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Hucepramiitna poOoTa TPHUCBIYCHA BUBYCHHIO y4acTi KOMITOHCHTIB
AHTUOKCHIAHTHOI Ta OCMOIIPOTEKTOPHOI CUCTEM Yy JKWTA, MIICHMII 1 TPUTHKAJIE B 1X
ajanTamii 10 HU3bKUX TEMIIEPATyp Ta AOCIIHKCHHIO IHAYKYBaHHS ITUX CUCTEM JI€I0
razorparcmitepiB  okcuay aszory (NO) 1 cipkoBoguio (H2S) Ta ditoropmony
CaTIIUIOBOT KUCIIOTH.

Y pob6ori mokazaHO 3MiHM Yy (YHKI[IOHYBaHHI aHTHOKCHUIAHTHOI Ta
OCMOIIPOTEKTOPHOT CHCTEM MpPU HU3ZBKOTEMIIEPATYPHOMY 3arapTyBaHHI 3€pHOBUX
3JIaKiB, 110 BKa3y€ Ha iX 3HAYEHHS B aJaritallii 10 TinoTepmii; BCTAaHOBJICHO BHJIOBI Ta
COPTOB1 0COONMMBOCTI (DYHKIIIOHYBaHHS IIMX CHUCTEM 1 IIOKa3aHO MOJXKIIMBICTH iX
IHAYKYBaHHS Ta TIABUIICHHS MOPO30CTIHKOCTI POCIMH MHUISXOM 3aCTOCYBaHHS
nonopiB NO 1 HS Ta ditoropmony caminuioBoi KUCIOTH.

OCHOBHMMH  €KCIEPUMEHTAILHUMH 00’ €KTaMH  CIOYTryBaJld  €Ti0JbOBaHi
npopoctku mmeHumi M'skoi (Triticum aestivum L., copr JlockoHana, O3MMHIA,
MOpO30CTilikmii), kura mociBHOTo (Secale cereale L., copr Ilam'ate Xymoepka,
O3UMMI, MOPO30CTiiiKuii), TpuThKaiue (X Triticosecale Wittmack, o3umi Mopo3ocTiiKi
coptu Paputer, byker Ta HEMOpPO30CTiiiKi cCOpTH «aBOpyukm» — OnekcaHmpa i
[Tig3uMoK XapKiBChKUii). 3arapTyBaHHS IPOPOCTKIB MPOBOAMIN MPOTATOM 6-7 110 3a
temnepatypu 2—4°C. Takox 3arapToBaHl Ta He3arapTOBaHI MPOPOCTKH ITi/I1aBaIn
MPOMOPOXKYBAHHIO 3a TEMIlepaTyp [diama3oHy Big -5 mo -9°C 1 Bu3Hauamm ix
BHDKMBAHICTb.

VY cepii eKkcCliepUMEHTIB 3 JOCIIIKEHHS BIUIMBY JIOHOpPA CIPKOBOJHIO Ha

CTIMKICTh MPOPOCTKIB 10 BiA’€MHHUX TemmepaTyp riapocynbdin HaTpito (NaHS) B



KOHUeHTpalisax niana3ony 0,025-1 MM nopaBanu B cepeloBHILE HA MOYATKY
MPOPOILYBaHHS HACIHHS 1 HA TPETIO J00Y.

B ekcnepumMenTax 3 ouinku BBy NO Ha CTIMKICTB 10 BT’ €MHUX TEMIIEPATYP
MPOBOAWIM TpaiiMyBaHHA HaciHHS OoHOpoM NO HIISAXOM 3aHYpEHHS B PO3YMH
uitponpycuay Hatpiro (Naz[Fe(CN)sNO], HITH) B konnenTpamisx aianazony 50-200
MKM. B cepisgx gociniiiB 3 KOMOIHOBAHOTO BIUIMBY calimioBoi kuciaotu Ta HITH
HACIHHA JOCIIKYBaHHMX BapiaHTIB 3aHypIOBaIM B pO3uuH, 1O MictuB 10 MxM
camiruiaoBoi kuciotu ta 100 MmxM HITH.

VY He3arapToBaHUX 1 3arapTOBaHUX MPOPOCTKAX 3JIaKiB BU3HAYAIM aKTHBHICTh
aHTUOKCUIAHTHUX  (epmenTiB  cymepokcuaaucmyrtazu  (COJl), xkaramasm 1
NEPOKCHIa3u, aKTUBHICTh (peHLTaIaHIHAMOHIIIIA31, BMICT (DJIABOHOINHHUX CIOJYK,
IyKpiB 1 mpoiiiny. PiBeHb OKMCHIOBaJIbHUX MOIIKO/IKEHb OIIHIOBAJIM 32 BMICTOM Y
NPOPOCTKaX TPOAYKTY mepokcuaHoro okucHeHHs minaiB (ITIOJI) wmamoHOBOTO
mansaeriny (MJIA).

B  pobGori mpoBeaeHO  TOPIBHSHHSA  TOKa3HUKIB  (YHKI[IOHYBaHHS
AHTUOKCUJIAHTHOI Ta OCMOIPOTEKTOPHOI CHCTEM E€TIOJIbOBAHUX MPOPOCTKIB O3UMHUX
KUTA, TPUTHKAJIC 1 MIISHUII Y (Pi31070TTUHO HOPMATIBLHUX YMOBAX 1 MICJISI X0JI010BOTO
3araptyBanHs. AktuBHicTh COJl 1 karanmasu 3a HOPMAJIbHHX YMOB Y TPbhOX BH/IIB
3JIaKiB ICTOTHO HE Bifpi3Hsiacsa. BogHodac akTHBHICTH MEPOKCHUAA3M Y KUTa Oyia
HabaraTo BUIIOI0, HDK y TINCHUIl W TpUTHKaJE. 3arapTyBaHHS CIPUUYUHSIO 3HAYHE
nigsuimeHas aktuBHOcTi COJl y mMIeHMIll Ta MEHII ICTOTHE Yy MPOPOCTKIB KHUTa 1
TPUTHKANE. AKTHBHICTh TEPOKCHIIA3W MICIs 3arapTyBaHHs MiJBUIyBanacs B YCIX
JOCTIPKYBAaHUX 37aKiB. BMICT IMyKpiB y HE3arapTOBaHHX TMPOPOCTKIB KHUTA 1
TPUTHKAJIE ICTOTHO TEPEBUINYBaB Takuil y mmieHuni. [licis 3arapTyBaHHS BiH
MIPOTIOPIIIITHO MiABUIITYBABCA Y BCIX TPHOX 37aKiB. bazoBuii BMicT poIiHy y KuTa OyB
3HAYHO BUIIUM, HDK y TIICHUIN Ta TPUTHKANE. 3arapTyBaHHS BHUKJIMKAIO 1CTOTHE
MIABUIIEHHS BMICTY TPOJIHY y JKATAa 1 MEHII TOMITHE B IHIIUX BHUIIB 37aKiB.
Haii6inpmmii BMICT aHTOIIIaHIB CIIOCTEPIraBCcsl y JKUTA, a HAWMEHIIWN y TIIICHHUIII.
[Ticns 3arapTyBaHHS KUIBKICTh aHTOIlIAHIB MIJBHIIyBajacs B YCiX JOCIIIKYBaHHUX
3nakiB. Bwmict 0Oe30apBHUX (IaBOHOIAIB, 1O MOrIMHAIOTH B objacti YO B, 3a

(G1310JIOT1YHO HOPMAJILHUX YMOB 1 IICJISI 3arapTyBaHHA Yy UTa 1 TpUTUKaie OyB



BUIIIUM, HIK y OIICHUIl. TaKuM YUHOM, B aJamTallilo KUTa 0 TIHoTepMil OUTBIIUI
BHECOK pOOJIATh BUCOKI aKTUBHICTh MEPOKCHUAA3U Ta BMICT MPOJIIHY, a TPUTHUKAJIE —
BUCOKHM BMICT (pIaBOHOIJIB 1 LyKpiB. BopHoYac y MIIEHUI MICAs 3arapTyBaHHS
OUTbII ICTOTHO 3MIiHIOBajacsi AakKkTUBHICTh AaHTHOKCHUAAHTHUX ¢epmeHTiB COJ[ 1
KaTanxasu.

B cepisix ekciepuMeHTIB 3 PI3HUMU COpPTaMH TPUTHKAJE BCTAHOBJIEHO 3B'SI30K
MDK MOPO3OCTIMKICTIO Ta CTAHOM aHTUOKCHJIaHTHOiI cuctemu. [lokazaHo, 1m0 micis
XO0JI0JIOBOTO 3arapTyBaHHS MPOPOCTKIB TPUTHKAJIE PI3HUX COPTIB B HUX B1AOyBajocs
3HIDKCHHS BMICTY MajioHOBoro mianpaeriny (MJIA), o ornocepekoBaHO BKa3ye Ha
aKTUBAIlII0O AHTUOKCUAAHTHOI cucTeMH. BomHodac edext 3poctanHs Bmicty MJIA
micJisi IPOMOPOXKYBaHHs OyB XapaKTepHUM JIJisi MPOPOCTKIB HEMOPO3OCTIUKUX COPTIB
TPUTHKANE, a y CTIMKUX copTiB 3MiHM BMmicTy MJIA micis kpioctpecy Oynu
He3HAYHUMU. Lle CBIMYUTH MPO BaKIUBY POJIb OKHCHIOBAIBHOTO CTPECY Y PO3BUTKY
TIOIITKO/IPKEHB, CIIPUYHHIOBAHUX JI€I0 XOJIOAY.

[Ticnsa 3arapTyBanHs TPOPOCTKiB TIpH 2—4°C npoTsaroMm 6 1i0 y MOPO30CTIMKUX
coptiB Tputukaine byket i Papurer aktuBnocti CO/] 1 kaTayna3u migBUITYBaIUCS, a Y
MeHIl cTinkux — Onekcanapa i [Ti13uMok XapKiBCbKUN —3MI1HIOBAIMCS MEHIII ICTOTHO.
BoaHovac y mux copTiB OUIBII MOMITHO 3pOCTalia aKTUBHICTh TIEPOKCHIA3H.

VY 3araproBaHux mpopocTKiB copTiB byker, Papuret 1 Onexcanapa BMICT I[yKpiB
OyB 3HAYHO BUIIUM, HIK Yy copTy Ilim3umok xapkiBCcbkuii. BMIiCT npoJiiHy y BiATIOBIIb
Ha 3arapTyBaHHS IIJBHINYBABCA B YCIX COPTIB, NPHU I[bOMY aOCOIIOTHI 3HAYCHHS Y
coptiB byker, Papurer i Ilim3umMok XapKiBCbKUU Oyau BHUIIUMHU, HIK y COPTY
Onexcanapa. IllectumoboBe 3arapTyBaHHS CHOPUYUHSIIO ITIBHUINEHHS BMICTY
(b1aBOHOINIB Y MPOPOCTKAX YCIX AOCTKYBaHUX copTiB y 1,7—1,9 pasa, npu mipomy
ICTOTHUX COPTOBHX BIIMIHHOCTEH HeE Big3Hadanmocs. BogHowac BMICT aHTOIIaHIB y
HEe3arapTOBaHUX MPOPOCTKIB PI3HUX COPTIB BIAPI3HABCSA: HAWBUIIUM BiH OYB Y COPTY
byker, a maitnmxunm — y coprty [lim3umox xapkiBchkuil. B mporieci xom0m0BOro
3arapTyBaHHsI BIH 3pOCTaB 1 IOCATaB MPUOJIN3HO OJJHAKOBUX BEJIMUWH y COPTiB byker,
Papurer 1 Onekcanapa, mpore y HailMeHII Mopo3ocTiiikoro copty IlinzuMok

XapKIBChKHH 1Iel MOKa3HUK OyB 3HAYHO HMKYHUM. Taki pe3yabTaTh MOXKYTh CBIITUUTH



PO TMOMITHUN BHECOK AaHTOLIaHIB, aje€ HEe BTOPUHHUX META0OJITIB B IUIOMY, B
aJanTallilo TPOPOCTKIB TPUTHKAJIE 10 HU3bKUX TEMIEPATYD.

BcranoBieHo, 1mo MK MOPO30OCTIMKICTIO MPOPOCTKIB 1 JIOPOCIUX POCIUH
TMIIEHUII], )KUTA 1 TPUTUKAJE ICHY€E TIOCTaTHBO TicHa kopessuis (r = 0,78, P < 0,07).
BupazHoro 3B’S3Ky MDK OKpEeMO B3STUMHU TNOKa3HUKaMu (YHKIIOHYBaHHS
AHTUOKCHUJIAHTHOT CUCTEMH Ta MOPO30CTINKICTIO HE BUsIBIIEHO. OHAK TICHA KOPEJISIis
Bi/I3HAYasacss MiX IHTETpaJbHUM HOPMOBAaHUM MOKA3HUKOM, IIO CKJIQJaBCS 3 CYMH
HOPMOBAaHUX BEJIMYMH AKTHUBHOCTI aHTHOKCHUJAHTHHX ()EPMEHTIB Ta BMICTY
HU3BKOMOJICKYJISIDHUX TPOTEKTOPIB y  3arapToBaHUX IMPOPOCTKIB 3JIaKiB i
Mopo3ocTiikicTio mpopocTkiB (I = 0,94, P <0,01) ta pocnun y ¢a3i kyurinas (r = 0,90,
P < 0,05). Lleil iHTerpanbHUi MOKa3HUK MOXKe OYTH BUKOPHUCTAHMMA SIK MapKep
MOPO30CTIMKOCTI 03UMUX 3JIaKiB ISl BUSBJICHHS CTIMKUX T€HOTHIIIB.

[TpoBeneHo mopiBHSAIBHE AOCTIIKEHHS BIUIMBY €K30TeHHOTO H)S Ha CTIMKICTh
IPOPOCTKIB O3UMUX IMIIEHHUIl Ta XHUTa 0 KpiocTtpecy. OOpoOka He3arapToBaHUX
npopoctkiB NaHS B konmnentpamisx 0,1 1 0,5 MM BukiIukana MiABUIICHHS iX
BIDKMBAHOCTI ITICIIS IPOMOPOXKYBaHHs mpu TeMriepatypi -5°C. O6podka NaHS B Takux
K€ KOHIICHTpAIlIIX TaKoX 30UIblllyBajla BHKUBAHICTh 3araptoBaHux npu 2-4°C
IPOPOCTKIB 000X BUAIB Micis iX mpomopoxyBaHHs npu -9°C. Ilig snnuBom NaHS B
IpOpOCTKax 000X BHIIB 3a omTuManbHOl Temmeparypu (20-22°C) i B ymoBax
XOJIOZOBOTO 3arapTyBaHHS BiJ3HA4Yanocs MABUINEHHS BMICTY HYKpPIB 1 MPOIIHY.
Takoxx 00pobka NaHS cmpuumHsna akTHBaIil0 BTOPUHHOTO METa0OJI3MY, IO
BHUSIBJISIIOCS B IMIJIBUIIICHHI aKTUBHOCTI (PeHLTaNIaHiHAMOHIMIIa3u 3a (Pi3i0I0riyHo
HOpPMaJIbHUX yYMOB 1 Ha ()OHI 3arapTyBaHHS B 000X BHIIB. BMICT aHTOIiaHIB mpu
00po611i NaHS 36inbmryBaBcst TUTBKH Y IPOPOCTKIB MIIIEHUITI, aJIe Y TPOPOCTKIB JKUTA
M1 BILTMBOM €K30T€HHOTO CIPKOBOJHIO 3pOCTaB BMICT Oe30apBHUX (hIaBOHOIMIB, IO
nmorimHaTh B obmacti Y®-B. O0pob6ka NaHS Takoxx crnpuumHsUIa TiABHIICHHS
AKTUBHOCTI KaTaja3W Ta TEPOKCHIa3u B MPOPOCTKax 000X BHIIB 3a 3BHYAWHOI
Temrmeparypu Ta micna 3araptyBaHHsa. [lig BmumBom NaHS B o0ox Bumis
3MEHIIIYBAJIOCS CIIPUYHMHIOBAHE TPOMOPOKYBaHHAM HakonnueHHs MJIA.

[IpaliMmyBaHHSl 3€pHIBOK O3UMHUX >KATA 1 NIICHUII JOHOPOM OKCHIY a30Ty

HitponpycuaoM Hatpito (HITH , 100-200 MxM) miaBuiryBago 34aTHICTh IPOPOCTKIB



10 XojomoBoro 3araptryBaHHs. OOpoOka Hacinusg HITH chpusina migBuiieHHIO B
MPOPOCTKAX BMICTY IYKPIB, MPOJIIHY, aHTOI1aHIB 1 ()JIABOHOINIB, 1[0 MOTJIUHAIOThH B
obnacti Y®-B. ¥V Hux Takox cnoctepiranu 30uibmieHHs aktuBHocTi COJl 1
nepokcunazu. llpaiimyBanns Hacinas HIIH 3amo6irano 3HauHOMY HAaKOMUYEHHIO
MJIA y npopocTKax miciist iX TpOMOPOKYBaHHS.

[loka3aHO NiABUIIEHHS BMXKMBAHOCTI IMPOPOCTKIB TMICHS MPOMOPOKYBaHHS
BHACJIIJIOK MpaiMyBaHHS HACIHHS calinuiaoBoro kucioror (10 MkM) 1 mocuiieHHs
3aXUCHOTO €(eKTy Mpu KOMOIHOBaHIM 00poOili caminuioBo Kuciaotow 31 100 MmxkM
HITH. OGpoOka HaciHHA CaJIUIOBOI0 KHCJIOTOK CHPUYHUHSIA IT1ABUIIEHHS
aktuBHOcTi CO/I, Katana3u Ta mepokcuja3u, BMICTY MPOJIHY Ta LYKPIB y TKAaHUHAX
npopocTkiB. [Ipy KOMOIHOBAaHOMY BHKOpPHCTaHHI camiinuiaoBoi kuciotu Ta HITH B
IPOPOCTKAX Bi3HAUYAIOCH J0aTKOBE MiaBuUIleHHs akTuBHOCTI CO/J] 1 BMICTY ITyKDiB.
Otxe, 3a cyMicHOi Aii caminuioBoi kucnotu Ta HITH ix crpec-nmpoTekTopHi edextu
MOCHJTIOBAJIHCS.

TakuM 4YMHOM, JOHOPU Ta30TPAHCMITEPIB CIPKOBOJHIO Ta OKCHAY a30Ty, a
TaKOXX  CTPECOBHM  (DITOTOPMOH  CANIIMIOBA  KHUCJIOTA, MOXYTh  YMHHUTH
KPIOTPOTEKTOPHUI BIUTUB Ha 3JIaKH, aKTUBYIOUM CUTHAJIbHY MEPEXKY 1 MOCUITIOI0YU
(G yHKITIOHYBaHHS aHTHOKCHUJIAHTHOI Ta OCMOIIPOTEKTOPHOT CUCTEM 3a YMOB aianTartii
POCIIMH JI0 XOJIOY.

KimrowoBi cnosa: Triticum aestivum L., Secale cereale L., x Triticosecale
Wittmack, anTrnokcuaanTHi pepMeHTH, CIPKOBOICHB, OKCHUJ a30TY, PAHMIHT, MPOJIiH,

PO3YHMHHI BYTJI€BOAH, (PIIaBOHOIIH.



SUMMARY

Horielova E.l. Antioxidant and osmoprotective systems of cereals in
adaptation to hypothermia. — Qualifying scientific work as manuscript.

Thesis for a scientific degree of Doctor of Philophy by field of study in specialty
091 “Biology”. — M.G. Kholodny Institute of Botany of the National Academy of
Sciences of Ukraine, Kyiv, 2021

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 H,S, 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 H,S 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 days at a temperature of 2-4°C. Hardened and unhardened
seedlings were subjected to freezing at temperatures of -6 or -9°C, and their survival
was determined.

In a series of experiments to study the effect of H,S 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 (Naz[Fe(CN)sNO], SNP)

solution in concentrations range of 50-200 uM. 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 activity of antioxidant enzymes superoxide dismutase (SOD), catalase, and
guaiacol peroxidase, the activity of phenylalanine ammonia-lyase, flavonoid
compounds, sugars, and proline were determined in unhardened and hardened
seedlings. The level of oxidative damage was assessed in the seedlings by the content
of a lipid peroxidation (LPO) product malonic dialdehyde (MDA).

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. The activity of SOD and
catalase under normal conditions in the three cereals did not differ significantly. At the
same time, guaiacol peroxidase activity in the rye was much higher than in wheat and
triticale. Hardening caused a significant increase in SOD activity in wheat and less
significant in rye and triticale seedlings. Guaiacol peroxidase activity after hardening
increased in all cereals. The content of sugars in unhardened seedlings of rye and
triticale significantly exceeded that in wheat. After hardening, it increased
proportionally in all three cereals. The basal content of proline in the rye was much
higher than in wheat and triticale. Hardening caused a significant increase in proline
content in the rye and less noticeable in other cereals. The highest content of
anthocyanins was observed in rye, and the lowest was in wheat. After hardening, the
anthocyanins’ amount increased in all studied cereals. The content of UV-B absorbing
colorless flavonoids under physiologically normal conditions and after hardening in
the rye and triticale was higher than in wheat. Thus, 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. It was
found that after the hardening of seedlings of different triticale varieties there was a

decrease in the content of MDA, which indirectly indicates the activation of the



antioxidant system. At the same time, the effect of increased MDA content after
freezing was characteristic of seedlings of non-frost-resistant triticale varieties,
whereas in resistant varieties the changes in MDA content after cryostress were
insignificant. This indicates the important role of oxidative stress in the development
of damage caused by cold.

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. Hardening caused an increase in the content of flavonoids in the seedlings
of all studied varieties by 1.7-1.9 times, with no significant varietal differences. At the
same time, the content of anthocyanins in unhardened seedlings of different varieties
was different: the highest in the variety Buket, and the lowest — in the variety Pidzymok
Kharkivskiy. After hardening, it increased and reached approximately the same values
in the varieties Buket, Raritet, and Alexandra, but in the least-frost-resistant variety
Pidzymok Kharkivskiy it was much lower. These results can testify a significant
contribution of anthocyanins, but not secondary metabolites in general, in the
adaptation of triticale seedlings to low temperatures.

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). No clear
relationship was found between the individual indicators of the antioxidant system and
frost resistance. 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 H,S 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. The effect of NaHS in the same concentrations increased the survival of
hardened at 2-4°C seedlings of both species after freezing at -9°C. Under the NaHS
action at optimal temperature (20-22°C) and after hardening there was an increase in
the content of sugars and proline in the seedlings of both species. Also, NaHS caused
the activation of secondary metabolism, which was manifested in increased
phenylalanine ammonia-lyase activity under physiologically normal conditions and on
hardening background in both species. The content of anthocyanins after the NaHS
treatment increased only in wheat seedlings, and in rye seedlings the content of
colorless flavonoids absorbing in UV-B increased. Treatment with NaHS also induced
an increase in catalase and guaiacol peroxidase activity in seedlings of both species at
normal temperature and after hardening. Under the influence of NaHS in both species
the freezing-induced accumulation of MDA was decreased.

Priming of rye and wheat seeds by 0.1-0.2 mM SNP increased their hardening
ability. Treatment with SNP resulted in an increase in seedlings of the contents of
sugar, proline, anthocyanins, and UV-B absorbing flavonoids. The activities of SOD
and guaiacol peroxidase also increased. Priming of seeds with SNP prevented
significant accumulation of MDA in seedlings after freezing.

The increase in the seedlings’ survival after freezing due to priming of seeds was
shown as a result of priming seeds with 10 pM salicylic acid, and combined treatment
with 10 uM salicylic acid and 100 uM SNP enhanced the protective effect. Treatment
of seeds with salicylic acid caused an increase in activities of SOD, catalase, and
guaiacol peroxidase, as well as the content of proline and sugars in the tissues of
seedlings. With the combined use of salicylic acid and SNP in seedlings there was an
additional increase in SOD activity and sugar content. Thus, under the combined action
of salicylic acid and SNP, their stress-protective effects were enhanced.

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.

Key words: Triticum aestivum L., Secale cereale L., x Triticosecale Wittmack,
antioxidant enzymes, hydrogen sulfide, nitric oxide, priming, proline, soluble

carbohydrates, flavonoids.
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