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1. AkTyanpHiCTh frCepTaLiliHOI PO60TH 3yMOBJIEHA HEOOXiTHICTIO BIIPOBAIKEHHS KJIIMaTUYHO ONITUMI30BaHUX
arpoTEeXHOJIOTIH, 3IaTHUX MiABUINYBAaTH aJallTALitHUIA MTOTEHIiajl KyJIbTYPHUX POCJIMH i CIIPUATH BUPILIEHHIO
Ipo6s1eMy POIOBOJIbYOI Oe3MeKM. BaKIMBUM HANPSIMOM TaKUX NOCTIIXKEHb € 3aCTOCyBaHHS (i3i0s0riyHO
AKTMBHUX PEYOBUH HOBOTO TOKOJIiHHS, 30Kpema 0-amiHoMacsigHoi kucsotu (AMK), sika B poc/inHax BUKOHY€E
dyHKIiI cTpecoBoro MeTaboJliTy Ta CUTHAJIbHO-PEryJSITOPHOI MoJIeKyJn. HeocTaTHbO 3'ICOBaHMMU 3aJIMIIAI0ThCS
ii 3B’513KM 3 KJIIOUOBMMH KJIITUHHMMU [TOCEPEIHUKAMU — aKTUBHUMU (OPMaMU OKCUTE€HY, iOHAMU KaJIblilo Ta
HITPOT€H OKCUAOM. MeTOI0 NOCiI)KEHHS OyJI0 BCTAHOBJIEHHS y4acCTi aKTUBHUX (POPM OKCUTeHY, ioHiB Ca2+ Ta
HiTporeH okcuay B peasnizauii BriuBy TAMK Ha CTiliKicTh 3€pHOBUX 3J1aKiB 10 a6i0TUYHMX CTPECOPiB, IPOLIeCH
IIPOPOCTaHHS 3€PHIBOK i MeTaboJIiuHi peakuii, 4yTausi Ao Aii ekdorenHoi TAMK. [l [ocsArHEHHS METU JOCIiIKEeHO
BB 'AMK Ha CTilIKiCTb MIIEHUL] I TPUTHKAJIE 4O BUCOKOI TEMIIEPATYPU, OCMOTAYHOIO Ta COJIbOBOTO CTPECIB;
Bu3Ha4yeHo poJib AQO, kasbiito Ta NO y po3BuTKy iHgyKoBaHOi 'AMK Ten1ocTiKoCTi; OLiHeHO QPYHKIiOHYBaHHS

AHTHOKCHUJIAHTHOI 11 OCMOIIPOTEKTOPHOI CUCTEM 32 MOJIEJIbHOI IIOCYXH Ta 3aCOJIEHHS; [IOPIBHSIHO €(PeKTUBHICTD



npaiMiHry 3epHiBoK i ¢osiapHOi 06po6KY; BcTaHOBIeHO BB 'AMK Ha MpopoCcTaHHS HaCiHHSA 32 HECHIPUSATINBUX
YMOB i CXOXiCTbh cTaporo HaciHHs. O6’'eKTaMU JOCiIyKeHHs 6y POCIMHY Ta HAaciHHS nueHuni m'sakoi (Triticum
aestivum) i Tputukare (x Triticosecale), coOpTu SIKUX Bipi3HsINCS 3a CTIMKICTIO 11 afalITUBHUMU CTpaTerismu. Y
PO6OTi 3aCTOCOBYBAIM MOJIEJIIOBAHHS NTOCyXU 3a gonomorolo I1EI' 6000, conboBuii crpec i3 BukopuctanHsam NaCl,
TEIJIOBUIA CTPEC, IPAMiHT HaciHHA i ¢posiapHy 06po6Ky po3unHamu ['AMK. 114 3'aCyBaHHSI CUTHAJIBHUX
MexaHi3MiB BUKOPUCTOBYBaU CKaBeHIKepH Ta iHribitopu AQO, NO i kanblieBux curHamnis. BusHauanu pocTosi
XapaKTEPUCTUKHU, BDKUBAHICTb, BOLHUN CTATyC, QOTOCUHTETUYHI IIrMEHTH, aKTUBHICTb aHTUOKCUJJAHTHUAX
(pepMeHTiB, HAKONIUYEHHS TPOJIiHY, ByTJI€BOIiB, GEHOJIbHUX CIOJIYK, aHTOLiaHiB, TOKa3HUKU OKVMCHIOBAJILHOTO
CTpeCy 1 aKTUBHICTb aMisniadu. OTprMMaHi pe3yIbTaTH 3acBigunay, mo ek3oreHHa '”AMK NO3UTHUBHO BIJIMBA€E Ha
iHTerpasibHi IOKa3HMUKU CTIMKOCTi 36pPHOBUX 3J1aKiB [0 BUCOKOI TEMIIEpATypHU, IIOCYXH Ta 3acosieHHs. O6pooka 'AMK
IigBUIyBaJia BUKUBAHICTb IIPOPOCTKIB MIIEHNUL] MTiCJIg IOTEHLIHHO JIETAJILHOTO TEMNJIOBOI'O CTPECY, 3MEHIIYBasIa
IIPUTHiYEHHS POCTY 32 OCMOTUYHOTO CTPECY Ta CHpUsia 30€PEXKEHHIO BOJIM Y TKAaHMHAX. Y Tputukane 'AMK
nocsabJsoBaja HeraTUBHUM BIIMB MOJEJIbHOI [TI0CYXU, COJIbOBOTO Ta KOMOIHOBAHOI'O CTPECiB, 3BMEHIIyBasa
re’epariio akTUBHUX (POPM OKCUT€HY ¥ HaKONIMUYEHHS MaJIOHOBOTO Jiajiberiny, NifBUIlyBala aKTUBHICTb
AHTUOKCUJAHTHUX (PEPMEHTIB, CIIPHUsLJIa HAKONMYEHHIO NIPOJIiHY, (EHOIBbHUX CIOJIYK Ta aHTOLiaHiB. BcTaHOBIIEHO,
o ingykosane 'AMK mifBuiieHHs TEIJIOCTIMKOCTI IPOPOCTKIB MIIeHMLIi TIOB'sI3aHe i3 3amydyeHHsIM APO Ta ioHiB
KaJIbIIiIO SIK CUTHAJILHUX I0cepeHuKiB. TAMK cripyuunHsia TpaH3UTOPHE 3PDOCTAaHHS BMICTY FiIpOr€H IEPOKCULY 3
[OAA/IBLIIVM MiJBULIEHHSIM aKTUBHOCTI CYIIEPOKCUAAUCMYTAa31, KaTasas!y i rBasikoJnepoKcuaasu. Bukopucranus
CKaBeHpKepiB Ta iHri6iTopis migTBepauio ydyacts HAIIOH-okcuaasy, KanblieBUX KaHAMIB i MO3aKJIITUHHOTO
KasbLito. [liss TAMK mana copToBy crieniudiky: y 4yTJAMBUX IO [TOCYXU COPTIB ii IPOTEKTOPHUM BILJIUB OYB
BUpaXeHUi1 cuibHile. [TpaliMiHr 3epHiBOK i ¢posiapHa 06pobka pocaud 'AMK nom'sikiyBaau picTiHTiOyBalbHY Jit0
I'PYHTOBOI TOCYXH, CIIPUSIIIN 30€PEXEHHIO BOJHOTO CTaTyCy Ta (POTOCMHTETUYHMX NIrMEHTIB, CTabiIi3yBaIu
aKTUBHICTh aHTMOKCUIAHTHUX (PEPMEHTIB i BMiCT OCMOJIITIiB. Bibill €(beKTUBHUM BUSIBUBCS MTPAUMIHT HACiHHSIL.
Briepie BCTaHOBJIEHO, 10 CTUMYJIIOBAHHS [IPOPOCTaHHS HACIHHS MIIEHUII] 32 YMOB OCMOTUYHOIO CTPECY IIif,
BrsinBoM 'AMK orocepeiKoByeTbCsl HITPOT€H OKCUAOM i IOB'I3aHe 3i 3MiHaMU BYIJIEBOJHOTO OOMiHY,
IiIBUIIEHHSIM aKTUBHOCTI aMinasy, HaKOMMYEHHSIM LYKPiB i peHobHUX crioyK. [IpaiiMiHT CTaporo HaciHHS
nmeHuni i tputrkane TAMK icTOTHO mifBuIyBaB €HEPTil0 IPOPOCTAHHS, CXOXICTh i PiCT IPOPOCTKIB. Lle
IIOSICHIOETHCS 3MEHILIEHHSM NPOSIBiB OKMCHIOBAJILHOTO CTPECY, 3HVKEHHSM reHepallii CyllepoKCHUIHOTO aHioH-
paZyKana, BMICTY rilpOreH NepoKCUIy Ta MaJOHOBOIO AiaybIerify, a TaKOXK MOCUJIEHHSIM OKPEMHUX KOMIIOHEHTIB
aHTHOKCHUJAHTHOI cucteMu. TakuM YMHOM, JOBEIEHO, 10 cTpec-ipoTekTopHa Aist TAMK nos’si3aHa 3 peryssiieio
CHTHaJIbHUX NpoleciB 3a yyacTio AQO, i0HIB Kasbliilo Ta HITPOreH OKCULY, a TAKOX 3 aKTUBAlli€l0 aHTUOKCUIAHTHO]
11 OCMOIIPOTEKTOPHOI CUCTEM POCJIMH. Pe3ynbTaty 06IpyHTOBYIOTh AOLINbHICTh BUKOpucTanHs: TAMK, oco61uBo y
¢dopmi mpaiimiHry, 15 MiIBUIIEHHS CTPECOCTINKOCTI 3€PHOBUX KYJIbTYP i MOJIIMIIEHHS TIOCIBHUX XapaKTePUCTUK

HaciHHS.

2. The relevance of the dissertation is determined by the need to introduce climate-optimized agrotechnologies
capable of increasing the adaptive potential of cultivated plants and contributing to the solution of global food
security problems. An important direction of such research is the use of new-generation physiologically active
substances, in particular o-aminobutyric acid (GABA), which performs the functions of a stress metabolite and a
signal-regulatory molecule in plants. Its relationships with key cellular mediators — reactive oxygen species,
calcium ions, and nitric oxide — remain insufficiently clarified. The purpose of the study was to establish the
involvement of reactive oxygen species, Ca2+ ions, and nitric oxide in the realization of the effect of GABA on the
resistance of cereal crops to abiotic stressors, the germination processes of grains, and metabolic reactions
sensitive to exogenous GABA. To achieve this purpose, the effect of GABA on the resistance of wheat and triticale
to high temperature, osmotic stress, and salt stress was investigated; the role of ROS, calcium, and NO in the
development of GABA-induced heat resistance was determined; the functioning of antioxidant and osmoprotective
systems under model drought and salinity was evaluated; the effectiveness of grain priming and foliar treatment
was compared; and the effect of GABA on seed germination under adverse conditions and on the germination
capacity of aged seeds was established. The objects of the study were plants and seeds of bread wheat (Triticum



aestivum) and triticale (x Triticosecale), the varieties of which differed in resistance and adaptive strategies. The
study used drought modeling with PEG 6000, salt stress induced by NaCl, heat stress, seed priming, and foliar
treatment with GABA solutions. To clarify the signaling mechanisms, scavengers and inhibitors of ROS, NO, and
calcium signals were applied. Growth characteristics, survival rate, water status, photosynthetic pigments,
antioxidant enzyme activity, accumulation of proline, carbohydrates, phenolic compounds, anthocyanins, oxidative
stress indicators, and amylase activity were determined. The results obtained showed that exogenous GABA had a
positive effect on integral indicators of cereal crop resistance to high temperature, drought, and salinity. GABA
treatment increased the survival rate of wheat seedlings after potentially lethal heat stress, reduced growth
inhibition under osmotic stress, and promoted water retention in tissues. In triticale, GABA alleviated the negative
effects of model drought, salt stress, and their combined action, reduced the generation of reactive oxygen species
and the accumulation of malondialdehyde, increased the activity of antioxidant enzymes, and promoted the
accumulation of proline, phenolic compounds, and anthocyanins. It was established that the GABA-induced
increase in heat resistance of wheat seedlings is associated with the involvement of ROS and calcium ions as
signaling mediators. GABA caused a transient increase in hydrogen peroxide content followed by an increase in the
activity of superoxide dismutase, catalase, and guaiacol peroxidase. The use of scavengers and inhibitors
confirmed the involvement of NADPH oxidase, calcium channels, and extracellular calcium. The effect of GABA
showed varietal specificity: its protective effect was more pronounced in drought-sensitive varieties. Grain
priming and foliar treatment of wheat plants with GABA mitigated the growth-inhibiting effect of soil drought,
contributed to the preservation of water status and photosynthetic pigments, and stabilized the activity of
antioxidant enzymes and the content of osmolytes. Seed priming proved to be more effective. For the first time, it
was established that the stimulation of wheat seed germination under osmotic stress by GABA is mediated by nitric
oxide and is associated with changes in carbohydrate metabolism, increased amylase activity, and the
accumulation of sugars and phenolic compounds. Priming aged wheat and triticale seeds with GABA significantly
increased germination energy, seed germination capacity, and seedling growth. This can be explained by the
reduction of oxidative stress manifestations, a decrease in the generation of superoxide anion radicals, hydrogen
peroxide and malondialdehyde content, as well as the enhancement of individual components of the antioxidant
system. Thus, it has been proven that the stress-protective effect of GABA is associated with the regulation of
signaling processes involving ROS, calcium ions, and nitric oxide, as well as with the activation of antioxidant and
osmoprotective systems in plants. The results substantiate the feasibility of using GABA, especially in the form of
seed priming, to increase the stress resistance of cereal crops and improve the sowing qualities of seeds.
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Kopg 3a €IPIIOY: 05417199

Micue3HaxoaKeHHS: ByJI. TepewmeHkiBcbka, Kuis, 01601, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:



1. Cracuxk Ozner OcranoBuy4

2. Oleh O. Stasyk

KBasmigikanis: 1.6.1., c.u.c., 03.00.12
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: IHcTUTyT (isiosnorii pocuH i renetrku HaiionasnbHoi akazemii

HayK YKpaiHu

Kopg, 3a €IPIIOY: 05417242

Micue3HaxoaKeHHS: ByJI. BacunbkiBebka, Kuis, 03022, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Kusik Haraunis fIpocnasiBHa

2. Nataliia Y. Kyiak

KBasidikamis: 1. 6. 1., crapmmit HayKoBuii ciiBpo6iTHUK, 03.00.12

InenTudikarop ORCID ID: 0000-0001-8965-9060

HoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/IJ.II/I‘-IHOi 0Co0M: [HcTuTyT ekosiorii Kapnat HanionasnpHOI akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05540066

Micue3HaxoaKeHHS: ByJI. KosenbHUIIBKA, JIBBiB, 79026, YKpaina

dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpainu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Po>xxkoB PomaH BikTopoBrY

2. Roman V. Rozhkov

KBasnigikanis: . 6. 1., gou,, 03.00.15

Imentudikarop ORCID ID: He zactocoyerbcs

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMI 6i0TEXHOIOTIYHMIA YHIBEPCUTET

Kopg 3a €IPIIOY: 44234755



Micue3HaxoaKeHHS: ByJ1. AT4eBChbKUX, XapKiB, XapKiBCbkuil p-H., 61002, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

[lleByeHKko Mukona BikropoBud

[lleBuenko MukoJsa BikTopoBruy

Minenko Codist IBaHiBHa

Opuenko Tetsana AHaTosiiBHa

FOpuenko TetsiHa AHaTOJiiBHA



