 Bu3HaueHO DA TUCTKOBOI MIACTUHKH
S. viminalis. BcranoBiieHo He3Ha4HEe 301IBIICHHS aCHMETPIl JIMCTKOBHUX IUIACTHHOK 32
BIJTUBY TEXHOTCHHOTO 3a0pyJHEHHS 3a TaKUMHU O3HAKaMHU SIK KyT MK TOJIOBHOIO 1
JIPYTOIO BiJl OCHOBH >KMJIKOO JIMCTKA Ta IIMPUHOIO MOJOBUHU JTUCTKA. 3T1JIHO 31 MIKAJIOK0
OIIIHKM CTaOUIBHOCTI PO3BUTKY POCIIMH, POCIWHH, SIKI POCIH HA CyOCTpati 13 AUISTHOK
BIJIHOBJIEHOTO 010T€0IIEHO3Y POCIU B yMOBaX MEPEXOAY JI0 CTPECOBUX YMOB POCTY (Bif
HOPMHU JI0 3a0pY/THEHHSI).

VY 3B’s3Ky 13 BIUTUBOM 3aCOJIEHHS Ha POCIMHHUN OpraHi3M, OCTaHHI BTpayaroTh
3/IaTHICTH 30epiraTy BOJly B OpraHax, 110 IPU3BOJUTH 0 BTPaTH CTIMKOCTI pOCIHH JI0
CTPECOBUX YWHHHUKIB. 3riJHO 13 OTPUMaHUMH AaHUMH, y KopeHsx 30-Tu 1o000BUX
S.viminalis BuUsIBIICHO 3HIKEHHS BMICTY BOJM BIJJHOCHO KOHTpOJIO. Y crebiax Ta

JIMCTKax pOCJIHH ITIOKa3HUKHU 6y.]'II/I Y MEXKax TTOXHOKH. PGSyHBTaTI/I ITOJIBOBHUX )IOC.Hi,Z[)KCHB
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MOKa3aJIi 3MEHIIIEHHS BMIiCTY BOAH y cTebnax 120-Tu 1060BUX POCINH, OJTHAK Y JINCTKAX
POCTUH BUSBJICHO 301IbIIICHHS BMICTY BOJM B YMOBaX TEXHOTCHHOTO 3a0pyIHCHHS.

[Ipukpinneni g0 cyOCTpary, pOCIAMHH, SK MPABUIO, PO3POOJSIOTH CKIIAIHI
cTparterii ajanrariii 10 cTpecy. s Toro, mobd BHKUTH B yMOBaxX CHIIBHOTO 3aCOJICHHS,
POCIMHH TOCHIIIOIOTH (Di310JI0TIYHI, MOJIEKYJSIpHI Ta MeTaOoNiyHI ajamTaili uepe3
B3a€MOJIIIO TeHIB Ta iX PETyJIATOPHUX MEPEXK, MOB'I3aHUX 3 TOJIEPAHTHICTIO J0 3aCOJICHHS
(Kumari et al.,, 2021). Tomy Bu3HaueHHS (hi3i0I0r0-010XIMIYHUX TOKA3HHKIB,
MOB’SI3aHUX 31 CTPECOCTINKICTIO, MOKE OyTH BHUKOPHCTAHO SK KPUTEPiH BIAOOPY s
MOKpAILEHHS aJlanTalii pOCJIHH J0 CTPECOBUX YMOB.

Binomo, mo nakonuueHHss MJIA Moxxe BKa3zyBaTH Ha BiATOBIIb POCIMHH JO Jii
CTPECOBUX YMHHUKIB. JlOCTIPKEHHS BIUIMBY TEXHOTEHHOTO 3acoyieHHs CTeOHMIIBKOTO
XBOCTOCXOBHINA Ha BMicT npoayktiB I1IOJI y opranax 30-tu moGosux S. viminalis
nokasayJii HakonudeHHss MJIA y JMcTKax JOCHITHUX POCIWH, MOPIBHSAHO 13
KOHTPOJbHUMH pociuHamMu. lle Bkasye Ha Te, mo smctku S. viminalis 3a3naBamm
HAWOUIBIIOTO0 TOKCHUYHOTO BIUIMBY TEXHOTEHHOTO 3a0pyIHEHHS Ta CBIIYUTH TMIPO
MPOXOJKEHHS TIPOIIECIB JIMOMEPOKCUAAIlli B yMOBaX poOCTy Ha cyOcTpari 13
CTeOHMIIBKOTO XBOCTOCXOBUIIIA.

Sk yxe 3a3HavyalioCh paHille, POCIMHU MalOTh AHTHOKCHAAHTHI CHUCTEMH, SKi
3aXMIIAIOTh iX KJIITUHU B1J HeraTuBHOTO BITMBY ADK. Jlo HUX HanexaTh He)epMEHTHI
Ta QepMeHTHI aHTHOKcUAaHTH (Aazami et al., 2021; Alharby et al., 2021), 30kpema
ackopO1HOBA KUCIIOTA, (PEHOJIbHI CIIOJIYKH, KaTajla3a Ta nepokcuaasa. [eski HepepmeHTi
AHTUOKCUIAHTH, TaKl K MPOJIH Ta IYKPU, BUKOHYIOTh (DYHKIIIF0 CYMICHUX OCMOJIITIB,
AK1 3aXUIIAI0Th KIITHHU POCIUH Oy(eprsyroun KIITUHHUN OKUCIIOBAIbHO-BITHOBHUN
NOTeHI[1al, CTabUTI3yI0ur MeMOpaHu Ta MaKpOMOJEKYJIH, & TaKOXK (YHKLIOHYIOUYHU SIK
Oe3mocepeiHi JpKepena €Heprii MmiJl 4ac BiJHOBJICHHS MICHS CTpeCy, IO MATPUMYE
¢dyukmionansHuit 6ananc xiituau (EI-Badri et al., 2021). BaxnuBicTb nposiHy mosisirae
B HOT0 3/1aTHOCTI CTa01113yBaTH OLIKM, MEMOpaHHU Ta CyOKJIITUHHI CTPYKTYPH, a TaKOX
3aXMIATH iX BiJ NOIIKOKEHHS MUIsxoM noriuHanHg A®DK. Jlesxi gociaigHUKH
ITOKAa3ajy, [0 B TEHOTHIIAX, CTIMKUX J0 3aCOJIEHHs, Takux gk Solanum tuberosum L. ta

Cucumis melo L., e 6inpmumii BMicT mpominy (Hnilickova et al., 2021). JocmimkeHHs
134



BMICTY IIpOJIIHY, $IK Ba)JIMBOTO OCMOIIPOTEKTOpAa Ta AHTHOKCHJAHTA 32 BIUIUBY
TEXHOTEHHOTO 3a0pyJHEHHS XBOCTOCXOBHIIA, [OKAa3ajJ0 3HAYyHE HAKOMHUYEHHS
aMIHOKHCIIOTH y cTebnax gociianux 30-tu ta 120-tu 1060BUX POCIUH 3a 1a00paTOPHUX
Ta TOJHLOBUX YMOB BHPOIIYBaHHsS BiAmoBigHO. OTpuMaHi JaHl MIATBEPIHKYIOTHCS
miteparypaumu nanumu (Patel et al., 2021), siki cBiq9aTh Mpo TEHIACHITII0 HAKOMTUYCHHS
IPOJIHY y MaroHax pOCIHH 32 Jii CTpecoBUX (pakTopiB. 3rigHO 13 pe3ynbTaTaMu, cTedaa
S. viminalis 3a3HaBanM HaWOLIBIIOrO COJHLOBOTO HABAHTAXKCHHSI B  YMOBax
XBOCTOCXOBHIIIA.

Crnig BIAMITHTH, 110 B YMOBaxX BIUIMBY 3aCOJICHHS Ha POCIMHHHUI OpraHism,
3a3BUYal 301IBIITYETHCS BMICT PO3UMHHUX IYKPiB, 30KpeMa, HaHO1JIbIII TOJIEPAHTHI COPTHU
HAaKOMUYYIOTh OUIbIIE PO3UUHHUX LYKPIB (Song, Su, 2017). I{e MOBHICTIO y3roIKy€ThCS
3 HAIIUMH pe3yJbTaTaMH, SIKI MOKAa3aJld BUCOKUN DPIBEHb HAKONMHYEHHSI PO3UYMHHUX
IYKpIB Yy JUCTKAX i mepeBakHo kopeHsx 30-tu modosux S. viminalis 3a yMoB pocty Ha
cyOcTpaTi xBocTtocxoBHIa. OTxe, IIeé MOXKE CBIIYMTU NpPO aJanTaliidHi MPOIECH B
pocIMHAaX Ta 3aXHUCHY pEaklil0 pPOCIWH, 10 3al0e3neuye MiABUIIEHHS OCMOTUYHOIO
noTeHmiany KmtuH. KpiM Toro, Hamm pe3yibTaTH MIATBEPIKYIOTHCS JITEPaTypHUMU
JAHUMHU TIPO TO3UTUBHY POJb 30UTBIIEHHS KUIBKOCTI IYKPIB Y TKAHWHAX POCIHUH 32
BILIuBY 3acosieHHs (Nemati et al., 2011; Rosa et al. , 2009; Bilek et al., 2020).

@DeHOJIbHI CHOJNyKA OepyTh ydacTb y 3a0€3MEYeHHI CTIMKOCTI POCIHUH [0
HecnpusATINBUX (pakTopiB HaBkoIUIIHBOrO ceperopuina (Kasynuu, 2020). HasBHicTh
(deHOoMIB y OpraHax pOCIHH € CBIJYEHHSIM CBIMKOCTI POCIHMH O CTPECOBHUX (haKTOpPiB
(bermuteit Ta 1., 2015). Omgnak TpoBeneHI AOCTIHKCHHS MMOKAa3ald MPOTEICKHUIM
pe3ynbTaT. BUABIEHO NOCTOBIPHE 3HIKEHHSI BMICTY (PEHOJNBHUX CIIOJNYK Yy JIMCTKaX,
cTebsiax Ta KOpPEHSAX NOCHIAHMX POCIUH 32 YMOB pOCTy Ha cybctpari CTeOHUIIBKOTO
xBocTtocxoBuiia. OTpuMaHi pe3yiabTaTl MOXKYTh OYTH MIATBEP/HKCHHSIM (Pi310JI0T14HOT
MOCYXH SIK HACJIIJIKY HaJIMIPHOTO 3aCOJICHHS.

Sk BKe 3a3HAYAIOCh aCKOpPOIHOBA KHUCJIOTA BIAIrpaEe BaXKJIUBY POJb Yy CTIMKOCTI
POCIIMH JI0 OKCHJIATUBHOTO CTpecy Takoro sik 3acoyieHHs uu BmimB BM (Khan et al.,
2011). 'V pob6oTi mOpoBeACHO JIOCTIKEHHS BIUIMBY TEXHOTEHHOTO 3a0pyaHEHHS

xBocrocxoBuiia Ha BmicT AK, JIAK ta JIKI'K y opranax 30-tu no6oBux S.viminalis 3a
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YMOB POCTY Ha 3aCOJICHOMY CyOCTpaTi XBOCTOCXOBHIIA Y JAOOPATOPHOMY €KCIIEPUMEHTI.
OCKUJIbKH BIJIOMO, IO MIOKa3HUKOM CIIPSIMOBAHOCTI (D1310710T1YHUX MPOIIECIB MOXKE OyTH
BMmicT JIKI'K B opranax mocmimkyBanux pociuH. [IpoBeneHi AOCHIIKEHHS MOKa3ald
3poctanns BMicty AK, JIAK ta JIKI'K y nucTkax Ta KOpeHsSIX JOCHIAHUX POCIHH, Y
MOPIBHSHHI 13 KOHTPOJbHUMH. BusiBieHo iHTeHcHMBHE meperBopeHHs AK y crebmax
pPOCTHH, IO, BIAMNOBIAHO, MiATBEpMKyBantock 3poctanHsM BMmicty JJAK ta JKI'K
BIJIHOCHO KOHTPOJIIO. 3T1JIHO 13 JAHUMHM JIOCJITHUKIB, BIUIUB HAJAMIPHUX KOHIIEHTpAIlIi
BM Ha pocnuHu, MpU3BOAUTH 10 30umbIIeHHs 3araibHoro Bmicty AK (Bielen et al.,
2013).

[IpeacraBHukamMu PepMEHTATUBHOI JTAHKU aHTUOKCUJIAHTHOTO 3aXUCTY POCIHUH €
[TIO/] Ta KAT, siki 341iCHIOIOTh YTHJII3ALII0 HAUIMILIKY TIAPOreH MEPOKCUIY B KIITHHI
(IManuyk, [Tigmatok, 2015). 3 oTpuMaHKX JaHKUX MO>KHA 3pOOUTH BUCHOBOK, 1110 I[1O/] Ta
KAT 3amyueHi y BIANOBIJAlI POCIMHHOI KJIITUHU Ha 110 MOJIKOMIIOHEHTHOTO CTpECY.
AxtuBHicTh pepmentiB y 30-tu noboBux S.viminalis Oyna HaWBUINIOK y JUCTKAX,
HOPIBHSHO 13 KOHTPOJIBHUMH pociiuHaMu. Y 120-tu mo6oBux S. viminalis, BuporieHux y
MOJILOBUX YMOBaxX XBOCTOCXOBHINIA M. CTEOHUK, BUSBICHO BHCOKHUN PiB€Hb aKTUBHOCTI
KAT y xopensx mocniguux pociud, a [IOJ] — y crebnax. BaxiauBo, 1Mo 3axuct 3a
nonomororo 3axucHux ¢epmenTiB [1O/] ta KAT Bin HagmipHoi renepauii ADPK Ta
MEPEKUCHOTO OKHUCJICHHA MeMOpaHHMUX JIMiAIB TMOB’si3aHa 13 3aXHUCTOM KIIITUHHHUX
MeMOpaH, 1110 PU3BOIUTH 10 cTifikocTi 10 3aconeuus (EI-Badri et al., 2021).

HocnipkeHHs: (QyHKIIA CTPEecOBUX OLIKIB € TMEpPCIEKTUBHUM JJii BUBYEHHS
MOJICKYJIIPHUX MEXaHI3MIB ajanrtamiiiHux mporeciB  y  pociuH  (KocakiBchka,
['onoB’staK0, 2006). AKTHBAaIIiS 1 CHHTE3 CTPECOBUX OIIKIB HaJIekKaTh JI0 MEPBUHHUX
HecnenupIuHUX TPOLECiB, 10 BiIOYBaIOThCA y KIITHUHAX POCIMH 3a J1i cTpecopa
(dy6oBa, 2016). Pesynbratu HaAmmMx JOCHIDKEHb IMOKAa3ajdd BiJIMIHHICTH CIIEKTPIB
CTPECOBHUX OLIKIB Y KOHTPOJILHOMY Ta JIOCTITHOMY BapiaHTax. BaxkyinBo, 1110 B opraHax
nocmigaux S.viminalis crmoctepiranucek OunbIl BUpa3Hi 3MiHH. 30KpeMma, y JIMCTKaxX
JOCTITHUX POCIHMH BHUSBJICHO MEHIN IHTCHCHUBHHMM cuHTe3 OuIkiB 13 Mr 20-23 k/la
BIJIHOCHO KOHTpOJIt0. Lle Moke CBIAYMTH MpPO BIUIUB TEXHOT€HHOIO 3a0pyJHEHHS Ha

IHTEHCUBHICTh 1X CHHTE3Y, a caMeé Horo 1HriOyBaHHS, a TaKOXX MPOIECH Jerpajariii.
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BaxxinBo BIAMITHTH, 1110 Y 3pa3Kax JOCIIIHOTO BapiaHTy BHUsABIeHO Oy 13 Mr 8 x/la —
HMOBIpHO YOIKBITHMHH, SKI BUKOHYIOTh (DYHKIIIO T1ApOJi3allii JeHAaTypOBaHUX OLIKIB
(Jianbo et al., 2018; deirox Ta iH., 2020). Y crebnax gocaigaux S.viminalis BussieHo
IHTEHCUBHIIINUN cUHTE3 OUIKIB 13 Mr 22 xJla Ta HasBHICTh paHHIX 1HAYIIMOCIHHUX OLIKIB
(Mr 17 x/la) BiIHOCHO KOHTpOJItO. Y KOPEHSX CIIOCTEpIiraBcs CHHTE3 OUIKIB 13
OJTHAKOBHMH MOJICKYJIIPHIMH MacaMu, OJJHAK 3a JIii CTpecy iX KUTbKICTh Oyiia OLIBIIO0.
Cnix BIAMITHTH, IO B X041 JOCIIJ KeHHS He BusgBiieHo HasBHocTl BTII 60 Ta 70,
IHAYKIIS SKUX € OJHIEI0 3 YHIBEpCaJbHUX KOMIIOHEHTIB  CTpec-peakuii 1o
HECMIPUSATIIMBUX yMOB cepefoBuina. OTpumaHi pe3yjabTaTH MOXHa II0B’A3aTH 13
BIJICYTHICTIO UM JIy’ke HU3bKUM piBHeM cuHTe3y BTII 70. Ognak ciijg npuiiHATH 10
yBaru, 1o JesKl CIeliali30BaHl €HJEMIYH1 BUJHU, Kl € BY3bKO aJalnTOBAaHUMH O
CTPECOBHUX YMOB ICHYBaHHS HE HAKONTUYYTh JaH1 OUIKH.

OnHoYacHO 13 TMOSIBOIO CTPECOBUX OUIKIB BiJIOYBA€THCS OCIAOJIEHHS CHUHTE3Y
OUIKIB, IO YTBOPIOIOTHCS B HOPMaJIbHUX yMoOBaxX. OTpuMaHi pe3yJbTaTH MO0
3arajibHOro BMicTy Oijka B opranax S. viminalis mokasanu 301JIbIIeHHS BMICTY OUIKIB Yy
cTebJsiax Ta KOPEHSAX JAOCIIAHUX POCIMH BIJIHOCHO KOHTpON0. OTXe 3a YMOB POCTYy Ha
TEXHOTCHHOMY CyOCTpaTi XBOCTOCXOBHIIA CIIOCTEpIrajd 3MiHHM BMICTy OINKIB Ta iX
Ckiagy B opraHax S. viminalis, sike mposBIsUIOCH y aKTHBAIll CTPecOBUX OUIKIB, Ta
CBIIYMTH MPO MEXaHI3MHU aJanTaiii AOCIIPKYBAaHUX POCIHUH 10 YMOB CTEOHHUIIBKOTO
XBOCTOCXOBHIIIA.

HayxkoBui Bce O1ibliie NposIBISAIOTH IHTEPEC Y MOILIYKY PIIIEHHS 10A0 NpodieMu
JOCITIJIKEHHS Ta pO3pOOKH JCIICBUX 1 BIIMOBITHUX TEXHOJIOT1H /17151 BITHOBJICHHS IPYHTIB
3abpynnennx BM (Oladoye et al., 2022). Bigomo, 1mo pocivHH MarOTh 3AaTHICTh
3a0e3nedyBaTu cTabuIi3amio 3a0pyITHEHHS Y TPYHTI, 3B’ A3YI0UM METaIH 13 YaCTUHKAMU
IPYHTY, THM CAMHM 3MEHIIIYIOUH 1X TOCTYMHICTh 1 TOKCUYHICTh; OJJHAK Y TAKMX BUITAIKaX
3a0pyTHCHHS HE BUIAJISIOTHCS 3 TPYHTY.

Bepba, sxa KyJabTUBYEThCS IS BUPOOHHUIITBA OlO€HEPTii, MOCHIIKYETHCS SK
MoOJMBa (itopemeniamiiina KyabTypa 3 1990-x pokiB. IlokazaHo 3MeHIEHHS
KOHIICHTpAIlli KaaMmilo, IUHKY Ta MiIl y IPYHTI Mmicias KyibTuByBanHs S.viminalis

(Landberg, Greger, 2022). JlocmikeHHS AuCEpTaIiiiHOl poOOTH TOKa3ai, IO
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BUpOIIyBaHHs S. ViminaliS Ha TeXHOreHHO 3a0pyaHEHOMY CyOCTpaTi XBOCTOCXOBHIIA
M. CTeOHUK BIUIMBaJIO HAa BMICT Aesikux BM y cyOctpaTi XxBocTocxoBuila. BusBieHo
3HayHEe 3MEHIIEHHS BMICTY LIMHKY B JOCTIIHOMY CyOCTpaTi, MOPIBHSHO 3 3pa3KaMu
cyOTpary mo mocaaku pocivH. HaiOiunbma kiibkicth BM akymystoBanachk y crebnax
pociuH. OcoOMMBO akTUBHO pocimHU S. Viminalis akymy:roBamu MOIi0IeH, CTPOHIIIH,
xpoM 1 muHK. [IpoBenenns mocmimpkeHHs BXA BUSBWIM, IO POCIMHHU MAalOTh BHCOKY
3MaTHICTh, HakonuuyBath BM. HaitOinbpmuii moka3HUK HakomuyeHHs OyB y crebiax i
KOPEHSX JOCIITHUX POCIUH MOPIBHSAHO 13 KOHTPOJIBbHUMHU.

Crin 3ayBa)KUTH, 0 HE3BAXKAIOUW Ha IMiJIBUILIEHI KOHIleHTpallii BM y cybOcTparti
XBOCTOCXOBHIIA, S. ViminaliS mposBuiIM BUCOKY CTIHKICTh 10 YMOB BHUPOIIYBaHHS Ta
diTopememiamiiiHi  BaacTHBOCTI. JIOCHITHUKK CTBEpKYIOTh, mo S. viminalis e
NPUAATHOIO JO0 BUKOPUCTaHHS 13 MeToro (QiTopemMeniaiii 3a0pyIHEHOrO IPYHTY Ha
INPOMHUCIOBUX Teputopisix. OJHak ciiJ BpaxyBaTH YacoBl paMKH MPOBEACHHS
diTopemeniamii. Tomy npu Bukopuctanui S. viminalis st diTopemeniamii 3a paxyHOK
30UTBIIEHHS Yacy (iTopeMeialiii MokHa 301IbIITUTH BUAAICHHS JESKUX 3a0py/IHIOBaYiB
(Landberg, Greger, 2022).

BukopucToByrour MeTo MKy cekBeHyBaHHs HOBoro nokosiaHasg (NGS) 16S pPHK
BUSIBJICHO HAsBHICTh BIJIHOCHO Oaratoi eHAo(]iTHOI crmiyibHOTH KopeHiB S.viminalis,
BU3HAYEHOI SK KUIBKICTh 1JE€HTU(IKOBAHUX OMNEPALIMHUX TAKCOHOMIYHHUX OIWHUIIb.
biopizHoMaHniTTs Ta OararctBo OakTepiaabHOI €HAO(MITHOI CIHITFHOTH KOPEHIB
S. viminalis omigroBanu Ha ocHoBl BusaBieHoi kinbkocTi OTO, ingekcis IllenHona Ta
CiMmricoHa, a TaKOX 1HJIEKCY PIBHOMIpPHOCTI. MojentoBaHHsI MOKa3ayio, 0 BUSBICHA
KUIBKICTh ONEpaIliiHUX TaKCOHOMIYHHUX OJWHHUIIL 3MEHITyBajacs MpHOJU3HO BIBiUi
MOYMHAIOYH 13 AUITHKY 1 (Z1) XBOCTOCXOBUINA 10 AUISHKY 3 (Z3). 3a BIUIMBY HATHBHUX
pusochepuux Oakrepiit S. europaea BusiBICHO 3HaUHE 301MbIIeHHS KigbkocTi OTO y
3paskax S. viminalis, ski pocim Ha cyOctpari i3 ginsHok 2 (Z2) ta 3 (Z3).
biopi3HOMaHITTS 3HAYHO 3MEHIIWJIOCS Yy JOCHIKYBAaHHUX 3pa3kax y 3B s3Ky 13
3a0py/THEHHSIM XBOCTOCXOBHIIA 3 allOCTEPIOPHOI0 MMOBIpHICTIO >95%, 1m0 BKasye Ha
BusiBiieHy KibKicTh OTO Tta inaekc lllennona. Y BapiaHTax JOCTIKEHHS, K1 3a3HAIN

BIUTMBY pu3ochepHux OakTepiii S.europaea BHUSBICHO 3MEHINEHHS 3HUKCHHS
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MOKAa3HUKIB Ha OCHOBI BMSBJIEHUX OIEpaIIiHMX TAKCOHOMIYHUX OJWHHIIb, 1HJCKCIB
[Ilennona Ta piBHOMIipHOCTI. [HAEKC CiMIIcOHA HE 3a3HAB CYTTEBOT'O BIUIMBY 32 YMOB
nonaBaHHs puzocdepu S. europaea y >koHoOMY 13 BapiaHTIB TociipkeHHs. [{e Bka3ye Ha
Te, MO KUIbKICTh JoMiHyrounx OTO y mochimkyBaHUX 3pa3Kax HE 3MIHIOEThCS B
3aJIeKHOCTI BiJ JOJaBaHHS 3paskKiB pu3ocdepu pociuH camkopHii 13 CTeOHHIIBKOTO
XBOCTOXOBHIIAB, TOJI SK 3HUKCHHS OararcTBa B OCHOBHOMY CIPUYMHEHE HHU3BKUM
BmictoM OTO.

OcTraHHIM YacoM MiAXOAW MIKpOOHOI OI0TEXHOJIOTII 3a0e3MeuyloTh HaWKpalle
pPO3yMIHHS B3a€EMOJIIi POCIMHA-MIKPOOM 1 TOTEHIIHHUX 3aCTOCYBaHb POCIHMHHHUX
MIKpOOIOMIB JIJIi CTUMYJIOBAHHS POCTY Ta MPOJYKTUBHOCTI pociuH. [Iparmaruune
Bukopuctanusa PGPB, sxi npoaykytots ACCD, y ciTbChbKOMY TOCIIOAAPCTBI € JIOTIYHOIO
Ta PO3YMHOIO TEXHIKOIO CTAJIOro ciibebkoro rocrnoaapctea (Moon, Ali, 2022). Baxxinso
BIIMITUTH, aKTUBHICTb ACCD € eekTUBHIM MapKepoM AJid OaKTEpiil, acOL1OBAHUX 3
POCIIMHAMH, TSI CIPUSHHS POCTY POCIHH IUISIXOM 3HWKEHHS PIiBHS €THJICHY B POCIUH
(Jin et al., 2022). /{ns cxpuniary ACC ytumizyrounx 6aktepiii Oyso Bukopuctano ITJIP-
IUIAHIIETHUM HIHTIIPUHOBUM METOJ, SIKM PpO3IIMPIOE PEHTAOENIbHICTh peakuli 3
HIHTIIPUHOM Ta TIOJICTIIY€ BHUSABJICHHA JOCHIKYBaHUX OakTepiii. BcraHoBieHo
3MeHIIeHHs1 kKoHieHTpanii ACC y 3pa3kax kopeHiB S. viminalis 3a cymicHOro BIUTUBY
HATUBHHUX pu3ochepHUx OakTepidi S.europaea Ta TEXHOTEHHOTO 3a0pyaHCHHS
XBOCTOCXOBHIIIA, IO CBITYUTH MPO HASIBHICTH OUIBINOT KUTBKOCTI OaKTepii-TIOTIMHAYIB Y
JOCITII)KYBaHUX 3pa3Kax.

Otrxe, pe3ynbTaTH AUCEPTAIIHHOI POOOTH 100 (hi310JIOTIYHUX ACIIEKTIB
critikocti S. viminalis B ymoBax xBoctocxoBuiiia M. CTEOHHMK CBiI4aTh PO aKTHBAIIIO
3aXMCHUX Ta aJanTalliHUX MEXaH13MiB y opraHax AOCTIAHUX POCIUH, IO MPOSIBISETHCS
y HaKOTMHMYEHHI He(DEPMEHTHUX Ta aKTHUBHOCTI (pepMEHTHUX aHTHOKCUAAHTIB. [lopsy 13
TAM BHCBITJICHO TO3WTHBHUN BIUTMB POCTY POCIMH Ha 3MEHIIEHHS BMicTy BM vy
cyOCTpaTi XBOCTOCXOBHIIA Ta iX TPAHCIOKAIIIO y OpraHaxX POCIWH, IO CBIAYUTH MPO
NO3UTHUBHUH edekT diTopememialiil 3a Bukopuctanus S. viminalis. [TokazaHo HasBHICTb
ranodinmpHUX eHnodiTHUX Oaktepiit y kopensx S. viminalis 3a pocty Ha cyOctpari

XBOCTOCXOBHIIA 3 HAWOLIBIN 3a0pyTHEHUX AUISHOK. [IpejcTaBHUKM BUSBICHHUX POIIB
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BOJIOJIIOTh IIMPOKHM CIEKTPOM ajanTalliiHuX MOXKIMBOCTEH 10 3acoscHHS Ta BM.
Tomy BaXJIMBUM Ta HEOOX1THUM € MOJIaJIbIIe BCeO1YHE TOCTIHKEHHS Ta aHaI13 B3a€EMO/II1
pOCIMHA-MIKpOOIOM B YMOBaXx TEXHOTEHHOTO 3a0pyAHEHHS [UIsl TOKpaIICHHS
bitopememiamiiinux BiaacTuBocTer S. viminalis Ta ix amanTamiiHHX MEXaHI3MIB 3a

BILUINBY CTPECY.
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BUCHOBKHA

HuceprartiiiftHa poOoTa J10MOBHIOE (GyHAaAMEHTAJbHI 3HAHHS Mpo (Hi310JI0TIYHI
MEXaHI3MU CTIHKOCTI EHEPreTHYHWX POCIHH, 30Kpema BepOu mnpytoBumHoi (Salix
viminalis L.), 3a yMOB pocTy Ha TEXHOI'€HHO 3a0pyIHEHOMY CyOCTpaTi Ha MpHUKJIai
xBoctocxoBuia M. CTeOHUK. BiamoBiHO 10 MOCTaBIEHOI METH, y POOOTI OI[IHEHO
XapakTep BIUIMBY TEXHOTEHHOTO 3a0pyAHEHHA Ha MopdomeTpuuHi Ta (i310J70TiuHI
NOKa3HUKK pocyivH S. viminalis, a Takox BHBYEHO CKIIaay yrpyloOBaHb CHIO(ITHUX
OaxTepiit KOpeHiB pociauH B yMoBax CTEOHHUIIBKOTO XBOCTOCXOBHIIIA.

1. [Toka3zaHO 3HMKEHHS POCTOBHUX MApaMETPIB POCIUH 32 POCTY HA TEXHOI'€HHO
3a0pynHeHomy cyOcrtpati. Y nabopatopuux ymoBax (30 AHIB poCTy) BHUSBICHO
3HWKCHHs JOBXHHU cTeOen S. viminalis Ha 24 % BiZHOCHO KOHTPOJIO, Y TOJBOBUX
ymoBax (120 muiB pocty) — Ha 57 %. BusiBneHo acuMeTpit0 JUCTKOBHUX IJIACTUHOK
S. viminalis 3a pocty Ha minsHKaX BiJHOBJICHOTO 0iOTEOIIEHO3Y.

2. Bcranosneno, mo pict S. viminaliS BrumBaB Ha 3HMKCHHS BMICTYy Ba)KKHX
METaJliIB y CyOCTpaTi XBOCTOCXOBHIINA. BHSABIEHO 3aKOHOMIPHICTH ITiABUIIICHHS
KOHLIEHTpalli Ba)KKUX METAJIB y OpraHax pPOCJWH 13 30UIBIIEHHAM IX KOHUEHTpalil y
cyoctpati. Enementamu 0610JIOTIYHOTO HAKONMUYEHHS B OpraHax poOCIUMH BepoOu
MPYTOBUAHOI 3a pocTy Ha cyocTpaTi CTeOHUIIBKOTO XBOCTOCXOBHIIIA € XPOM, CTPOHIIIH,
MOMIOJIEH Ta MiJb — y JHUCTKaxX, CTE0JIax Ta KOPEHSAX, CTaHyM, CBUHELb Ta IIUHK — Y
JMCTKAaX Ta cTediax, IMUPKOHIN — y JTUCTKAX Ta KOPEHAX, HIKETh — y cTe0JaxX Ta KOPEeHsIX,
a TaKOX KaJMiil —y cre0iax pOCIIHH.

3. Briepitie inentrgikoBaHo OakTepiaibHi CIBHOTH KOpeHiB S. viminalis 3a pocty
Ha cyOcTparti 13 TphoX AUISHOK CTEOHHIIBKOTO XBOCTOCXOBHIIA Ta CyMICHOTO BIUIMBY
pusochepHux OakTepiit S. europaea. Y 3paskax S. viminalis, siki pociin Ha cyOcTpaTi i3
HaWOIBII 3a0pyTHEHUX JAUISTHOK XBOCTOCXOBHIINA BUSIBIICHO HASBHICTH OaKTEepiil poJIiB
Marinobacterium, Idiomarina, Marinamicrobium ta Halomonas.

4. IlokazaHo, 10 YMOBH T€XHOTE€HHOTO 3a0pyAHEHHS CIPUSIOTH 3MIHI OLIKOBOTO
CreKTpy B opranax S. viminalis, a came BUSBICHO HU3bKOMOJICKYJISIPHI CTPECOBI OLIKH 13
Mr 8-30 kx/la. 3a KOHTPOJIBHUX Ta CTPECOBUX YMOB, OUTKH OYyJM 1IEGHTUYHUMU, OAHAK Y

OpraHax JIOCJIJHUX POCIUH 3MIHU OUIKIB OUIBII CYTTEBIILII.
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5. TexHoreHHe 3a0pyAHEHHS XBOCTOCXOBHIIA 1HAYKYBajO JIOCTOBIpHE
MIJBUIICHHS BMICTY TMPOAYKTIB IEPEKUCHOIO OKHWCHEHHS JIMmiAiB (MaJOHOBOIO
nuanberiny) y mcerkax 30-tu qooosux S. viminalis BimHocHO kKoHTpoo Ha 21,4 %.

6. BcraHoBieHO, 1O YMOBHM TEXHOTCHHO 3a0pyJHEHOTO  CyOCTpaTy
XBOCTOCXOBHIIA MAOTh BIUIMB Ha BMICT HE()EPMEHTHUX aHTUOKCUIAHTIB (aCKOPOIHOBOT
KUCIOTH, ()EHOJIBHHUX CIIONYK, IyKpiB Ta MpoiHy) y opranax S.viminalis. Tlokazano
3HMKEHHS BMICTY acKOpO1HOBOT KHCIOTH Y cTebnax 30-tu mo6oBux pociuH Ha 21,1 %
BiTHOCHO KOHTpoyto. OHaK y JmcTkax Ta crebsiax S.viminalis ii BmicT € OuTbITUM
BIJTHOCHO KOHTPOJBHUX pociuH Ha 7,7 % Ta 9,0 % BianosigHOo. BusBieHo nocToBipHe
3HUKCHHSI BMICTY (DCHOJBHUX CHONYK y jucTkax (Ha 22,6 %), crebmax (Ha 42 %) Ta
kopensix (Ha 27,8 %) y 30-tm moGomux S. viminalis 3a nii crpecy mopiBHSHO i3
KoHTposieM. [Tokazano HakonuueHHs NpoiHy y crednax 30-Tu 1000BUX poCiivH, Ha 22
% BITHOCHO KOHTPOJIIO 32 JIA0OPATOPHUX YMOB BHUPOILYBaHHA. Y MOJBOBUX YMOBAaX Ha
120 100y pocty BepOU MPYTOBHUIHOT BUABJICHO HAKOIIMYEHHS NPOJIIHY y cTebnax (Ha 75
%) Ta CyMHU pO3YMHHHX I[YKPIB y JIMCTKax Ta KopeHsx (Ha 7,7 % ta 35,7 % BiAmoBiaHO)
10710 KOHTPOJTIO.

7.JlokazaHo 3Ha4yHE TIIJBHINCHHS AaKTHBHOCTI AHTHOKCHUIAAHTHUX (EePMEHTIB
(karana3u Ta nepokcunasu) y jmcrtkax (Ha 80 % Ta 61 % BiamoBigHo) Ta crediax (Ha 43
% ta Ha 70 % BignosigHo) 30-Ti 0OOBHX S. viminalis 3a 1abopaTOpHUX YMOB POCTY.
Ha 120-ty 100y pocTy pOCIHH y MOJIBOBUX YMOBAX BHUSBJIEHO IiJIBUILEHHS aKTUBHOCTI
MEePOKCHUJIa3u Ta KaTanasu y crebiax (Ha 28 %) ta kopeHsx (Ha 63 %) BIAMOBIAHO 11010
KOHTPOJIIO.

Otxe, pocinunam S. viminaliS BUSBISAIOTH aganTUBHI peakilii Ha (i310I0TTYHOMY
pPIBHI 3a YMOB pOCTy Ha TEXHOT€HHO 3a0pyaHeHoMy cyoctpaTi CTeOHHMIIBKOTO
xBoctocxoBua. Lle nposiBisieTbes y 4yTAMBOCTI aHTUOKCUAAHTHOT Ta OLIKOBOI cCHCTEM
S. viminalis. 30ibIIeHHsT BMICTY aCKOpOiHOBOT KMCIIOTH, MPOJTIHY, PO3YMHHHUX IyKPIB Ta
aKTUBHOCTI KarTaja3u 1 TepoKcumasu B opraHax S.viminalis Bkasye Ha yCyHeHHs
HACJI1JIKIB HEraTUBHOTO BITUBY TEXHOTEHHOTO 3aCOJICHHS. 3HIKEHHS BMICTY (DEHOIBHUX
CIOJIYK y OpraHax JOCIIIHUX POCIUH MOXe OyTH HACHIIIKOM AeMIIUTY BOJOTH, SIKUMA

BUHHUKAE 4yepe3 3acosieHHs cyoctpaty. Ilpu miboMy pociuuu S. viminalis HakonmuayroTh
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BXKKI METaJIH, 10 CBITYUTH PO MOXKJIMBICTH BUKOPUCTAHHSI 1X 13 METOI0 (hiTOpeMeTiallii.
BcTanoBneHo HasBHICTH e€KCTpeMOGUIbHMX €HAO(ITHUX OakTepid y KOpeHsSX BepOu
IPYTOBHUIHOT, SIKI BIAITPAIOTh BAXKJIUBY POJIb Y CTIHKOCTI POCIIMH J0 BaXKKHX METANIB Ta

3aCOJICHHII.
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