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B nanuit wac mnpoGiema 3a0pyAHEHHS HABKOJHUIIHBOTO CEPEIOBHUINA €
Ha/J3BUYAHO akTyalibHOK. OCOOJMBO 1€ CTOCYETbCS TEXHOTEHHO 3a0pyIHEHHX
teputopiil. [Ipuknanom Takoi Teputopii € CTeOHUIIbKE XBOCTOCXOBHIIIE, IKE MICTUTh
22 MJIH TOHH COJIAHO-TJIMHMCTHUX BIAXOAIB (PIOTAalIMHOIO 30aradyeHHs, YTBOPEHUX
BHACHIJIOK 30araueHHs MiHEpaJIbHOT CUPOBHUHH.

BuBYeHHS 3aXMCHUX MEXaHI13MIB POCJIMH 32 BILUIMBY a010TUYHUX CTPECOPIB Ma€
BEJIMKE 3HAYEHHS B CyYaCHUX YMOBax PO3BUTKY CIILCHKOTO TOCIOAApCTBA Ta 3MiH
kiiMaty. CTIHKICTh POCIMH J0 TEXHOTEHHOTO 3a0pyAHEHHS € CKIJIATHOI O3HAKOIO,
sKa BKIIIOYa€ (P1310JI0TTYHI MEXAHI3MU B OpraHi3Mi POCIIUH.

Hucepramiitna po0OoTa MNPUCBSYEHA AOCHIIKEHHIO BIUIUBY a0lO0THYHOTO
CTpecy, a came 3acoJieHHS Ta Baxkux MmeraniB (BM) B yMoBaxX TEXHOT€HHO
3a0pynHeHoro xBoctocxoBuiia M. CrteOHMKAa Ha MOpPHOMETPUYHI IMapaMeTpH,
AHTUOKCUJIAHTHY Ta OUIOK-CHHTE3yBaJbHY CHUCTEMH POCIWH BEepOM MPYyTOBUIAHOI
(Salix viminalis L.) Ta ix ¢itopemenianiiiHuii MOTEHIIAN, a TAKOXX yrPYNOBaHHS
ennoditaux Oakrepiit (EB) xopenis S. viminalis 3a BruuBy pusochepHux Oaktepiid
Salicornia europeae L. ta 3a0pyaHeHHS XBocTOCcX0BHIIA M. CTEOHUK.

Metorw auceprarliiHoi po60oTH Oyj0 OI[IHUTH BIUIMB TEXHOT'C€HHOTO
3a0pyaHEHHS Ha MopQoMeTprudHi Ta (isionoriuni mokasuuku S.viminalis, a Takox
BUBUYCHHS CKJIAy YIpyNoBaHb €HAO(MITHUX OakTepiii KOPEHIB POCIMH B YMOBax
CTeOHUIIBKOTO XBOCTOCXOBHIIIA.

OcHOBHI 3aBIaHHS POOOTH:



- BUSIBUTH BIUIMB TEXHOTCHHOTO 3a0pyJAHEHHS Ha MOP()OMETPUYHI MOKa3HUKH
Ta BMICT BOJM y opranax S. viminalis B ymoBax CTeOHHIILKOTO XBOCTOCXOBHIIIA;

- BU3HauuTH BMicT BM y pocnmuaHOMY MaTepiaii Ta cyocTpaTi XBOCTOCXOBHIIA
3a YMOB POCTY POCJIHMH, a TaKOX OIIIHUTH BIAMOBIAHICTH BMicTy BM ekosoriynum
HOpMawm;

- BU3HAYUTH cKjaaja yrpynoBadb Eb kopenis S. viminalis 3a cymicHOro BILIMBY
TEXHOTCHHOTO 3a0pyaHeHHs CTEeOHHWIIPKOTO XBOCTOCXOBHUINA Ta i1HOKYJIIOBAHHS
pusocdeporo Salicornia europeae L.;

- JIOCJITUTH BIUIMB YMOB XBOCTOCXOBHIIA HA HAKOMMYCHHs OLIKIB y OopraHax
S. viminalis;

- BCTAHOBUTH IHTEHCHBHICTb MPOIICCIB MEPEKUCHOTO okucHeHHs JimiaiB (ITOJI)
y TkaHuHax S. viminalis 3a yTBopeHHsIM MaioHOBOTO quanbieriay (MIA);

- JIOCHIJUTH BIUIMB YMOB XBOCTOCXOBHIIIA Ha CTaH OKPEMHUX KOMIIOHEHTIB
antuokcuganTHoi cuctemu (AOC) pocnauH — akTtuBHICTH Katanasu (KAT) (KO
1.11.1.6) Ta mepokcumazu (ITOJI) (Kd 1.11.1.7), Bmict ackopOinoBoi (AK),
nerigpoackopOinoBoi ([AI'AK) Ta nukerorynonoi kuciotr (JAKI'K), denonpHux
CTIOJIYK, TIPOJIIHY Ta PO3UYMHHHX IYKpiB y opranax S. viminalis.

JI1st npoBeIeHHs TOCIII)KEHb BUKOPUCTOBYBAJIU JIUCTKH, cTe0ia Ta KopeHi 30-
™M 7000BuX S. viminalis, BuporieHux y jabopaTopHMX yMOBax Ha cCyOcTpaTi i3
AinstHoK xBocTocxoBuia M.CteOnuk Ta 120-tu qo6oBux S. viminalis, Bupoiienux Ha
TepuTopli CTEOHMIIBKOTO XBOCTOCXOBHINA Y TMOJBOBUX YyMOBax. Bapiantamu
JOCIIKEHb ~ CIIYyTYBalld  POCIMHM BHpolIieHi Ha cyOctpati CTeOHHUIIBKOTO
XBOCTOCXOBHIIIA 13 JUISTHOK BIJHOBJIEHOTO O10T€0LI€HO3Y (KOHTPOJIb) Ta 13 AUISHOK,
7e mormupeHi moHepHi riaikoranodita (mocnix). dms mocmimkenns Eb xopenis S.
viminalis, okpim BwWIIle MepeaiueHuX BapiaHTIB, BHKOPHCTOBYBaIM CyOCTpaT i3
HalOUIbII 3a0pynHeHuX AUIIHOK CTeOHMIIBKOTO XBOCTOCXOBHMILA Ta pu30ochepHi
Oaktepii Salicornia europaea L., pociuH, sKi poCTyTh Ha HAHOIIBII 3aCOJICHUX
MUISHKAX JaHOI'O XBOCTOCXOBHIIIA.

Busnauennss MmopoMeTpuuHUX MOKa3HHKIB MpoBoauiau Ha 30 noly pocty y

nabopaTtopHUX yMoBax Ta Ha 120-Ty — B MOJbOBHUX.



Ha 30-ty 100y pocty S. viminalis mocmimkero aktuBHicTh AOC Ta mporeciB
[10JI, mpoananizoBaHO BMICT 3arajbHHX Ta CTPECOBUX OIUIKIB y OpraHax pOCIHH,
BUSBIICHO BJIACTUBICTH POCIMH BepOU MPYTOBUAHOT HaKonmnuyBaTu BM.

Bin6ip 3paskiB kopeniB S. viminalis miis ckpuniary EB Oyio mpoBeaeHo micis
90 116 pocTy pocauH y 1a00paTOPHUX YMOBAX.

Amnani3z ¢pepmentHoi Ta HehepmenTHOT AOC npoBeneno Ha 120-ty 1oOy pocty
S. viminalis B mo10BHX yMOBax.

Y pe3ynpTaTi TPOBEIACHWX JOCTII)KeHb BCTaHOBJICHO, 1o S.Vviminalis
3a3HaBaJIM CTPECy B YMOBaxX pPOCTYy Ha TEXHOT€HHOMY cyOctpari CTeOHMIIBKOTO
XBOCTOCXOBHIIIA Ta TMPOSIBISUIA aJalTHBHI peakilii. 30KkpeMa BUSABICHO HE3HAUHE
NPUTHIYCHHS POCTOBMX MapaMerpiB S. viminaliS 3a pocTy Ha TEXHOTEHHOMY
cyoctpari CTeOHMIIBKOTO XBOCTOCXOBHUIIA SIK y JaOOPATOPHUX, TaK 1 y MOJILOBUX
yYMOBax BHpOIIyBaHHs. BU3HaueHHs 1HTErpajibHOr0O MOKA3HUKA CTAOLIBHOCTI POCTY
S. viminalis moxkasano, 0 Ha IUISHKAX BITHOBJICHOrO OIOTE€OICHO3Y € YMOBH
Nepexoqy [JO0 CTPEeCOBUX YMOB (Bl HOpMH 10 3a0pylnHeHHs). BusBieHo
HAKOMMYEHHS BOJU y KopeHsX 30-Tu 1000BUX POCIHNH y JTa0OpaTOPHUX YMOBAX Ta y
muctkax 120-tu 1o6oBux S. viminalis y moisoBux yMoBax.

BusBiieno BmuB (itopeMesaiarii pociuaamu S. viminaliS Ha BMICT JesKux
BM y cy0GcTpari xBocTocxoBuilla. BHsiBIeHO 3HAYHE 3MEHIIEHHS BMICTY IMHKY B
JOCIiTHOMY CcyOcTpaTi, TOpPIBHSHO 3 TIOYaTKOBUM BMICTOM, TOOTO TMiepen
BUPOILYBaHHAM pociuH. Exonoriuny iHdopmaTuBHicTh BMicTy BM owiHioBanm 3a
eKoJIoro-reoxXiMiyHuMH Koedirientamu. HaiBumuii koediieHT KOHIeHTparlii OyB y
KaJMil0, KM 3HAYHO TEPEBUILYBAaB CEpPEAHIA BMICT €JIEMEHTa B OpPHUX 3E€MJIIX
Vkpainn, Ta  MomiOneny. IlomienemenTHe  3a0pynHeHHs — cyOcTpary — 3i
XBOCTOCXOBHMIIIA, 3riHO 3 iHgekcoM 3a0pyanenns rpyuty (I31), Oyino ogHaKOBHM [0
pOCTYy pOCHMH, a TiciAs — TMOKa3HUK 3MEHIIUBCS Yy gocuimi. JlocmimkeHHs
010re0XiMIYHOT aKTUBHOCTI POCIIMH IMiATBEPIUIIH, IO POCIUHUA BEpOU MAIOTh BUCOKY
3natHicTh HakonuuyBath BM 13 cyOctpary xBocrocxoBuma M.CteOHuk. Crifg
BIAMITUTH, 0 BMIicT BM y cyOcTpaTi XBOCTOCXOBMINA JIOCUTh 3HAYHUN, OJHAK
pociuuan S. viminalis mposiBuin iTopemenidaliiiiHi BIaCTUBOCTI Ta CTIHKICTH 110

KOMIUIECHOTO cTpecy 3acosieHHs Ta BM B yMoBax CTEOHUIIBKOTO XBOCTOCXOBHILIA.



Bukonano ckpuninr Eb kopenis S. viminalis 3a ymoB BIuiMBY pu3ochepHUX
Oaktepiri Salicornia europaea L. Ta TexHOoreHHo 3a0pyaHEHOro cyoOcTpaTy
xBoctocxoBuma M. Crebnuk. Pesymbratm  OOCHIDKEHb — MOKa3auid, IO
PI3HOMaHITHICTh OakTepiil y JoCaiKyBaHUX 3pa3kax S. viminalis 3 Ta 6e3 nogaBaHHs
puszochepu S. europaea BiApi3HAIUCH, He 3HayHO. OmHAK, CIiI  BIAMITHTH
NMO3UTUBHUN ePekT puzochepHux OakTepid S. europaea Ha 30UIBIICHHS BITHOCHOI
KIJIbKOCTI OakTepiil y 3pa3kax. Y BCIX JOCHIDKYBaHHX 3pa3kax kopeHis S. viminalis
Ha piBHI poay HaiOimemie Oynmu mpexacraBieHi Oakrepii Enterobacteriaceae,
Pseudomonas, Rhizobacteriaceae Tta  Flavobacterium.  BusBmeno  poau
Marinobacterium, Idiomarina, Marinamicrobium ta Halomonas, ski Oymu
npeCTaBiCHI y OUTBIIIH KijbKOCTI y 3pa3kax S. viminalis, siki pociu Ha cyOcTpaTi i3
HalOUIbII 3a0pyaHeHHX JUITHOK CTEOHUIIBKOTO XBOCTOCXOBHINA. BusiBieHo
HasBHICTh OaKTepi-MOrJIMHaYIB MonepeaHuka «crpecoBoro» eruwineny ACC (1-
aMIHOITMKJIONPOIaH-1-kapOOHOBOT KHCIIOTH). 3a yMOB JIOJaBaHHS pU300aKTepii
S. europeae, 3mian koHmeHTpaii ACC Oynu OibIT BUPA3HIITUMHU.

BusBrneno HakommueHHsi OiNkiB y cTebmax Tta kopeHsx 30-tu 1000BUX
S. viminalis 3a pocty Ha 3acojieHOMY CyOCTpaTi i3 XBOCTOCXOBHIIA B JIAOOPATOPHUX
yMOBax BHUpOLIyBaHHSA. B  enexkrpodoperpamax mMNpoaHai30BaHUX  OPraHiB
S. viminalis BusiBI€HO HU3BKOMOJIEKYJIAPHI moinentuad i3 Mr 30, 23, 22, 20, 17, 15,
12, 10 ta 8 k/la, BMICT SIKMX ICTOTHO BapifOBaB B 3aJIGKHOCTI BijJl OpraHa pOCJIHH.
[TomMiyeHO [KICHI Ta KUIbKICHI BIAMIHHOCTI CHEKTPIB HU3bKOMOJEKYJISIPHUX OUIKIB y
KOHTPOJIBHOMY Ta JIOCIITHOMY BapiHTaX, 30KpeMa y opranax gociigaux S. viminalis
3MiHM OinkiB Oymu  BupasHimmMu. Y  KopeHsx S. viminalis BusiBieHo
HU3BKOMOJIEKYJISIpHI O1ku 13 Mr 19—21 k/la y KOHTPOJBRHOMY Ta AOCIITHOMY
BapiaHTax, OJHAK 3a BIUIMBY TEXHOTCHHOIO 3a0pyAHEHHS iX KUIBKICTb
301UIbIITyBasIachk. BusiBieHo OiabIuit BMICT O1IKIB 13 Mr 22 x/la y crebax A0CaiHux
POCIIMH y TIOPIBHSHHI 3 KOHTPOJBHUM BapilaHTOM. 3a CTPECOBUX YMOB, Yy cTeOiax
S. viminalis yrBoproBaich 6inku i3 Mr 17 k/la. YV nucTkax AOCTIIHUAX POCIUH OYyB
MeHIIMI BMICT OIKIB 13 Mr 20—23 k/la y mopiBHSIHHI 13 KOHTPOJIEM, OJIHAK OLJIbIIe

oinkiB Mr 10 x/la. O1xe, 3a 1ii TEXHOT€HHOTO 3a0py/HEHHS B OpTraHaxX POCIHH S.



viminalis Hakomu4yBaauCh HHU3BKOMOJIEKYJSPHI CTPECOBI OUIKH, IO MOXKE OyTH
OB’ SI3aHO 3 IEBHUMH OCOOJIMBOCTSIMU MPUCTOCYBAHHS POCIIHH.

BceranoBneno BB TexHoreHHoro 3a0pyaHeHHs Ha AOC 30-tu mo0oBux
S.viminalis. BusBieHo 3HKCHHS BMicTy (EHOJBHHUX CIOJIYK 3a il cTpecy,
BHACIIIJIOK aJlanTallii poCiavH J0 HOBHUX YMOB Ta TOKCHYHOI il 3aconeHHs. OTpumani
JlaH1 MOKHA MOSICHUTH JeiIUTOM BOJIOTH, SKUIl BUHUKAE TIPU 3aCOJICHHI. BusBieHo
spocranns Bmicty AK, JAK ta JIKI'K y aucrkax Tta kopensx S.viminalis y
MOPIBHSHHI 13 KOHTPOJBHUMH pociimHamu. Y ctebmax S.viminalis BcTanoBieHO
iHTeHcuBHe BuKopucTaHHs AK Ta 3pocranns Bmicty JIAK ta JIKI'K BimHOCHO
KOHTpor0. OTpHMaHi pe3ybTaTH MOXYTh CBITYHTH MPO MPHCTOCYBAHHS POCITHH
S.viminalis 1o BIUIMBY TeXHOTEHHOTO 3a0pyaHeHHs. DepMeHTaTHBHA aKTUBHICTH 30-
1 1000BHX S. viminalis Oysa HalBHUIIO Yy JIMCTKAX JOCTIHUX POCIIHH, MTOPIBHSIHO
13 KOHTpoJbHMUMH. Bimomo, 1mo 3a pocTy Ha 3a0pyaHEeHOMY CyOcCTparti
CIIOCTEPIraeThCS  TMIJBHINEHHS  3arajJibHOI  MEPOKCHAA3HOI  aKTUBHOCTI, IO
MIITBEPIKYETHCSI OTPUMAHUMU JAaHUMHU. Y pe3ysbTaTl JabOpaTOPHUX TOCITIIKEHb
BCTAaHOBJICHO HAKOITMYCHHS TMPOITIHY B cTeOax 1 kopeHsx 30-tu moooBux S. viminalis
JOCITITHOTO BapiaHTy, MOPIBHSHO 13 KOHTpOJeM. Pe3ynpTaTu JOCTIIKEHHS MOXHA
MOSICHUTH (P1310JIOTTYHOIO MOCYXO10, sIKa BUHUKAE SIK HACJIJIOK 3aCOJICHHSI CyOCTpary
XBOCTOCXOBHIIIA.

3a yMOB pocTy B NOJIbOBUX yMoBaxX CTeOHHIIBKOTO XBocTOocxoBuIa, 120-tu
noboei S.  viminalis Oynum  BHKOpUCTaHI IS JOCHTIDKCHHS  CHCTEMH
AHTHUOKCHJIAHTHOTO 3aXUCTY POCJIMH B YMOBax TEXHOT'CHHOI'O 3aCOJICHHS. Y cTebax
S. viminalis BUsBICHO aKTHUBHICTh MEPOKCHIA3H Ta HAKOIMUYCHHS MPOJIIHY 3a YMOB
TEXHOTCHHOTO 3a0pyaHeHHs. OJHaK y KOPEHSAX CHOCTEpIrajiocs IiJIBUIICHHS
aKTUBHOCTI KarTaja3W. ApjanTamiiai wMexaismu S, viminalis nposBisiiucs y
30UTbLIEHH] KIJTBKOCTI CIMPTO- Ta BOJOPO3YMHHUX IYKPIB Yy JIMCTKaX Ta KOPEHSX
pociuH. OTxe, 30UTBIICHHS KUIBKOCTI Ta 3MIHM aKTUBHOCTI (PEPMEHTIB IMOKa3aJH
yuactb AOC B amanranii S. viminaliS 10 TexHOreHHOTO 3a0pyJHEHHS B yMOBax
CTeOHUIILKOTO XBOCTOCXOBHIIIA.

OTpumaHni pe3yiabTaTH IUCepTaIliiHOT poOOTH 3aCBITUYIOThH aIallTUBHI peakilii

S.viminalis B ymoBax pocty Ha cyOcTtpaTi XxBocTocxoBuina M. CTeOHHK, SKi



MPOSIBIISIIUCH Y aKTUBHOCTI aHTUOKCHIAHTHUX (DEPMEHTIB Ta 30UIBIICHHS BMICTY
He(DepMEHTATUBHUX AHTHOKCHUIAHTIB. TakoX BHUSBICHO UYITKE HAKOMYCHHS
HU3BKOMOJIEKYJISIPHUX CTPECOBUX OUIKIB MOPIBHSHO 13 KOHTPOJIBHHUMH POCIUHAMH.
BaxiauBo BimMmituTH, o S.viminalis nposBisim Qitropemeialiiini BIaCTHBOCTI.
OTpumaHni AaHi CTaHYTh BIANPABHOIO TOYKOIO JUIS PO3YMIHHS MEXaHI3MIB ajamnTartii
S. viminalis 1o xomriekcHOro BIUIMBY 3acojicHHS Ta BM B ymoBax CTeOHHMIIBKOTO
XBOCTOCXOBHIIA. BBakaeMo, 1m0 OTpUMaHi pe3yiabTaTH y MarOyTHHOMY HIaayTh
3MOTY BUKOpHCTOBYBaTH S. ViminaliS y mpupomoopieHTOBaHMX pIICHHSIX Ta €KO-
IHKCHEPHUX MPOEKTaX Ha TEXHOTCHHO 3a0pyAHCHUX TEPUTOPISX.

Karouosi caosa: Salix viminalis, xBocTocxoBuile, 3acojcHHS, MiHEpaIbHI
€JIEMEHTH, BakKKI MeTanH, diTopeMesiaiis, aHTHOKCHJIAaHTHA CHCTEeMa, Karajasa,
NEePOKCHUIa3a, PO3UYUHHI I[yKpH, (DEHOJIBHI CHOJIYKH, acCKOPOIHOBAa KHCIJIOTA, MPOJIiH,

CTpecoBi OLTKH, €eHA0(DITHI OaKTepii.

SUMMARY
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rights.
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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 (AOS) 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, ldiomarina, Marinamicrobium, and Halomonas
were represented in 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 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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