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Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIY€HA BUBUEHHIO YYaCTi KOMIIOHEHTIB aHTUOKCUJAHTHOI Ta OCMOITPOTEKTOPHOI
CHCTEM Y JKUTA, NNIIEHUL]] i TPUTHKAJIE B ixX ajanTalii 0 HU3bKUX TEMIIEPATyP Ta JOCIiIPKEHHIO iHIyKYBaHHS LIAX
CHCTEM [li€lo ra3oTpaHcMiTepiB okcuy azoty (NO) i cipkoBopHio (H2S) Ta ¢iToropmoHy caninunoBoi KUCaA0TU. Y
PO6OTI MOKa3aHO 3MiHM y (PYHKLIOHYBAaHHI aHTUOKCUJAHTHOI Ta OCMOIIPOTEKTOPHOI CUCTEM IIPU
HU3bKOTEMIIEPAaTYPHOMY 3arapTyBaHHI 3€PHOBUX 3J1aKiB, 1[0 BKa3ye Ha iX 3Ha4€HH B afianTaliii 7o rinotepmii;
BCTAHOBJIEHO BUJOBIi Ta COPTOBi 0COOJIMBOCTI PYHKIIIOHYBaHHS LIUX CUCTEM i IOKa3aHO MOJKJIMBICTD iX iHAyKyBaHHS
Ta MiJBUIIEHHS MOPO30CTiIKOCTI POCJIMH IIJISIXOM 3aCTOCyBaHHs AoHOpiB NO i H2S Ta ¢itoropmony caninunosoi
KACJIO0TU. OCHOBHMMU €KCIIEPUMEHTAIbHUMU 00'€KTaMU CJIYTYBaJIM €TiOJIbOBaHI IPOPOCTKYU MIIEHUL M'SKOi

(Triticum aestivum L., copT JJockoHasa, 03UMMii, MOPO30CTilKUii), )kuTa nociBHoro (Secale cereale L., copt [Tam'saTb



Xyznoepka, 03MMUI, MOPO30CTilKui), TpuTrKaie (x Triticosecale Wittmack, o3umi mopo3socrTiiiki coptu Papurer,
BykeT Ta HEMOPO3O0CTiliKi copTu «IBOPYyYKU» — Osekcanpa i [Tin3uMoK xapKiBCbKuUit). 3arapTyBaHHS IIPOPOCTKIB
IIPOBOJIMJIN ITPOTSTOM 6-7 1i6 3a Temmneparypu 2-4°C. Takosx 3arapToBaHi Ta He3arapTOBaHi IPOPOCTKY IifaBanu
IIPOMOPOXKYBAHHIO 32 TEMIEPATyp AianasoHy Bif -5 7o -9°C i BU3HaYanu iX BUXKUBAHICTb. Y cepii eKCIIepUMEeHTIB 3
IOCJIiIPKEHHS BIUIMBY JJOHOPA CipKOBOJHIO HA CTilKiCTh IPOPOCTKIB [I0 BiJ € MHUX TE€MIIEPATYP Tigpocyibif,
HaTpilo (NaHS) B koHLeHTpauisx nianazony 0,025-1 MM nopaBanu B cepeioBulile Ha [1049aTKy IPOPOLIYBAHHS
HaCiHH4 i Ha TpeTIo 100y. B excriepumeHTax 3 oniHKu BIMBY NO Ha CTilIKiCTb 0 Bi’eMHUX TEMIIEPaTyp
[IPOBOAVIIV NTpaiMyBaHHA HACiHHA ZOHOPOM NO LIJISIXOM 3aHYPEHHS B PO3YMH HITPOIPYyCUAY HATPIiIO
(Na2[Fe(CN)5NO], HITH) B koH1)eHTpalisx Aianazony 50-200 MKM. B cepisx nocinis 3 KoOMGiHOBAaHOTO BILJIUBY
caniuniooi kucaotu Ta HITH HaciHHA gocigKyBaHUX BapiaHTiB 3aHYPIOBaIX B PO34MH, 10 MicTuB 10 MKM
casninunosoi kucsnotu Ta 100 MxM HITH. B po60Ti npoBeieHO NOPiBHSIHHS MOKAa3HUKIB (QYHKIIOHYBaHHS
aHTUOKCUJAHTHOI Ta OCMONIPOTEKTOPHOI CUCTEM E€TiONIbOBAHUX NPOPOCTKIB O3MMUX XKUTA, TPUTUKAJIE | NIIEHUL Y
diziosiorivHO HOpMaIbHUX YMOBAX i ITICJIS1 XOJIOOBOTO 3arapTyBaHHs, B aflallTallilo )KUTa A0 rinoTepmii 6inpmnii
BHECOK pOOJISITh BUCOKI aKTMBHICTb IEPOKCUIA3Y Ta BMICT NIPOJIiHY, @ TPUTHKAJIE — BUCOKMI BMICT (PJIaBOHOIAIB i
IyKpiB. BogHOouac y nimeHunui mics 3arapTyBaHHs Gibll iCTOTHO 3MiHIOBAIaCs aKTUBHICTh aHTUOKCUIAHTHUX
depmentiB COJl i kaTanasu. B cepisix eKCrIepuMEHTIB 3 PI3HUMU COPTAMU TPUTHKAJIE BCTAHOBJIEHO 3B'SI30K MiK
MOPO3OCTIHKICTIO Ta CTAHOM aHTUOKCUIAHTHOI cucTeMu. [licyis 3arapTyBaHHs IPOPOCTKIB ITpy 2-4°C MPOTAToM 6
Ii6 y MOpO30CTilIKUX COpTiB TpuTUKae Byker i Paputer aktuBHocTi COJl i KaTanasy NiABUIYBAIKCS, @ Y MEHII
crifikux — Onekcanpgpa i ITin3MMoK XapKiBCbKUI —3MiHIOBAJIMCSI MEHII iCTOTHO. BoiHOYAC Y LIMX COPTIB 6isbII
IIOMITHO 3pOCTaJla aKTUBHICTb IEPOKCUAA3U. Y 3arapTOBAaHUX IIPOPOCTKIB copTiB byker, Papuret i Onekcangpa
BMICT IIyKpiB OyB 3Ha4YHO BUILMM, HiX y copTy [1ij3MMOK XapKiBCbKMIA. BMiCT NPOJIiHY Y BiJlIOBiZib HA 3arapTyBaHHS
iIBUIIYBaBCS B YCIX COPTIB, TP LIbOMY a0COJIIOTHI 3HaYeHHS y copTiB Byker, Papurer i I[1in3MMOK XapKiBCbKU
OyJsii BUIIMMH, HDK y copTy Osiekcanapa. BcTaHOB/IEHO, 1[0 MiK MOPO3OCTIHKICTIO IPOPOCTKIB i JOPOCANX POCTINH
INIIEeHUII], )KUTA 1 TPUTHKaJIE iCHYe JOoCTaTHbO TicHa Kopessuis (r = 0,78, P < 0,07). OgHaxk TicHa KopeJisLis
Bij3Ha4asacsl MK iHTerpajbHMM HOPMOBAHMM ITOKa3HUKOM, 110 CKJIaAaBCs 3 CyMU HOPMOBAHUX BEJIMUMH
AKTMBHOCTI aHTMOKCUJAHTHUX (PEPMEHTIB Ta BMiCTy HU3bKOMOJIEKYJISPHUX IIPOTEKTOPIB y 3arapTOBaHUX
IIPOPOCTKIB 3J1aKiB i MOpO3OCTiliKicTIO POpOoCTKiB (r = 0,94, P < 0,01) Ta pocnuH y ¢asi kyuinus (r = 0,90, P < 0,05).
Lle iHTerpasbHUM [IOKa3HUK MOXXE OYTH BUKOPUCTAHUM SIK MAPKEP MOPO30CTIMKOCTi 03MMUX 3J1aKiB JJ1s1
BUSIBJIEHHS CTIMKUX T€HOTUIIIB. [IpoBefeHO NOPiBHSIBHE AOCIIIKEHHS BIUIUBY €K30reHHoro H2S Ha crifikicTb
IIPOPOCTKiB 03MMMUX MIIEHUL Ta XXUTa [0 KpiocTpecy. O6pobka HezarapToBaHUX MPOpocTKiB NaHS B
KoHUeHTpauiax 0,11 0,5 MM BukJIMKasa niABULLEHHS iX BUXKMBAHOCTI I1iCJIsl IPOMOPOXKYBaHHS [IpY TeMIlepaTypi -
5°C. TIpaiimyBaHHS 3€pHIBOK O3MMUX >KUTA i MIIEHUIi JOHOPOM OKCHAY a30Ty HiTporpycugom Hatpito (HITH ,
100-200 MKM) nipBuIyBaso 3GaTHICTb IPOPOCTKIB O X0OJI0I0BOr0 3arapTyBaHHsl. [loKka3aHO MifBUIEHHS
BVKMBAHOCTI IIPOPOCTKIB IiCJIs TPOMOPO’KYBaHHSI BHACJIIOK IIpaliMyBaHHs HACiHHS casiluioBoo KucyioTomwo (10
MKM) i nocuseHHs 3axMCcHOro eeKkTy Npu KOMOiHOBaHi 06pobLi canilnnioBoo KUCA0To 3i 100 MkM HITH. Takum
YMHOM, JOHOPHU ra30TPAHCMITEPIB CiPKOBOJHIO Ta OKCUIY a30TY, & TAKOX CTPECOBUI (PITOTOPMOH CalillIOBa
KHMCJIOTa, MOKYTb YMHUATU KPiONIPOTEKTOPHUI BIJIUB Ha 3J1aKU, aKTUBYIOUM CUTHAJILHY MEPEXY i TOCUIIIOI0UN

(YHKLiIOHYBaHHS aHTUOKCUAAHTHOI Ta OCMOIIPOTEKTOPHOI CUCTEM 32 YMOB aJiallTallii pOCJIMH 0 XOJIOLy.

2. The dissertation is devoted to the study of the participation of the components of antioxidant and
osmoprotective systems in rye, wheat, and triticale in the adaptation to low temperatures, and to the study of
these systems’ induction by gasotransmitters nitrogen oxide NO and hydrogen sulfide H2S, and phytohormone
salicylic acid. In the work, changes in the functioning of antioxidant and osmoprotective systems at low-
temperature hardening of grain cereals were shown, which indicates their importance in adapting to hypothermia;
species and varietal characteristics of these systems were identified and the possibility of their induction and
increase of frost resistance of plants through the application of H2S and NO donors, and phytohormone salicylic
acid were shown. The main experimental objects were etiolated seedlings of soft wheat (Triticum aestivum L.,
variety Doskonala, winter, frost-resistant), rye (Secale cereale L., variety Pamyat' Khudoerka, winter, frost-
resistant), and triticale (xTriticosecale Wittmack, frost-resistant winter varieties Raritet and Buket, and non-frost-



resistant facultative (‘dvuruchka’) ones Alexandra and Pidzymok Kharkivskiy). Hardening of seedlings was
performed for 6 -7 days at a temperature of 2-4°C. Hardened and unhardened seedlings were subjected to freezing
at temperatures of -5 or -9°C, and their survival was determined. In a series of experiments to study the effect of
H2S on the resistance of seedlings to negative temperatures, sodium hydrosulfide (NaHS) in concentrations range
of 0.025-1 mM was added to the medium at the beginning of seed germination and on the third day. In the
experiments to study the NO effect on frost resistance, seeds were primed with NO donor by immersion to the
sodium nitroprusside (Na2[Fe(CN)5NO], SNP) solution in concentrations range of 50-200 puM. In the series of
experiments on the salicylic acid and SNP combined effects, seeds of the studied variants were immersed in a
solution containing 10 uM salicylic acid and 100 uM SNP. The paper compares the performance indicators of the
antioxidant and osmoprotective systems of etiolated seedlings of winter rye, triticale, and wheat in physiologically
normal conditions and after cold hardening, high peroxidase activity and proline content make a greater
contribution to the rye adaptation to hypothermia, and triticale has a high content of flavonoids and sugars. At the
same time, in wheat the activity of the antioxidant enzymes SOD and catalase changed more significantly after
hardening. In a series of experiments with different varieties of triticale, a relationship was established between
the frost resistance and the state of antioxidant system. After hardening of seedlings of frost-resistant triticale
varieties Buket and Raritet at 2-4°C for 6 days, the activities of SOD and catalase increased, and in less resistant
Alexandra and Pidzymok Kharkivskiy changed less significantly. At the same time in this varieties the activity of
guaiacol peroxidase increased more markedly. The hardened seedlings of Buket, Raritet, and Alexandra varieties
had a much higher sugar content than the Pidzymok Kharkivskiy variety. The content of proline in response to
hardening increased in all varieties, while the absolute values in the varieties Buket, Raritet, and Pidzymok
Kharkivskiy were higher than in the variety Alexandra. It was found that there is a fairly strong correlation between
the frost resistance of seedlings and adult plants of wheat, rye and triticale (r = 0.78, P < 0.07. However, a strong
correlation was observed between the integral normalized index, which consisted of the sum of normalized values
of antioxidant enzyme activity and the content of low-molecular-weight protectors in hardened seedlings, and
frost resistance of seedlings (r = 0.94, P < 0.01) and plants in the tillering phase (r = 0.90, P < 0.05), and their frost
resistance. This integral index can be used as a marker of frost resistance of winter cereals to identify resistant
genotypes. A comparative study of the exogenous H2S effect on resistance of wheat and rye seedlings to
cryostress was conducted. Treatment of unhardened seedlings with NaHS at concentrations of 0.1 and 0.5 mM
caused an increase in their survival after freezing at -5°C. Priming of rye and wheat seeds by 0.1-0.2 mM SNP
increased their hardening ability. The increase in the seedlings’ survival after freezing due to priming of seeds was
shown as a result of priming seeds with 10 uM salicylic acid, and combined treatment with 10 uM salicylic acid and
100 uM SNP enhanced the protective effect. Thus, donors of gasotransmitters hydrogen sulfide and nitrogen oxide,
as well as plant stress hormone salicylic acid, can have a cryoprotective effect on cereals, activating a signaling
network and enhancing the functioning of antioxidant and osmoprotective systems when plants adapt to cold.
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