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JJOKAJIHUM JIJAEP Y BUPI I''TOBAJIbHUX 3MIH: 10 125-PT4Ys BIJI JTHA
HAPOJKEHHS ITPOPECOPA @.11. MAIIKOBA

21 motoro 2022 p. muHymo 125 pokiB Bif THS HApO-
mxenHs Oenopa [Tnumosrua Mankosa — BiJOMOTO BUEHO-
ro ¢izionora pociuH, JOKTOpa OiOJIOTIYHUX HAyK, Hpode-
copa, uieHa-kopecrionnenTa AH YPCP. Lls nara mama 6
cratd (hopMaTbHEM 1 He)OPMAIBHIM TPHBOIOM I ped-
JIEKCiH BY3bKOi HAYKOBOI CIIIBHOTH (iTO}i310JI0TIB CTOCO-
BHO BITYM3HSHUX HAYKOBHX IIKUI Y Wil ramysi i mmupiie —
mono Micts ¢itodizionorii y cydacHid eKClieprUMEHTab-
Hilt Oiomorii pociuH, a MOXKe ¥ IIe MIHpIIe — MI0A0 3aIHUTy
Ha HAyKy 1 3HaHHs 3 OOKy cycmiibcTBa... [IpoTe 3BHYHMIA
MOPSIOK JICHHUH Ha JOTUH 1 HactymHi Micsaui 2022 poky
TIepeKpeciuia iHIIa MoJis — POCiHChKO-YKpaiHChKa BilfHa.
TuM He MeHII, HA MOMEHT HAITUCAHHS [IUX PSAKIB MOXKEMO
co0i mo3BonuTH He 0e3 madocy cka3zaTH, IO BITYM3HSHA
Hayka, sK cKianoBa YKpaiHchkoi [lep>kaBu, Bucrtosuia. B
KpaiHi, monpu BiliHYy, HE MPUIMHSIIOTHCSA 1 HAYKOBI JTOCIi-
JOKEHHSI, 1 BCe, 10 iX CyNpOBOKYBAJIO B MUPHOMY KHTTI:
BUJaHHS HAyKOBOI MEPiONKH, IPOBEACHHS KOH(MEPEHIIIN 1
HedopMabHE CHIIKYBaHHS BUSHUX MiXk c000I0 i 31 cBiTOM
(npunaliMHiI 3aco0aMu AMCTaHLIHHOTO 3B’s13Ky). Hpyra mikHapogHa HaykoBa KoHQepenmis «Ctpec i
ajianTamis pociuHy, mpucBsyeHa 125-pivuto Bix Jus HapomkeHHs npodecopa @.I1. Mamkoa, ogHa 3
MoK IHOTO PALY. A, OTXKe, MOTPH BilfHY, Bce K MOXKeMO c00i JO3BOJIHTH 1 3rafyBaTH iCTOPIIO BITUM3-
HSHOT QiTodizionorii, i 00epe’KHO KPUTUKYBATH i1 ChOTOCHHS.

Cnepury npo ictopito, Tounimre 6iorpadiro. @.I1. Mankos Hapoauscst y M. Octpo3bky BopoHnesbkoi
ry6epnii Pocii. ¥ 1915 p. BiH BcTynuB Ha npupogHUYe BilieHHS ()i3MKO-MaTeMaTHYHOTO (PaKyJIbTETy
MockoBcbkoro yHiBepcuteTy. OHaK PEBOJIOIIS Ta TPOMAJSHChKa BiliHA MEpepBaJid WOT0 HABYAHHS B
yHiBepcuTeTi. Bumy ocBity BiH 3100yB nuiie 1922 poxy y XapKiBChbKOMY CUTBCBKOTOCTIOAAPCHKOMY 1H-
CTHUTYTI 3a axoM arpoHOM-XiMiK, BiITOJ1 HOro *XHUTTS OyJI0 HEPO3PUBHO IOB’SI3aHO 3 YKpaiHOIO, came
Ha i1 TepeHax BiH peanizyBaBcs K BUCHUH 1 OCOOUCTICTB.

Acmipanrceky niarorosky @.I1. Mankos mpoinioB B mabopaTopii BizoMoro ¢iziosora pociivH aka-
nemika AH CPCP i AH YPCP B.M. Jlio6umenka, sikuid y 1920-Ti pOKM MHHYJIOTO CTOJIITTS MPAIlOBaB
onnouacHo y [lerepOyp3i Ta Kuesi. Y nocnipkeHHX, BUKOHAHUX 111 KepiBHUIITBOM B.M. JltoOumeHka,
Oenip [IunumoBny oTpUMaB HOBI JUIS TOTO Yacy AaHi MIOAO POJIi TPUBAIOCTI KUTTS JIMCTKIB TIIICHUII B
HanmBaHHI 3epHa. @.I1. MankoB 10BiB, mo (HOTOCHHTE3 y TUCTKOBHX ITiXBaX, CTeOJIaX 1 HaBIiTh 3€JICHUX
YacTUHAxX KoJioca poOUTh TIOMITHUI BHECOK Y (popMyBaHHS 3epHA. BiH yCTaHOBHB 3B’S130K MiXK BMICTOM
xJopodidy B IUX OpraHax i 3epHOBOIO MPOAYKTUBHICTIO. L1i pe3ynbraTy ieaqpHO BIUCAIHNCH Y KOHTEKCT
CyYacHUX YsIBJICHb PO JOHOPHO-AKLENTOPHI BI/IHOCUHH B POCIUHAX.

I3 1928 poky, npautorouu B YKpaiHCbKOMY iHCTUTYTI IpuKiIagHoi 6oTaHiku y Xapkosi, @.I1. Man-
KOB JOCJIKyBaB (pi3i0JI0TiI0 IIyKpoBOro Oypsika, BUBUAB BIUIMB MEPIOAMYHOIO OCBITIEHHS Ha poOOTy
ACHMIJISIIMHOTO arapaTy, akTHBHICTh (DePMEHTIB, 3aJliTHIX y HAKONMHMYEHHI IyKpy. Y TOM e mepiox — 3
1928 mo 1930 poky — BiH mpalfoBaB 3a CyMICHHIITBOM Ha Tocazi npodecopa kadeapu ¢izionorii pocauH
1 MikpoOiosorii [TonTaBCEKOTO CiIbCHKOTOCTIONAPCHKOTO iHCTHTYTY. Bake Tozi 30BCciM Monoawid mpode-
COp CTBOPIOBaB CBOEPITHUI ocepenok (iTodiziooris, skuili He 00OMeXyBaBcs OqHUM MicTtom. Y 1934
poui ®enip [MunumoBuY 0YOIMB CTBOPEHY 3a HOro 1HINIaTHBOIO Kadeapy (i3iosiorii pocinH i MikpoOio-
norii y XapKiBCbKOMY CIJIbCBKOTOCIIOAAPCEKOMY iHCTUTYTi. DakTH4HO BiH cTaB (pyHIaTopom ¢izionorii
pocauH He nuiie B TogimubomMy XCI'L a #f y cuctemi arpapHuX 3aKkiaziB BULIOT OCBITH.

VY 1939 poui @.I1. MankoB ycniliHO 3aXMCTUB JOKTOPCHKY AMCepTaLio Ha Temy «JlocBix 3acTocy-
BaHHsI iICTOPUYHOTO METOJy aHali3y sBULI (OTONEpioAn3MY y pociuHy. Y il poOOoTi BiH IOKa3aB Bax-
JIUBY POJIb Yy Tpoiieci GpopMyBaHHS (OTONEPIOANIHOT afanTallii pOCIUH HE JIMIIE KIJIbKOCTI, a M SKOCTI
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citna. [Ipore im’st @.I1. MarkoBa y BITUM3HSHIN HayIli OiIBIIE aCOMIIOETHCS 3 TEMATHKOIO MiHEpaIbHO-
r0 )KMBJICHHS 1 cTilikocTi pocnuH. CaMe MM HampsMaM BiH IPUCBSITHB TPUBAJIUH BiJIPi30K CBOTO JKUTTSL

e 1933 poky ®exip [TunmmunoBuy 3amodaTKyBaB TOCTiIKEHHS Y Taly3i 03aKOPEHEBOTO JKUBJICH-
HS pocnuH. BoHH, MOYaBIIKCH SIK MPHUKJIAAHI, 3r010M Ha0yIu QyHIaMEHTAaIbHOTO XapaKTepy 1 cTaiu oJi-
HUM 3 OpUTiHAJBHHUX HAMpPsAMIB BITYM3HAHOI (izionorii pociuH y mepion micas Jpyroi cBiTOBOi BiliHU.
Hezanepeunum 3100yTkoM @.I1. MamkoBa Ta #oro Kojier crtajio 3’sACyBaHHS MEXaHI3MiB MOTIHMHAHHS
€JIEMEHTIB MiHEPaJIbHOTO KHUBJICHHS JIUCTKAMU Ta iX TpaHcmopTy mo pociuHi. 13 1950 poky Ha kadeapi
¢izionorii pocnuH XapKiBCHKOTO CiTbCBKOTOCIOJAPCHKOTO IHCTUTYTY JUISI BUBUEHHS IM03aKOPEHEBOTO
KMBJICHHS TIOYAJI 3aCTOCOBYBAaTH METOJ MiueHHX aToMiB. Lle mano 3Mory mepekoHIMBO JTOBECTH HasB-
HicTh 0OMIHHOT aIcopOIii Ha TOBEPXHI JUCTKIB, MPOHUKHEHHS 10HIB BCEPEANHY KIIITHH Me30(iry Ta mo-
JANBIIOro iX pyXxy mo pociuHi. MetomoM panioaBrorpadii Oysio BCTaHOBJIECHO, IO MPOBiAHI €IEMEHTH
KCcHJIeMH 3a0e31edy0Th TPAaHCTIOPT 10HIB He JIUIIE 32 KOPEHEBOTO, a ¥ 3a M03aKOPEHEBOTO KUBJICHHS.

VY 1940-1950-1i poxu @.I1. MarmkoB 3i criBpoOITHUKAMH AOCIIAMIN BIUIUB MO3aKOPEHEBOTO Ii-
JOKUBJICHHS! pOCciinH coiisiMu MakpoesemeHTiB (N, P, K) Ha iHTeHCHBHICTH (POTOCHHTE3y Ta YTBOPEHHS
xnopodimy. Jlyxke mporpecuBHUM Ha TOH 4ac 0yJI0 BUBYCHHS BIUIMBY IT03aKOPEHEBOT'O JKMBJICHHS Ha aK-
TUBHICTh (DEPMEHTIB CHHTE3Y 1 TiAPOJi3y BYIJIEBOMAIB Y JIUCTKaX. JlOCTiIKEHO TaKOXK BILIMB ITO3aKOpEHE-
BOT'O YKUBJICHHS Ha CTIMKICTh POCIIMH JI0 HECTIPUATIUBUX YMOB CEPEIOBHINA. 30KpeMa BCTAHOBJICHO ITiJI-
BUIIICHHS CTIMKOCTI POCIIMH 10 XBOPOO 32 OOTPUCKYBAHHS 1X COJISIMH MIKPOEJIEMEHTIB, TOBEJIEHO BUCOKY
e(heKTHUBHICTH MTO3aKOPEHEBOTO ITi[KUBIICHHS POCIIMH Ha 3aCOJICHUX, XOJIOJIHUX 1 TIOTAaHO aepOBaHUX IPY-
HTax.

[TizHinre pe3ynbTaTH JOCTIHKEHb TT03aKOPEHEBOTO KUBJICHHS POCIIMH CTalTU MiIPYHTSIM sl CTBO-
PEHHS BIIMOBITHOTO arpoTEeXHIYHOTO NpuitomMy. JloBeaeHo, 10 Ha MiHPKUBJICHHS Yepe3 TUCTKU POCIHHU
pearyioTh 3Ha4HO IIBUIIC, Hi’K Ha BHECEHHS colieil y IpyHT. [IpoBenieHo MK JOCTiKEeHb 31 3’ ICyBaHHS
peaxiiiii pi3sHUX KyJbTyp Ha MO3aKOpeHeBe MiKUBIeHHS. [lifcyMKoM TOCTiHKEeHb T03aKOPEHEBOTO JKHUB-
JICHHSI POCJIMH CTano BHAaHHS (pyHmamentanbHoi MoHorpadii @.I1. MamnkoBa «BHekopHeBoe muTaHue
pactenuii». Bona mobaunna csit y Bunasauursi AH YPCP y 1957 p., a B 1960 p. Oyna nepekinanena i
BHJ]aHAa KUTAaWCHhKOIO MOBOO y Kurai. Lls kHHra oxommia mMpakTUYHO BECh CIIEKTP BiJOMHX Ha TOW 4ac
npo0OJIeM 03aKOPEHEBOTO YKUBJICHHS POCIIHH.

3 1948 no 1960 pp. ®.I1. Manxkos noeanysas nocany 3aBigyBada kadeapu XCI'T imeni B.B. Hoky-
yaeBa 3 00OB’sI3KaMH 3aBigyBaua jlabopatopii ¢izioznorii i 6ioximii pocinH B YKpaiHCEKOMY HayKOBO-
JIOCITIIHOMY IHCTUTYTY POCIIMHHUIITBA, CEEKIil 1 reHeTrkH iMeHi B.S. 1Op’eBa. Kpim 1iux qBOX yCTaHOB,
npodecop d.I1. Mankos mie ¥ npairoBaB B YKpaiHCbKOMY HayKOBO-JIOCTIIHOMY iHCTUTYTI JIiCOBOTO TO-
crioyapera imeHi [.M. Bucompkoro.

Unen-kopecionneHT AH YPCP ®enip [lununosuu — aBtop nonax 100 HaykoBux npanps. TpuBa-
N yac BiH OyB WIEHOM pelKoJIerii Ta pefakiiiHoi paau xypHainy «Pusnonorus pacteHui». Bin cTBo-
PUB HAYKOBY HIKOIY ()i310JIOTiB POCIIWH, Cepe HOro yUHIB YOTHPH AOKTOpH i 31 KaHAMIAT HAYK, TUCEP-
TaIiifHi poOOTH SKUX (POKYCYBAIUCH NEPEBAKHO HA BUBYCHHI (JOTONEPIOTUIHOI peakilii, po3poOiaeHHi i
YIOCKOHAJIEHHI CITOCO0IB ONMTHMI3aIlil T03aKOPEHEBOTO KUBIIEHHS POCIIHH.

Posnosigaroun mpo «ycnimHicte» @.I1. MarkoBa, He MOKHA HE 3rajiaTd i Mpo BEIUKi MPoOJieMH
TOro4YacHoi paastHchKoi ¢izionorii pocnun. Lg Hayka, sk 1 OUTBIIICT IHIIKX, IyXKe cnabo Oyna iHTerpo-
BaHa y CBITOBY HayKy, «3aji3Ha 3aBica» HE JlaBajla 3MOTH HaBiThb peajibHO OLIHWUTH CTaH CIPaB y BITUH3-
HsHIH ¢izionorii pocnuH. [Ipo HeraTUBHHIN BIUTHB «JTHCEHKIBIIMHU» Ha (Hi310JIOTiI0 POCIHH, 5K 1 Ha BCIO
Oiosorito, rofi i roBoputh. [Ipote came y 1950-1i poku i Ha modatky 1960-X y cBiti octarouHo chop-
MYBaJIHCS YSIBICHHS PO OCHOBHI METa0OMiYHI IHUKIU POCcIuH. To OyB po3KBIT 010XiMiYHOT €MOXH Y CBi-
ToBi# (izionorii pocauH. 11106 migHATH OCBiTHIN piBeHb cBOiX Koier, ®exnip [lnnumnosuy BramTOBYyBaB
ceMiHapH 3 010XiMii TIIIKOII3Yy, UKy TPHUKAPOOHOBUX KHCJIOT Ta IHIIMX METabOJIIYHHUX TpolleciB. Bin
HaMaraBcsi MaKCHUMaJIbHO BHKOPHCTOBYBAaTH MOXKJIMBOCTI Ui PO3BUTKY (i3i0J0Tii POCIUH i B CBOEMY
B, i B Ykpaini. Ha sxanb, 00cTaBUHM CIPHUSITH LBOMY JajeKO HE 3aBXKAH.

Cynsun 3 ycsoro, octansi poku kutta @.11. Mankosa, a momep Bin y 1977 poti, Oyiu HENpocTu-

Mu. Y 1974 poui ctBopeny HuM y XCI'T im. B.B. JlokyuaeBa xadenpy ¢izionorii pociaus i MikpoO6ioiorii

Oys10 00’eaHano 3 Kadeapor OoTaHiKH, ska 3100yia Ha3By «kadenpa OOTaHIKH 1 (i310J0Tii POCTHHY.

HaneHo 11e Bxxe OyIo «ImepeicTopiero HeXopoIoi icTopii». Bara ¢pyHmpaMeHTanbHUX HAYK 1 BIIMOBITHIX

HaBUYAIbHUX MPEJMETIB B arpapHUX iIHCTUTYTaX BXKe€ TOAl Moyana 3MeHuyBatucs. Hagani npotsrom tpu-

BaJIOTo yacy 00’ enHany Kadenpy O0oTaHiku i (i3ionorii pocauH 0YOIIOBaIN HEBIAOMI HAYKOBIH CIUIBHOTI
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nmorieHTH. [Ipote, 6omait y TakoMy BUTIISIII Kadeapa, o crermiaii3yBaiach Ha pyHIaMeHTaIbHIN OioJorii
POCIHH, iICHyBaJIa, IO a0 3MOTY BXKE IHIIIOMY MOKOJIIHHIO 11 CIIIBPOOITHHUKIB MMOHOBUTH JOCIIJIKCHHS B
ramy3i (iziomnorii criiikocti pocnuH. e He Oyio nmpsMuM MpoIOBXKEeHHSM HaykoBoi mkonu @.I1. Marko-
Ba, aJie HAsSBHICTH KadeapH, y Ha3Bi SKO1, Ha mIacTs, 30epirmacs «disioJoris pociuHy, Xo4a 6 hopMabHO
JO3BOJISAJIA BTUTIOBATH OakaHHS 3aiiMaTHcs (i3i0JIOTi€l0 CTIHKOCTI THM, Y KOTO BOHO OYJIO MPOTATOM
npubu3HO 20-TH POKIB, aX JI0 MOMEHTY 3HAYHO MacIITaOHINIOI peopmu. B pe3yinbpTari OCTaHHBOI CIO-
YaTKy HE CTaJ0 caMoro arpapHoro Bumry, sikuit 3 2002 mo 2021 poky HaznBaBcs «XapKiBCHKUN HaIllOHA-
THHUN arpapHuil yHiBepcuteT iM. B.B. JlokyuaeBay. Bin muisixom 00’ eTHaHHS 1€ 3 TPbOMAa XapKiBChKH-
MU 3aKJIaJJaMHU BUIIOI OCBITH «YBIHIIOB J0 CKIaAy» JlepkaBHOTO 0iOTEXHOJIOTIYHOTO yHiBepcuTeTy. Ka-
¢denpa 6oTaniku i ¢izionorii pociauH HopMaTbHO MPOICHYBaNa B HOTO CKJIAl OJUH PIK 1, 3BICHO, CTATH Ha
3aBajli «KOJIECY iCTOpii» He MOoTa.

Hemnpoctoro Oyna # icropist 3amouarkoBanoi @.I1. Mankosum maboparopii ¢izionorii Ta Gioximil
pocaua B YkpH/IPCil', 3rogom B [HCTHTYTI pocnuHHHUIITBAa. BOoHA MEBHUM YHMHOM €BOJTIOLIIOHYBAIA MPO-
TsiroM 60-90 poKiB MHHYJIOTO CTOJITTS, B PE3yJbTaTi YOTO0 CTBOPIOBAIHCS MiAPO3ALIH, IO 3alManCs
npobieMaMu QOTONEPiOTU3MY, PUKIATHOT Oi0XiMii, 010XIMIYHOI T€eHETHKH, OKPEMO icHyBaja Jabopa-
Topis (izionorii cTikkocTi pociawH. Y 21 CTONITTI i HANPSMU, HA JKajb, PO3BUBAIUCS B [HCTHTYTI poc-
JUHHUITBA HE Tak akTHBHO. [IeBHMIT (00epekHMIT) ONTUMI3M BCEIISIOTH TOAIT OCTaHHIX pokiB. Beynepeu
rJI00aJIbHUM MOTPSCIHHAM B KpaiHi, kepiBHuLTBOM [P HAAH Oyna 3HaliieHa MOXJIUBICTH JJIS BiJHOB-
neHHs TabopaTopii ¢izionorii Ta 610XiMil POCIHH 1 KOHIIEHTPYBaHHS y I[LOMY TiApO3aiai Oo/mail HeBeTu-
KO KUTBKOCTI JOCBigueHuX (paxiBIiB y ramysi ¢iziomorii i 6ioximii criiikocti pociaua. HoBocTBOpeHUM
KOJIEKTUBOM 3 MIEBHUMH TpaHC(OpMAIlisIMH [TPOJTOBKEHO TEMATHKY, sika Oyna B XHAY. OcranHiM yacom
BUKOHAHO LHUKJI POOIT, SKUH AOBOIATH MPSIMHUK 3B’SI30K MK CTIMKICTIO POCIHH 10 OKHCHIOBAJHLHOTO
CTpecy Ta iX PEe3UCTEHTHICTIO JIO PI3HOMAaHITHHX HECHPUATIMBHX a0iOTWYHWX YHMHHHKIB, IO JTO3BOJIIE
MO-HOBOMY IMOTJISHYTH Ha MiJAXOMH JJIs OLIIHKU CTIMKOCTI POCIIMH B CEJICKIIMHOMY TIpOIeci. AKTHBHO J0-
CITJIKYIOTBCS CTPEC-TIPOTEKTOPHI ePeKTH HOBUX (Pi310JIOTIYHO aKTUBHUX CITOJIYK — MEJIATOHIHY, CIPKOBO-
JTHIO, HEMPOTETHOTeHHNX aMiHOKHUCIOT. Hamaromkeno cmiBpoOitHuITBO 3 iHcTHTyTamMun HAH Ykpainu,
30KpeMa, [HcTUTyTOM Xap4oBoi O10TEXHOIOTIi Ta TEHOMIKH i [HCTHTYTOM KIIITHHHOI 010JI0Tii Ta TeHETH-
YHOT iHXKeHepii. YCIHiIIHO BUKOHYETHCS JIOTOBIp Mpo cmiBnpaiio 3 [1oaTaBCbKUM JepKaBHUM arpapHUM
YHIBEPCHTETOM, Jie CBOT0 4acy, Xxoua il Hegosro, npamtosaB @.I1. Manxkos. ¥V 2022 poui y usomy 3BO
3’sBrutacsi HeopmaiibHa Ginis mabopaTopii ¢izionorii Ta 6ioximii pocnuH [HCTHTYTY POCIHHHUIITBA iMe-
Hi B.f. IOp’eBa HAAH Ykpainu, 1110 J103BOJIMIIO i JIabopaTopii e)eKTUBHO MPALIOBATH 1 Y HAWOLIBII
HeOe3neuHui i1 XapKoBa mnepio/.

OnuH 3 iCTOPHKIB HAayKH, MEPEPaxoBYIOYN O3HAKH JiSUTBHOCTI HayKOBOI IIKOJIH, BiJIHOCHB JI0 HUX
nopsij; 3 000B’SI3KOBOK0 HASBHICTIO MiJIPO3/ILTY, KUK BTIIHOE KOJIO i7eH 1€l IIKOJIH, 1 PEryJsipHe MPOBe-
neHHs npodineHuXx KoH(pepenuiil. [lepira mixkaapoaHa HaykoBa koHGepeHuii «Ctpec 1 aganrarist poc-
iy npoxoania B XHAY im. B.B. [loky4daeBa, [pyra 3mMiHMIa JIOKaIil0, CTaBIIM OJHUM 31 CIUIBHUX 3a-
xoniB HAH VYkpainn i HAAH VYkpaian. OpranizyBanu ii [HcTuTyT pocnmaaunTBa iMeni B.S. KOp’ea
HAAH VYkpainu (XapkiB) Ta lncturyt xapuoBoi Giotexnonorii Ta reromikd HAH Vkpainu (Kuis). [o-
3BOJUMO €001 chopMyitoBaTH O00EpeXHYy Hafiro, IO [ed 3axia, MPUYypOYeHUH 10 MHUHYJIOTO IOBLIEIO
®.1. MarikoBa, CTaHE OJJHUM 3 €JIEMEHTIB He(OpMaIbHOI B3aeMOIii YKPaiHCHKOT 1 MIXKHAPOIHOI HAYKO-
BOI CIJILHOTH, SIKa HUHI, ¥ 100y TPAaHCKPUIITOMIKH, IPOTEOMIKH, META0OJIOMIKH Y Mipy CKPOMHHX BJIac-
HUX MOXXJIMBOCTEH 3aiMA€ThCsl BUBYCHHSM CTIHKOCTI POCIUH K iHTerpanbHoi ¢yHKuii. CydacHOMY MO-
KOJIIHHIO BITYM3HSHUX (iTodiziosoris, sk 1 ®.I1. MaikoBy, J0BOAUTHLCS MpalfoBaTH Ha 3J1aMi MiIX0IiB.
MarkoBy JOBEJIOCS HAMAraTHucsl Ha3IOTaHITH 010XIMII0 POCIIHH, SKa TOJi pOoOHIIa PEBOJIIONIIO Y BiTHOCHO
eMmmipuuHiil (izionorii. A HUHIIIHIM (i3ion0ramMm JOBOIUTHCS MIBUAKO 3aHYPIOBATUCS B «OMIKW», HE Ka-
KYUH BXKE MPO «MOJIEKYJISIPKY». 3INIIAETHCS CIIOMIBATHCS, IO 1 Cy4acHI CTPECOJIOTH POCIIMH BUSIBIIATH
HE MEHIIly KpeaTHBHY CTPECOCTIHKICTh, HIK IXHIH BiIOMUH MOTIEpPETHIK.

I0. €. Konynaes

Tuemumym pocnunnuymea im. BA. FOp’esa HAAH Yrpainu, Xapxie
B. M. O:xepenbeBa

Incmumym pocaunnuymea im. B.A. FOp’cea HAAH Yxpainu, Xapxis
B. M. CamopoaoB

Toamaecvkutl depaicasnuti acpaprutl ynisepcumem, Ilonmasa
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CELLULAR ASPECTS OF PLANT RESISTANCE

POJIb JIIIIJTHUX PA®TIB B ATAIITALI POCJHH 0 JIIf KITHOCTATYBAHHSA

0. A. ApTeMemcol, €. JL. Kopzqul, K. Xazenmrreiin®, T. B. Bopoﬁﬁon;a1

Ynemumym 6omanixu in. M.I. Xonoonozo Hayionansnoi akademii nayk Yrpainu,
Kuis, Vkpaina, oartemenko66@gmail.com
2y)Ltieepcumem Jyizianu, Jlaghatiem, CIIIA, hasenstein@Ilouisiana.edu

PesympraTti uTONOTIYHNX, O10XIMIYHHX 1 MOJIEKYIIIPHO-010JI0TI9HMX TOCIIPKEHB SICKPaBO IEMOH-
CTPYIOTh CYTTEBHH BIUIMB MIKpOTrpaBiTallii Ha KJIFOYOBI MPOLIECH PO3BUTKY POCIIHH, B TOH K€ Yac BUCBIT-
JIOI0YM MEXaHi3MH, SIKi JIe)KaTh B OCHOBI Peakiliii pOCIMH Ha 0 bOT0 YHHHUKA Ta 3a0€3MeUyI0Th IIPHC-
TOCYBaHHS POCJHH JIO [Iii 3MiHEeHO1 rpaBiTtailii. He3paykaroum Ha KIFOYOBY POJIb IUTOILIA3MATUIHOI MEM-
Opanu y (yHKI[IOHYBaHHI KIIITHHH, JITepaTypHi JaHi MO0 BIUIMBY 3MiHEHOI rpaiTamii Ha ii ¢i3uko-
XiMi4HI BIacTUBOCTI oOMexeHi. OCTaHHIM YacoM 0araTo yBard IOCIIIHHMKIB MPUAUIAETHCS BUBUYCHHIO
(GyHKIIOHATBHUX MIKPOJOMEHIB JimigHoro Oimapy — mimiaaux padris (Sviridov et al., 2020; Kordyum
et al., 2022). Padtu € miibHO yrmaKOBaHUMH JOMEHAMH I[MTOIUIA3MATHYHOI MeMOpaHu, 30aradeHuMHU Ha
XoJiecTepuH, cinrominiaun, HacuueHi Gocdominiau Ta MeMOpanHi Oinku. OcoOIMBICTIO JiMiAHUX padTiB
€ 3JIaTHICTh MOZYJIOBATH (PO3UIATH) PI3HOMAHITHI CUTHAJIBHI IUIAXH (33/il0BaTH a00 BUKIIOUUTH CUT-
HaJBbHI OUTKY TSl TOCWIICHHS a00 TocIa0IeHHs mepenadi CUTHaTY), BKIIOYAI09M iHTETPUHU Ta 10HHI Ka-
Hayi. XO0JIECTEPHH € OCHOBHHUM PETyJIITOPOM OpraHi3amii JimiaiB i crabini3ye iXHE YTBOpPEHHSI, BiH € CBO-
€PITHOI0 MPOKJIAJAKOI MIX BYTJICIICBUMH JIAHIIOTaMHU C(HIHTOIMIAIB 1 Ji€ SIK TUHAMIYHUN KJICH, SIKUM
TpuMae 30ipky padry. Jeski chinrominian, ocoOIMBO 1epaMiaH i Ji30C(iHTOMII TN, MOKYTh TPU3BECTH
JI0 3IUTTSA JimiaHux padriB y O6inbmr qomenu (Spassieva et al., 2016). 11i memMOpaHHi JOMEHH AifOTh 5K
TIaTGOPMH JUTSL PETYIILiT CUTHANBHUX TpolieciB. 3a BMICTOM OUIKIB Ta JiMiAiB MeMOpaHHi padT rere-
POTEHHI, IO MPU3BOIUTH J0 iCHYBaHHs (YHKIIOHAJIBHO Pi3HUX MOMYJISiA padTiB, SKi MOXKYTh B3a€MO-
JisiTi a00 00’ eHyBaTHCs Tt Moy siiii kmituaHOT Gynkii (Mollinedo et al., 2020).

VY mocnimkeHHAX il abi0THYHMX (QAaKTOPIB HA POCIMHH, TAKHX SIK XOJIOJOBHH CTpec, Mocyxa, 3aco-
JIEHHsI, JIOBEJICHO Ba)KJIMBY POJIb JIiMiJHUX padTiB y 3aXuCHUX MexaHi3Max kiitunu (Barrero-Sicilia et al.,
2017, Cheong et al., 2022). 3nauenns uuToriazmatiuaaoi memOpanu (LIM) B aganTariii pociuH 10 3Mi-
HEHOI TpaBiTallii moka3ajio JOCiKEHHsS padTiB Mg Mi€l0 KIIHOCTATyBaHHS 13 3aCTOCYBaHHSIM METOIY
KOH(pOKaTbHOI Mikpockormii i crierubpiunux O6apuukiB (Artemenko, 2021). B moaiOHUX TOCITIIKEHHIX
BUKOPHUCTOBYIOTHCA MO iIbHI MeMOpaHHI OapBHUKHU Ta 30HAU, SKi a00 BOYAOBYIOTHCS MiXK padTamu i
peuiror MeMOpaHu, abo 3MIHIOIOTH CBOi (DJIYOPECIICHTHI BJIACTUBOCTI 3aJie)HO Bia (a3 MeMOpaHu, Ha
KmTanT QGiniminy ta jaypaany. [liIBuineHHs piBHs X0lecTepruHy B padTax TOpOXY B YMOBaxX KIIIHOCTAaTY-
BaHHS, sIKe BiOyBaeTbcsa Ha (OHI HOPMAIBHOT MIKpPOB’SI3KOCTI camMOi MeMOpaHH Ta MPU3BOIUTH 110 30i-
TBIIEHHS JKOPCTKOCTI padTiB, MiATBEPKYIOTHCS 3aBSIKH BUKOPHCTaHHIO Qiininy, GiayopecueHIist siKo-
ro € IHAMKATOPOM KOHIICHTpAIlil X0JieCTepruHy B MeMOpaHi. Ha 6-Ty 100y eKcriepuMeHTy CrocTepiraiocs
«30mmKeHHs» padTiB MK cO00I0 B CYHUIBHHMI IJIACT 32 MEPUMETPOM LHUTOIIa3MaTH4HOI MeMOpaHu.
Tpadik crepun-30araueHUX JOMEHIB IIPH KIIHOCTaTyBaHHI XapaKTepU3y€EThCS BUCOKOIO PYXJIUBICTIO, a 3a
YMOB KOHTPOITIO0 — HU3bKOI0. L{i pe3ysibTaTu y3ro/pKyrThCs 3 MONEpPeHh0 OTPUMAHUMU JJTAHHUMH JIOCITi-
JOKEeHb (DYHKLIOHATBHUX CANTIB HUTOIUIA3MaTHYHOI MEMOPaHU POCIMHHMX KJIITHH B YMOBaX peaJIbHOI Ta
MozenboBaHoi Mikporpasitanii (Kordyum et al., 2018; Artemenko, 2021). Came uepe3 Takuid CKIIaJHUN
CTEpUHOBHI Mpo(diih IMTOILIa3MAaTHYHA MeMOpaHa POCIMH MEHII YyTJIMBA JIO Jii TEIJIOBOrO IIOKY Ta
IHIIMX CTPECiB MOPIBHSHO 3 TBAPHHHUMH KIITHHAMH. [logiOHE 31HUTTS OKpeMHX padTiB 3 YTBOPEHHSIM
CKYyIYEHb 32 PaxXyHOK B3a€MOJIl 3 eleMEHTaMH IIUTOCKeNeTy (abo MeceHmKepiB, Takux K (ochoiHo3u-
THJI, SIKi JIOTIOMAararoTh OPraHi30ByBaTH 30ipKM aKTHHY Ha IMTOIIIA3MATU4YHINA TOBEpXHI padTiB), IIO
BIUIMBA€E Ha PYyX 1 MOBENIHKY KJIACTepiB padTiB, € PO3MOBCIOHKEHOIO PEAKINIE€I0 OpraHi3My Ha JIif0 pi3HO-
MaHiTHHX (akTopiB (Simons et al., 2000). 3miHu ($a3oBoro craHy UUTOILIA3MATUYHOI MeMOpaHu 3a il
KJIIHOCTaTyBaHHsI, BU3HAYCHI MiCIIsl 3aCTOCYBAaHHS ()JIyOpECLIEHTHOTO 30H.y JIaypaHy, BilOyJIUCS TaKoX
gepe3 6 110 ekcrepuMeHTy. byio moMideHo miABUINECHY €MICItO JIiTT THO-BIOPSAIKOBAHNX, OLTBI MIITEHAX
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JITHOK MEMOpaHH 31 3HHKCHHM BMICTOM BOJIH, 1[0 BKa3y€e Ha MPUCYTHICTh padTiB. 30UIbIICHHS I'eHEpa-
7i30BaHOi MoMspU3alii B yMOBaxX KJIiHOCTaTyBaHHS Ha LIMX CTPOKax MOPIBHSHO 3 KOHTPOJIEM TaKOX Kope-
CIIOHIYIOTHCA 3 TaHUMH, OTPUMAHUMH B TOTIEPEIHIX AOCTIHKEHHSIX 1 BKa3ylOTh Ha 9yTiauBicTh LIM 1o
TpuBasoi il kimiHOcTaTyBaHHA. [IOpiBHSIHHSA 1 aHANI3 PE3yNbTATIB CBIMYUTH MPO Te, IO PIAKOKPUCTATIUH]
CTPYKTYPH Jy*e YyTJIMBi JI0 3MiH YMOB HaBKOJIMIIHLOTO CEPEJOBUINA 1 1Ie BU3HAYAE JIMHAMIYHICTD JIiITi-
IHHUX OimapiB MeMOpaHH — BOHH 3MIiHIOIOTH CBOIO CTPYKTYPY IpH Pi3HOMAaHITHHX, HaBiTh HE3HAYHHX,
3MiHax 30BHIMIHIX yMOB. [yi1 HOpMansHOTO (PYyHKIIOHYBaHHS MeMOpaHa Ma€ OyTH B PiIIKOKPHCTATIYHO-
My CTaHi, TOMy Ipu OyJb-IKHX 3MiHaX CepelOBHUINA BiqOyBaeThCs ajanTaliifHa 3MiHa XiMi4HOTO CKIIamy
MeMOpaHu, 110 3a0e3Medye 3MEHIIEHHS TIepeyMOB JUIs (ha30BOTO MEPEXOY.

[TigBuIIeHHS )KOPCTKOCTI padTiB MpU KIIHOCTaTYyBaHHI MOEAHYETHCS 3 MPOHUKHICTIO MEMOpaH Ta
AKTUBHICTIO acoLiifoBaHMUX 3 HUMH OinkiB (¢epmenTiB). Lle 6e3mocepeHHO OB’ SI3aHO 3 TPABIYYTIIMBICTIO
1M Ta 1i hyHKIIIOHATHHUX AOMEHIB MPH aJanTamii pociauH 10 aii MikporpasiTarii. HecripusTnusi ymoBH
CepeOBHINA CIIPUYUHSIIOTH 3MIHH B POCIMHHOMY OPTaHi3Mi, TOPYIIYIOUH MOJEKYISAPHY OpraHizaIiiio i
(GyHKLIOHANBHY aKTHBHICTh MEMOpaH, 10 BiAIrpae KJIIOYOBY POJIb y CTIHKOCTI POCIHH 10 il CTPECOBUX
¢axTopis. [IpoTe y MmemOpaHax BinOyBarOThCSl 3aXMCHI MEXaHi3MH, Taki sSK 3MiHa CTPYKTYpHOI opraHiza-
wii mimigaoro Oimapy. bimbmma xinekicte padTiB B LIM 3a0e3nedye 30UTBIIEHHS B KIITHHI TPAHCIIOPTY
PEYOBUH, HEOOXITHUX JIT HOPMAaJIbHOTO ICHYBaHHS, THM CaMHM ITiIBHIIYIOUH ii 31aTHICTh A0 ajamTariii.
JlimigHi padTH 3 IHTErPOBAaHUMH B HUX O1JIKaMU MOXYTh 3MIHIOBAaTH CBill pO3Mip i CKaj y BiAMOBiAb Ha
30BHIITHBO- 200 BHYTPINTHROKIITHHHI cTHMYyNH. Lle cripusie peopranizamii mimigHux padTiB Ui iHIYKIT
KJIacTepu3allii MeMOpaHHHX PEIeNTOopPiB, IO HEOOXiTHO IS IMOJIETIICHHS TPOHUKHEHHS Ta CIIeIU(iTHIX
0110K-01TKOBHX B3aEMOIIH, 110 MPU3BOIMTE J0 aKTHBAIll curHanbHux kackamis (Kulkarni et al., 2022).
JocnipkeHHst BIUIMBY MIiKpOTpaBiTallii Ha POCIMHH 3 METOIO Ii3HaHHS MEXaHi3MiB iXHBOI amanrtamii 1o
[IFOTO YMHHUKA Ta 3’SICyBaHHS IPaBidyTINBOCTI/TPaBi3aie’KHOCTI 6a30BUX KIIITHHHHUX MPOIIECiB, 30KpeMa
rpaBiuyTauBocTi [{M, BUSBWIIO MiJBUILEHHS PIBHS XOJECTEpUHY B padTax B yMOBaxX KIiHOCTaTyBaHHS,
10 BiOyBaeThes Ha (hOHI HOPMAIBHOT MIKPOB’A3KOCTI caMOi MeMOpaHH Ta PU3BOIUTH JI0 301IbIICHHS 11
YKOPCTKOCTI 1 KpUXKOCTi. BukopucTanHas (IyopeceHTHOTO MapKepa CTepuHiB QiimiHa i (IyopecieHT-
HOTO 30H]IY JIaypJaHy HiATBEP/UKYIOTh BIUIUB MOBUIGHOTO TOPU30HTATBHOTO KIIHOCTaTyBaHHS HA (QyHK-
IOHANBHUI cTaH MeMOpaHU Ta PYXJIMBICT ii TOMEHIB, 110 MPU3BOIUTH IO <«GIUTTS» padTiB, TAKUM Y-
HOM 301JIBIIIYIOUH iX PETYIATOPHY i CHTHAIBHY 3/]aTHICTb.

Jlokasu migBUILEHHS YKOPCTKOCTI padTiB miJl BIIMBOM TPUBAIOTO KIIHOCTATYBaHHS 1 OTKE IXHBOT
KIIFOYOBOI y4yacTi y 3MiHaX MPOHMUKHOCTI MEMOpaHH Ta aKTHMBHOCTI acOIifOBaHNUX 3 HUMHU (EPMEHTIB BiJl-
KPUBAIOTh HOBI MMiJXOAX J0 BUBYCHHS T'PaBidyTJIMBOCTI IIMUTOILIA3MaTHYHOT MeMOpanu Ta ii (yHKIioHA-
JILHUX JJOMEHIB B PEakKIlisfx Ta ajanTallii poCIMH J0 Jii Mikporpasitailii. Acoriaris i3 papramu Moxe 0y-
TH BUPIIIAJBHAM (aKTOPOM y BH3HAYECHH1 aKTUBHOCTI iHTETpabHUX OUTKIB, PEryJsiii I0HHMX KaHAaJiB, B
HEpIy Yepry MEXaHOUyTJIMBHX, Ta 3B’ SI3KY MEMOPAHH 13 IIUTOCKEIIETOM.
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CHANGES IN NUCLEOLUS CHARACTERISTICS IN DIFFERENT CONIFER
SPECIES AS A RESPONSE TO STRESS FACTORS

Yu. O. Bilonozhko

Institute of Food Biotechnology and Genomics, National Academy of Sciences of Ukraine,
Kyiv, Ukraine, tkacheva_ua@ukr.net

Changes in weather and climate conditions have become increasingly noticeable in recent years.
There are already a number of consequences at different levels of organization of biological systems
(Ahmadi-Lahijani, Moori, 2023). Due to their long-term existence in one place, plants have to survive
numerous abiotic stresses (drought, extreme temperatures, salinity). Anthropogenic factors are added to
the destabilizing natural effects. Physical and chemical factors cause changes at the cellular level. This
happens not only in the mother's organism. A certain level of damage and changes is transferred to the
next generations. This can lead to a gradual reduction in the genetic resources of forest-forming species
(Ohri, 2021).

In previous studies, we have found various changes in coniferous seed cells caused by both envi-
ronmental conditions (introduction to the steppe regions of Ukraine) and industrial pollution (air and/or
soil pollution, increased radiation levels). We found mixoploidy and pathologies related to the structure of
chromosomes or mitotic division. We noted cells with irregularly shaped nuclei, cells with micronuclei,
and multinucleated cells.

The characteristics of the nucleolus organizer regions (NORS) of chromosomes are used as one of
the cytological markers to detect the effect of stress factors on the body. Nucleolus in eukaryotic cells
plays a number of fundamental functions, including RNA metabolism, transcription regulation, genome
organization, and cellular senescence reactions (Qi, Zhang, 2021). Studies of variations in NORs in vari-
ous plant, invertebrate, and vertebrate species have shown variability in the number and chromosomal lo-
cation of these regions even in related species (Britton-Davidian et al., 2012; Montiel et al., 2012). It has
been suggested that rDNA clusters are highly mobile components of the genome. The natural variability
of nucleolar characteristics in cells of the same organ was shown. The intraspecific variability of this in-
dicator has also been revealed (Hirai, 2020). Its role in the formation of physiological responses to stress
has been shown (Qi, Zhang, 2021).

In general, the presence of nucleolus in the nuclei is considered a morphological expression of the
activity of nucleolar loci of chromosomes. Their number allows assessing the intensity of ribosomal gene
functioning and indirectly the level of protein synthesis activity (Lafontaine et al., 2021). Since the num-
ber of nucleolus is genetically determined, an increase in this indicator can occur due to the separation of
the NOR or in the presence of deletions and duplications. An increase in the number of nucleolus in the
nucleus is also possible in polyploidy or aneuploidy, but an increase in chromosome number does not au-
tomatically lead to an increase in the volume of nucleolus in the cell. The number of nucleolus and their
size in the nucleus of cells depend on the intensity of metabolic processes in tissues that can stimulate the
activity of NOR (Ma et al., 2018). The structure and size of nucleolus remain constant under normal func-
tional load of the cell (and the organism).

Our aim was to assess the intra- and interspecific variability of nucleolus characteristics in different
conifer species as a response to stress factors.

Seed samples of 6 species of the Pinaceae family were used in the study (Picea abies (L.) Karst.,
Pinus pallasiana D. Don, P. sylvestris L., P. fominii subsp. cretacea (Kalen.) L.V. Orlova, P. brutia var.
pityusa (Steven) Silba, and Pinus brutia var. stankewiczii Sukacz). In total, this amounted to 557 trees
from 21 populations and artificial plantations in Ukraine. The analysis was performed on temporary prep-
arations of meristematic tissues of seedling roots using the standard silver nitrate staining technique with
some modifications for different species. Microsections were viewed under a Carl Zeiss Primo star micro-
scope and photographed with a Canon Power Shot A620 digital camera. Nuclei and nucleoli sizes were
determined using Axio Vision Rel. 4.7 (Zeiss).

The karyotype of most of the studied species showed the presence of secondary constrictions,
which is the site of localization of ribosomal genes, in 6-8 pairs of chromosomes. The minimum number
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of nucleolus was 1-3, and the maximum 13-14. The average number of nucleolus in the nuclei also var-
ied (from 4.5+0.05 in Pinus fominii subsp. cretacea to 7.3+0.04 in Pinus brutia var. pityusa). It was found
that the effect of a complex of stress factors can cause an increase in the total length of the chromosomes,
and an increase in the number of secondary constrictions and nucleolus, respectively. Under the influence
of mild stress factors, additional NOR are activated, and the number of nuclei in the nucleus increases ac-
cordingly. With an increase in the intensity of the factor or the cumulative effect of introduction condi-
tions and anthropogenic pollution, a certain inhibition of synthetic processes can be observed, which is
shown as a change in the number and size of the nucleus and nucleoli.

For all studied conifer species, polymorphism in the size characteristics of both nuclei and nucleo-
lus was observed. This indirectly indicates changes in the intensity of synthetic processes. Probably, the
increase in nucleus size is due to the merger of highly active, functioning nuclei, and the presence of
small nucleolus can be explained by the presence of inactive NOR. In the cells of the same root, there
were nuclei with nucleoli of similar size (homomorphic) and nucleoli with significantly different sizes
(heteromorphic). In addition, a large number of cells were characterized by high variability in nucleus
size. Such cells contained large, medium, and rather small nucleoli (from 1.1 to 66.2 um).

Compared to other species, the results obtained for Picea abies differ more significantly. In the an-
alyzed samples, we obtained both the maximum and minimum values of kernel size. This species had the
highest value of the nucleus-nucleolus ratio. The same species was characterized by small nucleoli.

Therefore, the nucleolus characteristics change quite intensively depending on the conditions of
plant growth. In addition, within the Pinaceae family, there are species or even genera whose nucleolus
characteristics respond much more strongly to stress factors. In our opinion, there is a need to study this
parameter for other coniferous species.
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ULTRASTRUCTURAL FEATURES OF CELLS IN QUERCUS ROBUR L. LEAVES
UNDER DIFFERENT HYDRATION CONDITIONS
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Among abiotic stresses, drought is considered one of the most dangerous factors, since it signifi-
cantly affects the growth, development, and reproduction of higher plants that are of great importance for
agriculture and those which form the basis of the wild flora worldwide (Raj et al., 2020). The global trend
of climate change due to general warming sharpens significantly the problem of plant survival in stressful
situations resulting in climate aridization and dehydration of plants (Seleiman et al., 2021). Rise in tem-
perature driven by climate change is undoubtedly affecting forest ecosystems to increase the frequency
and level of drought (Peguero-Pina et al., 2020). Today, the aridization of the climate, the extension of the
duration of the summer drought, and the dehydration of the soil are serious threats to Ukrainian forests, in
particular, to the main forest-forming species — trees of the genus Quercus spp. Many studies have been
devoted to determining the mechanisms of the effect of drought on plants, which, first of all, studied the
physiological, biochemical, and molecular-biological features of various plant components. Much less at-
tention was paid to the study of ultrastructural changes in cells of various plant organs under the influence
of natural drought. The vast majority of works in this direction were devoted to the study of agricultural
plants, and a very small amount of research was conducted on wild plants collected in the areas of their
natural distribution. Works, in which plants growing in places with sufficient moisture and those growing
on dry land under conditions of dehydration are compared in parallel, attract special attention. Therefore,
the study aimed to identify the ultrastructural features of leaf cells of Quercus robur L plants growing un-
der diverse modes of hydration and conditions of different photon flux densities.

The study was carried out on the leaves of plants collected in the field during expeditions within
the forest area "Feofaniya™ on the outskirts of Kyiv. Leaf samples of Quercus robur L. were collected
from the trees of lower and upper plots. In the elevated areas of the forest, where the height above sea
level was an average of 186 m, the age of oak trees reached 200-250 years; the circumference of their
trunks at a height of 1.5 m averaged 3.53 m. Within the low areas of the forest (154 m above s.1.), the age
of those trees reached 200 years, and the perimeter of their trunks was 3.88 m. The plant leaf material was
fixed and structural features were analyzed using electron microscopy methods.

The leaves from both plots had a typical dorsoventral structure. In leaves from elevated plots, the
upper layer of the columnar leaf parenchyma was represented by long narrow cells, where the middle
zone was occupied by numerous vacuoles, in which, in addition to vacuolar juice, remnants of membrane
structures were sometimes distinguished. Nuclei were found in the central zone of cells. Numerous mito-
chondria were observed in the hyaloplasm, in which an elongated shape prevailed and, as a rule, they
were in close contact with chloroplasts. Numerous (up to 20 profiles) chloroplasts were located along the
plasmalemma, in which a significant part of the volume (61.3%) was occupied by thylakoids of the grana
and stroma. It should be noted that a significant number of lamellae (up to 50 profiles) were observed per
granum, from which numerous stromal thylakoids with electron-transparent lumens originated. The popu-
lation of plastoglobules, which occupied 28.1% of the total volume of the chloroplast, was represented by
two types of inclusions, electron-dense and others with a more electron-transparent core.

Within a lower area of the forest near the lake, the length of the cells of the upper layer of the co-
lumnar parenchyma in the leaves of Quercus robur was 13.8% shorter compared to the leaves that grew
in a higher area. However, the area of such cells turned out to be close to that of similar cells from an ele-
vated area. Obviously, this is due to the larger dimensions of their width. The general structure of oak leaf
cells from low and high areas was the same, in particular, with the median localization of the vacuolar
system, the central location of the nucleus, and the location of chloroplasts along the cell wall. At the
same time, the identified feature (near vacuoles, the presence of large single starch grains in chloroplasts
which occupied 19.6% of the total volume of the chloroplast) is noteworthy, due to which the tonoplast
acquired a wavy contour. The length of chloroplasts from lowland areas was 22.3% higher than that in
leaves from elevated areas, while their area was twice as large. Electron-dense polyphosphate inclusions
were sometimes found in the hyaloplasm. Mitochondria of medium electron density had rounded and
elongated profiles. These cells are characterized by a weak development of the granal and stromal system
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of the thylakoids in chloroplasts, where the system occupied only 4.1% of the total volume of the chloro-
plast, while the stroma — 73.5% and the plastoglobules — 2.8%.

The results of the conducted studies suggest that drought has some negative effect on the structural
parameters of the cells of Quercus robur L. oak leaves and its photosynthetic apparatus, possibly due to a
decrease in water consumption and assimilation processes in the upper parts. A decrease in water absorp-
tion may indicate changes in osmotic homeostasis (Vollenweider et al., 2016), which is confirmed by the
large development of the vacuome in the cells of the leaves from the upper plot.

Drought caused significant changes in chloroplasts, which is confirmed by data on the partial vol-
umes of chloroplast components, where a significant direct effect on these organelles is noted. Since sig-
nificant volume changes occurred not only in the stroma, but also in the percentage of starch and plasto-
globules, drought affected not only passive water loss, which leads to a decrease in the total volume of
chloroplasts and stroma, but also induced structural rearrangements inside the organelles. These fine
structural data expand our knowledge about the long-term effect of drought on the cellular structure of
leaves of Quercus robur L. A typical ultrastructural feature is a decrease in the amount of starch caused
by drought. Starch is usually synthesized from the product of glucose-1-phosphate photosynthesis to
maintain osmotic balance under controlled conditions (Apriyanto et al., 2022). The absence of starch
grains is a sign of lower photosynthetic activity due to a CO, deficit caused by stomatal closure, a de-
crease in the carboxylation of ribulose bisphosphate (Courbier, 2022), or a decrease in the activity of pho-
tosystem 2 (Escalona et al., 2000) in plants that suffer from drought. It is already well documented that
the rate of photosynthesis decreases when water stress occurs in leaves. This is a consequence of both
processes, the closing of the stomata and a decrease in the activity of chloroplasts (Duan et al., 2015).

The drought-induced significant increase in thylakoids and plastoglobules in the chloroplasts of oak
leaves in the upper plot observed in our study was also found in drought-affected spruce needles (Zellnig
et al., 2010). An increase in the number of plastoglobules has been reported for plants whose photosyn-
thetic apparatus is exposed to increased oxidative stress, including drought (Austin et al., 2006). It has
been shown that plastoglobules are attached to each other and permanently associated with thylakoids,
even during oxidative stress and aging, to function in lipid biosynthesis and as a reserve subcompartment
of the thylakoid membrane (Austin et al., 2006). Considering this interaction between plastoglobules and
the thylakoid system, different changes in these dynamic subcompartments can be considered stress-
induced adaptations, since drought causes different levels of oxidative stress depending on the state of the
antioxidant defense system inside the cells (van Wijk, Kessler, 2017).

Summarizing the data obtained on the effect of drought on oaks, we can state that the aridization of
the climate causes some ultrastructural changes in the cells and chloroplasts of these plants, where the
partial volume of the thylakoid system of plastids increases, from which massive conglomerates are
formed, and the vacuolar system expands, in which remnants of membrane structures appear, the electron
density of hyaloplasm decreases, the size of organelles decreases, which may indicate a lack of water and
carbon. Structural changes at the level of cells and organelles shed light on the consequences of summer
arid climate and micromorphological responses of mature oak leaves to drought. Structural changes at the
level of cells and organelles reveal the consequences and micromorphological responses of oak leaves to
conditions of relative drought.
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TyOymiHN € OCHOBHOO CKJIaIOBOIO MiKPOTPYyOOUOK Ta BBAKAIOTHCS OJHUMH 3 HAHOUIBIT KOHCEPBa-
THBHHX OIJKIB €yKapioT. Y KBITKOBUX POCIHH TyOyIIiHH MpeICTaBICHI TPhOMa MiAPOIUHAMH: O, 3 Ta Y, 3
axux noHan 80% cTaHOBIATH a- Ta B-TyOyninu. JocTeMeHHO HEBiIOMO, SIKY (PYHKIIOHATBHY POJIb Bifir-
paroTh Ti YM iHII i30THNHN - Ta B-TyOyminie (Gavazzi et al., 2017). ¥V 6inbimocti gociimkeHb He OyiI0
MPUIUICHO 3HAYHOI YBard BU3HAUCHHIO 130THIIB iAeHTH(IKOBAaHUX TyOyIIiHIB Ta X OPTOJOTIB, IO yHE-
MO>KIJIMBITIOE BUBUCHHS €BOJIIOIITHOTO KOHTEKCTY Bapiamii KOMIHHOCTI TeHIiB TYOYJIiHIB Y MOMITUIOITHIX
BUJIIB, a TAKOXK HE JI03BOJISIE OTPUMATH MOBHY KapTHHY BiIMIHHOCTEH ekcrpecii nux reHiB. Poguna KoH-
CEPBATUBHUX TEHIB TYOYJiHIB MOXe CIyTyBaTH MOJEIUTIO IS BUBUEHHs CyO(yHKIIiOHaNi3aIil re’iB y
TIPOIIEC] ATOTIOMITIIOl U3allii.

Ponuua XpecTolBiTHX, sSKa BKIIIOYAE PsIJT EKOHOMIYHO BaXJIMBUX BUJIB, MICTUTh 3HAYHY KUIbKICTh
Me30- Ta HEOIMOJIIUIOIIHUX OPTraHi3MiB, IKi BUHUKIIA B pe3y/bTaTi BIAHOCHO HEJABHIX MOIIH MOMIILIOIAH-
3alii, o I03BOJISIE BiCTEXKYBaTH Ipolec cyodyrkionamizamii reqis (Kagale et al., 2014). L poxuna €
OJTHIEI0 3 HAOLIBII TOCITIHKEHNX, BKITFOUAE psaa MoaensHux BuaiB (Arabidopsis thaliana, Brassica sp. ta
iH.), 1 Hapa3i € JOCTYIMHUMH OHM3bKO 299 30ipok reHOMIB XpecToUBITHX. 30KpeMa, 10 YUCIIa OXapaKTe-
PH30BaHUX TAaKMM YMHOM POCIIHH HaJexuTh prkii mociBuumii (Camelina sativa). Pwxkiii € ekoHOMIYHO
BXXJTUBUM BHJIOM i BBOKAETHCS OJTHIEIO 3 HAMITEPCIICKTUBHINIMX ONIHUX KYJIBTYp Ui BUPOIIYBaHHS 5K
OlonmanuBHOI pociMHN B yMoBax €Bponu Ta [liBHIUHOT AMepHKH, 3aBsKU KOMOiHaIlli TaKUX XapaKTepu-
CTHK, SIK BHCOKa CTIHKICTh 0 a0iOTHYHUX CTPECOBHX YMHHHKIB, ONTHUMAIBFHUHN KUPHOKUCIOTHAN CKIIA]
oJii HaciHHs Ta KopoTKuii 1k Bererarii (Blume et al., 2022). C. sativa € ogauM 3 HalOIMKIUX POTUUIB
A. thaliana. Puwxiii mociBHMII Mae ajnorekcaroiiHy CTPYKTYpy F€HOMY Ta € HEOMOJIIUIOIIHUM BHIIOM.
JlaHuii BUJ HE 3a3HAB MMOCTITOJIILIOIIU3AI[I THIX TPAHCIOKAIINA MiX MiAreHOMaMH, a OUIBIIICTh POJIUH Te-
HIB BCE MOXYTb MIPOXOIUTH Tpotecu cyodyHkuionamizamii (Mandakova et al., 2019). Came ToMmy reHom
PYDKIIO TIOCIBHOTO MOX€E OyTH BUKOPHCTAHHI SIK MOJICIBHUH Ui BUBUCHHS €BOJIOLII POJMH I'€HIiB, 30K-
peMa TyOyJIiHIB, a TAKOXK JUIsl JOCITIHKEHHS 1X cyO(dyHKIioHai3alii Ta 3MiHM MAaTepHIB eKcrpecii 3a pi3-
HUX YMOB, B TOMY YHCJi 1 TAKMX CTPECOBHUX, K XOJOJ, MOCYXa, 3aCOJCHHS, TOIIO. Y JaHiil po0OTI HaMU
OyJ10 JOCIIKEHO BiJIMIHHOCTI y eKcIpecii TeHiB a-, - Ta y-TyOymiHiB 3a Jii X0JI0J0BOTO Ta COTHOBOTO
CTpecy Ha OCHOBI OMyOIIKOBAaHHUX paHillle TPAHCKPUIITOMHHX JaHHX.

Hamu Oyno BcTaHOBJIEHO piBHI ekcrpecii Juisi ieHTH(IKOBaHUX paHilie reHiB 17-TH TeHIB o-
TyOyiHIB (BKIIOYar09YM 1 1mceBAOreH), 26-TH T'eHIB Ta 8-MH IICEBAOTeHIB B-TyOyIIiHY, a TaKOX 6-TH I'eHiB
y-TyOyniny. Inentudikaris reniB Oyna 3aiiicHena Ha ocHOBI 30ipku reromy prxkito GCF_000633955.1
(Kagale et al., 2014). TpauckpunTomHi JIaHi 1moa0 ekcnpecii reniB C. sativa (s pedepenTHoi JniHil
DH55) y pi3sHHMX TKaHWHAX Ha Pi3HUX CTAIisIX POCTYy OyJaM OTPUMaHI i3 3araJibHOJOCTYITHUX 0a3 JaHWX
(Kagale et al., 2016). Kpim Toro, 3MiHH eKCIIpecii TeHIB TyOyITIiHY 32 YMOB COJIbOBOT'O CTPECY TaKOX OYII0
MPOaHaJIi30BaHO HA OCHOBI crierudiunol 6a3u manux s pedeperrnoro copry DHS5 (Heydarian et al.,
2018), B TO# yac sk 3MiHM PiBHIB eKcrpecii 3a Aii X0J040Boro cTpecy (ekcro3uuis pociud npu 5°C mpo-
TATOM 8 TWXHIB) OyIlM TpoaHaii3oBaHi Ha OCHOBI TpaHckpurtoMiB siporo (CO46) Ta 03MMOTO COPTIB
(Joelle) pwxiro (Anderson et al., 2022).

HaiiBumi piBHi ekcripecii TeHiB TyOyiHy Oylio BUSBICHO B CTe0JIaX i KOPEHSIX 3PLIMX POCIHH, TOJI
SK HallMEHIIE I1i TeHU EKCIPECYIOThCS B CTapilOYUX JUCTKAaX 1 B HACIHHI Ha MI3HIX CTaJis JO3piBaHHS.
Iixago, 1110 piBenb excrpecii CsSTUG2-C BUSBUBCS 3HAYHO ITIIBUICHUM Ha ITi3HIN CTaii J03piBaHHS Ha-
ciHHs prxkiro. JIpyri 3a BeJIMUMHOIO PiBHI eKcrpecii reHiB TyOyniHy Oy BUSIBIEHI Y KBITKOBUX OpYHbB-
kax 1 kBitax. 3okpema, CSTUAL-A ekcripecyeTbcs Ha cTallii UBITIHHA Ha IPUHANMHI BBi4i BUIIOMY PiB-
Hi, HDK Y OyJIb-fKiif 3 TKAHWH Ha IHIIUX CTaisIX BereTarii. ¥ TOH e yac Ied reH Maixe He eKCIpecy-
€ThCS B KOPEHSX, CTeOJII Ta mpopocTarouomy HacinHi. Y A. thaliana oprosor mporo reHa (AtTUAL) aktu-
BHO EKCIPECYETHCS B ITUJIKY.

Tpuruetn romeonoriunux reris CSTUA2, CsSTUA4, CsTUB10 (CsTUB) xapakTepusyBaiuch Maii-
K€ 1IEHTHYHUMU NIaTepHaMH eKCIpecii y BCiX aHa i30BaHMX TUIIAX TKAHWH HA Pi3HHUX CTaJisIX, TaK CaMo
sk i pymeru renis CsSTUBL-A/B, CsTUB3-A/B, CsTUB9-B/C, CsTUG1-A/B, CsTUG2-A/B. HaiiBurii ab-
COJIIOTHI IOKAa3HWKH PiBHS TPAaHCKPUNTIB y cTeOsi Ta KopeHsx Mamu Tpuruietd reHiB CSTUBG Ta

14



SECOND INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

CsTUBI10, a Takox omunounmii reH CSTUB4-C. Cepen o-TyOymiHiB aOCOMIOTHUMH JIiAepaMu 3a IOKa3-
Hukamu excrpecii Oyiaun CSTUA4 i CSTUAG, sixi mpoaeMOHCTpYBall HaWBUILI MOKJIMBI PiBHI TpaHCKpHU-
NTiB y cTeOi Ta KOPEeHSX.

Byso BusBIEHO, 0 TOMEOJIOTH TYOYITiHY 3 Pi3HHUX IMATCHOMIB €KCIIPECYIOTHCS HEPIBHOMIPHO, He-
3BaYKAIOUM Ha CXOXICTh MaTepHiB ix ekcnpecii. Hapasi BBaxaeThCsl, 10 TPETil MiAT€HOM PHXKIiIO MTOCIBHO-
0 BHOCUTh OCHOBHY YaCTKY JIO 3araJIbHOTO PiBHSA excnpecii reHiB (mpubnmsuo 36,5-39,0%), Toxi sk nBa
IHII MiAreHOME BHOCSTH MeHIne ofHiei Tpetunn koxkeH (Chaudhary et al., 2020). Onnak, y BUIaaKy po-
JUHU TeHiB TyOyJIiHy CHOCTepiranocs Juiie He3HauHe TOMIHYBaHHS y KOHTEKCTI CyMapHOi eKchpecii re-
HIB 3 TPETHOI'0 MiAreHOMY Ha cTamisx UBITiHHA (35,4%) Ta miJ yac Mi3HLOrO PO3BUTKY HaciHHA (34,8%).
HesBaxaroun Ha 11e, y TKaHWHAX KOpEeHs Ta cTebjla BHECOK TeHIB TyOYIIiHY 3 TPETHOTO IMATeHOMY IO 3a-
TaJIBHOTO PiBHA iX eKkcmpecii OyB Biporigao HxInUM (29,9%). ¥ mpopocTkax Ta Moloaux JucTkax 36,4-
41,5% TpaHCKpUNTIB TeHIB TyOyIlliHy MOXOJWIN 3 APYroro miareHomy. TpaHCKPHUITH TEHIB TyOyliHY 3
HEpILOro MiAreHOMY HepeBakaln Maiike Ha BCIX CTaisfX Jo3piBaHHs HaciHHs (36,4-39,1%).

Hamu Takox Oymno mocmikeHo 3MiHy eKcrpecii reHiB o- Ta -TyOymiHy MiJ BIUIHBOM COJIHOBOTO
cTpecy. Beranosneno, mo moBHi Habopu romeosoriyaux reniB CSTUBL (2 renn) ta CSTUBY (3 romeo-
JIOTH) BUSIBJISUTH 3HAYHE 3HW)KEHHS PiBHIB ekcrpecii (Big 1,5 10 3 pasiB) SK y KOPEHAX, TaK 1 B MaroHax.
Lixaso, mo excrpecis CSTUB1-A 6yma 6inmbimoro mipoto 3HMKeHa y KopeHsix, a CSTUBL-B, naBnaku, y
naroHax. HemonaBHo Oyno Takok BHSBIIEHO, IO PiBEHB €KCHpecii ToMoJoridHoro reHa izorurry TUB7
3HIDKYEThCSl y Brassica napus 3a ymoB BIUMBY coiboBoro crpecy (Yang et al., 2018). Takum 4yuHOM,
MoOkHa mpunyctuTH, mo TUB7 Moxe OyTH OJHUM i3 KPUTHYHO BAXKIUBUX 130THIIB B-TyOyIiHy, siKi Oe-
PYTh y4acTh y pyHKIIOHYBaHHI MIKpPOTPYOOUOK ITiJ BIUTMBOM COJILOBOTO CTPECY.

AHarnoriuno, HaMu OyJI0 TaKOXX MPOaHATI30BaHO BIUIMB HU3BKUX TEMIIEPATyp Ha €KCIPECiio I'eHiB
TyOyJiHY y SIpOTO Ta O3UMOTO pHXKito. EKCrO3HuIIist pOCIMH 32 HU3BKHX TEMIIEPaTyp NPU3BOIUTH A0 Mij-
BUIIICHHS PIiBHIB ekcmpecii y-TyOymiHiB. Ha 1-My TmXHI y Sporo pwxkiro croctepiraaocs MiaBHIIEHHS
excrpecii rera CSTUGL-B/C B 1,3 pasa, sika Hajgasi moBepTaiacs 10 BUXIIHHUX PiBHIB. B TO# ke yac y
03MMOTO PHIKIIO0 €KCIIPECis IIUX TEHIB Micis MiBUINEHHS Ha |- THXIEHB Y MOJANBIIOMY HE 3HIKYBaJIa-
csl.

[Tatepuu ekcmnpecii o- Ta B-TyOymiHIB 3a mii HU3BKHUX TeMIlepaTyp OyiH Aemo iHmuMH. Excrpecis
reniB CSTUAB-A/B/C ta CSTUA4-A/B/C na mouaTKy pocTy pociuH Oyiia Haa3BHUAHHO BHCOKOIO (110
~300-400 FPKM), onHak Bxe Ha 1-My TIOKHI ApaMaTHYHO 3HIDKYBanack (y 1,5-2 pasu y siporo ta 2-2,5 y
03MMOT0) 1 HEe TTOBEPTAETHCA J0 BUXITHUX PiBHIB. IlomiOHa KapTHHA CITOCTepiransacs SK y sSporo, Tak i y
o3umoro prxito. ['enun i3otrry TUA2 MaroTh molliOHy JMHAMIKy 3HW)KEHHS eKcrpecii Ha 1-i THK/IeHb,
OJTHAK X 3arajbHUH PiBEHb EKCIIPECii € HECYTTEBUM Y SIPOTO PUIXKIIO, a 3MiHI JJIsi O3UMOTO PHXKIIO HE € Bi-
poriganMu. Bapro Takox 3a3HaumtH, o reHu i3otuniB TUAL, TUA3 ta TUAS (ski yci € mipecTaBHU-
kamu kiacy 11 o-TyOyiTiHiB) Maike He eKCIIPeCyIOThCS y 000X OloTHITIB prkifo. Excripecis TeHiB 130THITIB
TUBG6 Ta napanoriunux TUB2/3 manu auHaMiky, moaiOHy /10 ekcrpecii a-TyOymiHiB kiacy I: Ha nepiio-
My THXKHI eKcrpecis namae B 2-3 abo B 3-4 pas3u i Oinble HEe MOBEPTAETHCS IO BUXITHOTO PiBHA, SIK Y
03MMOT0, TaK i y SpOT0 PIKif0. AHAJIOTIUHI TAaTEPHH eKcnpecii MaroTh Tenn i3otuitis TUB7 ta TUBS (sxi
gk i TUB2/3 e npencraBaukamu knacy Il B-TyOyumiHiB), ofHaK 1X 3arajiibHa ekcnpecis Oyina HaJTO HU3b-
koro. Te came cmpaBemmBo 1 ais ycix Tpbox romeosiorieB TUB10. Excnpecis renip i3otumis TUBI,
TUBS ta TUB9 6yna craiioro ta BiporigHO He 3MiHIOBaNacs. €IMHAM T€HOM, eKCIpecist TKOTO ITiIBHIIY-
Banacs (B 1,4 pa3a) Ha 1-My TIKHI i 3roJoM moBepTajacs 10 BUXiHHUX piBHIB, 0yB CSTUB4-C y siporo
prkito. B o3uMoro GioTumy ekcripecisi bOro reHy 3aliiiaiacs cTanor abo HaBiTh 3HIKYBanacs (Ha 4-
My TkHI Ha 20%). LlikaBo, 110 aHAIOTIYHO 3MIHFOBAJIACS €KCIIPECis TICEBIOTEHA IHOTO K 130THUILY.
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INFLUENCE OF TEMPERATURE STRESS ON THE MALE REPRODUCTIVE
SYSTEM OF BARLEY PLANTS (Hordeum vukgare L.)
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Study of the effect of hyperthermia on reproductive system plants usually is limited by the effect of
high summer temperatures (Lattoo et al., 2006; Zinn et al., 2010; Pecrix et al. 2011; Giorno et al., 2013;
De Storme and Geelen, 2014). Elevated temperatures can accelerate or delay the formation of reproduc-
tive organs, induce cytomixis and associated meiosis abnormalities (De Storme and Geelen, 2014). In
natural conditions, plants are affected by a combination of environmental factors, which makes it difficult
to assess the influence of each individual factor. Therefore, the use of hypothermia at the same time, in
laboratory and field experiments will contribute to a better understanding of the cellular mechanisms of
the reaction of generative tissues, in particular the male generative system, to temperature stress.

Pre-sowing heat treatment of barley grains (Xanatu variety) was carried out at 48°C for 12 h, after
which they were sown under open ground conditions. Pressed preparations of anthers were stained and
analyzed using light and fluorescence microscopes Axiostar and Axioskop (Zeiss).

Heat treatment of grains contributed to activation of cytomixis in microsporogenesis and vegetative
tissues of the anther wall. At the same time, a shift in the maximum activity of cytomixis from premeiotic
interphase to zygotene-pachytene prophase 1, as well as a change in the nature of cytomictic interactions
between microsporocytes, were revealed. Thus, with the activation of cytomixis complex chain interac-
tions were formed between neighboring microsporocytes, in which one and the same cell was both a do-
nor and a recipient of chromatin for others. Heat treatment also activated cytomictic interactions within
the tissues of the anther wall, mainly within the tapetal tissue, as well as between microsporocytes and the
tapetum. The activation of cytomixis had no noticeable negative effects on the further passage of meiosis.
However, heat treatment was accompanied by an increase in pollen sterility up to 6.5% (compared to 3%
in the control), which, however, was not critical for barley as a self-pollinator.

Heat stress obviously affects the metabolism of callose and its integration into the microsporocyte
envelope. Normally, callose is deposited on microsporocytes asymmetrically, forming the so-called callo-
sal ridges towards the center of the anther, which complicate cytomictic migration. Heat treatment induc-
es hypersecretion of callose deposits. Because the callosal ridges in the experiment are penetrated by cy-
tomictic channels, the callose apparently does not so much block as limit and/or regulate cytomictic mi-
gration in the anther. The origin of such cytomictic channels requires further research. It is assumed that
temperature stress can affect the expression of genes that determine the enzymatic processes of synthesis
and/or hydrolysis of callose. Indeed, earlier, based on the study of DNA polymorphism of anther tissues,
we showed that heat treatment induces the formation of an adaptive response to UV-B irradiation, appar-
ently due to genomic rearrangements associated with a change in the expression profile of genes that de-
termine the formation of nonspecific resistance (Kravets et al., 2012). Therefore, pre-sowing heat treat-
ment of barley induced the activation of cytomixis in microsporogenesis, hypersecretion of callose in the
walls of microsporocytes, and an increase in the level of sterility of pollen grains. Obviously, heat stress
affects the metabolism of callose and its integration into the composition of the microsporocyte envelope.
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IN INTROGRESSION WHEAT LINES
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Drought and hyperthermia emerge as the main limiting environmental factors for the production of
wheat in many soil and climatic zones of Ukraine, especially in the Southern arid regions (Lytvynenko,
2016). The yield loss due to heat and drought on yield is exacerbated by numerous viral and fungal dis-
eases (Mishchenko et al., 2018). Increasing plant resilience and sustaining the productivity of agricultural
systems in the face of growing anthropogenic load on the ecosystems requires understanding the protec-
tive mechanisms against the damages inflicted by environmental factors. One resiliency mechanism en-
compasses reactions that are responsible for sustaining metabolic processes in response to stress. It has
been shown that protective proteins and redox signaling components (PR-proteins, lectins, inhibitors of
proteolytic enzymes, antioxidant enzymes, etc.) contribute to biochemical processes of plant resilience
(Kolupaev, Karpets, 2019; Kaur et al., 2022). One of the key components of ROS metabolism is peroxi-
somes, ubiquitous organelles surrounded by a single membrane. Peroxisomes to many metabolic path-
ways including photorespiration as part of the glycolate cycle, p-oxidation of fatty acids, metabolism of
hydrogen peroxide and nitrogen, and synthesis of the hormones auxin and jasmonic acid. Peroxisomes
scavenge ROS non-enzymatically with the antioxidants ascorbate and glutathione and enzymatically us-
ing catalase, dehydro- and monodehydroascorbate reductase, glutathione peroxidase and glutathione re-
ductase, ascorbate peroxidase, peroxiredoxins, and superoxide dismutase. The latter enzymes play a key
role in multiple stress response pathways (Smertenko, 2017; Kao et al., 2018).

Preventing the devastating impact of diseases and abiotic stress on yield depends on the identifica-
tion of donors carrying the resilience genes for improving commercial varieties of wheat (Figueroa et al.,
2018). Among others, the introgression lines developed from interspecies crosses between highly produc-
tive varieties and different primary sources of alien genes offer rich genetic diversity for resilience to dis-
eases and abiotic stresses (Ahmadi et al., 2018). The goal of our research is to characterize the biochemi-
cal protective reactions in introgression wheat lines in response to biotic and abiotic stress factors to iden-
tify biochemical traits of resilience to fungal diseases and drought. As the model system, we used 4-5-
day-old seedlings and plants at the heading stage of wheat (Triticum aestivum L.) infected by Fusarium
graminearum Schabe, Puccinia triticina Erikss.&Henn., and Puccinia graminis sp. tritici Erikss.&Henn.,
and under conditions of water deficit, hyperthermia, and their combined effect. The introgression lines of
bread winter wheat were created by repeated crossing of primary lines, collection samples, or amphip-
loids with the participation of Aegilops tauschii Coss with modern wheat varieties of PBGI-NCSCI,
which differed in the level of resilience to fungal diseases and drought tolerance.

We measured peroxisome abundance, parameters of ROS homeostasis, activity and composition of
protective proteins (trypsin inhibitor, lectins, chitinase, $-1,3-glucanase) using spectrophotometry, protein
electrophoresis, hemagglutination of trypsinized erythrocytes, affinity chromatography, biological testing,
field and laboratory pathological phenotyping, and physiological methods. Peroxisome abundance was
measured using Nitro-BODIPY using our published procedure (Hickey et al., 2022). Data processing was
performed using Prism Graph 8 (GraphPad Software, San Diego, CA, USA).

We found that the defense response included higher activity of trypsin inhibitors and lectins only in
the case of Fusarium graminearum. The activity of trypsin inhibitor in the control samples depended on
the level of resilience only to leaf rust. Activation of chitinase and -1,3-glucanase was detected in re-
sponse to fusariose and leaf and stem rust. Measurement of the peroxisome abundance in 7-day-old seed-
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lings of the introgression lines infected with Fusarium graminearum showed significant variability. In the
variety ‘Antonivka’, higher peroxisome abundance in roots of plants infected by Fusarium graminearum
was accompanied by lower hydrogen peroxide and nitric oxide content. In the recurrent line ‘Odeska
267°, greater peroxisome abundance in response to Fusarium graminearum in the aboveground part was
also accompanied by lower hydrogen peroxide content and an increase of nitric oxide content. In the
seedlings of the introgression line ‘PIL414/16 (Selyanka / ES17 F, // Odeska 267 F4 /3/ Borviy Fy)’,
which has traits of resilience to fungal diseases, we detected a decrease of both peroxisome abundance
and hydrogen peroxide content in the aboveground part of the seedlings. These outcomes demonstrate the
genetic diversity of the peroxisomal response to pathogens. Such diversity could be exploited to identify
genes responsible for the regulation of peroxisome abundance in response to pathogens. We also meas-
ured the content of reduced glutathione, the activity of antioxidant enzymes and PR-proteins (chitinase
and B-1,3-glucanase) in the plants at the heading stage of introgression lines infected by Puccinia recon-
dita and Puccinia graminis. These results demonstrate that resilience to Puccinia recondita and Puccinia
graminis depends on different mechanisms of ROS homeostasis and different activity and component
composition of PR-proteins.

The changes in the content of lipid peroxidation products, reduced glutathione, the activity of ROS-
scavenging enzymes (superoxide dismutase, catalase, peroxidase, glutathione peroxidase) and PR proteins
(B-1,3-glucanase, chitinase) under conditions of water deficit, hyperthermia, and their combined effect
have been established in the seedlings of the introgression lines with different drought tolerance. These
changes in biochemical characteristics depended on the level of drought tolerance and the origin of lines.
A significant increase in peroxisome abundance was detected in the roots of seedlings under a given abi-
otic stress factor, especially in the roots of the non-drought-tolerant line. This is probably due to the
greater sensitivity of the roots to these stress factors and the accumulation of reactive oxygen species, in-
cluding hydrogen peroxide, products of lipid peroxidation. Peroxisome abundance could change in re-
sponse to significant destabilization of ROS-homeostasis in the tissues of non-drought-tolerant lines. In
addition, it is known that peroxins participate in the biogenesis of peroxisomes. Thus, the increased
peroxin expression under the influence of studied stress factors can also affect the level of peroxisome
proliferation in wheat plants.

In conclusion, the introgression wheat lines provide a source of genes for improving disease and
drought resilience of winter bread wheat. Our findings deepen the understanding of the strategies for gen-
otype-specific defense reactions in wheat plants after the infection with fungal pathogens and under abiot-
ic stressors. These findings demonstrate that predicting the resilience of a specific genotype to a particular
biotic and abiotic factor requires measuring multiple biochemical characteristics, including parameters of
ROS homeostasis, level of peroxisome abundance, activity, and component composition of protective
proteins. Obtained results can be used for developing varieties with enhanced resilience to fungal patho-
gens and drought tolerance.
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Flooding is a potentially detrimental stress for many plants, which can be caused by both natural
factors and human activities. It is established that in the root system of plants, which is most prone to
flooding and the first to suffer from an oxygen shortage, flooding causes inhibition of aerobic processes
and impaired absorption of ions and nutrients by the roots. The next step in the impact of flooding is sig-
nificant changes in the structure and metabolism of above-ground organs, leaves, and stems. It is estab-
lished that flooding affects the growth processes of vegetative organs and also changes photosynthesis.
The main barrier between the plant and the environment is the epidermis of the vegetative organs. The ep-
idermis can reveal itself in the plasticity of the micromorphology, cell ultrastructure, and cell wall compo-
sition under the influence of an extreme effect on the plant. A convenient natural model to study the role
of leaf epidermis in the adaptive capacity of plants to flooding may be a species that has adapted to grow-
ing in contrasting environmental conditions. Such a species is Alyssum desertorum (Brassicales), a
psammophyte that is characterized by wide amplitude of geographical distribution and is associated with
aquatic habitats. The aim of our work was to investigate the ultrastructure of the epidermis as well as the
localization and content of silicon ions in the leaves of flooded and terrestrial A. desertorum plants grown
in the Kyiv zone (Ukraine). The study used leaf samples of A. desertorum (desert madwort, family Bras-
sicaceae) from flooded and control plants in vegetative growth. Seedlings of A. desertorum that were
grown in March—April on semi-sandy, slightly moist soil (control) and formed two cotyledon leaves and
two true leaves were used for flooding during 10 days. To study the effect of flooding on psammophyte
leaves, we used light microscopy, scanning electron microscopy, and laser confocal microscopy. We stud-
ied the following parameters: the size and shape of leaf blades, the ultrastructure of leaf epidermal cells,
and the localization and content of silicon ions in the leaves. After 10 days of flooding, the cotyledon
leaves of plants turned yellow, but the true leaves were green, and the size of these leaves did not change.
The common morphological and structural features in control and flooded plants were the shape and size
of true leaves, the epistomatic type of leaf blade, and the presence of stellate trichomes that covered both
surfaces of A. desertorum leaves. We established that flooding the soil influenced the leaf epidermis ultra-
structure and the change in silicon content in the epidermis leaf of desert madwort. The comparative study
of the morphology of leaves, their shape, and the ultrastructure of the epidermis of leaves of control and
flooded psammophyte plants of A. desertorum revealed the identity of the shape and size of leaf blades, as
well as certain differences in the ultrastructure of the epidermis of leaves. In particular, yellowed cotyle-
don leaves, an increase in the number of trichome branches in true leaves, as well as an increase in waxy
structures on the main cells of the epidermis and on the bases of trichomes on the abaxial surface of the
leaves, were found in flooded plants. The laser confocal microscopic and cytochemical study of silicon
inclusions in A. desertorum leaves showed that flooding of plants led to an increase in the silicon content
in trichomes and periclinal walls of usual epidermal cells, as well as an increase in the amount of wax on
the surface of trichomes and epidermal cells. We suggest that an increase in silicon inclusion content can
contribute to optimal absorption and reflection of sunlight, which helps optimize leaf function in flooded
plants. Changes in cellular ultrastructure and silicon content in leaf epidermal cells indicate phenotypic
cellular plasticity, which contributes to the optimal functioning of psammophyte plants under flooding.
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Space experiments and experiments with simulated microgravity have shown that the reorganization
of plant cell structure and metabolism is dependent on these stress factors (Kordyum, 1994). One of the
most intriguing issues related to microgravity is the induction of autophagy, common mechanism for eu-
karyotic cell adaptive response to stress (Shadrina et ak., 2019; Yemets et al., 2021).

Recently we have demonstrated that the development of autophagy in plant cells initiated by various
abiotic stresses such as starvation, high osmosis, salinity, and UV-B irradiation involves signaling via mi-
crotubules (Olenieva et al., 2018a,b). In these experiments it was established a functional relationship be-
tween o-tubulin acetylation and the development of stress-induced autophagy in plants (Lytvyn et al.,
2018; Olenieva et al., 2019). Expression patterns of the genes for a-tubulin, ATG8 protein and enzymes
responsible for a-tubulin acetylation, as well as kinesin genes (microtubular motor proteins), which may
be involved in mediating autophagy processes through microtubules, have been characterized (Olenieva
et al., 2018c). Inhibition of autophagy by the cysteine protease inhibitor E-64 under different stress condi-
tions (starvation, osmotic and salt stress, etc.) led to inhibition of plant growth, which confirms the adap-
tive function of autophagy (Olenieva et al., 2019). However, the influence of such a factor as microgravi-
ty on the development of autophagy and the importance of this process for plant adaptation to weightless-
ness conditions remain unexplored. The study of autophagy and PCD becomes especially relevant with
the development of the ways for plant adaptation to microgravity conditions. An example of works in this
direction is the modification and correction of signaling pathways, in particular, with the participation of
nitric oxide, which regulates the plant stress tolerance (Fancy et al., 2017). As it known, NO increases re-
sistance to such stresses as drought (Lau et al., 2021), salinity (Tahjib-Ul-Arif et al., 2022), UV-B irradia-
tion (Krasylenko et al., 2012), exposure to heavy metals (Emamverdian et al., 2021) and low temperatures
(Plohovska et al., 2019). However, the role of NO in the mechanisms of adaptation to microgravity, in-
cluding the possible induction autophagy, has not yet been studied.

The aim of this work was to study the induction of autophagy as an adaptive mechanism to micro-
gravity conditions, including the analysis of the transcriptional profiles of the tubulin and atg8 genes as
well as the role of NO in the mechanisms of adaptation to microgravity using NO donors and scavengers.
It was shown that clinostating induces autophagy without increasing the PCD index in the epidermal cells
of the root apices of seedlings Arabidopsis thaliana. After the phase of activation of autophagy, its regu-
latory weakening occurs, which probably indicates adaptive changes to the clinostating.

The transcriptional activity of a- and B-tubulin genes of A. thaliana involved in the development of
autophagy induced by microgravity was estimated (Yemets et al., 2023). As a result of the analysis of the
expression of 6 a- and 9 B-tubulin genes, an increase in the expression levels of tua2, tua3, tua4, tua6
genes and a decrease in gene expression of tua4, tua5 on the 6th-9th day of cultivation. On the 12th day
of growing plants under clinostating conditions, none of the six studied isotypes showed an increase in
the level of expression. The gene tual is probably not involved in autophagy, as its expression level was
consistently low during long-term cultivation. The transcriptional analysis also showed an increase in the
expression levels of the tub2 and tub3 and a decrease in the expression of the tub4, tub5, tub6, tub7, tub8,
tub9 genes on the 6-9th day of cultivation under microgravity conditions. On the 12th day, elevated ex-
pression levels of tubl, tub4, tub5, tub6, tub7, tub8, and tub9 under microgravity conditions were fixed.
These results illustrate the role of the microtubules in the development of stress-induced autophagy, and
provide an opportunity to identify genes specific to stress caused by microgravity.
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The induction of autophagy correlates with an increase in the expression levels of atg8 genes, some of
which (atg8e and atg8i) may be involved in the development of autophagy under microgravity conditions.
The obtained data deepen the understanding of the molecular mechanisms of the development of stress-
induced autophagy, in particular the involvement of different isotypes of ATG8 proteins and their interac-
tion with other molecular components involved in the induction of autophagy, and also allow the devel-
opment of ways to increase plant stress resistance. As a result of the comparative analysis of the expres-
sion profiles of all studied genes, some conclusions can be made about co-expression of the a- and B-
tubulin genes and atg8 under the influence of microgravity. In particular, it was established that genes
tua2, tua3, tub2, tub3 and atg8i may be considered as a key elements of plant adaptation to prolonged ex-
posure to microgravity (Yemets et al., 2023). Thus, data on the expression of plant tubulin and ATG8 pro-
tein genes in microgravity conditions were obtained for the first time, which provides a basis for the de-
velopment of approaches to increase the adaptation of plants during their cultivation under the influence
of such stress.

It was established that treatment with a NO donor had a stimulating effect, increased the content of
endogenous NO and the resistance of plants to clinostating. Under clinostating conditions, compared to
the control, the optimum concentration of NO decreased, possibly due to the contribution of NO to the
generation of ROS. The negative effect of NO scavenger on seedling growth was enhanced by clinostat-
ing, including increased accumulation of autophagosomes in epidermal cells. These results indicate that
endogenous NO content is an important component of intracellular signaling mechanisms involved in the
response of plant cells to simulated microgravity, including autophagy induction mechanisms
(Plokhovska et al., 2022; Yemets et al., 2023).

The obtained results, which confirm the functional role of a- and B-tubulin genes in the development
of stress-induced autophagy, create an initial platform for further study of the cellular mechanisms of the
different isotypes of the ATG8 proteins and their interaction with other cellular components involvement
in the development of autophagy under microgravity conditions. Using effective donors and absorbers of
NO made it possible to clarify the role of NO in mediating the action of such a stress as microgravity, and
the obtained results will be used in the development of approaches to increase the adaptation of plants
during their cultivation in the conditions of space flight. The obtained data can be used to solve the prob-
lems of growing plants in closed life support systems during long-term flights.

REFERENCES
Emamverdian A., Ding Y., Barker J. et al. // Antioxidants. 2021. 10(12):1981.
Fancy N.N., Bahlmann A.K., Loake G.J. // Plant Cell Environ. 2017. 40: 462.
Kordyum E.L. // Adv Space Res. 1994. 14: 77-85.
Krasylenko Yu.A., Yemets A.l., Sheremet Ya.A., Blume Ya.B. // Physiol. Plant. 2012. 145(4): 505.
Lau S.-E., Hamdan M.F., Pua T.-L. et al. // Plants. 2021. 10(2): 360.
Lytvyn D.l., Olenieva V.D., Yemets A.l., Blume Ya.B. // Cytol. Genet. 2018. 52 (4): 245.
Olenieva V.D., Lytvyn D.1., Yemets A.l., Blume Ya.B. // Repts Natl. Acad. Sci. Ukraine. 2018a. 1: 100. (in Ukr.).
Olenieva V.D., Lytvyn D.l., Yemets A.l., Blume Ya.B. // Bull. Ukr. Soc. Geneticists and Breeders. 2018b. 16(2):
174. (in Ukr.).
Olenieva V.D., Lytvyn D.1., Yemets A.l., Blume Ya.B. // Factors Exp. Evol. Organisms. 2018c. 22: 162. (in Ukr.).
Olenieva V., Lytvyn D., Yemets A. et al. // Cell Biol. Int. 2019. 43: 1056.
Plohovska S.H., Krasylenko Y.A., Yemets A.l. // Cell Biol. Int. 2019: 43: 1020.
Plokhovska S.H., Shadrina R.Yu., Kravets O.A. et al. // Cytol. Genet. 2022. 56: 244,
Shadrina R.Yu., Yemets A.l., Blume Ya.B. // Factors Exp. Evol. Organisms. 2019. 25: 327.
Tahjib-Ul-Arif M., Wei X., Jahan I. et al. // Front. Plant Sci. 2022. 13: 957735.
Yemets A.l., Plokhovska S.H., Shadrina R.Yu., Kravets O.A., Blume Ya.B. // Space Sci. Technol. 2023. 29(2): 22.
Yemets A.l., Shadrina R.Yu., Horyunova I.1. et al. // Space Research in Ukraine. 2018-2020 / Ed. O. Fedorov. Kyiv:
Akademperiodyka, 2021, pp. 79-84.

21



SECOND INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

ADAPTIVE PLANT RESPONSES TO ABIOTIC AND BIOTIC STRESS FACTORS

3AJIEZKHICTD BMICTY HU3BBKOMOJIEKYJIAPHUX AHTUOKCUJAHTIB
JOMIHAHTHUX BUAIB JIICOBUX BPIO®ITIB BI/I EKOJIOI'TYHHUX ®AKTOPIB

0. JI. Baik

Inemumym exonoeii Kapnam Hayionanenoi akademii nayk Yxpainu, Jlveie, Yrpaina;
baik.oksana@gmail.com

OpnHiero 3 ocobmuBOCTEN (GOPMYBaHHS CTIHKOCTI POCIHH 10 a0ioTHYHHX (DaKTOPIB € 3MaTHICTH pOC-
JIMH JT0 CHHTE3y BTOPUHHUX META0OJIITIB, 10 AKUX HAJIekKaTh KApOTUHOIIM, aHTOIlIaHu, (pJIaBOHOIHN Ta (e-
HOJIbHI CITONMYKU. BOHM OepyTh ydacTh B pi3HHX (i3i0JOTIYHIX Tpoliecax: B peryisimii poTocuHTe3y Ta AH-
XaHHS, 3aXUCHUX PEaKIIisX 3a Jii CTPeCOBUX YMHHUKIB. HemocTaTHRO TOCTIIMKEHO MUTAHHS 100 3aXHUCHOT
POJTi HU3bKOMOJCKYIISIPHIX aHTHOKCUIAHTIB Y PO3BUTKY CTPEC-TOJICPAHTHOCTI JIO JIii aHOMAITbHO BUCOKHX
TEMIIepaTyp Ta IHCOJIALIT, 30KkpeMa y MoxiB. TOMy METOIO JOCIiKeHb OyJI0 BUBYCHHS 3MiH KUIbKICHOIO
BMICTY ()€HONBHUX CIOJYK, aHTOI[IaHOBOTO Ta KapOTHUHOIAHOTO MrMEHTHOTO KOMIUIEKCY Y JOMIHAHTHHX
BUJIIB JIICOBHX MOXIB Ha TEPUTOPISX, IO PI3HATHCS 32 PIBHEM aHTPOIIOTCHHOTO HABAHTAKEHHS.

Buznavenns 3aranpHoro BMicTy deHonpHIX cionyk (PC) y raMeTodiTi MOXiB TIPOBOIITH 3 BUKOPH-
crannsaM peaktuBy Pomnina-/lenica (Anahita et al., 2015). CriekTpy moriHHAHHS KOMIUICKCIB (JIaBOHOI/IB 3
XJIOPUJIOM aITFOMiHIIO OmiHIOBaK Ha criektpodoTtometpi Specord 210 Plus B miamazoni 400—700 HM 3 Kpo-
koM 0,1 HM Ta MOpIBHIOBaNM 13 CHEKTpaMH TOTJMHAHHS CTaHAApPTHUX po3unHiB (raBonoiniB (Pekal,
Pyrzynska, 2014). BmicT kapoTHHOIAiB BU3Ha4aiIu B 96% po34MHi €TUIIOBOrO CIMPTY Ha CHEKTPOOTOMET-
pi Specord 210 Plus i po3paxoByBainu 3a popmysiaamu Xoapma-Bermreitna (ILnbik, 1971). BmicT anTomia-
HiB Br3Havyamu 32 M.H. ['ony6unkosum (I"omy0Ounkos, 1971).

Jlocmi/pKeHHsST BMICTY HHU3bKOMOJICKYJSIDHUX MeTa0omiTiB JicoBux MoxiB (Atrichum undulatum
(Hedw.) P. Beav., Polytrichum formosum Hedw., Ceratodon purpureus (Hedw.) Brid.) mpoBoauiu Ha Te-
PHUTOPISX, 10 BIIPI3HSIIMCS 32 TAPOTEPMIYHUM PEKUMOM Ta PIBHEM OCBITICHHSI.

AxtrBHI popmu kucHIO (ADK), 0cOOIMBO CHHTIIETHUH KHCEHB, 1[0 YTBOPIOIOTHCS B XJIOPOIIIACTAX B
YMOBAX CTPECY, MOXKYTh OKHCHIOBATH KAPOTHHOI/IH, IIPH3BOJIAYH 10 PISHOMAHITHHX OKHCHCHHX IIPOJYKTIB,
BKJIFOYAOUU Q/IbJICTi/M, KETOHH, CHIONICPOKCHIH Ta JAKTOHU. JIesKi 3 LUX NOXiAHMX KapOTHHOI/IB, € 6i0-
JIOTIYHO aKTHBHMMHU Ta MOXKYTb IHIYKYBATH 3MiHM B €KCIECIi ICHIB, 10 NPU3BOAUTE 10 CTPECOCTIHKOCTI
(Havaux, 2013; Oingbo et al., 2019; Kulshrestha et al., 2022). Kap0TI/IH01):[I/I € KOMIIOHEHTAMH ITITMEHTHOTO
KOMIUIEKCY Ta HU3bKOMOJICKYIISIPHIMH aHTHOKCHJIAHTAMHU TEPIIEHOIIHOI Npupoau. MetabomiTi miacTui-
HUX KapOTHHOIIB MOXKYTh BIUIMBATH Ha GKCIPECIIO SICPHIX I'CHIB, IO BKa3ye Ha (YHKIIIO KapOTHHOI/IB,
SIK IHAMKATOPIB CTPECy y pocinH. KapoTHHOIAK BiirpatoTh BasKIIMBY POJIb Y MEXaHi3Max 3aXucty $porocu-
HTETHYHOI'O aNapary BiJ| PisHOMaHITHUX LWIKiUIMBUX (aKTOPIiB 30BHIIHBOrO cepeloBuila. Boxu nornuHa-
10Th ADK, 1110 yTBOPIOIOTECS TiJ Yac (POTOOKHCHIOBAJIBHOIO CTPECY 1 MOM’SIKITYIOTh BIUIUB €KCTpEMallb-
uux Temreparyp (Uarrota et al., 2018).

[NopiBHATEHMIA aHANI3 HOCIIHKYBAaHUX MOXIB, SIKi POCTYTh Ha Pi3HUX 3a CTYIIEHEM MOPYIIIEHHS JIiCO-
BOI €KOCHCTEMH Ta BOJHHMM OaJIaHCOM JIOKAJIITETax IOKa3aBs, cyTTeBi Bi,Z[MiHHOCTi BMICTY KapOTHHo'iz[iB 3a-
JIGKHO BiJl )KUTTEBOI (POPMH Ta MiCIIE3pOCTAHHSL. OcoGimeo BIJPI3HSETHCS BMICT KapPOTHHOIIB y €KTOri/-
PUYHHX MOXIB 3 PISHHMHU JKUTTEBUMU (QOpPMaMH, SKi € '{yTJ'II/IBIIIH/IMI/I Jo i a610TI/I‘lHI/IX (baKToplB Tax,
BMICT KapoTHHOIIiB y A. undulatum 3 sxurreBoro GopMoro “BHCOKA MyXKa JEPHUHKA” i3 TEPUTOPIT Bpr6K1/1
cranoBuB 0,49+0,03 mr/r Macu cyxoi pedyoBuHH, 0 Yy 1,4 pa3a BuIle, HIX y 3pa3Kax i3 30HH TOBHOTO 3aIl0-
Bimanus. Y C. purpureus 3 ;xutteBoro (opMoro “HH3bKa IILTbHA JEPHUHKA BMICT KAPOTHHOI/IIB Y 3pa3Kkax 3
PI3HMX MicCLIe3pOCTaHb iCTOTHO BiApi3HsBCA: i3 30HM MOBHOTrO 3amnoBiganHs — 0,47+0,05 mr/r macu cyxoi
PEUOBHHH, 13 30HH cTaiioHapHOI pekpeartii — 0,59+0,03 Mr/r Mmacu Cyxol peduOBHHH, i3 TEPUTOPIi BUPYOKH —
0,72+0,04 mr/r macu cyxoi pedoBrHH. HaliMeHIIy 3aJIe)KHICTh BMICTY KapOTHHOIAIB Bia mii 1ux a0ioTHd-
HHMX YMHHHKIB 3aikcoBaHO y eHjorinpuyHoro Moxy P. formosum na teputopii BupyOku. Takum 4nHOM,
BPaxOBYIOYH aHTHOKCHJIAHTHI BJIACTHBOCTI KQpPOTUHOIIB, MOKHA MIPUITYCTUTH TXHIO y4acTh y (opMyBaHHI
aJianTarii 10 eKCTpeMaTbHUX YUHHUKIB JOBKIJIIS.

AHTOLIaHN — IIe POCIMHHI IrMEHTH (IaBOHOIXHOTO MijKIIacy (eHimmnponanoinis. Buict anrouiaHis
€ JOMiHYHYMM KOMIIOHCHTOM (PCHOJIBHOrO KOMILICKCY. BBakaroTh, 10 aHTOLiaH! OepyTh y4acTh y 3aXHC-
Ti MeMOpaH Tiakoinis B ymosax crpecy (Neill et al., 2002). BOHI/I TH/IyKYIOTBCS B POCITMHAX y BiATIOBib
Ha ablOTHYHI CTpecH, JIe YacTO KOPEJIOIOTh 3 MiABUILIEHOI CTPECOCTIMKICTIO, BKIIIOUA0UX (QYHKLIT Oru-
HauiB ADK, poTonporexropis i nepenadi CUTHANIIB CTpeCy. AHTOIIaHH, BBAXKAIOTHCS 3arl00KHIUKAMU OKH-
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CIOBQJILHOTO TOINIKO/PKEHHS, BUKIIUKAHOTO TETUIOM, IIIISIXOM MOCHeHHs ix HakonmueHHs (Kovinich et al.,
2015; Hurry, 2021). 3a BmicToM aHTOMiaHiB € CyTTeBI BiaMiHHOCTI y A. undulatum Ta C. purpureus i3 pis-
HUX JIOKAJTITETIB, IO BIAPi3HAIOTHCS 32 IHTCHCHBHICTIO OCBITJICHHS Ta T1APOTEPMIYHUM pekuMoM. Haitsu-
muM OyB BMICT aHTOLIAHIB Yy 3pa3kax LUX BUIIB MOXiB i3 Teputopii Bupyoku — 3,98+0,44 Mr/r Macu cyxoi
pedoBunu Ta 3,87+0,34 MI/T Macu Cyxoi pedOBHHH BiAMOBITHO, m0 ¥y 1,2—1.4 pa3a mepeBepIiiye ix BMICT i3
30HM CTAIliOHAPHOI peKpeallii Ta 30HU MMOBHOTO 3aroBiganHs. Haii0inbmn KOHCTAaHTHUMHU OyJIM TIOKa3HUKU
BMICTY aHTOIIiaHiB y eHaoriapuaaoro Moxy P. formosum: 3ona moBHoro 3amnoBiganss — 3,51+0,30 mr/r ma-
CH CyXOi pEYOBHHH; 30HA CTaIllOHApHOI pekpearii — 3,66+0,35 Mr/r Macu cyxoi pe4OBUHH; TEPUTOPIs BH-
pyoxu — 3,79+0,26 mr/r macu cyxoi pedoBuHU. OUEBUIHO, PEAKINIEIO TOCTIHKYBAHUX MOXIB Ha HECTIPHUSIT-
TuBi (DAaKTOPH TOBKIJUIA € ITiIBUIIICHHS PiBHS aHTOINaHIB, SKE CIPsSIMOBAHE Ha 3HEITKOKEHHS OKHCHIOBAII-
HUX TIOLIKO/KEHb, CIPUYMHEHHX Ji€l0 cTpec-(pakTopiB. BimoMo, 1o icHye TicHHIA 3B’S30K MiX Harpoma-
JUKCHHSIM, SKICHIMH Ta KUTBKICHUMH XapaKTepUCTHKaMH aHTOINIaHIB B pOCIHHAX 1 (DaKTOpaMu MPHPOTHOTO
CepeloBHUIIA.

dnaBoHOINM y POCIMH € BTOPUHHUMH METa00iTaMu 1 6iocTUMyssitopaMu. BoHw, SIK 1 iHII BTOPUHHI
MeTa0OoJITH, BIAIrpaloTh BXIIMBY POJb Y A€TOKCHKaIlil Ta BuaaieHHi ADK, mo yTBOPIOIOTECS K OOIUHI
MPOIYKTH OKHCHOTO MeTabomi3My mill 4ac abioTHUHHX cTpeciB. Takoxk BaXXIUBOIO € QyHKLis (IaBOHOIIIB
SIK PETYJIATOPIB PO3BUTKY Ta K curHaiabhux cronyk (Ferdinando et al., 2012; Sharma et al., 2019). Bcrano-
BJICHO 3pOCTaHHA BMICTY (DJIaBOHOIMIB 3aJIE)KHO BiJl PiBHS MOPYIIIEHHS JIICOBUX €KOCHCTEM, TiAPOTEPMITHO-
ro peXKUMY Ta IHTEHCHBHOCTI ocBiTiieHHs. Tak, y A. undulatum 3adikcoBano HaliBHIIHMiT BMicT (h1aBOHOIIIB
Ha TepuTtopii BupyOku — 23,69+0,32 Mr/r Macu cyxoi pe4oBHHH, 0 Y 1,4 pa3za mepeBHIIye X BMICT Y 3pas3-
Kax i3 30HH MOBHOTO 3anoBiganHs (16,92+0,12 mr/r Macu cyxoi pedoBunn). Y C. purpureus taxox HaiBH-
M BMICT ()JIaBOHOINIB BCTAHOBJIEHO Ha TepUTOpii BUpYOkH — 22,49+0,13 mMr/r Macu cyxoi pedoBHHH, 1110
y 2,4 pasa GuibLue BiJ| iX BMICTy y 3pa3Kax i3 30HH OBHOTO 3anosianus (9,25+0,26 Mr/r Macu cyxoi pedo-
BI/IHI/I) VY P. formosum Bmict ¢1aBoHOINIB HA TEPUTOPIi BI/Ipy6KI/I TIEPEBUIIYBAB 1X BMICT y MOXy 13 30HH
HOBHOTO 3aI0BiIaHHs Jnie B 1,4 pasa, 110 OYEBHIHO TTOB’S3aHO 3 0COOIMBOCTSIMU aHATOMIYHOI CTPYKTYPH
poro BHAY MOXy. OTxe, non@eHonLHa CTPYKTYpa Ta pi3HOMaHiTHa XiMiuHa Npupoaa (HIaBOHOIAIB 3yMo-
BJFOIOTh aHTHOKCHIAHTHUH 3aXUCT POCIMH B YMOBaX a0iOTHYHOTO CTPECY 3@ BHCOKOI iIHTEHCHBHOCTI OCBIT-
nennst (110 nk) ta remnepatypu (30-32°C) 1 HU3bKOI BostorocTi (~ 20%), CIpusitoYr BUXKHUBAHHIO POCIIHH.

Binomo, mo ¢eHomNbHI CIOMYKH NPOTHIIIOTh OKCUAATHBHOMY CTpeECy: 3HEmKoKytoTh ADK, miar-
PUMYIOTHh BHYTPIIITHE CEPEIOBHIIE KIITHH y BiTHOBICHOMY CTaHi Ta MO3UTHBHO BILTUBAIOTH HA aKTUBHICTH
AHTHOKCHAHTHHX (CPMCHTIB. AHTHOKCHIAHTHI BIACTUBOCTI (hCHOIIIB 3yMOBIICHI iX BUCOKMMHU JOHOPHUMH
BJIACTHBOCTSIMHU Ta 31aTHICTIO IX paJMKaiiB CTaOLIi3yBaTH 1 J€/IOKaII3yBaTH HECIIAPCHNUII CIICKTPOH, 1IIO 3y~
THHSI€ JTaHIOTOBI peakiyii. MeHOMbHI CIIONYKH € BaXKIMBIM KIACOM BTOPHHHHMX META0OITIB POCIIHH, SIKI
BiIirparoTh BUpIMIATBHY (i3i0NOriyHy posib MPOTITOM JKUTTEBOTO IUKIY pociuH. [loka3aHO 3pocTaHHS
BMICTY pO34YMHHIX ()EHOJBHUX CHOIYK y OCTIKYBAaHUX BHUJIIB MOXIB i3 ITiIBUITICHHSM PiBHSI aHTPOIIOT€H-
HOro HaBaHTaxeHHs. Tak, y A. undulatum BmicT po3unHHHX ()EHOJIB Ha TepUTOpil BUPYOKU OyB HalBH-
M 1 cranosus 0,87+0,06 mr/r Macu cyxoi pedosunn; y C. purpureus — 0,75+0,04 mr/r mMacu cyxoi pedo-
BrHU. HesHauHe 3pOCTaHHs BMICTY ()CHOIIB 33 YMOB HAWBUILOrO PIBHs MOPYLICHHS JIICOBOI CKCHCTEMHU
(TepuTopii BUpYOKH), BUCOKMX TEMIEPATYp Ta iHTEHCHBHOCTI OCBITJIEHHS BCTaHoBieHo y P. formosum:
0,64-+0,05 Mr/r Macu cyxoi pedoBHHH, TIOPIBHSHO i3 30HOIO MOBHOTO 3aroBimanHs — 0,44+0,02 Mr/r Mmacu
CyXO0l pEUOBHHHU.

Otxe, il BIUIMBOM CTPECOBHX YMHHHKIB, TAKMX SIK T1IPOTEPMIYHUI PEKUM Ta BUCOKA 1HTEHCHB-
HICTh OCBITJICHHS, JOMIHAHTHI BUJM JTiCOBUX OpiodiTiB CHHTE3YI0Th OLTBbIIIe HU3PKOMOJIEKYJISIPHIX aHTHOK-
CHJIaHTIB (po3qHHHHx (heHoIIB, (IIABOHOI/IB, KAPOTUHOI/IB T AHTOLUAHIB), IO CHPUSE CTPECOCTIHKOCTI
MOXOBHX POCJIHH. KpiM TOr0, BCTAHOBJICHO, IO 3POCTAHHS BMICTY HU3bKOMOJICKYJISPHHX aHTHOKCHIAHTIB
KOpEJTIOE 13 piBHEM aHTPOIIOI'€HHOT0 HABAHTAXKEHHS Ha JIICOBI €KOCUCTEMH.
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EFFECT OF GENETIC TRANSFORMATION AS A STRESS FACTOR ON REDUCING
ACTIVITY OF WORMWOOQOD “HAIRY” ROOTS

T. A. Bohdanovych, N. A. Matvieieva

Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of Ukraine,
Kyiv, Ukraine; bogdanovych_tais@ukr.net

Boosting medicinal and rare plants’ secondary metabolite production via genetic transformation is
one of the many ways to increase their value. Agrobacterium rhizogenes-mediated transformation is a
very promising method of such induction due to the nature of transferred rol genes — they are the plant
secondary metabolites activators. Even though we can obtain new lines of “hairy” roots with increased
metabolite production or absolutely new valuable medicinal substances, the mere genetic transformation
and foreign genes incorporation are the stress factors for the plant cell. That is why it is relevant and im-
portant to study the effect of genetic transformation on the various parameters of the obtained lines.

The aim of the work was to determine the effect of genetic transformation as the stress factor on the
metal-reducing activity of the extracts of several Artemisia tilesii L. “hairy” root lines.

The reduction of Ag* to Ag° from AgNO; with the subsequent silver nanoparticle formation was
the chosen method of metal-reducing activity determination. For the study, four “hairy” root lines were
taken (NeNe 2, 3, 4, 5). Extracts were prepared using 70% ethanol. Then total flavonoid content was de-
termined via the standard method with AICls. The same extracts were used to prepare silver nanoparticle
colloid solutions. UV-Vis spectra at 300600 nm range were recorded right after colloid solution prepara-
tion, in five, and in nine days.

All four lines varied significantly in total flavonoid content: from 4.01+0.39 to 15.37+1.08 mg
RE/g FW (fresh weight). Such differences can be explained by the activation of the secondary metabo-
lism by transferred rol genes and their undetermined incorporation cite into the plant genome. Moreover,
total flavonoid content correlated with the visual results of nanoparticle formation in the samples: higher
flavonoid content resulted in deeper coloration of the colloid solutions from light to dark brown. That
again shows the diversity of obtained “hairy” root lines. The UV-Vis spectra of these samples were rec-
orded right after the nanoparticles initiation, in five and nine days. The curves of absorption drastically
increased with the course of time, mostly from day 0 to day 5. At this period, absorption at A = 370—
500 nm increased almost twofold. The peak absorption of all the samples remained at approximately
440 nm. The detection of a peak in this range is evidence that silver nanoparticles were present in the ana-
lyzed solutions. These peaks were recorded at each time point for all samples in order to better analyze
the dynamics. All the values of absorption peaks fully correlated with the flavonoid content in the ex-
tracts. Such a result corresponds to the antioxidant and reducing nature of flavonoids and other polyphe-
nolic compounds extracted by ethanol from “hairy” roots biomass. In addition, a bigger increase in ab-
sorption peak was from day 0 to day 5 (up to 81%) and almost didn’t change from day 5 to day 9. Such
features indicate that the process of silver nanoparticle formation does not occur instantly and continues
mainly for five days, which may be because of the further proceeding of the redox reaction. The value of
increase fully correlated with flavonoid content as well. For example, the highest flavonoid content was in
the line Ne2 (15.37+1.08 mg RE/g FW). Its peak absorption at 440 nm at day O was 3.68 a.u., in five days
it increased by 2.32 a.u., and in nine days it increased by 0.4 a.u. At the same time, the lowest flavonoid
content was in the line Ne5 (4.01+0.39 mg RE/g FW). Its peak absorption at day O was 1.21 a.u., in five
days and nine days it increased only by 0.51 and 0.07 a.u., respectively. Such broad differences among
the studied “hairy” root lines show the various effects of genetic transformation on their reducing power.

Allin all, A. tilesii “hairy” root lines had significant variations in total flavonoid content and silver-
reducing activity among the different lines. This may indicate that A. tilesii reacts to genetic transfor-
mation and bacterial gene incorporation as stress factors.
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INFLUENCE OF THE SPECTRAL COMPOSITION OF LED PHYTOLIGHTING ON
THE GROWTH OF SUNFLOWER MICROGREENS UNDER CONTROLLED
CONDITIONS

P. M. Boltovets, Yu. V. Kolomzarov, D. V. Pekur, V. I. Kornaga, D. M. Khmil,
B. A. Snopok, V. M. Sorokin

Institute of Semiconductor Physics, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
boltovets@isp.kiev.ua

The lighting of plants (phyto-lighting) significantly affects both the amount of beneficial bio-active
substances in them and their appearance and taste, as well as their shelf life. Light-emitting diode (LED)
lighting systems have recently been widely used for lighting plants. The use of LED phyto-lighting makes
it possible to implement high-yield energy-efficient cultivation technologies in a controlled environment,
particularly in greenhouses, as well as to create multi-tier vertical farms. On the other hand, the use of ar-
tificial light instead of sunlight remains a stress factor for plants, which is caused by the different spec-
trum of such artificial LED phyto-lighting from the full natural spectrum of sunlight. Although plants are
susceptible to numerous parameters of the light environment in which they are located (intensity, direc-
tionality, and duration of illumination), an important influence is the spectral composition of light, which
has not been fully studied (Alrifai et al., 2019). Thus, the study of the influence of the spectral composi-
tion of artificial light on plant growth has become a very topical problem. Microgreens are a convenient
model for such studies due to their compactness and fast cycle from sowing to the final product.

The aim of this work was to compare the effect of different spectral compositions and light intensi-
ty on the growth of sunflower (Helianthus annuus) microgreens. Six different types of spectral combina-
tions of the same intensity were used: a single red light (R), a single blue light (B), a single white light
(W), a blue-red light (BR, 50%:50%), a white-red light (WR, 50%:50%), and a white-blue-red light
(WBR, 60%:30%:10%). The photosynthetic photon flux density (PPFD) was 60 umol/(c-m®), corre-
sponding to a typical white light illumination of about 1000 lux (typical winter-spring windowsill light).
The duration of illumination was 12 hours per day. To observe the dynamics, an experiment was conduct-
ed in which the same light combinations were used with half the intensity. Sunflower microgreen was cul-
tivated on the wet turf in a closed chamber, without additional watering under room temperature for
10 days. After that, the plants were cut off and weighed immediately. All experiments were performed in
triplicate.

It has been demonstrated that in all cases that the germination was about 96%. It can thus be con-
cluded that artificial lighting does not influence drastically the intergrowth process. On the other hand, the
influence of the spectral composition on the wet mass of the sunflower was significant. Namely, it was
clearly shown that the maximum wet mass was achieved under the pure blue light and the combination of
white and red, whereas the combination of blue and red showed the lowest result. The more interesting
and surely more unexpected effect consists in the fact that the double lowering of the light intensity re-
sults in the increase of the plant wet mass for all the six spectra combinations. It can be explained as the
reaction to the stress factor because although the size of the leaves generally remains the same, the length
of the stem grows increasing the general wet mass.
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MANIFESTATION OF ADAPTABILITY OF PLANTS OF THE GENUS CRAMBE L.
TO ENVIRONMENTAL CONDITIONS ACCORDING TO THE COMPLEX OF
MICRO- AND MACROMORPHOLOGICAL CHARACTERS
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Nowadays the search and mobilization of less-known, less distributed, and in some cases non-
traditional phytoresourses for agriculture is one of the most important tasks of modern biological science
(Rakhmetov, 2018; Rakhmetov et al., 2020). This contributes to a significant expansion of the raw
material base, and together with comprehensive introductory and selection studies, allows to obtain a
waste-free source of raw materials for use in various industries (Kyrychenko et al., 2008; Rakhmetov,
2011). Among such introducents, plants of the genus Crambe are of particular interest. The genus in-
cludes about 50 species (The Plant List, 2021), from which in the Ukrainian flora around 10 (Mosyakin,
Fedoronchuk,1999), in particular, 8 species are listed in the 3rd edition of the Red Book of Ukraine (plant
life), 2 are endemics of the Autonomous Republic of Crimea (Didukh, 2009). Representatives of this ge-
nus in a world practice are of interest from the point of view of use as food (an alternative to cabbage,
horseradish, and asparagus), fodder (for the needs of livestock and beekeeping), energy (production of oil
for biodiesel), etc. raw materials.

Species of the genus Crambe have a fairly wide natural area: Temperate and Mediterranean Europe,
Asia Minor, and Central Asia, mainly, growing on the saline soils of sea coasts with elevated groundwater
levels. In this regard, the study of their morphology, taxonomy, and geography is extremely important
from the point of view of ensuring not only the accurate diagnosis of species but also the search for vari-
ous useful features for the selection of cultural forms.

Thus, the study aimed to establish the micro- and macromorphological characteristics of vegetative
and generative plant organs of species of the genus Crambe depending on the species, characteristics of
introduction in the M.M. Gryshko National Botanical Garden of the National Academy of Sciences of
Ukraine.

The object of the study was the micro- and macromorphological features of plants of the genus
Crambe L. under culture conditions.

The species of the Crambe genus were chosen as the subject of the study: annual C. hispanica
subsp. abyssinica, perennial C. grandiflora, C. koktebelica, C. maritima, C. tataria.

The experiment was performed on total preparations of organs and cross-sections of petioles. Fol-
low-up and photo fixation of the microstructure of the leaf, fruit, and seed was carried out with the help of
an electric light USB microscope SIGETA Expert 10-300x 5.0 Mpx, as well as a digital SLR camera
Canon 400 D. To study the peculiarities of the location of the vascular bundles, the material was taken
from the central part of the petiole.

The peculiarities of the morphological structure of the flower, fruit, seed, anatomical structure of
leaves, micromorphology of the leaf surface, and micro sculpture of fruits and seeds in species of the ge-
nus Crambe under the conditions of introduction were established. Fruits of plants of the genus Crambe
are related to choriarticulate-pseudoseptate dimericarps. Crambe fruits consist of two segments, where the
only top seed-containing segment is fully developed.

The shape of the fruit of plants is different such as spherical (C. hispanica subsp. abyssinica, C.
maritima), elliptical (C. koktebelica), etc.

The surface of the fruit is smooth, matte, and shiny inside. At full ripeness, the pods are dry out and
are hard and woody in C. hispanica subsp. abyssinica, C. koktebelica. C. maritima plants are lined from
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the outside and inside with aerenchyma, which is not only responsible for gas exchange but also for
providing the seeds with the necessary amount of moisture during the sprout germination period.

It was established that the seeds of Crambe species are mainly spherical (C. tataria characterized
by elongated to ovoid seed shape, mainly), the skin of the seeds is smooth, and the color changes from
brown to black.

The radicle of the seed (especially in C. hispanica subsp. abyssinica, C. koktebelica) had a length of
about 7 mm, or equal to the length of one of the sides of the seed (C. grandiflora, C. maritima, C. tataria)
up to 5 mm length. The radicle connects the hilum of the seed to the micropyle and is mainly responsible
for the conduction of water and nutrients to the embryo.

Micromorphological and anatomical studies made it possible to find out several signs that affect the
resistance of plants to environmental conditions. The variation in the density and nature of leaf and stem
pubescence in different species of the genus Crambe indicates their high adaptation potential. The ana-
tomical structure of the petiole was studied, and the introductions were divided into the following groups
such as with the pubescent petiole (C. koktebelica, C. cordifolia), which in turn is divided into two types:
hairy with long multidirectional unicellular hairs, as in C. koktebelica plants, and bristly with short, stiff
and mostly straight hairs (C. cordifolia); unpubescent petiole (C. hispanica subsp. abyssinica, C. mariti-
ma, C. steveniana).

It was found that the apical part of the leaf plate has differences, namely in the presence of pubes-
cence. C. hispanica subsp. abyssinica and C. maritima plants had lacks pubescence, while representatives
of C. koktebelica, C. cordifolia, C. steveniana had ciliated pubescence on the edge of the leaf plate, which
is also responsible for regulating the negative impact of external environmental factors. It was found that
the adaxial and abaxial surface of the leaf serves as a protective barrier against solar radiation; all intro-
ducents had a characteristic white coating. In such representatives as C. hispanica subsp. abyssinica, C.
koktebelica, C. cordifolia is the pubescence of the adaxial surface of the leaf plate with hard, straight, and
rather densely placed bristly unicellular hairs that prevent rapid evaporation of water and the penetration
of solar radiation into the leaf. In plants C. hispanica subsp. abyssinica, C. maritima lack pubescence on
the abaxial surface, representatives of C. koktebelica, C. steveniana had hairy pubescence (represented by
long unicellular and single-ended hairs), and C. cordifolia plants have bristly pubescence (characterized
by the presence of short, straight single- and two-ended hairs).

Thus, for the first time in the conditions of introduction in the M.M. Gryshko National Botanical
Garden of the NAS of Ukraine, micro- and macromorphological features of vegetative and generative or-
gans were established for plants of the genus Crambe, which are related to the resistance of these plants to
environmental conditions. Plants were divided into groups based on a number of micromorphological fea-
tures, which can be used in the future in breeding and genetic work for the selection of economically val-
uable plant species for the enrichment of cultural phytocoenoses of Ukraine.
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XJOPOILIACTIB Y COPTIB HINEHHUIII PI3HOI CTIHKOCTI 3A YMOB IIOCYXH
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Bumi pociwam mocTiifHO IepedyBaloTh B YMOBax 3MiH BMICTY BOJIOTH B IpyHTI. B mporeci eBosto-
1ii y HAUX pO3BUHYJIUCH Pi3HOMAaHITHI aJalTUBHI 3JaTHOCTI BUKMBaHHs B TIepio]] MOCYXH, aJPke Hel0CTa-
THE BOJIOT03a0e3MeueHHS MOKEe CIIPUYMHATH MOPYIICHHS KIITHHHUX CTPYKTYp Ta MPOLECiB, sSKi HEOOXi-
Hi JUUTsI HOPMAJIBHOT )KUTTEAISIIFHOCTI opra”i3My B mioMy. [locTadanHst BOAu 3 HIDKHIX IIApiB IPYHTY 3a
JIOTIOMOTOI0 KOPEHiB, 3armo0iraHHs BTpaT BOJIHU 3aBISsKH KyTHUKYJIi Ta PEryisLii MpoAUX0oBOi TpaHcmipamii
3a0e3neuyeTbesl PyHKIIOHYBAaHHSIM BiAMOBIAHUX (Pi31070TIYHUX MeXaHI3MIB Ta MOP(OJIOTiYHIUMHU 3MiHA-
MU. AJe pi3Ki KIIIMaTHYHI 3MiHH, SIKi Hapasi MpoxoasaTs B 6iochepHOMY IIapi MIaHEeTH, HETATHBHO BigOM-
BalOTHCA HA CTaHI POCIIMHHOCTI O101I€HO31B Ta arpoIeHO3iB.

3apanu BupilIeHHS Mpo0JIeM MPOJOBOJILCTBA B JAHUX YMOBAX CEJICKIIOHEPH Ta TCHETUKU MAIOTh
3aB/IaHHS 3MiHH (i310JIOTIYHAX XapaKTEPUCTUK OCHOBHUX KYJBTYp JJISl OTPUMAHHS HOBUX (POPM 1 COPTIB
IUTS KOKHOI 3 KITIMAaTHYHUX 30H 3 BPaXyBaHHIM clle[U (iK1 yMOB BUPOILYBaHHS.

[Tocyxy BBa)arOTh OJHUM 3 HaWOUIBII CHIILHUX CTPECOBHX (DaKTOPIB, IO BIUIMBAIOTH HA PI3HUX
piBHSX opraHizanii IpopocTKiB. B yMoBax BOAHOTO cTpecy pOCIMHHI KJIITHHH BTPa4yaloTh BOLY Ta 3MEH-
IIYIOTh Typropuuii Tuck. PocnuHHMIA TopMoH abcrm3oBa kucinora (ABK) HakomuayeTbes, Ta Bimirpae
BaYXJINBY POJIb B TOJEPAHTHOCTI POCIMHU IO TMOCYXH, BUCOKOI 3acoieHocTi Ta xomony. [Ipu npomy 306i-
JIBIIYETHCS SKCIPECisi HU3KK IeHIB B POCIMHAX. 3a3BUYail €KCIPECisi TEHIB BOJHOTO CTPECY € TPAH3UTOP-
HOIO 1 3HWKYETHCA 3 IPUITUHEHHSM BILTUBY CTPECOBUX YMOB. [lesiki TeHH BiJMTOBINAlOTh HA BOJHUHN CTpeEC
JIOCHUTH MIBUAKO, TOJI SIK 1HIII 1HAYKYIOThCS MOBIIBHO micis HakonndeHHs ABK. BinbmiicTs TeHiB, mo Bi-
JIOBIZAl0Th Ha CTPEC, IHIYKYIOThCS TaKOXK ek3oreHHUM BITuBoM ABK. 3mina Typropy BrumBae Ha B3a-
€MOJIII0 TUIA3MAaTUYHOT MEMOpPaHU Ta KIITUHHOI CTIHKH, 110 MPU3BOJUTH JI0 KOH(GOPMAIIHHUX 3MiH MPO-
TEiHIB MEMOpaH, THM CaMHUM IepeIaloul CUTHAI A0 KIiTHHH. [1if ac ocMOTHYHOTO CTpecy Bii0OyBa€eThCs
CHHTE3 MPOTEiHIB BOJHHUX KaHATIB (aKBAIOPUHIB), SKI MOJETIIYIOTh TOTIK BOJIM Yepe3 MemOpanu. Boj-
HUM JeiluTOM IHIYKYIOTBCS TaKOX T'€HHU MpoTea3 Ta yOiKBITHHY, M0 OepyTh y4acTh Y 3HEUIKOKEHHI
JIEHaTYpOBaHUX OiKiB. BomHOYAC y BiIHOBJIEHHI CI1a0O0IONIIKOPKEHNXK O1TKIB 3a/lisHI MAepOHH , AKi iH-
IYKYIOTBCS IiJ1 4ac BOJHOTO CTPECY.

B Tunakoinax XJioporuiacTiB iCHYIOTh IEHTPH, aKTHBHICTH SIKUX BU3HAUYAE CTYIiHb CTIHKOCTI 0 1X-
Hbpoi mii. i menTpu 30iraroThes 3 peakiiitanmu neHTpamu (PL]) ¢orocucrem Ta nieHTpamu OioCHHTE3Y
nirMenTiB. Bimomo, mo aktuBHicTh PI[ @C2 BTpavaerbes omHodacHO 3i 3MeHIIeHHsM dikcarii CO,. B
TOM e yac MpH TOTaJIbHOMY iHriOyBaHHI (pOTOCHHTE3y Mmocyxoro ¢oToximiuHa akTuBHICTH PC2 Moxke
JUIIATHCH HA JJOCUTH BUCOKOMY piBHi, a PI ®C1 numaeTscsi akTHBHIM HaBITh 32 )KOPCTKOT JJOBTOTPHBa-
7oi nocyxu. BusiBieHa miuacTuaHa TepMiHaJIbHA OKCHAA3a (XJIOPOIUIACTHA IJIACTOXIHOJIOKCHAA3a) cTaia
HOBHMM, a TOMY HAHOUIBII CHIPHUM OKHCIIIOBAJIbHO-BITHOBHMM KOMIIOHEHTOM JIIHIMHOTO Ta/a00 UK~
HOT'O TpaHcropTy. st 3’sicyBaHHS 3aXMCHHUX MEXaHi3MiB (DOTOCHHTETUYHOTO arapary Oyjo MpOBEJCHO
aHaJIi3 BiIHOCHOI'O BMICTy OCHOBHMX NPOTEIHOBMX KOMIUIEKCIB Ta MPOTEIHIB-IPOTEKTOPIB (POTOCUCTEMHU
XJIOPOILIACTIB POCIIMH MIIEHULI Pi3HUX 3a CTIHKICTIO COPTIB.

st gocmipkeHb 0ys10 BUKOpUCTaHO 4 coptu o3uMoi miienuii [lomonsuka, Haranka, [loxinschka
Husa i Ilopamnunsa. Ilicins mepe3uMiBiii y BIAKPUTOMY IPYHTI pociauHu Oyiio nepecamkeHo y 10-
KUJIOTpaMoOBi BereTauiifHi nmocyanHu. s KOHTPOJBHUX POCIMH 3A1MCHIOBAIM TOJUB JAJs 3a0e3MeueHHs
60—70% moBHOI BOJIOrOEMHOCTI I'pyHTY. [ TOCHIIHUX POCIMH Ha (a3l UBITIHHS CTBOPIOBAIUCH YMOBH
nocyxu npotsirom 10 miB ipu 30% [1BT.

3 NHUCTKIB IOCTIIHUX Ta KOHTPOJBHHUX POCIUH COPTIB OYJIO 1301b0BAHO XJIOPOILIACTH B TPHULKHO-
BoMy Gydepi 3 nomaanmsaM coneit Mg*” ta Na®. Iliciist 4oro mpoBOMIM BUMIPIOBAHHS BiJHOCHOTO BMic-
Ty MIrMEHT-0UIKOBUX KOMITIEKCIB. [IJIs1 JOCIiPKEHD MIrMEHTHOTO CKIIQ/Iy 3 KOHTPOJILHUX POCIUH Ta POC-
JIMH 3 BapiaHTa MMOCYXW BiOMpaIy MOBHICTIO c(OPMOBaHI JIMCTKH Ha MEpLIHH (Ui BapiaHTa OCYXH BH-
xim Ha 30% IIBI) Ta necsituit gai mocyxwu.

[IpoBesieHO eKCIEPUMEHTH 0 PO3ALICHHIO MeMOpaHHuX OuIKiB xyoporuiactiB B [TAAT 3a mou-
¢hikoBaHOO METOANKOW AHuepceH. OOpoOKy JeHCHUTOrpaM eIeKTPO(GOPETUIHHUX AOPIKOK OLIKIB ITPOBO-
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JIWIH 3 BUKOpHCTaHHsAM mporpamu «Gelobroby. YBary Oyiio npuaiieHo HacaMIiepes mpoTeinam (poTocH-
cremu 2 (CP47, CP43, 39 k/la mpotein core-komiuiekcy ¢orocucremu 2, 33 k/la OLIOK KHCEHB-
BuniibHOro Komiuiekcy (OEC), xomruiekcy mpoteiniB Di/D, Ta mpoTteiHy ruiacToxiHoJoKcuaasu (masti
PTOX). B minomy BBaXatoTh, 10 MpY BUCOKHUX PiBHAX cBiTia, PTOX € 3axucHUM MexaHi3MOM Bif pi3-
HUX HECTIPUSITIAMBUX BIUTUBIB HABKOJIHMIIHBOTO CepeqoBUIa. Takox BiH BiAirpae BayKJIMBY pOJb B PO3BU-
TKy XJIOpoIIacTiB Ta Mopdorenesi pociaus. Dizionoriuni HaBaHTaxeHHs, ski Mae PTOX, MoxyTh OyTu
MPSAMUAM 200 HEIPSIMHUM HACIIIIKOM HOTO aKTHBHOCTI s okcureHasw PQH, s miaTpuMaHHS pemokc-
ctany myny PQ Ha Tunakoigniit Mmem6pani. PTOX-onocepeakoBane GpoToauxanHs Moxe OyTH OCHOBHOIO
CHJIOIO JUISI peTyJIIOBaHHA pelokc-Oanancy myny PQ B TempsBi B yMOBax cTpecy, 0coOJIMBO Ha paHHIX
eTarnax pO3BUTKY XJIOPOIUIACTIB. 3arajbHU IyJl IJIACTOXIHOHIB 3 (JOTOCHHTETHYHUM IIEPEHOCOM EIIEKT-
POHIB Tiependayae, MO XJIOPOILIACTHI JAWXANbHI peakilii MOXXYTh IPU3BOIUTH JO 3MEHIICHHS Ta OKHC-
HEHHS (DOPM MPOMIXHHUX MPOAYKTIB HUKIIYHOTO MEPEHECEHHS eNEKTPOHIB MPH BUCOKUX 1HTEHCHBHOCTSIX
CBITJIa.

AHaui3 BiIMIHHOCTEH 3a cOpTaMU MOKa3aB Pi3Hy HAIIOBHEHICTHh MpOTeiHaMU (DOTOCHHTETUYIHOI CH-
cremu xmoporutacTiB. IlepBunna dotopeakiis ®C2 nokanizoBana Ha rerepoammepi Di/D,, came Oiku
D,, D; yrBOpIotoTh akTHBHUI peakiiinuii nentp OC2. 30Ha HAMOBHEHHS IUMH O1JIKAMU B KOHTPOJILHUX
BapiaHTax XJIOPOIUIACTIB Pi3HUX COPTIB MIIEHUIN Mae OMU3bKi 3HAYEHHS. 32 HEIOCTATHHOTO BOJIOT03a0e-
3MeYeHHs], B IIEPITY YepTy, 3HIKYETHCS (DOTOCHHTETHYHA aKTHBHICTh B JIMCTKAX 3€JCHUX POCIWH. Bigomi
MIPOIIECH JeTpajallii OCHOBHHMX MPOTEIHIB KOMIUICKCY peakmiiuux mneHtpiB Di/D; 3a aii mocyxu Ta BHUCO-
KuX Temreparyp. IIpu Takux CHTyamisx OCHOBHa po0OOTa POCIMHHOTO OpPraHi3My CIPSIMOBYETHhCS Ha
3HIDKEHHS BTPAT BOJIOTH, HA IMiIBUIIICHHS POOOTH aHTHOKCUJAHTHUX CHCTEM Ta “BKJIFOUEHHS CHCTEM 3a-
XHCTY.

BBakaeTbcst, mo A1 cradimizamii po3aiieHux 3apsuiB B peakifiiiHoMy 1ieHTpi @C2 000B's13k0Ba
Kooreparlist BHyTpimHboi Ta nmepudepiinoi anteH (CP47 ta CP43). 3a moka3HWKaMy HAITIOBHEHHS OCHOB-
HUX 30H KOHTPOJILHUX BapiaHTiB CHiBBIIHOUICHHS BHYTPIIIHBOI Ta nepudepiiiHoi anteH (3oun CP47 ta
CP43) xonuBaroThesi B OMM3BKHX Mekax ~1,5 B ycix JocmipkyBaHux coprtiB. Lleid moka3HUK y BapiaHTax
MOCYXH Bapilo€, e TeX y BITHOCHO OMU3bKHUX 3HaYeHHAX. HaToMiCTh CrIOCTEpIiratoThCs CYyTTEBI BiIMiH-
HOCTI HAIOBHEHHsI 30H ocigaHHs Oinka 36 k/la (Tak 3BaHa MIacTOXiHONOKCHAA3a). B xmopormacrax cop-
tiB [Togonsuka i [Toxinbchka HuBa (IOCHTh CTiHKI 0 3MiH BOJIOr03a0e3reueHHs) BiJHOCHA HAIIOBHIOBA-
HICTh IIMIMH MTPOTETHAMH B KOHTPOJIPHHAX BapiaHTaX BUIIA BiJl iHIIUX COPTiB, X04a i He cyTTeBo. Ilicnsa Ha-
KJIaJ[aHHsI Ha POCIMHU JIOBFOTPHBAIOT0 OCMOTHYHOT'O CTPECY BiJI3HAUEHO BHCOKHUIT BMICT IIbOTO MPOTETHY
(Ha 25% BUIIKH BiJ KOHTPOJIIO). [HIINI, MEHIII MJACTUYHI Ta MEHII CTiKi COPTH MOKa3aJld HEBUCOKY aK-
TUBHICTh CHHTE3Y I[LOTO MPOTETHY B XJIOPOILIACTAX, HOTO BMICT 301IbIIyBaBcs juiie Ha 8%.
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BMICT PO3UMHHUX BLIKIB I XJIOPO®LITY Y POCJIMH POJY CRAMBE 3A IIi
COJIBOBOI'O CTPECY B YMOBAX IN VITRO

A. 10. BysiamBinil, H. O. HyumapLOBal, A. L. €menp’

LY «Ilncmumym xapuoeoi 6iomexnonoeii ma cenomixu HAH Ykpainuy, Kuis, Ykpaina;
buziashvili.an@gmail.com

3aconeHHs IPYHTIB Hapasi € HaA3BUUYAHO aKTyalibHOIO Tpobiemoto. 3a nanumu FAO, y 2021 pomni
Oinpme HiX 424 MITH Ta BEpXHBOTO IIapy Ta 833 MITH ra HIKHBOTO MIapy IPYHTY B YCHOMY CBITI € 3aCO-
JeHUMH. 3aCOJICHHSI IPYHTY HETaTHBHO BIUIMBA€ Ha PIiCT Ta PO3BUTOK POCIHH, a OTXKE, HA BPOXKAHHICTD
CIITBCHKOTOCIIONAPCHKUX KyNbTyp. OMHI€IO 13 cTpaTeriii BiJHOBJICHHS IPYHTIB € BUPOIIYBaHHS ranogit-
HUX POCIMHHUX KyInbTyp. ['amodiTi — me pocnuHu, SKi 34aTHI A0 BHKMBAHHSA Ta PO3MHOXKEHHS B TaKHX
YMOBaX, IPH SIKUX KOHIEHTPAIlisl COJli y HABKOJIMIIHBOMY CEpEIOBHILI CTAHOBUTH HE MeHII HixK 200 MM
NaCl (Saddhe et al., 2020). Cepen ramodiTHUX KyJIbTYp OCOOJIHMBO I[IHHHMH € TPEICTABHUKH POIHHH
Brassicaceae, 30kpema, pizHi Buau poxy Crambe. 3aBasku BUCOKOMY BHXOIy OioMacH, BHCOKOMY BMICTY
0inkiB (45-58% Bin cupoi Macu), nosideHoniB Ta pocauHHUX kupiB (40%) y HaciHHI, pi3HI BUAM oLy
Crambe € mepcniekTuBHUMH SIK OJTiiiHI, KOpMOBI ab0 oBoueBi Ky abTypH (ITymkapsosa, 2017; Pushkarova
et al., 2022). V naniit po60oTi OyJ10 JOCIIKEHO 3arajlbHUI BMICT PO3UYMHHHX OUIKIB Ta XJIOpodiny y Juc-
tkax pociun C. aspera, C. maritima ta C. kralikii, siki Ky pTUByBai mpoTsarom | Micsiis Ha CepeIOBHIIT
MC y npucytrocti 200 MM NaCl ta 6e3 nomgaBanus couti (KOHTPOJIB). BuieHHs 3arajbHOr0 PO3UHHHO-
ro OijKa Ta TOTAJBLHOrO XJIOpPOo(dUTy HMpOBOAWIM BiAMOBIAHO 10 MeToauk (Raorane et al., 2016; Holm,
1954; Wettstein, 1957).

B pesynbrati gociimkeHHsi OyJIo BUSBJICHO, IO BMICT 3arajbHOI0 PO3UYMHHOIO OijKa y JIUCTKAX
KOHTPOJIbHUX pociiH cTaHoBuB: y C. aspera — 4,7+0,2 mr/r cixkoi macu, C. maritima — 3,82+0,26 mr/r,
C. kralikii — 4,8+0,03 mr/r. Y po6ori [TymkapboBoi (2017) 3HaueHHs BMIiCTY 3arajbHOr0 PO3YHHHOTO Oi-
nka y ouctkax C. aspera ta C. maritima mero BiapisHsuincs Ta cranoBuan 7,13 ta 10,88 mr/r, Biamosia-
HO. Taki BiIMIHHOCTI MOXYTbh OyTH Pe3yJbTaTOM TPUBAIOro KysibTHByBaHHs C. aspera ta C. maritima B
yMoBax in Vitro. B Toii sxe yac B yMOBax COJIbOBOTO CTPECY BMICT 3araJibHOr0 PO3YMHHOTO OiJIKa 3HAYHO
HE BIAPI3HIBCA MK pi3HUMH AoCiiukyBaHumu Bugamu Crambe i cranoBus 3,92+0,49, 3,43+0,53 Tta
3,624+0,54 mr/r y pocnunax C. aspera, C. maritima ta C. kralikii, Bixnmosigno. Bapro 3a3naunTH, 1110
HaWHIDKYA PI3HUISE TIOPIBHIHO i3 KOHTPOJILHUMH 3pa3kaMu Oyia BiasHadena mias C. maritima. B iHmmx
JTOCITIPKEHHSIX COJIECTIMKOCTI PI3HUX BHIIB POCITHH OyJIO0 MOKa3aHO SK MiJBUIIEHHS BMICTY 3arajabHOTO
PO3YMHHOTO OiJIKa B yMOBax CONBOBOTO cTpecy (K y poboti Vaidya et al. (2015) ma pocnuuax apaxicy
(Arachis hypogaea L.)), Tak i 3HW)KEHHS BiANOBIAHOTO TMOKa3HWKa y ramodiTHoi pociaunau Atriplex
nummularia (L.) (Hussin et al., 2013).

Takox, Oy10 BCTAaHOBJICHO, 10 Y KOHTPOABHKX pociauuax C. aspera, C. maritima ra C. kralikii, six
BUpoLIyBaiH Ha cepenopuiii MC, cymapauii BMmicT xiopodiniB ¢ ta b y muctkax Oys Ha piBHi 1,45+0,11,
0,79+0,012 Ta 2,09+0,036 Mr/r cBixkO0i MacH, Ili pe3yJIbTaTH BIANOBIIAIOTH JAHUM IMOMEPEIHIX TOCIi-
mxenb (Vergun et al., 2019). V npucyrrocti 200 MM NaCl BmicT xsopodinie cranosus: mast C. aspera —
0,670,068, C. maritima — 0,24+0,031 ta C. kralikii — 0,4+0,014 mr/r cBixoi Macu. OTxe, B yMOBax 3a-
COJICHHSI BMICT TOTQJILHOTO XJIOpOdily 3HU3UBCS Malixke y 3 pa3u y imcTkax pociun C. aspera, mpudims-
HO y 2 pa3u —y C. maritima, ta 6inbi Hixk y 5 pasis —y C. kralikii.

TakuM 9uHOM, T TOCHTIKyBaHUX BUAiB pociau poxy Crambe, C. aspera, C. maritima ta C.
kralikii, moxa3ano nesiki 6ioximMiuHi XapaKTEpPUCTUKH, BIAaCTUBI TasiodiTHUM pociuHam. Cepesl ToCIiKy-
BaHux BuaiB Crambe 3a 3HaAUEHHSMH BMICTY TOTJIBRHOTO XJIOPOQUITY Ta 3arajlbHOTO PO3YMHHOTO OijiKa
HaWOLIbII conecTiikuM BusiBUBCs Bu C. maritima, Tpoxu MeHiny cosecTiiikicte MaB C. aspera ta Haii-
Hiwkay — C. kralikii. Otpumanuii pe3ynbraT BiANOBigae OOTaHIYHUM Ta €KOJIOTTYHUM XapaKTEPHCTHKAM
JOCHIDKYBaHUX BUAIB. 30KpeMa, y podoTi Hasanuzzaman i ciiBast. (2014) 3a3Ha4eH0, 1110 POCIMHU POAY
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Crambe, 3okpema, Crambe maritima, zanexars 10 TpymH raaodiTiB Ta € IMePCIEKTHBHUME UIst (iTope-
Meianii IpyHTiB.
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ON THE GROWTH AND OXIDATIVE STATUS OF SOYBEAN SEEDLINGS
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Chmielowska-Bak*
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2Karazin Kharkiv National University, Kharkiv, Ukraine;

’Department of Cell Biology, Institute of Experimental Biology, Faculty of Biology, School of
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Background. Contamination of the environment with plastic raises serious concerns worldwide.
Plastic particles were detected in the soil in various regions of the world, including agricultural lands and
home gardens (Prata et al., 2021). Larger plastic pieces degrade with time to micro- and nanoparticles
(MPs and NPs, respectively). The NPs are especially harmful due to their small size and thus facilitated
absorption and transport within organisms (Pironti et al., 2021; Yee et al., 2021). In the case of plants,
most of the reports show that exposure to NPs results in inhibited cell division, disturbances in photosyn-
thesis, alerted mineral homeostasis, oxidative stress, and hampered growth (reviewed in Ekner-Grzyb et
al., 2022).

Purpose. The aim of the present study was an evaluation the impact of NPs on the growth and oxi-
dative status of soybean seedlings.

Methodology. The seedlings were treated for 72 h with NPs at a range of concentrations: 0, 10,
100, and 1000 mg/l. The NPs were combined with fluorescence dye enabling visualization of their accu-
mulation by the means of a fluorescent microscope. The level of superoxide anion was measured using ni-
tro blue tetrazolium(NBT)-based method and the level of hydrogen peroxide was assessed with commer-
cial kits based on an OxiRed probe. The superoxide dismutase activity and isoform pattern were evaluat-
ed through electrophoretic techniques.

Results. The microscopic observations indicated that NPs were efficiently taken up by seedlings’
roots. However, NPs did not affect the growth of the roots with an exception of a small decrease in the
roots’ fresh weight. In addition, no changes were observed between the control and NP-treated seedlings
in terms of hydrogen peroxide level and superoxide dismutase activity. On the other hand, treatment with
the highest concentration of NP (1000 mg/l) induced superoxide anion formation. The results indicate that
short-term treatment with NPs, even in relatively high, has a moderate effect on the growth and oxidative
status of soybean seedlings.
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METAL(METALLOID) CO-INDUCED ACCUMULATION OF PHENOLICS AND
OTHER PLANT CHELATORS
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Among plant adaptive reactions upon metal/metalloid stress, the accumulation of specialized me-
tabolites with chelating activity (plant chelators) should be mentioned (Corso, de la Torre, 2020). Those
chelating compounds play an important role in plant tolerance, as they provide speciation, transport, se-
questration, compartmentation, and detoxification of metal(loid)s in plant tissues. The chelating capacity
of endogenous chelators is provided by the binding sites and donor atoms. The chemical diversity of
plant-borne ligands is produced by different biosynthetic pathways. According to the nature of donor at-
oms, the major plant chelators are organic acids, phytin, polysaccharides (O-ligands), polyamines (N-
ligands), amino acids, nicotinamine (O,N-ligands), glutathione, phytochelatins, metallothioneins (O,N,S-
ligands). By systematization of experimental results on the chelating activity of representative compounds
from different subgroups both in vitro and in vivo, it was confirmed that phenolics can also be classified
as plant chelators as O-ligands (Fedenko et al., 2022). The novel concept of metallophenolomics was pro-
posed, as a ligand-oriented subgroup of metallomics, which comprises an integrated approach to study
phenolics-metal(loid)s’ complexations (Fedenko et al., 2022). Systematizing extensive experimental data
resulted in the hypothesis of a universal dominant tendency to increase the accumulation of phenolics as
components of the antioxidant defense system, which ensures the balance between the production and de-
toxification of reactive oxygen species under metal(loid) exposure (Fedenko et al., 2020). In this regard, it
is necessary to clarify the interrelations in metal(loid)-induced accumulation of phenolics and other phy-
tochelators in the context of plant stress responses and tolerance.

The systematization of available experimental data on metal(loid)-induced phenolic accumulation
in different plant species was carried out using three groups of criteria: phenolic enzyme activity; integral
criteria (total phenolics and flavonoids); indicators of the quantity and quality of various phenolic sub-
classes (phenolic acids, coumarins, catechins, flavonols, anthocyanins, proanthocyanidins) (Fedenko et
al., 2020). The accumulation of chelated metabolites in various plant tissues and root exudates under dif-
ferent types of metal exposure to plants was observed. Studies of the effects of various metals, their com-
binations, and environmental pollution revealed a general tendency to co-induced accumulation of phe-
nols with O-ligands (citric, malic, oxalic acids), N-ligands (putrescine, spermine, spermidine), O,N-ligand
(proline), O,N,S-ligands (glutathione, phytochelatins). Given the multifunctionality of chelating metabo-
lites, it should be noted that this trend is important in view of the implementation of multiple scenarios of
plant adaptive strategies under metal(loid) stress.
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YYACTH AYTO®ATTI B THIYKOBAHOMY T'EPBIIIUJIAMM ITATOTEHE3I
K. 3. I'ypanbuyk, €. 1O. Mopaepep

Incmumym ¢pizionoeii pocaun i cenemuxu Hayionanenoi akademii nayk Yrpainu, Kuis, Ykpaina,
azhanna@ukr.net

Aytodaris (30kpema MakpoayTodarist) — 11e BHyTPIITHbOKIITHHHAHN KaTaObOMdYHII MEeXaHi3M, KU
BIJIIIOBi/Ia€ 32 MacOBY AETPANaIlii0 Ta PEMUPKYIIIIIO MOMKOMKEHNX ab0 AUCcyHKIIOHATFHUX IIUTOTLIA-
3MaTUYHUX KOMIIOHEHTIB 1 BHyTpimHboKmiTHHHUX opraHen (Klionsky et al., 2000; Liu and Bassham,
2012). Aytodarist y pociuH BiOyBaeThCs Ha 0a3abHOMY PiBHI HaBiTh 3a CIPUSTIMBUX YMOB, @ TAKOX
AKTUBYETHCS y BIATOBIAb Ha [iI0 PI3HOMaHITHUX cTpecopiB. [Haykmis ayrodarii cmoctepiraeTscsi B yMO-
Bax JedilUTy MOKUBHUX PEUOBHH, MOoCcyxH, rinokcii (Perez-Perez et al., 2012a; Marshall, Vierstra, 2018;
Bao, 2020). [lerpamamis Ta mepepoOka MaKpoOMOJIEKYJI IIITXOM ayTodarii € mxepenoM OyTiBeTbHUX 010~
KiB (aMiHOKHCIIOT, JIMiIiB 1 YKPiB), SIKi JO3BOJISIOTH THMUYACOBO AN TYBaTH KIITHHU 10 HECTIPUATIMBUX
ymoB (Perez-Perez et al., 2012a). Ayrodarist HeoOXiqHa IS IErpaaallil MOMKOHKSHOTO a00 TOKCHYHOTO
Martepiaiy, sSIKHii MOXE yTBOPUTHCS B pe3yJIbTaTi HAKOMUYECHHS! akTUBHUX GopM kucHiO (ADK) mig vac
OKHCHIOBAJIBHOTO CTPECY, 3 METOI0 MepepoOKH HebaKaHWX HUTOIUIA3MAaTHYHUX KOMITOHEHTIB 1 € HeoO-
X1JHOIO JJIS MATPUMAaHHS KIIITHHHOTO ToMeocTasy (Bao, 2020).

[Mutanns momo pori ayrodarii B peryismnii mporpamosanoi kiaiTuaHOI 3arudem (PCD) y pocnun
3aIMIIAETHCS TpeaMeToM auckycii (van Doorn Ta in., 2011). OgHak ZOMIHYIOUOIO € TyMKa, IO 3aJIeKHO
BiJl TPUBAJIOCTI Ta IHTEHCUBHOCTI Jii cTpecopa ayTodaris B pOCIHMHAX MOXKE K CIOPHUSITH, TakK i MepemiKo-
mxaty ingyknii PCD (Debnath et al., 2005; Zhao et al., 2015; Ustiin et al., 2017).

B niteparypi € gaHi mpo Te, 0 y (OTOCHHTE3YIOUHUX OpraHi3MiB ayTodaris aKTUBY€EThCS Y BiJIO-
BiJIb HA CTPECH, L0 CYIPOBOUKYIOTHCS IMiJBHIIEHIM yTBOpeHHsM ADK, He3ane:KHO Bij MiCIIs yTBOpEH-
s ADK B kmitunax (Xiong et al., 2007; Perez-Perez et al., 2012b). Tak, y pocaun Arabidopsis 3a xii
H,0; cniocrepiraethest 3HaYHUN OKHCHIOBAIBHHUI cTpec i iHayKIis ayTodarii (Xiong et al., 2007). O6po-
Oxa pociuH npoayuenToM H,O, MeTunBionoreHom (repOinu napakBaT) TaKOX BUKJINKAE aKTHBALIIO ay-
tocarii (Xiong et al., 2007). B ymoBax inaykyBanus ADK merunsionorenom (10 uM ) uepes 1 100y mic-
ast 06poOku y pocauu Nicotiana benthamiana crocrepiranoch migBuieHHs 6a3aabHOT aKTUBHOCTI ayTO-
¢arii B 3,5 pasu, npo mro cBigumia Kinekicte CFP-ATG8-miuenux ctpykryp (Wang et al., 2015). V ne-
¢inuTHHX 3a kKaporuHoimamu mytantiB Chlamydomonas reinhardtii migBumenns pisast ADOK B xmopo-
IJIaCTax CYIPOBOKYBAIOCH 3HAYHMM 30isbIeHHsIM ayTodarii (Pérez-Pérez et al., 2012b). O6podka Kiri-
tua Chlamydomonas reinhardtii rep6inumom HOpdIypa3oHOM, SIKHii NPUTHIUYE CHHTE3 KapOTHHOIIIB
IUIIXOM 1HTiOyBaHHS (biToeHmecaTypas, IpU3BOIMIIA IO aKTUBAIl] ayTodarii Jmiie Ha CBITIi, 10 J03BO-
JISi€ TIPUITYCTUTH, 10 ayTodarist moB’si3aHa 3 POTOOKHCHIOBATEHUM TOIIKO/KSHHSM, CIIPHYMHEHUM TIPO-
nykyBaHasM ADK Ha cBiTii (Pérez-Pérez et al., 2012a).

[Hnykiis ayrodarii cocTepiraerbest He TUTBKH 3a i1 TepOinuiB, ski npoaykytots ADK, ane i 3a
Iii repOinuaiB, sKi iHriOYIOTH MEBHI epMEHTH, 10 NPU3BOIUTH O BUHUKHEHHS Ae(ilUTy IEBHUX METa-
0ouiTiB, 30KpemMa aMiHOKUCIOT. Tak, Jis repOinuaiB iHTiIOITOPiB epMenTy aneronakrarcuaTazu (AJIC)
OJIOKY€E CHHTE3 aMiHOKHCIIOT 3 PO3TaTyKEHUM JIAHIFOTOM — BaJIiHY, JICHIIMHY Ta 130JIeHIINHY. AKTHBAITis
repbinuaom inriditopom AJIC tpubGeHypoH-MeTHIOM ayTodarii Ta ii peBepcis eK30reHHUMH aMiHOKHC-
JIOTaMH € CBITYEHHSIM TOTO, IO iHAYKOBaHE TPUOESHYPOH-METHIIOM TOJIOIYBaHHS Ha I1i aMiHOKHCIIOTH Bi-
anoBinae 3a ii akruBaniro (Zhao et al., 2018). ITpu upoMy 3a 1ii TpHOCHYpPOH-METHITY aKTUBALliS ayToda-
il MOXKe NPU3BOAMTH SIK 10 3aruOesi KIITHH B OKpeMux opranax pociuH (Zhao et al., 2015), tak i g0
301TBIIICHHS TOJIEPAHTHOCTI IITMX POCIHH 10 Ail repoinuay (Zhao et al., 2018). ITocnabneHus (iToTok-
CHYHOI 1ii repOiUaiB 32 paXyHOK aKkTHBawii ayTodarii Moxe CIPpUYMHATH BUHUKHEHHSI HOBOT'O THUITY pe-
3MCTEHTHOCTI J10 TepOIIM/IiB, Tak 3BaHOI TOMEOCTATHYHOI pesnuctenTHocTi (Zhao et al., 2018).
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Ockinpky y mporecax ayrodarii OepyTh y4acTb MIKpOTPYOOUKH, TepOIlHIAH, SIKi 3yMOBIIIOIOTE 1X
JeTIoiMepr3allifo BHACTIIOK 3B’ s13yBaHHs 3 TyOyJliHaMH, MOXKYTh BIUIMBaTH Ha MPOLIECH, MOB’s3aHi 3 ay-
todariero y pocnuH. Tak, repOimuan aminpodoc-MeTHi i opizaiiH 3HaYHO 3MEHITyBad (OPMYBaHHS
aytodarocom i 3HIKYBaJIM piBeHb ayTodarii nmpubdnu3Ho HanonoBuHy (Wang et al., 2015).

TakuMm grHOM, y4acTh ayTodarii y iHAyKOBaHOMY TepOinuIaMu naToreHe3i He BUKJINKAE CYMHIBY.
OpHak KOHKpETHI MexaHi3Mu akTuBalii ayTodarii Ta PCD 3a i repbiunaiB 3a1uIaloThCsl MaToOBUBYC-
HUMH i TOTPEOYIOTh MOJAIBIINAX TOCIIIKEHb.
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BrmuB aHTpOmOTEHHOI AiSUTBHOCTI B Tady3i ByrienoOyBaHHs CIPHYUHSIE TpaHC(HOPMAIIIIO BIACTH-
BOCTEl MPUPOIHUX EKOCHCTEM, 3yMOBIIOE MOAU(IKAIIIO YK€ ICHYIOUHX NPUPOIHUX, a TAKOXK (opMy-
BaHHS HOBUX, HEC TIPUTAMAHHMX I JaHOI MICIIEBOCTI YMHHHKIB cepemoBuia. Crenudidai MiKpoKTiMa-
THYHI YMOBH Ta BIIACTUBOCTI TEXHOT€HHUX CcyOcTaTiB ((Pi3udHi, XiMiUHI TOIIO) € BU3HAYAIBHIMH OO0
0CcOOJIMBOCTI MOIIUPEHHS POCIMH Ha IIAXTHHUX BifBajax. B eKcTpemalbHHX yMOBaxX cepeloBHUINa 3ace-
JICHHSI Ta MOAANBIINNA OHTOT€HE3 POCIMHHUX OPraHi3MiB € JOCUTH JIMITOBaHUMH, TOMY OIIAaHOBYBAaTH Ta-
Ki TEpUTOpii 3/1aTHI JIMIIIE BUAM 13 3HAYHUM [[ialla30HOM TOJIEPAHTHOCTI, SIKi MOKYTh HE TiJIbKH BH)KHBa-
TH, a i1 BIITBOPIOBATH TTOKOJiHHS.

HesBakatoun Ha HEBEIMKI PO3MipH, MOXH € BaYKIIMBUMU KOMIIOHEHTAMH (PIIOPH Y JIyYHHX €KOCHC-
TeMaX, TYHAPOBHUX OioMax, OOpeabHUX JlicaX TOIo. B yMOBaxX eKoJOTIYHOTO MPECHHTY TpaHC(HOpPMOBa-
HOTO cepeloBUIla OpiodiTH, 3aBISIKH 3HAYHOMY apCeHAy MPUCTOCYBaHb (€KOJIOTiuHi, MOpdoIoriuHi,
¢izionoriuni, 6i0XiMiuHi), 31aTHI MOCENATUCH, @ TAKOK (OPMYBaTH MOHO- Ta OaraTOBUAOBI yrpyrnoBaH-
HSL.

Ha mopomnomy BimBami maxtu “Hamis” YepBoHOTpaIChbKOro TipHHYOIPOMHCIOBOTO paioHy
(UI'TIP) Hanpy>keHicTh a0iOTHYHUX YMHHUKIB (Ie(IilUT BOJOTH, BUCOKUI TEMIIEPATYpPHUN PEXKUM, Mij-
BUIIIEHA 1HCOJISIISA TOIIO), a TAKOX OKPEMi Ocepellku ropiHHS BUHECEHOI Ha TIOBEPXHIO CYMYTHHOI BYTi-
JBHUM TUTACTaM TOPOJIM CYTTEBO BIUIMBAIOTH Ha (DYHKIIOHAJBbHY 31aTHICTh (POTOCHHTETUYHOTO arapaTy
y pociuHax. ToMy 3MiHU BMICTy XJIOpOLIiB 1 KAPOTHHOIIB, a TAKOXK IXHBOI'O CIIBBiIHOMICHHS € iH(OP-
MATHBHUMH TTOKA3HUKAMH JIJIsI 3'ICyBaHHsI TIPUCTOCYBAIBHUX PEaKIliii pOCIHH JI0 i cTpec-paKkTopiB ce-
peIoBHIIA.

Ha nopoxHomy Bigsaii maxtu “Hanis” mox Ceratodon purpureus (Hedw.) Brid. € ogaum i3 Haii-
MOMIUPEHININX eMreHNX BHUIIB, SIKi 4aCTO YTBOPIOIOTH IOHEPHI 3apPOCTaHHS Ha Pi3HUX THIIAX CyOCTpa-
TiB. CIo4aTKy MOX MOIIUPIOETHCS Y (OPMi CIIOPaTUIHUX HEBEIMKHX JISPHUH, SIKi 3Tr0I0M PO3POCTAIOTHCS
Ta 3MUKAIOTHCS, JIOCATAI0YN 3HAYHOTO IIPOSKTUBHOTO MOKPHTTSL.

Mertoro po6oTH Oyll0 IpoaHaNi3yBaTH CE30HHY JUHAMIKY BMICTY MIrMEHTIB (poTOCHHTE3y y maro-
Hax Moxy C. purpureus 3ajexHO Bijl €KOJOTiYHOI MPUYPOUYCHOCTI HOT0 MiCHE3POCTaHHS Ta MOJIOKEHHS
Ha BiJiBai (BepIlunHa, Tepaca, migHikoks) maxty “‘Hamis” YT TIP.

i BU3HAUEHHSA CE30HHOI AMHAMIKM BMICTY MIIMEHTIB (POTOCHHTE3y B aCHMITIOIOUMX OpraHax
MOXY BiIOMpay MaroHu y KBiTHI, JIUITHI Ta )KOBTHI. KiTbKiCTh 3eeHHX MirMeHTiB — XjopodiiiB a i b ta
JOMOMDKHHMX — KapOTHHOINiB oOpaxoByBanu 3a dopmyinamu [[. Berrmreitna. OTpumani pesynbTatu
OTIPAIbOBYBAIN METOJIAMH CTATUCTHYHOTO aHAIII3Y.

3a pe3ysnbTaTaMy JOCIHiPKEHb YCTaHOBJICHO, 110 Y KBITHI Ha BEPLIMHI BiBaJly B YMOBaX BiJICYTHO-
CTI ONTHMAIBHOTO TEMIIEPATYPHOTO PEKHUMY CEPEJIOBHUINA BMICT IMIrMEHTIB ()OTOCHHTE3Y B aCHMIJIIOIO-
yux opranax C. purpureus OyB HIKYMM, aHDXK y JIMIHI Ta )KOBTHI. B ciekoTHHI Micsup JliTa BcTaHOBIIE-
HO 30ibiIeHHs GOHIY XJT @, X1 b, gactok xmopodinis a/b Ta xnopodinis/kapotunoinis (X/K), mopiBHIHO
3 BECHSHUMH TTOKa3HUKAMH, OCKUIbKH ()ParMeHTOBAHICTH JIEPEBHOTO SIPyCy Ha BEPIIHMHI BiJ[BATY JIIMITY-
BaJla eKCTpEMaIbHY [0 eKOJOT1YHUX YHHHHKIB, 30KpeMa TeMIeparypy, 0e3rmocepeiHiil BIUTUB COHSYHOT
pamiarii Ta 3MEeHIINIa BUTIAPOBYBAHHS BOJIOTH 13 CyOCTpary.
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Bussneno, mo y KBiTHI Ha BiIKPUTHX Ta OLIBIN OCBITIIFOBAHUX IiISTHKAX BHPOCTAHHSI MOXY (Tepa-
ca, MIHDKXKS) SIK BMICT XJI ¢, TaK 1 CHIBBiAHOWIEHHS 3efeHux mirMeHTiB (a/b) Ta X/K y dorocuntesyio-
YUX OpraHax OyJIM MaKCHMaJIbHUMU, IIOPIBHIHO 3 IHIIMMHA C€30HaMH. BITITKy 3a KOMITIEKCHOI ii cTpeco-
BUX a0l0TMYHHMX YMHHUKIB (BHUCOKi TeMIlepaTypa Ta iHCOJALIs, Ae(ilUT BOJIOTH y cyOCTpaTi) KiIbKICTh
XJI @ CYTTEBO 3HIKYBajach. BoJHoUac criocTepiraiy miJBUIICHHS BMICTY XJ1 D y 3aransHOMY mysi 3ere-
HUX MITMEHTIB Ta KapoTHHOiNiB. Bocenu y maronax C. purpureus, BiiOpaHux 3 pi3HHX MOJIOKEHb BiJBa-
JiB, cCyMapHa KiIbKicTh XJ0podiniB (a+h) Ta TOMOMDKHUX MIrMEHTIB 31e0UIBIIOrO 3HUKYBAIHUCH MOPIB-
HSHO 3 JIITHIMH OKa3HUKaMH.

OTxe, CIPUSITIANBI MiKPOKJIIMAaTHYHI YMOBU Ha TIOPOJHOMY Bi/IBajli aKTHBYBaJld 010CHHTE3 XJIOPO-
¢iny a B acumimorounx opranax C. purpureus. 3a ekcTpeManbHOI Jii COHSYHOT pajiarii ImiIBUIICHHS
BMicTy xsopodiny b B aHTeHHHX (OKYCYIOUHMX KOMIUIEKcaX cTalinizyBano (yHKI[IOHYBaHHS MIrMEHTHOL
cucteMn. 3MEHIIIeHHS CIiBBiHOMEHH X/K 3HIKYBaIO pU3UK OKHUCITIOBATBHUX PEAKIlii y XJIOpOIIIacTax
B YMOBaX HalO1IbII01 IHTEHCHUBHOCTI COHSYHOI pafiamii Ta HECIPUATIMBOTO BOAHOTEPMIYHOTO PEXKUMY.
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AJTAIITUBHI PEAKIIII MOXIB PTYCHOSTOMUM IMBRICATULUM I
BRACHYTHECIUM RUTABULUM 3AJIEKHO BIJ MIKPOKJIIMATHYHUX YMOB
IX MICUEBUPOCTAHb

H. A. Kir

Inemumym exonoeii Kapnam Hayionanvhoi akademii nayk Yrpainu, Jlvsis, Yrpaina; Kit_n@i.ua

Bpioditn, BogHUI pekuM SIKAX TICHO TIOB’SI3aHUH 3 X po3MipaMH 1 JKUTTEBOIO (DOPMOIO, 3MaTHI 10
PI3HOMaHITHUX MPUCTOCYBAHHB A0 AehilUTy BOIOrH. MoX0mmo1iOHI TOTTTMHAIOTH BOY BCIi€IO MMOBEPXHEIO
MIaroHiB 1 Yepe3 BiACYTHICTh KOPEHiB JIETKO BIANAIOTH ii Mij] Yac BUCYIIYBaHHS. 32 BUCOKOI HOTJMHAIBHOT
3IaTHOCTI MOXH 3aITacaloTh BOJAY B JECITKH 1 COTHI pa3iB Oinble 1XHBOI BiacHOI Baru. Bonu BuTpuBaii i
HE THMHYTHh HABITh B YMOBaX BOAHOTO Aedimuty, 30epiraouu 34aTHICTh O perigpaTaiiii i HOpMalIbHOTO
(GyHKIIOHYBaHHS TTics mpunuHEeHHs 1ii ctpecy (Proctor, Tuba, 2002).

O0’exTOM AociipKeHHs Oy JBa BUIU MOXIB, SIKi € MPEACTABHUKAMHU PI3HUX KHUTTEBHX (HOpPM:
Ptychostomum imbricatulum — uu3bka nrinpHa nepaunka i Brachythecium rutabulum — myxke mietuso,
3i0pani Ha focmigHux auvitHKax [IpupoaHoro 3anoBigHauka “Po3roudss’™ Ta SIBOPIBCHKOT0 HaI[iOHATBHOTO
napky (cTapoBikoBi OyKOBi JicH, 30Ha cTamioHapHOI pekpearii “Bepemmiis™ 1 TepuTOpisi COCHOBUX Haca-
Iokenb). JlocmimkyBanmn MopdoOIOTidHy CTPYKTYPY, BMICT MEPOKCHAY BOJHIO Ta aKTHBHICTH KaTallasW,
sKa BiZirpae roJIOBHY POJb y PETYIIOBaHHI BHYTPIIIHROTO BMICTY MEPOKCHUIY BOIHIO 1 3amobirae ioro
TOKCHYHIH Jii, Y MaroHax MOXiB 3aJIe)KHO BiJl MiKpOKJIIMaTHYHUX YMOB iX Micue3pocTanb. Mikpokiima-
THYHI YMOBH Ha JIOCHIJTHUX IUISHKaX COCHOBHX Haca/keHb (Temmeparypa moBiTps 28—-30°C, Bomoricts
noBitpst 20-24%, inTeHcuBHICTH cBiTia 80-90 THC. JIK) BigpI3HAIMCS MOPIBHAHO 3 MOKA3HUKAMH B PEK-
peariiiHiif 30H1 (TeMmnepaTypa moBiTps 26—28°C, Bonoricts noBiTpst 25—27%, iHTEHCHBHICTH cBiTiia 90—
100 Tuc. 1K) 1 Ha TOCTIAHUX JITHKAX CTApOBIKOBMX OYKOBHX JiciB (Temmeparypa moBiTps 22—24°C, Bo-
aoricte noBiTpst 32—35%, iHTeHCUBHICTD cBiTIa 40—50 THC. JIK). BMIiCT BOJIOTH y BEpXHIX LIapax IPyHTY
Ha TEPUTOPii COCHOBUX HACAJKEHb OYB HIDKYMM MOPIBHIHO 3 AUISTHKAMH Y CTapOBIKOBHX OYKOBHX JIicax
B 1,4 pa3u, a B 30H1 pekpearii — B 1,2 pasn).

3pasku P. imbricatulum 3 pi3Hux jokamiTeTiB BiPi3HSUIKCS PO3MipaMH MAroHiB i JHUCTKIB Ta Tyc-
TOTOI0 OOJMMCTHEHHSA. JIMCTKHM pOCIUH 3 TOCTIAHUX AUISHOK B 30HI pekpearii Oynu B 1,6 pa3u MEHITUMH,
rametodopu B 1,4 pa3u HWKYMMH MOPIBHSHO 3 BOJIOTINIMMHU MicIie3pocTaHHAMU. [10Ka3HUKH T'yCTOTH
obsuctHeHOCTI maroHiB P. imbricatulum smiHIOBaIHCS TaKOXK 3aJICKHO BiJl MiCIIE3pOCTaHHS Ha TOCII-
HUX JIUISTHKaX JICOBMX €KOCHCTeM. 3HauHi BIIMIHHOCTI I'yCTOTH OOJMCTHEHHS BHSIBIEHO Y POCIHH 3 Te-
putopii cocHoBux HacamkeHb (30,9+£0,3 muct./mar.), mo B 1,3 pasu nepeBepIiryBaio rycToTy OOJHCTHEH-
Hs Ha JIOCIITHUX JUISHKAX B 30HI pekpearii Ta B 1,5 pa3u — B cTapoBiKoBUX OyKOBUX Jicax. Taki 3MiHH,
MaOyTh, OB’ sI3aHi 3 HECTIPUSTIMBUMHU MIKPOKJIIMATHYHHMH YMOBaMH Ha TEPUTOPii COCHOBUX HACAPKEHb
1 CIPUSIOTH YTPUMAaHHIO BOJIOTH BCEPEANHI JCPHUH.

Boanauii pexkuM MOXIB TiCHO TOB’SI3aHUH 3 X pO3MipaMu 1 KHUTTEBOIO (HOPMOIO, OCKITIBKH 30epe-
JKEHHSI BOJIOTH Y MOXOBOMY TOKPHBI 3aJIS)KUTH BiJl KITBKOCTI BOJIM B KaiJIIpax MiX IMaroHaMu y JepHHH-
I, sIKa XapaKTepU3YEThCs TIEBHOIO CTPYKTYPOIO Ta miibHIicTIO. [IIiNBHICTE JEPHUHOK MOXIB € BArOMUM
IHIMKaTOPOM IXHBOTO JKUTTEBOTO CTaHy 1 BU3HAYAETHCS TOJIOBHMM YHHOM BHJIOBOIO CIIEIM(IUHICTIO MO-
XiB, enapiuyHUM (POHOM, EKOJIOTIYHUMH YMOBAaMH BHPOCTaHHS — PIBHEM OCBITICHOCTI, TEMIIEPATypH i
Bonorocti (Ioruaposa, 2005). Haii6inbury minsricts aepuus P. imbricatulum (56,7+6,3 mar./cm?) Bu-
3HAYCHO Ha TEPUTOPIi COCHOBHX HACA/KEHb 32 HU3bKOI Bosorocti cyocrpary (14,5%) mopiBHSHO 3 iH-
MMM JTOKajTiTeTaMn (CTapoBikoBi Gykosi micu — 35,244,3 mar./cM® Ta 30Ha pekpeanii — 42,2459
Hal“./CMz). IMoka3uuk miikHOCTI KepHUHOK y P. imbricatulum cBiguuth mpo 3HaYHiI €KOIOTIYHI MOKITHBO-
CTi LIbOTO BU/1y B OCBOEHHI Pi3HUX 3a PiBHEM 3BOJIOKEHHSI MiCLIE3pOCTaHb.

VY B. rutabulum na mocnmimHux ainsHKax TEPUTOPIl COCHOBUX HACaJDKEHb TaKOX CIOBLILHIOBABCS
PICT MaroHiB i ix moRxuHA cTaHoBuiIa 2,08+0,24 cM, MOPIBHSHO 3 IHIIUMH Miciie3pocTanHsaMu (2,24+0,29
cMm i 2,29+0,32 cm). Crin BinzHauwuTy, o naronu B. rutabulum na tepurtopii cCOCHOBHX HacaPKeHb yTBO-
pIOBaJIM 3HAYHO Oiyblle OIYHMX ray30K, HDK y BOJIOTIIINX MIiCIE3pOCTaHHAX 1 iX KibKicTh Oyna B 1,9
pa3u OLIBIIOK. 3MEHIIYBAIKUCS PO3MIPH JIMCTKOBOI IJIACTHHKH Ha TEPUTOPIT COCHOBUX HAcaKEeHb (IOB-
xuHa 1,73+£0,18 mm, mupuna 0,83+0,07 MM), HOPIBHSHO 3 BOJIOTIIIMMHU MICIE3POCTAHHIMH (IOBKHUHA
2,08+0,23 mwm, mupuna 0,87+0,09 mm). [{na B. rutabulum mineHicTs AepHUH OyJia MEHII MIHJIHBOIO i
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30UTBITyBaIaCsl HA TEPUTOPIl COCHOBUX HAcapkeHb B 1,17—1,26 pa3u, MOPIBHSHO 3 BOJOTIITUMH JIOKAJIi-
TETaMu.

TakuMm YHHOM, TI0Ka3aHO 3aJCKHICTH MOP(OOMETPHYHUX TapaMeTpiB MOXOBUX JICPHHH
P. imbricatulum i B. rutabulum Big ymMOB 3pocTaHHs Ha JAOCTIIHHUX AISISTHKAX JIICOBHX eKOocHcTeM. Bera-
HOBJICHO MOP(QOJIOriYHy MIHJIUBICTH MOXOBHX JCPHUH B PI3HHX €KOJOT1YHMX YMOBAax JICOBHX €KOCHC-
TeM, 30KpeMa, BHSBJICHO BIUIMB PiBHS 3BOJOKEHOCTI MicLE3pOCTaHHS Ha MOPPOMETPUUHI MapaMeTpu
MmoxiB. [lokazano, mo Mopdooriyaa CTpyKTypa AEPHHH MOXIB € Ba)KIMBOIO JUI 30€peKeHHsS BOJIOTH i
3aJIeKUTD BiJ iX KHUTTEBOT POpMHU.

YrRopeHHss ADK, 10 SKUX HAIEKUTH MEPOKCH]] BOJIHIO, ITijl BILIMBOM a0iOTUYHOTO CTPECY 1HIIFOE
B POCIIMH KacKaJ| Peakxiliid, o A0omoMarae iM yHUKaTH CTPECOBHX HaBaHTaXeHb. OJHIEI0 3 JJAHOK LHOTO
MIPOIIECY € 3MiHA aKTUBHOCTI aHTHOKCHUAAHTHUX (DEPMEHTIB, 30KpeMa TaKuil (hepMeHT pO3IIeTUICHHS T1e-
pPOKcHAy, SIK KaTajlaza MOXKe MOZETIOBATH FOMEOCTa3 MEePOKCUAY i, BIAMOBIAHO, HOTO CUTHANBHY 34aT-
Hicth (Neill, 2002). 3a BMicTOM NEPOKCUAY BOJHIO JOCIIPKYBaHI BUIU BIAPI3HIKMCS, 10 3aJIEXKAIIO Bij
iX BHIOBHUX OCOOJIMBOCTEH i YMOB Miciie3poctanb. BeraHoBieHo, mo y maronax P. imbricatulum waiigu-
M BMICT niepokcuay BogHo (1,32+0,09 MkMOb/T Macu c.p.) OyB y 3pa3kax 3 TEPUTOPii COCHOBUX Ha-
Ca/KCHb, JI¢ HalMEHII CIPHATINBI MiKPOKIIMATHYHI YMOBH, IO CBIAYUTH MPO TOCHJICHHS TeHeparii
AO®K B ymoBax crpecy. Jlemo Hmk4mii BMIicT nepokcury BogHo (1,194+0,07 MxMons/T Macu c.p.) BU3Ha-
YeHO y 3pa3Kax 3 30HH peKpeallii, a HAWHIKYUI BMICT I[bOro MeTaboutitTy OyB y maronax P. imbricatulum
3 IOCIITHUX JUISHOK y cTapoBikoBuX OykoBux Jicax (0,84+0,05 MKMOJB/T MacH C.p.) 3a ONTUMAaJIbHOT
TemiiepatypH i Bostorocti. st B. rutabulum s6epiranace momiOHa TeHICHIIA: B HECTIPHATIMBHX MiKPOK-
JTMaTHYHUX YMOBax Ha TEPUTOPii COCHOBHUX HACAKEHb BMICT IMEPOKCHY BOIHIO OYB OLIBIINM ITOPiBHS-
HO 13 POCIIMHAMHU 13 30HU peKpeallii i cTapoBikoBUX OyKoBUX JiciB B 1,2 i 1,7 pa3u BiAmoBiAHO. 3pOCTaHHS
BMICTY IEpPOKCHJY BOJIHIO B MAarOHax JOCTiIKYBaHHX MOXIB BKa3y€e Ha PO3BUTOK OKHCIIOBAJILHOTO CTpe-
CY B HECIIPUATIMBHAX YMOBAX BOJHOTO 1 TEMIIEPATYPHOTO PEXKHUMY JIICOBUX €KOCHCTEM.

OnHuM 13 HAMAKTHBHIIINX SH3UMIB aHTHOKCHJJIAHTHOI CHCTEMH, IO 3a0e3Ieuy€e pO3IICTICHHS Te-
POKCHAY BOJHIO, SIKMI YTBOPIOETHCS B MIEPOKCHUCOMax Npu (oToauxaHHi, € katanasza. Llel hepmenT Oepe
y4acTh y MiATPUMaHHI OKHCHIOBAJIHHO-BITHOBHOTO OajaHCy B KIITHHAX 3a Jii OKUCHIOBAIBHOTO CTPECY
Ta CIpHsE ajanTaiii opradiamy no crpec-pakxropiB (Wang et al., 2019). BcTaroBieHo, 1110 Ha JOCHTiTHAX
JUJISTHKAX TIiJ1 BIVIMBOM BHCOKHX TeMIepaTyp i Ae(iluTy BOJOTH aKTHBHICTh KaTajla3d B MaroHax J0CIi-
JDKYBaHUX MOXiB mimBumryBanacs. Tak, y pociunax P. imbricatulum 3 Teputopii cocHOBUX HacaKeHb
aKTUBHICTh (pepMeHTy Oyia BHIIOI0 TOPIBHSHO 3 POCIMHAMH 3 JOCTIAHMWX IUISHOK B 30HI pekpearii i
cTapoBiKoBUX OykoBuX JiciB y 1,2 1 1,6 pa3u BignoBinHo. Y B. rutabulum y HecnipusiTauBuX yMOBax BO-
no3a0e3IeueHHsT BU3HAUYEHO HE3HA4YHE IIJBUIIEHHSA aKTHMBHOCTI KaTaja3y: MOKA3HUKHW aKTUBHOCTI Kara-
J1a3u Ha TEPUTOPii COCHOBUX HACAPKEHb OyIIH OLTBIIUMH, TOPIBHSHO 3 BOJIOTIIIIMMHU MiCIIEBUPOCTAHHSIMHU
B 1,1-1,4 pa3u. Bumia akTuBHiCTh KaTanasu B maroHax P. imbricatulum B HecnipusiTiinBUX yMOBax BOIHO-
ro 1 TEMIEPaTypHOr0 PEKUMY MOXKE CBIIYMTH MPO AKTHUBAIlI0 aHTHOKCHJIAHTHHUX MPOIECIB B KIITHHAX
rameto(opiB MOXy, nopiBHsHO 3 B. rutabulum. 3 miteparyphux mKepes BiZoMo, 10 3pOCTaHHS aKTHBHO-
cTi (hepMEHTY BiJI3HAYEHO B YMOBAX BOJHOTO, COJILOBOTO 1 TEIIOBOTO CTpeciB Ta nepeoxonomkeHHs (by-
3ayra Ta iH., 2020). BeTaHOBIEHO 3aJI€KHICTh aKTMBHOCTI KaTaia3 BiJl PIBHS OBOJHEHOCTI JEPHUH MO-
XiB. Y pOCIIMH 3 TEpUTOPIi COCHOBHX HACaJPKCHb, JIe BOJIOTICTh MOXOBUX nepHuH P. imbricatulum i B.
rutabulum 6yna naiimenmoro (37% i 23% BiMOBIIHO), MOKA3HUKH aKTUBHOCTI KaTaiasu Oylia HalOiIb-
HIMHU.

OTtpuMaHi pe3y/IbTaTh BKa3ylOTh Ha ICHYBaHHS B3a€MO3aJIeKHOCTI Mik yTBopeHHsM ADK Ta ak-
TUBHICTIO KaTana3W SK OJHOTO 3 KIOYOBMX ()EPMEHTIB aHTHOKCHUAAHTHOTO 3aXHMCTY, IO CBIIYHUTH IPO
curHaspHy poib ADPK y kmiTMHAX MOXiB B YMOBax CTpecy. AKTHBaLisl KaTajla3d B HECHPUSITINBUX yMO-
BaxX BOJIHOTO Ta TEMIIEPATYPHOT'O PEXUMY y MaroHax JOCHTIPKYBAHUX BUIIB CBITYUTH MPO y4acTh Qep-
MEHTY B aJlanTamii pOCIUH J0 CTpeCy.
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As is known, in plant cells there is a constant formation of reactive oxygen species (ROS) and their
interaction with antioxidants of various natures. Deviation of the redox potential from the homeostatic
value can both act as a cellular signal that induces protective reactions and cause the effect of oxidative
stress—indiscriminate modifications of ROS in biomacromolecules and cellular structures. Oxidative
damage is one of the main causes of plant damage during drought and high temperatures. The effect of
oxidative stress that develops during heat stress is a consequence of an increase in the fluidity of chloro-
plast and mitochondrial membranes, which leads to the disruption of electron transport in these organelles
(Yoshioka, 2016; Choudhury et al., 2017). Drought has a similar effect on plants. Restriction of carbon
dioxide entry into the cells due to stomata closure leads to the effect of over-reduction of the chloroplast
electron transport chain and an increase in the probability of ROS formation (de Carvalho, 2008). The
significant contribution of mitochondria to the development of oxidative stress under drought conditions
is also known. Thus, the content of carbonylated proteins in the mitochondria of wheat leaf cells under
conditions of severe drought turned out to be an order of magnitude higher than in chloroplasts (Bartoli et
al., 2004).

In this regard, it can be expected that there is a relationship between plant tolerance to certain envi-
ronmental stressors and their resistance to oxidative stress. The data on the relationship between the func-
tioning of the antioxidant system and the resistance of plants of different genotypes to various stress fac-
tors, including the effects of drought and high temperatures, have been obtained (Kolupaev et al., 2023).
However, the multi-component nature of the antioxidant system and the presence of functional relation-
ships between different antioxidants complicate the establishment of such a relationship. The effective-
ness of modeling the relationship between antioxidant system functioning and plant tolerance to environ-
mental stressors can be improved if such studies are complemented by data on the relationship between
plant tolerance to direct oxidative stress agents and their tolerance to certain environmental factors. Isceki
et al. (2014) showed a close relationship between the ability of different rice genotypes to maintain photo-
synthetic activity under drought and oxidative stress agent methyl viologen. An association between the
resistance of different clover genotypes to ozone and drought has also been reported (Puckete et al.,
2007). However, very few such studies have been conducted so far.

Our work aimed to compare the growth response of seedlings of wheat cultivars differing in heat
and drought tolerance to direct oxidative stress agents—hydrogen peroxide and iron sulfate (11). Also, we
investigated the differences in the adaptation strategies of the antioxidant system of wheat cultivars with
different heat and drought tolerance to the action of these agents of oxidative stress.

For research, etiolated seedlings of bread winter wheat (Triticum aestivum L.) cultivars were used,
which, as previously established, differed significantly in heat and drought resistance in the early phases
of ontogenesis: Antonivka and Tobak (heat- and drought-tolerant), and Avgustina and Doskonala (not re-
sistant to heat and drought) (Kolupaev et al., 2022; 2023). Three-day-old seedlings were exposed to
50 uM H,0, or 5 mM FeSO, for one day. The inhibition of seedling root and shoot growth was then eval-
uated, as well as indicators of oxidative damage and the antioxidant system functioning.

Accumulation of total seedling biomass of heat- and drought-tolerant cultivars Antonivka and To-
bak under the influence of hydrogen peroxide was inhibited by 16.2 and 18.4%, respectively, and under
the influence of iron sulfate (I1)—by 33.5 and 35.1%. At the same time, in the non-resistant cultivars
Avgustina and Doskonala, growth inhibition under the influence of H,O, was 36.1 and 41.9%, respective-
ly, and when treated with FeSO,—45.9 and 54.9%. Thus, high-temperature- and drought-resistant seed-
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lings of Antonivka and Tobak cultivars were able to maintain fairly vigorous growth in the presence of
oxidative stress agents as well. Also, these cultivars, in the presence of H,O, or FeSO,, accumulated sig-
nificantly lower amounts of lipid peroxidation product malondialdehyde (MDA). In seedlings of these
cultivars after incubation on a medium with the addition of oxidative stress agents, the MDA content in-
creased by only 6-8% compared with the control. At the same time, in the cultivars with strong growth
inhibition (Avgustina and Doskonala), this increase was 25 to 60%.

Our experiments revealed significant differences in the activity of antioxidant enzymes in the stud-
ied cultivars in response to H,O, and FeSQO,. Thus, in non-resistant cultivars Avgustina and Doskonala,
superoxide dismutase activity after exposure to both agents of oxidative stress decreased, while in re-
sistant Antonivka and Tobak it increased or remained stable. Changes in catalase activity in response to
oxidative stress agents were also insignificant in susceptible cultivars Avgustina and Doskonala, while in
resistant ones Antonivka and Tobak the activity of the enzyme after stress exposure was markedly higher
than in control. Similar trends were observed in changes in guaiacol peroxidase activity.

Proline content in resistant cultivars Antonivka and Tobak in response to oxidative stress agents
changed insignificantly, while in non-resistant cultivars Avgustina and Doskonala it increased by 40-60%
compared with control. At the same time, the content of sugars after exposure to hydrogen peroxide, on
the contrary, increased in Antonivka and Tobak cultivars and did not change in Avgustina and Doskonala
cultivars. A slight increase in the content of sugars occurred in all cultivars under the influence of ferrous
sulfate. Anthocyanin content in response to oxidative stress agents decreased in non-resistant cultivars
Avgustina and Doskonala and increased markedly (by 40-60% relative to control) in resistant cultivars
Antonivka and Tobak. Similar, although less pronounced trends were noted in the changes in the total
content of phenolic compounds.

Thus, a direct relationship between the resistance of wheat cultivars to heat and drought and their
resistance to the effects of oxidative stress agents (H,O, and FeSO,) was found. At the same time, varietal
differences in adaptive strategies for changing the state of the antioxidant system were manifested. In re-
sistant cultivars, in response to oxidative stress agents, the enzymatic component of the antioxidant sys-
tem was activated, and secondary metabolites and sugars were accumulated, but proline content did not
change. At the same time, in non-resistant cultivars under the action of oxidative stress agents, the studied
parameters of the antioxidant system decreased or did not change, and only the content of proline in-
creased markedly. The observed effects may be useful for the development of new approaches to screen-
ing wheat cultivars with cross-resistance to stressors of different natures.
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[Tocyxa Ta BUCOKI TeMIepaTypy BBaKalOThCS a0iOTHUHUMH cTpec-(paKkTopamu, U0 HalOUIbII icTOo-
THO BIUTMBAIOTh Ha CBiTOBEe BUpOOHHMIITBO TieHuI (Arbakane et al., 2021). Hapasi copmymnboBano psin
TMIOJIO’KEHB, 0 TOSCHIOIOTH MEXaHI3MU MEePEeXPeCcHOi CTIIKOCTI POCIUH 0 Pi3HUX cTpec-(pakTopiB, y TO-
MY YHCHi 10 Jii BUCOKHX TeMIepaTyp Ta nocyxu. Cepel HUX yHiBepcalbHi MPUHIMITY aKTHBALlii eKCIpe-
cii 3aXMCHHX TeHiB 3a JOMOMOT 00 00MeXeHOTo Habopy curHambHUX nocepeannkis (Bowler, Fluhr, 2000;
Zhang et al., 2020), KOHTPOIF OMHUMHU W TUMH K TPAHCKPHITIIHHUMU (AKTOPaMU PsITy TE€HIB, BAYKIIMBHX
st criikocti (Pastori, Foyer, 2002), 3arajpHi NPUYMHU TMOIIKOMXECHb KIITHH, BHKIUKAHHX CTpec-
¢daxTopamu piznoi npupomu (Iseki et al., 2014), nonidpyHKIiOHATBHICTE AESIKAX KOMIIOHEHTIB CTpec-
npoTekTopHUX cucteM (Szabados, Savoure, 2009; Kolupaev et al., 2020). OcTaHHE CTOCYETBHCSI TAKHUX
BXJIMBUX CTPECOBUX METAOOIITIB SIK MPOJIiH 1 I[YKPH, [0 MOKYTh BHCTYIIATH y POJIi OCMOJITIB i OJJHO-
YacHO BHUSBIIATH AHTHOKCHUIAHTHY, MEMOpPaHONMPOTEKTOPHY Ta aHTHICHATYpaliliHy Aif0 Ha KIITHHHI
ctpykrypu (Morelli et al., 2003; Laxa et al., 2019).

HesBaxatoun Ha OaraTopiuHe BUBUEHHS TOJIEPAHTHOCTI MINEHUIII O KOMIUIEKCHOT HECTIPUSITINBOT
nii BUCOKMX Temriepatyp i mocyxu (Keles, Oncel, 2002; Schmidt et al., 2020; Tyagi, Pandey, 2022), nani
PO MOXIIMBY KOPEIAIII0 MiXkK CTIHKICTIO 0 TEIJIOBOTO CTPeCy 1 3HEBOAHEHHS JJISI COPTIB Pi3HOTO KO-
Jioro-reorpagiyHOro MOXO/KEHHS Ha CTaJii MPOPOCTKIB moternep BiacyTHI. [Ipu oMy oTpuMaHo pe-
3yNBTATH, 110 BKa3ylOTh Ha 3B'I30K MIXK CTIHKICTIO €TIOIhOBAHUX MPOPOCTKIB O OCMOTHYHOTO Ta TEILIO-
BOT'O CTPECIB 3 MOJBOBOIO TOJIEPAHTHICTIO JOPOCIUX POCIUH 10 1MX ¢akropiB (O0o3HMi Ta iH., 2013;
[Muxkano Tta in., 2020). Ha icHyBanHi Takoro ¢eHoMeHy 0a3yIOThCsI METOIM OI[IHKH MTOCYXOCTIHKOCTI cop-
TiB MIICHUI Ta IHIIMX 371aKiB 3a MOKa3HHUKOM iHT10yBaHHS POCTY MPOPOCTKIB B MPUCYTHOCTI OCMOTHKIB
(ITuxano Ta in., 2020). Takoxk 3aCTOCOBYETHCS METOJ OIIHKH TETUIOCTIMKOCTI IMIIEHHUIII 32 iHT10yBaHHIM
POCTY €TIONBbOBAHUX MPOPOCTKIB Micisl BIUIMBY Mi/IBUILEHOI, aje He JeTaibHol Temrepatypu (I'puroprok,
Kyxk, 2002).

VY 3B'I3Ky 3 MM aHaJIi3 KOPesLii MK CTIMKICTIO €TiONbOBaHUX MPOPOCTKIB MIIEHUI Pi3HUX COp-
TiB JI0 HarpiBy Ta 3HEBOJHEHHS MOXE CHPUSITH yJOCKOHAJCHHIO METOJIIB OIL[IHKH 3pa3KiB CENEKIiIHOTO
Marepially Ha KpOC-TOJIEpaHTHICTh J0 3a3HaueHuXx crtpec-dakropi. [Ipu 11pOMy MOKHA OUiKyBaTH, IO
OJTHOYACHE JTOCIIIDKEHHSI TOKAa3HUKIB OKHCHIOBAIBHOTO CTPECY Y MPOPOCTKIB 32 J1ii HarpiBy Ta MOJEIBHOL
MOCYXH J03BOJMUTH OI[IHUTH HOrO POJb Y PO3BUTKY IMOIIKOJKEHb Ta TJIHOIIE 3pO3yMITH OCOOJIMBOCTI
ajianTarii pociuH JI0 IBOX HAWOUIBII ONIMPEHUX MPUPOTHUX CTpec-(PaKTOPiB.

Merta pobotu nonsArana B HOPIBHAHHI pOCTOBOI peakiii MPOPOCTKIB CEMU COPTIB M'AKO1 MIIEHHUII
PI3HOTO eKOoJIoro-reorpadiqHOro MOXO/PKEHHS Ha TEIUIOBUH CTpeC i MOJIENBHY MOCYXY, CTBOPIOBaHY 3a
noromororo ITEI" 6000. KpiM Toro, oniHOBaiy HAKOMWYEHHS Y TPOPOCTKaX NEPOKCHUIY BOJHIO, KiHLIEBO-
ro IpoaykTy mnepokcumnoro okucHeHHs mimigiB (ITOJI) mamonoBoro miampnerimy (MIA) Ta ocHOBHHX
CYMICHHMX OCMOJIITIB (IlyKpiB 1 MPOJIiHY) B YMOBaXx Jil HECTIPUSTINBHUX (PAKTOPIB.

Jns ociipkeHb BUKOPUCTOBYBAJIHM MPOPOCTKH CEMU COPTIB mineHuni M'akoi ozumoi (Triticum
aestivim L.) pisHoro exosoro-reorpai¥HoOro MOXOMKEHHS, 5 3 HUX BITYM3HIHOI CENIEKIIii: COPTH AHTO-
HiBKa i Jlipa o/lechka CTBOpEHI y MiBJIECHHOMY CTEIIOBOMY perioHi, /lapuHka kuiBcbka i bornana B perioni
[omiccst — Jlicocteny, [lockoHana Takox y JlicocTenoBiit yactuni Ykpainu. Kpim Toro, 00’ektamu goc-
nimxenb Oynu coptu 3apyOixHoi cenekuii — Tobak (Himeuumna) i Aeryctuna (binopycs). s ctBo-
PEHHS TEIUIOBOTO CTpecy 3-1000Bi MPOPOCTKH MporpiBanu B Tepmoctati pu 45°C npoTsiroM 4 rof, de-
pe3 100y OLiHIOBaJIM MPUPICT MPOPOCTKIB KOHTPOJIBHOTO 1 AOCIHIAHOrO BapiaHTiB. OCMOTHYHHUI CTpec
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CTBOPIOBAJIM IIPOPOIYBaHHIM 3€pHIBOK mpotaroM 4 aid Ha 12% po3zunni [TEI" 6000, koHTpOIb — Ipopo-
IIyBaHHS Ha TUCTHJILOBAHHUN BOJII.

3a pe3yiapTaTaMy NOCIiIKEHb BHSIBIEHO KOPEJSII0 MK 1HTIOyBaHHSM HaKOMUYEHHS Oiomacw
npopocTkiB 3aranoM (I = 0.55) ta okpemo naronis (I = 0.66) npu Aii TEMIOBOToO Ta OCMOTHYHOTO CTPECIB.
[Tpote Taka KopemsLis 1t BUOIPKH 3 ceMU copTiB He Oyna 3Haunmoro mpu P < 0.05. BogHovac nokazaHa
BHCOKA KOPEIALisd MK IHT1OyBaHHSIM POCTY MAaroHiB i HAKOMMYEHHSIM B HUX MEPOKCHIY BOJTHIO Ta MPO-
nyktiB I1OJI npu narpiBansi (r = 0.91 i 0.76, BiAmoBiAHO) 1 3HAYHO MEHIIA KOPEIALis MiX BETHYHHOIO
X MapKepiB OKHCHIOBAIBHOTO CTpECy Ta iHTiOyBaHHSIM POCTY MaroHiB 32 YMOB OCMOTHYHOTO CTpECY.
OTxe, npuHAIMHI B paMKax BHKOPHUCTOBYBaHOI HAMH MOJIENi, MOXXHA CTBEPKYBaTH, IO TEIUIOBI MOTI-
KOJDKEHHS O1IBIIOI0 Miporo 3anexaTh Bix yrBopeHHss ADK, HiX yIIKOMKEHHS 32 OCMOTHYHOTO CTPECY,
CTBOpIOBaHOro 3a gonomoroto [1ET.

BomHowac ams CTIHKOCTI MPOPOCTKIB A0 TOCYXH, HAIEBHO, OLNbIIE 3HAYEHHS Ma€ HAKOTHMYEHHS
OCMOJIITIB, sIKi BIAPI3HAIOTbCS MYJIbTU(YHKIIOHAJHGHUMH IMPOTEKTOPHUMH eQeKTaMu. Tak, BHSBJICHO
3HAYHY 3BOPOTHY KOPEJSLiI0 M HAaKOMWYEHHSIM IYKpIiB y HaroHax Ta iHriOyBaHHsIM iX pocTy 3a Ail
IET" (r = —0.85). 3BopoTHa Kopesiis MiXk 1HTIOyBaHHAM POCTY MPOPOCTKIB BHACIIIOK /Iii BUCOKOI TEM-
nepaTypy Ta HAaKOMYEHHSIM Y HUX IyKpiB Oyna moMipHo BHCOKOIO (I = —0.60). OmHaK MiXk BMiCTOM Ipo-
JiHy Ta iHriOyBaHHSM POCTYy 3a 000X THIIIB CTpeCy criocTepiraiacs JHIle MO3UTUBHA KOPEJSLis cepe-
Hp01 cum (I = 0.49). Ilpu mpoMy B yMOBax MOCYXH BUSBIEHO BHCOKY IMO3UTHBHY KOPEISIIIO MiXK BMicC-
oM nipoiiny i mpomykTiB IIOJI (r = 0.91). ¥V 3B'a3Ky 3 MM MOXXHa BBaXKaTH, 1110 B JAHUX EKCIIEpUMEHTA-
JILHUX YMOBax BMICT MPOJIIHY KOPEIIIOE He 31 CTIHKICTIO MPOPOCTKIB JIO CTPECOBUX YMHHHUKIB, a, HABIAKH,
13 MPOSIBOM OKMCHIOBAIBHUX YIIKOPKEHb. BiMOMO, 110 BUCOKI KOHIIEHTpAIIi]l MPOIIiHY B JESKUX BHUITaIKaX
3YMOBITIOIOTH PO3BUTOK IMPOOKCHIAHTHUX MPOIECIB Y MITOXOHPIAX 1 MOXKYTh 1HIYKYBAaTH MPOTPaMOBaHY
sarubens kiaiTaH (Fabro et al., 2004; Miller et al., 2009). [Ipote mys Ginbln neBHOT iHTepHpeTalii JaHUX
NP0 TO3UTHBHUH 3B’5130K MK BMICTOM HPOJIiHY 1 IPOsIBOM OKHCHIOBAIBHUX YIIKOJKEHb MPOPOCTKIB He-
00XifHI crierianbHi JOCTiKeHHs. B mimoMy X OTpuMaHi pe3ylbTaTH BKa3yIOTh Ha TICHIMIHMHA 3B'SI30K
CTIMKOCTI TPOPOCTKIB MIIEHHIII 0 OKUCIIOBATBHOTO CTPECY 3 TEIJIOCTIMKICTIO, HiXK 3 IX CTIHKICTIO IO
nocyxu. Takox Hallli AaHi CBiI4aTh MPO 3HAYHUI BHECOK IIyKPIiB, ajie He TIPOJIHY Y CTIHKICTh MPOPOCTKIB
NIISHUII JI0 TIOCYXH Ta TEIUIOBOTO CTPECYy.
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OKHCHIOBAJIBHUM CTPEC I XOJIOOBI INOIIKO[)KEHHS ITPOPOCTKIB
MHNINEHAII PI3HUX TEHOTUIIIB

10. €. KonynaeBl‘2‘3, T. O. SIcheﬁl, I. B. H_[aXOBl’Z, B. €. MaRaOBaa, H. L Pﬂﬁqyﬂl,
0. A. 3mieBchka’, B. I1. Konomauska', M. M. Mapenny®

Ynemumym pocnunnuymea im. B.A. FOp ’e6a Hayionanvnoi akademii azpapuux nayk Yepainu, Xa-
pxis, Yrpaina, plant_biology@ukr.net;

2 . . . . . . ..
Ieporcasnuii biomexnonociunull yHigepcumem, Xapkis, Yxpaina;

3 . . . . .
Tlonmascovkuil depacasnuil azpapuuil yHigepcumem, Ilonmasa, Yxpaina

[ligBumieHHs puriqHOCTI MEMOpaH POCIMHHNX KIITHH, CIPUYMHIOBAHE /Ti€f0 HU3BKHAX TeMIIepaTyp,
MOCHJIIOE CTOXAaCTUYHE YTBOPEHHS akTWBHUX (QopMm kucHio (ADPK) mpu (yHKIIOHYBaHHI €NeKTpPOH-
TPaHCHOPTHUX CHUCTEM MITOXOHIpiH 1 xsoporutacTiB (Janda et al., 2007). Kpim Toro, Hu3pKOTEMIIEPATY P-
HUH BIUNTMB cipyuanHse ocuieHas reaeparii ADK nHa kinituaHIA oBepxHi 3a yaacTio HAJ[®H-okcunasu
(Awasthi et al., 2015).

Huni Ha pi3HUX pOCTMHHMX 00'€KTax 3apeecTpoBaHi (JeHOMEHHU TOCHICHHS eKCIpecii TeHiB Ta Imil-
BUIIICHHS aKTUBHOCTI KITFOYOBUX aHTHOKCHUIAHTHUX (epMeHTiB — cynepokcuanucmyrtaszu (CO/l) (Liu et
al.,, 2013), xaranaszu (Liu et al., 2013), mepokcumazu (Ma et al., 2019), ¢epmentiB ackopbart-
riaytaTioHoBoro nukiy (Janda et al., 2007) — 3a xomomoBoi aganTamii. [Toka3aHo 3B'130K MiX aKTHBHic-
TIO OKPEMHUX aHTHOKCHIIAHTHHUX (DEPMEHTIB Ta MOPO3OCTIMKICTIO 371aKiB Pi3HUX TEHOTHIIIB 32 YMOB XOJIO-
nmosoro 3araptoByBaHHs (Janda, 2003; Janmohammadi et al., 2012). OcHOBHI HU3BKOMOJIEKYIISPHI aHTH-
OKCHUJIaHTU — acKOpOaT Ta IIyTaTiOH — TaKOX 3aJlisHI B aJanTallii pOCJIMH J0 XO0JIOAY, X04a 3B'I30K MikK
iX BMICTOM Ta CTIHKICTIO OKpEMHUX T'€HOTHUIIIB MPOsBIseThCs He 3aBkau (Luo et al., 2011; Kaur, Nayyar,
2014). 3Bakarouu Ha IIe, U XapaKTePUCTUKHU CTaHy MMPO-/aHTHOKCHIAHTHOI PIBHOBAru y KIIITHHAX POC-
JIMH 3a X afanTaiii 70 Jii X0JI0ly CTAHOBUTH IHTEPEC AOCIIKCHHS HE JIMIIC KOMIIOHCHTIB aHTHOKCH 1A~
HTHOT CHCTEMH, a i KIIFOYOBUX TOKa3HHUKIB, 10 XapaKTEPH3YIOTh PIBEHb OKHCHIOBAILHOI'O CTpECY, 30K-
pema, TeHepallii CylepoKCHIHOTO aHiIOH-painKala, BMICTy IMEPOKCHIY BOJHIO Ta CTa0LIBHOTO KiHIIEBOTO
NPOAYKTY HepokcuaHoro okucHeHnHs mimiaiB (ITOJI) manonosoro miambaeriny (MJIA). Takuii migxin mgo-
Ternep Maike He BAKOPHCTOBYBABCS ISl IOPIBHSIIBHOT XapaKTEPUCTHKH MOPO30CTIHKOCTI COPTIB O3UMHUX
371aKiB.

MeToro poboTu 0yJ10 BCTaHOBJICHHS 3B'A3KiB Mixk 3MiHamu reHepaiiii ADK i pisus [10JI y mpopoc-
TKaXx MIICHUIII MCIIA XOJI00BOr0 3arapTyBaHHs Ta iX MOPO30CTIHKICTIO.

Jlist mociKeHs BUKOPHUCTOBYBAIM HAciHHS mmeHumi m'skoi o3umoi (Triticum aestivum L.) pe-
npoaykii 2021 ta 2022 pp., orpuMaHe 3 KoyieKiii HarioHanbHOTO IIEHTPY TeHETHYHHX PECYPCiB POCIUH
Vkpainu Ta [TonTaBCchKOTO JEpKAaBHOTO arpapHOro yHiBepcHTeTy. EKCriepuMeHTH NMpOBOIWIM Ha CEMU
COpTax, sIKi CTBOPEHI y Pi3HHUX KpaiHaxX Ta KJIIMaTUYHUX 30HaX Ta, 3a JaHUMHU HAyKOBOI JliTepaTypu Ta IH-
TepHET-pecypciB YKpaiHCHKOTO IHCTUTYTY €KCIIEPTU3H COPTIB, ICTOTHO BiJIPi3HSIOTHCS 32 MOPO30OCTIHKiC-
TIO (Bix 2 10 9 GaiiB 3a 9-0aNbHOIO MIKAJIOKO).

3-11000B1 eTionbOBaHI MPOPOCTKH 3arapToByBaim 3a Temrepatypu 2°C mpotsrom 6 ni6. Hanani
NPOPOCTKY MiAJaBaiy 5-TOIMHHOMY IMPOMOPOXKYBaHHIO Npu Temmeparypax —6 ta —9°C. Yepe3 2 nobu
micJisl MPOMOPOKYBaHHS OLIHIOBAJIM BH)KMBAHICTh MPOPOCTKIB 3a iX 3AaTHICTIO A0 pocty. Mopo3ocTiii-
KiCTh HE3arapTOBaHUX MPOPOCTKIB OyIa Jye HU3bKOKO 1 He JJO3BOJISIIA YiTKO JU(EpeHIIiIOBATH COPTH 3a
I€F0 BIACTUBICTIO. 3arapTyBaHHs 1pu 2°C CYTTEBO ITiIBUIILYBaJIO MOPO30OCTIHKICTh COPTIB, SIKi pO3TaIlo-
ByBaJca B psd: AnbOigym 114 > Jlockonana > 3enenuii rait > Hopuika > Etana > ManiOy > To0ax.

Hanpukinii ekcrio3uii mpy 3arapTyBaiibHii Temneparypi (6 1i0) y Bucoko- (Ans6imym 114 1 oc-
KOHajia) Ta NoMipHO crilikux (3enenuit rair, Hopaika, ETana) copTiB 3HMKyBaJIHCs MOKa3HUKK TeHepaii
CYIEPOKCHIHOTO aHioH-pafukana Ha 15-20% nopiBHAHO 3 He3arapToBaHUM KOoHTposeM. Llle Oinbi icTo-
THO TICIISl XOJIOI0BOTO 3arapTyBaHHs 3HMKYBABCSI BMICT MEPOKCHTy BOJHIO Y MTPOpOCTKax. Tak, Harpu-
KJax, y cTidkux coptiB Ansbigym 114 1 JlockoHana Horo KipKicTh 3MeHIyBajacs npubiausno Ha 40%
BiJl BiJIMOBIHUX KOHTPOMiB. Jlemo MeHile, alle TaKoX BIpOTiJHE 3HWKCHHS BMICTY MEPOKCUIY BOIHIO
BiJ[3HAUAJIOCS Y COPTY 3eJIeHWH Tai, B IHIIMX COPTIB Iei eQekT He OyB 3HAUMMUM. BMicT KiHIIEBOTO
npoaykty I11OJI MJIA y mopo3zocTiiikux coptiB Anb6igym 114 i lockonana 3amkyBaBcst Ha 25-30% Bin
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BUX1/THOT BeNTM4MHH, y copTy Etany npubmmzno Ha 10%, y pemrru coptiB Takuii eekt OyB HEICTOTHUM.
[Ticns mpomoposxyBanHs Tipu —6°C BigzHauanocs migBuIeHHs BMicTy MJIA y HecTiikux copTiB, BOJHO-
4ac y CTIMKUX — el eekT OyB MaTOTIOMITHIM.

Mix ycimMa A0CTiIKyBaHUMH MOKAa3HUKAMH OKHCHIOBAJILHOTO CTPECY Y 3arapTOBaHHUX MPOPOCTKAX
Ta 1X BIKMBAHICTIO MICJIsl MPOMOPOKYBaHHS BHSIBIICHO 3BOPOTHI Kopessiuii. HaiiGinbina 380poTHa Benu-
ypHa Takoi kopemsmii (r = —0.92) BigsHauamacs Mi>K BISKHBAHICTIO IIPOPOCTKIB Ta BMICTOM B HHX IIEPOK-
CHly BOJHIO Y MOMEHT 3aKiHUCHHS 3arapTyBaHH:I.

TakuM 9rHOM, 3arapTyBaHHSI MOPO30CTIHKHX COPTIB CYIPOBOKYBAIOCS 3MEHIIeHHAM piBHSI ADK
y maroHax mpopoctkiB. Llei eexT moxke OyTH MOB’SI3aHUI SIK 3 aKTUBAIICI0 aHTHOKCUAAHTHOI CHCTEMH,
Tak i 31 3HWKeHHAM akTuBHOCTI ADK-reHepyrounx gpepmentis (3okpema, HA IPH-okcnnasmn), a Takox 3i
3MEHIIEHHIM cToXacTHIHOTO yTBopeHH: ADK. OnHuM 3 Mexani3miB KoHTpouo reHepaitii ADOK mitoxo-
HAPISMHA € TIOCWJICHHS YaCcTKH I[iaHiIPE3UCTEHTHOTO JAUXAaHHS 33 PaXyHOK aKTHBAIlil albTePHATUBHOI OK-
cuaasm, siKke BiI0OyBa€eThCs MMiJ] yac XoJ010Boro 3arapryBanns (Kolupaev et al., 2023).

[Noxazauku 3miau rerepariii AOK MoxyTh OyTr BUKOPHCTaHI U XapaKTePUCTUKH aJanTaIii cop-
TIB MIISHHUIII /10 X0Ji01y. BogHOYac HE0OXiTHO 3ayBayKUTH, 10 Y HaIllild pOOOTI MOPIBHIOBAIACS JIUIIIE T'e-
Hepanis ADK y HezarapToBaHuX 1 IOBHICTIO 3arapToBaHUX MPOPOCTKIB, a HE JOCHIPKyBajlacs TUHaMiKa
i€l reHeparii B mporieci 3arapryBanHs. Llimkom #MoBipHO, mo 3HIKeHHIO TeHepanii ADK, 3adikcoBa-
HOMY Y CTIMKHX COpTiB uepe3 6 mi0 3arapTyBaHHS, MOTJIO I€pPeIyBaTH MiABUINEHHS IIHOTO MOKa3HUKA B
nepur roguHy abo 100U nii 3arapTyBanbHOI TemmepaTypu. Bigomo, mo ADK moxyTts OyTH ofHiero 3i
CKJIZIOBHX (DOpMYBaHHS CUTHAIY, SIKUI 1HAYKYE MPOIeCH aaanTaiii pociut jgo xonoxy (Kolupaev et al.,
2023).

B minomMy, KOMIUIEKCHI AOCTiKeHHs reHepatii i 3HemkomkenHs: ADK npu xononoBomy 3arapry-
BaHHI CIIPUATUMYTH PO3pOOII 010XiMiTHOT MO/IEI COPTIB 3 BUCOKOIO 3[aTHICTIO IO afanTalii 10 HU3bKUX
TeMIeparyp.
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PHENOTYPIC PLASTICITY IN PLANT ADAPTATION TO CHANGING
ENVIRONMENT

E. L. Kordyum, D. V. Dubyna
Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
cellbiol@ukr.net

The system's stability provided by the ability of its components to lability within certain limits is a
paradigm of modern science. In biology, it is phenotypic plasticity, i.e. a genome competence to change
its expression and form different phenotypes in response to environmental fluctuations, which is consid-
ered as the main mode to provide plant survival under unfavorable changes of ecological factors. Pheno-
typic plasticity allows plants as sessile organisms to adapt to their local environment and to extend into
heterogeneous habitats as well as may provide an advantage in the conditions of climate changes and an-
thropogenic load (Sultan, 2005; Palmer et al., 2012; Forsman, 2015). We investigated the responses of
aerial-aquatic and true water plants to the adverse changes in water regime in nature and in the experi-
mental conditions for more than 2 decades using the methods of cell biology, biochemistry, and molecular
biology (Kordyum et al., 2003; Dubyna, Kordyum, 2015; Kordyum, Dubyna, 2019; 2021). Some notions
based on the analysis of our and literary data in the light of existing ideas about an adaptive role of pheno-
typic plasticity in plant individual development, endurance to changing environment, and ecological inter-
relations, we offer for discussion.

The concept of phenotypic plasticity as a general biological phenomenon requires special attention
to its ecological aspects, as the essential impact of organism plasticity on stability and local diversity of
populations and cenoses is supposed. Investigations of plasticity in the ecological aspect are important for
further understanding both the mechanisms of organism responses to abiotic and biotic factors, and the
impact of such responses on the interrelations of organisms with the environment.

Plants of different biology and ecology respond to adverse environmental changes by the reduction
of ontogenesis, that is, the acceleration of the transition from the vegetative phase to the generative lead-
ing to the acceleration of ontogenesis. Variations in the plant sizes and time of flowering and fruiting in
favorable and unfavorable conditions well illustrate this idea. It should be noted that quantitative traits of
vegetative and generative organs show significant plasticity with the changes in growing conditions,
while the inflorescence shape and the flower size remain more or less stable.

Phenotypic plasticity in plant responses to various environmental changes, including climatic, sea-
sonal, and meteorological, makes an important contribution to the coexistence (facilitation, complementa-
rity) of plants in phytocenoses, which is conditioned by the biological peculiarities of cenotic types,
namely by differences in life (morphological) forms and types of root systems, duration of ontogenesis,
reproduction systems, sequence of seasonal development.

The diversity of epigenetic pathways in plants (Grant-Downton, Dickinson, 2005) is remarkable,
presumably contributing to the phenotypic plasticity of plant postembryonic development and the ability
to survive and reproduce in unpredictable environments. Epigenetic system gains in special importance in
plants, that is caused by the features of plant biology, namely: wide distribution of vegetative reproduc-
tion, which can dominate in many perennial plants; modular organization and unlimited growth, i.e. new
roots, leaves, and flowers are formed during the life cycle of a plant; annual formation of new shoots in
trees and shrubs; the presence of such types of apomixis as apospory and adventive embryony. Further
studies of the epigenetic role in phenotypic plasticity of a wide range of non-model species in natural
populations and agrocenoses have great potential for understanding the molecular mechanisms of plant
existence in the changing environment, directly related to the key tasks of forecasting the effects of cli-
mate changes and crop selection. Specific taxa of the Ukrainian flora are promising and interesting for
this type of research.
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MOPIBHSIJIBHE JOCJILJKEHHSI CTPYKTYPHO-®YHKIIIOHAJIBHUX O3HAK
JIMCTKIB QUERCUS ROBUR L., IIIO POCTE B JIICOCTEILY TA APYXKHHUX JICAX
MIBJIEHHOI YACTHUHHU YKPAIHCBKOI'O CTEITY

€. JL. KOp}IlOMl, M. B. HeIIBeTOBZ, Bb. O. Bapanoncxnﬁ3, 0. M. Heuyxal, H. M. Tontmﬁl,
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lIhtcmimym oomanixu im. M.I'. Xonoonozo Hayionanovnoi akademii nayx Yrkpainu, Kuis, Ykpaiua,
membrana@ukr.net;

2IHcmimym esoatoyitinoi exonoeii Hayionanvnoi akademii nayx Yxpainu, Kuie, Ykpaina,
netsvetov@nas.gov.ua;
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boris.baranovski@ukr.net

I'moGanbHi 3MiHM KITiMaTy Ta MOCUJICHHS aHTPOIIOT€HHOTO Tpecy Ha Oiochepy IpU3BOIATH 10 €KC-
TPEMaJILHOTO TiIBHMIICHHS TeMIIEpaTypH MOBITPs Ta, AK HACIIJOK, IPYHTOBOI MOCYXH, TOMY MpoOieMa
CTIKOCTiI OHTOTEHE3y POCIIHH TPH i HECTIPUSTINBUX, 1HOJII 3aTPO3IIMBUX, 3MIiH €KOJIOTIYHHX YUHHHKIB
HE TUIBKH 3QJTUIIAETHCS, ajIe B HAII Yac 1 CyTTEBO 3aroCTPrOEThCs. CTIHKICTh JIICOBUX EKOCUCTEM JI0 €KCT-
pEMaJIbHUX YMOB HaBKOJIMIIIHBOTO CEPEIOBHINA 3aJICKUTh 3/ICOUIBIIONO BiJl YyTIMBOCTI OCHOBHUX BHIIB,
0 (OPMYIOTh JTICOBHH (HiTOLIEHO3.

Quercus robur L. — oxHa 3 OCHOBHHX JIICOYTBOPIOIOYMX 1 HANIIHHIIIKMX TOpiA YKpaiHH, 30Kpema
SAPY>KHUX JiCIiB MIBEHHOI YacTHHH YKpaiHchkoro CTemy, /e BOHH BiJIrparOTh Ba)JIWBY MPHPOI0OXO-
POHHY, TIPOTHEPO3iiiHy, BOJOOXOPOHHY Ta IPYHTO3aXUCHY POJIb. POJIb. 3MiHU KIIiMaTy B OiK apuau3allii,
301IBIIEHHS] YaCTOTH Ta IHTCHCUBHOCTI MOCYX CIIPHYHMHIOIOTH MPoOiIeMy 30epexeHHs Py KHUX JICIiB Yy
cTenoBii 30HI. [l BH3HA4YEHHS O3HAK, IO 3a0e3MeUyr0Th CTIHKICTh Ay0a N0 CTEMOBHX IOCYILIMBHX
YMOB, JOCITIKyBalId MIiKPOMOP(]OJIOTiIO JINCTKIB Ta yIBTPACTPYKTYPY KIITHH Me30(iay JepeB B ONTH-
ManbHux yMoBax Jlicocteny (KuiBchbka 06sacTh) Ta CtenoBoi 30Hu (/HiNponeTpoBchka 00J1acTh), 1€ Po-
CTYTh JIepeBa, Ha MOJIOTOMY CXWII sApy (IMiBJeHHA MeXa IEHOTHYHOTO apeaiy) i TOOJAWHOKI JIepeBa poc-
TYyTh Ha BepIIMHAX spiB (MBACHHA MeXa €KOJIOTIYHOTO apeairy), B pi3HOMAaHITHHX yMOBaX BOJIOIIOCTa-
YaHHSI.

O06’exTamMu HOCIiIKEHb Oy JTUCTKH, BiAiOpaHi 3 IJIOK HIXKHBOTO SPYCY JepeB 3 MIBHIYHOTO ape-
ajy, 1110 3pOCTarTh Ha BUCOKOT (186 M Hajx p.M.) 1 HU3bKOT MiasHKHY (154 M Ham p.M.) JaHAmAadTHOTO mMa-
pry «®eodanis» (M. KuiB), a Takok 3 TppOX IUISHOK Ha IMiBJCHHIN (EKOJOTIYHIN 1 NEHTPHYHIN) MexXi
posnoscroukerns Q. robur B Cternosiii 30Hi.

3aBaaHHAMHU POOOTH OYJIO MPOBEIEHHS NOPIBHAIBHUX JAOCHIKEHb YIBTPACTPYKTYPH (POTOCHHTE-
TUYHOTO amnapary; MiKpoMop(OoIOTIYHIX 03HAK JHCTKIB JepeB (CTPYKTYpH aaKcianbHOI Ta abakciaabHOI
MOBEPXEHb 1 MAPEHXIMHU JIUCTKIB; (i31010r0-010XIMIYHUX 03HAK). BUKOPHCTOBYBAJIM METOIM CBITJIOBOI,
na3epHoi KOH(POKAIBHOI, MPOCBIYYIOYOT Ta CKAHYIOUOi eNIeKTPOHHOI MiKpockomii. EkcTpakiiito mirMeHTiB
3 ouctkiB Q. robur nposoamnu y IMCO. Konnentparii xmopodiniB a, b ta kKapoTHHOIIIB BU3HAYAIN
cnekTpoGoTOMETPHYHUM MeToI0M 3TiHo Benbypua (Wellburn, 1994) i Bupakanu B Mr Ha 1 T cyXxoi pe-
YOBUHH.

3pa3ku JHCTKIB Ay0iB (ikcyBanu y cyMimn po3uuHiB 2,5% mapadopmanbiaeriny ta 2,5% riorapo-
Boro anpzeriay (1:1, 00) y kakogmiatHomy 0ydepi (pH 7,2), 3HEBOAHIOBAIM CIIUPTAMM, HAIMUJISUIA BYT-
JlereM Ta 30JI0TOM 1 BUBYAJIH 32 JIOTIOMOTOIO €JIEKTPOHHOTO Mikpockona JSM-35 C. BumiptoBanHs po3-
MipiB TPUXOM Ta MPOAMXIB MPOBOAMIH Ha 50 KIITHHAX T1’TH JIMCTKIB 13 POCIUH KOXHOTO JiepeBa. Onep-
KaHi JJaHi 00pOOJISIH CTATUCTUYHO. J{OCTiKEHHS JIOKaITi3allil Ta BI/IHOCHOTO BMICTY KPEMHIO y JIMCTKAX
nyOiB MPOBOIMIIM Ha Jla3epHO-KoH(poKansHOMY Mikpockomni LSMS (Zeiss, Germany), i3 BUKOPHCTaHHAM
JIOBXXUHU XBHJI1 30ymkeHHs 480 HM, a emicii — 530 HM, BiJIOBiTHO.

Jns ouinku nornuHaHHS Y ®-BUNpOMiHIOBaHHS emnizepmicom JiucTkiB Q. robur L. BukopucToBy-
Basu ayopecuentauit meron (Bilger et al., 1997). BumiproBaHHS NMPOBOAMIN 3a TOTOMOT0I0 (GIryopome-
tpa XE-PAM (Walz, HimeuunHa) B 3aTeMHEHi# KoMipili. [H-TEHCMBHOCTI MPOMEHIB 30y KyBaJIbHOTO CBi-
TJIa BCTAHOBJIIOBAJIM TaKUM YMHOM, 1100 [T 11030aBJI€HUX elliiepMicy JIMCTKIB PiBHI CUTHAIIIB B YJIbTpa-
¢ioneroBoMy i BUIUMOMY Aiana3oHax Oyau NpUOIM3HO OJHAKOBUMH; JUIsl IIbOTO BUKOPUCTOBYBAJH IL1a-
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CTHHY 3 OTBOpOM, IO 3a0e3nedye 5% IHTEHCHUBHOCTI CBITJIOBOTO MOTOKY, JUISI CHHBO-3€JIEHOTO CBITIa
(Bilger et al., 1997). dns MakcUManbHOTO 3HIKCHHS (POHOBOTO CHTHAITY 3aCTOCOBYBAIIM CUCTEMY (ibT-
piB.

Ha mnouatky Bererauiitnoro nepioay (kiHeip TpaBHs) BMIcT XJ1. @ i b y nucTkax ayOiB pi3HOTO Bi-
Ky, III0 3pOCTalIi Ha BUCOKIN JUISHII, TPaKTHYHO HE BiApi3HIBCS. Taka 3aKOHOMIPHICTH criocTepiranacs i
JUTSI PI3HHX 32 BiKOM JTy0OiB 3 HU3WHHOI JIJISTHKY, TPOTE, Bi3HAYABCS JOCTOBIPHO HIDKYHNA BMICT 000X Ti-
rmeHTiB (Xi1. a 1 b) B muctkax Q. robur Ha gaHiil AiISHII TOPIBHSIHO 3 BEpXHBOIO. [IOpiBHSHHS BMICTY Ti-
IMEHTIB y MEXaX OJJHAKOBHUX BIKOBHX T'PYII 3 Pi3HUX JUISHOK MOKA3aJH, 110 BMICT XJI. a i b OyB HmKunM
SK y CTapIInX, TaK i MOJOAMINX IEPEB, IO 3POCTAIN Ha HU3UHHINA niisHII. [IpoTaromM BereramiifHOTO ce-
30HY (OCTaHHI BUMiproBaHHS OynH 3po0JieHi HAIPHUKIHII CepHHs) BMicT XJI @ 3MiHIOBAaBCSl HE3HAYHO, TOI
sk BMicT XJ1. b BiporinHo 3HWKyBaBcs, ToOTO, criBBiaHOMmEeHHs X a/b 3pocrano. Bmict Xi. a i b y nuc-
TKax Jy0iB, 110 3pOCTaly Ha MiBIHI Ha MEXI EHOTUIHOTO Ta EKOJOTIYHOTO apeasliB, HE BIApPi3HIBCS Ha
MoYaTKy Jiita (depBensb). HaromicTs, OnrmKkde 1o KiHI mepioxy BereTallii (IT09aToK BEPECHs) y JepeB Iie-
HOTHYHOTO apeajy BiJ3HAayajocs CYTTEBE MiJBUINEHHS BMICTY XJI @, 3a BiZICYTHOCTI 3MiH BMicTy X .
Hagmakw, y miuctkax qy0iB €KOJIOTIYHOTO apeay BUSBIEHO pi3Ke 3HIDKEHHS BMICTY 000X MITMEHTIB y Be-
pecHi.

MeTomamMu eIeKTPOHHOI MIKPOCKOMII Ta Tla3epHOi KOH(OKaIbHOI MIKPOCKOMIT TOCIiIKyBaIId MiK-
poMopdoIoriro emiepmicy JTUCTa, JOKaJli3alilo Ta BMICT KPEMHII0 B KIITHHAX eImiepMicy JHucTa Tyda
YepervaToro, 0 BUHUKIIM B TiHi a00 miJ MpsIMAMHU COHSYHUMHE TpoMeHsMH B napky Peodanus (Kuis,
VYkpaina). B anTUKITIHATRHIA Ta TEPUKITIHANBHINA CTIHKaX aJaKCiallbHUX eMiiepMalbHUX KIIITHH, TPHXO-
Max, 3aMHUKAI0YNX KIITHHAX MMPOJUXIB 1 CTIHKaX 3BUYAHUX KIIITHH Ha abakcianbHiil TOBEPXHI BUSIBICHO
BKJIFOUCHHS KPEMHII0, KIJIbKICTh SIKMX 3MIHIOBAJIACS 3aJICKHO Bijl €KOJoro-reorpadiyHux yMoB. BcTaHoB-
JICHO, 110 MPUPOJHE 3aTiHEHHS Ta IHTEHCHBHICTH COHSYHOTO OCBITJICHHSI BIUIMBAIOTH HA PO3MIp JIUCTKO-
BUX IUIACTHHOK, YJIBTPACTPYKTYPY €MifepMICy JIMCTKIB 1 Bapialito BMICTYy KPEMHIIO B JINCTKax IyOiB.
OTtpumaHi AaHi CBiI4aTh Npo Te, UI0 3MiHU MIKPOCTPYKTYPH JTUCTKIB 1 BMICTY KPEMHIIO 31aTHI MiATPUMY-
BaTH ONTHUMAIILHUIA BOJAHUIN PEKUM POCIHH 1 MOXKYTh PO3TIISLIATHCS SIK 03HAKH (DEHOTHUIIOBOI MJIaCTUYHO-
CTi pOCITMH, a TAKOX aIalTHBHUA MapKep CTIHKOCTI B 3MiHHUX YMOBaX COHSYHOTO OCBITJIICHHS AyOiB.

XapakTepHOI O03HAKOIO YJIbTPACTPYKTYPH XJIOPOIUIACTIB Y BCIX JOCTIKEHUX 00’€KTax € HasiB-
HICTh 100pe PO3BUHEHOI cucTeMH IpaH. CriocTepiraiucs riraHTChKi I'paHy, SIKi MiCTHIN AEKUJIbKa AecsT-
KIB TaJaKkoiaiB. BiCyTHICTh MOMITHUX KPOXMAJIbHUX 3epeH BijmnoBinae manuMm beccoHoBol Ta HoHxoBOT
(2022) ipo 3HMKEHHS BMICTY KPOXMAITIO Ta OJHOYACHE MiIBUIIICHHS KOHIIEHTPAIlii TIIFOKO3H Ta caxapo3u
B JINCTKaxX Ay0a ctenoBoro (J{HirmporeTpoBchka 00IacTh) 3a MOCYXH MOPIBHSHO 3 OUTBII ONITUMAIEHUMU
YMOBaMH BOJ103a0€3ICUCHHSI.

JIMCTKHM OKpEeMOro JepeBa, 10 3pOCTajI0 Ha €KOJIOTIYHOI MEeXIi apeaiy, BiIpi3HSUIOCS Bif JepeB Ha
[EHOTUYHIH MeXi apeany KcepoMOophHUMH O3HAKAMH: 3MEHIIEHUMH PO3MipaMHU, TiABUIIEHO IIiIbHIC-
TIO TPUXOM, TOTOBIICHHSIM HEPUKIIHAILHUX CTIHOK KIITHH a/IaKCiaJIbHOTO eIiJIEpMicy, 1110, OYSBHJIHO,
CIIPUSE 3aXKUCTY JUCTKIB BiJ MPSMUX COHAYHUX IIPOMEHIB 1 ONTHMI3aIlil BOJHOTO OanaHCy.

OnHiero 3 BaxJIMBUX (PYHKIIIH emifiepMicy JIMCTKIB € eekTuBHE ekpanyBaHHs Y @-B. [TopiBHAHHS
€KpaHYyIOUUX BIACTHBOCTEW eIifiepMicy JHCTKIB, c(pOPMOBAHMX B Pi3HUX E€KOJOTIYHUX YMOBaXx, ITOKa3a-
JI0, IO JIMCTKH 3 MIBACHHOI MEXi apeany femo edexTuBHime 3arpumysain Y D-A i, ocodimso, YP-B,
HIX JIMCTKHU MPUOJIU3HO TOTO XK BiKy 3 nepeB Kuepa.

OTpuMaHi JlaHi € OCHOBOIO IS MOAJIBIIOr0 MONIYKY BUPAKEHUX O3HAK TOJEPAHTHOCTI Ta aJiarTa-
wii Q. robur mo apuamzarii KaiMary i gehiluTy BOJOTH i BU3HAYEHHS BiAIIOBIIHNX 3MiH Ha MOJIEKYJISP-
HOMY DiBHI (€KCTIpecis T'eHiB Ta iX eMireHeTH4Ha PeryJsiis).
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®I310JIOI'TYHI MEXAHI3MU AJANTAIIL MOXIB JIICOBUX EKOCUCTEM 10
MIHJIMBUX YMOB BOJHOI'O PEXKUMY
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B ymoBax nedimuty Bomoru y OpiodiTiB 3axucHi (QyHKII BUKOHYIOTh PO3UYMHHI BYTJIIEBOJAHN, BLUIBHI
AMIHOKHCJIOTH T4 KOMIIOHCHTH aHTHOKCHAAHTHOI CHCTEMH, SIKi 3BOJISITH 70 MIHIMyMy HEraTHBHI HaCIiIKU
suesomuenns (Kusx, 2015; Gao et al., 2017; JlobaueBchKa Ta iH., 2022).

HocnimkyBanu aHTHOKCHAAHTHY aKTHBHICTH 1 BMICT MOJNi(YHKIIOHATBHUX HU3BKOMOJIEKYSPHHX
cnoiyk (ackopOary, TiyTaTioHy, (pJIaBOHOIIIB i pO3UMHHUX BYIJICBO/IB) Y TAarOHaX JOMIiHAHTHUX BUJIIB MO-
xiB Polytrichum formosum Hedw., Atrichum undulatum (Hedw.) P. Beauv., Plagiomnium elatum (Bruch &
Schimp.) T.J. Kop. ta Ceratodon purpureus (Hedw.) Brid. micoBux exocucteM YkpaiHcbkoro Po3rouus,
IO BiJPI3HSUTUCS 32 BOAHUM 1 TEMIIEpaTypHUM PEKUMaMU: TiIsSTHKAa | — 30Ha MOBHOTO 3alOBiIaHHS Y CTa-
POBiKOBOMY JTici BepemuIimproro mprpog00X0pOHHOTO HAyKOBO-OCITHOTO BiIIUIEHHS 13 HAHOLIBII CIIPH-
STIMBAMHU MIKPOKIIIMATHYHUMH YMOBaMH, Ta 2 JIJISTHKH, 3aKJIAZICHI Y 30HI CTamioHapHOi pekpearrii “Bepe-
ms” ¥ Ha TepuTopii BUpyOKku CTpaadiBChbKOro HaBYaIbHO-BHPOOHUYOTO JTICOKOMOIHATY i3 MiHIUBHM Ti-
JIPOTEPMIYHAM PEKFMOM Ta BUCOKOIO 1HCOIAIIIETO, IO CIIPUIHHSIIA BOJHAN AE(DIITUT y POCITHH.

3arajpHy aHTHOKCHIAHTHY aKTHBHICTh HU3bKOMOJICKYJISIPHUX aHTHOKCHIAHTIB OLIHIOBAIIM Y PEaKIii
POCIMHHOTO €KCTPAKTY 3 PO3UMHOM pajukaiy 1,1-mudenin-2-nikpuamirinpasmry (JOII). Beranopnrosa-
7 00°eM eKCTpakTy, 1o crnpuunHsiB 50% inriOyBanus 3abapsienHs BiibHoro pamukany (EKsp).(Brand-
Williams et al., 1995). Bwmict ackop6iHoBoi kuciotu (AK) Bu3Hayamu i3 BHKOPHCTaHHSAM 2,6-
muxnopdenoninaodpenony (Mehta et al., 2018). AKTUBHICTE ackopOaTIEpOKCHAA3N BU3HAYANN CIIEKTpodo-
tometpryao 3a metomoMm Y. Nakano, K. Asada (1981). BusHaueHHs1 BMIiCTy BiJIHOBICHOTO TJIyTaTiOHY
3nificaroBay 3a merogoM S. Yenne, K. Hatzios (1990). 3aransHuii BMiCT pO3UMHHHX BYTJICBOIB OIlIHIOBA-
mu ¢eHon-cynbharHum Merogom (Sadasivam, Maniskam, 2007). Bmict caxapo3u BU3HAYAIN PE30OPIIMHO-
BuM MetozioM (Shi, 2016). CrieKTpy MOTJIMHAHHS KOMILIEKCIB (hJIAaBOHOIIIB 3 XJIOPHIOM AFOMIHIIO OIIHFO-
BayM Ha cniekrpodoromerpi Specord 210 Plus B niamazoni 400—700 aM 3 kpokom 0,1 HM Ta nopiBHIOBaNIH 13
CTEeKTpaMH TIOTJIMHAHHS CTaHAapTHUX po3unHiB ¢uiaBoHoifiB (Pekal, Pyrzynska, 2014).

BcranosneHo, 1o 3arajibHa aHTHOKCHJIAHTHA aKTUBHICTH MOXiB Oyia B miama3oHi 0,26—1,65 mr/mi,
IO CBiJJUUIIO MIPO BHCOKY aHTHPAUKAIbHY aKTHBHICTH Opio(iTiB JlicoBUX ekocucTeM. J[is ycix jgocimimxke-
HUX BUJIIB 3a()iKCOBAHO MIJABUIICHHS aKTUBHOCTI B 1,3—2,0 pa3u y 3pa3kax pOCIIMH i3 30HH peKpealrtii, i 1ie
OLITBIIIOI0 MIPOO Y POCIIMHAX 13 TEPUTOPIi BUPYOKH, Jie BUSBIIEHO HAIMEHIIIEe CIIPUATIIMBI yMOBH BOZ03a0e-
3MeUYeHHst pociuH. Y 3—4 pasu BHUIIYy aHTHPAIMKaIbHY aKTHBHICTh BM3HAYeHO y maroHax Atrichum undula-
tum — 0,26-0,77 mr/min (EKsy ackop6iHoBoi kuciiotu ctaHoBuTh (0,06 MI/Mi1), O CBITYMIIO NP0 3HAYHHUI
AHTUOKCHJIAHTHHH MMOTEHIIAJT POCIIMH I[LOTO BUJTY.

AHTHOKCHJIAaHTHA aKTHBHICTh 3HAYHOIO MipOIO 3yMOBJICHA HHU3bKOMOJIEKYSIPHUIMHU aHTHOKCHIaHTa-
MU acKOpOaTOM 1 IIyTaTIOHOM, TOMY OYJIO ITPOaHaIi30BaHO IX BMICT y MaroHax JOCHIPKYBaHUX BHIIIB MO-
xiB. Ha mocmigniil AifstHII y CTapoBIKOBOMY JIici 13 HAHOUIBII COPUSTIMBIMHU MIKPOKIIMATHYHUMH YMOBa-
MH BH3HAUEHO HAWBHII TIOKa3HUKH BMICTy acKOpOiHOBOI KucimoTH: y ramerodopax Ceratodon purpureus i
Atrichum undulatum — 244,8 ta 280,2 MKr/r Macu c¢.p. BiamoBigHo, y pociurax Polytrichum formosum ta
Plagiomnium elatum — 148,1 ta 186,4 Mkr/r Macu c.p. Y 3pa3Kax poCiuH i3 TepHTOpii peKpearil Bi3Haue-
HO 3MEHUIEHHs KOHIEHTpauii ackopbaty B 1,2—1,4 pa3u, a Ha TepuTopii BUPYOKH 13 3HAUHOIO HANpYy>KEHic-
TIO KJTIMATHYHUX YMHHUKIB BMICT acKopOary 3MeHIyBaBcst Maibke B 4 pa3u. HaliOinblry MiHIHBICTE BMic-
Ty ackop0aTy BH3HAUCHO y MaroHax eKTOriIpuYHOro kcepomesodiTHoro Buay Ceratodon purpureus, mo
HalO1IbIIe 3a3HaBaIN BIUIMBY Ae(ilUTy BOJIOTH (Ha AUISHLI BUPYOKH BiTHOCHHUI BMICT BOJIOTH Y POCIHHAX
3MEHIITyBaBcs Maibke yTpudi 10 18%, OPIiBHSIHO 3 POCIMHAMH 3 JIOCIITHOT TUITHKH Y CTapOBIKOBOMY JIICi).
VY 3pazkax 1poro BHIy 3 TEPHTOPIii BUPYOKH BUSIBIIEHO 3HWKeHHs BMicTy AK Mmaibke y 4,5 pasu, mo Oyno
HACJIJKOM 3HAYHOTO CTPECOBOTrO BIUIMBY i IHTEHCHBHOTO BHUKOpUCTaHHSA myny AK Ha mpurHiueHHs OKHc-
HIOBAJILHUX TIPOIIECIB Y KITITUHAX, CIIPUYMHEHUX JeiIIUTOM BOJIOTH. 3HaYHe 3MeHIIeHHst BMicTy AK y Kimi-
THHAX MOXIB y MIHJIMBUX YMOBax BOI03a0e3lE€UYCeHHS 3yMOBJICHE SK 0€3M0CEePEIHBOI0 B3aEMOJIIEID acKOp-
0aty i3 akTUBHMMH (popMaMu KHCHIO, Tak i y4yacTio y 3HemkomkenHi H,O, hepmentom ackopbaTnepokcu-
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J1a3010. Y maroHax MOXIB i3 TOC/IIHOI JUISHKH y CTApOBIKOBOMY JIiCi aKTUBHICTh (DepMEHTY OyJia y Mexax
0,104-0,160 mxmomb ackopO. K-Tu/Mr Oi1Ka/xB. Y 30HI pekpeallii Ta BAPYOKH B yMOBaX Ae(ilUTy BOJIOTH Y
naronax Ceratodon purpureus i Atrichum undulatum aktuBHicT Gepmenty 3poctana y 2,0-3,5 pasu. Y
pociuHax Plagiomnium elatum, siki MenIire BTpadaau BOJIOTY, OCKUIBKH TPHYPOUYCHI 10 OUTBIN 3aTiHEHHUX
Mice3pocTanb (BMICT BOJIOTH y MAaroHax CTaHOBUB 58,7-09,3%), akTHBHICTh acKOpOAaTHEPOKCHIA3H 3Mi-
HIOBAJIACS HEICTOTHO, IO € CBIUYEHHSIM 3aJIS)KHOCTI (PePMEHTATUBHOI aKTUBHOCTI BiJl IHTCHCUBHOCTI CTpe-
COBOT'O YHHHHKA.

3MiHM BMIiCTy BiJHOBJICHOTO TJIyTaTiOHY Yy MaroHax MOXiB JIICOBUX €KOCHCTEM OyJH MOJiIOHMMH J10
pe3ynbTaTiB, OTPHUMAaHMX MIOAO BMICTy ackopbary. Makcumym ioro Bwmicty (312,2-546,8
mrmons/HA JIOH, /r macu c.p.) BU3HAYE€HO Y MOXIB Ha JOCHITHHUX MISTHKAX CTapOBIKOBOTO Jicy. Bumii mo-
ka3HuKM 3adikcoBano st Ceratodon purpureus, Atrichum undulatum i Polytrichum formosum. Ha tepuro-
pii pekpearii #, 1ie OLIBIIOK Miporo, Ha TUISHIN BUPYOKH y 3paszkax C. purpureus 3adikcoBaHO 3MEHIIICHHS
BMmicty G-SH B 2,0-2,3 pasu, mo cBiT4miIo npo HOro BUKOPUCTAHHS JIJIsl IPUMTHHEHHS BUTEHOPAIHKATEHIX
peaKIliid, CIPUYMHEHUX HECTIPUATIMBUMH MIKPOKITIMATHYHUMH YMOBaMH Ta B PEAKIIISX BiJHOBJICHHS JICTi-
JpoackopOary.

Bucoka aHTHOKCHIaHTHA aKTHBHICTh JOCHIDKYBAaHUX BHJIIB MOXIB 3yMOBJICHA i 3HAYHHUM BMICTOM
nomi(EeHONBHAUX CIIONYK, 30KpeMa, (IaBOHOIMIB, sKi € e()eKTUBHUMH CKaBEHIKEPaMH aKTUBHHUX (OPM KH-
curo (Komymaes, fctpe6, 2015). st ycix mociimKyBaHUX BHIIB MOXiB Bim3HaueHO B 1,3—1,6 pa3u Bummmit
BMICT IIMX CHOJYK Ha TepuTopii pekpearii Ta Bupyoxu (3,78—4,50 mr/r macu c.p.). l1lo6 BcraHOBUTH, SIKi
(1aBOHOIAM 3a1isTHI B 3aXMCHUX PEaKIisX JOCIIKYBaHUX BHIIB MOXiB, OyJI0 MPOaHai30BaHO CIIEKTPH TO-
TJIMHAHHS €KCTPAKTiB (hIaBOHOIMIB y KOMILIEKCI 3 XJIOPUIOM AFOMiHIF0. BCcTaHOBIIEHO MOTIOHICTh CIIEKTPIB
y 3paskiB Ceratodon purpureus, Polytrichum formosum i Plagiomnium elatum. V Hux BusiBieHO 1Ba MaK-
CUMYMH TIOTJIMHAHHS, B AUIAHIN 425-440 uM 1 625 HM. Bapro Bim3HAuMTH, 110 KOMILIEKC (DIABOHOIIIB 3
XJIOPUJIOM ATFOMIHIIO MPU3BOUTH O OATOXPOMHOT'O 3MIIlICHHSI MAaKCUMYMIB MOTJIMHAHHS BUXITHUX peare-
HTiB Ha 6667 M (Pékal, Pyrzynska, 2014). BpaxoByrouu Iie, TEpIIHii MAKCUMYM CIIEKTPY TTOTJIHHAHHS
MOK€ BiINOBiaTH (IIaBOHOJIAM KBEPLETHHY 1 PyTHHY, SIKi Halie(eKTHBHiIIe cepel] (IaBOHOIIIB 3HEIIKO-
JDKYIOTh CYNepOKCHIHUI paaukan (Jovanovich et al., 2004). Tlik y JOBroXBHJIbOBI 001aCTi CIIEKTPY MOXKeE
BIJITIOBIAaTH aHTOIIaHAM, SIKi TAaKOX 3aXHINAIOTh MOJIEKYIH XJI0podiry Bix (OTOOKHCHEHHS, BUKOHYIOUH
¢yHKuiro ontuuHux (GineTpiB, abo Ge3nocepenHpo B3aemoniroun 3 ADK. V 3paskax Atrichum undulatum
CTEKTPH MOTJIMHAHHS OibIIIe 3MillIeHI B KOPOTKOXBUIILOBY JAUISHKY CIIEKTPY, OCKUTBKH 3a()iKCOBAHO MaK-
CUMYMH TOTJIMHAHHS KoMIUTeKCiB (h1aBoHOImiB 3 AlCI; B o6macti 375-390 HM, 110 Moske BianoBinaTy dia-
BaHOHAM, a TaKOXK OJIMH ITiK Y JOBFOXBHJIBOBIH IUISHII criekTpa (625 HM), XapaKTepHUH I aHTOIlIaHiB.

VY HecnpusTIMBHX YMOBaxX BOJI03a0€3IICUCHHS BYTJIEBOJHUH OOMiH MOXIB JIiCOBUX €KOCHCTEM CIpsi-
MOBYBABCS Y HalPSIMKY TiAPONi3y KPOXMAIIO Ta HAKONMYEHHS PO3YMHHMX BYIJIEBOIB, IO ITiJABUIIYBAJIO
BOJIOYTPUMYBAIbHY 3JIaTHICTh KIIITHH MOXiB. BU3HaueHo, 110 4acTKa IyKpiB y 3arajJbHOMY ITyJIi BYTJIEBOIIB
y BuaiB-me3oditis Polytrichum formosum, Atrichum undulatum, Plagiomnium elatum y cripusitiuBux ymo-
Bax Bojo3abesneueHHs craHoBuiIa 12—15%, 3a HECTIPUSATIMBOTO BOAHOTO i TEeMIEpaTypHOIo pexumiB 30i-
apiryBanacs 10 18-20%. V maronax kcepomesogirta Ceratodon purpureus BiIcOTOK IyKpiB OyB IOCHTbH
CTaOLIBHUM Ha yCIX JOCTIIHUX JTUISHKAX 1 cTaHOBUB 22—23% Bij 3arajibHOi KUTBKOCTI BYTJICBOIB. Y CKJ1a-
JIi pO3YMHHHX BYTJIEBOJIIB Y IMaroHax MOXIB MepeBaxaia caxaposa. Taka crenudika ByrJieBOAHOTO MeTabo-
Ji3My XapakTepHa sk 171t kecepomesodita Ceratodon purpureus, Tak i ajst peICTaBHUKIB Me30(iTHOT Tpy-
my. Y MaroHax poCjMH i3 IUISSHKA CTapOBIKOBOIO OyKOBOTO JIiCy BMICT caxaposu OyB y miama3oni 138,6—
235,3 MKT/T €.M., 110 cTaHoBmIIO 49,6-57,9% y 3aranbHOMY ITyJi pO3YMHHHX BYTIIeBoiB. Ha nocmigHux Ji-
JSIHKAaX 13 HECIPUSTIMBUM TEMIIEPATYPHUM, BOJAHUM PEXHMOM 1 BUCOKOIO 1HCOJIALIIEI0 KOHLCHTPALIiS caxa-
PO3H y KIIITHHAX MOXiB 30ib1IyBanacs 1o 65,0-70,1%.

TakuMm YMHOM, Y MOXIB JIICOBUX €KOCHCTEM Y HECTIPHATIIMBUX YMOBAX BOJ03a0€3ICUCHHS BiA3HAYECHO
KOMIUIEKC (i310JIOTTUYHHMX 3aXHMCHUX PEaKLiid: 3pOCTaHHS BMICTY MOJMi(QYHKIIOHAIEHUX HU3BKOMOJIEKYJISP-
HUX CIIOJYK Ta aKTUBHOCTI KOMITOHEHTIB aHTHOKCHIAHTHOI CUCTEMH, a TAKOXK 3MiHY CIIpSIMYBaHHSI MeTabo-
J3My BYTJIEBOJIB Y HANPSMKY TiJJPOJIi3y KPOXMAJIFO T4 HAKOIIMYEHHSI PO3UMHHUX BYTJICBOJIIB, IO € BAXITU-
BUM JJIs1 OCMOPETYJISILIi B KIIITHHAX 1 3aXUCTY Bl OKUCHIOBAIBHUX YILIKOKEHb.
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NEPBUHHA ITPOAYKTHUBHICTH MOXOBOI'O HQKPI/IBY SAK BPIOIHIAUKATOP
CTAHY 1 ®YHKIHIOHAJIBHUX OCOBJIUBOCTEMU JICOBUX EKOCUCTEM
O. B. JlobaueBchLKka

Incmumym exonoeii Kapnam HayionanvHoi akademii nayk Ykpainu, Jlvsis, Yipaina,
ecomophogenesis@gmail.com

Bigomo, mo 6arato MOXiB MOKYTh yTPUMYBAaTH BEIHMKY KiNbKicTh Boau (mpubmmsno 200-3000% Bin
iX cyxoi Macm), 10 IOTOMarae miJTPUMYBaTH BIUCOKY BOJIOTICTh Y IPYHTI Ta POCIHMHHIN MIACTHII TPOTSI-
roM TpuBaioro niepioay (Porada et al., 2018). MoxoBwuii TOKpUB Ma€ 3HAYHUH T1APOJIOTIYHIIA BIUTHB HA TIe-
PEXOIUICHHS OIafiB, IO MOXKE 3HAYHO 30UBIIMTH HAIXOJLKEHHS 1 30epiraHHs BOAM, TiIpaBlidHy HPOBif-
HiCTh TPYHTY, iHOimbTparito Ta crik Boxu (Eldridge et al., 2020). Crpusitoun Kpyroo0iry Boau B JIiCOBii
€KOCHCTEeMi, BOHM BUKOHYIOTh PI3HOMAHITHI €KOJOTiuHI (YHKIII, HacamIiepe ] 3MEeHIIIeHHsT epo3il TPYHTY,
30epexeHHs OiopisHOMaHITTs Ta crabimizanii Mikpoknimary (Oishi, 2018). Li BBy MoxomnoaiOHuX € ¢y-
HIaMEHTaJIbHUMU JUTS TIEPBUHHOI CyKIlecii y 6araTboxX eKCTpeMalbHUX CUTYALlisIX.

MerToro mociiKeHHsT OyJI0 BCTAHOBHUTH BiZIMiHHOCTI BOJHOTO OOMiHY 1 IEpBHHHOI TPOIyKTUBHOCTI
JIOMIHAHTHUX EMIredHNX MOXOMOAIOHMX B JICOBMX €KOCHCTEMax YKpaiHChKOro Po3Touds 3aiexHO Bix
BIUTUBY €KOJIOTIYHMX YMHHHKIB B yMOBaX MOBHOTO 3aMOBiIaHHsI 1 PI3HOTO CTYIIEHSI aHTPOIIOTEHHOTO HaBaH-
TaKCHHS.

006’ exTaMu AocIipKeHb Oyu OpioGhiTH 3 TOCTHiMHUX INSHOK, IO BiAPI3HAIKCS 32 BOJHUM 1 TeMIlepa-
TYpPHUM pEXMMaMH Ta IHTCHCUBHICTIO ocBiTieHHs: [IpupoaHoro 3anoBinHuka “Po3rouds” — 30Ha MOBHOTO
3aIlOBiJIJaHHs CTapPOBIKOBMX OYKOBHX JIiCIB Bepeluipkoro npupogo0XopoOHHOT0 HayKOBO-I0CIIAHOTO Bijl-
IneHHs (TeMIieparypa TMOBITPS HaJ MOXOBOIO nepHuHOI — +24.0 ... +26,3°C, y mepuuni — +20,0 ...
+23,0°C, Bonorictb noBiTpst 32%, inTeHcuBHICTH cBiTia 30-50 THc. nK) 1 Teputopii BupyOku 40-piuHoro
Biky CTpaa4iBChbKOTO HaBYAJILHO-BUPOOHHYOTO JIICOKOMOIHATY (TeMIieparypa MOBITPS HajJ MOXOBOKO Jiep-
auHOtO — +36,0 ... +39,0°C, y nepuuni — +30,0 ... +33,0°C, Bomnoricts moBiTpst 22%, IHTEHCUBHICTB CBITJIA
80-100 TwHc. 1K) Ta 30HU CTaIiOHAPHOI pekpeartlii SBopiBcrkoro HamioHanpHOTO IPUPOIHOTO MApKy (TEM-
neparypa mositps — +23 ... +27°C, y nepuuni — +19 ... +22,5°C, Bonoricts noitps 28%, IHTEHCUBHICTb
cBiTiia 90-100 THC. JIK).

BusnadyeHHST OBOJTHEHOCTI TaMeTO(iTy MOXIB Ta IPYHTY IIiJ HUMH 3[IIHCHIOBAIIN 32 3araJIbHONPHITHS-
tumu Metonukamu (Mmatos, Tapxosa, 1982). [lokasnuku koediuieHTiB BogoyTpuManHs (B %) BU3HAYAIN
BaroBUMH i po3paxyHkoBumu metopamu (I'puroprok u np., 2003). Jlunamiky BTpaTé BOJIOTU MaroHaMu
aHarmizyBanu 3a meronoMm A. Apnanna (I'yces, Kunaera, 1978). biomacy OpiodiTHOT0 OKpPHBY Yy 3pa3kax
OJIHAKOBOI IUIOII BCTAHOBJIIOBaIM 3a MmeTomukor b. Ban Topena i3 cmiBaBropamu (van Tooren et al.,
1990). Temneparypy BepxHboro mapy 0—3 cM cyOctpaty Bu3Havanu 3a Metoaukor O.B. ApuHymikiHoi
(Apunymkuna, 1970). Konnenrpamito (poTOCHHTETHYHHX MITMEHTIB BEMIiproBaiy 3a merojoM 1. Xombema
ta JI. Bermreiina (Mycienko Ta iH., 2001). dns BusHayenHs xmopodinpHOro iHAekcy (XI) Oymo Bukopruc-
TaHO BEJIMYMHU BMICTY XJI0po(iIiB a i b Ta gaHi iToMacu ycix KOMIIOHEHTIB MOXOBHX yrpyrnoBab (I1Ima-
KoBa u 1p., 2006; Tyxwunkuna, bookosa, 2010).

Ha ocHOBI pe3ynbTariB BU3HAYESHHS BiTHOCHOTO BMICTY BOJIOTH (B.B.B.) Y JIEPHUHAX JIOMiHAHTHUX BH-
JIiB MOXIB Ta IPYHTI MiJ] HAIMW BCTaHOBJICHO HE3HAYHY MIHJIMBICTh ITOKAa3HUKIB SIK HA TEPUTOPIi CTApOBIKO-
BuX OykoBux JiciB (15,1-31,2% 1 6,1-16,9% BiAnoBiaHO), Tak i HacaJKeHb cocHu 3BU4aiHoi (13,3-23,0% i
5,7-16,9% BinnosinHo). Haiibinplna MiHIMBICTE B.B.B. Yy MOXOBHX pociuHax (8,1-48,8%) Ta B rpyHTi mifg
oMU (3,1-43,5%) 3adikcoBana Ha AiIsIHKAX CTanioHapHOi pekpeanii. Cepel MpoaHaTi30BaHUX MOXIB Haii-
OutbIn KoedilieHTH BoJOyTprMaHHs Bu3HadeHi st Plagiomnium ellipticum (95,2+7,5%) i Polytrichum
formosum (78,748,1%) 3 Teputopii pekpearii, Plagiomnium cuspidatum (77,7+9,2%) i Polytrichum formo-
sum (70,5+6,3%) 3 TepuTopii cocHOBHUX Haca/pkeHb Ta juisa Atrichum undulatum (66,1+10,5%) i Poly-
trichum formosum (60,4+5,3%) 3 Teputopii crapoBikoBHX OykoBHX JiiciB. Ha OCHOBI pe3yibTaTiB aHasi3y
JIMHaMIKHA BTPATH BOJIOTH MMAaroHaMM JOCJIPKYBaHMX BHJIB MOXIB HalOLIbIIi 11 nokasHuku (y % macu ao-
COJIFOTHO CYXO1 PEUOBHMHH) BUSIBIICHO y 3pa3kax MOXIB 31 30BHILIHBOIO MPOBIIHICTIO BOIU 3 aHTPOIOTEHHO
3mineHux teputopiit. Tak, s 3paskis Plagiomnium ellipticum 3 ginsHOk pekpeartii Bu3Haueno 14,4+2,0%
BTparu Boau, Tomi sk ais Polytrichum formosum 13,7+1,2%, 3 Tepuropii BupyOoxu — mmst Plagiomnium
cuspidatum 14,9+1,6% i Polytrichum formosum 13,3+1,1%, ayie HaiiMeHIITy KUTbKICTh BOJIOTH BTpAYaId PoO-
CIIHM SIK €K30TIJIPHYHUX, TaK 1 SHAOTIIPUYHHUX MOXIB 3 OykoBoro icy Atrichum undulatum 9,6+0,7% Tta
Polytrichum formosum 7,8+0,5%.
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OCHOBOIO TPOIYKTUBHOCTI POCIIMH, 1110 3a0€3Meuye IpoIecH pocTy, MopdoreHesy Ta 30iIblIeHHS Oi-
OMacH MpOTATOM CHPHUSTIMBOTO TMepioAy BereTalii, € (OTOCMHTETHYHA AaKTHBHICTh. Pe3ynbTaTH IocCii-
JUKCHD CBITYaTh, IO JOMIHAHTHI BHIW MOXIB JIICOBUX €KOCHUCTEM YKpaiHChKOro Po3Touds MaroTh TOCHTH
BHCOKHH BMICT Xj10podimiB. Bimomo, mo TIHBOBUTpHBaJi POCIMHU HATPOMA/DKYIOTH OiIbIle 3eJIeHHUX IIiT-
MeHTIB (xJ0podiniB), Hixk cBiTnoMOOHI (Glime, 2019). ['oJ0BHUM MIrMEHTOM pEakLiMHUX LEHTpPiB (OTO-
cucteM OyB Xu1 a. CriBBiIHOIICHHS BMICTy 3esieHuX mirMeHTiB (X a/b) 6yno B mexax 1,48-2,17, mo Bka-
3y€ He JnIIe Ha 30uTbmieHHsT po3MipiB ¢orocuctemu 1l 1 TiHbOBUTpHBAIICTh OpiodiTiB, a i Ha OlIbITy 1X
a/IalITOBaHICTh 10 IIMUPOKOTO Jiana3oHy OCBITICHHS, OCKIJIBKH Ll BUIU € POCIMHAMH YE€TBEPTOTO SIPYyCY JIi-
cOBHUX ekocucTteM. MalyTh, 00MekKeHy KITbKICTh JOCTYITHOI JJIsl POCTY CBITJIIOBOI €HEPrii MOXU KOMIICHCY-
BaJIM iIHTCHCUBHUM 301UIBIIEHHAM BMicTY mirMeHTiB (X1 a i b) Ta 3MeHIIeHHsM criBBigHomeHHs X a/b.

3nayne 301IbIIeHHs BMicTY XJ1 b, Hacammepe/ Ha TUISHIN CTaliOHAPHOI peKpeartii 32 BUCOKOI iHTEH-
CHBHOCTI OCBITJIEHHSI Ta HHM3bKOI BOJIOTOCTI MOBITPS € TPOSBOM KOMIICHCATOPHOI peakiii MirMEeHTHOTO
KOMILJICKCY Ha 3MiHY MIKPOKJIIMATHYHUX YMOB Miclue3pocTanb. Ockibku X1 b cTilikimmii 10 BIUIMBY He-
CIPHUSATINBUX YMOB, HK XJT @, 3aBISKH OLTBIIOI T1ApaTOBAHOCTI MOJIEKYJT Ta MIIIHIIIIAM 3B’SI3KaM y XJIOPO-
¢in-0inKoBHUX KOMILIEKcax xyoporactiB (JlobaueBchka, 2014; Hanson, Rice, 2014).

Haii6inburi nokazHuku Qitomacu, BMIiCTy XJI0podiiiB 1 BiAMOBIAHO XJIOpO(MiIEHOTO 1HIEKCY BU3HAYE-
HO I moMiHanTHuX BuAiB Polytrichaceae (Atrichum undulatum, Polytrichum formosum, P. commune, P.
juniperinum). ¥V BeperuibkoMy JCHHIITBI (iToMaca MUX BHIIB 3aJICKHO BiJl MIKPOYMOB MiCII€3POCTaHb
nocsrana 337,5-2058,4 r/m°, MOKasHUMKM BMicTy Xyopodinis a+h 3minroBamics B Mexax 3,18-4,61 mr/r
Macu cyxoi pedosunn. X1 cranosus 1,27-7,87 r/m%. Jlemo Menm mokasaukn diromacn (584,9-784,6 r/m?)
BH3HAUYCHO TS CYOOMIHAHTHHX CHHY30yTBOpIOIOUMX BHIiB Plagiomnium, siki hopMyrOTh MyXKi JepHUHU
3 moB3yunmu rany3kamu (P. ellipticum, P. rostratum, P. affine, P. medium, P. cuspidatum): y Bepemiuib-
KOMY JIICHHUIITBI, TIOKa3HUKH BMICTY XJIopoiniB a+b 3mintoBanucs B mexax 3,18-3,73 mr/r Macu cyxoi pe-
yoBuHM, TirmeHTy XI ctanoBus 1,86-2,93 /M.

OTmxe, Ha TOCIIIHUX JUITHKAX ypouuia “‘Beperuiisa”, e TOKa3HUKH BOJIOTOCTI 1 TeMIIepaTypy BepX-
HBOTO APy IPYHTY Oyiu CTaOUIBHINIMMH, BiJ3HAUYCHO ONTHMAIBLHUI BOJHUH 1 TEMIICPATYPHUH PEKUM
IPYHTY JIJIsl pO3BUTKY Pi3HHUX THITIB MOXOBUX CHHY31i, IOPIBHSIHO 3 TEPUTOPIEIO CTAI[IOHAPHOI peKpeartii Ta
COCHOBHX HacajpkeHb. J[JIs JOMIHAHTHHX i1 CyOJOMIHAHTHUX JIICOBUX BHUJIIB MOXIB CTapuX Oy4wH OyIu 3a-
(hikcoBaHI HAUOUIBIII TTOKA3HUKH (DITOMACH 1 IPOIYKTUBHOCTI (XJIOPO(DIIIBHOTO 1HACKCY ).

VY 3pipKeHHX IepeBOCTaHAaX Ha TepUTOpii BUpyOKH OyKOBO-LyOOBOro Jiicy 1 HacaJKeHb COCHHU 3BH-
YaifHO{ 30LTBIIYETHCS TUTOMIA JKUBJICHHS JIEPEB, IO B CBOIO YePry MiJABHIIYE iHTEHCUBHICTD (DOTOCHHTE3Y
POCIIMHHOTO TOKPHBY, NMPHUIIBHIIIIYE PO3MaJl Ta MiHEpai3allifo JIiCOBOI MiJCTHUIIKH, CIPHUsE 30aradyeHHIO
rpyHTy. Ha miit Teputopii Hamu BUSIBIICHO y BOJIOTHX Micuie3poctanHsax Polytrichum commune, mis Gpiocu-
Hy3ii IKOT0 BU3HAYEHO HANOLIbII moKkasHuKH ditomach 3203 r/m” Ta XI — 5,29 /M, Toxi sIK Y CyXHX Mic-
nespoctannsx P. juniperinum yrsoproas merury (2620 r/m”) ditoMacy, IpoTe MaB AeIo GibIii MOKa3HH-
kn, XI — 7,78 r/m°. Jlst 3Ha4HO norpeninmoro P. formosum BcTaHOBIEHO 3HAYHO MEHII TTOKA3HUKH 5K
ditomacn (1226,89 r/m°), Tak i POTOCHHTETHUHOT POAYKTHBHOCTI (3,26 T/M°).

Y nmoMiHaHTHHX BUJIB JIICOBHX MOXIB Ha TEPUTOpIi CTaIliOHAPHOI peKpearlii BUSBIEHO 3HAYHE ITiJBH-
IIEHHS BMICTY XJIOpodiTiB, Hacamiiepes 3a paxyHoK X1 b, ockinbku 3a BHCOKOT iIHTEHCHBHOCTI OCBITICHHS
BiH Oepe yJacTh y JMCHIIAIIi HAJUTUIIKY TTOTJIMHYTOI CBITJIIOBOT €HEeprii, cTadimi3alii aHTeHHUX KOMILIEKCIB
Ta MATPUMII oprafizamnii Trimakoiqaux MemOpan (CuBarn 1a iH., 2018). [IpoTe miBUIIEHNIT BMICT 3€IeHUX
MIrMEHTIB He iICTOTHO BIUIMBAB Ha MOKAa3HUKHM X, OYEBUIIHO 32 HECTIPUSTIMBUX YMOB aHTPOIIOTEHHOTO Ha-
BaHTa)KEHHSI HA EKOCUCTEMY CIIOBUIBHIOBABCS PIiCT 1 YTBOPEHHS OioMach MOXOBHMHU JiepHHHKaMH. HaBiTh y
BOJIOTHX MiclieBupocTaHHsaX (iromaca Plagiomnium ellipticum Gyna yaBidi MeHIIO, HiK Ha TEPUTOPIi BH-
pyOKku Ta 2,5 pa3u — Ha AUTSHII CTapOBIKOBOTO OYKOBOTO JIiCy.

OTxe, BCTAaHOBIICHO, 110 MOXOIO/1i0HI BUKOHYIOTH BaroMy poiib y MPOXYKIIHHOMY IMPOIIECi POCITHH-
HOTO MOKPHUBY Ha IPHUPOAHUX TEPUTOPIAX Ta MiABHUILYIOTH (YHKIIOHAIBbHY 34aTHICTH aHTPOIOI€HHO 3Mi-
HEHMX €KOCHCTEM Ha CTafii mepBUHHOI cykuecii. OCHOBHI MOKa3HUKH (DOTOCHHTETHYHOI HPOIYKTHBHOCTI
MOXIB MalOTh BU3HAYaJbHE 3HAYEHHS JUIsl OI[IHIOBAHHS CTaHy Ta (YHKIIOHATEHUX OCOOIMBOCTEH JIICOBHX
exocucteM. [Toka3HUKHM IEPBUHHOT MPOYKTUBHOCTI CBIJIYaTh, MO 31aTHICTh OPi0)iTHOTO MIOKPUBY JIO 3B'S-
3yBaHHS aTMOC()EpHOTo BYIJIEII0 Ma€ iHAMKALiHE 3HAUYSHHS VISl OLIHKM CTaHy 1 (yHKUIOHAIBHUX 0CO0-
JIMBOCTEH JTICOBUX €KOCHCTEM Ta 3aJISKUTh BiJl BHOBOTO CKJIJy OpiOCHMHY3iH, OKa3HUKIB iX QiToMacH,
BMICTy XJIOpO(LTiB y Pi3HIX YMOBAX JOKAIIITETIB.
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Background. Along with other cereal crops, common winter wheat (Triticum aestivum L.) is at-
tacked by numerous fungal pathogens from the soil that compromise, to a great extent, the sowing, the
guantity, and the quality of the fruit. The rotting of the root and first internode, which constitute the basal
part of the stem, are among the most widespread and harmful diseases in cereal crops, including common
winter wheat. As a result, the root system becomes strongly reduced and blackened. The water and nutri-
tional metabolism are seriously disturbed, some plants die, others are delayed in growth, and during dry
periods premature plant maturation is observed (Fernandez, Conner, 2011). Root rot is a complex disease,
produced by a wide spectrum of fungi (Tunali et al., 2008; Hajieghrari, 2009; Mielniczuk et al., 2012)
among which Fusarium spp. are some of the most frequently encountered.

The pathogenesis-related (PR) proteins include polyphenol oxidase, peroxidase, phenylalanine ly-
ase, and tyrosine ammonia lyase, which are important in most known plants. Peroxidases are defense pro-
teins, responsible for oxidizing some pathogen proteins in the presence of hydrogen peroxide (H,O,).
These enzymes are known as inducers of resistance in the host plant, mediated by redox reactions in the
plasma membrane and various changes in the cell wall (lignification, suberization), and the modification
of the isozyme profiles of the peroxidases present signals of the defense response and/or of the induction
of resistance in the host plant (Goel et al., 2013; 2014).

Purpose. Identification of the response characteristics of growth traits and peroxidase activity in
seedlings of winter soft wheat when grains were treated with cultural filtrates of fungi Fusarium lateriti-
um, F. sambucinum, and F. avenaceum.

Methodology. Nine promising lines of winter common wheat and isolates of F. lateritium, F. sam-
bucinum, and F. avenaceum fungi, the frequency of which has recently increased in the Republic of Mol-
dova on plants with signs of root rot, served as research material. Isolation of the pathogens from the ba-
sal part of the wheat stems was carried out on the nutrient medium PDA (Potato Dextrose Agar).

Species belonging to fungi were determined according to morphological and microscopic traits
(Barnett, Hunter, 1998). Wheat grains were soaked for 18 hours in cultural filtrates of specified fungi,
prepared on the basis of Chapek's liquid nutrient medium (Methods of experimental mycology, 1982). As
a control, we used the grains soaked in distilled water.

Germination, the length of the embryonic root, stem, and whole plant was determined in 6-day-old
wheat seedlings. The vigor index was calculated according to the formula: whole plant length, cm x ger-
mination, %.

To determine the peroxidase activity in the reaction with benzidine the A.N. Boiarcov method was
used, modified by the authors (Zemlyanukhin, 1993).

Statistical data processing was carried out using the STATISTICA 7 software package.

Results. It was found that in the dry 2022 year, several species of filamentous fungi were involved
in the root rot of common winter wheat under the conditions of the Republic of Moldova. From vigorous
plants with weak disease signs, it has been isolated F. oxysporum (25.9%), F. solani (4.7%), F. equiseti
(23.5%), F. culmorum (10.6%), F. sambucinum var. minus (9.4%), F. lateritium (10.6%), F. aquaeduct-
uum (2.4%), F. semitectum (6.0%), Alternaria alternata (2.4%), Drechslera sorokiniana (2.4%), and My-
celia sterilia (2.4%).

F. oxysporum (20.0%), F. solani (3.1%), F. equiseti (30.8%), F. culmorum (4.6%), F. sambucinum
var. minus (15.4%), F. semitectum (3.1%), Nigrospora maydis (6.2%), A. alternata (6.2%), D. avenae
(4.6%), and Rhizoctonia solani (3.1%) were isolated from much weaker plants with stronger signs of root
rot.
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A differentiated response has been established at wheat genotypes during the treatment of grains
with fungal cultural filtrates, depending on the characteristics of growth and development, and the type
and isolate of the fungus. Thus, the share of influence of the wheat genotype in the source of germination
variability, the lengths of the: embryonic root, stem, seedling, and the vigor index were 31.02; 18.6;
36.77; 33.90; and 28.18%, respectively, in the reaction to F. lateritium.

During the interaction of wheat with the fungus F. sambucinum var. minus the proportion of the in-
fluence of the wheat genotype in the source of germination variability, the length of the embryonic radi-
cle, the length of the stem, the length of the seedling, vigor index was 6.27; 10.24; 24.29; 20.77; and
11.82%, respectively. So, the reaction of wheat plants to these pathogens is marked by a pronounced gen-
otypic plasticity of growth organs.

It should be mentioned that the share of the fungus isolate in the source of variation of germination,
the length of the embryonic radicle, the stem, the seedling, and the vigor index was 40.4; 62.06; 41.34;
41.88; and 45.56% in the case of the F. lateritium fungus, and 69.6; 63.45; 38.51; 39.37; and 64.43% in
the case of the F. sambucinum var. minus fungus, respectively. The significant contribution of the isolate
factor of the researched fungi in the variability of wheat growth characters denotes the importance of
permanent monitoring not only of the composition of the fungal species that cause root rot but also of the
virulence potential of their isolates.

It was found that the peroxidase activity in the interaction of wheat with F. avenaceum isolates was
different in the genotypes grown under conditions of optimal temperature (18—19°C) and temperature al-
ternation—18-19°C/6-8°C/18-19°C, the strongest deviations from the control variant occurring in the
genotype more sensitive to the pathogen. Against the background of temperature alternation, the peroxi-
dase activity in the seedlings of this genotype increased in the reaction to isolates 1 and 2 by 28.3 and
55.4%, while in the resistant genotype, the activity of the ferment only slightly decreased—by 3 and
2.9%, respectively.

The obtained data reveal that in the formation of phytopathosystems common wheat-Fusarium spp.
an important role is played by the involvement of fungal metabolites in the redox reactions in the host
plant.
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KOPEJIAIIAHI 3B’ SI3KU MIXK PI3BHUMH JTAHKAMH AHTUOKCHUJIAHTHOI
BIAITOBIJAI HA I'ITIEPTEPMIYHUU CTPEC TA AHATOMIYHOIO BYJIOBOIO ¥
POCJIMH

H. B. Hy:xuna
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nuzhynan@gmail.com

BmxuBaHHS pOCTIHH 32 YMOB Pi3KHUX TEMIIEPaTypHHX MepenaiB BHACTIOK 3MiH KTiMaTy 3aJIeKHTh
BiJl TOTO, HACKITFKH MIBUAKY BiAMOBIIs 37aTHAa PO3BHBATH 0i0XiMidHA CHCTEMa 3aXUCTY y KOMILIEKCI 3i
CTAJINMU CTPYKTYPHUMH 0COOTMBOCTAMH. J[0 OCTaHHBOTO Yacy 00’ €KTaMu ISl TOCTiKEHHS MEXaHI3MiB
CTIMKOCTI JI0 BIUIMBY BHCOKOi TEMIIEpaTypH, MOCYXH, XOJOAY Oyl MEepeBa’KHO CUTBCHKOTOCIIOAAPCHKI
pocnunaM (Kykypynaza, mmenwuis, cos Tomo) (Hussain et al., 2019), Ta mocmiKkyBaBcs MEPEBaAKHO CTaH
ixHpoi anTHOKcHmaHTHOI cuctemu (Harsha, 2016; Zandalinas et al., 2016). Xoua MexaHI3MH 3HEIIKO-
JOKEHHS HaJUTUIIKY BUIBHUX PaJHMKalliB y KIITHHAX BHACIIIOK CTpecy MOAiIOHI y pi3HUX POCIHMHHUX Opra-
Hi3MIB Ta 3arajbHOBIJIOMI, aJle aKTUBHICTh OKPEMHX aHTHOKCHUAAHTHUX ()EPMEHTIB y HOPMi Ta MPH OKHUC-
HIOBaJIbHOMY CTpECi BHUpa)KeHa IMO-pi3HOMY Y Pi3HHX BHIIB POCIHH. BHUABIEHHS MEBHUX KOPEIAIIITHIX
3aKOHOMIPHOCTEH MK MapaMeTpaMyd aHATOMIYHOI OYJOBH Ta Pi3HUMH JIaHKaMH aHTHOKCHUIAHTHOI CHC-
TEMH JIOTIOMOXE Kpallle pO3yMITH aJanTalliifiHi MeXaHi3MHU y POCIIHH, i, MOXKIIUBO, OUIBII €)CKTUBHO BU-
KOPHCTOBYBATH IIBUIKI METOJM BH3HAUEHHS CTIMKOCTI POCIIHMH IO CTPECOBUX YMHHHKIB, IO B CBOIO Yep-
Ty 1acTh MOXIIMBICTh €(EKTHBHO IiIOMPATH Ta BUPOIYBATH POCIWHHU B yMOBaX IHTPOAYKIIi 3 MaiOyT-
HIM CTBOPEHHSM INTYYHHX MOMYJIALiil X Situ. MeToto poOoTH Oysi0 BUSBHTH KOPEIAIIiHI 3B’ SI3KH MiXkK
aHaTOMIYHOIO OyIOBOIO POCIIMH Ta PI3HUMH JIAHKAMH aHTUOKCHUIAHTHOT CHCTEMH.

Jnst aramizy B3a€MO3B’ 13Ky aHATOMO-MOP(HOIIOTIYHOT OyTOBH 3 OCOOIMBOCTIME 010XiMiUHOI peak-
mii Ha TimepTepMito Oyli0 BUKOpHCTaHO AaHi 22 BHIIB pociuH 3 9 poxiB, 6 pomua: Asphodelaceae
(Haworthia), Cactaceae (Aylostera, Echinocactus, Mamillaria), Crassulaceae (Crassula), Ericaceae
(Rhododendron), Ginkgoaceae (Ginkgo), Magnoliaceae (Magnolia), Rosaceae (Rosa). Bynu pocmimkeni 3
OTHOTO OOKYy CYKYJICHTH, SIKi BiJJOMi BHCOKOK) aJalTHBHOIO 3JaTHICTIO JO PI3KUX 3MIH TEeMIIepaTypH,
0co0MBO TimepTepMii, a 3 IHIIOro OOKY IiHHI JEKOPATUBHI Ta JIIKAPChKi JIEpEeBHI POCIUHH, MEHII CTIiHKi
JI0 BUCOKHX TEMIIEPATYp Ta MOCYXH.

Hocmigai pocnuHM, y TOPIIUKAX i3 3eMIiiero, MporpiBaiid y TepMmocTtaTi 3a temmneparypu +40°C
(IpencTaBHUKHM BCiX JOCHipKyBaHUX BUIB) Ta +50°C (1omaTkoBa rpymna y CyKyJIEHTHHX POCIIHH) IPOTS-
TOM TpboX ToAnH. KOHTpOJIBHY TPYIly pOCINH BUTpHUMYBaiH 3a TemnepaTypu +25°C. IlepexnucHe okuc-
JIEHHsI JMiiB BCTAHOBIIOBAJIHM 3a BMicTOM ManoHOBoro muanpaeriny (MIA) (Kumar and Knowles,
1993). AkTuBHicTh cynepokcunaucmyTasu (COJl) BuzHavanu 3a metogom Giannopolitis and Ries (1977).
AxTuBHICTh TIepokcuaasu 3a MetogoM Sharifi and Ebrahimzadeh (2010). Cymapuuii BMicT (aBOHOiIIB
3a Meroaukoro TpuHeeBoi Ta iH. (2014). ITirmenTn BusHavanu 3a Lichtenthaller (1987). [lyis ananizy ana-
TOMIYHOT Oy10BY BUMiproBaiu 15 MophoMeTpUIHUX TTapaMeTpiB: TOBIIMHH JINCTKA, MATiCaaHOTO Ta Ty0-
4acTOro Me30(iIiB; TOBIIMHM €ITiZIePM Ta 30BHILIHLOI KJIITUHHOI CTIHKH €MiJCPMOIIUTIB 3 000X OOKIB JIH-
CTKa; IJIOIIA SMiJICPMOIIMTIB, JOBKHHA, ITUPUHA Ta KUIBKICTh MPOJIUXIB 3 a/IaKCiaibHOrO Ta a0aKCiaJbHO-
ro OOKiB.

CratucTruHy 0OpoOKy JaHMX IIPOBOIMJIM 3a JAOMOMOIOI0 mporpamu Statistica 8. Kopensiiiro Bu-
3Hayanu 3a koedimientom IlipcoHa. BukoprucToByBaiu cepeHi 3HaUYCHHS KOXKHOI'O IMOKa3HHUKA IS TICB-
HOTO BUy. 3HAUYIIUMH BBaxxaiu pe3ynbraTu npu P < 0,05.

[ BUSIBJICHHS! HAsIBHOCTI B3a€MO3JIC)KHOCTI O10XIMIYHHMX Ta aHATOMIYHHUX MOKA3HHUKIB CIIOYATKY
OyJI0 TIPOBEJICHO KOPEISIIMHUI aHai3 3a BiZICYTHOCTI CTPECOBOTO YHHHUKA Y JOCIIHDKEHUX PociiuH. by-
JI0 BUSIBJICHO, IO MOTOBLICHHS JIUCTKOBOI IUIACTHHKH, €IigepM 3 000X OOKIB JIMCTKa Ta 30BHILIHIX KIIi-
TUHHUX CTIHOK emiepMOLMTIB (y MepIly Yepry 3a paxyHOK IOTOBILEHHS KyTHUKYJH), pO3pOCTaHHA T'y0-
4aTOro Me30(¢ily i MOTOHIIEHHsS a00 BIICYTHICTh CTOBITYACTOTO Me30(ily 00EPHEHO KOPEIIOE 3 MOKa3-
HUKOM CTpecy — KiibKicTio MJIA. ToOTO Oijblll MOTY)KHUN 3aXUCT HA aHATOMIYHOMY PiBHI 3MEHIIYE (o-
HOBE CTpPECOBE HABAHTAXCHHS Ha POCIHHY. Tak, 3riiHO 3 Maibke BCMa aHATOMIYHMMH IOKa3HHKaMH,
KpiM IIIOMII eriiepMaibHUX KITHH 3 000X OOKiB, BUABJIECHO, 0 KinbKicTh M/IA B pocnnHax 3a yMOB Bi-
JICYTHOCTI CTPECY MEHINA y CYKYJICHTHHX POCIIMH 1 Oinblia y Me30(iTiB. AKTUBHICTh MMEPOKCHUIA3U Ta
CO/l B HOpMI Maiike HE KOPEIIOIOTh BIpOTiJHO 3 aHATOMIYHUMHM Ta 010XiMIYHMMH MOKa3HUKaMH, 11O Ii-
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ITBEPIKYEThCA miTeparypaumu nanumu (Rai et al., 2015). Hamu 6y10 BUABIIEHO JIHMIIE TIO3UTHBHY KOpe-
msmiro COJl 3 KinbKicTIO TPOAUXiB 3 agakciaabHoro 6oky (r = 0,62) Ta A MepoOKCUAas3U 3 KUIbKICTIO
npoauxiB 3 abakcianmpHoro 60Ky (I = 0,5). OgHak, IMOBIpHO, Taka KOPEIALisS € ONOCEPEIKOBAHOIO Yepe3
iHmIi mapametpu. s KimpKocTi (raBOHOINIB He OyJIO BHABIEHO 3AJIEKHOCTI BiJ 1HIIUX JOCHIHKEHHUX
noka3HukiB. KinbkicTs Xi0podiniB @ i b, kapoTHHOINIB 3MEHIITYEThCS 3 TOCHICHHSIM CYKYJICHTHUX O3HAK:
MOTOBIIEHHS JIMCTKA, Ty04acToro Me3odisy, 000X emijepM Ta IX 30BHIIIHIX KIITHHHUX 00OJIOHOK, 3MEH-
IIEHHS TOBIMUHY a00 3HUKHEHHS MaxicagHoro Me30¢iry, mosa MpoAuXiB Ha afakciarbHOMY OOIIi, 3Me-
HIIIEHHSI KiJIBKOCTI MPOAMXiB Ha abakcialpHOMY OOl MucTKa. B mizomy Bei I aHaTOMi4HI 03HAKH [IPHUTAa-
MaHHI CYKYJICHTHUM POCJIHMHAM, a OT)K€ KJIITHHHM iX JIMCTKIB CIIPsIMOBaHi Ha 3amacanHs Boau. Came 30i-
JBIICHHS BiJICOTKA BOJW Ha OJMHMINIO MAaCH 1 3yMOBHIJIO TaKy HETATHBHY KOPEJAIIIO 3 mrMeHTamMu (GpoTo-
CHHTE3YyI0U0i CHCTEMH. 3araibHa KUTBKICTh O1JIKa TeX HE KOPEJIOE 3 JKOJIHUM 3 aHATOMIYHHX TTOKAa3HUKIB,
KpiM IIMPUHH NPOIUXIB 3 aJaKcianbHOro O00Ky. € HpHUMyIIeHHs, o Oinblia KiJIbKICTh OUTKIB Kparie
YTpUMY€E BOJY BCEpEIWHI JIMCTKA, IO Aa€ 3MOTY iHTCHCUBHIIIE BiIKPUBATH MPOIUXHU I HAIXOMKCHHS
CO; Bcepenuny muctka. Lle mo3Bomnse cykyneHTHHM pociauHaM (OiIbImicTs Me30(iTiB HE MarOTh MPOIH-
XiB 3 aJIaKCialIbHOTO OOKY JINCTKA) OiIbII €PESKTUBHO 30epiraTH BOAY.

JonaTkoBo OyJi0 MPOBEICHO KOPEIIALIHHUN aHalli3 3aJICKHOCTI PEaKIlii aHTHOKCUIAHTHOI CHCTEMHU
Ha TIMepTEepMIYHUI CTpec BiJl aHATOMIYHOI Oys0BU pociuH. byno BUsBIEHO, IO michs i cTpecy 3MiHa
KimbkocTi yrBopeHoro M/IA, aktuBHicTh CO/] Ta KibKicTh (POTOCHHTE3YIOUNX ITITMEHTIB HE BUSBIISIIOTH
3arajibHO1 3aJIe)KHOCTI JJIsl BCIX TUIIB POCIIHH, MOXKIIMBO, PEaKilisi pOCIHMH Pi3HUX THIIB HA CTPEC Ha PiBHI
[IUX TIOKa3HUKIB € Pi3HOCIPSIMOBaHOO. JIJI BCIX POCIWH JHUIIEe BUSBWINA TIO3UTUBHUY 3aJIEXKHICTh — TIPH
OLTBIINX 3a TIIOMICO eMilepMaNbHAX KIIITHHAX 3 000X OOKiB 30inbIIyeThCst yTBOpeHHST MJIA BHaCTiIOK
rimeprepMivyHOro crpecy. ToOTo 301IbIIEHHS IO €MiICPMOIIUTIB CYTTEBO 3HUKYE 3aXHCT POCIHHHU Bij
HETaTHUBHOTO BIUIMBY 30BHILTHIX YMHHUKIB. OJHAK, aKTHBHICTh MEPOKCHIA3U 30UIBIIYETHCSI iIHTCHCHUBHI-
IIe y POCJIUH 3 MOCHJICHUMH KCepOo(iTHUMH Ta CYKyJSHTHUMH O3HaKaMu. TakoX, YMM MEHIIE BUPaKeHi
KcepodiTHI O3HAKW (TOHIIWH JIMCTOK, emifiepMa, ry0dacTuii Me30(il, TOBIIUI CTOBMUACTHH Me30(in),
TUM OibIla KUTBKICTh ()JIABOHOIIB BHACIIIOK CTpecy. TakuM YNHOM, BUSBJICHO, IO IPU HAasIBHOCTI Kce-
podiTHUX O3HAK y POCIHH 32 YMOB Pi3KOTO CTPECY aKTUBHICTh IIEPOKCHUIA3H 3pOCTAE IHTEHCHBHIIIIE, a Ki-
JBKICTh (PIIABOHOIIB MEPEBAYKHO 3MEHIIYETHCA. byno BUSBIEHO, IO MPW TOBIIUX 30BHIMIHIX KIIITHHHHX
CTIHKax emiJIepMOIUTIB 3 000X OOKIB JIMCTKA CHOCTEPITacThCsl IHTEHCHUBHIIIE YyTBOPEHHS O1JIKIB BHACII-
JI0K Timeprepmii. MIMOBIpHO, 11e MOXKHA MOSCHHTH YTBOPEHHSM OLIKIB TEMIOBOTO 1IOKY MOPST 3 He3HAU-
HUM pyWHYBaHHIM HasBHUX O1JIKiB, 32 paXyHOK OiJIbIII IOTY>KHOTO 3aXUCTY JINCTKA EIiIepPMOI0.

BusiBnieHi kopessiiiiHi 38’ 13ku Mk 010XIMIYHUMH Ta aHATOMIYHUMHU TOKa3HUKaAMH MOXYTh JIOITO-
MOTTH Kpalle 3pO3yMiTH MEXaHi3MH MPHUCTOCYBaHHS OpPTraHi3MiB JI0 CTPECOBHUX YMOB. 3 iHIIOTO OOKY,
BKa3yIOTh Ha PI3HOCHPSIMOBAHY PeakKilito Ha CTpec Ha 010XiMIYHOMY PiBHI y POCIIMH Pi3HUX €KOJOTIYHHX

rpyI.

JITEPATYPA
Giannopolitis, C.N., Ries S.K. // Plant Physiol. 1977. 2: 309.
Kumar G.N.M., Knowles N.R. // Plant Physiol. 1993. 102: 115.
Lichtenthaler H.K. // Methods Enzymol. 1987. 148: 350.
Harsha A, Sharma Y.K. et al. // Ann. Agric. Sci. 2016. 61(1): 57.
Hussain H. et al. // Sci. Rep. 2019. 9: 3890.
Zandalinas S. et al. // BMC Plant Biol. 2016. 16: 105.
Tpuneesa O.B. u np. // Bectauk BI'Y, cepust: Xumust. buonorus. @apmanus. 2014. 1: 138.

57


http://www.sciencedirect.com/science/article/pii/S0570178316300021
http://www.sciencedirect.com/science/article/pii/S0570178316300021
http://www.sciencedirect.com/science/article/pii/S0570178316300021
http://www.sciencedirect.com/science/journal/05701783
http://www.sciencedirect.com/science/journal/05701783/61/1
https://publons.com/journal/97/
http://www.nature.com/articles/s41598-019-40362-7

SECOND INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

STRESS-PROTECTIVE REACTIONS AND DROUGHT TOLERANCE OF
LEGUME-RHIZOBIUM SYMBIOSIS

T. P. Nyzhnyk'?, S. Ya. Kots', E. Kiedrzynska®

'Institute of Plant Physiology and Genetics, National Academy of Sciences of Ukraine, Kyiv,
Ukraine; t_mamenko@ukr.net;

European Regional Centre for Ecohydrology, Polish Academy of Sciences, Lodz, Poland;
e.kiedrzynska@erce.unesco.lodz.pl

Drought is a major abiotic stressor that significantly affects the yield and quality of crops in many
regions of the world, and can pose a serious threat to food security (FAO, 2021). The situation has been
exacerbated by global climate changes, accompanied by aridization of the air, frequent droughts, and a
lack of soil moisture (IPCC, 2022). Therefore, the study of stress tolerance of cultivated plants has
become a priority area of research around the world, with the aim of creating optimal solutions for
reducing crop losses and maintaining the sustainable development of agriculture in the face of climate
change.

Consequently, the most important challenge for both agricultural management and water
management is how to increase the quantity and quality of water (W) and food production resources,
while increasing biodiversity (B), ecosystem services (S) for society, and resilience (R) to the impact of
prolonged drought periods for plants (benefits of WBSR) (Zalewski et al., 2020; Kiedrzynska et al.,
2021). Therefore, a priority area of research concerns the stress tolerance of cultivated plants; more
specifically, the creation of optimal solutions for reducing crop losses and maintaining the sustainable
development of agriculture in the face of climate change.

A promising Nature-Based Solution for providing legume crops with ecological nitrogen and
increasing drought resistance is based on the formation of rhizobial symbiosis. At the same time, to resist
drought in a warming climate, plants must adapt to stress and activate key systems for antioxidant
protection (Mamenko et al., 2018; Mamenko, 2021). In legumes, rhizobial infection significantly
modifies the metabolism of the host plant, thus favouring more optimal conditions for infection and
nodulation, and this may be a prerequisite for the further effective functioning of the legume-rhizobial
symbiosis (Hawkins, Oresnik, 2021). The effectiveness of this symbiosis can be increased by selecting
modern legume varieties and using more effective new nodule bacteria strains, which will be capable of
active nodulation and nitrogen fixation during the formation of symbiosis (Nyzhnyk et al., 2022).
Therefore, it is important to understand the role played by key components of drought-related antioxidant
defense systems to clarify the adaptive responses demonstrated by soybean-Bradyrhizobium japonicum
symbioses with different activities and virulences. Such information will be valuable for assessing the
tolerance of the formed symbioses, as well as establishing the specificity of their adaptation potential in
the face of climate change while optimising the efficiency of atmospheric molecular nitrogen fixation.

The aim of the research is to establish the role of prooxidant-antioxidant systems in the formation
of stress-protective reactions and the functioning of soybean-Bradyrhizobium japonicum symbiotic
systems, with varying degrees of efficiency. Our experiment uses microbiological, biochemical, and
physiological methods and employs various symbiotic soybean systems based on strains and Tn5 mutants
of Bradyrhizobium japonicum, differing in activity and virulence. A prolonged drought for 12 days was
created by reducing the humidity of the substrate from the optimal level of 60% total moisture capacity
(optimal watering) to 30% (drought) during the period of active molecular nitrogen fixation, i.e. from the
third true leaf stage to plant budding. Watering was restored to optimal levels in the flowering stage
(resumption of optimal watering).

Our findings indicate that in effective soybean-rhizobial symbioses, superoxide dismutase is acti-
vated during prolonged exposure to drought and that its activity is restored to optimal levels after the
stress is removed. This demonstrates that effective symbiotic soybean systems are tolerant to changes in
water supply, and the inoculation of soybean seeds with active virulent rhizobia improves the antioxidant
properties of soybean plants in conditions of prolonged dehydration through the activation of superoxide
dismutase. In less-effective and ineffective symbiotic systems of soybeans, a significant increase in the
activity of superoxide dismutase in nodules was found under a moderate water deficit. At the same time,
the level of enzyme activity in soybean nodules remained high under long-term water stress.
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The enzyme dynamics in less-effective and non-effective symbiotic systems highlight the signifi-
cant development of oxidative processes caused by dehydration. This prompts the activation of the cata-
lase enzymatic complex under prolonged exposure to water stress. It is obvious that soybean plants in
these symbioses are not capable of completely neutralizing the effects of oxidative stress, as indicated by
increased activity of catalase and superoxide dismutase, both during prolonged exposure to water stress
and after its termination.

The changes in prooxidant-antioxidant status observed in the soybean symbiotic systems induced
by drought appear to inhibit the formation of the symbiotic apparatus, as evidenced by a decrease in the
nodulation process. In addition, the degree of this negative impact depends on the ability of the symbiosis
to realize its nodulation potential under stressful conditions, which depends on the virulence and activity
of Bradyrhizobium japonicum.

Therefore, in effective soybean-rhizobial symbioses, drought inhibits the process of nitrogen fixa-
tion in the whole plant, and its activity is partially restored after the stress is removed. However, specific
indicators of nitrogen-fixing activity indicate a slight decrease in nitrogen fixation per unit mass of soy-
bean nodules during and after drought. This indicates that the functioning of the symbiotic apparatus of
soybeans is preserved in drought conditions, which is primarily dependent on the degree of realization of
the nodulation potential of rhizobia. The inefficient symbiotic systems were unable to fully realize their
nitrogen-fixing potential under the influence of drought, indicating that the symbiosis has a low adaptive
capacity.

Thus, the formation of drought tolerance in symbiotic soybean systems is accompanied by the
preservation of the optimal prooxidant-antioxidant balance by activating key antioxidant enzymes, viz.
superoxide dismutase and catalase, and regulating the development of oxidative processes. This helps
maintain redox homeostasis and improve the effectiveness of the soybean-Bradyrhizobium japonicum
symbiosis in drought conditions. Ineffective and less-effective soybean symbiotic systems are unable to
fully implement antioxidant protection systems during water stress due to the excessive production of hy-
drogen peroxide and the intensification of lipid peroxidation processes.

Our work highlights the importance of applying active virulent Bradyrhizobium strains for increas-
ing the implementation of protective and nitrogen-fixing properties in soybean under drought conditions.
Therefore, the formation of a tolerant soybean-rhizobial symbiosis is the result of the combined ability of
both partners, i.e. the macro- and microsymbiont, to realize their adaptive potential and regulate redox
homeostasis under the effects of drought. This is achieved by activating key antioxidant enzyme systems,
thus maintaining the prooxidant-antioxidant status of the symbiotic system. Our research includes ele-
ments of modern agrotechnologies of soybean cultivation in the context of obtaining ecologically and
economically safe crop production products.
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COMPARATIVE ANALYSIS OF THE a-TUBULIN GENE EXPRESSION IN SPRING
SOFT WHEAT UNDER THE OSMOTIC STRESS
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D. D. Buy, Ya. V. Pirko, A. I. Yemets, Ya. B. Blume

Institute of Food Biotechnology and Genomics, National Academy of Sciences of Ukraine,
Kyiv, Ukraine, yarvpl@gmail.com

Drought and salinity are the major stress factors that limit the plants growth and development, and
also play an important role in its geographical distribution (Shabala, 2013). Moreover, the relevance of
studying these stress types is increasing due to global climate change and climate aridization. Plant
resistance and adaptation to osmotic stress are provided by a complex of various cellular and
physiological mechanisms (Tardif et al., 2007), and further study of their functioning continues to remain
an actual issue. In recent decades, evidences have been accumulated that one of the mechanisms of plant
responses to osmotic stress osmotic stress is intracellular signaling for the reorganization of the main
cytoskeletal structures microtubules (de Keijzer et al., 2014) and actin filaments (microfilaments)
(Pokorna, 2004). The results of a number of previous studies are suggestive that changes in the individual
tubulin gene expression levels are most likely a component of an important mechanism that ensures plant
tolerance to osmotic stress at the cellular level. This assumption was confirmed in the study of individual
tubulin gene expression in wheat (Christov et al., 2008). To date, a total of 15 a-tubulin genes have been
found in the wheat genome, which is divided into 5 subfamilies (three genes each) (Ridha Farajalla et al.,
2007). Thus, the aim of this study was to investigate the effects of water deficit (induced polyethylene
glycol, PEG) and salinity (indiced by high concentrations of NaCl) on changes of a-tubulin gene
expression in soft wheat.

Methods. The levels of a-tubulin gene expression were studied in the Ukrainian selection common
wheat variety (Tritucum aestivum L.) - Oksamyt myronivs’kyi, since this variety demonstrated high
tolerance to both moisture deficiency conditions and salt stress conditions. The levels of a-tubulin gene
expression in plants that not exposed to osmotic stress were used as a conditional control. RNA was
isolated using a commercial Quick-RNA Plant Miniprep kit (Zymo Research, USA) according to the
manufacturer's standard protocol. The RNA concentration in different samples was equalized by dilution.
The commercial ProtoScript Il First Strand kit (Bio Labs, UK) was used to obtain cDNA. Previously
selected specific primers were used to assess the a-tubulin genes expression level for each gene (Buy et
al., 2018). The ubiquitin gene was used as a reference gene. The relative levels of a-tubulin gene
expression were assessed using quantitative PCR (AACt method). The reaction mixture was prepared
using a commercial iQ SYBR Green Supermix kit (Bio-Rad, USA).

Results. According to obtained results, it was revealed that the first a-tubulin gene subfamily is
characterized by a lower a-tubulin gene expression in the stem than in the root during the entire study
period. On the 9th experimental day, a sharp change in expression levels occured: in the roots, this
indicator increased relative to the control, while in the stem, on the contrary, it decreased. The only
exception was gene expression of a-tubulin isotype 1-2, which slightly decreased from 1.47 to 1.19
relative units (r.u.) in the root under the PEG influence. In general, on the 6th and 9th growth days, the
gene expression levels of all a-tubulin isotypes under the NaCl and PEG approximately coincided,
differences in the expression profile in the samples exposed to various stress factors occured on the 12th
experiment day: in the stem under the NaCl, the gene expression for a-tubulin isotypes 1-1 and 1-3
increased, 1-2 somewhat decreased; under the PEG, the expression levels of all gene isotypes decreased:;
in the roots, under the NaCl, the gene expression for a-tubulin isotype 1-1 decreased, 1-2 and 1-3
increased; under the PEG, the expression of all a-tubulin gene decreased. In summary, under the
influence of NaCl on the 12th day, the expression of a-tubulin genes of the first subfamily decreased in
the stems and roots, while under the influence of PEG, no consistent patterns in the expression level
changes were detected.

The second a-tubulin gene subfamily. Analyzing the obtained results, it can be argued that the
second a-tubulin genes subfamily is characterized by an increase in expression levels in the root on the
9th day, followed by a decrease on the 12th day. In the stem, on the contrary, a decrease in expression
levels is observed on the 9th day. Only gene expression profile for a-tubulin isotype 2-2 in the stem is
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characterized by insignificant changes in expression levels during the entire study period under the
influence of both stress factors. Thus, for the second a-tubulin gene subfamily, a similar expression
profile was observed within the root under the influence of both stress factors. The expression levels of all
isotypes in the stem were similar also, but only on the 6th and 9th days. The expression level decreased
under the PEG on the 12th day, and, on the contrary, it increased under the salt influence.

The third a-tubulin gene subfamily. In the stem, the gene expression levels of all a-tubulin isotypes
were lower than the control and significantly decreased on the 9th day. On the 12th day, under the
influence of PEG, the expression levels continued to decrease, while under the influence of NacCl its
increased instead. In the roots, the gene expression levels of all isotypes were higher than the control, and
under the influence of both stress factors, its significantly decreased on the 6th day almost reaching the
control level, and continued to decrease on the 12th day. The expression profiles in the roots were very
similar in both cases.

The fourth a-tubulin gene subfamily. On the 9th day, under influence of NaCl, the gene expression
for a-tubulin isotypes 4-1 and 4-3 decreased in the stem, for isotype 4-2 tended to increase, and the
expression levels of all a-tubulin genes decreased in the roots. On the 12th day, the expression level of the
gene of a-tubulin 4-1 isotype in the stem decreased, while the gene expression for 4-2 and 4-3 isotypes
increased. On 12 day, the gene expression of a-tubulin isotypes 4-1 and 4-3 increased, 4-2 decreased in
the root. Under the influence of PEG, the expression level of all isotypes in the stem decreased, while in
the root the gene for isotypes 4-1, 4-2 level decreased, while 4-3 increased.

The fifth a-tubulin gene subfamily. Assessing the expression levels of the fifth a-tubulin gene
subfamily revealed that the gene expression profiles of a-tubulin isotypes 5-1 and 5-2 are very similar,
except that the expression of the gene for isotype 5-1 increased on the 12th day, and for 5-2 decreased. In
other cases, its expression retained the same trend: in the roots, under the influence of salt, it decreased on
the 6th day and increased on the 12th, while under the influence of PEG, on the contrary, it increased on
the 6th day and decreased on the 12th. In the stem under the influence of salt, the gene expression levels
for a-tubulin isotypes 5-1 and 5-2 decreased during the study period. The expression profile of the gene
for isotype 5-3 was similar to the samples of the stem under the influence of salt and the root under the
influence of PEG, increasing during the entire period, and the stems under the influence of PEG and root
under the influence of salt, decreasing during the entire study period.

Conclusion. The relative expression levels of a-tubulin genes of the most isotypes in the roots
under the influence of PEG and NaCl are relatively higher to the expression levels of these genes in
control plants (the only exception is the expression level of the a-tubulin gene isotype 5-3). In the stems,
the expression levels of the studied genes are lower than in the control

Within the same organ, the a-tubulin gene expression patterns under the influence of two stress
factors (PEG and NaCl) are characterized by similar expression profiles on days 6 and 9, but on day 12,
the change in the expression level can be of the same or dramatically vary depending on the stress factor.
Similar changes in expression under the NaCl (simulating salinity) and PEG (simulating drought) may be
due to the fact that these two factors are related to osmotic stress, which causes similar changes in wheat
in response to its influence, but the difference on the 12th day is probably related to the specific
mechanisms of adaptation under the influence of two different factors. In addition, the a-tubulin gene
expression levels under the influence of NaCl within the organ (stem or roots) are always lower than
under the influence of PEG. However, this may be due to the selected PEG and NaCl concentrations.

Sharp changes in the expression profile of all a-tubulin genes occur on the 9th day. The expression
level of almost all a-tubulin genes in the stem under the influence of NaCl significantly decreased relative
to the control. Basically, under the influence of NaCl, the expression of the first and fifth subfamilies
mostly increased during the study period, but the expression of the second, third, and fourth subfamilies
on the 9th and 12th days mainly decreased relative to the control. Under the influence of PEG, there was
an increase in expression on the 9 day and a decrease on the 12 day of the experiments.
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®EHOJIbHI CHOJIYKH 3JIAKOBUX POCJIMH 3A JIi HOMIPHOI IPYHTOBOI
IHOCYXH
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Beryn. IpydroBa mocyxa € pyiHIBHUM aOiOTHMYHHMM CTPECOM, SIKMH JIMITY€ MPOAYKTHBHICTH
3JIaKOBUX KyJlbTyp. HemocTaTHICTh BOj03a0e3ledeHHsT BIUIMBAE Ha mepedir ¢iziosoro-0ioXiMivHUX
MPOILIECiB, TaJbMY€E PICT Ta PO3BUTOK, 3HWKYE YPOKalHICTh, MOTIpPIIY€E SKICTH 3epHA. 3a YMOB HMOCYXH
3MEHIIYEThCS BMICT  XJopo(ily, I1HTEHCHBHICTh (OTOCHHTE3y Ta TpaHCHmipaiii, aKTHBHICTh
AHTHOKCHJIAHTHUX (DepMEHTIB, 3pocTae TeMrepaTypa JHCTKIB, MOPYUIYETHCS TOPMOHAJIBHUN TOMEOCTa3
(Igbal et al., 2022). BoxHouyac [uis MOAOJAHHS CTPECOBOTO BIUIMBY POCIMHH BHKOPHCTOBYIOTH IEBHI
aJanTHBHI CTpaTerii, aKki 00’ exHyI0Th MOopdooriuHi, (izionorivni i 6i0XiMiYHI BigMOBIi/I, i BU3HAYAIOTH
YCHIMIHICTh POCTY 1 MPOIYKTHBHICTb.

OcnonpHi crionyku (PC) — HErOpMOHAIBHI €HAOTEHHI PETYJISITOPU POCTY — BiirparOTh BAKIIMBY
pPOJIb y 3aXHCTI POCIAMH BiJi €KCTPEMAJbHUX 30BHIIIHIX YMHHUKIB, BIUIMBAIOTh HA CTPECOCTIUKICT,
MiABUINYIOTh iMyHITeT. @C MATPUMYIOTH BOMHUI OamaHC KITHH, O€pyTh y4acTh y 3HEIIKOIKEHHI
aktuBHHX ¢GopMm kucHIO (ADK), cTabimizyioTb MeMOpaHH, 3amo0iraloTh MEPEeKiCHOMY OKHCHEHHIO
JinigiB, neHaTypaiii nporeinis Ta nomkomkenHo JIHK. TomoeauM catitom ®@C B KJIITHHI € BaKyoJis, a B
MOJIOJMX, IHTEHCUBHO POCTYYMX POCIMHHHMX TKAaHHMHAX BOHU MICTATHCS MEPEBaKHO B XJIOPOILIACTaxX i
anpi (Babenko et al., 2019). Pierr ®C B pociuHi MOXe CIIyTYBaTH O3HAKOIO CTIHKOCTiI 0 TIOCYXH
(Upadhyay et al., 2020). Xoua B HayKOBiii JiTepaTypi BIPOIOBX OCTaHHIX POKIB 3’SBHJIACh HH3Ka
myOmikamiit monxo pomi ®C y B3aemomii pociuH 3 HaBkonumHIM cepefoBumieM (Khalid et al., 2019)
MOTOYHI 3HAHHA MOTPeOYIOTh MOAANBIINX JJOCHTIHKeHb. MeToro Hamoi poboTu Oylio TOpiBHSIIBHE
BUBYCHHS 0COOIMBOCTEH HAKOMUYEHHs )EHOIIB 1 (IaBOHOI/IIB B OpraHax CIIOpiIHEHUX BUJIIB MIICHUIb,
SIK1 BIIPI3HSIOTHCS 32 03HAKOKO MOCYXOCTIHKOCTI, 32 YMOB HIOMIPHOI I'PYHTOBOT IIOCYXH.

Marepianu i meroau. Jocmimu mpoBommwinck y 2020-2021 pp. y Bigmini ¢ditoropMoHOIOTIi
Iacruryty G6oraniku imeni M.I'. Xonognoro HAH Vkpainu. Busuanuce 18-1000Bi pociuHH rojo3epHOl
M’sikoi mireHwuiti Triticum aestivum copty IlomossiHka Ta rutiB4acToi miieHHIl cresnpT Triticum spelta
copry DpaHKEHKOpH, AKi HaleXaTh A0 TEKCAIUIOIJHUX MIIEHHIb 1 XapaKTepU3yIOTHCS TOMOJIOTIYHUM
renomuuM ckiagom (Babenko et al., 2018). Copr mmenunii ITomossiHka 3UMO- Ta MOCYXOCTIHKHIA,
BUCOKOBpOXKaliHMM, HeBUOAriMBUii 10 yMoB BupoulyBanHa. Coprt chenstd  DpaHKeHKOPH
MOPO30CTIMKHH, EKOJOTIYHO IUIACTHMYHMN. 3epHIBKM MuIeHui Oynu OoTpuMaHi 3 Konekuii [HcTHTyTy
¢izionorii pocnun ta renetukn HAH Ykpainu (M. KuiB), 3epHiBku crienbT 3 kosiekuii HanionansHoro
HEHTPY TEHETHYHUX pecypciB pocimH YkKpaiHu (M. XapkiB). PocnuHM BHpONIIyBald 3a METOJOM,
onucanum panime (Romanenko et al., 2022). IpyHTOBY TOCYXy CTBOPHOBAIM LUISXOM IIPUITMHEHHS
nojuBy 14-1000BUX POCIIMH BIPOJOBK YOTHPHOX HACTYIHUX Ai0 JO MOMEHTY 3HI)KEHHSI BOJIOTOEMHOCTI
cyOcTpary BABiYi 1 B’STHEHHS JINCTKiB. 3arajbHUN BMICT ()EHONIB BH3HAYAIM 32 MeTo oM Bobo-Garcia et
al. (2015), dbnaBoHOIIB — 32 METOJIOM, OITUCAHUM Y poboTi Smirnov et al. (2021). Otpumani pe3yabTaTH
cTaTucTUYHO 00pobisu y mporpami Excel cranmaptHoro makery Microsoft Office 2013. Kpurnunuii
piBeHb 3HAYMMOCTI il Yac MEePeBIpKU CTATUCTUYHUX TiNOTE3 y NOCTIKEHHI NpuiiMaBcs Ha piBHI P <
0,05.

Pe3yabTaTtH i o0roopennsi. Mu crioctepiraim, II0 3a YMOB MOMIPHOI IPYHTOBOi ITOCYXH
BinOynuce nudepeHuiioBani 3MiHM y HakomudeHHI 1 posmonimi @C B opraHax 03MMOI MIICHHUI
Momonsuka 1 mmenwnti cnenbtn PpankeHKopH. [Ipy MOPIBHAHHI KOHTPOJIBHUX POCIMH MU BU3HAYWIIH,
10 y HaJ3eMHili yacTuHi 18-1000BuX pociuH mienuri copty [lomonstka BMicT ¢enois ckiaas 10,31 mr
GAE/r cyxoi pedoBuHH, a BMIicT ¢uaBonoiniB 4,62 mr RE/r cyxoi pe4oBuWHH, TOHI K y HalI3eMHIiH
YacTUHI MIIEHWII CchenbTd copTy DpaHKEHKOPH BMICT (eHomniB apopiBHIoBaB 12,22 GAE/T cyxoi
peuoBHH, a BMIcT ¢uaBoHoiniB — 5,92 RE/r cyxoi peuoBHHU. Y KOpEHSX I1i MOKa3HUKU OyJIM HHKYIUMHU 1
CKJanM y pociuHax mnueHuni BignosigHo 2,86 mr GAE/r cyxoi peuoBmnm ta 1,29 mr RE/Tr cyxoi
peuoBunw, Ta 3,7 GAE/T cyxoi peuoBunn i 1,93 mr RE/r cyxoi peuoBunu y pocnuHax crnenbtu. [lomipHa
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IPYHTOBA MOCyxa IHAyKyBajda HakornuueHHS PC B opranax o0OX CIOPITHCHHMX BUIIB IIICHMIb, MPOTE
XapakTep 3MiH y BMICTi 3arajibHuX (peHomiB Ta (QraBOHOIAIB y HUX BiApi3HABCS. Y Haa3eMHiM dacTHHI
TIIICHHULII CTIENBTH copTy PPaHKEHKOPH BMICT 3araibHUX (EHOIIB 301IbIUBCSA HA 7%, TOML K Y KOPEHSIX
3pic Ha 53%, mo ckiano Bignosixuo 13,04 ta 5,68 GAE/T cyxoi pedoBuHn. B HagzemHil 9acTrHi 03UMOT
neHnni copty [lomonsHka BMicT 3aranbHuX (eHomiB 30inpmmBes Ha 49%, TOAl K y KOPEHsIX 3pic Juiie
Ha 3%, i cranoBuB 15,38 Ta 2,95 GAE/r cyxoi pe4oBuHH, BimNOBigHO. 3a il MOMipHOi MOCYXU BMICT
(1aBoHOINIB Y HAA3EMHII YacTHHI crienbTy miaBUIUBCA Ha 17%, 1 ckiaB 6,96 mr RE/T cyxoi pedoBuHw,
a B KopeHsx 3pic Ha 38%, mo ckmano 2,67 mr RE/r cyxoi pedoBuHH. Y Haa3eMHIl YaCTHHI Ta KOPEHSIX
MIIEHNUI 32 Jil mocyxu BigOynocs 30imbimieHHs BMicTy ¢uaBoHoiniB Ha 70% Ta 10% BigmoBigHO, 1O
nopieatoBaiio 7,87 mr RE/r cyxoi peuosunn ta 1,41 mr RE/T cyxoi peuoBunu. 3aranom, 3a naii moMipHOT
TPYHTOBOI TIOCYXH BimOyBasoch HakonmueHHs PC B pocivHaxX MIIEHUI 1 crienbTd. B pociamaax 03uMoi
neHnni copty [lomonsHka e mporec akTUBHIIIE MPOXOAUB y HAaA3EMHIN YacTUHI, TOMI AK Y MIICHUI
cnensTH copTy PpaHKEeHKOPH — y KOpeHsX. Pe3ynbraTi HamMX IOCTIIKEHb y3TOJUKYIOThCSA 3 TaHHMHU,
orpumannmu Gregorova et al. (2015) Ha pocimHax o3uMoi meHwIi cioBambkoi cenekiii SK-196, mns
KOTPHX 32 [Iii CHJIbHOI IPYHTOBOI IOCYXH OYJIO BCTaHOBJIEHO 3Ha4He 30inbieHHs BMicTy @C y HanzeMHii
YaCTHHI 1 TIOMIpHE B KOpPEHSIX. ABTOpU 3a3HA4alOTh, 10 NocwieHud cuHTe3 OC y HaJI3eMHIiNM YacTHHI
MOXKE CHPHSATH 3aXUCTy (POTOCHHTE3YIOUMX TKAHWH BiJl OKHCHIOBAJBHOTO CTpECy Ta 3HEBOIHCHHS.
[ligBumennit BMicT 3aranbHUX ()EHOIIB Ta (PIABOHOINIB BCTAHOBICHWH y UYTJIMBUX 1 TOJEPAHTHUX JIO
nocyxu reHotuniB o3umoi nmenutli (Chakraborty, Pradhan, 2012; Hameed et al., 2013; Ma et al., 2014),
onHak rinepcuaTe3oM OC Bim3HaYarOThCS came mocyxocTiiiki renotumnu (Guo et al., 2020; Upadhyay et
al., 2020).

OTxe, 32 KOHTPOJBHUX YMOB BMICT KOHCTHTYTUBHMX PC OyB BHIMM B OpraHax €KOJOTiYHO
TUIacTHYHOI TeHuni cnensTn PpankenkopH. Caiit HakonuueHHss PC y 000X CIOpiAHEHUX BUJIB B
KOHTPOJII Ta JAOCIHIJIi 3HAXOAWUBCS Y HAJ3eMHIN YacTHHI, sika mepeOyBana y ¢a3i akTHBHOTO pocTy. 3a mil
MOCYXHM 3HA4YHO 3pOCTaB BMICT cTpec-iHaykoBanux ®C y Haa3eMHIM YacTHHI MOCYXOCTIHKOI 03MMOI
nmennni Ilogonsaka. B mimomy, 3adikcoBaHi HaMM KiTBbKiCHI 3MiHM Yy BMICTi 3arajibHUX (EHOJNIB i
(h1aBOHOINIB 3aCBIMYMIN TPHUYETHICTh IIMX CIIONYK 10 (OpPMyBaHHS pPEakIlii-BiAMOBiAI Ha TOMipHY
IPYHTOBY TOCYXY 1 MPOJIEMOHCTPYBAIH IXHIO Y4acTh y 3a0e3MedeHi B3a€MOil MiXK POCIMHAMH O3UMOI
TIICHHUIII 1 TIIIEHUITl CIIENBTH 3 OTOUYIOYHM CEPEIOBUILIEM.
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MOP®O-PI3I0JIOI'TYHI OCOBJIMBOCTI AEPHUH MOXIB 3AJIE2KHO BIJ
EKOJIOI'TYHUX YMOB JIICOBUX EKOCUCTEM

O. I. Hlepb6ayenko

Incmumym exonoeii Kapnam HayionanvHoi akademii Hayk Ykpainu, JIvsie, Yrpaina,
shcherbachenko.oksana@gmail.com

MoxonoziOHi BilirpatoTh BAXIINBY POJIb y 30€peKeHHI BOJAHOTO 0ajaHCy B JIICOBUX €KOCHCTEMAX i
€ BOXJIMBUMH 1HIUKAaTOpaMH MiKpoyMoB cepenosuta (Proctor, 2009).

[IpoananizoBano MopdoNOriuHi BiAMIHHOCTI JEPHHH MOXIB JIICOBUX €KOCHUCTEM 3aJIe)KHO BiX iX
exosoriyHuXx yMoB. O0’€KTaMu JOCTIHKeHb OyM TOMiHAHTHI BUAM Opio(iTiB 3 ZOCHIAHUX IITISHOK, IO
BIJIPI3HSINCA 32 BOIHHM, TEMIIEPATYPHUM PEKMMaMHU Ta IHTEHCHUBHICTIO OCBiTIIeHHs y [Ipupoxaomy 3a-
noBiTHUKY “Po3Touds’” (30HA MOBHOTO 3aIOBiIaHHS CTapOBIKOBUX OYKOBHX JiciB yp. Bepemuist), Ha Te-
puropii Bupyoku 40-piuHoro Biky CTpaI4iBcbKOTO JTiCOKOMOiHATY 1 SIBopiBchKOro HamionansHOTro mpu-
pOIIHOTO TapKy (30HA cTalioHapHOi pekpearii “Bepemmuiisa™). MikpokaiMaTHIHI yMOBH Ha JOCTITHUAX Ji-
JITHKaX Y 30HI MOBHOTO 3aIOBiJaHHS Ha TEPUTOPIl MPUPOTHOTO 3amoBiqHUKA “Po3Touds’ mijsHKA cTapo-
BiKOBUX OYKOBHX JiciB Bepemmuipkoro micHuITBa (IHTEHCHBHICTH OCBiTJIEHHS 3—4 THC. JIK, BOJIOTICTb
noBitpst +30-45%, temmeparypa cybcrpaty +20°C, Temneparypa noBitpst +24°C), Oyau BiAMIHHUMH BiJ
TaKux Ha TepuTopii BUpyOku (iHTeHCHBHICTH OcBiTieHHA 4,8—5,0 THc. K, BomoricTs noBiTps +20-24%,
Temmeparpa cyocrpaty +23-25°C, noBitpst — +26-28°C) i B pekpeailiHiii 30Hi (IHTCHCUBHICTh OCBIT-
neHHs 4,0—4,5 tuc. nk, Bojoricts nmoBiTps 35-40%, temnepatypa cyocrpary +19°C, nositps — +26°C).

BcraHoBeHO, 0 TOBKHHA MAaroHiB, iX OOJUCTHEHICTh Ta PO3MIPH JHCTKOBOI IDIACTUHKH y 3pa3-
Kax MOXIB 3aJIe)alia BiJl piBHS BOJIOTOCTI IEPHUH Ta iX )UTTEBOI (hopmu. Ha 3aTiHeHUX MiISTHKaX CTapo-
BIKOBUX OYKOBHX JICIB cepe/iHi 3HAa4YeHHs IOBXHHH 3ejeHux mnaroHiB Polytrichastrum formosum i
Atrichum undulatum cranoBwIM He MeHIIE 35 MM, IO CBIIYUTH MPO CHPHUITINBI MIKPOKIIMATHYHI Ta
enadivHi yMOBHU. BIiTKy Ha BIAKPUTHX JOCTIMHUX JIISHKAX COCHOBHUX HACa/PKEHb BHUCOTA ITArOHIB 3Me-
HiryBanacs Ha 11,7 1 12,8% 1 cranoBuna BianosigHo 21,15+1,20 mm i 19,12+1,30 mM. Bigznaueno 3me-
HIIIEHHSI PO3MIpiB JIMCTKIB, 301JIbIICHHS KUTBKOCTI JIMCTKIB 1 HIUTFHOCTI MAroHiB, IO CIPHUSIIO 30epeKeH-
HIO BOJIHOTO OanaHCy BcepenrHi AepPHUH MOXIB.

IMopisaroroun Mopdomerpuuni mokasuuku D. heteromalla va BigxkpuTHX AiISHKAX CTapOBIKOBUX
OyKOBHX JlicaX Ta COCHOBHX HACaJDKCHHSX BiI3HAYCHO OUIbINY IIUIbHICTh AepHUH (Ha 14%). Takox
BCTaHOBJIEHO Oinbimi y 1,2 pa3u MOKa3HHWKH BOJIOTOCTI CyOCTpaTy IIiJ| JEpHUHAMH MOXY, IOPIiBHSHO i3
cybcTpatom 6e3 pocarHHOCTI. BinsHadeHo, 1o myxki Bucoki aepuuau P. formosum i A. undulatum wmic-
THJI MEHIIIC BOJIOTH, MOPIBHSIHO 3 MmIiibHUMHU AepHuHkamu D. heteromalla. Kpim toro, y Bcix qomiHaHT-
HUX MOXIB Ha BIIKpUTHX AIJITHKAX OTOJIEHOTO IPYHTY pO3MipH NaroHiB Oylid MEHII, HiX Ha cyOcTpari,
BKPHUTOMY POCIIMHHICTIO.

OTxe, BCTAHOBJICHO MPSIMY 3JIEKHICTh POCTOBUX MapaMeTpiB JIOMIHAHTHUX BHJIIB MOXIB BiJl piBHS
OBOJIHEHOCTI IX JICpPHUH Ta 3MIiHM IHTCHCHBHOCTI OCBITJICHHS Ha JOCIIAHMX JUISHKAX PI3HUX JIICOBHX
€KOCHCTEM. 3MEHIICHHS! BUCOTH MAaroHiB, pO3MipiB JMCTKiB, 3011bLICHHSI OOJMCTHEHOCTI Ta LIUIBHOCTI
MaroHiB CHpusie 30epeKEHHI0 BOJAHOTO OajlaHCy BCEpeArHI IEPHUH MOXIB 1 BEpXHBOMY IIapi cyocTpary.

O1iHeHO MIHJIHBICTH MOKAa3HUKIB BOJOTOCTI CyOCTpaTy MiJi MOXOBHUMHU JEPHUHAMHU JOMIHAHTHHX
BUJIIB MOXIB BiJl yMOB Micue3pocTanb. BCcTaHOBIIEHO, 1110 BMICT BOJIOTH Y BEPXHIX LIapax IPyHTY Ha JOC-
JAHUX TUISHKaX y CTapoBIKOBUX OyKoBHX Jiicax OyB BuuiuM B 1,1 i1 1,2 pa3u mopiBHSHO 3 Bojorosabes-
TIEYEHICTIO Ha JIUITHKaX BUPYOKH (Haca/PKeHHS COCHHM) Ta B peKpealliiHiii 30Hi. MoXu 31aTHI TOTJIMHATH
BOJIOTY POCH, TYMaHy Ta OIaJiB, a MOTIM MEPEPO3MOAUIATH 11 Mi’K HaJI3EMHOIO (TIATOHAMM) Ta IMiJ3eMHOFO
(pu3oimuuit 1rap) dactTuHamu rameTodiTy. Bu3HaueHo, IO BOJOTICTH MOXOBOTO MOKpuBY Polytri-
chastrum formosum, Atrichum undulatum i Plagiomnium affine Ha nocmijkyBaHuX IiISHKax B CTapOBi-
KOBUX OYyKOBHX Jjicax craHoBuia 61,5, 57,8 Ta 64,8% BignosigHo i Oyna Oinbmioro B 1,78 pasu, HiXK y
BEPXHBOMY IIapi IpyHTy. B pexpeartiiiniii 30Hi Bojoricte MoxoBoro nokpuBy Polytrichum piliferum i
Atrichum undulatum cranosuna 36,1 i 47,1% BigmoBinHO, nepeBUIIy0Yd B 1,3 pa3u BOJOTiCTh BEPXHBO-
T HIapy IPYHTY. 3araioM HalHIKYi MOKa3HUKH BOJIOTOCTI BU3HAYEHO B 3pa3kaX MOXOBUX POCIIMH Ha aH-
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TPOTIOTEHHO 3MiHEHHX TepuTopisax. Koedimient Bapiarii BoJIOTOCTI JyIsi MOXOBUX JIepHHUH OYB v 1,6 pa3u
BUIIWM, HIX JUIA cyOcTpaTy miJ HUMH, 1y 1,9 pasu BUIIUM, HIXK Ui OrojieHoro cyocrpary. Bucoky mo-
3uTHBHY Kopermito (I = 0,83) Big3Ha4eHO Mi’K BMICTOM BOJIOTH Y AEpHUHKAX Ta CyOCTpaTi MijJ HAMH.
Mik OKa3HMKaMH BOJIOTOCTI i 6ioOMacH MOXOBHX JEPHUHOK BHUSBICHO caabimy kopermsiitoo (r = 0,48).
BcraHoBieHo 3HauHy 3a€KHICTH MK OBOJHEHICTIO TaMeTO(iTy AOMIHAHTHHX EMireiHUX BHUIIB MOXIiB
Polytrichum formosum ta Atrichum undulatum i Bosorictto mositps (r = 0,59 i r = 0,64). AxTyanbHa Ku-
CIIOTHICTh BEPXHBOTO IIAPy IPYHTY Ha JOCTIAHHUX AUISHKAX Oyiia OJM3bKOI0 10 HEUTPAIBHOI i CTAHOBHIIA
6,0—6,3, ToMi SK miJl JepHUHAMH MOXIB MOoKa3HUKY pH 3MiHIOBaNIMCS y mupIoMy fiana3oHi. Beranosie-
HO, II10 JOCJIIJPKYBaH1 BUIM MOXiB Jemo 3MeHnrysanu pH (aa 0,3-0,6 ox.)

OTxe, MIKPOKIIMATAYHI YMOBH BEPXHBOTO IIAPY IPYHTY Y CTApPOBIKOBHX Jicax Oynu cTaOinmbHi-
IITUMH, TIOPIBHSIHO 3 AUISHKAMH 3 aHTPOTOTEHHUM HAaBaHTAKCHHSM, IO CIPHSUIO 301IBIICHHIO TPOCKTHB-
HOT'O MOKPUTTA 1 GioMacu OpiodiTHOro moxpuBy. Bu3HaueHO mpsMy 3aleXHICTh POCTOBHX HapameTpiB
JIOMIHAHTHUX BHJIIB MOXIB BiJl piBHsI OBOJIHEHOCTI iX JIEPHUH Ta 3MiHH IHTCHCUBHOCTI OCBITJICHHS HA JIOC-
JTHUAX OUITHKAX JIICOBUX €KOCHCTEM. 3MCHIIECHHS BUCOTH ITaroHiB, PO3MIpPIB JIUCTKOBOI INIACTHHKH, 30i-
JIBIICHHS OOJIMCTHEHOCTI Ta INIILHOCTI MAroHIB CIpUse 30€PEKECHHIO BOJHOTO OajaHCy BCEPEAMHI Jep-
HUH MOXIB 1 BEpXHbOMY IlIapi CyOCTpary.
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DNA DAMAGE RESPONSE IS A PREREQUISITE OF PLANT STRESS TOLERANCE
TO RADIATION AND HEAVY METALS
G. V. Shevchenko

Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
galli.shevchenko@gmail.com

More than 35 years have passed since Chornobyl nuclear explosion but, despite chronic radiation,
active vegetation in Chornobyl proves plant genome protection from damage caused by radiation and
heavy metals in soil. One of the immediate targets of radiation is the genetic material, DNA, therefore, the
aim of our research was to find out what DNA-protective mechanisms operate in Chornobyl plants and
help promoting their stress tolerance. We collected seeds of Arabidopsis thaliana from the Chornobyl
zone, performed growth tests on the medium with heavy metals (Cd, Pb) and radio-mimetics (bleomycin),
and selected stress-tolerant and susceptive plant lines. By means of qPCR reactions, we have checked the
expression of genes encoding proteins involved in the repair of DNA breakage and damage, in particular,
BRCA, PARP, Lig4, Rad51, Radl7, and CycB1:1, and kinases ATR/ATM. Our investigations show that
A. thaliana seedlings from the Chornobyl zone tolerate DNA-damaging agents much better and repair
faster than control plants from non-polluted areas outside of the zone. Experiments have shown the up-
regulation of genes involved in DNA damage response (DDR) and signal transduction pathways which
sense DNA breaks and initiate various cellular responses (Nisa et al., 2019). Interacting signaling path-
ways of DDRs activate DNA repair, cell-cycle checkpoints, and cell death to remove or tolerate lesions in
genetic material. In our experiments, expression of ATR/ATM kinases was increased after plant treatment
with bleomycin suggesting a role of ATR/ATM-dependent pathway in genome stabilization under the
above conditions. Downstream expression of the CycB1:1 gene means the involvement of cell cycle regu-
lators in plants grown in chronic radiation environments. Several DNA repair pathways are known to ex-
ist in plants, among them homologous recombination (HR) and non-homologous end joining (NHEJ) play
the key role. Our experiments have shown the involvement of both NHEJ and HR in the stabilization of
plant genomes in the Chornobyl zone (Gill et al., 2015). Thus, efficient DDR is activated in Chornobyl
plants treated with genotoxins suggesting its role in acquired tolerance (Shevchenko, Talalaiev, 2017).
Regulation of genes from the above pathways would help to develop biotechnological constructions for
crop plant stress tolerance. It should be mentioned that our investigations provide unique information for
researchers working on plant growth in stressful environments and open wide prospectives for agricultur-
al biotechnology.
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OCOBJIMBOCTI ®OTOCUHTETUYHOI ACUMUISALIIL CO; 3A
BUCOKOTEMIIEPATYPHOI'O CTPECY Y KOHTPACTHHX 3A CTIMKICTIO
COPTIB O3UMOI NIIEHUIII

0. O. Cracuk

Tnemumym @izionoaii pocaun i eenemuku Hayionanvnoi akademii nayx Yrpainu, Kuis, Yxpaiua,
0_stasik@yahoo.com

[limButeHHs aKTHBHOCTI (D)OTOCHHTETUYHOTO arapary BBAXKAETHCSA OJHUM 3 HAHUTIEPCIEKTUBHIIINX
YMHHUKIB TeHETHYHOTO MOJIMIIEHHS MPOAYKTHBHOCTI CJIbCHKOTOCIIOIAPCHKUX KYJIBTYP, 1 30KpeMa Miie-
aui (Cracuk Ta iH., 2016; Murchie et al., 2023). B octanHi JeCATHIITTS B 3B'SI3KY 3 TJI00aJIbHAM MOTETI-
JHHSAM KJITIMaTy Bce OUIBII Ba)KJIMBOTO 3HAYCHHS HAOyBa€ MiJIBUIICHHS CTIHKOCTI (DOTOCHHTETHYHOTO
amapary /10 BUCOKOI TeMIepaTypH i AeiluTy 3BOJOXKEHHS, 110 € YAHHUKAMH HAHICTOTHIIINX BTPAT BPO-
Karo MiIeHuI B OubinocTi 30H 3emiepodcta (Lesk et al., 2016). ocmimkeHHs MPUPOIHOT TeHOTHITHOT
BapiabeIbHOCTI PiBHA aKTHBHOCTI ()OTOCHHTETHYHOTO arapary 3a CIPHUATINBHUX 1 CTPECOBUX YMOB Ta (ha-
KTOPIB, IO 11 3yMOBIIIOIOTh, MAlOTh BaroMe 3Ha4eHHs /ISl OAATIBIION0 BUKOPHCTAHHS B CEJIEKLIIHOMY
npoueci (Faralli, Lawson, 2020).

Mu BuBUanm BapiaOeNbHICTH aKTHBHOCTI (DOTOCHHTETHYHOTO arapary B Pi3HHX COPTIB 03UMOL
M’SIKOT TIIIEHUII] 32 ONITUMAIIBHUX 1 CTPECOBHUX YMOB Ta OCOOJIMBOCTI peakilii OKpeMHUX €TalliB i CTPYKTYyp-
HUX KOMITOHEHTIB (DOTOCHHTE3Y Ha A0 BUCOKOI TEMIIEpaTypy B KOHTPACTHUX 3a CTIHKICTIO TEHOTHITIB.

Po3max BapitoBaHHs iHTeHcHBHOCTI acuMisnii CO, 32 ONTHMaJIbHUX yYMOB CTaHOBHB OJIM3BKO
34% y 4-ro nuctka B (asi Kyminas i 54% y npanopueBoro JucTka y $asi LUBITIHHA POCJINH. 3a MOMipHO-
ro cTpecy (MigBUILEHOI TeMIIepaTypH YK IPYHTOBOI MOCYXH) BiH 3poctaB 10 165% y 4-ro nuctka i 298%
y IpanopleBoro JUCTKA.

BcraHoBeHO, 0 HAWBUIIOW aKTUBHICTIO ()OTOCHHTE3Y 32 ONTHMAIBHUX 1 CTPECOBHUX YMOB BiJI-
3Havanuca HoBi crBopeHi B IOPI" HAHY BucoxonpoayktusHi coptu ®aBopurtka, Bononapka, [logomnsa-
ka i CMyrisHKa. Bucokuit cTymiHb TepMOTONIEPAaHTHOCTI (POTOCHHTE3Y OYII0 BUSBIEHO y copTiB Onmechka
51, Oneceka 66 1 Honeupka 48, [Tononsuka. [IporpiBanHs aMCTKa BUCOKOCTIMKMX COPTIB IIPHU TeMIepa-
Typi 38°C Buponosxk 30-60 xB 3HMKYBaIO iHTeHCHBHICTH acumisaLii CO; Ha 30-40%, a y HecTiHKuX co-
pTiB Ha 60-65% mopiBHAHO 3 KOoHTpoJsieM mpH 25°C. TlokazaHo, 110 IHTEHCHBHICTh (POTOCHHTE3Y SIK 32
ONTUMAJIbHHX, TAK 1 32 CTPECOBMX YMOB BH3HAUYAETHCS AKTUBHICTIO MEPBUHHOTO KapOOKCHIIOBAIHLHOTO
depmenty Py6Gicko. Ilpu miaBHUICHH] TeMrepaTypH JUCTKa iN VIVO MIBUAKICTh KapOOKCHIA3HOT peaKiii
Py6icko (V) y HecTiiikux copTiB 3HIKyBasacs Ha 35-45%, a mBUAKICTH OKCHI'€HA3HOT peakiii (Vo) Ha 5—
20%, Toji SIK y BUCOKOCTIMKMX BEIUUMHA V. 3HIDKYBayacs Ha 5-16%, a v, migsuinyBaiacs Ha 140-160%.
dakrop cnenudiurocti Pydicko (criBBiaHOIIEHHS V(/V, 3a ogHakoBuXx KouueHTpaiiii CO; i O,) 3MeHIy-
BABCS MalKe B JiBa pas3H 1 MPAKTUYHO OJHAKOBO Y BCIX AOCIHIPKEHUX COPTIB. Y TOW K€ 4ac MaKCHUMalbHa
HIBHIKICTh KapOoKcumtoBaHHs PyGicko (Vemax) 30iMblyBasacs OUTBIN HIXK B JIBa Pa3H y BUCOKOCTIMKHX
COPTIB 1 3aNHIIANIACh HE3MIHHOIO y HECTIHKUX COPTIB.

[IpoBenennii kKopenALiiHUN aHaNi3 3B’A3KiB MK XapaKTEpPUCTUKaMHU (DOTOCHHTETHYHOTO anapary
MOKa3aB, 1110 33 ONTHUMAIBHOI TeMIIepaTypH 3 iHTeHcHBHIcTIO acuMunsii CO, HalOUTIBII TiICHO KOPEIOE
(r = 0,93) makcumasbHa MBUIKICTh KapOoKcuttoBaHHs. [licis 30-XBHIMHHOTO MPOTrPiBaHHS JIUCTKA PU
38°C BenuuunHa KoedilieHTa KOpessiuii IMX MOKa3HUKIB Iemo 3HwKyBajacs (I = 0,79), ane cipuyuHeHi
NPOrpiBaHHAM 3MiHM IHTEHCHBHOCTI (POTOCHMHTE3y BCE X HaWOUIbII TICHO KOPENIOBAIM 31 3MiHAMHU
Vemax (r = 0,92).

BcranoBieHo, 1mo 3MiHM KapOOKCHITIOBAJIbHOI aKTHBHOCTI Py0icko 3a yMOB mporpiBy Oyiu cripu-
YMHEH1 3HIWKCHHSAM CTyneHs akTtuBauii ¢epmenty. [ligBuieHHs TemmepaTrypu CHIIBHIIIE 3HHKYBAJIO
CTyNiHb akTuBalii PyOicko y YyTJIMBUX COPTIB MOPIBHIHO 13 BUCOKOCTIHKMUMH. [HAyKOBaHI POTpiBaHHIM
3MiHM aKTHBaIii ()epMEHTY TiCHO TO3UTHBHO KOPENOBaNIM 31 3MiHamu iHTeHcHBHOCTI acuMUIAIii CO,.
BcranoBieHo, 1110 BUCOKOTEMIIEPATYPHUH CTpec MPAaKTUYHO HE BIUIMBAE HA KiJbKICTH OJOKOBaHMX iHTi-
0iTOpOoM KaTalliTHYHKX 1eHTpiB Pybicko. CTymiHb iHri0yBaHHS OTOCUHTE3Y B JIMCTKAX PI3HHX 32 CTiHKi-
CTIO COPTIB O3UMOI MIICHUIII 32 Jii MiJBUICHOT TeMIIepaTypy BU3HAYAETHCS 3HWKEHHSIM akTuBalii Py0i-
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CKO B pPe3yJbTaTi 3MCHINECHHS YacTKH KapOaMiIbOBaHHUX (KATATITHYHO KOMIIETCHTHHX) PpEaKIIiiHIX
HEHTPIB (PEPMEHTY, 10 OUYEBUIHO TOB’SI3aHO 3 PI3HOIO0 TepPMOJabiIbHICTIO MIanepoHHoro Oinka Py6Gicko-
aKTHBa3M.

Bussnieno, mo ¢epmenT PyGicko-akTrBa3a, BiAMOBIJAIbHUHN 3a CTYyIMiHb akTHBamii Py6icko, B mc-
TKaxX 03UMOI MIIEHULI CKIAAAEThCA i3 TpboX i30opm 46, 42 140 k/la. BucokocTiliki copTH Big3HAYAIOTh-
cs1 OLTBILIMM BMICTOM CTaO1IBbHILIOI 32 BUCOKOT TeMIlepaTypy Benukoi i3opopmu 46 k/la, A1 MeHII CTiid-
KHX COPTiB XapaKTepHUM OYB MiABHUINEHUH BMiCT TepMonadimpHImmxX i3ogopm 42 i 40 xa.

[TporpiBannst snuctkiB npu 38°C mpotsrom 30 xB 37e0inpmioro 3meHmyBano BmicT PyGicko-
AKTUBAa3M 1 3MIHIOBAJIO CIiBBIIHOLICHHS 130OpM. Y CTIMKHX COPTIB Pi3KO 3MEHIIyBajiacs 4yacTka i3odo-
pmu 40 x/la 1 3poctana gactka 42 x/la. [lokazano, mo CTidKICTh (POTOCHHTETUYHOTO amapary A0 ITiIBH-
IIEHO1 TeMIIEpaTypH TICHO HETATHBHO Kopemoe 13 BMicToM i3odopmu 40 x/lla (r = —0,89) i mo3uTuBHO i3
BMicTOM i30hopmu 46 x/la.

OTxe, BUIIA CTIHKICTh (POTOCHHTE3Y JO BUCOKHX TEMIIEPaTyp Y COPTIB MIIEHHII 3YMOBIIOETHCS
3IaTHICTIO 30epiraTv BUIy CTYMiHb akTHBamii PyOicko i akTuBHICTE pereHeparttii PB® B mukii Kanbina.
AKTUBHICT QYHKI[IOHYBaHHS ()OTOCHHTETUYHOTO arapary MIIeHUI 3a MiABUIICHOI TeMIepaTypu MOXKe
OyTu 30UIbIIICHA NUIAXOM IiJBHUINECHHS BIJHOCHOTO BMICTy Benukoi i3odopmu (46 kla) PyOicko-
aKTHBa3M.
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SOME PARAMETERS OF PHOTOSYNTHETIC APPARATUS OF SPINACH UNDER
SPONTANEOUS HYPOXIA IN HYDROPONIC CULTIVATION

N. M. Topchiy, V. V. Dadika, O. K. Zolotareva

Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
membrana@ukr.net

The availability of O, largely determines the metabolism of all living organisms. Oxygen deficien-
cy leads to temporary or prolonged hypoxia or even anoxia and is a common environmental stress experi-
enced by plants on poorly drained soils, during prolonged flooding, total submergence, or ice cover. The
development of hypoxia occurs due to the low solubility of O, and the low diffusion rate of molecular
oxygen in water, which is 10* times slower than in air. Since the solubility of O, at 20°C does not exceed
9 mg/l of water and decreases with increasing temperature, the supply of atmospheric O, to aquatic envi-
ronments or waterlogged soils is slowed down by about 320,000 times (Armstrong, 1979).

A sharp drop in oxygen concentration around the roots during plant flooding can lead to actual an-
oxia in the root zone. Waterlogging of soils during floods or heavy rains is one of the main abiotic stress-
es that negatively affect crop yields. In the absence of oxygen, which is the final acceptor of mitochondri-
al electron transport, root respiration is inhibited, and the synthesis of ATP coupled to respiration is
blocked. With a deficiency of ATP, which is necessary for the transportation of nutrients from the root
zone to the shoot, plant nutrition deteriorates, growth processes are inhibited, hydraulic conductivity is
suppressed, and, as a result, water absorption, which ultimately leads to the closure of stomata (Aroca et
al., 2012). Under these conditions, the rate of photosynthesis decreases, resulting in the plant losing a
source of energy for growth and development.

One way to assess the effect of hypoxia on plants is to use a hydroponic system with a reduced O,
concentration in the nutrient solution, which, depending on the plant species, is achieved either by stop-
ping aeration or by purging the solution with nitrogen (Velasco et al., 2019). The aim of the study was to
determine the effect of spontaneous hypoxia in a hydroponic system on the photosynthetic parameters of
spinach (Spinacia oleracea L.).

The object of study was spinach plants of the Matador variety. Plants were grown at a photoperiod
of 12 hours on Hoagland's medium for 40 days (from the time of seed soaking) in the hydroponic culture
at 21°C using a floating system. The culture medium was changed weekly. The culture medium was satu-
rated with oxygen with constant air bubbling using an aquarium pump. On the 31* day of cultivation, the
air purge of the nutrient solution in the experimental variant was stopped, as a result of which hypoxia
spontaneously occurred in the system. At normoxia, the O, level in the nutrient solution was about
9 mg/L, and after the cessation of aeration, there was a gradual decrease in the O, content in the solution,
and after about 12 hours the oxygen content decreased to < 1.5 mg/L. The light source was fluorescent
lamps LB40 (Poltava, Ukraine). The PPFD (photosynthetic photon flux density) in the PAR zone at the
level of leaves was about 200 pmol-m?-s™.

The chlorophyll (Chl) content in leaves was determined by the method of Arnon (1949) in terms of
1 g of leaf dry weight (DW). The fluorescence of chlorophyll a was measured by an XE-PAM fluorome-
ter (Heinz Walz GmbH, Germany) at room temperature. Before measurement, the leaves were adapted to
darkness for 20 min. The data were recorded digitally. The values of functional fluorescence parameters
were calculated according to (Maxwell, Johnson, 2000). Chl is a key component of photosynthetic sys-
tems and is considered a physiological indicator of plant health. The data obtained in this study confirm
that stress induced by oxygen deficiency at the root level significantly affects the pigment composition of
spinach leaves. In our experiments, root hypoxia caused a significant (24.6%) decrease in the total Chl
content. The decrease in the total carotenoid content (by 20%) was also comparable. The concentration of
Chl a decreased to a greater extent (by 29.2%), while the concentration of Chl b decreased by only
14.9%. Thus, the relative content of Chl b increased under hypoxia, and the ratio of Chl a/b concentra-
tions fell from 2.95 in the control to 2.55 under hypoxia. Approximately the same degree of pigment con-
tent reduction with an increase in the relative content of Chl b was observed in five varieties of beans
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(Phaseolus vulgaris L.) when oxygen access to the nutrient solution was limited for 14 days of hydropon-
ic cultivation (Velasco et al., 2019). It can be noted that the level of hypoxia in the cited work was 30% of
oxygen saturation (oxygen concentration in the culture medium was about 1.5 mg/L), i.e., it corresponded
to the conditions of our experiment. The increase in the relative content of Chl b in the present study and
in the study (Velasco et al., 2019) is consistent with the results (Su et al., 2022) obtained when studying
the effect of flooding on the mulberry photosynthetic apparatus and the expression of genes controlling
biosynthesis and degradation of Chl. The authors showed that the expression of the genes of Chl synthase
(ChlS), chlorophyll a oxygenase (ChlAO), and proteins of the light-harvesting complex (LHC) are sup-
pressed under hypoxia. Since Chl in chloroplasts is stable only in the protein-bound state, a decrease in
the level of pigment-bound proteins leads to the decay and loss of Chl (Sivash et al., 2018), and an imbal-
ance of chlorophyll cycle enzymes (ChlS and ChlAQ) leads to an increase in the relative content of Chl b.
To characterize the adaptability and tolerance of plants to changes in the growth environment, the param-
eters of Chl a fluorescence were determined. An important indicator for assessing plant stress damage is
the initial value of fluorescence Fo. In our study, this indicator decreased slightly under the oxygen star-
vation of spinach. The maximum fluorescence values (Fm) after the dark adaptation of leaves are
achieved with the complete restoration of electron acceptors in PSII. A decrease in Fm indicates that not
all of these acceptors are fully restored, and this photosynthetic object is under stress. In our experiments,
the Fm of spinach leaves under root hypoxia decreased by 37% compared to the control. It should be not-
ed that even with a light pulse that saturates photosynthesis, the value of Fm depends not only on the in-
tensity of the excitatory light but also on the Chl content in the tissues under study (Goltsev et al., 2014),
which decreased by 24.6% under the experimental conditions (see above). Thus, the effect of root hypox-
ia on Fm exceeded the possible influence of a decrease in the Chl concentration in the leaves.

A reliable indicator of the photochemical activity of the photosynthetic apparatus is the Fv/Fm pa-
rameter, which was slightly reduced compared to the control in spinach leaves cultivated without forced
aeration for 10 days. No significant differences in the Fv/Fm parameter between the control and plants
under hypoxia were reported by (Velasco et al., 2019) and (Su et al., 2022). The gP, gN, and NPQ values
determined in our study of leaves grown in the absence of aeration did not differ significantly from the
control.

To evaluate possible changes in leaf gas exchange under root hypoxia, the parameter Fs/Fo was de-
termined which, according to Flexas et al. (2002), is an excellent indicator of a decrease in stomatal con-
ductance during water stress. Although many studies (Aroca et al., 2012; Velasco et al., 2019) have
shown a negative effect of hypoxia on stomatal conductance, in our work, no significant difference in the
Fs/Fo parameter was found between plants grown without purging the culture medium and the control.

Already after 3-4 days of cultivation of spinach without forced aeration, wilting and curling of
leaves were observed, indicating a violation of the flow of water from the root zone to the leaves with a
loss of turgor pressure. Along with a decrease in the Chl content in the leaves, these morphological
changes are obvious signs of stress. At the same time, the results of determining the functional parameters
of Chl fluorescence indicate minimal damage to the PSII under spontaneous hypoxia, which may be due
to the accumulation of antioxidant defense components in spinach leaves.
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The development of industry, agriculture, and mining of useful minerals has led to an increase in the
content of heavy metals (HM), which has become one of the most important problems of environmental
toxicology, threatening the life and health of living organisms. The study of adaptive biochemical responses
of plant organisms to the action of HM, as well as the search for sensitive biomarkers for rapid monitoring
of environmental pollution is relevant.

Among the most widely used biomarkers for assessing the response of organisms to TM are enzymes.
Almost all reactions occurring in living systems are carried out due to enzymatic catalysis. Pollutants such
as metal ions act by increasing or decreasing the activity of many enzymes at very low concentrations. This
is due to binding to non-metals such as N, O, and S containing an unbonded pair of electrons present in the
structure of active enzymes (Mussali-Galante et al., 2013). Studying the reaction of enzymes to the action of
increasing HM concentrations makes it possible to reveal the mechanisms of their action and develop meth-
ods for assessing the level of environmental pollution for the occurrence of unsafe effects on the organism.

One of the most common metalloenzymes that are very sensitive to the inhibitory effect of HMs is
carbonic anhydrase (CA, hydrolysis of carbonates EC 4.2.1.1) (Lionetto et al., 2016), which reversibly hy-
drates CO,. In living organisms from prokaryotes to humans, CA is represented by seven types (o, B, v, 9, C,
n, 1) and multiple forms (Supuran, 2008).

Vascular land plants contain a-, -, and y- CAs (2), which function in a myriad of physiological roles
depending on the plant and the type of photosynthesis it carries out. In higher plants, most CA isoforms be-
long to the B type and are present as dimers, tetramers, or octamers.

In this communication, we present for the first time the data on the isolation of multiple forms of car-
bonic anhydrase from the leaves of a fast-growing annual weed Chenopodium album L. C. album is report-
ed to be one of the 12 most successful colonizing species. It grows in all inhabited areas except in extreme
desert climates. It thrives on all soil types and over a wide range of pH values. C. album exhibits great ge-
netic variation and phenotypic plasticity in response to environmental heterogeneity (Li, Watkinson, 2000).

Girdhar et al. (2014) also found that numerous weeds exhibit high levels of inherent metal tolerance.
Due to their high colonization ability, they are often abundant even in contaminated areas without having
harmful effects on the local plant diversity. Among weeds with these characteristics, information on metal
accumulation in Chenopodiaceae species has been widely reported. In this family, the annual stress-tolerant
Chenopodium album (white goosefoot) is one of the most studied species. Both a low level of HM bioac-
cumulation and the remarkable accumulation potential of Cd, Cr, Cu, Ni, Pb, and Zn by plants on contami-
nated soils have been reported. On this basis, C. album was recommended to use for HM phytoextraction
purposes. As metals cannot be broken down, when concentrations within the plant exceed optimal levels,
they adversely affect the plant both directly and indirectly, causing inhibition of cytoplasmic enzymes and
damage to cellular structures. An example of the enzymes that are modified under HM contamination and
can serve as a marker of environmental pollution is carbonic anhydrase (Lionetto, 2016).

The aim of the work was to study the influence of heavy metal ions (Zn*, Cd**, Cu**, Hg**, Ag") on
the activity of multiple forms of CAs isolated from C. album leaves.

The isolation of CAs was carried out mainly according to Pocker and Ng (1973). Fresh leaves were
cut and homogenized with buffer (20 mM sodium phosphates-100 mM sodium chloride-1 mM EDTA (pH
6.8). The suspension was filtered and the pulp was discarded. The filtrate was brought up to 30% saturation
with (NH,),SOy, stirred for 1 hour, and centrifugated at 8 000 g for 30 min. The pellets were discarded. To
the supernatant liquid, more (NH,),SO4was added to 55% saturation. The precipitate was collected by cen-
trifugation and dissolved in phosphate buffer. After removing the excess of (NH,),SO, by dialysis, the pro-
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tein solution was loaded onto a DE-52 column equilibrated with the phosphate buffer containing 20 mM
NaCl. The fraction containing CA was eluted with the same buffer containing 300 mM NaCl. The fractions
containing CA activity were collected; protein was precipitated by adding solid ammonium sulfate and
stored in a refrigerator at 4°C.

Native electrophoresis of soluble proteins isolated from C. album leaves was performed according to
Ornstein and Davis (1964). Visualization of the hydratase activity in gels by the production of protons (H")
in the reaction of CO, hydration was carried out according to Edwards and Petton (1966). The gels were in-
cubated for 30 min at 0°C in 44 mM veronal buffer (pH 8.1) with the addition of a pH indicator bromothy-
mol blue. After saturation with the indicator, the gels were transferred to CO,-saturated water. A local de-
crease in pH in the protein zones exhibiting CA activity was evidenced by the formation of yellow bands
due to a change in the color of the indicator from blue (alkaline pH) to yellow (acidic pH).

Visualization of CA activity in PAAG revealed four protein bands exhibiting CA activity, which cor-
responded to high and low molecular weight oligomeric associates. These bands were characterized by dif-
ferent levels of enzymatic activity, which is evidenced by the non-simultaneous appearance of yellow color-
ation in these areas during their visualization: low-molecular-weight complexes were the first to appear, and
the high-molecular form of CA was the last to appear. The comparison of electropherograms of the C. al-
bum soluble proteins stained with Coomassie and bromothymol blue allow reveals an association of Ru-
bisco and KA.

CA activity of the protein preparations in solution was determined by the rate of CO, formation dur-
ing bicarbonate dehydration using an infrared CO, gas analyzer (S151, Qubit Systems Inc., Canada) in a
continuous flow of air, devoid of CO, due to passage through a column with ascarid.

Concentration of HM ions and AA, causing semi-maximal inhibition (Isy) of CA activity of the
total fraction of soluble proteins isolated from C.album leaves

HM iones/ AA Ag’ Hg?* cd? cu?t 72t Acet?'zosol\a;mme
lso 300 nM 180 nM 16 M 20 uM 600 uM 2 uM

The effect of copper, zinc, cadmium, mercury, and silver ions on the dehydratase activity of CAs in
the total fraction of soluble proteins of C. album leaves was studied by infrared CO, analysis. The CA ac-
tivity of soluble proteins was inhibited with increasing concentration of HM in the reaction medium. The
semi-maximal inhibition (Iso) was recorded when 180 nM HgCl,, 300 nM AgNQO;, 16 uM CdCl,, 20 uM
CuSQq, or 600 uM ZnCl, was added to the reaction medium. The results are summarized in the Table.

A 90% inhibition of CA was achieved with the addition of 300 nM HgCl,. An increase in the concen-
tration of AgNO; to 400 nM resulted in 75% inhibition of CA. The addition of 40 uM CdCl, or 40 uM
CuSO0; inhibited CA activity by 90%.

It was determined also the sensitivity of CAs from C. album soluble protein fraction to the inhibitory
activity of CAs classical inhibitor acetazolamide (AA) (Table). It suppressed the CA activity with 5,2 uM.
Thus, such HM ions as Hg”* and Ag* are much more effective inhibitors of CA activity than its known spe-
cific inhibitor AA. These ions are known to be sulfhydryl (thiol) poisons, and their potent inhibitory action
is obviously due to the fact that the active center of plant §-CA, in contrast to the active centers of a-, and y-
CA:s, contains two residues of cysteine, SH-containing amino acid (Supuran, 2008). It should be noted that,
in general, metal ions significantly more strongly inhibit the CA activity of plant CAs, which are mainly
represented by B-forms, than human and animal CAs, which are overwhelmingly a-types of the enzyme.
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306inblIeHHs PiBHS MApHUKOBUX Ta3iB B aTMocepi y pe3yibTaTi aHTPOIOTEHHOTO BIUIMBY
MOCUIIOE TPUPOJHHMH TNapHUKOBHH edexT 3emsi i € NpUYMHOIO TH0OalbHHX 3MiH KIiMaTy,
MOB’sI3aHUX 13 MiABUIEHHSIM TEMIIEpAaTypH Ta MOCyXxor. Boguuil nedinut —HaiOiIbII MOMTUPEHAN
abloTHYHHI CTpecop, SIKMi HETaTUBHO BIUTMBAE HA PICT, PO3BUTOK 1 MPOAYKTUBHICTH CiIBCHKOTOC-
nogapcbkux KyaeTyp. Kapboanrigpasu (KA) pocnuH, siKi KaTani3ylOTh peakililo 3BOPOTHOI Tifpa-
Talii ByTJIEKHUCIIOro ra3y, € YyTJIMBUMHU JO pi3HUX BUAIB cTpecy. Lli ¢pepmeHnTH 3amydeHi 1o OGara-
ThOX (i3ionmorigyHux mnpomnecax (porocwHTE3, NUXaHHSI, O10CHHTE3 aMiHO- Ta JXHPHUX KUCIOT, MAT-
pUMaHHSA KHCIOTHO-OCHOBHOI PiBHOBAaru, peryislis BiAKPUBaHHS 1 3aKpUBaHHS MpoAMXiB). Bimo-
Mo, mo ctpomanbHa KA i1HAYKyeTbcS MiJ BIUIMBOM pi3HUX OIOTHMYHHMX i abiOTHMYHUX CTPECOPIB,
B3a€MO/Ii1 3 CATIMIOBOI KHUCIOTOIO 1 MPOSBISA€ aHTHOKCHUIAHTHI BIACTUBOCTI, IpoTe il pois B 3a-
XHCTI POCHHH BijJ cTpecy He 3’scoBaHo. JlocmimkeHHS 3MiHM aKTUBHOCTI Pi3HHX (OPM CTPOMAJb-
Hux KA go3BoiuTh oTpuMaTH HOBI AaHi mogo0 ydacti KA y 3axucti Bix HacmigkiB BogHOro aedi-
[ATY Ta peryisauii epekTuBHOCTI poTocuHTE3y. KpiM TOr0, BUBUEHHS pOJIi CTpOMAIbHUX KapOoaH-
Tiipax XJOPOIUIACTIB y MeXaHi3Max (OopMyBaHHS CTIHKOCTI A0 BOAHOTO AedillUTy MOXKE NaTH 1H-
dbopmalio, KOPUCHY I PO3POOKH CENEeKIIMHUX Ta TeHHO-IH)XKCHEPHUX 3aXO0iB MO0 3MCHIICHHS
CTPECOBOTO BIUIMBY Ha KyJIbTYPHI POCIUHH.

3a YyMOB MOCYXH POCJIMHH aJalTYIOThCs 10 3HMKEHOro piBHSA CO,, 3yMOBIEHOIO 3aKPUTTIM
nponuxiB. [locyxa, sik i 6arato iHIIUX a0iOTUYHMX YMHHUKIB, CIPUUYMHSAE aKTUBAII0 Pi3HOMAaHI T-
HUX CUTHAIBHUX IUISAXiB ISt GOPMYBAaHHS CTIHKOCTI 10 TAKMX YMOB HaBKOJHUIIHBOTO CEPEOBUIIIA.
KoporkoTpuBana nocyxa nomMipHoi iHTEHCHUBHOCTI BUKJIMKA€ aKTHUBaLil0 cTpoManbHuX B-KA, 30k-
pema i3odopm B-KA1, msaxom nmocuieHHs ekcrnpecii reHiB nux epMeHTiB. 3a yMOB iHTEHCHUBHOI
nocyxu, TpuBajictio Oinbme 10 qHiB, ciocTepiraeThes He3HauHa aktuBalis P-KAl, i npu npomy
BOHA MEPEMIIYETHCS 13 CTPOMH XJIOPOIJIACTIB Y HUTOIIa3My KIiTHHU. Takum unHoM, f-KA1 moxe
BHUCTYIIAaTH BTOPMHHHUM IOCEPEIHHUKOM Yy CHUTHAJIBHHUX LUISIXaX, 3aJiIHUX y GOpMyBaHHI CTiHKOCTI
1o nocyxu. OJHaK, MOCyXa MOXe CIPUYUHSATH W MpUrHideHHs akTuBHOCTI f-KA1, mo noB’s3ane i3
3HIDKEHHSIM piBHA (ochHOpIIIOBAHHS TUPO3WHY B aKTHBHOMY HLEHTpi ¢epmenTi. Takox 1e 3aie-
JKWATH BiJl BUAOBOT MPUHAIEKHOCTI POCIHH: Y OUIBII MOCYXOCTIHKUX BUAIB BiIOYBA€ThCS aKTHBALLis
B-KAT1, a B MeHII mOCYXOCTIHKMX — iHTOyBaHHS Ta HaBITh 1HAKTHBALLIs.

O06’exkTOM JOCHi/PKeHHs OyJiM pOCIMHH HIMMHATY TOpPOoAHBbOro Spinacia oleracea, siki Bupo-
myBanu y rpyHTi npotsirom 40 ni6 mpu ¢otonepioni 12 rogun Ta ryctuHi notoky ¢oroHis ®AP
200 MkmosbeM 2ec™. TepioMUHO POCITMHH MOIUBATH MOKHBHHM CepeloBUIeM XOIrIaHaa 1S 3a-
OesnedyeHHsl iX BCciMa HEOOXITHUMH MiHepadbHUMH pedoBuHaMHu. [licns 40-1 1006M 4YacTUHY POCIHH
NPUIUHSIN MOJUBATH, 00 CTBOPUTH HITYYHY MOCYXY, a 1HIY YACTUHY POCIWH IOJMBAIH i BHK O-
PUCTOBYBAJH K KOHTPOJb. O3HaKH BIUIMBY MOCYXH Ha POCIMHU BUSBJISUIUCS Ha JeB’ ATy 100y.

Xmopomnactu kiacy A (iimi), siki 30epirar0Th 30BHIIIHI 00OJOHKH, BHAUISIIM 13 JIMCTKIB S.
oleracea (Reeves, 1980) i mpoMuBanmu BiJ KOMIIOHEHTIB HHUTOIIa3MHW. Po3unMHHI GiIKM CTPOMH
OTPUMYBaJIM Ticis UEHTPU(YryBaHHS 3pYHHOBAaHMX, LIUISIXOM OCMOTHYHOTO LIOKYBAHHS, XJIOPO-
niactiB. LlinicHicT XJoporuacTiB ouiHoBanu 3a piBHeM KA akTuBHOCTI B Hajocanai Ao i micis
pyiiHyBaHHs XyoporactiB. Jerinpatasny KA akTUBHICTH TpemapariB BH3HAYaIH 32 IIBHUJAKICTIO
ytBopeHHs: CO, mnpu geriaparanii OikapOoHaTy 3a gomoMmorot iHdpauepBoHoro CO,-
razoananizatopa (S151, Qubit Systems Inc., Kanaga) y 6e3nepepBHOMy moToui moBiTpsi, mo30aB-
aenoro CO,. HatupHuii enektpodope3 po3UMHHUX OIJIKIB CTPOMH XJIOPOIUIACTIB HPOBOJHIH B
IMTAAT 3a Opscreitnom (Ornstein, 1964). I'inponazny KA akTHBHICTB y TesiX Bi3yalli3yBaiu 3a Me-
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tonoMm Enmapnca i Ilerrona (Edwards, 1966). BimHOCHUMI BMICT BOOW B JUCTKAaX BH3HAYAIH 3TiITHO
3 Tanentzap (2015).

Bignocuwuit Bmict Bogu (RWC) — oamH i3 mapaMeTpiB BOJHOTO PEXUMY, IO XapaKTepH3YeE
BOJITHHI CTaTyCc TKaHWH pOCHUH. Bin BimoOpaxae OamaHc MiK BOJOIIOCTAYaHHAM TKaHU H JIUCTKIB Ta
HIBUIKICTIO TpaHCHipalii, TOOTO MoKa3ye KinbKiCTh BOJH, KA MiCTUTHCS B KIITHHAX POCIHUH, y MO-
PiBHSAHHI 3 iX MakCHMaJlbHO MOXKJIMBOIO TigpaTanieto. Leld moKasHUK BUKOPHUCTOBYIOTH JIJIsl BU3Ha-
YeHHS CTYINEHs CTPeCy POCIHMH BHACHIIOK Ae(dinuTy BOAHM UM BIUIMBY BHCOKHX TeMmeparyp. Y Tpa-
HCIIPYIOYUX JUCTKaxX 3a HopMainbHUX YMOB RWC, 3a3Buuaii, cknagae 85-95%. ¥V ctpecoBux ymo-
Bax RWC 3MeHIyeThCsl BHACTIOK 3HEBOJHEHHS TKaHWUH POCHHMH. Y HAIIUX AOCTiIHKCHHSX, 3Ha-
yendss RWC B nuctkax S. oleracea, mo 3a3HaBajii BIUTUBY BOJHOTO AedinuTy, OyJIn CYTTEBO HHX-
yuMU 1 ctaHOBUIM Omu3bko 50%. Ilpu npomy Bi3yanbHO Ha A€B’ATY 400y MOCYXH Y LHMX POCIHH
cnoctepiranocs B’ sHeHHs. Pocnuuu S. oleracea, moraHo yTpuMyOTh BOJY 32 YMOB IIOCYXH, a8 OTKE
HE € MMOCYXOCTIHKUM BHIIOM.

HocaimxeHHss BIIWBY BOMHOTO nedinmuTy Ha 3aranbHy KA aKTHBHICTH MOKa3amH, IO
JeB’ITHICHHA Tocyxa crpuyuHsia 3Haune (~ 70%) iHridyBaHHs Jerigpatra3zHoi akTUBHOCTI CTp O-
Mmanpaux KA. Tak, mBuakicts BumiaeHus CO, cranosuna 950 ta 280 mxmons CO,/rox mr Oinka
II. KOHTPOJBHUX Ta €KCIEPUMEHTANBHUX POCIHWH BiAmoBimHO. OTXe, HA MiICTaBi OTPUMAHUX J1a-
HHX, MOKHa CTBEP/)KyBaTH, [0 MTOCYyXa CIPUYNHSE CUIbHE iHTiI0yBaHHA JeTigpaTa3Hoi akKTUBHOCTI
depmentiB. Cxoxi pe3ynbraTtd Oyiau orpuMani iHmmMu gociigaukamu (Pal, 2014). Onnak, y nae-
AKAX poOOTax OoMMCaHa aKTHBALISA JETiApaTa3HOl aKTUBHOCTI cTpoManbHUX KA micis BIIUBY Ha
pocaunu nocyxu (Wang, 2016). B ycix Buille 3a3HaYEHHUX JOCIIDKCHHSIX OMHUCAaHI Pi3Hi BUIH POC-
nuH. Y JesSKUX POCIUWH, SIKi 3a3HaBajy BIUIMBY MOCYXH, BillOyBajacs aKTHBALlisl JerigpaTa3Hoi ak-
TUBHOCTI, mpu4uoMy 3HaueHHss RWC y nux pocnus, 3HmKyBanucs auie Ha 10% (mopiBHSHO 3 KOH-
TpOJIEM) HABITh 32 TpUBaNOCTi mocyxu 8-10 ni6. HaToMicTs y pocnuH, y SSIKMX CIOCTEpIranocs iHri-
OyBaHHS JerigpaTa3Hoi akTUBHOCTI, 3HaueHHs: RWC moxke 3HMmKyBaTHCs 10 50%.

INapara3ny akTUBHICTh cTpoManbHUX KA nmocmimxysanu B remni 3a 3MiHOIO 3a0apBieHHs pH-
3aJI€KHOTO 1HAUKATOpa OPOMTHMOIIOBOTO CHHBOTO B MicIsx Jokamizarii KA B ymMoBax HacHYeHHS
CO,. B pesynprari Bigyamnizanii KA aktuBHOCTI B ITAAI" 6yno BusBneHo tpu cmyru KA akTtuBHOCTI, sIKi
BiJIMOBI M BUCOKO- 1 HU3bKOMOJIEKYJISIPHUM OJirOMepHUM Oinkam. [laHi cMyTrH XapakTepu3yBajucs pi-
3HHUM piBHEM (EepPMEHTATHBHOI aKTHBHOCTI, PO IO CBIMYMTHh HEOJHOYACHICTH X Bi3yaizallii: mepumMu
TIPOSIBIISUTACS HU3bKOMOJIEKYIISIPHI OUTKU, TOJI SIK OCTAHHBOFO 3’ SIBJISLIACS HAMO1IbIII BUCOKOMOJIEKYIISIpHA
dopma KA. Binomo, mo cepen crpoManbHUX KapOoaHTinpas, HaiOibm aktuBHOIO € B-KAI, sika € y S.
oleracea oxtamepom i3 momekyasipHoo Macoro 200 kJla. Y pociuH IITHHATY, SKi 3a3HABAIHM BIUIUBY
JIeB’ITUACHHOTO BOAHOTO AedinuTy, Bia3Havanach Hmwk4a KA akTuBHICTH YCiX Tpbox cmyr. OnHak,
CTBEP/DKYBATH, KUl OiroMep OLIbII YyTJIMBHI JI0 BIUIMBY NMOCYXH BaXKKO, aJDKE Bi3yalbHO, TipaTa3Ha
AKTUBHICTh BCIX TPhOX KOMITOHEHTIB CIIEKTPY 3HHXKYETHCS PIBHOIIHHO. HaliBHIIly TigpaTa3Hy aKTHBHICTb
MaB oktamep (-KAl, mpomixkny — mumep B-KAl, i HaiftHmk4a — mputamanHa acomiaty KA 3 pulymno3o-
1,5-6ic-pocdarkapOokcumnazoro/okcurenaszor (PEOK/O).

TakuMm 4MHOM, MOYKHA CTBEPIDKYBATH, L0 Peakxilis pociuH S. olerscea Ha BumB Ae(ilIUTy BOJIH €
BUjocenudpiuHo. MoXHa MPHITYCTUTH, MO 1HTIOYBaHHS JAETiApaTa3Hoi Ta TipaTa3HOi aKTHBHOCTEH
ctpomanibHUX KA, iMOBipHO, 1OB’si3aHe 13 3HIDKEHHSAM PiBHS (ochOpUIIOBAaHHS TUPO3UHY B aKTUBHOMY
uentpi f-KAL.
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K. Wieklik?!, S. Stefaniak®, K. Nuc?, M. Pietrowska-Borek?,
L. Wojtyla', Z. Cherep®, S. Borek!

'Department of Plant Physiology, Faculty of Biology, Adam Mickiewicz University, Poznar, Poland;
karolina.wleklik@amu.edu.pl;

Department of Biochemistry and Biotechnology, Faculty of Agronomy, Horticulture and Bioengineering,
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Autophagy is an evolutionary well-conserved intracellular process of cell component degradation
occurring in yeasts, plants, and animals. It has been proven that autophagy occurs at each stage of plant
growth and development and is a ‘housekeeping’ process under normal conditions. However, it is en-
hanced under various biotic and abiotic stresses, including carbon (sugar) or nitrogen starvation, allowing
cell survival under adverse environmental conditions. In our research, we focused on the regulation of the
degradation of autophagic bodies—one of the final stages of autophagy, which is rarely investigated and
the knowledge about this stage of plant autophagy still is vestigial.

Our experiments were performed on embryonic axes of white (Lupinus albus L.) and Andean lupin
(Lupinus mutabilis Sweet) that were isolated from imbibed seeds and cultured in vitro for 96h on a min-
eral liquid medium in four trophic conditions: axes fed with 60 mM sucrose (+S), axes fed with 60 mM
sucrose and 35 mM asparagine (+S+Asn), axes not fed with sucrose (-S), and axes not fed with sucrose
and fed with 35 mM asparagine (—-S+Asn). We previously discovered that in sugar-starved —S advanced
autophagy occurs. It was reflected in huge cell vacuolization (Borek et al., 2012a; 2017) and decreased
content of phosphatidylcholine (Borek et al., 2012b). In addition, it was found that the degradation of au-
tophagic bodies (which is a rapid process) can be slowed down by exogenous asparagine (a central amino
acid in lupin seeds metabolism) (Borek et al., 2017). Such a result is interesting as asparagine additionally
decreases soluble sugar content in the sugar-starved embryonic axes, subsequentially increasing sugar de-
ficiency conditions in lupin embryonic axes (Borek et al., 2013). Thus, the intensification of autophagy
rather than the inhibition of autophagic body degradation would be expected.

We investigated the effect of autophagy inhibitors: concanamycin A (10 pM), bafilomycin Al
(10 uM), and 3-methyladenine (5 mM) on the ultrastructure of the root meristematic zone cells of lupin
embryonic axes. Special attention was focused on the degradation of autophagic bodies and the compari-
son of the effects of autophagy inhibitors to the action of asparagine. To discernment in the asparagine
regulation mechanism in the degradation of autophagic bodies, a transcriptomic analysis (next-generation
sequencing, NGS) was performed to identify the changes in the mRNA level for genes encoding vacuolar
hydrolases, with the distinction of proteases. Moreover, we performed proteomic analysis (isobaric tags
for relative and absolute guantitation, iTRAQ) to identify potential hydrolases involved in autophagic
degradation. Based on the literature and predicted role of vacuolar processing enzyme (VPE) in the deg-
radation of autophagic bodies in plants, we measured the changes in the gene transcript level (RT-gPCR),
VPE protein content (western blot), and the activity of VPE (fluorimetry).

Ultrastructure observations showed that among three investigated autophagy inhibitors, only
concanamycin A, similar to asparagine, slowed down the degradation of autophagic bodies in sugar-
starved embryonic axes (-S) of both lupin species, thus, this inhibitor was applied in some of our further

experiments. Analyzing the results of NGS, we found a decrease in transcripts levels of genes encoding
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vacuolar hydrolases in sugar-starved and asparagine-fed axes (—S+Asn) in comparison to sugar-starved
axes (=S) only in white lupin. However, the transcript levels of genes encoding vacuolar proteases de-
creased in sugar-starved and asparagine-fed axes (—S+Asn) in comparison to sugar-starved axes (=S) in
both lupin species. We found five transcripts of genes encoding VPE for each lupin species in our NGS
results. Among them, we chose one gene and performed RT-qPCR to determine the changes in transcript
level caused by trophic conditions of in vitro culture. We found decreased transcripts levels in the
+S+Asn, =S, and —S+Asn axes in comparison to the +S axes of both lupin species, and the most de-
creased mRNA content was recorded in the white lupin —S+Asn axes. Western blot analysis showed a
higher level of —VVPE protein also in axes fed with sucrose (+S) in comparison to sugar-starved axes (-S).
Nevertheless, the activity of VPE was higher in the —S axes than in the +S axes of both lupin species.
Analysis of iTRAQ results showed significant changes in the content of some of the vacuolar hydrolases
in the axes of both lupin species caused by trophic conditions.

The research was financed by the National Science Centre, Poland, grant no.
2016/23/B/NZ3/00735 and 2021/41/N/NZ3/01929, and by the Polish Ministry of Science and Higher Ed-

ucation program “Inicjatywa Doskonalosci — Uczelnia Badawcza” granted to Adam Mickiewicz Univer-
sity, Poznan, grant no. 010/39/UAM/0004 (BestStudentGrant).
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E®EKTUBHICTD 3ACTOCYBAHHA B IIOCIBAX KYKYPY /31U
AHTUPE3UCTEHTHUX CYMIIIEU I'EPBINUAY TOJIIIIPAJIATY
3I'EPBIIUIAMU PUMCYJIB®YPOHOM TA TEPBYTHUJIASUHOM

B.B. IOngylcl, €.10. Mopnepep2

Tnemumym izionoaii pocaun i eenemuku Hayionanvnoi akademii nayx Yrpainu, Kuis, Yxpaiua,
yuhymuk.v@ukr.net

IIpobema pesrcTeHTHOCTI Oyp’siHIB 10 TepOinuAiB Mae QyHIAMEHTAIbHUA XapaKTep, M0 BH3HAYAE
HEeOOXiTHICTh BHECEHHS KapAMHATBHUX 3MiH Y TEXHOJOTI] 3aXHCTY MOCIBIB, 30KpeMa IIHPIIIOT0 BUKOPHUCTAHHS
aIIbTEpHaTHBHUX XiIMIYHOMY METOAIB KOHTpOIIOBaHHS Oyp’siHiB. B TOil jke yac, He BUKIMKae CyMHIBY HEO0-
XIJTHICTh YIOCKOHAJICHHS CaMOT0 XIMIYHOTO METOJY IUISXOM 3MEHINCHHS CIIPSIMOBAHOCTI CENICKIIIHHOTO THUC-
Ky repOinuaiB. s qocsrHeHHs bOro HEOOXiTHEe PO3IIMPEHHS ACOPTUMEHTY TepOIIHIiB, B IIEPIIy Yepry 3a
PaxyHOK pO3pOOKH Ta BIPOBAPKEHHS HOBUX €(PSKTUBHHX KJIACIB TepOillUIIiB 3 BiIMiHHIMH BiJ] iCHYIOUHX M-
xaHismMamu ¢itorokcuanocti (Kraehmer et al., 2014; Qu et al., 2021). [l BupillieHHs HOTO 3aBAaHHS MPO-
HOHYETHCSI BUKOPHCTOBYBATH T€HOMHI Ta MOJICKYJISIPHO-010JI0TYHI METO/IM MOITYKY HOBUX repOirmais (Duke
et al., 2018; Dayan, Duke, 2020), onHak Ha JaHH# Yac peaTbHUX PE3YJILTATIB 3a TOMIOMOIO0 IIMX METOJIB
oTpuUMaHo He Oyno. ToMy MOXIHMBICTE KOMEpIliani3allii IPUHIMIIOBO HOBUX e()eKTUBHUX KJIAciB repOiluiB €
MMUTaHHSAM MaOyTHHOTO. B TO# e yac cTpiMKe TOMIMPEHHS PE3NCTEHTHOCTI BUMAarae HeralHOTO BXKWBaHHS
3aXO0/IiB, SIKi O TO3BOJVIIN IOTIEPEANTH BUHUKHEHHSI HOBUX Ta KOHTPOJFOBATH B)XKE iICHYIOUI PE3UCTEHTHI 0io-
Tunu Oyp’siHiB. Ha nanuii yac equHuM criocoOOM BUPILICHHS 1ILOTO 3aBAaHHsI € POTAIlisl TepOIlMIiB IPOTIrOM
CiBO3MIHM 1 B TIEPIITY Yepry KOMILIEKCHE 3aCTOCYBaHHS TepOilliIiB IS 3aXKUCTy okpeMux KyisTyp (Diggle et
al., 2003; Beckie, 2006; Norsworthy et al., 2012). O4eBumHO, 1110 ISl 3MCHIIICHHS CIIPIMOBAHOCTI CEJIEKIIiii-
HOTO THUCKY HEOOXiJHE KOMIUIEKCHE 3aCTOCYBAaHHS TepOilMAiB 3 Pi3HUMH MeXaHi3MaMH (HITOTOKCHYHOCTI.
Jliis monepeykeHHsST BUHUKHEHHSI PE3UCTECHTHOCTI MOTCHITIHI KOMIIOHEHTH aHTUPE3UCTEHTHHUX TepOIlMIHIX
KOMITO3HITI TOBUHHI MaTH CIIUTEHAN CTIEKTP JIii, a I 3a0e3MeUeHHs] BUCOKOI e(DeKTHBHOCTI 3aXHCTY MOCIBIB
— CHEKTp [Iii KOXKHOTO 3 KOMIIOHEHTIB Mae OyTH MaKCUMAaIIbHO MHUPOKUM. OCHOBHOIO MTPOOIEMOIO TIPH CTBO-
PCHHI aHTUPE3UCTCHTHUX KOMITO3HMILIH TepOiluIiB € HeOOXIHICTh 3a0€3MEUCHHS CHHEPTIYHOIO a00 aUTHB-
HOT'O XapakTepy B3aEMOJIii 1X KOMIIOHEHTIB.

3 METO0 PO3POOKH aHTUPE3UCTEHTHUX KOMITO3MIIIN repOiluaiB s 3aXUCTY MOCIBIB KYKYPY/I3H Y Be-
TeTalifHuX Ta TIOJHLOBHUX JIOCHIAAaX BUBYAIH €eKTH B3aEMO/I] Ta €PEKTUBHICTh KOHTPOIIIOBAHHS Oyp’siHIB
TIPY CYMICHOMY 3aCTOCYBaHHi repOiuay iHrioiTopy 4-TiapokcudeHimipyBaTioKCUTreHa3  ToMmipanaTy 3 iH-
ri0iTOpoM TpaHcHopTy eneKTpoHiB y GC2 xjoporuiacTiB TepOYyTHUIIA3MHOM Ta 1HTI0ITOPOM alleTONAKTaTCHH-
Ta3u PUMCYIIb(YPOHOM.

V BereramifiHuxX JOCIiIaX HAa MOJCIBHUX 00’ €KTaX BCTAHOBJICHO, 1110 B3a€MOIIS Y CyMIIIax ToJImipaia-
TY 3 PUMCYJIB(YPOHOM € aHTArOHICTUYHOIO, aJIe AHTArOHI3M MOYKE JI0JIATUCS TTiABUIICHHSIM HOPMH BHECEHHS
puMcyibhypony. Ilpu cymicHOMY 3acTOCYBaHHI TOJMIpanaTy 3 TepOYTHIA3MHOM CHOCTEPITaETHCSI CHHEPTid-
HE IABUINEHHS (ITOTOKCHMYHOI Jii, 3yMOBJIEHE 3pPOCTaHHSIM C(QEKTUBHOCTI OJIOKYBaHHS EJICKTPOH-
TPAHCIIOPTHOT'O JIAHITOTa Ta 301IBIIIEHHSIM iHTEHCUBHOCT1 YTBOPEHHS aKTHBHHUX (DOPM KHCHIO.

3a pe3ysbTaTaMu MOJILOBUX BHIIPOOYBaHb 3p0O0JIEHO BIHCHOBOK, IO €(heKTUBHICTH 3aCTOCYBAHHS CyMi-
111 TOJIMipanary 3 pUMCYIb(QypOHOM 3aJIeXHTh B/l BUIOBOTO CKIagy Oyp’siHiB. 3a HassBHOCTI y HOCIBI CTIMKHX
JI0 pUMCYITB(QYpOHY BHAIB Oyp’siHIB B3a€MOIis 3 TOMITIpaaaToM Ha0yBae aHTarOHICTUYHOTO XapaKTepy HaBITh
TpH 301IBIIEHI M HOPMI BHECEHHST PUMCYIIL(YPOHY, IO CYTTEBO 3MEHINYE eEeKTHBHICTh 3aXHCTy. B Tol ke
Yac MpW 3aCTOCYBaHHI 0AKOBOI CyMillli TONIIpaiaTy 3 TepOYTWIA3MHOM CHHEPTiYHHN XapakTep B3aeMomil
30epiraeTbcs LIO0 LIMPOKOTO CHEKTpa BHUIIB 3JIAKOBHX Ta JBONOJIBHHUX Oyp’sHIB, IO 3a0e3leuye BUCOKY
e(eKTHBHICTh 3aXHCTY TIOCIBY KYKYPY/I3H.
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AJIATITAIIA POCJIMH O3UMOI NIIEHUIII IO YMOB IIOCYXH
0. L. ’Kyk, O. O. Cracuk
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zhukollga@gmail.com

[TieHNIs HAJEKUTH 10 TOMOBHUX 3€PHOBHX MPOAOBOIBYMX KYJNBTYp JIIOJICTBA 1 3a0e3meuye Oinb-
1Ie TIOJIOBMHU BYTJICBOZIB y MPOAYKTAaX XapuyBaHHS, OJHAK OLIBIIICTH i1 MOCIBIB PO3TAIIOBYETHCS Y 30-
HaX PU3WKOBAHOTO 3eMiIepoOCTBa. /[0 TONOBHMX YMHHHKIB, SIKi 3MEHIIYIOTH MPOAYKTHUBHICTH MOCIBIB
MIIEHNII, BiTHOCSTh TPUBAJI Ta mepioanyHi mocyxu. [ligBUIIEHHsT aAanTHBHOCTI COPTIB IIICHUIII 3a CcTa-
01IbHOT BPOXAMHOCTI Ta SKOCTI MPOAYKLIl Y B3a€MOIl T€HOTHII-CEPEAOBHILE 3ANUIIAETHCS BayKINBOIO
MpoOIIEMOT0 BITYM3HAHOI Ta cBiTOBOI Hayku (Mohammadi, 2018). 3Halineno TicHH# 3B’ 30K MiX TIPOAYK-
THUBHICTIO OKPEMHUX POCIIHH IIIEHUI Ta IHTEHCUBHICTIO iX pPOCTY, MIO PEryIIOETHCA KOMIUIEKCOM Ha3Ba-
HUM “intrinsic yield genes”(Hill et al.,2013). byno inenTudikoano ren Zip4-5B, npuderHuii 10 ctadii-
3alii Bpo)kKaHOCTI pocinH nureHui. Bussieno 50 Bepciii HOro reny, ki mepeBipsioTh Ha HOBOCTBOpE-
HUX copTax mmeHuri. [Ipu cTBopeHHI HOBUX COPTIB 9aCTO BHKOPUCTOBYIOTH T€TEPO3UCHI KOMOIHAIII Te-
HiB, SIKi MiJBUIIYIOTH BPOKaWHICTh POCIIHMH 33 paXyHOK 30UTbIICHHS JOBXHHHU KOJIOCA 1 Macu 3€pHIBOK Y
HpoMy, Macu 1000 3epuiBok (Mwadzingeni et al., 2016). [lo Haii0iNbI KPpUTHUHUX UIsI (HOPMYBaHHS
BpOXKato (a3 OHTOT€HE3y POCIUH IMIICHHII HalleXXaTh (a3u KOJOCIHHA-TIBITIHHS Ta (pOpMyBaHHS 3€pHiB-
ku. [list mocyxu y nux (a3ax 3HIKYE MPOIYKTUBHICTh POCIHH MEPEBAXKHO Yepe3 3MEHIICHHS 03€PHEHOC-
Ti KoJIOCa, PO3MIpiB 3epHIBOK. BcTaHOBIIEHO, IO YMOBU MOCYXH CIPUYUHSIOTH CMIreHETHYHI 3MiHU Y
xpomatwHi, rictoHax i JJHK, siki cipustitoTs amarnrariii pociuH MUITXOM aKTHBAaIlii aHTHOKCHJAHTHUX CHIC-
TeM, crabimizamii oTocuHTe3y, ocMoTH4HOI perymsmii (Sun et al., 2021). Enirenetnyni MexaHi3Mu Bij-
TIOBi/Il POCIIMH Ha TOCYXY BKJIIOYAIOTh KOMILJICKCHI PEryNIsTOPHI CHCTEMH, SIKi 3a0e3MedyroTh 3MiHN Me-
TaboJi3My y HampsIMKy 3MEHIIEHHSI BUTPAT BOJM POCIMHAMH, 3aXHCTy MEMOpaH BiJ AECTPYKIii, OKHUC-
HIOBaNbHOTO cTpecy. [is mocyxu y (a3i uBiTiHHS mieHUI 3aTHA iHTiI0yBaTH (POTOCHHTETUYHAN METa-
00I1i3M, ITiABUITYBAaTH BMIiCT aKTHBHUX (POPM KHCHIO, MAJIOHOBOTO JiallbJCTily, MPOJiHYy, aOCIIU30BOT KHU-
CJIOTH Y KJIITUHAX JIMCTKOBOTO Me30(]isy, IO MPU3IBOJUTH JIO 3aTPUMKHU POCTY, AePinuTy QOoTOaCHMIs-
TiB, 3MEHIIIEHHSI 03€pHEHOCTI Kosoca. Harmmmu monepeaHiMu TOCHiPKeHHSIMH BCTAHOBJICHO, IO Mis I10-
CyXU Yy KpHTHYHY (pa3y OHTOTEHE3y 03MMO] MIIEHHII KOJIOCIHHA-IBITIHHS MPHU3BOIUIIA JIO 3aTPUMKH POC-
Ty BEpXHIX MIDXBY3JIiB [TaroHa, MpanopieBux JUCTKIB i konoca (Zhuk, Stasik, 2021; 2022). BinHoBneHHs
OINITHMAJILHOTO BOJ103a0€3MEUSHHS JI03BOJISIIO YaCTKOBO BiTHOBUTH PICT KIITHH PO3TATOM, OJTHAK KIHIIEBI
PO3MIpH €JIEMEHTIB TaroHa 3aJHIIAINCh MEHIIMMH HIXK y POCIMH KOHTPOJIIO, IO TIPH3BOIUIIO JI0 3MEH-
HICHHS PO3MIpiB IUIONII JIMCTKOBOI TIOBEPXHI, BEPXHIX MXKBY3IiB, Kosoca. ONTUMAalIbHE 3BOJIOKEHHS PO-
CIvH y ¢a3i HaJKMBY 3epHA YACTKOBO KOMIIEHCYBAJIO BTPATH BPOKAIO 32 paXyHOK BUIIOBHEHOCTI 3€PHIBOK,
OJTHaK He OyJ0 37aTHUM 301IBIINUTH X PO3MIPH 1 KUTBKICTh. JloCiKyBaHi COPTH BIAPI3HSITUCS 32 Yy TIIH-
BICTIO /IO YMOB TIOCYXH Y KPUTHUYHY (a3y OHTOT€He3y 1 po3MipaMu BTpAT MPOAYKTHBHOCTI pociuH. Me-
TOIO JIaHOT POOOTH OYyJI0 BUBYCHHS aJamnTallii nepediry npoayKiiiHOro MPOIECY Y POCIMH O3MMO] Iie-
HHIII 10 YMOB TIOCYXH.

Bripomorx 2020-2022 pokiB Oys0 JOCHIIKEHO PIiCT Ta peaii3allilo NOTeHIIHHOI MPOTYyKTHBHOCTI
nmenunii M skoi (Triticum aestivum L.) o3umoi 3a 1ii MoiesbHOT HOCYXH B yMOBaX BereTaliiHUX JIOCIi-
niB. O0’ekTaMu JOCHIKEHb OyJIM COPTH MIICHUII 03uMoi BiTUM3HsIHOI cenekiii [logonsuka, JlapyHok
Honinns, Haranka, bornana, [epnuna [Mogimis. MonenbHy OCYyXy B yMOBaX BereTalidiHUX JIOCTIJIB Y
(a3i KOJIOCIHHA-LBITIHHS CTBOPIOBAIN Y TOCYAMHAX [UIIXOM 3MEHIIEHHS BOJIOTOCTI IPYHTY BiJ ONTHMA-
npHOT 70% (moBHOI Bostoroemkocti) IIB o 30% I1B y pociun gocnigaux BapiantiB. TpuBamicTs mocyxu
craHoBuiaa 8-10 1i6. Bripomosk 10CiiiB BU3HAYAIM PICT HMAaroHiB, KOJIOCA, PO3MIPH ILIONI JTUCTKOBOT
MOBEPXHI OKPEeMHX POCIHH. [Ticiis J03piBaHHS POCIIMH IPOBOIMIIM aHAI3 CTPYKTYPH Bposkaro. Pe3ynbra-
TH JIOCJTIDKEHb 00pOO0JIeHI CTATUCTUYHO 3a JIOTIOMOT0r0 rporpamu Microsoft Excel.

BcranoBieHo, mo B yMOBax IPYHTOBOI MOCYyXH Y (a3i KOJOCIHHA-IBITIHHS Y POCIHMH HIIEHHII
o3umoi coptiB Hapynok Ilomimns, [Tomonsuka, Haranka, bornana, [lepnmuna [logimis BimOyBanach 3a-
TPUMKa HApPOCTAHHS IUIOIII JIMCTKOBOI TIOBEPXHI, MepeuacHe BiJIMAPAaHHS HWKHIX JIMCTKIB MAroHiB, He-
NPOJYKTHBHUX MaroHiB. BiTHOBIEHHS ONTHMAIBHOTO BOJI03a0€3MEUeHHS CIIPUSIIO THMYaCOBOMY POCTY
NPanopleBrX JIMCTKIB, OAHAK IX KIHUEBI PO3MIpH 3aJMILAINCH MEHIIUMH HIX Y POCIMH KOHTPOJIBHOTO
BapianTy. HapocTaHHs Macu aroHiB 1 KoJioca yCiX pOCIUH MIISHUII TPUBAJIO 10 a3y HAINUBY 3epHa, Ii-
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CJIs1 9OoT0 BiAOyBajoch i1 3MeHIeHH ¥ (dha3ax M03piBaHHS 3epHA. Y MOBH MTOCYXH 3aTPUMYBAIH PICT I1aro-
HIiB 1 KoJlOca Y BCiX COPTIB, 3HauHilIe y OIYHUX MaroHiB MOPIBHSIHO 3 TOJOBHUM. BusiBieHo, o 3011b-
IIIEHHS MacH KOJIOCa TOJIOBHOTO TMAaroHa yciX COPTiB MIICHHUI[I HE MPUITUHSIIOCH Y TIePioJ] MMOCYXH, OJHAK
3HAYHO BiZICTAaBajO BiJl TAKOTO y POCIHMH KOHTPOJIEHOTO BapiaHTy. BiTHOBIEHHS onTHManbHOTO 3abe3ie-
YEeHHS! POCJIHMH BOJOI0 CTHMYJIIOBAJIO HAPOCTAHHS MAacH KoJIoca, OAHAK BiJICTAaBaHHS y HaKOMUYEHI HOTO
MacH 3anumanocs i Oyno 3HayHimmuM y copty llomonsHka MOpiBHAHO 3 iHIIMMHU BUBUYEHHUMHU COPTAaMHU.
Hapocranns macu konoca y 619HHX IAaroHiB i 9ac Aii TOCyXH MPHUIHHSAIOCH, aje MICHs 11 3aBepIIeHHs
BiJTHOBJIIOBAJIOCH 1 IPUCKOPIOBAJIOCH, 1[0 JO3BOJISIIO YaCTHHI KOJIOCIB OIYHHMX MaroHiB AOCSTTH MacH, sKa
Oymna OIM3BKOIO O MacH KOJoca TOJOBHOTO maroHa. Y mineHuni coptiB boraana i Iepnuna Iloxinns B
ONTHMAIBHUX YMOBAaX BHPOIIYBAHHS PICT 1 pO3BUTOK T'OJIOBHOTO ITaroHa JOMiHYBaB HaJ OIYHUMH I1aro-
Hamu. Jlis mocyxu y KpUTHYHY a3y OHTOTE€HE3y IMOCHIIIOBANIa PUTHIYEHHS pocTy Oi4HMX maroHiB. ['a-
JBbMYBaHHSL POCTY POCIHUH MIICHUII B YMOBaxX Ae(hilUTy BOAM TAKOXK CIPUUMHMIIO 3MEHIIEHHS X 3araib-
HOI MacH MOPiBHSHO 3 POCIMHAMYU KOHTPOIIO 1 MPUCKOPIOBAJIO BTPATy MacH cTeOIOM y mepiof] 103piBaH-
Hs pocnuH. Jedimur Boau y (asi KOJIOCIHHA-IBITIHAS HEOJHO3HAYHO BIUIMBAB Ha 3aKIagaHHs 1 popMy-
BaHHsI 3€pHIBOK Y OKpEMHX COpTiB muueHuui. OnTumizaiiss Bogo3abe3neyeHHs] pociauH MIIeHUl y ¢asi
HAJIMBY 3€pHA YaCTKOBO KOMIIEHCYBala BTPAaTH BPOXKAal0 32 PaxyHOK 30UIBIIEHHS MacH 3epHiBOK. Tak y
mmenntli coptiB [logomnsaka i JapyHok [omainms KiTbKiCTh 3epeH Ha POCIUHY 32 ONTHMAIBHOTO BOI03a-
Oe3nedeHHs CTaHOBWJIA 78 MIT., MiCTs Ail MOCYXH 3MEHIIMIach BiamoBiaHo 10 63 i 70 mT. ¥ copty Hara-
JIKa B KOHTpodi Oyno 97 3epeH Ha pocnuHy, y nociiai — 96. Pociman coptiB bornana i [Nepnuna I[onxins
3a onTHMaIbHUX YMOB copmyBamm o 110 1 120 3epHiBOK, a micns aii mocyxu BiamosigHO — 105 1 87.
Maca 1000 3epeH B oNTHMaThbHUX YMOBaX Boao3abesrnedeHHs y mieHuii coptiB [lomomsnka, JlapyHok
[Moninns, Haranka, bornana, [lepnuna [ominis ctaHoBuiIa BianosinHo 47,2, 48,2, 43,2, 49,7 1 44,3 1, Bi-
anosigno. [Ticns aii mocyxu maca 1000 3epeH 3MeHIIMIACH Y BCIX COPTIB i cTaHOBHIA Y copty [lomoinsiH-
ka 43,4, copty Hapynok Ilomimns 46,7, copry Haranka 42,0, copry bornana 45,6, copry llepnuna Ilo-
it — 42,7 T

OTpuMaHi pe3ylIbTaTH JO3BOJSIOTH BBXKATH, IO cydacHi coptu mmeHui Japyrnok [lomims, Ha-
tanka, borgana, [Tepnuna [loxinns MaroTh BUILY aanTHBHA 3[aTHICTH 10 YMOB [TOCYXHU MOPIBHSIHO 3 CO-
proMm [lomonsiHka, sIKHiA € CTAHAAPTOM JUIS JTiCOCTENOBOI 30HU Y KpaiHu. Bucoka mpoIyKTHBHICTh POCINH
TMIIISHHUIII TICHs il MOCYXH Y KpUTHYHY (ha3y OHTOTeHe3y 3yMOBJICHA 1X afanTaIli€ro 10 yMOB OOMEXEHO-
ro 3a0e3MevYeHHs BOJI010, 3MEHIIICHHSIM BUTPAT BOJM JIMCTKAMH 32 PaXyHOK CKOPOYEHHS TUIOII iX IMOBep-
XHi, IEPEPO3MOIIOM PECYPCiB Y CepelIiHi POCIMHY Y HANPSIMKY MPiOPUTETHOTO 3a0e3MeYeHHs] HUMHU KO-
noca. EpexTuBHe BUKOpUCTaHHS BOJM Y (pa3i HaNMMBY 3epHA TO3BOISLIO C(HOPMYBATH BHUIIOBHEHI SKiCHI
3€pHIBKH, 110 3HAYHOIO MipOI0 KOMIIEHCYBAJIO 3MEHILIEHHS iX po3MipiB 1 KiJibKocTi. CTBOPEHHS Cy4acHHX
COPTIB TIICHHMIII 3 BUKOPUCTAHHIM METOJIB iHTPOIPECHBHOI TiOpUAM3allil 13 3ayu4eHHSIM IHIINX BUJIIB
TIICHHUIII Ta 3J1aKiB J03BOJISIE IOCUIFOBATH aJIANITUBHY 3/IaTHICTh COPTIB JJO HECIIPUSATIMBUX YMOB JIOBK1JI-
751, CTabLIi3yBaTH NMPOAYKTUBHICTE OKPEMHUX POCIIMH, 3MEHIIYBAaTH BTPAaTH BPOKAI0 32 YMOB IOCYXH,
OTPHMYBATH BHCOKOSIKICHE 3€pHO.
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HORMONES AND SIGNALING MOLECULES IN THE REGULATION OF STRESS
RESISTANCE

MELATONIN-INDUCED WHEAT RESISTANCE TO HEAT IN INTERPLAY WITH
CHANGES OF ROS GENERATION AND NEUTRALIZATION
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In the last decade, the information on the participation of melatonin (N-acetyl-5-
methoxytryptamine) in the adaptive reactions of plants has been intensively accumulating, which, along
with salicylic and jasmonic acids and brassinosteroids, is considered another stress phytohormone. At
present, the protective effects of melatonin under such classical stresses as drought, salinity, extreme tem-
peratures, and UV-B irradiation have been recorded in different plant species (Cui et al., 2018; Chang et
al., 2021; Nawaz et al., 2021; Plokhovska et al., 2023). The protective effect of melatonin is associated
with its antioxidant activity, in particular, with the ability to actively neutralize radical reactive oxygen
species (ROS). It has been shown that its antioxidant activity is higher than the effects of such powerful
antioxidants as ascorbic acid, glutathione, NADPH, and tocopherol (Yu et al., 2018). It is also known that
melatonin can activate the expression of genes of antioxidant enzymes, in particular, various forms of su-
peroxide dismutase (SOD), catalase, and enzymes of an ascorbate-glutathione cycle (Yu et al., 2018).

The mechanisms of melatonin’s effect on cellular redox homeostasis became partly clear after the
identification of its first receptor in Arabidopsis thaliana, called CAND2/PMTR1 (Wei et al., 2018). It
has been established that this receptor is localized in the plasma membrane and has the ability to interact
with the a-subunit of the G-protein, activating the catalytic subunit of NADPH oxidase RbOH and facili-
tating ROS-dependent calcium entry into guard cells, the subsequent opening of K", channels and clos-
ing of stomata. However, on the other hand, there is evidence of suppression of stress-induced expression
of the genes of the catalytic subunit of NADPH oxidase (RbohD and RbohF) by melatonin (Lei et al.,
2021). Thus, the mechanisms of melatonin involvement in the regulation of pro-/antioxidant balance in
plant cells are far from being fully understood. Using watermelon plants, the role of hydrogen peroxide
generated with the participation of NADPH oxidase in the development of their cold resistance under the
treatment with melatonin was shown (Chang et al., 2021). In the same work, an increase in the concentra-
tion of cytosolic calcium under the action of melatonin was found. In general, the possible causal rela-
tionship between the effect of melatonin on the redox and calcium homeostasis of cells and the develop-
ment of plant resistance to abiotic stress factors (for example, damaging heating) is still very poorly stud-
ied.

The aim of our work was to study the effect of melatonin on the processes of generation and neu-
tralization of ROS in the roots of intact wheat seedlings and the development of their heat tolerance. Also,
the tasks of the work included studying the effect of calcium antagonists on the manifestation of redox
and the stress-protective effects of exogenous melatonin.

Etiolated seedlings of wheat (Triticum aestivum L.) cv. Doskonala were used for the experiments.
Melatonin was added to the incubation medium of 3-day-old seedlings in a final concentration of 1 uM
and incubated for a day. Control samples were incubated in distilled water. In some variants of the exper-
iment, 2 hours before the addition of melatonin, hydrogen peroxide scavenger dimethylthiourea, NADPH
oxidase inhibitor imidazole, calcium antagonists—extracellular chelator of Ca** ion EGTA, or neomycin
(an inhibitor of calcium influx into the cytosol from intracellular compartments dependent on phospho-
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lipase C) were added to the medium of incubation of seedling root. After the seedlings were treated with
the studied compounds, they were subjected to damaging heating in the water ultra-thermostat (10 min at
the temperature of 45+0.1°C).

After 0.5-3 h of treatment with melatonin, an approximately twofold increase in the generation of
the superoxide anion radical by the roots of wheat seedlings was found. In the same period, the content of
hydrogen peroxide in the roots of seedlings of the experimental variant increased by approximately 40—
50% compared to the control. At the same time, at the last observation point (after 24 h of incubations in
melatonin solution), the indicators of ROS generation approached the values of the control variant.

After 4 h of melatonin influence, a significant increase in the activity of antioxidant enzymes—
SOD, catalase, and guaiacol peroxidase—was recorded in the roots of wheat seedlings. However, by the
end of root incubation in melatonin solution (24 h), these effects were partially leveled.

Treatment of seedlings with melatonin increased their survival after damaging heating by approxi-
mately 20% compared with the control. This effect was almost eliminated by preliminary exposure of
seedlings to the antioxidant dimethylthiourea, NADPH oxidase inhibitor imidazole, calcium antagonists
EGTA and neomycin.

Also in our experiments, the inhibitory method showed the dependence of the increase in the pro-
duction of hydrogen peroxide by root cells on the activity of NADPH oxidase and calcium influx into the
cytosol. Bian et al. (2021) proposed a model according to which, after the interaction of melatonin with
the membrane receptor at the participation of the a-subunit of the G-protein, the calcium channels of the
plasma membrane open, as a result of which calcium ions activate NADPH oxidase and increase the ROS
generation by cells. Most likely, the melatonin-induced calcium-dependent increase in ROS generation by
wheat root cells is an inductor for the activation of their antioxidant system. This is indicated by the in-
crease in the activity of key antioxidant enzymes (SOD, catalase, and guaiacol peroxidase) that we rec-
orded, which occurs after the transient increase in ROS generation. Apparently, these processes are at
least one of the components of a protective effect of melatonin on wheat seedlings exposed to damaging
heating.
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3B'SAA30K CTPEC-TIPOTEKTOPHOTI'O BIIVIMBY CIPKOBOJHIO HA POCJIMHU
3 PEI'YJIAIIEIO PEJOKC-TOMEOCTA3Y
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Incmumym xknimunnoi 6iono2ii ma eenemuunol inocenepii Hayionanonoi akademii nayxk Yxpainu,
Kuis, Yxpaina

3a cyyacHUMH YSIBICHHSIMHU CipKOBOJICHb (H,S) mopsin 3 OKCHIOM a30Ty 1 MOHOOKCHIIOM BYTJICIIIO €
KITIOYOBOI0 CHTHAJIBHOIO MOJIEKYJIOI-Ta30TPAHCMITTEPOM Yy POCIMHHHX 1 TBapWHHHUX KiiThHaX. JlaHi,
oTpuMaHi Metojamu OioiH(pOpMAaTHKK, BKa3ylOTh Ha Te, IO CIPKOBOJCHB SIK MOCEPETHHUK Oepe y4acTb y
TPAHCAYKIII CUTHATIB MPAKTHYHO BCiX Bimomux ¢iroropmonis (Li et al., 2017). Ha piBi ¢izionoriaanx
TIPOIIECiB MMOKa3aHa HOTO y4acTh y PETryJHLii pOCTY, OpraHoreHe3y, J03piBaHHS Ta CTapiHHSA ITUIOMIB 1 ajar-
Tawil pOCIUH 10 Aii cTpecopiB HaipizHOMaHiTHIIIOT pupoau (Li, 2016). OmHUM 3 KIFOYOBHX MOJICKYJISIP-
HUX MEXaHI3MiB JIii CIPKOBOJTHIO € HOT0 3aIy4eHHS JI0 MOCTTPAaHCIAIIHHNX Moaudikaiii OuikiB. Lli mporie-
CH BinOyBarOThCA 3a (DYHKIIIOHATHHOI B3a€MOJIil CIPKOBOJHIO 3 IHIIMMH CHUTHAILHIMH MOJICKYJIAMH, Ha-
camriepes 3 akTUBHUMHE Gopmamu KKCHIO Ta a3oTy (Kolupaev et al., 2023).

HaxonwyeHi nani cBim4aTh, 0 CUTHAJIBbHI €(pEeKTH CIpKOBOIHIO MEpeayciM MOB’si3aHi 3 mepcyabdi-
JyBaHHSM O1JIKiB — MEPETBOPEHHSIM HUCTEIH-TionoBoi rpymu (-SH) Ha BiamoBimuuii nepcyabdia (-SSH)
(Filipovic et al., 2018; Aroca et al., 2021). Onnak mpsiMa B3a€EMOJIisl TIOJIOBHX TPYII i3 CIPKOBOJHEM BBaX<a-
€TbCsl MaJIoMMOBIpHOO. [IpuITyckaroTh, 10 Tpolec Moaudikalii Oiika 3amyckaeTbes curnaiom ADK —
OKHMCHEHHSIM Ti0JIOBOT TpYIH LHCTeiHY A0 cynbdenosoi mia oM H,0, (Aroca et al., 2021). CynbdeHo-
Bi 3aJIMIIKH JIETKO BCTYTAIOTh B PEAKINIO MepCyNb(hiayBaHHS i3 CIPKOBOJHEM 3 YTBOPEHHSIM TMEPCyIb(ia-
Hux rpyn (R-SSH). Huni nepcynbdinHi Tpyny BBaXKAIOTHCS BRXKIMBUMUA KOMIIOHEHTaMH KITITHHHOTO CHT-
HaymiHry (Aroca et al., 2018). HaiiGinbin nomupeHuMu OiTKaMu, CTaH SKAX PETYIIOEThCS MUISIXOM MepCy-
nbdigyBanns, € nepoxcupenokcunu (Gruhlke, 2019). IepcynbdinyBanHs € ogHUM i3 MEXaHI3MiB peryJsii
AKTUBHOCTI HU3KHM aHTHOKCUIAHTHUX (epMmeHTiB. Tak, okucHeHHst Cys32 B MOJIEKyJI acKopOaTIepoKcuIa-
31 TIPU3BOJINTS 7O 11 iHaKTHBaIlii, a epcynbdinyBanas Cys32 migBuIlye akTHBHICTD (hepmeHTy (Shivaraj et
al., 2020). ¥ Toii e yac moka3aHo KOPCTKe iHriOyBaHHs KaTalla3u 3a paxyHoOK nepcyibdinyBanus (Corpas
et al., 2019). Ognax npu HpOMyY Tepcyib(hiTyBaHHs KaTalla3n 3aXHINAIO il MOJIEKYIH BiJl OKHCHIOBAJILHOT
nerpanarii (Li et al., 2020).

3 BUKOPHCTAHHSM SIK MOJCJIBHHUX 00'€KTIB 130JIbOBAHUX KOJCONTHIIB Ta KOPEHIB IHTAKTHUX POPOC-
TKiB TIIIEHUIII MU OIIiHIOBAJH BIUIMB €K30T€HHOTO CIPKOBOJHIO Ha TIPOIIECH TEHEpallil i 3HEIIKOIKeHHS
A®K B kimiTHHAX y 3B’513KY 31 3J]aTHICTIO CIPKOBOJTHIO 1HAYKYBaTH PO3BUTOK CTIMKOCTI POCIIHH /0 a0ioTHY-
HUX CTPECOpiB, 30KpeMa, BUCOKHX TeMrepaTyp. i boro B eKCIiepUMEHTaX 3 KOJICONTUIISIME iX CErMEHTH
iHKyOyBanmu Ha 2% CTepHJIbHOMY PO3UHMHI caxapo3u (KOHTPOJIb), y AociinHi Bapiantu goxaBanu NaHS. vV
JOCTiIax 3 IHTAKTHUMH TIPOPOCTKAMU KOPEHEBY CHCTEMY KOHTPOJIBHOTO BapiaHTa TPUMaM Ha OYMIIEHIN
BOJII, ¥ jociiani goxaBanu NaHS. B 060x Bunaakax micist 24-roauHHOT iHKyOalii 3pa3KiB Ha Cepe0BHUILI 3
JOAAaBaHHSAM JIOHOpa CIpKOBOAHIO iX mifggaBainu 10-XBHJIMHHOMY HarpiBaHHIO y BOJSHOMY TE€PMOCTATi 3a
temmeparypu 43°C ans xoneontunis i 45°C mist mpopoctkiB. Uepes 2—3 100u micis mporpiBy OLiHIOBAIN
BIDKMBAHICTH 3pa3KiB.

ExcriepuMeHTH MOKa3aji IMiABMIICHHS CTIHKOCTI 130JbOBAaHMX KOJICONTHIIIB Ta IHTAKTHUX ITPOPOCT-
KiB JI0 MIOTEHLIHHO JIETaJIbHOTO HATPiBY 3a iXx 00poOku moHopoM H,S B xoHIeHTpauisx niamazony 50-500
MKM. 3a #ii CipkOBOJHIO BiI3HAUaNOCsS TPAH3UTOPHE IOCWIICHHS TeHEpalii CyNepOKCHIHOrO aHiOH-
pajviKana i mjBHIIIEHHS BMICTY IIEPOKCHIY BOJHIO B KOJICONTUIISX Yepe3 1—4 rojnHu BiJi TOYaTKy 00poOKu
NaHS, Hagani 1i noka3HUKK 3HKYBaJIMCS 0 piBHA KoHTpomo. Edextn nmocunenns renepanii APK poc-
JMHHUMH KIIiTHHaMu ycyBanucs iHriditopom HAJI®H-okcnaasm iMizo30510M, ane He iHriOITOPOM MEpoK-
cunasy a3uaoM Hatpito. Lle Moxxe BkazyBaTw Ha edeKT mpsiMoi Moaudikaiii KaTaTiTHIHUX CYOOIUHUIb
HAJI®H-okcunasu gieto ezorenHoro H,S. Pawiliie moBiIoOMIIAIIOCS, 110 NMEPCy/Ib(iTyBaHHs ABOX 3aJIHIIKIB
LUCTETHY MiIBUIIYBAIO AKTHBHICTh KaTaliTHYHOI cyOoamHMLI ofHiel 3 MojekymsipHux (popm HAJIDH-
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okcuaasu (Shen et al., 2020). OagHak He BUKIIIOYCHA HASBHICTD 1 OLIBII CKIaTHMX MEXaHI3MIB BIUIUBY Cip-
koBoHIO Ha TreHeparito ADK HAJIOH-okcuaa3ow. Y Halmx eKCIIepUMEHTaX MOKa3aHo, IO MOCHIICHHS
YTBOPEHHSI CYIIEPOKCHIHOTO PAIUKala 1 TIEPOKCHUITY BOIHIO 32 0OPOOKH KOJICONTIIIIB 200 KOPEHIB JOHOPOM
H,S ycyBanocs antaronicramu Kanblliro, 30kpema, ELTA. TakiM 4MHOM, BIUIHB CIPKOBOJIHIO HA TCHEPAITIIO
A®K Mmoxe OyTH MOB'SI3aHU 1 3 HOTO 3AaTHICTIO CIPUSITH HAAXOKCHHIO KaJbLIiI0 B IUTO30J1b, 110, B CBOIO
4epry, MOXe CIIpUIMHATH migBuiieHHs aktuBHocTi HA IOH-okcupaszu.

Iopsix 31 3miHOTO TeHepamnii ADPK B KIITHHAX KOJICONTHIIIB 32 0OPOOKH TOHOPOM CipKOBOHIO BiOy-
BaJIOCs 1 MiJIBUIICHHS aKTUBHOCTI aHTHOKCHJIAHTHUX (hepMeHTiB — cynepokcupaucmytasu (CO/l), katana-
3 1 rBasikosnepokcuaasu. [IpumitHo, mo 3poctanHs aktuBHOcTi COJl crocTepiranocs y 4aci paHiiie Bix
T IBUIIICHHST aKTUBHOCTI 1HITUX aHTHOKCHIAHTHUX (hepMmeHTiB. binbmie Toro, aktusartiss CO/] mpuyueTHa 110
CIPUYMHIOBAHOI'O €K30I'€HHUM CIPKOBOJHEM ITOCWIECHHS YTBOPEHHS IIEPOKCHIY BOJHIO B KJIITHHAX KOJIEOII-
Tunis mmennmi. Ileit edext ycysaBes miero inribitopy COJl auriokapGamaty HaTpito. MiMoBipHO, migsu-
HICHHS BMICTY Tiepokcuay BoaHio 3a yyacTio HAJI®H-okcunasu i COJl Moxke OyTH curHaiom, 1o 3amyc-
Ka€ eKCIIPECiio TeHIB 1 3pOCTaHHs aKTUBHOCTI IHIMX aHTHOKCHIAHTHHX (DEPMEHTIB, 30KpeMa, KaTajlasH i
TBasKOJIEPOKCHIa3H. MOKHA NPHUITYCKATH, 10 3aJIeKHE BiJ] KaJblil0 TMOCHICHHS T'eHepallii CylmepoKCH/I-
Horo paaukana HAJI®H-okcunaszoro i aktuBanist CO/l, ska npu3BOAUTH 10 HOTO MEPETBOPECHHS HA MEPOK-
CHUJI BOJIHIO, € MEXaHi3MaMH{ BIUIMBY CIpPKOBOJHIO Ha aKTHUBHICTH IHIINX aHTHOKCHAAHTHHUX (EPMEHTIB.
BoaHouac He BUKITFOUEHA 1 HU3KA HITNX IUISAXIB BIUIMBY cipkoBoaHI0 Ha BMicT ADK. 3okpema, onuH 3 Me-
XaHi3MiB MOKe OyTH 3yMOBJICHHH iHTiIOyBaHHSIM CipKOBOAHEM Kartanasu. [lomiOHuii edekT B HaIMX ekcre-
pPHUMEHTaX crocTepirarcs in Vitro mpu 1o7aBaHHI JOHOPA CipKOBOAHIO 70 (DEPMEHTHOTO Tpemnapary, a Ta-
KOXX B IIEpITYy TOANHY iHKyOarii koneonTwiB y nmpucytHocTi NaHS. Lle morio Oytu omHi€r0 3 IpUYXH TiI-
BUIIICHHS BMICTY B KJIITHHAX MEPOKCHIY BOIHIO i mojaibinoro Gopmysanns ADK-curnany, mo iHaykye
EKCIIPECi0 TeHIB aHTHOKCHAAHTHUX (DEPMEHTIB, Yy TOMY YMCIi caMoi Kartana3u. 3pOcTaHHA ii akTHBHOCTI
Bim3Hauanocs 4epe3 424 rom micis 0OpoOKH KOJEONTHIIIB JOHOPOM CipkoBOAHFO. [IpmMiTHO, 1m0 mei
edekT ycyBaBcs aHTaroHnictoM Kanbllito EI'TA, 1o Bkasye Ha CKJIQAHUAN MEXaHi3M ITiIBUIICHHS aKTUBHOCTI
(depMmenty. BapTo 3ayBaKuTH, 1110 B JIITEPATYpPi PO3TIIAAETHCSA TAKOK MOXKIIUBICTD BILUIUBY CIPKOBOJIHIO Ha
PEIOKC-TOMEOCTa3 MUITXOM TiepCyib(diTyBaHHSI epMEHTIB, 33TiTHUX Y MiITPUMAaHHI MYy KJIFOYOBOTO KJIi-
tuHHOTO BimHOBHUKA — HAJIDH (Corpas et al., 2021). 3okpema, mig BrutuBoM H,S BUSBIIEHO ITiABHUIIICHHS
y pocnun aktuBHocTi HA I®-rminepansaeria-3-gocdar nerigporenasu (Aroca et al., 2015).

Tax 4m iHaKIIe, CHPUYNHIOBaHA CIPKOBOIHEM MOAM(DIKAIlis MPO-/aHTHOKCUIAHTHUX (PEPMEHTIB 1 pe-
JOKC-TOMEOCTa3y 3yMOBIIIOBAJIa PO3BUTOK TEIUIOCTIMKOCTI i30Jb0BAHMX KOJICONTUIIIB Ta iIHTAKTHUX MPOPO-
CTKIB mureHuIi. binbie Toro, iHAyKyBaHHS TEIUTOCTIMKOCTI MPOPOCTKIB MIIEHHUIII JI€0 TETUIOBOTO 3arapry-
BaHHS (OJJHOXBUIIMHHOTO BIUIMBY Temiieparypu 42°C), sike CynpOBOJIKYBAJIOCS MiIBUIIEHHSM aKTHBHOCTI
CO/l, xarana3u i nepoxcuaasu, 0yio 3aJe;KHUM Bijl TPAaH3UTOPHOTO IiJIBUILICHHS BMICTY €HIOT€HHOTO Cip-
KOBO/THIO 1 yCYBaJIOCs OT0 CKaBeHKepoM rinoraypunom (Havva et al., 2022).

Otxe, cTpec-IpOoTEKTOpHI epeKTH CIpKOBOIHIO Ha POCIMHH 3yMOBJIEHI JyKe CKJIQJHUM i ‘“‘OaraToka-
HaJIbHUM™ HOTO BIUIMBOM Ha KJIITUHHHUI PENOKC-TOMEOCTa3, 10 BKIIIOYAE B ce0e, 3 OJHOro OOKY, MOCTTpaH-
cIAniiHy Moaudikarito mpo- i aHTHOKCHIAHTHUX (PEPMEHTIB, a TAKOXK (PepPMEHTIB CHHTE3Y ITyJ1y BiJIHOBHH-
KiB, @ 3 IPYrOro — OMOCEPEIKOBaHY IHIIMMH CUTHAJIBHUMH MOJIEKYJIaMH aKTHBAIIO eKcipecii reHiB dep-
MEHTIB, MPUYETHUX JIO 3MiH PEJIOKC-TOMEOCTa3y. BiKpuTHM MOKHM 110 3aJIMINAETHCS TUTaHHS 100 QYHK-
IIOHATBHOT B3aeMOIii (KOOpAMHAIIIT) IIMX PiI3HMX MEXaHi3MiB B IHTAKTHHUX KITITHHAX.
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Introduction. Cytokinins are derivatives of adenine, which belong to the key components of the
phytohormonal complex. They control cell division, meristem formation, photosynthesis, and aging, as
well as the absorption of macro- and microelements (Cortleven et al., 2019). Recently, the number of
works that provide evidence for the mitigation of abiotic stressor effects by cytokinins has increased
(Mandal et al., 2022; Vedenicheva et al., 2022). Temperature is one of the main environmental factors
that affect the growth and development of plants. Exceeding the optimal temperature induces heat stress,
which negatively affects metabolism, suppresses photosynthetic activity, increases respiration, inhibits
growth, and reduces yield (Prasad et al., 2008). Pre-sowing treatment of seeds with exogenous phytohor-
mones is a promising biotechnological approach to increase the stability and yield of grain crops
(Kosakivska et al., 2022). Abscisic acid (ABA), the accumulation of which under the action of stressors is
associated with the regulation of stomatal activity, a decline in transpiration, an increase in water content,
and modulation of the growth of the root system, significantly mitigates external negative influences
(Rehman et al., 2022). The aim of our work was to investigate the effects of ABA priming on cytokinin
homeostasis in related wheat species Triticum aestivum and T. spelta under the action of short-term heat
stress and to identify specific and non-specific ABA-induced changes in the accumulation and distribu-
tion of cytokinins in the organs of cereals associated with the formation of a reaction to stress.

Materials and methods. We studied 14- and 21-day-old plants of whole-grain soft winter wheat
cv. Podolyanka and spelt wheat cv. Frankenkorn, which were grown under laboratory conditions in the
Department of Phytohormonology at the M.G. Kholodny Institute of Botany of the NAS of Ukraine from
2020 to 2022. Wheat cv. Podolyanka is a winter- and drought-resistant, high-yielding variety that is un-
demanding to growing conditions. Spelt wheat cv. Frankenkorn is frost-resistant and ecologically adapta-
ble. Winter wheat grains were obtained from the collection of the Institute of Plant Physiology and Genet-
ics of NAS of Ukraine in Kyiv, and spelt wheat grains were obtained from the collection of the National
Center of Plant Genetic Resources of Ukraine in Kharkiv. Plant growth, priming grains with ABA solu-
tion (10°° M), and simulation of heat stress (2 h at +40°C) were carried out according to the method de-
scribed in Kosakivska et al. (2022). The extraction and analytical determination of cytokinins were per-
formed using high-performance liquid chromatography on an Agilent 1200 LC liquid chromatograph with
a diode-array detector G1315B (USA) according to the method described in Shcherbatiuk et al. (2021).
Solutions of trans-zeatin (t-Z), trans-zeatin riboside (t-ZR), trans-zeatin-O-glucoside (t-ZOG,) isopen-
tenyladenine (iP), and isopentenyladenosine (iPA) were used as markers and chemical standards for cali-
bration tables (Sigma, USA). The presence of analyte substances in the samples was confirmed using a
single quadrupole mass spectrometer G612A in the combined mode of operation (electrospray and chem-
ical ionization under atmospheric pressure) with positive ionization of molecules. The analysis and pro-
cessing of chromatograms were performed with Chem Station software, version B.03.01 in online mode.
Experiments were performed in three biological and five analytical replicates. The results were statistical-
ly processed (P < 0.05) using Microsoft Excel 2003.

Results and discussion. Three forms of cytokinins were present in the shoots and roots of cv.
Podolyanka winter wheat: t-Z, t-ZOG, and iP. Trace amounts of t-ZR and iPA were detected. After heat
stress, the total content of cytokinins in the shoots and roots of 14-day-old primed (ABA+) plants in-
creased by 76.8% and 313.3%, respectively. These indicators were 1.7-fold lower and 1.3-fold higher
than in the shoots and roots of unprimed (K) plants. In the shoots of ABA+ plants, t-ZOG and iP accumu-
lated, the content of which was 2.8 and 2.6-fold higher than in non-stressed ABA+ plants. The levels of t-
Z and iP increased in the roots, which exceeded by 2.8 and 23.3-fold the indicators recorded for non-
stressed ABA+ plants. After restoring the temperature regime, the total content of cytokinins in the shoots
of 21-day-old stressed ABA+ plants increased by 24.7% but decreased by 14.6% in the roots and amount-
ed to 580.1+29.2 and 362.6+18 ng/g FW, respectively. In the shoots, in comparison with ABA+ non-
stressed plants, the content of t-ZOG increased almost ten times, t-Z by 1.6-fold, and the level of iP de-
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creased by 9.1-fold, while in the roots the accumulation of t-Z decreased by 9.2-fold and iP by 6.2-fold,
and the amount of t-ZOG increased by 44.2-fold. In general, the total content of cytokinins in the shoots
of recovered 21-day-old ABA+ plants was higher than in ABA+ non-stressed (409.5+20.5 ng/g FW) and
K (542.0+£27.1 ng /g FW) plants. On the other hand, the accumulation of cytokinins in the roots of recov-
ered ABA+ plants did not reach the indicators of non-stressed ABA+ plants (458.7+22.9 ng/g FW) but
equaled the indicators of K plants (364.4+18.2 ng/g FW).

Five forms of cytokinins were identified in the shoots and roots of spelt wheat cv. Frankenkorn: t-
Z,t-Z0G, t-ZR, iP, and iPA. Heat stress induced a decrease in the total content of cytokinins in the shoots
of 14-day-old ABA+ plants by 53.6% and an increase in the roots by 6.4%. Compared with K-stressed
plants, these indicators were 1.2-fold higher in the shoots due to the accumulation of t-Z and t-ZOG and
2.9-fold higher in the roots mainly due to the increase in the content of t-ZOG and iPA (respectively 8.6
and 228.6-fold). In the shoots of stressed ABA+ plants compared to non-stressed ABA+ plants, the con-
tent of t-Z increased by 39.2-fold, while the level of all other forms of the hormone decreased. In the
roots, the amount of t-Z and iP increased from trace values to 60.3£3.2 and 182.5+9.1 ng/g FW and the
level of iPA enhanced by 13.4-fold.

After recovery on the 21st day of vegetation, in ABA+ plants, the total content of cytokinins in the
shoots and roots declined by 75.9% and 87.6%, respectively, resulting in levels of 107.9+5.4 and
115.2+5.8 ng/g FW. Overall, the total cytokinin content in the shoots of 21-day-old ABA+ plants after re-
covery was 2.6-fold lower than in non-stressed ABA+ plants and 2.1-fold lower than in K plants. Con-
versely, the cytokinin content in the roots was 1.6-fold higher than in non-stressed ABA+ plants and 2.3-
fold lower than in K plants. Previous studies have reported that heat stress decreased the content of ZR in
wheat grains (Yang et al., 2016), and reduced the level of active cytokinins while increasing ABA and
bound cytokinins in young rice panicles (Wu et al., 2016). Cytokinins have been shown to promote the
growth of the shoots while inhibiting the growth of the root system. We believe that the increase in en-
dogenous cytokinin content in the roots of primed winter wheat and spelt wheat plants under heat stress
mediates growth process inhibition, which enhances resistance. Additionally, an increase in cytokinin
content in the shoots induces protection of photosynthetic activity, as cytokinins are known to affect both
functional and structural aspects of photosynthesis (Honig et al., 2018).

Conclusion. Priming grains with ABA solution induced the different changes in cytokinin homeo-
stasis in winter wheat and spelt wheat under heat stress. Exogenous ABA caused hormone accumulation
in the shoots and roots of winter wheat cv. Podolyanka. In the shoots of spelt wheat cv. Frankenkorn, high
temperature caused a decrease in hormone content and an increase in cytokinin levels in the roots. The in-
crease in the total content of cytokinin in winter wheat roots was due to the accumulation of active forms
of t-Z and iP, while in spelt wheat it was due to an increase in the content of iP, iPA, and t-Z. After recov-
ery, the prolonged effect of priming was evident in increased hormone levels in the shoots and decreased
levels in the roots of winter wheat, whereas, in spelt wheat, there was a decrease in hormone levels in
both organs.
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Phytohormones play a vital role in regulating various developmental processes in plants. In our
study, we conducted an analysis of hormone metabolites, along with transcriptome and proteome
profiling, to identify the components of the hormonal system involved in the natural development of
reproductive organs in tomatoes. Our measurements were carried out at different stages of flower and
early fruit development, encompassing various organs such as sepals, petals, stamen, pollen, carpels,
ovary, peel and pericarp, jelly, placenta, and seeds. Through UPLC-ESI-MS/MS analysis, we observed a
gradual decrease in the concentration of active auxin and an increase in oxidized and conjugated forms as
the plants approached anthesis, particularly in the stamen. Coexpression analysis revealed the
involvement of certain tomato Grethen-Hagen 3 (GH3) genes, specifically SIGH3-2, SIGH3-7, and
SIGH3-15, in these inactivation processes. We conducted in vitro analysis of recombinant enzyme activity
and transient overexpression of GH3 genes in Nicotiana Benthamiana leaves, confirming their ability to
bind indole-3-acetic acid (IAA) and indole-3-butyric acid (IBA) to various amino acids. Mutant lines
created using CRISPR technology, specifically Slgh3-2 and Slgh3-15, exhibited elevated levels of free
IAA in maturing stamen, while Slgh3-2 showed higher levels of IAA-Asp conjugate. Proteomic analysis
of mutant stamen tissues revealed an enrichment of proteins potentially involved in stress resistance.
Furthermore, the pollen from Slgh3-2 and Slgh3-7 plants exhibited increased viability after prolonged
heat stress. Our findings provide valuable insights into the regulation of flower and early fruit
development, serving as a resource for further investigations into the underlying mechanisms.
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Background. Phytohormones play a key role in plant sensing and response to abiotic stresses. Alt-
hough they act in close crosstalk with each other, the role of individual components of the hormonal
complex has not been studied equally. Today, there is no doubt that cytokinins, along with ABA, are in-
volved in the transmission of environmental sighals and the formation of stress tolerance (Mandal et al.,
2022). Adverse external factors induce changes in endogenous cytokinin levels, the nature of which de-
pends on the strength and duration of the stressor impact and the stage of plant development (Cortleven et
al., 2019). It is possible to increase stress tolerance in plants by means of treatment with natural cytokin-
ins or cytokinin-like substances (Rhaman et al., 2021). Nevertheless, still many open questions remain to
be solved concerning the functions of individual cytokinins in the adaptation, the importance of their con-
jugation and redistribution between plant organs at different phases of an abiotic stress response. Rye is
one of the most important cereal crops, whose grains are extremely rich in valuable nutrients, such as pro-
teins, fats, vitamins, minerals, antioxidants, etc. Despite significant stress tolerance, young non-hardened
rye plants are vulnerable to contrasting temperatures and drought.

The aim of our work was to study the localization and dynamics of endogenous cytokinins in rye
plants (Secale cereale L.) under abiotic stresses (high and low temperature, soil drought), to find out the
possibility of mitigating the harmful effects of temperature stresses by priming seeds with a zeatin solu-
tion and determine the effect of this treatment on the balance of endogenous cytokinins.

Materials and methods. Rye seeds cv. Boguslavka were soaked in water or in zeatin solution (10
M) for 3 h. Plants were grown in a sand culture in a climate chamber (V6tsch, Germany) at a temperature
of +16°C, a photoperiod of 16/8 h, day/night (light intensity 190 umol/m?:s), and humidity of 60%. Wa-
tering was carried out daily with 50 ml of Knop's solution. Seven-day-old rye seedlings were exposed to
high (35°C) or low (2°C) temperature conditions. The content of cytokinins was studied at the stages of
alarm, acclimation, and recovery of stress response. Drought was induced by ceasing irrigation of 9-day-
old plants for 8 days. Cytokinins were purified and detected by HPLC-MS methods (Vedenicheva et al.,
2022). Experiments were performed in three biological and five analytical replicates. The results were
processed statistically (P < 0.05) using Statistix 10.0.

Results and discussion. During short-term heat stress (2 h, alarm phase of response) a decrease in
the content of trans-zeatin, trans-zeatin riboside, and isopentenyladenosine in the shoots was detected
whereas the concentration of isopentenyladenine and trans-zeatin-O-glucoside increased sharply. Simul-
taneously, changes in the content of zeatin-type cytokinins in the roots were opposite. Similar results were
obtained in adult Arabidopsis plants during the first 30 min at a temperature of 40°C, but after 2 h of
stress, reduced cytokinin content was detected both in leaves and roots (Dobra et al., 2015). Taking into
account that zeatin-type cytokinins in shoots act as positive growth regulators, but in the roots, they act as
negative growth regulators (Kieber, Schaller, 2018), it is possible to assume that the opposite changes in
these cytokinin amounts in the shoots and roots of rye after 2 h of heat stress, which were found in our
experiments, were aimed at reducing the growth activity of the plant as a whole. Retardation of plant de-
velopment after prolonged exposition at high temperature (2 days for 6 h, acclimation phase of response)
was accompanied by an enhancement of trans-zeatin, trans-zeatin riboside, and isopentenyladenine levels
in the shoots and their decline in the roots. An increase in active cytokinin content in the shoots is, proba-
bly, necessary to maintain the stomatal conductance and an increased intensity of transpiration to cool the
leaves under heat stress (Mackova et al., 2013). After exposure to high temperature, plants grown from
priming with zeatin seeds accumulated free cytokinins, in particular, the level of trans-zeatin increased
three times in shoots and five times in roots compared with unstressed plants. The renewal of plant
growth after 5 days of recovery occurred through the partial recovery of endogenous cytokinin homeosta-
sis. Pre-sowing priming of seeds with zeatin solution resulted in significant changes in the cytokinin bal-
ance of rye plant shoots and roots. The effect of heat stress on cytokinin amount in plants grown from
primed seeds was less pronounced compared with the plants grown from untreated seeds.
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Short-term chilling (2 h at 2°C) did not influence the growth of rye 7-day-old plants, but induced
an increase of trans-zeatin and trans-zeatin riboside content in shoots, while isopentenyl-type cytokinin
levels dropped to the minimum. In contrast, trans-zeatin and trans-zeatin riboside were not detected in the
roots, isopentenyladenosine, and isopentenyladenine levels declined about three times. The concentration
of trans-zeatin-O-glucoside was reduced in both shoots and roots. In the shoots of plants grown from
seeds primed with a zeatin solution, the concentration of zeatin-type cytokinins changed to a much lesser
degree: the level of trans-zeatin increased by 44%, and trans-zeatin riboside — by 25%. In roots, only
trans-zeatin-O-glucoside content increased by 25%. Therefore, the dynamics of zeatin-type cytokinins in
rye plants during the alarm stage of response to cold stress aims to maintain intensive growth processes in
this short period. Since similar changes in the content of active forms of cytokinins were detected in Ara-
bidopsis leaves and roots at the very beginning of heat shock (Dobra et al., 2015), it can be assumed that
such a response of the hormonal system to temperature stress is nonspecific. Prolonged cold exposition of
rye plants (2 days for 6 h) inhibited shoot growth by 12% and elongated roots by 21% as compared to the
control. In shoots, the level of trans-zeatin, isopentenyladenosine, and isopentenyladenine dropped to
minimum values, while the content of trans-zeatin-O-glucoside decreased almost by half, and trans-
zeatin riboside increased by 87%. A similar nature of transformations of the cytokinin pool was found in
the roots, with the exception of isopentenyladenine, the level of which remained unchanged. Analogous
cytokinin dynamics were previously observed in the leaves and roots of winter wheat during the period of
acclimation at 4°C, where the level of active cytokinins increased sharply after falling during the alarm
stage of response to cold (Vankova et al., 2014). The balance of cytokinins in the organs of rye plants at
the stage of acclimation to the chilling in our experiments obviously contributes to the reduction of the
growth activity of the plant, and therefore to the preservation of energy resources of the plant to overcome
the negative effects of stress, in particular for the synthesis of protective proteins, activation of the antiox-
idant system, etc. Plants that grew from seeds primed with a zeatin solution, after prolonged chilling, did
not differ in linear parameters from the control. In their shoots, the content of trans-zeatin, isopentenyl-
adenosine, and isopentenyladenine was almost equal to that of non-stressed plants but was higher than the
corresponding amounts of the stressed control.

No correlations were observed between the content of cytokinins and the growth of rye plant or-
gans after 8 days of water deficit. Drought induced an increase of trans-zeatin, isopentenyladenine, and
trans-zeatin-O-glucoside content in both shoots and roots, while the level of ribosylated cytokinins
(trans-zeatin riboside and isopentenyladenosine) decreased. This finding together with the information
concerning the dynamics of trans-zeatin riboside in rye plants under temperature stresses suggests that
this cytokinin could play an important role in the plant development and responses to environmental
stress (Nguyen et al., 2021).

Conclusion. The response of the hormonal system of rye plants to abiotic stresses is a dynamic and
differentiated process, the specificity of which depends on the duration of the stress and the plant organ.
Temperature fluctuations induced changes in the cytokinin pool directed towards maintaining growth ac-
tivity during the alarm phase of response, whereas during the acclimation phase, the cytokinin balance
transformed to save plant vitality. Pre-sowing priming of rye seeds with a zeatin solution allowed the
plants to maintain normal growth and morphology under prolonged stress. This treatment had a signifi-
cant effect on the homeostasis of endogenous cytokinins, resulting in the cytokinin pool of stressed plants
undergoing a more moderate rearrangement than in the control under the influence of unfavorable factors.
We assume that changes in the balance of cytokinins resulting from seed priming are a component of the
restructuring of the hormonal system as a whole, which allows the plant to improve stress tolerance.
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Hydrogen sulfide is a colorless gas with a strong, unpleasant odor of rotten eggs. The human-
perceptible content of hydrogen sulfide in the air is about 400 times lower than the toxic level and ranges
from 0.1 to 1 ppm. In an aqueous environment at pH 7.4, about 2/3 of hydrogen sulfide molecules disso-
ciate into hydrosulfide and sulfide ions in a two-step reaction: H,S « H" + HS" « 2H* + S*. Hydrogen
sulfide easily penetrates cell membranes, and its solubility in lipophilic solutions is up to five times high-
er than in water (Wang, 2002). The first and most important scientific reports attesting to the physiologi-
cal function of hydrogen sulfide in animal organisms date back to 1989 when endogenous production was
observed and levels of hydrogen sulfide were measured in the brains of rats (1.6 pg/g) and in the brain-
stem of healthy humans analyzed post mortem (0.7 pg/g) (Warenycia et al., 1989; Goodwin et al., 1989).
Subsequent reports and studies on the function of hydrogen sulfide in the cells of living organisms have
led to its inclusion, along with carbon monoxide (CO) and nitric oxide (NO), among small, gaseous sig-
naling molecules. Studies on the effects of hydrogen sulfide on plant organisms were conducted as early
as the 1960s, but due to the widely recognized toxicity of hydrogen sulfide, they concerted on the effects
of exogenous administration of the compound to plants. At the time, high doses of the gas were found to
cause a markedly toxic effect leading to leaf lesions and loss, reduced growth rates and ultimately death
of more sensitive plant species, while low doses of hydrogen sulfide stimulated plant growth. In recent
years, the effect of hydrogen sulfide on plant stress responses to both biotic and abiotic factors has been
described. Hydrogen sulfide has also been found to be involved in the regulation of a number of processes
in plant organisms, including seed germination, movement of stomatal apparatuses, and organogenesis in
roots, photosynthetic responses, fruit ripening, organ aging, and autophagy (Kabata et al., 2019). Regard-
less of the ever-increasing evidence supporting the biological role of hydrogen sulfide, the gap between
macroscopic descriptions of the observed changes and the molecular mechanism(s) behind these process-
es remains very large all the time. The reactivity of hydrogen sulfide toward reactive oxygen and nitrogen
species and/or metal ions cannot explain the variety of observed biological effects, so another mechanism
that may help explain the biological role of hydrogen sulfide, involving persulfidation of cysteine residues
within proteins, is also proposed in the literature. This modification is alternatively referred to as S-
sulfhydration.

The research was planned to verify the hypothesis that pre-sowing seed exposure to hydrogen sul-
fide increases the amount and intensity with which current and newly synthesized proteins undergo
sulfhydration during germination.

The implementation of the scientific activity consisted in determining the concentrations for two
hydrogen sulfide donor compounds (NaSH and GYY4137) and the optimal times of seed exposure to
them. On the basis of germination tests and evaluation of seedling growth inhibition under high concen-
trations of hydrogen sulfide, concentrations indicative of a phytotoxic effect were eliminated. The select-
ed concentrations were used in proteomic analyses. The protein extracts obtained after maleimide labeling
were separated using 2D-IEF-PAGE electrophoresis technique and then analyzed.
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Five of the protein spots with the most pronounced changes were selected for identification. The
spots for identification by LC-MS/MS were sent to the Environmental Mass Spectrometry Laboratory of
the Institute of Biochemistry and Biophysics, PAS in Warsaw. Identified proteins were analyzed for
agreement of their mass and pl with values observed on gels for a given protein spot. Among the proteins
with the highest increase in signal intensity (15.5-53-fold), which may indicate an increase in the level of
accumulation of a given protein or a greater degree of persulfidation, we were able to identify proteins
showing a significant degree of similarity to: myrosinase-binding protein [Brassica napus; AAC08048.1],
cruciferin subunit [Brassica napus; AAKO07609.1], and 1-Cys peroxiredoxin PER1-like [Brassica napus;
NP_001302566.1]. Among the proteins with the strongest decrease in signal intensity (3.2-5-fold), which
may indicate either reduced accumulation of a given protein or a lower degree of persulfidation, we were
able to identify proteins showing a significant degree of similarity to: oil body-associated protein 1A
[Brassica rapa; XP_009119147.1] and putative proteasome 20S betal subunit, partial [Brassica napus;
AAS01048.1].

The identified proteins indicate the influence of hydrogen sulfide on processes related to metabolic
turnover and utilization of spare substances stored in embryo tissues at the early stages of germination.
The observed significantly higher levels of hydrogen sulfide in germinating unprimed seeds suggest the
need to look closely at the natural sources and changes in hydrogen sulfide formation at the seed germina-
tion stage.

The work was funded by Poland National Science Centre 2020/04/X/NZ1/00612 grant to L W.
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SALT TOLERANCE IN ARABIDOPSIS THALIANA

T. O. Yastreb', Yu. E. Kolupaev'? M. A. Shkliarevskyi®, A. I. Dyachenko?, A. P. Dmitriev*

Yuriev Plant Production Institute, National Academy of Agrarian Sciences of Ukraine, Kharkiv,
Ukraine; plant_biology@ukr.net

’poltava State Agrarian University, Poltava, Ukraine;
3Intego Group, Kharkiv, Ukraine

*Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of Ukraine, Ky-
iv, Ukraine; dmitriev.ap@gmail.com

Salicylic acid is a plant stress hormone located at the center of the plant cell signaling and hormo-
nal network. As important mediators in the SA physiological effects, hydrogen peroxide and possibly
other ROS are considered (Petrov, Breusegem, 2012). On the other hand, SA is thought to be a key com-
ponent in the ROS signal transduction and amplification system (Quan et al., 2008). ROS formation in
plant cells is seen as a possible trigger for SA synthesis (Herrera-Vasquez et al., 2015). Thus, it is likely
that one of the ways the signaling effects of ROS are realized is through their ability to induce SA synthe-
sis.

There are also complex links between the most important gasotransmitter, nitric oxide, and SA as
signaling molecules, the nature of which remains largely unexplained. On the one hand, nitric oxide,
along with ROS, is considered to mediate the physiological effects of SA (Mur et al., 2006). At the same
time, some effects of nitric oxide as a signaling molecule can also be mediated by SA. The effect of in-
creasing SA content in tobacco cells under the influence of exogenous NO has been known for quite some
time (Durner et al., 1998). Tobacco plants transformed with the bacterial salicylate hydroxylase (NahG)
gene and containing only trace amounts of SA were shown not to develop resistance to tobacco mosaic
virus under the influence of NO donor (Song, Goodman, 2001). Transformation of wild-type tobacco
plants with the mammalian neuronal NO synthase (nNOS) gene induced the development of resistance to
Phytophthora parasitica (Chun et al., 2012). However, tobacco double transformants nNOS/NahG
showed no resistance to this pathogen.

In addition to nitric oxide, hydrogen sulfide (H.,S) is one of the key gasotransmitter molecules in
plant and animal cells. Li et al. (2015a) showed that the induction of plant heat resistance by exogenous
SA was accompanied by an increase in hydrogen sulfide content. A synergistic effect of antioxidant sys-
tem activation was also shown with the combined effect of SA and the hydrogen sulfide donor NaHS on
plants (Li et al., 2015b). It is possible that SA may be involved in transmitting or amplifying the hydrogen
sulfide signal, as is established for some other signaling mediators. However, such information was not
available in the literature at the time of our research.

Plant hormones of the brassinosteroid (BR) class, along with SA, are active participants in plant
adaptation to stress factors of various natures. There is evidence that components of salicylate signaling
are involved in the stress-protective effects of BRs (Ahanger et al., 2018). Thus it was shown that exoge-
nous 24-epibrassinolide significantly increased salt- and heat tolerance of wild-type Arabidopsis but had
little effect on the resistance of nprl-1 genotype plants — mutants of the key salicylate signaling gene (Di-
vi etal., 2010).

Arabidopsis NahG plants transformed with bacterial salicylate hydroxylase and consequently not
accumulating SA can serve as a model object to study the role of endogenous SA in the effects of various
compounds with stress-protective action. Over the past few years, we have been investigating the in-
volvement of SA in the signal transduction of hydrogen peroxide, nitric oxide, hydrogen sulfide, and 24-
epicastasterone (EC) when they induce salt tolerance in Arabidopsis plants.

4-5-week-old Arabidopsis thaliana wild-type plants (Col-0) and those transformed with the NahG
gene encoding salicylate hydroxylase from the bacterium Pseudomonas putida, with SA content an order
of magnitude lower than in wild-type plants (Gaffney et al., 1993), were used for experiments. One day
before exposure to salt stress, hydrogen peroxide (500 uM), the nitric oxide donor sodium nitroprusside

91



SECOND INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

(SNP, 500 uM), the hydrogen sulfide donor NaHS (50 uM), or 24-epicastasterone (EC, 1 uM) were add-
ed to the nutrient media. The most salt tolerance-enhancing concentrations of these compounds were se-
lected on the basis of preliminary tests. After 24 hours of exposure to these compounds, the nutrient me-
dium was replaced by a fresh medium without these physiologically active compounds but with the addi-
tion of 175 mM sodium chloride.

The constitutive tolerance to salt stress was higher in NahG genotype plants than in wild-type
plants. Under the influence of exogenous hydrogen peroxide, nitric oxide donor SNP, and hydrogen sul-
fide donor sodium hydrosulfide the salt tolerance of plants of both genotypes was increased. It was evalu-
ated by growth rates, oxidative stress (MDA content), and the ability to maintain the chlorophyll pool af-
ter exposure to NaCl. In plants of both genotypes, superoxide dismutase and guaiacol peroxidase activity
was increased after treatment with H,O,, NO, or H,S donors, more markedly in salicylate-deficient NahG
plants. Thus, the obtained results indicate the presence of hydrogen peroxide and gasotransmitter (nitric
oxide and hydrogen sulfide) signal transduction pathways in Arabidopsis plants, functioning without sali-
cylic acid participation and also evidence of more efficient functioning of antioxidant system in salicy-
late-deficient Arabidopsis plants.

Treatment with EC, as well as with signal mediators, had a positive effect on the salt tolerance of
wild-type plants, which was manifested by a decrease in LPO rate, stabilization of the chlorophyll pool,
and an increase in carotenoid content under the influence of NaCl. Under the EC influence under salt
stress, the activity of antioxidant enzymes catalase and guaiacol peroxidase increased in wild-type plants.
At the same time, treatment with EC caused no change in the activity of antioxidant enzymes in NahG
plants. Also, exposure of salicylate-deficient Arabidopsis plants to EC had no effect on LPO intensity and
photosynthetic pigment content under stress conditions. The results indicate the involvement of salicylic
acid in the BRs’ protective action on plants under salt stress.

In general, SA is involved in the transduction of a number of plant resistance-inducing signals, in
particular, important stress hormones such as BRs and ABA (Koo et al., 2020) but many of the signals
that induce salt tolerance (in our case, the action of exogenous hydrogen peroxide, nitric oxide, and hy-
drogen sulfide) are transmitted to the genetic apparatus via pathways not directly related to SA. Such ef-
fects appear to be one example of the divergence of stress signals in their transmission into the genome,
which may provide plants with resilience when stressors damage individual components (e.g. proteins) of
signaling pathways.
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INDUCTION OF PLANT RESISTANCE BY EXOGENOUS INFLUENCES
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There is an effective communication system within bacterial populations based on autoinducers.
In gram-negative bacteria, the molecules of such autoinducers are N-acyl homoserine lactone (AHL)
with a short and long CH-chain (Hartmann, 2020). AHL autoinducers make it possible to effectively
adapt the expression of bacterial genes to changes in the environment. AHL-signaling between bacteria
and plants has been demonstrated in many gram-negative rhizobacteria (Shenk et al., 2014). Besides
AHL involvement in QS, it has been found that they also allow communication between bacteria and
eukaryotic hosts in a process termed "inter-kingdom signaling"”. Recent evidence suggests that plants
can not only sense bacterial AHLs but also react to them accordingly (Shrestha, Schikora, 2020; Hart-
mann, 2020; Babenko et al., 2021; 2022). One effective technique to increase resistance to abiotic stress
is priming. AHL priming induces plant growth, increased photosynthetic pigments content, causes
changes in the balance of endogenous phytohormones, and affects the formation of defense mechanisms
against pathogens and resistance to abiotic stresses, particularly salt and drought stress (von Rad et al.,
2008; Shenk et al., 2014; Liu et al., 2020; Moshynets et al., 2019; Hartmann et al., 2021). Our previous
studies have shown that the use of Cs-HSL, a seed primer for winter wheat, contributed to significant
improvements in wheat growth, productivity, and yield structure (Moshynets et al., 2019). These com-
pounds may represent novel elicitors that could be applied as seed primers to enhance cereal crop re-
sistance to pathogens and abiotic stress and to improve yields. We investigated the effect of seed prim-
ing with N-hexanoyl-L-homoserine lactone (C¢-HSL) on the content of endogenous phytohormones of
winter wheat in field trials.

Materials and methods. Experiments were performed at the M. G. Kholodny Institute of Botany
of the NAS of Ukraine from 2019 to 2021. Plants of wheat (Triticum aestivum L., cultivar Podolanka)
were studied. Wheat seeds were obtained from the collection of the Institute of Plant Physiology and
Genetics of the NAS of Ukraine (Kyiv). Field experiments were carried out on the plots of the research
base "Feofaniya" of the Institute of Botany (Kyiv). Seeds were treated with Cs-HSL as described in
(Moshynets et al., 2019). Agricultural technology is generally accepted for sowing winter wheat in the
Forest-steppe agroclimatic zone. Sampling was carried out in the tillering, flowering, and milky-wax
ripeness phases. Extraction of phytohormones ABA, IAA, GA; SA, and cytokinins was carried out as
described. Analytical determination of phytohormones was carried out by high-performance liquid
chromatography on an Agilent 1200LC/MS liquid chromatograph (USA) with a G1315B diode array
and an Agilent G6120A mass selective detector (Kosakivska et al., 2021; 2022).

Results and discussion. To overcome stress, plants employ adaptive strategies that integrate
morphological, physiological, and biochemical responses to ensure growth success and productivity.
Phytohormones play a crucial role in the modulation of physiological and molecular reactions for plant
survival under adverse conditions. Our studies demonstrated that Ce-HSL priming induced significant
changes in hormonal balance in wheat plants. During the tillering phase, this treatment increased the
endogenous content of indole-3-acetic acid (IAA), abscisic acid (ABA), and gibberellic acid (GA;),
while salicylic acid (SA) content decreased in leaves but increased in roots. In the flowering phase, IAA
accumulation predominantly continued in leaves, while ABA, GAs, and SA content decreased. GAs; was
primarily localized in the leaves, and there was active cytokinin accumulation in roots, dominated by t-
ZR, t-ZOG, and IPA. In the phase of milky-wax ripeness, IAA content in the leaves decreased, while
ABA was at a maximum level. GA; level in the leaves approached a minimum, and SA increased. Cy-
tokinins accumulated in leaves, primarily in the form of t-ZR and t-ZOG. The changes in cytokinins
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dynamics and localization after priming seeds with Cg-HSL induced a decrease in wheat root growth
during the flowering phase and an increase in leaf growth during the phase of milky-wax ripeness. The
effect of AHL on hormonal metabolism in plants is ambiguous. The involvement of hormones in AHL-
induced resistance was first postulated after studies showed that AHL inoculation enhanced systemic
defense and SA accumulation in tomato plants (Hartmann, 2021). Solutions of C¢- and C,-AHL induced
hyperexpression of SA and ET-dependent Pathogenesis-Related 1a (PR1a) genes and two chitinase
genes after treatment of tomato (Schuhegger et al., 2006). The overexpression of these genes in tomato
leaves after applying Cs-AHL and C,-AHL to the root indicates that the systemic response is formed
with the participation of the SA-dependent signaling pathway. AHLs have been shown to regulate plant
growth by stimulating auxin metabolism (Bai et al., 2012; Liu et al., 2020; von Rad et al., 2008). The
possible role of auxin in shaping the response to AHL influence was proved by analyzing the transcrip-
tome of Arabidopsis plants. Auxin-related genes were expressed after treatment with Cs-AHL and oxo-
Cu-AHL (Schenk et al., 2014; von Rad et al., 2008). Moreover, genes involved in the metabolism of
auxin antagonist cytokinins were suppressed (von Rad et al., 2008). Cs-AHL-induced changes in gene
expression led to an increase in auxin levels and a decrease in cytokinins. A change in the ratio of aux-
ins/cytokinins after AHL treatment is considered a possible way to regulate the growth of the primary
root (von Rad et al., 2008). The involvement of auxin in oxo-Cio-HSL-stimulated growth of primary
and additional roots due to changes in the basipetal transport of the hormone was demonstrated (Bai et
al., 2012). At the same time, it was reported that the growth of lateral roots and the development of root
hairs under the influence of oxo-Cy,-AHL did not depend on auxin signaling, as indicated by the analy-
sis of the expression of GUS reporter genes under the control of the auxin-regulated DR5 promoter
(Ortiz-Castro et al., 2009). In general, our study demonstrated that seed priming with C¢-HSL induces
significant changes in the hormonal homeostasis of winter wheat plants, which depend on the stage of
vegetation and the plant organ.
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Y npupoai pociIrHU B3aEMOJIIOTH 13 6araTbMa MiKpOOpraHi3MaMu i BUpOOMIIM CUCTEMY PEaKIil,
AKi 3a0e3nedyroTh IXHil 3axucT BiH martoreHiB (Agnew, 2000), Ta eheKTHBHY B3a€MO/IIIO 13 KOPUCHIUMH
MiKpoopraHizMamu. Xo4a Ha ChbOTO/IHI He po3mu(poBaHi BCi MEXaHi3MHU B3a€MOI1 POCIHH 1 MiKpoop-
raHi3MiB i, 30KpeMa, OaKTepii, BiJOMO MPO HASBHICTh JIBOX OCHOBHHUX MEXaHI3MiB 3aXVCTy POCIIHMH Bij
MATOTEHHUX MIKPOOPTaHI3MIB — II¢ PE3UCTEHTHICTh (3MaTHICTH Xa3siiHa OOMEXYBaTH PO3MHOXKEHHS
30y/IHMKA) Ta TOJIEPAHTHICTH (3AATHICTH Xa3siHa 3MEHIIYBAaTH BIUIMB iH(MEKIii Ha )KUTTENISIIBHICTD He-
3aJIe’KHO BiJI PiBHS pO3MHOXKEHHSI ITATOT€HIB), sIKi 3a0€3MeuyroTh CTiKicTh pocnunu (Pagan, 2018).

[laToreHHOMY MIKpOOpPTaHi3My UIsl KOHTaKTy 3 POCIHHOIO-Xa35THOM HEOOXiITHO ITOI0JAaTH KOH-
CTUTYTHBHI Oap’epu: >KOpCTKa KIITHHHA CTiHKA, BOCKOBHH Iap, KYyTHKYJSpHI JMIA Ta iHIIE
(Bednarek, 2012). Hactynaum 3axucHuM Oap’epoM € HecrienugiuHi peakiii CTIHKOCTI pOCIUH.

OnHuM 13 010JIOTIYHO aKTMBHUX KOMIIOHEHTIB 30BHIIIHBOI MeMOpaHu rpaMHEeraTHBHUX (iTora-
ToreHHUX OakTepii € mimonoxicaxapumu (JIIIC). Sk moBepxHeBa cTpykTypa y OakTepialbpHIN KIITHHI
JIIIC e daxropom B3aemofii 3 pociauHOO-Xa3zsiiHoM (Newman, 2002). Ilpu npomy 3uauenus JIIIC y
CKJIaJHHX Tpollecax BIi3HABAaHHA Ta BiJINOBIJI POCIUHU Ha MPOHUKHEHHS MAaTOreHa 3aJIMIIAETHCS MOB-
HicTio He po3kputuM. Amxe JIIIC 3 omHOro 60KY € hakTopoM OakTepiaTbHOI BipyJIIEHTHOCTI, a 3 1HIIO-
TO caMme I MOJIeKyJa € MapkepoM npucyTHocTi nmatorena (Kutschera, 2019).

Bigomo, 1110 pocivHM i MIKpOOPraHi3MH BUKOPUCTOBYIOTH TUIiIKaHU SIK KOMIIOHEHTH KIIITHHHOTO
posmizHaBaHHs. [1i1 yac B3aeMo/1ii pocirHU Ta GiTONATOreHHUX OaKTepiii MOBEPXHEBI IIIiKaHU, TIiKaHH
KIITUHHUX CTIHOK Ta TJIIKONPOTETHH CTUMYIIOIOTh CUTHAJIBHI CHCTEMHU POCIMH. BaXkIMBUM TilikaHOM
rpaMHEraTUBHUX (ITOMATOTeHHUX OaKTepiid, o Oepe ydacTh B mpoiiecax posmizHasannsi, € JITIC. JITIC
y 3aJIeKHOCTI BiJl TUITY B3a€MOJIIi Mk OaKTepi€ro Ta POCIMHOO 3/IaTHI 1HIYKYBaTH y POCIMHHHX KITi-
TUHAaX HU3KY O10XiMIYHMX 3MiH: YTBOPEHHS! aKTMBHUX ()OpM KHCHIO, cuHTe3 NO, HaJXO)KEHHsI 10HiB
KaJbIiI0 B KJIITHHY, 3MiHU B KIITHHHIN CTiHIII 3 YTBOPEHHAM KaJlo3H i (DEHOILHUX CIONYK, iHIYKIIIO
a0o0 MpUrHIYEHHS peaKilii HaJIyTIHUBOCTI.

Onmnirocaxapumu JIIIC gitoTh sk curHambHUEA pparMeHT A iHAYKIT IMyHHOT BiJIIIOBI i POCIIMHH,
a mmg A po3Mi3HAETHCS, HABITh B MKOMOJSPHUX KOHIEHTpamisx, sk PAMP (Pathogen Associated
Molecular Patterns — ITatoren acoriiiioBaHi MOJIEKYJISIPHI CTPYKTYPH) Pi3HUMHU 30BHINIHBO- Ta BHYTPI-
mHboKITiITHHHUMHA JITIC cencopamu. PAMP nipencTaBisitoTh MIMPOKUN CIEKTP MOJIEKYI, IO BKIIIOYAE
BYTJICBOJIH, JIMTi AN, OUTKH, TIETITHAM, JIIIOTOJTiCaXapy i, TIIIKOJIMIIN Ta TITIKOIPOTETHH.

Penienrropom JITIC B pocnuni € RLK LORE (Lipooligosaccharide-specific Reduced Elicitation),
KN HAJIKUTh 70 crielnivHoro uis pociauH kiacy JektuHiB S-domain-1 kinases (SD-RLK). RLK
LORE moxe cnpuiimaru JIIIC Pseudomonas sk PAMP B Arabidopsis Ta iHIIMX XpecTONBITHUX, iHILi-
totour TunoBi PTI (Pattern-Triggered Immunity) Bigmosizi.

JITIC-omocepeikoBaHi 3aXMCHI peakiiii 100pe oxapakTepu30BaHi JUIs CCaBIB, Jie TaKi peakiii
noB’s3ani 3 TLR4/MD-2 (toll-like receptor 4/myeloid differentiation factor-2) ta macrynuumu akTuBa-
mi€ro aronurosa, CMHHTE30M NMPOTH3ANATbHUX HUTOKIHIB, iIHTEp(EPOHIB Ta NPOTUMIKPOOHUX MENTHIIB.
3ananbHUi poIIeC TaKOXK MOXKe OYTH aKTHBOBAHO 3a 0€3MOCEpeIHROTO PO3Ii3HaBaHHs OaKTepiaIbHO-
ro JITIC rnikonporeinom CD14 ccapmiB. OjHak, MOJIEKYJISIpHI MEXaHI3MU 3B’s3yBaHHS Ta pO3Ii3Ha-
BaHHs JIIIC B pocIMHHUX KIITHHAX JOCI 3aJIMIIAIOTHCS Majlo BHUBUEHHMH, TOMY BUBUCHHS BIUIMBY
JIIC ¢itonaToreHHux OakTepiii Ha POCIMHY HE BTpAya€ CBOET aKTYaJIbHOCTI.

Byno orpumano ninononicaxapuau tmramiB P. syringae pv. atrofaciens (YKM B-1011, 9780,
9400), Tunooro mwramy P. syringae pv. syringae YKM B-1027 i mramis, siKi HajexaTh JI0 MaTOBapiB,
IO YpaKyIOTh HE 3€pHOBI KyJIbTypH (IyKpoBi Oypsku): P. syringae pv. aptata 8544; P. syringae (P.
wieringae) 7922. B JITIC ycix mociimkenux mramiB Buay P. syringae xonmenrparis 6inka 6yia 3Hay-
Hoto 1 ckimamana Bix 10 mo 24%. Mo ckmany JITIC P. syringae sxomuts Bix 3,1 g0 11,7 % HykieiHOBHX
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kuciort Bif cyxoi macu JIIIC. B ycix onepxanux JIIIC Bussiena KJ1O y xingpkocti 0,56 — 1,50%. JITIC
P. syringae mictuiu TumoBi Ui ux OiomosiMepis sxkupHi kuciaotu. Bugineni JITIC € GionoriyHo akTH-
BHHMH Yy CEPOJIOTIYHUX PEaKIisx Ta 3[aTHI 3amo0iraTty peakiii HaadyTINBOCTI Ha JTUCTKaX TIOTIOHY.

3 MeToI0 OIiHKY (PITOMATOTeHHNX OaKTepii sk (pakTopiB Oi0JOTIHHOTO MyTareHe3y y B3aeMomii 3
pOCIMHAMH JOCTIiAWIN iX y OaKTepiaibHil Ta POCIMHHIN TecT-cHCTeMax Ha MyTareHHiCTh. 3a KyJIbTH-
ByBaHHs B JlabopaTtopHux ymoBax P. syringae pv. syringae YKM B-1027 i P. syringae pv. atrofaciens
YKM B-1011 He yTBOPIOIOTH CIOMYKH i3 MyTareéHHOIO aKTHUBHICTIO Ta HE CIIPHYUHIOIOTH aKTHBAIIiO
npomytareny 3,3'-niamino6ensuainy B tecti Eiimca. JITIC P. syringae He MaroTh MyTareHHOI aKTHBHO-
cri B Tecti Eiimca. JITIC ycix mocmimkenux mramiB P. syringae y konmenrpamisx 5,0 mr/mi ta 0,5
MT/MJI BHSBUJIMCS 3AaTHUMHU 3MEHIIYBAaTH KUTBKICTh 1HAyKOBaHUX Oixpomarom Kamito Ta N-metnm-N'-
HiTpo-N'-HiTposoryanizun His™ pesepciii B Tecti Eiimca. Takoo caMOK aKTMBHICTIO IOJO iHAyKOBa-
HOro MyrareHe3y B TecTi Eiimca xapakrepusyBanucs JIIIC mramiB iHmmx matoapis: P. syringae pv.
syringae YKM B-1027, P. syringae pv. aptata 8544, P. syringae 7922. Otxe, aHTUMyTarecHHa Jiisi € 3a-
ransHOI0 BiacTuicTio Beix JITIC P. syringae.

Bceranosneno, mo JIIIC P. syringae pv. atrofaciens 9780 Ta P. syringae pV. atrofaciens YKM B-
1011 cipuuuHIOIOTH 301IbIIEHHS KiJTBKOCTI XpoMocoMHuX abepariit B Allium cepa-recri (3a aii JITIC
P. syringae pv. atrofaciens 9780 uyactota abepaHTHUX aHa- i Tenodas craHoBwia 11,1+0,6%, 3a il
JIIC P. syringae pv. atrofaciens YKM B-1011 10,8+0,5%, y xontpomni — 4,8+0,2%). Takum guHOM,
JIIIC ¢itomarorennnx Oakrepiit P. syringae pV. atrofaciens TpOSBISIOTh MyTareHHY aKTHBHICTH B A.
cepa-tecti y KOHIeHTpaIlii 5,0 Mr/mi1.

OpHUM 3 MepIIuX eTamiB BiAMOBiI POCIMHN HA MPOHUKHEHHS NaTOTEHY € YTBOPEHHS aKTHBHUX
(hopM KHCHIO, 30KpeMa, IEPOKCUIY BOJIHIO i1 CYIIEPOKCHIHOTO aHIOH-panukana. Beranosneno, mo JITIC
P. syringae pv. atrofaciens miaBuIyOTh EPOKCUIA3Hy aKTUBHICTH IPOPOCTKIB A. Cepa. Y mpopocTkax
UOYIIi HE CIOCTEepirajiv 3HauyHOI 3MiHM Kataja3Hoi akTuBHOCTI 3a aii JIIIC, ane BusBsuM 3HauHe 30i-
JBIICHHS KUTBKOCTI MaJIOHOBOTO aJbJAETiAYy B POCIMHHUX €KCTPaKTaxX MpOpPOCTKiB muOymi. OmeprkaHi
pEe3yJIbTaTH JAIOTh ITiJICTaBH BBAXKATH, IO MOUIKOKEHHS XPOMOCOM Y KIIITHHAX aliKaJbHOI MEpPHCTe-
MH [HOYITi MOKYTh OyTH OTOCEPEIKOBaHI OKCUIATUBHUM CTpecoM, sikuii innykyetbes JITIC P. syringae
pv. atrofaciens.

InaktuBoBani kiituan (IK) i JITIC BipysienTHoro mramy P. syringae pv. atrofaciens 9400 3ymo-
BJIFOBAJIM TPUTHIYEHHS MOy Ta mponidepallii KamOCHUX KIITHH MIneHHIi. TOKCHYHWI BIUTUB Ha
JKUTTE3NATHICTD KAMIOCHOI KYJIbTYPH MIIEHHIN BUSBISIN HAaBITh 32 HU3bKOTO BMICTY B CEpEIOBHII
(0,4% 1 0,5%) IK Ta JITIC P. syringae pv. atrofaciens 9400 (BHXxMBaHICTh KAIFOCHUX TKAHUH CTAHOBHIIA
17,5-43,2%). 3a naii IK i JITIC P. syringae pv. atrofaciens 9400 36inbiryBanacs mepoKCHIa3Ha aKTHB-
HICTh y KaJIFOCHUX TKaHWH MIIeHWI. BeTanoBmeHo MoxiuBicTh 3actocyants JIIIC i TK P. syringae
pv. atrofaciens B konieHTparii MakcumaiabHOro iHriOyBanHs [Kgy sk ceneKTUBHOTO (hakTopa Juis BH-
3HAaYeHHS CTIWKOCTI JIiHIH mmeHui 1o 30y1HuKa 6a3aIbHOTO 0aKTEPio3y.

[TpoBeseHi MOCHiKEHHS MIATBEP/KYIOTh edekTuBHicTh Bukopuctanns JIIIC P. syringae pv.
atrofaciens sik cejekTUBHOTO (hakTopa JJisi BA3HAYCHHS YyTJIMBOCTI COPTIB MIICHHMII 10 30yIHHKa Oa-
3aIbHOTO OaKTepio3y Ta 3[iCHeHHs cenekiii. Ha erami mpomideparii KanrociB iHAKTHBOBaHI KIIITHHH
6akrepiii i JITIC P. syringae pv. atrofaciens B no3ax 0,4 1o 1% nposBiIsiIiM TOKCHYHUI BILIMB Ha KaJt0-
CHI TKaHWHHU TMIIEHMI CcopTy XyTopsiHKa. BcraHoBieHo MoxiuBicTh 3actocyBanHs JIIIC 1 IK
P. syringae pv. atrofaciens y xourenTparii MakcumasabHoro iHrioyBanus [Kgy sik celeKTHBHOTO (hakTo-
pa a7l BU3HaYCHHS CTIMKUX JIIHINA MIIEHUI 1 TPOBEESHHS KIITHHHOI CeNeKLii Ui oAep>KaHHA ToJepa-
HTHHX T€HOTHITIB J10 30y IHUKA 0a3aJIbHOTO OaKTEPio3y.
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HELPING PLANTS TO DEAL WITH TECHNOGENIC POLLUTION: THE ROLE OF
ACC-UTILIZING BACTERIA IN PLANT ADAPTATION

A. Fetsiukh!, O. Terek?, S. Timmusk®

'Department of Forest Mycology and Plant Pathology, Swedish University of Agricultural
Sciences (SLU) Uppsala, Sweden, anastasi4uk@ukr.net;

Department of Plant Physiology and Ecology, Ivan Franko National University of Lviv, Lviv, Ukraine

Plants are constantly exposed to various abiotic stressors in the environment that affect their
growth and development. They, in turn, react by changing the level of ethylene, which reduces the
growth of shoots and roots, thus restoring homeostasis (Ali et al., 2018). Importantly, environmental
stressors form the microbial "population™ of the soil, which affects the physiological processes in the
plant organism and vice versa. The survival of the holobiont depends on a bidirectional flow of signals
that help it adapt to stressful environmental conditions. The plant-associated microbiome under stress
has a rich pool of bacteria with diverse functions that can be used as bioinoculants (Anand et al., 2021).
The use of inoculums of bacteria that stimulate plant growth and are resistant to salinity (halophilic bac-
teria) is an alternative method of increasing plant resistance to salinity (Chen et al., 2021). In particular,
bacteria contribute to the specific modulation of plant growth by altering the levels of plant hormones
such as ethylene, also known as a plant stress hormone. Under stressful conditions, the process of in-
creasing the level of endogenous ethylene is directly related to the concentration of 1-
aminocyclopropane-1-carboxylic acid (ACC) in plant tissues (Naing et al., 2021). A bacterial trait that
is key to promoting plant growth is the presence of the enzyme 1-aminocyclopropane-1-carboxylate de-
aminase (ACCD). ACC deaminase-producing bacteria catabolize the exuded ACC into ammonia and
alpha-ketobutyrate and mitigate the adverse effects of stress on the plant (Ali, Kim, 2018).

The aim of our research was to investigate the diversity of the bacterial community of Salix vimi-
nalis L. roots and the possibility of controlled use of native rhizosphere bacteria of Salicornia euro-
paea L. as an inoculant, under the technogenically polluted growth conditions of Stebnyk mine tailing,
Ukraine.

Samples of the substrate were taken at a depth of 0-25 cm at places of strong (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) and medium pollution
(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), as well as in
places of restored biogeocenosis (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), which was determined visually at the place of plant growth. The willow
cuttings were growing on technogenically polluted substrates from three regions of mine tailing as well
as with substrate samples that were enriched with slurries from the S. europaea rhizosphere. Microbial
DNA was obtained using the Nucleo Spin® Soil kit (Macherey-Nagel, Germany). Bacterial 16S rRNA
genes (V3-V4) were amplified using primers Pro341F and Pro806R. Samples were sent for Illumina
MiSeq sequencing to SciLifeLab (Uppsala, Sweden). Analysis of 16S rRNA sequencing data was per-
formed using the Mothur toolkit in Galaxy. Bacteria were tested for the ability to use ACC as a sole ni-
trogen source by growing them on Dworkin-Foster (DF) medium (Dworkin, Foster, 1958) as described
by Penrose, Glick (2003). Screening of ACC utilizing bacteria was performed according to Li et al.
(2011) in a 96-well PCR plate.

A total of 6,697 (after rarefaction 3,231) and 8,693 (after rarefaction 4,380) endophyte operation-
al taxonomic units (OTU) from the S. viminalis roots grown on the substrate from sites of mine tailing
and enriched substrate by S. europaea rhizosphere, respectively, were analyzed. 36 S. viminalis root
samples were studied representing 1,439,201 (after rarefaction 245,448) reads, comprising 10,137
unique OTUs (after rarefaction 8,255). The lowest number of OTUs was found in samples grown on a
substrate from a site with strong pollution (1033) and the highest number was in a variant grown on the
substrate from restored biocenosis supplemented with S. europaea rhizosphere (2994). There were more
unique OTUs in variants supplemented with S. europaea rhizosphere than in unsupplemented soils. The
number and proportion of common OTUs decreased with increasing contamination in the substrate
from mine tailings sites. The observed OTU richness and Shannon diversity index of bacterial commu-
nities decreased across the contamination substrate in unsupplemented soil. Inverse Simpson’s diversity
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index was not significantly declining across contamination sites in both groups. These results suggest
that the number of effective species declines with increasing contamination with the most abundant
species less affected. S. europaea rhizosphere supplementation enhances the number of species surviv-
ing in high-contamination areas. The NMDS plots also confirmed that communities from S. europaea
rhizosphere-treated willow plants were clustering together with untreated communities from their zone
of origin. The community dispersion was not significantly affected by the contamination or S. europaea
rhizosphere treatment.

Although the bacterial community structure of S. viminalis roots growing on tailings substrate
from restored biogeocenosis and sites of medium pollution was relatively homogeneous, significantly
greater community changes were observed in samples growing on a substrate with strong pollution. En-
terobacteriaceae, Pseudomonas, Rhizobacteriaceae, and Flavobacterium bacteria were most represented
in all studied samples of S. viminalis at the genus level. It should be noted that genera such as Marino-
bacterium, Idiomarina, Marinamicrobium, and Halomonas were rarely represented in the microbial
communities of S. viminalis roots grown on the tailings substrate from less polluted sites, but their
number was significantly higher in variant with a strong polluted substrate.

The presence of ACC-utilizing bacteria was shown in all studied samples of S. viminalis roots. It
should be noted that the depth of color of the diluted supernatants of the studied bacteria of S. viminalis
roots was noticeably weaker compared to the color depth of the diluted non-inoculated DF-ACC medi-
um. It was established rhizosphere of S. europaea has a positive influence on the utilization of ACC by
S. viminalis roots endophytic bacteria. The largest decrease (by 20%) in the content of ACC in the vari-
ant of the most polluted substrate was found.

Thus, the study of the impact of man-made pollution of the Stebnyk mine tailing as well as the
combined effect of the native rhizosphere of S. europaea made it possible to assess the negative impact
of pollution on the composition and biodiversity of S. viminalis roots bacterial community. A positive
effect of the rhizosphere of S. europaea on the number of unique OTOs was revealed. The research re-
sults show the potential of S. viminalis root endophytic bacteria in alleviating the effects of man-made
pollution on plants, with an understanding of the importance of such application on plant physiological
processes.
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HOBI MIJIXOIU JO 3AXUCTY COHSIIIIHUKY BIJL OROBANCHE CUMANA
C.T. Xa6aax', I. 0. Mamuyp’
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2 . « . . . . . .
Hayionanenuil ynigepcumem 6iopecypcis i npupoodoxkopucmyeanus Yepainu, Kuis, Yxpaina

JocnimkenHs pacoBoro ckiany BoBuka (Orobanche cumana) Ha mociBax COHSIIIHUKY B yMOBax
Jlicocreny Ykpainu cBiI9aTh Mpo Te, IO HOTO MOMYJIAIiS XapaKTepU3yEThCSI BUCOKHM CTYIICHEM Bipy-
neHTHOCTI. Lle 103BOIIsIE€ BOBUKY OIAaTH IMYHITET KpalIuX TiOpHIiB BITYM3HIHOI Ta iIHO3EMHOI CEIeKIIil,
criikux 10 E, F 1 G pac ganoro mapasura, i po3mmproBatu cBiii apean 31 Creny Ha Jlicocten 1 gaii Ha
Ilomicca. [HTeHCHBHE HaKOMMYEHHSI B TIOCIBaX COHAIIHWKY mapasuta pac E, F i G mos's3ano 3 mopy-
IICHHSAM CiBO3MIH 1 HAaCHYEHHSM TOJIB riOpuaamu maHoi KynbTypu. [losiBa HOBHX Iy»e arpeCMBHHX
pac BOBYKa CBiUUTH MO HarajbHy HEOOXIJHICTh CTBOPEHHS CEJIEKIIHHOIO MaTepialy, CTIHKOro /0
HOBHX pac Li€l pOCIUHHU-TIApa3UTa, a TAKOXK 3aJyYCHHS! CHHTETHUYHHUX EJIiCUTOPIB y 3aXUCT POCIHUH Bij
BOBYKa 1, BOJHOYAC, IIUPOKOTO CIIEKTpa TPUOHNX, OaKTepiallbHUX Ta BIpYCHHX XBOPOO.

JlochimKeHHsIMI OCTaHHIX POKiB ITOKa3aHO, IO TPOPOCTaHHs HACiHHS BOBYKA BiIOyBaeThCA 3a
YUYaCTIO CTPUTOJIAKTOHIB, SIKi BUIUISAIOTHCS B IPYHT KOPEHIMH COHSIIIHHKA, IO 3AJTy4aroTh apOyCKyJIs-
PHI MIKOpH3HI TpHOH, KOTPI IOCTA4alOTh POCIIHHI JIESKi OKWBHI PEYOBUHU. Y TOM K€ Yac HACiHHS po-
CIIMH-TIAPA3UTIB TaKOX MAIOTh 3AATHICTH ‘“‘BiAUyBaTH CTPHUTOJAKTOHH, IO € JIJIS HUX TOJIOBHUM CTH-
MYJIOM JI0 TIPOPOCTaHHS, MPUKPITUICHHS 10 KOPEHS POCIMHH-Xa3siHa 1 BACMOKTYBaHHSI KOPUCHHX pe-
YOBHH.

V 3B'SI3Ky 3 BUSIBJICHHSIM PEYOBHH, IO OEPYTh y4acTh B MPOPOCTAHHI HACIHHS BOBYKA, CTAJH
00roBOpIOBAaTHCS 1 HOBI CTpAaTeTii 3aXUCTy COHSIITHUKY Bif 1i€1 pOCIMHU-TIapa3nuTa, 30KpeMa, BUKOPHUC-
TaHHA CIIOJIYK, IO BUSIBIAIOTH elicuTopHUid edekt. Cepell CHHTETUYHUX €NICUTOPIB CTAHOBJSThH 1HTE-
pec 2,6-muXIIOpi30HIKOTHHOBA KHUCIOTa Ta ii MeTwioBuil edip. [lomiOHO 10 caminuiIoBOi KUCIOTH i
CIIONTYKH 3JIaTHI CIIPHYUHATH PO3BUTOK CHCTEMHOI CTIHKOCTI POCIHH 10 OaKkTepialbHUX, TPHOHUX 1 Bi-
PYCHHX XBOPOO, a TAKOXK aKTUBYBATH 3aXUCHI peakilii COHSIIHMKA Ha 3apakeHHs BOBUKOM. OJMH 3 1X
e(heKTiB — oJIepeBEHIHHS €HJOJIEPMH 1, K HACIIJIOK, TajJbMyBaHHS IPOHUKHEHHS TayCTOpid HACiHHA
BOBYKA 4epe3 KIITHHHY CTIHKY Kopens (Bigeard, 2015).

[MoniOHuit 10 2,6-TUXJIOPI30HIKOTHHOBOI KUCIOTH €(DEKT BUSBJISIOTH 1 Mipa30JIKapOOKCUKHCIIO-
i (Ranf, 2011). ITepeBaroto 3-xmnop-1 metui-1-H-mipa3oin-5-kapookcukucioru (CMPA) € no6pa pos-
YUHHICTH Y BOJIi 1 TOBHA BiAICYTHICTH (hiTOTOKCUYHOCTI. [IepCieKTHBHUM Yy I[bOMY BiJHOIICHHI BBa)a-
€TBCS TaKOX S-meTwiaoBuit edip 6en3o-(1,2,3)-riamiazon-7-kapooHOBOT KUCIOTH (OeH30Tiamiazon). Ile
e(eKTUBHUH 1HAYKTOP CTIMKOCTI /10 0araThOX MaTOTeHHUX MiKpOOPTaHi3MiB, BKIIOYAIOUYH BipycH, Oak-
Tepii, rpubu 1 BoBYok (Kusumoto, 2007). Ha puHKY 3ac00iB 3aXUCTy pOCIWH BiH BiJJOMHUH ITiJT 3arajib-
HOIO Ha3BOIO aribeH3omap-S-metun (acibenzolar-S-methyl) i Topropumm mapkamu “Actigard”, “Bion
50WG”, “Blockade”, “Boost”. 3Buuaiino, epekTuBHICTh il aribeH307Map-S-MeTHITY, SK 1 IHIIUX 1HIYK-
TOPIB CUCTEMHOI CTiHKOCTI, IO MICTATh JiMiu (HEHACHYEHI KUPHI KUCIOTH), XiTHH, enTuu (0akTe-
pilanbHAN OLIOK TapIiH), 3aJIEXKUTH BiJ] 0araThbOX YAHHUKIB: JTO3U, BULY 1 COPTY POCIHMHH, CTaii pO3BH-
TKY, KJIIMAaTHYHHX YMOB 1 TepMiHy 3acTocyBaHHs. OIHAK 3aCTOCYBaHHS ILOTO MPENapary B MOE€THAHHI
3 IHIIUMH METOJIaMU MOXe OyTH MEePCIICKTUBHUM B IMiJIBUIICHHI CTIKOCTI POCIIMH JI0 BOBUKA.
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BILIVB CAJIIIAJIOBOI KUCJIOTH HA CTIMKICTh MPOPOCTKIB PAUTPACY
A0 COJIbOBOTI'O CTPECY

0. C. Kaumap, M. C. KoOuienpbka

JIvgigcoruti nayionansvuul ynieepcumem imeni leana @panka, Jlveis, Ykpaina,
kachmarolga.2017@gmail.com

BrnuB 3aconeHHs] Ha POCIUHM € OJHUM 3 HaHOUTBII MOIIUPEHNX HECTIPUSTIANBUX YNHHHKIB. 3a-
COJIEHHSI XJIOpUJAMH OCOOIMBO HeOe3MeuHe, OCKUTBKH 10HH XJIOPY JIETKO MPOHUKAIOTHh B KIITHHA POC-
JIMH Ta HAKONMYYIOThCS B HUX. Lle cipuunnsie nopymeHHs QyHKIiM MeMOpaH, 3MEHILIEHHS JOCTYIIHOC-
Ti BOJOM Ul POCIIMH, 3HIDKEHHS iHTEHCHUBHOCTI TpaHCHipauii, Jerpananii xiopodidy B JUCTKax Ta, sIK
HACJiJTOK, 3HIKEHHS IHTEHCUBHOCTI ()OTOCHHTE3Y 1 CTUMYJIIOBAaHHS YTBOPEHHS aKTHBHHUX ()OPM KHCHIO
(ADK), o cipuvrHIOE CTIOBITBHEHHS POCTY.

Ha Bmict ADK MoxyTh BIiBatu i gpitoropmonu, 3okpema caminuiosa kuciota (CK). Bimomo,
mo CK Moe cripu4uHATH TpaH3UTOpHE MocuineHHs rerepanii ADK, ske B cBoro uepry Npu3BOIUTH 10
T IBUIIEHHS aKTUBHOCTI aHTHOKCUJAHTHUX ()EPMEHTIB, 1[0 Ma€ BaXIMBE 3HAYSHHS IS alanTarii poc-
JuH 110 1ii ctpec-dakTopi. ADK, 1m0 yTBOPIOIOTHCS 3a Y4acTIO SHIOINCHHOTO ab0 €K30T€HHOTrO Cali-
WIATy, IPUYETHI 10 PI3HOMAHITHUX 3aXUCHUX PEAKIii, BAYKIMBHUX HE JIUIIC I KOMICTCHTHOI BijIO-
BiJli POCTIMH Ha MATOTEHU, a i I (POpMyBaHHS CTIMKOCTI 10 a0iOTHYHUX CTPECOPiB, y TOMY YHCII 3a-
COJICHHSI.

Paiirpac a6o naxurtHui Oaratopiuna (Lolium perenne) — TunoBwuii mpeAcTaBHUK 31aKOBHX POC-
mun. e GaraTopiuna TpaBa, SKy BHPOLIYIOTh HA CHIIOC i K IOKPHBHY KyIbTypy. MOro Takox BHpO-
IIYIOTh K JIEKOPaTHBHY TPaBy. BUPI3HAETHCSA CBOIM IMIBUAKIUM YKOPIHEHHSM 1 JTy’K€ BUCOKOIO 3JIaTHIC-
TIO JI0 BiTHOBJEHHS. Kyl1bTHUBYIOTH 1 HATypami3ylOTh Y BCbOMY CBITi, OO JOMOMOITH CTa0lmizyBaTu
IPYHTH Ta 3am00irTH iX eposii. BogHouac Bimomo, o pairpac 4yTiauBHIA 1O a0iOTHYHUX CTPECIB, 30K-
pema, 3aCOoJICHHS.

Metoro pobotu 0ys0 Bu3HAuuTH BILTUB ek3oreHHol CK Ha aganraiiito paiirpacy 10 COJIbOBOTO
ctpecy. s bOro OMLiHIOBAIM POCTOBI MOKa3HUKH POCIHH 1 piBEHb NEPOKCUIAHOTO OKUCHEHHS JIMi/IiB
(ITOJI).

[lomepenHbO HACiHHA 3aMOYyBaJIM y BOJI (KOHTPOJIb) Ta PO3YHMHI CATIIHMIOBOI KHCIOTH
(0,05 MM) (zocuif) yrpomoBkK TPhOX TOMUH, OTIM MPOPOIITYBAIN 32 3arabHOIMPHIHITOK METOANKO
B TepMmocTarti. Ha 4-Ty 100y mpOpOCTKH mepecajyKyBalu B TOPLIMKH 3 MepaiToM. Pocnian monuBamu
BogHuMH pozunHamu NaCl (0,1 M; 0,22 M), y KOHTpOJIbHI BapiaHTH BHOCHJIM NMOKUBHUK po3unH KHo-
na 0e3 JoJaBaHHs XJIOPHIY HaTpito. MoppoMeTpuyHi MOKa3HUKKM BU3HAYAIM 33 CTAHJAPTHUMH METO-
namu. Bmict npoaykry ITOJI manonoBoro mianpneriny (MIA) BU3Hayamu crieKTpo(OTOMETPUYHO 32
peaxiiiero 3 2-Tio0apOiTypoBOIO KHCIOTOW. BumiptoBanHs 3aiiicHoBanu Ha daszax 1-ro, 2-ro, 3-ro i 4-
O JINCTKA.

[IpoBeneni nociipKeHHs MoKa3aiu, 1o Ha BMicT MJIA y pocinHax pairpacy CyTTEBO BILIUBAE
3mina koHueHrpaii NaCl. 3i 3pocranusm Bmicty NaCl y cepenosuiui 36inbiyersest BMict MJIA y po-
CIIMH, 1O cBiguuTh npo iHTeHcudikauito [10JI Ta mopymenHs nimicHOCTI KIITHHHUX MeMOpaH. Haii-
BUIIII TTOKa3HUKH BMicTy MJIA 3adikcoBaHO y IpyIi POCIWH, Jie Ul 3aMOYYBaHHS BUKOPUCTOBYBAIN
Boxy, a Juisg nonuBy 0,22 M NaCl. MopdomeTpruHi MOKa3HUKK [UX POCIUH OYyJIM HIDKYMMHU Ha BCIiX
¢azax pocTy 1010 iHIIKX AOCIIAHUX BapiaHTIB. Y KOHTPOJBHOMY BapiaHTi, AJIsl IOJUBY SIKOTO BHKO-
PHUCTOBYBaJIM MOXKUBHUHN po3unH KHoma, BMicT M/IA He 3a3HaBaB CyTTEBHMX 3MiH Ha BCiX (azax mocii-
JOKEHHSI, a MOP(GOMETPUYHI TOKA3HUKH [TarOHa CYTTEBO TMEPEBEPIIYBAIH I1i TOKA3HUKH Y 1HIIHUX JIOCITi-
IHUX rpynax. Bumy crifikicts 1o aii NaCl BusBiIsN pocinHu, BUpOLIEHi 3 HaciHHs, 00pobaenoro CK.
Taka 3aKOHOMIpHICTB criocTepiraiacsi Ha Bcix (azax pocty. MoppomMeTpruHi MOKa3HUKH Takox Oynn
OUTBIIMMU Y POCITUH B TPYIi, e BukopuctoByBanu CK. Omxke, oTpuMaHi pe3ynpTatu cBiguarh, mo CK
3MEHIIY€E PO3BUTOK OKHCHIOBAILHOTO CTPECY, CHPUUYMHIOBAHOTO €0 3aCOJICHHS.
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USING OF PRIESTIA ENDOPHYTICA UCM B-5715 FOR STIMULATION
OF PLANT GROWTH

M. Kharkhota', M. Kharchuk®, V. Duplij?, J. Brindza®, L. Avdieieva', N. Matvieieva®

'Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of Ukraine,
Kyiv, Ukraine, kharkhotamaksim@gmail.com;

%Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of Ukraine,
Kyiv, Ukraine

Bacteria and plants are the components of natural biocenoses. They not only coexist but also help
each other. Plants synthesize and excrete compounds (eg, organic acids) that provide nutrients for bac-
teria. At the same time, bacteria increase the bioavailability of inorganic compounds necessary for
plants, and can also synthesize chemical compounds that have a positive effect on plant growth. The
positive effect on plants of microorganisms that belong to the so-called plant growth-promoting rhizo-
bacteria (PGPR) is well known. These microorganisms can not only stimulate the growth of plants but
also increase their resistance to the effect of stress factors of various origins.

It should be noted that the study of microorganisms and plants’ interaction is one of the important
aspects of evaluating ways and mechanisms of adaptation in nature. Soil microorganisms can positively
affect plants, stimulating their growth by changing their metabolism. Such changes are also manifested
in increasing the resistance of plants to the action of such negative factors as high temperature, low soil
humidity, etc.

In particular, it is known that bacteria of the Bacillus genus, which are the component of soil mi-
crobiocenosis, are able not only to increase the bioavailability of chemical elements for plants (Yousuf
et al., 2017) but also increase the resistance of plants to stress factors and pathogenic microflora (Bashir
et al., 2021) and synthesize growth-stimulating compounds (Kang et al., 2015). Such properties of
PGPR can be used by researchers to develop new technologies aimed at stimulating plant growth, pro-
tecting them from pathogens, and increasing resistance to stress factors (Sharma et al., 2022).

However, studies on the effect of PGPR on plant growth and their resistance to stress factors are
usually conducted using microorganisms. However, it is of practical interest to study the direct action of
the components of the nutrient medium, which are excreted by such bacteria during their growth. It is
advisable to conduct such studies on plants grown in vitro, thus avoiding the additional possible influ-
ence of soil microorganisms.

Short-term exposure to high temperatures can have negative effects on plant growth and flavo-
noid synthesis. High temperatures can disrupt the normal metabolic processes of plants, leading to re-
duced growth and development. This can occur due to a variety of factors, including increased respira-
tion rates, reduced photosynthesis rates, and altered hormone signaling (Krol et al., 2015; Suzuki et al.,
2014). In terms of flavonoid synthesis, high temperatures can lead to a decrease in the production of
these compounds. the specific effects may vary depending on the plant species, the severity of the tem-
perature stress, and other environmental factors.

A study of the possibility of using free of cells culture medium obtained after the growth of
Priestia endophytica UCM B-5715 bacteria to stimulate the growth of Lactuca sativa L. plants in in
vitro conditions and their resistance to short high-temperature stress was the purpose of this work. Such
parameters as growth rate, content of flavonoids, and antioxidant activity were evaluated. P. endophyti-
ca UKM B-5715 strain from the Ukrainian collection of microorganisms of the D.K. Zabolotny Insti-
tute of Microbiology and Virology NAS of Ukraine was used in the study. The bacteria were cultivated
in liquid LB medium at 37°C for 24 h; the culture fluid was separated from the cell biomass, sterilized
by filtration (0.2 um, (Sartorius, Minisart), and diluted with sterile distilled water up to the concentra-
tion of 20% to obtain the test solution (TS).

L. sativa (Odessky Kucheriavets variety, NK Elit, Ukraine) seeds were sterilized and cultured in
Petri dishes on the solidifier half-strength Murashige and Skoog nutrient medium at 24°C before germi-
nation. The test solution (30 uL) was applied to the seedlings 3 days after their appearance. The plants
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without TS application were used as the control ones. To study the effect of short-term stress the plants
with and without TS application were cultivated at 36°C for 24 hours and then the cultivation was con-
ducted at 24°C. In four weeks, growth rate, total content of flavonoids, and antioxidant activity were
studied.

Treatment of the seedlings by TS stimulated plant growth in case of cultivation at 24°C. This was
manifested in a much larger weight of both roots and shoots of lettuce plants. In particular, a 6.1-fold
increase in L. sativa root weight compared to the nontreated control was found. The difference in the
weight of shoots was also significant (p < 0.05).

Although the treatment of plants with the test solution promoted the growth of both roots and
shoots of lettuce plants, no significant differences were found in the content of flavonoids and the level
of antioxidant activity of the plants of the control and experimental groups which were cultivated at
24°C. Thus, the addition of the test solution, which contained compounds synthesized by bacteria, stim-
ulated the growth of lettuce plants but did not affect the synthesis of flavonoids and antioxidant
activityo if the plants were grown under favorable temperature conditions.

During the analysis of the plants of the second experimental group, which were subjected to
short-term temperature stress, the differences in the weight of shoots and roots compared to nontreated
plants grown at the same conditions were found. Thus, the weight of the roots and shoots was 2.4-fold
and 1.4-fold greater compared to the plants that were not treated with TS but were stressed by the high
temperature. Analysis of flavonoid content and antioxidant activity, as in the previous study, did not re-
veal significant differences between experimental (temperature-treated) and control plants.

Thus, the possibility of stimulating the growth of lettuce plants through an application of culture
liquid (nutrient medium on which bacteria P. endophytica UCM B-5715 were grown) was established.
This effect was also observed in plants exposed to short-term high-temperature stress. Such action of
the culture liquid indicates the synthesis by P. endophytica UCM B-5715 of the compounds that stimu-
late plant growth and their excretion into the nutrient medium.
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EFFECTS OF INDIVIDUAL AND COMBINED FOLIAR APPLICATION
OF PROLINE AND GABA ON DROUGHT TOLERANCE IN TWO
BRASSICACEAE SPECIES
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renkol, M. Rudnytskal, G. Shevchenkol, V. Sveikauskasz, T. Zalnierius®
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Given the threat of rainfall shortages and the increasing frequency of droughts in many European
countries, the exploration of new environmentally friendly approaches to increase plant tolerance to wa-
ter stress is of particular interest. One of the perspective approaches is plant treatment with bioactive
molecules, which play roles in cellular protection. Proteinogenic amino acid proline and nonprotein
amino acid y-aminobutyric acid (GABA) accumulate in many plant species in response to environmen-
tal stress, including drought. Proline protects cells from damage by acting as an osmolyte, stabilization
of intracellular structures, oxidative defense, a source of energy to resume growth after stress, etc.
(Meena et al., 2019). GABA is involved in various cellular processes, including regulating C/N balance,
osmotic potential, cytoplasmic pH, and antioxidant defense (Li et al., 2021). Under drought, GABA
may act as a signal molecule in stomata regulation (Xu et al., 2021). It has been shown that foliar appli-
cation with amino acids may be a means for increasing plant stress tolerance (Gaveliene et al., 2016;
Hasan et al., 2021). In this study, we have compared the effects of foliar application with proline and
GABA, and their combination on growth activity and drought tolerance of a commercially important
crop oilseed rape (Brassica napus) and a model plant Arabidopsis thaliana (Brassicaceae).

Model experiments were carried out to create water deficit through soil dehydration, as well as
separate and combined foliar application of proline and GABA (0.1 mM-10 mM) at normal conditions
and before dehydration. Integral indicators—growth activity, relative water content (RWC) in leaves,
the content of photosynthetic pigments (chlorophyll a, chlorophyll b, their sum and ratio, carotenoids),
as well as survival/ability to restore growth after persistent wilting under drought were determined to
test the plant state.

It was shown that both exogenous proline and GABA led to essential activation of plant growth
under normal conditions and increased plant tolerance to soil drought. Differences in the effects of the
amino acids were noted. The most effective concentrations for individual application were 1 mM pro-
line and 0.1 mM GABA. It was also found that combined foliar treatment with amino acids in various
concentrations increased the growth activity of plants under normal conditions. However, under
drought, its action could have both a positive (synergistic) effect on plant survival and growth and
a negative one, depending on the concentrations of amino acids. The most effective combination was
0.1 mM GABA+0.1 mM proline, which stimulated the growth of both species under normal conditions
and enhanced their drought tolerance. At that, treatment in the order of GABA-proline was more effec-
tive than proline-GABA. These data form the basis for our further study of the molecular and cellular
mechanisms of exogenous amino acids as a tool for increasing plant drought tolerance.

Joint Ukrainian-Lithuanian R&D project, MESU M/45-2022.
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MOJUBIKALIA BUBIPHOI ®ITOTOKCUYHOCTI T'EPBILIUIIB
JOHOPOM MOHOOKCHUAY A30TY
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Kuis, Yxpaina, ifrig@ukr.net

VY nmaHuit yac miaBUIICHHS BUOIPHOT (hiTOTOKCUYHOCTI TepOilUIiB, JOCATAETHCS MUIIXOM X CY-
MICHOTO 3aCTOCYBaHHS 3 CIIOJIyKaMH JIBOX KJIaciB: cefi(pHepaMu (aHTHIOTaMH), AKi ITiIBUIIYIOThH CTiHi-
KiCTh KYJBTYPHHX POCIHH A0 repOiluAiB, Ta aa toBaHTAMH, SIKi 30UIbIIYIOTH (ITOTOKCHYHY 0 Tep-
OiruniB Ha Oyp’stHu. CelipHEepH CEeNeKTUBHO MPUCKOPIOIOTH TETOKCHKAINO JIF0YMX PEUOBHH TepOilu-
JiB Y KYJIbTYPHUX POCIIHHAX, @ 8] FOBAaHTHU CIIPHSIOTH HAJXO/HKEHHIO [IUX JII0YHX PEYOBUH IO POCIIHH.
Moaudikaris aii repOinuaiB cefihHepaMu Ta aj’FOBaHTaAMHU PEaNTi3yEThCS IIJITXOM BILTUBY Ha KOHIICH-
TpAIio TiF0YUX PEUOBHH TepOiluIiB y caifTax ix mil.

B Toi1 ke yac, € CyTTEBI MiJICTABU BBAXKATH, 1110 B3aEMO/Iisl IIFOUUX PEUOBUH T'epOILIUIIB 3 caii-
TaMu iX Jii € TUIBbKH MEepPIINM €TarloM aKTUBHOTO MPOIIECY iHIYKOBAaHOTO MATOTEHE3Y, CKIaJ0BOI0 Yac-
THHOIO SIKOTO € TIporpamoBana 3arudens kiritud (PCD) (Mopaepep, 2013). ToMy misTkoM peairbHOIO BU-
TIIsi1a€ MOXKIUBICTh MoanGikamii (iToOTOKCHYHOI il repOIKAIB IMIISIXOM BIUIMBY Ha PO3BUTOK iHAYKO-
BaHOTO MMAaTOTeHe3y, 30KpeMa Ha IMPOXOKeHHs okpemux erariB PCD.

MOXJIMBICTh TTOCHICHHS (DITOTOKCHYHOI il repOiliaiB BHACIIIOK 3aCTOCYBaHHS HE(ITOTOK-
CHUYHOI CHOJYKH Jy’Ke NMpuBaliInBa, OCKIJIBKH Ja€ 3MOTY 3HM3UTH HOPMY BHECCHHs TepOilluiB i THM
caMUM 3MEHIIUTH TMIECTUITUIHE HaBaHTaKEHHS Ha (piToarponeHo3. OqHUM 3 GakTopiB, KU Moxe OyTH
BUKOPHUCTaHUH K MoaudikaTop pitoTrokcnuHOi Aii repdinuais, € MoHookcH a30Ty (NO), ockinbku Bi-
JIOMO, 110 3a [ii pizHoMaHiTHHX cTpecopiB NO, 3 ogHOro OOKY, € MeAiaTOpoM alanTHBHUX MPOIIECIB,
CIPSIMOBaHUX Ha MiJBUIICHHS CTIMKOCTI POCIHH, OJTHAK B TOW K€ Yac MO)Ke OpaTH ydacTb B 1HIYKIIii
PCD, 3ymoBneHoi BrumuBoM 1ux ctpecopis (Pedroso, 2000; Sami, 2017; Kaprerp, 2019). Oanak Bi-
moMocTi momo moaudikarii xii repoinmais 3a gormomoroo NO myxe oOMexeHi Ta cynepewmmsi. Taxk,
NO 3HMKyBaB TOKCHYHICTB [T pucy repoinuay napaksaty (Hung, 2002). [Toiepennst 06poOka pocivH
coi moropom NO Hitpornpycumom Hatpito (SNP) 3MeHIIIyBasa OKHCHIOBAIBHHI CTPEC, CIIPHYMHIOBAHU I
rep6inunom nakropenom (Ferreira, 2010). OxgnovacHa o6pobka pocnun ropoxy SNP Ta HecelekTHB-
HUM TepOinumaoM riridocaToM MPU3BOIUIIA 0 3MEHIIEHHS HOoro TokcuyHoro BruBy (Singh, 2017). 3
1HIIOTO OOKY, B YMOBaX BETETAIIIHOTO JIOCIIy Ha POCIIMHAX BiBCa, SIKUH CIyTyBaB MOJIEJUIIO OJHOPIY-
HUX 3JIaKOBUX Oyp’siHIB, OyJIO BCTAHOBJICHO, 110 nepenoopodka SNP y konnentparii 2 MM 3a 24 roju-
HU J10 00poOKH repOinuaoM GeHOKCapoI-eTHIIoM 30ibIryBaa iHri0yrody airo mporo repoinuay. [pu
IHOMY 3a 0JIHOYacHOi 00poOKu repOinumoM i SNP ¢iToTokcHdHa NTist PeHOKCcapon-eTHiTy 3MEHIITyBa-
nacs (Sychuk, 2013). Ananoriunuii edekT croctepiraBcsi Ha POCIMHAX COHAIIHUKA, SIKi BAKOPHCTOBY-
BaJIM K MOZEJb OJHOPIYHMX ABOAOJIBHUX Oyp siHiB, mpu 00pobui SNP i repbinumom iHriditopom are-
TOJIAKTAT CUHTa3M TpHOeHYpOoH-MeTUIoM. [lepenoopodka SNP 30ibIiryBaia, a CymicHE 3aCTOCYBaHHS 3
repOiIKMAOM — 3MEHIIYBaJIO (iITOTOKCHYHY Iif0. B yMOBax mosbOBOTO AOCIiAY B MOCIBi 03UMOI MIIEHHU-
ui mpu cymicHomy 3actocyBaHHi SNP y konuenTpauii 2 MM 3 TpuOeHypOH-METHIIOM Ta CHHTETUYHUM
aykcudoM 2,4-J (mpemapar ecTepoH) He OyJio BHSBICHO 3MiH y €()EKTHBHOCTI KOHTPOJIIOBaHHS
Oyp’siHiB. B TOM e yac npu 3actocyBaHHi B ociBi Kykypya3u SNP 3 rep0iuumom iHribitopom mpoto-
nopdupunoreHokcuaazu (PPO) cadmodenanmnom epekTUBHICTh KOHTPOIIOBAHHS OJHOPIYHUX 3J1aKO-
BUX Oyp’siHIB cyTTeBO 30inbmyBanacs (Cuuyk, 2015). 3anexnicts xapakrepy BBy SNP Ha ditorok-
CHYHY [Ii10 repOiunaiB BiJg TEPMiHIB OOPOOKH MOXKE MOSICHIOBATUCS PI3HULEIO y NWHAMILl HAAXOKEH-
Hs repOitmaiB 1 SNP 1o pociuH, i, BiIIOBIIHO, BIIMIHHOCTSMH y Yaci MiXk €TariaMu pO3BUTKY (hiTOTO-
KCUYHOI i1 repOiunAiB 1 BiAMoBiaa0 pociauH Ha 3MiHy BMicty NO.
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[igBuiieHHs GITOTOKCUYHOI [Iii CIIOCTEpIraocs i Mpu CyMiCHOMY 3acTocyBaHHI 3 toHopoM NO
rep6inuais inridiropiB PPO Ta cuntetnunux aykcutiB (IlonomapboBa, 2022), sKki BiI3HA4aIOTHCS Hal-
OLMBIIO0 cepell BiIOMUX KJaciB repOiluAiB MBUAKICTIO PO3BUTKY (hiToTokcnuHOi mii. Kpim Toro, mo-
Ka3zaHo, mo peanizaiis BriuuBy NO Ha (i3ionoriydi npouec pociauH BiIOYBAEThCS HUISTXOM B3a€EMOII
3 aKTUBHUM KHCHeM Ta aykcuHoM (Parveen, 2022). Tomy Haif0i1b11 EPCIIEKTUBHUM BUTTISIIAE MOKITHU-
BicTh Moaudikaiii goHopoM NO BruOIpHOI GITOTOKCHYHOCTI repOinuiiB, HITOTOKCHYHA Jisl SKHUX OIO-
CepeKOBaHa yTBOPEHHSAM aKTHBHUX ()OPM KHUCHIO, a TAKOX CHHTETHYHHX ayKCHHIB. KOHKpeTHMiA Me-
xaHi3M BIDBY NO Ha PO3BHTOK (DITOTOKCHYHOI Aii TepOinuAiB 3 pi3HUMHU caliTaMu [ii Tak camo, K
MpPaKTUYHA JOUUIBHICTE CYMICHOTO 3aCTOCYBaHHS repOinuaiB i3 goHopoMm NO, moTpeOyroTh MoJabIlo-
r0 BUBUCHHS.
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BILIUB N-TEKCAHOIJI-L-TOMOCEPUHJIAKTOHY (Cg-T'TJT) HA POCTOBI
XAPAKTEPUCTHUKHM I BMICT ®OTOCHUHTETUYHUX MMITMEHTIB
CAJUKAHIIB JYBA YEPEIIIYATOT'O (QUERCUS ROBUR L.) 3A JIIi TPYHTOBOI
MOCYXH

K. O. POMaHeHKOl, J. B. BoﬁTemcol, K. O. (I)eI[OPOBCLKaZ, H. M. P0r03a2,
JI. M. Baﬁemcol, I. B. KocakiBcbkal

Ynemumym 6omanixu in. M.I'. Xonoonozo Hayionansnoi akademii nayk Yxpainu,
Kuis, Vkpaina, katerynaromanenko4@gmail.com;
2Hup}1muHCbl<m7 aiyeti Ne6 IHupamuncovkroi micokoi paou Ilonmascvroi obaacmi, Iupsmun, Yrpa-
ina, n.m.rogova.76@gmail.com

Beryn. Jlicosi aepesa poay Quercus, ponuna Fagaceae, 3 qaBHIX 4aciB BiZirpar0Th BKIUBY POJIb Yy
JKUTTI JIIOAMHA. BOHU € IIHHMMU KOMITOHCHTaMH TIPUPOJTHOTO CEPEIOBHINIA 1 3a/isiHI y 30epekeHH] 0i0pi3-
HoMaHITTsa 3emui. Pix Quercus spp. rapaxoBye Oinst 500 BUIB 1 € TOMIHYIOYAM Cepell AePEBHUX TTOKPUTO-
Hacinuux pociuH [liBHiuHOl miBkysi. Ha Tepenax Ykpainu 3poctae n’sth BuaiB: Quercus robur, Q. rubra,
Q. petraea, Q. ilex ta Q. pubescens. ExcTpeMaibHi eKOJOTIUHI YMOBH, Cepe/l AKUX, 30KpeMa Iocyxa, Hera-
THBHO BIUIMBAIOTH HAa BIDKMBAHHS Ta PO3NOBCIODKEHHS TyOiB, IO MOXKE MPH3BECTH 10 3BY)KEHHS apeairy
JTyOOBHIX JTiCIB Ta 3MEHIIIEHHS OiOpi3HOMaHITTs. B ocTaHHE NECATHIITTS TOCTIPKEHHS BIUIUBY €K30T€HHHX
THIYKTOpIB CTIHKOCTI Ha (hOPMYBaHHS MEXaHI3MiB 3aXHCTYy POCIIMH BiJl a0i0THYHMX Ta G10TUYHHUX CTPECOPIB
OTpUMaJ 3HAYHUH PO3BUTOK. N-art-romocepurnaktorn (Al'J]) — curraneHi Monekynu-memiaropu Oak-
TEpIHOTO TIOXO/HKEHHS, 3a/IisHI y AUCTAHIIWHIN TpaHCIYKIi CUTHATIB MK OaKTepisMH-KOJIOHI3aTOpaMHu
¢itocdepu, Ta mixk Oakrepisimu i pocimHor0. Al'JI 3apexoMenmyBany cebe K NepcrneKTHBHI ekoJoriuHi ¢i-
ToctuMyIsITopu 1 itomomynstopu (Babenko et al., 2022; Moshynets et al., 2019; Shrestha, Schikora,
2020).

Y HuU3Ml JOCHIPKEHb OCTaHHIX POKIB IMOBIIOMIISIIOCH, IO MEPEIIIOCIBHE MpaiiMyBaHHS HACIHHSA i
¢omniapaa 00podka pozunnamu AIJI iHAYKYOT METaOONIUHI 1 CTPYKTYpHI IIEPETBOPEHHS, CIIPSIMOBaHi Ha
(opmyBaHHs 3aXHCHUX MeXaHi3MiB pocimH. Al'JI mocumoe pict, BIumBae Ha OyI0BY KOPEHEBOI CHCTEMH,
T/IBUIITY€ BMIiCT (DOTOCHHTETHIHNX MITMEHTIB, PETYIIIOE MTPOIUXOBY MIPOBITHICTh, 3MIHIOE OaNaHC €HJIOTeH-
X (hiToropMoHiB, OCHITIOE BifkIaganus kamosu Tomo (Hartmann, 2020; Kosakivska et al., 2020; von
Rad et al., 2008). Meroro Haroi po6oT OyJO NOCTIAWTH BILIMB (hosiapHOi 0OpOOKH po3duHOM N-
rekcaHoin-L-romocepunnakrony (Cs-I'TJI) Ha MopdomeTprdHi XapakTEpUCTUKH 1 BMICT (JOTOCHHTETUYHHX
MrMEHTIB BOCBMUMICSIUHMX CaKaHIIiB ay0a depermaaroro (Quercus robur L.) 3a ail rpyHTOBOI MOCYXH.

Martepiaim i meromu. XKonyai Q. robur 6ysm 3i0pani y sxoBTHI 2021 poky Ha Tepuropii Harionasb-
HOTO MPHPOJHOTO MapKy «[IMpsATHHCHKHID, pO3TAIIOBAHOTO B TONMMHI pidku Yato [lonTaBchkoi o0nacri.
ITpoporryBany K0Tyl y INIACTHKOBUX KOHTEiHepax 00’emoM 0,5 11, Ik cyOCTpaT BUKOPHCTOBYBAIM CyMIIIl
4yopHO3eMy, Topdy Ta micky. XKomyi npoporiyBanu 3a Temieparypu +8°C y XOJOAUIBHUKY BIPOIOBXK 60
ni0. Bomoricts 1pyHTY migTpuMyBanu Ha piBHI 45%+5%. [licas nosiBu mepiimx npopocTKiB, KOHTEHHEpH
NOMIIIAJIM Yy BereTaliiiHy KiMHATy. POCIMHM BHpOLIyBalM y KOHTPOJILOBAaHMX YMOBAaX 3a TeMIIEpaTypu
+20°C, iHTEHCUBHICTE CBiT/A csrana 190 MKMOJII)‘Mfz'Cfl, ¢ortonepion ckianas 16/8 ron (neHs/HIY), BiTHO-
CHa BOJIOTICTb HOBITPs — 65+5%, BosoricTh cyocTpaty 45%+5% Big HOBHOTO 3BOJIOXKEHHS. BochMuUMICSUHI
ca/pKaHLi oy0a yeperryaToro Oysiv po3zaileHi Ha YOTUpH rpynH 1o 15 mt. B koxHii: 1 — «KoHTpons» (1o-
mmB 6e3 00podku Cg-1TJ]); 2 — «Ilocyxa» (mpunmaenHs nonmuBy 6e3 00pooku Cg-1TJ1); 3 — «Ce-I'TJD» (110-
B i 06podka Cg-T'TJI); 4 — «Ilocyxa+Cg-I'TJI» (mpunuuenns nomsy i 00podka Cg-I'TJT). IpyHTOBY MoCy-
Xy CTBOPIOBAJIM HA YeTBEPTY J00Y micis ¢oiapHoi 00poOku camkaniiiB po3uuHoM Ce-ITJI (300 Hr/mi)
HUIIXOM MPUITMHEHHS TOJIUBY BIIPOJOBXK 21 100M 10 MOMEHTY 3HIDKEHHS BOJIOTOEMHOCTI cyOcTpary 1o 7-
10% 1 movaTKy B’stHeHHs JTUCTKIB. B KoHTpOoibHUX rpynax «KoHtpoiby» i «Ce-I'TJD» Bonoricts IpyHTY Mij-
TpUMyBaTH Ha piBHI 45+5%. Ilicis BinHOBIEHHS MOJIMBY BU3HAYAIH MOP(QOMETPUYHI MTOKa3HUKU KOKHOTO
ca/pKaHIl (BUCOTa HA/I36MHOI YaCTHHH, JOBXKMHA KOPEHS, CHpa 1 cyxa 0ioMac JIMCTKIB, KOPEHS 1 Haa3eM-
HOT YacTWHM) Ta BUMIiproBask BMIcT (otocurTeTnunux mirmentis (Welburn,1994). Orpumasi pe3yibTaTi
CTATUCTUYHO 00poOIsy y mporpami Statistix v. 10.0 (Analytical Software, Tannaxacci, ®nopuna, CILIA).
BigMmiHHOCTI B cepeHiX 3HAYCHHSIX aHANI3yBaIX 32 JOTIOMOTOI0 JBO(MAKTOPHOTO JTUCIIEPCIHHOTO aHAII3y
Anova. Kputiaauii piBeHb 3HAUYIIOCTI MPU TIEPEBIPIIi CTATUCTUYHMX TiNOTE3 JOCIIKEHHsT OyB Ha piBHI P
<0,05.
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PesyabTaTn i 06roBopennst Hamri gocimimkeHHS TIOKa3ay, 110 TprUBajia IpyHTOBa mocyxa (21 mo-
0a) He BIUTMHYJA Ha JIiHIAHI PO3MIpH HaJ3eMHOI YaCTHHU 1 KOPEHIB BOCBMUMICSYHHX CaKaHIIIB Ayda ue-
pernrgaroro, MpoTe HEraTHBHO TO3HAYMIIACH HA HaKOMWYeHHi OioMacy i cyxoi Macu. Tak, 6iomaca JIMCTKIB,
HaJ[3¢MHOI YaCTHHU Ta KOpeHiB pociuH rpymu «llocyxa» 3menmmiace Bianmosiaso B 1,7, 2,1 ta 1,5 pasy, a
cyxa Maca JIMCTKiB — B 1,5 pa3u, iCTOTHMX 3MiH B CyXiif Maci aroHiB Ta KOpeHiB He 3agikcoBano. BogHouac
¢omiapaa 00podka pociauH pozurHOM Ca-I'TJI mom’sikimmia HeraTuBHUN eeKT Tocyxu. Tak, y pociuH
rpymu «llocyxa+Cg-I'TJI» Giomaca JHCTKIB, HAI3eMHOI YaCTHHH Ta KOPEHiB 3MEHIITIIIach BiAMOBiIHO B 1,5,
1,9 ta 1,4 pasy, a cyxa 6iomaca nucTkiB — B 1,4 pasu, cyxa Giomaca MaroHiB Ta KOPEHIB HE BiIpi3HsUIACH Bif
KOHTPOJIBHUX TpyM. Y poOoTax iHIIMX AOCIITHHUKIB MOBiIOMIISUIOCH, IO 32 TPUBAIOL MOCYXH BiOyBanacs
BTpata 6iomacu marouis Q. robur (Fonti et al., 2013), a 3a Bomorocti rpyuty 20-25% y 1BO- i TpUPIYHKX ca-
JDKaHIIIB TalbMyBaBCsI PiCT Haa3eMHOI yacTuru (Spiel et al., 2012). 3a il mocyxu 3MEHIIYBaIach TaKOXK
Giomaca royioBHOro i OiYHMX KOpeHiB qBopiunux pociun Q. robur (Alonso et al., 2014). Otpumani Hamu
pe3ybTaTH MPOJCMOHCTPYBAIIN ITOM’IKITYBaIBHUHN e(eKT ex30reHHoi 00pooku pozunHoM Ce-I'TJI Ha pict
Ca/DKaHIB AyOa YepenrdaToro 3a Aii MOCYXH 1 TOMMOBHMIIM HaIlll TIONEepeHi JaHHI MOA0 CTUMYIIOIOYOTO
BBy npaiimyBaHHs1 Ce-I'T'JI Ha mpopocTanHHs >KOMYNIB 1 MOAANBIINIA PICT Ca/pKaHIIB Ay0a 3a HOpMalb-
Hux ymoB (Kosakivska et al., 2022).

BcranoBmeHo, 1m0 ocyxa HEraTMBHO BIUTMBA€E Ha ()OTOCHHTE3, 3MIHIOIOYH BHYTPIIIHIO CTPYKTYPY
XJIOPOILIACTIB, BMICT XJ0podiiB Ta kaporunoinis (Chaves et al., 2009). TToBiTOMIISIOCE, IO BAKIIHBY POJIb
y 3aXHCTi POTOCHHTETHYHOI aKTUBHOCTI BUIIB poay QUErcus Bimirpae po3citoBaHHs €HEprii 3a y4acTi mir-
MeHTiB KcautodinbHoro 1ukity (Garcia-Plazaola et al., 2017). Mu BcTaHOBHIIH, 110 B Ca/DKAHILIX Ay0a Ipy-
i «Cg-I'TJI» migBuIuBes BMICT Xiopodiny a Ha 26%, xiopodiny b Ha 16%, kaporuHoinis Ha 27%. 3a mii
BOJIHOTO JIE(illUTy 3MEHIIMBCS BMICT (JOTOCHHTETHYHMX MIrMeHTIiB B cajpkaHIpix rpyn «llocyxa+Ce-I'TJTD»
Ta «Ilocyxay, mpote Taki 3MiHu Oynu Oibm BimuyTHUME Y HeoOpooneHux Cg-I'TJI pociun. ¥ camkaHiiB
rpymu «Ilocyxa» BMICT XJIOpOdiiB @ i b 1o BiHOIIEHHIO 10 KOHTPOIIO 3HU3MBCs Ha 31% Ta 26% BiamoBi-
JIHO, KapoTUHOIIIB — Ha 12%. ¥V camkanuis rpynu «llocyxa+Ceg-I'TJI» BITHOCHO KOHTPOIIO BMIcCT XJ0podi-
ny a 3un3uBcs Ha 21%, xmopodiay b — Ha 23%, kaporuHoinis Ha 7%. Cyma xmopodinis a+b B camkaniisx
rpyn «llocyxa+Cg-I'TJI» Ta «llocyxa» 3um3mmacs B 1,1 ta 1,3 pasu BiqmoBiTHO, TOPIBHSIHO 3 KOHTPOJIEM.
IToka3Huk criBBigHOMEHHs XopodiniB a/b ast pociun rpynu «Ilocyxa+Ce-I'TJD» OyB 6IM3bKUM 0 KOHT-
poito, Tofi sIK 'y pociuH Tpymu «Ilocyxa» OyB MEHIIMM dYepe3 3HaYHE 3HIKEHHS BMICTy XJopodiny a.
CriBBigHOIICHHST XT0po(diTiB a-+b/KapOTHHOIIN TaKOXK 3HU3UIIOCH B CA/DKAHIIIX 000X eKCIIEPUMEHTAITBHUX
TPYII HOPIBHSHO 3 KOHTPOJIEM, IO CBITYHUTH MPO YIIKOIKEHHS (POTOCHHTETHYHOTO arapary 3a Jiii MocyXH.
[NoniGHiI pe3yabTaTH 11010 3aXUCHOTO edekTy (omapHoi 00podku po3unHoM Ce-I'TJI Oysm otpumani Hamu
paHillie Ipy BUBYCHHI BIUIMBY KUCJIOTHOTO JIOITY Ha (POTOCHHTETHYHHMI amapaT POCIMH 03UMOI IMIICHHUIT

(Kosakivska et al., 2020).

BucnoBku. ®omniapHa o0pobka camkanuiB gyda uyepemryaroro pozuuHoM Cg-ITJI (300 Hr/mi)
MOM’SIKIITyBaJla HEraTUBHI e()eKTH IPYHTOBOI IMOCYXU Ha HAKOIMUYECHHS OloMacH Ta BMICT XJIOpodisiB i Ka-
POTHHOIIB, a 3a BiICYTHOCTI [IiT cTpecopa iHIyKyBaia 3pOCcTaHHS BMICTy ()OTOCHHTETUYHHX ITITMEHTIB.
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CTUMYJIIOIOYA JI51 Y@®-IPAUMIHIY B IEPEJAIIOCIBHIN OBPOBII
HACIHHSI O3UMOI NIIEHUIII

T. B. Caxno, M. M. Mapennu, A. O. CemeHnon

Tormascokuil deporcasnuil aczpapruil ynieepcumem, Ilornmasa, Ykpaina, sSakhno2001@gmail.com

Icaye 6e3miu ¢akTopiB Ta PiI3HUX METOIB MEPENNOCIBHOI CTUMYIIAIIT HACIHHA (TpaiiMiHTy), 110
BIUIMBAIOTh Ha SKICTh Ta MPOPOCTaHHS HACIHHA MINeHWII. JOCIUTiIKeHHS METOAiB MpaiMiHTy TMOJIM-
IIy€ PO3YMIHHS MPOLECIB POCTY POCIHH Ta iX MOTCHLIWHOI ajanTarlii 10 pi3HuX (aKTOpiB HABKOJIUIII-
HBOT'O CEPENIOBHUIIIA.

besniu Bimomux BuIIB mpaitmiHry (¢izndHi, 6ionoriuHi, XiMidHi) 6a3yrOThCSI HA BUOOP1 pedOBUH
Uit 00poOku abo MeToAiB BIUIMBY. [IpaliMiHT MepeAnociBHOT CTUMYJISILI HACIHHS, 3 BUKOPUCTAHHIM
¢Gi34HMX METOHiB (MarHiTHe moJje, yibTpadioreToBe, MIKPOXBHIBOBE 1 PEHTICHIBCHKE BHITPOMIHIO-
BaHHs, yJABTPA3ByKOBA JIisl Ta iH.) Ma€ psiJ icTOTHUX Tiepesar (Semenov et al., 2021).

Benuknii iHTepec OCTaHHIX POKIB JIJISl CTUMYIIOBAHHS POCTY Ta MiABUIIEHHS CTIHKOCTI POCIHH
JI0 30BHIIIHIX YNHHUKIB 1 301JIbIIEHHS BPOKAHHOCTI CITBCHKOTOCTIONAPCHKUX KYJIBTYP BUKIUKAE BUKO-
PUCTAaHHS ONTHYHOTO BUIPOMIHIOBAaHHS — IE€pPeANociBHa 0OpoOKa HACIHHS CITbCHKOTOCIIOAAPCHKUX
KyJIbTyp yibTpadioneroBum BunpoMinenusm (Y®) (Semenov et al., 2020). Yiasrpadionerosi npomeHi
HaJIe)KaTh A0 HAMKOPOTIIMX XBHJIb €JIEKTPOMArHiTHOTO BUIIPOMiHIOBaHHS 3 JOBxHHOIO Bix 100 mo 400
HM, 10 3a0e3neuye iX MIMPOKe BHKOPHUCTaHHS B Pi3HUX cepax arponpoMHUCIOBOTO KOMILIEKCY MPH
3HEe3apaXeHHi, OMPOMIHEHHI Ta AaKTHBAIii MPOPOCTaHHS HACIHHS CLIBCHKOTOCHONAPCHKUX KYIBTYP
(Semenov et al., 2021).

Hocnimxennst Y O-npaiiMiHry npu nepeanociBii o0poOili HaciHHS MIIEHMII TPOBOAUTHCS B Oa-
raThOX KpaiHax cBiTy, Takux K [umis, Kutaii, Smonis, €runer, [lakucTan ta inmi. Jeski qociimkeHHs
MOKa3yI0Th, 0 Y D-mpaiiMiHr MOXe 301IBIINTH BiICOTOK MPOPOCTAHHS HACIHHS Ta MPUCKOPHUTH PICT
npopoctkiB (Jabeen et al., 2019; Wu et al., 2020). B iHmmx qociiKeHHIX 0Ka3aHo, mo Y ®-npaiimMinr
MO’K€ 30UIBIITYBaTH CTIMKICTh POCIHH IO CTPECOBHX YMOB, TaKHX SIK 3acyxa ab0 HHM3bKI TeMIlepaTypH
(Alharby et al., 2020).

Y®-npaiiMiHr HaCiHHS TIICHUI[ TIO3UTUBHO BILIMBAE HAa €KCIIPECi0 TEHIB, IO BiIOBIIAIOTH 3a
npoaykuianii npouec (Hussain et al., 2019; Wang et al., 2021). V psui pobiT Big3HadaeTbest 3011b-
LIEHHS] BMICTy KOPHCHHMX PEYOBHH, TaKMX SIK BiTaMiHM Ta AHTHOKCHIAHTH Y BUPOILEHHUX POCIHHAX
(Kumari et al., 2019).

OpnHiero 3 ronoBHUX nepeBar Y®-mpaiiMiHTy HACiHHS MIIEHHI € HOro ekoJoriuHa Oesreka Ta
€KOHOMIUHICTb MOPIBHIHO 3 TPAAULIHHUMHU METOaMHU 00OpOOKHM HaciHHS. 3aCTOCYBaHHS XIMIYHHUX Ipe-
napaTiB € HeOe3MeYHUM JJIsl HABKOJMIIHBOI'O CEPENOBHINA Ta JIIOJCBKOrO 370pOB's, Tomi Ak Y-
npaiMiHT HACIHHS TIIEHHINI HE Ma€ IIKIJUIMBOTO BIUIMBY Ha HaBkoJuinHe cepenoBuiie (Tuzova et al.,
2018).

Crin Big3HauUTH, WO ACSIKI JOCTIDKEHHS BKa3ylOTh Ha MOXJIUBICTh HETaTUBHOTO BIUIMBY Y @-
NpaiiMiHTy Ha HACiHHS B 3aJIE)KHOCTI BiJl IHTEHCHBHOCTI OIPOMIHEHHS Ta TPUBAIOCTI 00pOOKH
(Mahmood et al., 2020). Takox OyJ0 BCTaHOBIICHO, 10 e(PeKTUBHICTE Y D-MpaliMiHry 3aJIe)KUTh Bij
COPTY HaciHHA Ta yMoB ioro 30epiranns (Sukhovii et al., 2019).

Hocnimxenns Y @-npaliMiary HaciHHS B MEPEANOCiBHIA 00poOIi MpoJOBXKYIOThCA, 1 Hapasi He-
00XIIHO MPOBECTH JOAATKOBI JAOCHIKSHHS I ONTHUMI3allii mapaMeTpiB 00pOOKH Ta BU3HAYCHHS OIl-
TUMaJIbHUX YMOB 3aCTOCYBaHHS METOJY.

Ha ocnoBi 3ailicHeHOr0 aHami3zy Oysio mpoBeneHo aociimkenHs BBy Y @-C Ha nmpopocTaHHs
HACiHHS KUJILKOX COPTIB 03UMOI miieHutli. HacinHeBuii Matepian Oyno po3aiJieHO Ha (Bl TPYIMHU: KOHT-
POJIbHY Ta eKcriepuMeHTanbHy (00pooka Y®-C). HaciHHsS B KOHTPOJIBHOMY BapiaHTi HE OIPOMIHIOBA-
mu. [Ipoba koxxHoro copty ckinaganacs 3 100 HacinuH. SIK pKeperno BUNPOMiHIOBaHHS! BUKOPUCTOBYBA-
n 6€3030HH1 yIbTPadioneToBi JaMITH HU3bKOTO THCKY 3 IHTCHCUBHICTIO €HEPTETUYHOTO OMPOMIHEHHSI
65 Br/cM’. 3a paxyHOK 3MiHH Yacy BIUTHBY i BifcTaHi 10 jukepena Y P-BUIPOMIHIOBAHHS CTBOPIOBAIIA
HEoOXiZHy 103y ompoMiHeHHs. BumiptoBanua mo3u Y@P-C ompoMiHEHHS NPOBOIWIM PaliOMETPOM
«Tenzop-31» (Ykpaina).
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3pa3ku HACiHHA, TOTIEPETHLO PO3AUICHI HAa MPOOH, ONMPOMIHIOBAIU pizHUMHU mozamu Y D-C i
MPOPOIIYBaIH Mpu TemmepaTypi moBiTps 24 (£2°C) npotsrom 14 auiB. Busnawanu eHepriro mpopoc-
TaHHS Ta CXOXICTh HaciHHA. Uepe3 14 nmHIB eKcliepUMEHTY BH3HA4Yalld JOBKWHY TAroHiB Ta HaiOiIhb-
IIOTO KOPEHS KOJKHOTO MPOCTKA.

JocmimkenHs peakilii pi3HUX COPTIB O3MMOI MIICHMIN HA pi3Hi jo3u Y D-C BUNPOMIHIOBAHHS,
MOKA3aJIi CTUMYJIIOIOUY 10 IIbOTO MeToTy 00poOku HaciHHs. [loka3aHo 301IIBINICHHS TOPIBHSHO 3 KOH-
TPOJHHUMH 3pa3kaMU CXOXOCTI HACIHHSA MPH 3acTocyBaHHI n03u 500 Jx/mM* Ha 14-25% B 3anesxHOCT
Bif copry muenuri. [Ipu 36inbuienni 1031 onpominenHs g0 1000 Jix/m® i Tum Ginbure 10 2000 [x/m?
CIIOCTEpIranocs 3HIKEHHS KUTTE3AATHOCTI HaciHHs. Lleit GpakT cBimunTh Npo 3HMKEHHS e()EeKTUBHOCTI
BIUIMBY BHCOKHX 103 ONPOMIHEHHS HAa CXOXICTh HACIHHA MOCIIPKEHUX COPTIB 03WMOi mieHumi. 30i-
JIBLICHHS JO3H OmpoMiHeHHs moHay 2000 [[x/M° IPHU3BENO 10 3HMKEHHS SKUTTE3NATHOCTI HACIHHS 110
30-37% mopiBHAHO 3 KOHTpoJieM. BennunHa eneprii npopocTaHHs HACIHHA 0Ope KOPEJIOE 31 CXOoXKic-
TiI0. CtuMyntorouy fito Y ®-onmpoMiHeHHS Py NEBHUX 3HauYeHHsX Y D-103u BUSBICHO IS BCIX COPTIB
HACIHHS MIIIEHHUIIi, B TOMY YHCIIi 3 HU3bKOIO CX0XKICTIO B KOHTPOITI.

OTtxe, YO-npaiitMiHT HaCIHHSI MIIEHUII] 31aTeH 30UIBIINTH IPOPOCTAHHS HACIHHA Ta MIPUCKOPUTH
pict mpopocTkiB. Y @-nipaiiMiHT TO3UTHBHO BILTUBAE HA PO3BUTOK KOPEHEBOI CUCTEMH HACIHHS MIICHU-
1i, o 3abe3neuye OiMbII eeKTHBHE BUKOPHUCTAaHHS MOKUBHUX PEYOBHH 3 IpyHTY. Lleit metox nepen-
MOCIBHOI 00OpOOKH MOKe 301IBIIATH BMICT KOPUCHUX PEYOBUH, TAKUX SK BITAMIHH Ta aHTHOKCHIAHTH,
Y BUPOIICHUX POCIMHAX, III0 MOKE MaTH ITO3UTUBHHIA BIUIUB HA 3JJOPOB'S JIIOJMHH.

B uinomy, Y®-npaiiMiHT HACiHHS MIICHUII MOXXe OyTH e()EeKTHBHUM METOIOM MEePeanoCiBHOT
00pOoOKH, IO JOITOMOXKE ITiIBUIITUTH BPOKaWHICTh, SKICTh Ta CTIHKICTh HACIHHS JI0 CTPECOBHX YMOB Ta
XBOpoOH, 3a0e3meunTd Oibll eeKTUBHE BUKOPUCTAHHS MOKUBHUX PEYOBHH Ta 3MEHIIUTH HETATHB-
HUI BIUTUB Ha A0BKiUIA. Kpim Toro, Bukopuctanns Y ®-npaiiMiHry B nepearociBHiii 06poOii HaciHHs
TIIIICHALII MOYKE TTiIBUIIITH EKOHOMIYHY €()€KTUBHICTh BUPOITYBAaHHS i€ KYIbTYPH.
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EFFECT OF SYNTHESIS ROUTE OF CALCIUM PHOSPHATE-BASED
NANOFERTILIZERS ON LETTUCE YIELD
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YInterpdisciplinary Science and Engineering Laboratory, Department of Plant and Soil Sciences,
University of Delaware, Newark, USA, sakhnoyura@gmail.com;
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The importance of phosphorus in the regulation of plant growth function is well studied. The role
of inorganic phosphate molecules in mitigating abiotic stresses such as drought, salinity, exposure to
heavy metals, heat, and acid is known and well-studied (Bechtaoui et al., 2021). Plant growth character-
istics that are regulated in a phosphorus-dependent manner under conditions of starvation with suffi-
cient and low/without phosphorus alone or in combination with one of the mentioned stresses were in-
vestigated (Satheesh et al., 2022). Therefore, studies on the solubility of phosphorus salts to in-
crease/decrease the access of fertilizer to plants are rather important (Sakhno et al., 2022).

Calcium phosphate (CP) nanoparticles have been recently advocated as a slow-release fertilizer
aiming to increase P uptake by the plant and reduce P losses as runoff to groundwater. Due to the high
dissolution rate commercial superphosphate (SP) with a Ca/P ratio of 0.5 increases the crop yield but on
the other hand, after heavy rains, led to 95% of P loss in groundwater. This issue led to the high produc-
tion cost of crops and ecological catastrophe. A decrease in the dissolution rate of CP may reduce P in
leachate. CP with the lowest dissolution rate, stochiometric Hydroxyapatite (HANPS), do have not suf-
ficient P release for agricultural use and thus need an alternative approach with a higher dissolution rate
but lower than SP. Changing precursors and synthesis parameters of CP (i.e., temperature, pH, and cati-
on (K or Na) substitution) in this study we tried to obtain materials with P release better than HANPs.
The efficiency of these materials at improving lettuce (Lactuca sativa) yield was investigated in green-
house studies. Based on shoot biomass, our results show that all types of CP stimulated lettuce growth
to different extents, but the extent of that enhancement was a function of the synthesis condition. More
acidic CP with Ca/P ratio = 1 showed the highest biomass yield along with also high P in leachates. CP
with higher Ca/P = 1.66 (i.e. Hydroxyapatite) synthesized at pH 7 and 10 have shown significantly less
P in leachate. Analysis of the dissolution rate in situ has shown that CP precipitated at pH 7 has twice a
higher dissolution rate than CP at pH 10. Biomass of lettuce was also consistent showing a higher yield
for CP at pH 7 compared to 10. Considering the ‘green’ efficiency of CP-based materials both in pro-
moting plant growth and limiting P loss, CP synthesized at pH 7 was found to be the most optimal.
These results demonstrate that tuning the properties of synthesized CP is an ideal approach to optimiz-
ing the effectiveness of potential fertilizer enhancing crop growth and minimizing P loss. It means the
development of tunable precision nanoscale fertilizers specific to a crop or soil condition can be an ef-
fective and sustainable tool to meet global food demands while simultaneously minimizing the negative
environmental impact of agriculture.
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MOIIYK APIXK/IKIB — CAUMBIOHTIB KOPEHIB INIIEHUIII Y BIIKPUTOMY IPYHTI

H. 0. CokouoBa’, K. B. I[Mnprkl’z, A. L. €menn’

IV «Incmumym xapuogoi biomexnonozii ma eenomixu Hayionanenoi akademii nayk Yxpainuy, Kuis,
Yxpaina, nsnatlisokol@gmail.com;
Tuemumym 6ionoeii knimunu Hayionanwnoi akademii Hayk Ykpainu, Jlveis, Yrpaina

YHacHiI0K HETaTHBHOTO BIUIMBY a0lOTHYHHX CTPECIB, 30KpeMa MOCYXH, 3aCOJIEHHS Y BUCOKHX
TEMIIEpaTyp Ha POCIUHHI OPraHi3MU CIIOCTEPITraeThCs 3MEHILIEHHS X POCTOBOT aKTUBHOCTI Ta 0OMIHHUX
npoteciB. ONHOIO 3 Hailypa3UBIIIUX KyJIbTyp A0 PI3HUX CTPECOBUX YMHHHKIB € mireHuis (Dubrovna,
2018).

JpiKmKi € BXITUBUMH MIKPOOPTraHi3MaMH TPYHTY 3aBIISIKH CBOil Oi0JIOTidHIN aKTHBHOCTI Ta €
0e3MmeyHnMU AJIS1 eKOCUCTEMH. BOHM IIMPOKO PO3MOBCIOHKEH] B MIPUPO/I, Y TOMY YHCII B €KCTpEMaib-
HUX CEepeIOBHINAX, Ta CIIPHUSIIOTh 0araThboM €KOJIOTIYHUM IpoIiecaM, TAKUM K MiHepalli3aiis opraHid-
HOTO MaTepialxy Ta pO3CiIOBaHHS BYTJIEIIO, € JHKEPEIOM IOKWBHUX PEUOBHH IS PI3HUX OPraHi3MiB
(Kowalska et al., 2022; Botha, 2011; Naseeb et al., 2017). BcTanoBieHo, 1o J0JaBaHHSA KUBUX a00
MEPTBUX IPLKIKIB 10 YAOOPEHOTO IPYHTY iCTOTHO 301IbILIyE BMICT a30Ty i Gocdopy y KopeHsX 1 ma-
roHax TOMAaTiB Ta MOJIOJMX POCIHHU IyKpoBoi Tpocturu (Lonhienne et al., 2014). Meroro nanoi po6o-
TH OyJI0 BUSBUTH JIPIXKIKi-CHMOIOHTH Ha KOPEHSX PI3HUX COPTIB MIICHHUII 03UMOI y BiIKPUTOMY IPYH-
Ti JUIS TIOAANBLIOTO iX BUBUEHHS, TAKCOHOMIYHOTO BU3HAYEHHSI Ta MOXKIIBOI'O BUKOPUCTaHHS B GioTe-
XHOJIOTIYHHX TPOTpaMax 3 IiIBUIICHHS CTPECOCTIMKOCTI POCIIHH.

HocnimKyBany HACTYIHI BITYM3HSHI Ta iHO3eMHI copTrt o3uMoi mmenutti: Jlicoa Ilicus, [lepmu-
Ha, bornana, Cmyrnsnka, [Togomnsiaka, Kononia, Pedhopm i Peber, siki pociau Ha MOCTIAHUX TTSTHKAX
M. Kuepa ta momsx KuiBcbkoi ob6macti. Bindip 3paskiB mpoBoawnm y muctonami 2022 p. y mepiof Ky-
IIiHHAS TIIeHui. KynbTypu IpiKpKiB OTPUMYBAIH, TIPOBOISTYH 3MUBH 3 KOPEHIB IOCIHIHKYBaHUX COP-
TIB MIICHMII, 32 BUKOPUCTAHHS PIJIKOI0 CTEPHIILHOrO cepenoBuina YPD 3 momaBaHHSIM aHTUOIOTHKIB
3a METOJIMKOI0, orrcanoi B poboti Fernandez-San Millan et al., 2020. ITicyist 4oro mpoBOAMIN KyJIbTH-
BYBaHHs 3pa3KiB B yMOBax iN Vitro Ta ieHTHdiKamito BUIIICHHX KyJIbTYp 3a JOMOMOTOK MiKPOCKOITi Y-
HUX METOJIB JOCIIIKEHHS.

VY pe3synbraTi Oyio BCTAHOBIIEHO, IO 3pa3Ky, OTpUMaHi 31 3MUBIB 3 KopeHiB copti Jlicoa Ilic-
Hs, [lepnuna, bornana, Komnonia, Pedopwm i Peber, € npixkmkaMu, OCKiIIBKH MatOTh TUIIOBY MOP(OIIO-
rito popmu OpyHbKYBanHS. [pixkki, i301p0BaHi 3 copriB JlicoBa Ilicus Ta IlepnuHa, Hamexartb 10 po-
ny Saccharomyces cerevisiae, a 3pa3ku, oTpuMani 3 copTiB Pedeint, Kononia Ta Pedopm, Hanexarts 110
OKpEMOTro BUY JPIXJUKIB, SIKUH Hapa3i He BCTaHOBIEHO. [Ipu mpoBeeHHI aHali3y SIK KOHTPOJIb BUKO-
pucToBYBaIH ApixIKi Saccharomyces cerevisiae Ta Hansenula polymorpha. Orxe, orpumani pe3yiib-
TaTH MOXYTh CBITYHUTH TPO T€, IO MIICHHUIIS MOTPe0ye KOHKPEeTHOro cuMOioHTAa(iB), SiKni(i) 3aaTeH(Hi)
301IBIIYBAaTH TIOTJIMHAHHS POCIIMHOO BOJIM Ta MOXXHUBHUX PEUOBHUH, SK I1e OyJI0 BCTAHOBIICHO paHillle Ha
inmux Buaax 3nakis (Fernandez-San Millan et al., 2020; Marcela et al., 2018). HactymHuMu Kpokamu €
TeHeTHYHA 1IEHTU(IKAIliS 130JIbOBAaHUX MITaMIiB JIPIXKIKIB 32 JIOTIOMOTOI) METOy CHKBEHYBaHHS II€B-
Hux nociigoBHocted ix JIHK, a Takok CKPUHIHT 1301bOBaHUX IITaMIiB JAPIKIKIB HA CTUMYJISIIIO MPO-
POCTaHHS HACIHHSI Ta POCTY POCIIHMH MILEHHMII, X CTIHKICTh IO PI3HUX CTPECOBUX YNHHHMKIB.
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THE EXOGENIC INFLUENCE OF OXALIC ACID ON TRITICUM AESTIVUM
TOLERANCE TO ABIOTIC STRESSES

I. V. Zhuk, Ju. V.Shylina
Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of Ukraine,
Kyiv, Ukraine, ivzhukvi@gmail.com

The challenges of climate change and ecological safety are the main sources for new questions and
solutions in plant science (Eckardt, 2023, Verslues, 2023). The high level of humidity is a condition for
the successful development of plant pathogens and the flooding stress is a cause of hypoxia in plants (Le-
6n, 2021). These stresses, both biotic and abiotic, damage leaves and induce losses of photosynthetic tis-
sues because of the leaf area necrosis, and the antioxidant system is important for protection against plant
stresses (Hasanuzzaman, 2020).

The treatment by exogenous compounds such as signal molecules and biotic elicitors is a perspec-
tive way to induce non-specific tolerance in plants. Our previous studies have shown that oxalic acid
treatment decreased the lesions in wheat plants caused by fungal infection, and stimulated the non-specific
plant immunity (Zhuk et al., 2019). We also have shown that biotic elicitors could induce non-specific tol-
erance to abiotic stress (Zhuk et al., 2022)

The aim of the research was to investigate the induction of the Triticum aestivum L. non-specific
tolerance by oxalic acid to the flooding and wounding stresses.

Methods. Winter wheat plants cv. Kesariia Polis 'ka were grown in laboratory conditions and had
been treated with an oxalic acid solution (0.5 mM) then flooding and wounding stress started. The hydro-
gen peroxide content in leaves was measured during the experimental period by spectrophotometer (Chen,
Kao, 1999). The data were statistically processed.

Results. It is shown that during the first hour of the flooding stress, the level of hydrogen peroxide
slightly decreased in leaves of wheat under flooding and wounding stresses, significantly decreased under
the combination of both stresses. At that time, oxalic acid stimulated the increase of hydrogen peroxide
content in wheat leaves dramatically. The treatment by oxalic acid decreased the level of hydrogen perox-
ide under wounding and flooding stress separately but under combined stress, there was the content al-
most as in control. After 24 h, the oxalic acid stabilized the content of hydrogen peroxide under the
wounding stress at a level close to control, but under the flooding stress, oxalic acid continued to decrease
the content of hydrogen peroxide in wheat leaves. The reaction of the antioxidant system according to the
changes of hydrogen peroxide content in leaves under the combination of both studied stresses at that
point was more similar to the adaptation for the wounding stress, than flooding, with the same closeness to
the control level. After 48 h the wounding stress caused a dramatic increase in the hydrogen peroxide level
in wheat leaves. At the same period under the flooding stress, the hydrogen peroxide content was less,
than under the wounding. Moreover, the oxalic acid treatment caused the stabilization of hydrogen perox-
ide levels in wheat leaves. After 72 h and 96 h, respectively, the highest content of hydrogen peroxide was
under the combination of two abiotic stresses. The oxalic acid treatment lowered the level of hydrogen
peroxide under the stress conditions of wounding and flooding.

Conclusions. Oxalic acid could be a protective agent to induce non-specific tolerance of wheat
plants to abiotic stresses, wounding, and flooding. It is shown that this exogenic influence changes the
level of hydrogen peroxide in leaves and prevents damage to plant tissue by stabilization of the antioxi-
dant system under the difficulties of abiotic stresses.
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BREEDING, GENETIC, AND GENETIC ENGINEERING APPROACHES TO IMPROVING PLANT
RESISTANCE. METHODS FOR ASSESSING PLANT RESISTANCE

COLOURED GRAIN AS AN ADAPTIVE TRAIT AND A PROMISING SOURCE FOR
FOOD QUALITY IMPROVEMENT IN BARLEY

O. V. Bilynska, T. A. Shelyakina, R. L. Bohuslavskiy

Yuriev Plant Production Institute, National Academy of Agrarian Sciences of Ukraine,
Kharkiv, Ukraine, bilynskaov@gmail.com

The pigmentation of seeds is a specific adaptive character of barley landraces growing in extreme
environments. Particularly, the colour of grains promotes their germination at low temperatures in highlands.
Pigment accumulation in vegetative organs, especially in leaves and stems, protects plants against excess
light, ultraviolet radiation, and oxidative stress (Winefield et al., 2009). Therefore, many coloured grain vari-
eties, lines, and collection accessions originated from Qinghai-Tibet Plateau (1400-4700 m high above sea
level). Tibetan hulless barley is called highland barley. In China, this type of barley is known as Qingke
(Yang et al., 2018; Guo et al., 2020).

Colour in grains is due to anthocyanins which are proven to be the most important among plant pig-
ments. Accumulation of cyanidin-3-glucoside results in blue, purple, and yellow (amber) colours, while del-
phinidin-3-glucoside prevails in black-grained varieties. Generally, dark grains are richer in anthocyanin
content (Jin et al., 2022).

Nevertheless, the adaptation value of anthocyanins for plant survival in stress conditions has been
proved, at present these pigments mainly attract attention as bioactive compounds useful for human health.
From this standpoint, coloured barley is considered to be a promising foodstuff for health-promoting prod-
ucts allowing prevent cardiovascular diseases, diabetes, cancer, and other pathologies because of anthocya-
nins’ antioxidant activity (Kim et al., 2007; Winefield et al., 2009; Lee et al., 2012). As anthocyanins are ac-
cumulated in seed coats (aleuronic layer and pericarp) removing during processing, only end-used products
from the whole grain can be used as a functional food (Borneo, Leon, 2012).

It should be noted that as a rule plant material with coloured grain is inferior to ordinary released va-
rieties in yield. At the same time hulless colour-grained barley is characterized by high contents of protein,
B-glucans, unsaturated fatty acids, and other valuable nutrients (Lin et al., 2018). To use coloured barley in
industrial food production, new varieties adapted to moderate climate conditions, performed constant grain
yield and high anthocyanin content should be developed through the transfer of colour grain genes from ex-
otic lines into advanced varieties and lines by hybridization. Genetic control of seed pigmentation in barley is
well studied. In particular, it was revealed that the interaction of two complementary dominant genes pre-
vailed in the determination of dark colour in grains (Zhang et al., 2017).

Apparently, not only conventional but also biotechnological approaches can be used to develop col-
oured barley starting material in breeding programs. Among biotechnological techniques, anther culture in
vitro is applicable to speed up the production of homozygous lines with coloured grains. Regardless of the
method chosen for use, data concerning agronomic traits of accessions involved in hybridization should be
obtained. When anther culture in vitro is applied, the androgenic capacity of plant material has to be evaluat-
ed before hybrid production in addition to agronomic trait estimations.

The objective of this study was to determine thousand kernel weight, protein content, and response
for haploid production in anther culture in vitro in spring barley accessions with coloured grains.

Plant material used in this investigation included eight accessions differed in grain colour and mor-
phology: Arabische (Ua 0800338-6r, DEU) — black, hulless; Arabische (Ua 0800338-2r, DEU) — black,
hulled; Ua 0800645 (CZE) — black, hulless; Ua 0800663(ETH) — brown, hulless; Ua 0801311 (UKR) — am-
ber (yellow), hulled; Ua 0802220 (MEX) — yellow, hulled; Ua 0802460 (ARG) — black, hulled; Ua 0803708
(POL) — yellow, hulless; Ua0804955 (BLR) — brown, hulless. All accessions were obtained from The Na-
tional Centre of Plant Genetic Resources of Ukraine.

Plants were grown under field conditions. Protein content was determined by the micro-Kjeldahl
method. Anthers isolated from cold pre-treated spikes (cut tillers in water, 5 days at 4°C) were cultivated on
agar solidified nutrient medium NMSmod.2 contained N6 macro- and MS micronutrients, physiologically
active substances and maltose (9.0%) (Bilynska, Duln’ev, 2012). Morphogenic structures were transferred
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onto the medium for plant regeneration containing MS mineral salts, 0.05 mg/l NAA, 0.5 mg/l BAP, sucrose
(3.0%), and agar (0.8%).

Observations showed that all accessions except for IR 02743 looked like the typical donor lines with
small spikes and low grain yield. Most of the accessions have six-rowed spikes and hulless grains. Among
plants of the sample Ua 0800338 possessing 6-rowed spikes and black hulless grains, one plant with 2-rowed
spikes and black hulled grains was found in the experimental plot. Although the origin of this plant is under
guestion (it is unclear whether it was a result of segregation in the hybrid population or caused by mechani-
cal contamination), a new line originated from this atypical plan has been propagated and used in the study.
This line was designated as Ua 0800338-2r in contrast to the 6-rowed sample — Ua0800338-6r. Significant
differences in thousand kernel weight between and within each group of material (hulled and hulless) were
found. In particular, the levels of this character ranged from 26.1 g in Ua 0804955 to 41.0 g in Ua 0800338-
6r and Ua 0800645 for hulless accessions and from to 36.3 g in Ua 0802220 to 51.1 g in Ua 0801311 for
hulled ones.

The results of the biochemical analysis showed that seed protein contents varied from 12.8 to 20.0%
in dependence on genotype. The highest levels were revealed in Ua 0800645 (20.0%) and Ua 0800663
(19.1%). In four accessions seed protein content exceeded 17%. Accessions Ua 0800338-2r and Ua
0800338-6r differed in protein content. In particular, the level of this trait in 2-rowed hulled accession was
12.8% while in 6-rowed hulless one it reached 14.5%.

As indicated by the results of in vitro experiment, accessions involved in the investigation performed
a low androgenetic capacity. The number of morphogenic anthers ranged from 10.3% in Ua 0800338-6r to
21.6% in Ua 0803708. Green plant yields varied from 0.7 to 2.7 plants per 100 cultivated anthers. No signifi-
cant differences in capability to produce haploids in anther culture in vitro between six-rowed and two-rowed
accessions originating from Ua 0800338 were found. Because basic technology was applied to evaluate an-
ther culture response in coloured grain accessions, obtained results were considered to be preliminary and
further investigations based on the innovative technological approaches (long-term cold pre-treatment and
inductive medium with a starch gelling agent) should be carried out to determine the androgenetic potential
of this material.

For transfer of coloured grain traits, donor accessions were crossed with high-yielding barley varie-
ties comprising awn-less variety Modern, hulless waxy variety Alamo, some varieties with high protein con-
tent as well as two genotypes with relatively high androgenetic capacity. Developed hybrids of ten cross
combinations will be used for the production of DH-lines combined colour in grains with valuable agro-
nomic properties.

Thus, some morphological peculiarities, protein content, and androgenetic ability of spring barley
accessions which were the carriers of coloured grain traits have been investigated to select the most promis-
ing genotypes for further doubled haploid production via anther culture in vitro. It is obvious that the set of
coloured barley genotypes required to be broadened by involving accessions with blue and violet grains. DH-
lines will be evaluated with the respect that both nutritional and adaptive effects of anthocyanin accumula-
tion are important for coloured barley breeding.
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THE INFLUENCE OF VIRUSES AND HIGH TEMPERATURE ON THE VARIABILITY
OF TOMATO MALE GAMETOPHYTE

A. Buldumac, L. Andronic

Institute of Genetics, Physiology and Plant Protection, USM, Chisinau, Republic of Moldova

The problem of identification and selection of genotypes resistant to abiotic and biotic stresses, as well
as their combinations, is one of the highest priorities in modern breeding and genetic studies (Oshunsanya et
al., 2019). One of the ways to solve it can be to increase the resistance of plants to unfavorable factors using
effective methods for analyzing the reactions of gametophyte and sporophyte under stressful conditions in
order to isolate valuable forms (Poliksenova, 2009). Considering that information regarding the effect of
multifactorial stresses on the reproductive stages of plant development is limited, the purpose of the studies
was to study the response of the male tomato gametophyte to the combined effect of viral phytopathogens
and elevated temperature.

Experiments were carried out with F1 hybrid combinations and tomato varieties. Plants at the 4-5 leaf
stage were inoculated with tobacco mosaic virus (TMV) or tomato aspermy virus (TAV). In order to assess
the quality of the male gametophyte, we analyzed the viability of pollen and the length of pollen tubes, and
also determined the ratio of these indicators in the experiment and control. Statistical processing of the ob-
tained results was carried out using Statgraphics Plus v.5.0 software.

It was established that the combined effect of temperature and TMV had a significant impact on the
viability of pollen and reduced its values by an average of 27.4% compared to the control, and also led to a
decrease in the length of pollen tubes by 23.4%. Under the combined influence of TAV and temperature, the
viability of pollen grains was also lower than the control values by an average of 29.5%, and the length of
the pollen tubes increased, which may be the result of the development of pollen grains at temperature influ-
ence. It should be noted that the reaction of plants was differentiated. So, as a result of the action of TMV
and temperature, in most genotypes, the viability of pollen was lower than the control values, and only 20%
of genotypes increased this trait.

As a result of the combined effect of TAV and temperature, most genotypes (86.0%) also showed in-
hibition of pollen viability. Under the same conditions, the size of pollen tubes increased in half of the geno-
types, while this trait decreased in the other part of the genotypes.

Thus, the combined influence of viruses and temperature had a stronger effect on the viability of pol-
len, while the rate of growth of pollen tubes and their size were less sensitive to the action of these factors.

Under the conditions of complementary action of TMV and temperature, the variability of pollen via-
bility was determined to a greater extent by temperature, the share of its influence in the overall structure of
variability was 69.3...69.7%, the contribution of the genotype and viral agents was lower — 6.0...9.0%. At
the same time, the main source of variability in the length of pollen tubes is viruses, the strength of their ac-
tion was 54.5...64.3%, the contribution of genotype influence was 12.2...15.2%, while the temperature effect
determined 2.7...14.7% of the variability.

Therefore, the combined influence of elevated temperature and viruses leads to the occurrence of dif-
ferentiated responses of the male gametophyte for pollen viability and pollen tube length, which are largely
determined by the effect of temperature on pollen viability and viral pathogens on tube length variability.
Based on the obtained results, 5 hybrid combinations and 2 varieties of tomato were identified, in which the
male gametophyte showed high values of pollen viability under conditions of multifactorial backgrounds,
which suggests the prospect of using these genotypes in further studies.

The research was carried out within the project of the State Program 20.80009.7007.04 “Biotechnol-
ogies and genetical processes for evaluation, conservation and exploitation of agrobiodiversity”, financed
by the National Agency for Research and Development.

REFERENCES
Oshunsanya S., Nwosu N., Li Y. In: Sustainable agriculture, forest and environmental management. Springer Nature

Singapore Pte Ltd. 2019, pp. 71-100. doi: 10.1007/978-981-13-6830-1_3.
IMomukcenosa B./1. / Bectuuk BI'Y. 2009. 2(1): 48.

115



SECOND INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

METO/]I HOBHOIT'EHOMHUX ACOIIAIIA JAJ5 OIIYKY I'EHIB KAHJAUJIATIB
I'. O. Yeb6oTap

Incmumym eenemuku pociun ma 00CHiONCeHHs KyIbmypHUX pocaun imeri Jletibniya,
Tamepcneben, Hineuuuna, chebotar @ipk-gatersleben.de

BuBuenHs1 moBHOreHOMHHEX acoiriaiiit (Genome wide association study (GWAS)) cyuyachuii meToau-
YHUN TAXIT U TOCHTIDKEHHS CTAaTUCTUYHHUX 3B S3KiB MK TEHOMHHUMH BapiaHTamu (mojiMopdizmamu) Ta
o3HaKaMu. JloCHiPKEHHS BChOTO TEHOMY 3a JIOTIOMOTOI0 OJJHO-HYKJIeOTUAHUX moniMopdizmi (SNP) y Benu-
KOT KiJIbKOCTI 3pa3KiB 3a JOTIOMOTOI0 CTATUCTUYHHUX METOJIB JO3BOJISIE YCTAaHOBUTH 3B'A30K Mixk SNP 1 Bapi-
aTUBHOIO O3HaKoM0. Lleil MeTox Hapasi MIMPOKO BUKOPHCTOBYETHCS B MEANYHUX JOCIHI/KEHHS, a TAKOX JUIS
MOIIYKY T'eHiB KaHAMJATIB y TBAPUH Ta POCIHH.

Kpurepisimu anst popmyBaHHsI BUOIPKH € BeJIHMKa KUTBKICTh 3paskiB (Oinbine 100), HasBHICTH Ta KOpe-
KL CTPYKTYPU OTPUMAaHOI MOMyJIsALii, 4acToTa ajneiiB >5%, aHali3 Ha HAsSBHICTb HEPIBHOBICHOI'O 34EILICH-
HS Ta PI3HOMAHITHICTH 32 (JEHOTUNIOBUMH O3HaKamHu. [Ipu 3aimydeHHi CydacHMX METOJIB JOCHIPKEHHS 3a Te-
xHojorismu 9 K SNP a6o 50 K SNP gin myist ssamento, Ta BUKOpHUCTaHHI MPOTpaMHUX TAKETiB, HATPUKIIA,
pizaux mozeneir GAPIT (GLM — Yu et al., 2006; MLM — Price et al., 2006; FarmCPU — Liu et al., 2016;
BLINK — Huang et al., 2018) interpoBanux 3 R Ta aHani3y orpumanoi inpopmarii B 6a3zax ganux BARLEX
(Colmsee et al., 2015; https://apex.ipk-gatersleben.de/apex/f?p=284:10), GrainGenes (Monat et al., 2019;
https://wheat.pw.usda.gov/GG3/) MOXJTHBO BH3HAYMTH TeHHM Ta 1X e(eKTH Ha O3HAKH. B JOCITIHKEHHIX
Chebotar et al. (2023) Bu3Hayasu reHETHYHI AETCPMIHAHTH, IO BILIMBAIOTH HAa JOBrOBIYHICTH Ta CHEPIiIO
HACiHHS TIPH MIPOPOCTAHHA 1 MMOKa3alii, MI0 OUIBIIICTH acoIiamii MapkepiB 3 o3HaKaMu Oynv IOB’s3aHi 3
MeMOpaHHOIO cTabiIbHICTIO Ta TPAHCIIOPTOM PEUOBHH 4epe3 MeMOpaHy, 3B’ s3yBanHsaM 3 JJHK, PHK a6o io-
HaM¥ MeTajly, MeTa0OJIIYHUMH TIPOIIECaMH Ta MOCT-TPAHCISIIIIHHIMA MOTU(IKAIiIME.

MoxmuBocti GWAS 103BOJISIIOTE TPOBOJUTH PI3HOCTIPSMOBaHY OLIIHKY T€HETHYHO OOYMOBIIEHOT
CKJIAJIOBOT Bapiallii 03HaK Ta BU3HAYATH T'€HH, BIUIMB SIKMX Ha 03HAKYy HE OYB BiJJOMHM.
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ACOIIAIII AJIEJIBHOI'O TOJIIMOP®I3MY TEHIB PPD-1 3 MIHJIUBICTIO
O3UMOI INIIEHUIII 3A YACOM KOJIOCIHHA

B. P. ®egoposa, B. 1. ®aiiT, 1. A. banamosa, O. O. [lorpedoHIok

Cenexyitino-eenemuunuii incmumym — Hayionanohuil yenmp HACiHHE3HABCMBA MA COPIMOBUBHEHHS,
Oodeca, YVkpaina, fedgen@ukr.net

IMmennrpst (Triticum aestivum L.) ta iHIIi criopiiHeHI BUIH 371aKiB IOMIPHOTO MOSCY MPUCTOCOBAHI J10
BHPOIIYBaHHSA Y PI3HUX arpoKIiMaTHIHUX perioHax. OIHUM 3 KIIFOYOBHX (DaKTOpiB, 10 BIUIMBAE HA ii 37aT-
HICTB JI0 aJlanTallii € MiHJIMBICTh Yacy KOJIOCIHHS, 0 Oe3M0CepeIHbO OB’ sI3aHUi 3 (DOPMYBaHHIM ypPOKAIO
3epHa i #ioro kommonenTiB (Tsenov et al., 2020). BB yacy KOJOCIHHS, SIK YMHHUKA ajanTailii, 6arato B
YOMY 3QJIEKUTH Bl pETiOHATBHUX KIIIMaTHYHAX YMOB, B TOMY 4YHCIIi i (poTomepiony. M’ saka NImeHUIs € poc-
JIMHOIO JOBIOTO JHS, ajie B 0araTboX perioHax HEOOXiAHI COPTH HEUYTIUBI A0 (OTOMEpioay, IO MOKYTh
KOJIOCHTHUCS B yMOBaX CKOPOUEHOTO JTHSI.

Peakmist Ha doTomnepion poCIrH M’AKOI MIIISHAII B OCHOBHOMY KOHTPOIOETHCS T€HAMHU OPTOJOTIYHOT
cepii Ppd-1: Ppd-D1, Ppd-Bl i Ppd-Al, o mokani3oBaHi Ha KOPOTKUX ILICUaX XPOMOCOM 2 TOMOJIOTIYHOT
rpynu (Scarth, Law, 1984). IIpu uboMy nomiHanTHi aneni reHiB Ppd-1 3yMOBITIOIOTh HEUyTIIMBICTH, a pelie-
CHBHI — HaBIIAKH, CHJIbHY Yy TJIMBICTh J0 TpUBAIOCTI qHs. Ha choroaHi mo KkoxuoMy 3 rexis Ppd-1 BussieHa
MeBHA KIUIBKICTh YyTIUBUX (PEIECHBHUX) Ta HEUYTIMBUX (OMIHAHTHHUX) ajielieil, BAHUKHEHHS SIKUX 3yMOB-
JICHO PI3HUMHU MyTamisMu ixHixX Outein maBuix ¢popm (Bentley et al., 2013). Tak, ren Ppd-D1 mae, six miHi-
MyM, YOTHPH Pi3Hi ajeni. JlominanTHa anens reda Ppd-D/a Bigpi3HSIEThCS Bill PELCCUBHOI ayeli EeIiero
posmipom 2089 m.H. y mpomoTopHiit ginsaiti rena (Beales et al., 2007). st audepenmiariii pisHAX 9y TIHBHX
1o ¢otomnepiony ramiorumniB reva Ppd-D1 6ynu BusHaueHi kinbka inmmx mytaniii (Chen et al., 2013; Guo et
al., 2010). I'enotunu 3 generiero B ek30Hi 7 Oynu kiacudikosani sk Hocii Ppd-D1d. T'enoTunu, 1m0 MicTATH
anens Ppd-D1c, Binpi3HsOThCS HAsBHICTIO B iHTpOHI | TpaHCcmo3oHy Tuiy Mariner, a reHOTHITH, SKi HE Xa-
pakrepusytothes sik Ppd-Dla, Ppd-D1c abo Ppd-D1d, 6ysnu no3naueni sik Ppd-D1b (Cane et al., 2013). 1o
anesb BBKAIOTh HalicTapimioro cepen Ppd-D1 nmmenuii, mo ycnaakosana Bin Buay Aegilops tauschii.

AHAJIOTIYHUM YMHOM HasBHICTH JleNenii y mpoMoTopi po3mipom 1085 m.H. € MapkepoM IMPHUCYTHOCTI
nominantHoi aneni Ppd-Ala.l y renorumi copriB m’sikoi nmenuti (Diaz et al., 2012). OnHak naHa anenb €
PIIKICHOO, @ Y COPTIB M’SIKOI IMIICHHMII MepeBaxae periecuBHa anenb rena Ppd-Al. V rena Ppd-Al inenTu-
¢ikoBano Oinbm Hixk 60 MyTarii, moeaHanux y ramorpymnu I ta II. JIo Takux MyTariiii BiTHOCUTBCS AeTeiis
303 m.H. y ek30Hax 5, 6 Ta geneuis 2 m.H. y ex3oHi 7 (Takenaka et al., 2013). 3a3HaueHi MyTaHTH TO3HAYEHO
Hamu sik aneni Ppd-41_del303 Ta Ppd-Al_del2ex7, BinnogiaHo.

[HIMM MexaHi3MOM BHHHKHEHHS JJOMiHAHTHHX (HEUYTJIMBUX) aJeliB € Cnv-MyTallii, 10 3yMOBIIOE
301/IbIICHHS KOTTi# (DyHKIIIOHAILHOTO I'eHa, [0 pHTaMaHHo Juiie reny Ppd-Bl. Bimomo mricTh anesniB 150-
ro reHa. JlominanTtHa anens Ppd-Bla.l € HACHIAKOM MOPYILICHHS CTPYKTYPU MPOMOTOPA 33 PaXyHOK iHCepwil
(Nishida et al., 2013) Ta, ckopii 3a Bce, € yHIKQJIbHUM JUISi OKPEMHUX CIOPIIHEHUX STIOHCHKUX COpPTIB. oMmi-
HAHTHI JIBO-, TPH- Ta YoTUpHKoImiitHi Gpopmu rena Ppd-Bl, mosnaueni sk Ppd-Bld, Ppd-Bla, Ppd-Blc, Bix-
nosigro (Cane et al., 2013). I'enoTuny mieHui 3 oaHieto kormiero aneni (Ppd-B1lb) uyriusi 1o dporomnepio-
ny. Jluie y 1BOX ceneKuiiHuX JiHiit 3 ABctpaiii OyB inentudikosanuii null anens nosnauenuit sixk Ppd-Ble.

[MpupoaHUii MHOXHHHHI aJieli3M 3yMOBIIIOE BapiaOesbHICTh Ppd-reHoTHIIB, 110 103BOJISIE CTBOPIO-
BaTH COPTH OLIBLI MPHCTOCOBAHI ISl BUPOIIYBaHHS y TIEBHUX KIIMATHYHUX yMOBaX. AJle CTBOPEHHS iX MO-
TpeOye MOIEePeHHOT0 BUBUEHHSI aKTYaJILHOCTI TOTO UM 1HIIOTO TEHOTHITY, 0 HEMOXJINBO 0€3 BH3HAYCHHS
HOCIIB TIEBHUX aJiejiel Ta IXHIX Pi3HUX KOMOIHAIIIH.

Mertotro 1aHOi poOOTH € OIliHKa eeKTiB THX YM IHIIMX anenel KoxxHoro i3 reniB Ppd-1 3a TpuBamicTro
nepiony A0 KOJOCIHHSL.

Sk BUXiIHWI MaTepiar BUKOPUCTOBYBAIM 45 cOpTiB 03UMOT M’SIKOi MINEHHUIT Pi3HOTO reorpadiyHoro
MOXOJ/DKEHHS, 110 i7IeHTH(IKOBaHI paHille 3a alelIsiMu TphOX TeHiB oprojoriynoi cepii Ppd-1. Coptu Aunis,
Huxkanbka, JlopinHa, 3amantHa, Maiipa, Opilika, PagucnaBka, Ctataa, ®epmepka, [{apuuanka, Velta matoTh
renorunt Ppd-Dla Ppd-Blb Ppd-Alb; T'opmosura, 3omoto Ykpainu, Ictrna omecska, Komsaaa, Jlammknmka,
Mananka, [TpuBabiuBa, Po3kinina, Xapkisceka 105 — Ppd-Dla Ppd-B1b Ppd-A4/ del303; Cmina, BecHsiHka,
Excripomr, INonsiaka — Ppd-D1a Ppd-Blc Ppd-4/ del303, a takox 21 copT izeHTH(IKOBaHI 32 PELECUBHHU-
mu anensmu reny Ppd-D1. 3okpema coptu Kpumka micieBa, MupoHiBcbka 3050TOBepxa, CeBepHas 30ps,
IOpreBka 676, Alinea, KWS Emil, Norman, Rendezvous € nocismu amemto Ppd-D1b, JTrotecuierc 238, Ome-
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ceka 16, Onecbka 3, ®eppyrineym 1239, Xapkiscbka 20, XapkiBceka 4, Cappele-Desprez, KWS Ronin,
Minturki, Manella — Ppd-D1c i Tamicman, Samurai, Vakka — Ppd-D1d. ¥V copris Alinea, KWS Emil, Cesep-
Has 30ps, Cappele-Desprez, KWS Ronin, Vakka mopsin 3 TpUCyTHICTIO B TEHOTHIT Pi3HHX PEIICCUBHUX ajie-
neii rena Ppd-D1, inentudikoano peuecuHy anens Ppd-47 del303. Otxe, B 3aranpHiii Bubipui 24 coptu
€ Hocisimu anemo Ppd-Dla, Bicim — Ppd-D1b, 10 — Ppd-D1c, tpu — Ppd-D1d, 20 — Ppd-B1b, wotupu — Ppd-
Blc, 11 — Ppd-Alb ta 19 — Ppd-A47 del303.

Hacinns nocnimkyBaHux copTiB cisit BoceHHU (6 >xoBTHS 2021p.) B 1Mol Ha OJHOPSIAKOBHX JUISHKAX
JOBKHUHOI 1,25 M 10 25 POCIIMH B PAAKY 3 IUIOMICIO XKUBICHHs 5 X 30 M. JIjisl BUSHAUCHHS TPUBAJIOCTI Ie-
pioxy 1o KoJoCiHHS (hiKCyBalld KOJIOCIHHS 1HAUBIAYaAIbHUX POCIIHH IIPH MOSBI BEPXiBKH FOJIOBHOTO KOJIOCA 3
MiXBY MPANOPIIEBOTO JINCTKA. B SKOCTI TOUKH BiUTIKY BUKOPHCTOBYBAJIM KaJIEHAAPHY AaTy 1 TpaBHS.

[opiBHSIHHS TPUBAJIOCTI MEPiONy A0 KONOCIHHS 45 O3MMHUX COPTIB J03BOJISIE CTBEPIKYBATH PO LIH-
POKE reHeTHYHE Pi3HOMAHITTS AOCIiIKyBaHOTO HAOOpy 3a BKa3aHOIO O3HAKOI0. Tak, COPTH HOCII pi3HUX J0-
MIiHaHTHHUX Ta PEUECUBHUX anesneil reniB Ppd-1 komocunucst y cepennbomy y gociiai Ha 18+0,5 o0y, 3 pos-
MaxoM BapiroBaHHs 13 ai6: Bix 12 (BecHsnka) no 25 tpasus (I[IpusabiviBa).

CopTu Hocii 4otupbox pisHux aneneit rena Ppd-D1 cyTreBo pisHmmmucS Mixk 0000 (Fpospaxynxose=
2,96; Fo0s=4,83). be3 ypaxyBaHHs alelbHUX BiAMiHHOCTEW coprTiB 3a amensmu rexis Ppd-Bl ta Ppd-Al
OLIBII PaHO KOJIOCHIIKCS COPTH HOCIT toMiHanTHOI aneni Ppd-D/a ua 17,0 no0y. HasiBHICTh B T€HOTHITI COp-
Ty Oyab-sikoro 3 perecuBaux Ppd-D1 anmeneit nmpusBoania 10 30iabIICHHS TPUBAIOCTI TMEPIOAy IO KOIOCIH-
us Ha 2,3-4,7 ni6: Ppd-D1b mo 19,3, Ppd-D1c — 19,8 i Ppd-D1d — mo 21,7 ni6. B Toii se 4ac ocTaHHi TpH
TeHOTHIH Hocil pi3HUX penecuBHUX aneneil Ppd-D1 icrotHo He pisHHIMCS MK c0000 (Fpospaxymxose= 0,96;
Fo,05=3,59) 3a TpuBaicTIO MEPioy 1O KOJOCIHHSL.

V 3aranbHiil BHOIpIIi, 0e3 BpaxyBaHHs BiaMiHHOCTe#t 3a reHamu Ppd-D1 ta Ppd-Al, coptu Hocii goMi-
HauTHOT ayeni Ppd-Blc konocuimcst B cepeiHbOMY CYTTEBO paHillie HOCITB anbTepHaTHBHOI aneni Ppd-Blb
Ha 3,7 ni6 (13,8 ta 17,5 nib, BiamosinHo). [Ipu nopiBHAHHI 1BOX TPYH COPTIB HOCIiB albTEpPHATHBHUX aJleel
rena Ppd-B1, mo maroTh ineHtuuHi aneni aBox apyrux renis Ppd-1 (Ppd-D/a ta B1bPpd-41 del303), Bin-
MIHHOCTI 3@ TPHBAIICTIO MEPIOY J0 KOJIOCIHHS MiXK COPTaMH HOCISIMH BHUIIE BKa3aHuX anesneit rena Ppd-Bl
36inbiryBamucs 10 4,2 16 (Foospaxysxose=7,51; Fo05=4,30).

Coptu Hocii anbrepHaTuBHUX ajeseii rena Ppd-Al: Ppd-Alb a6o Ppd-Al_del303 ue pisuummcs icto-
THO 3a TPUBAJTICTIO MePiOfy M0 KONOCIHHS y 3arajibHiil Bubipmi. Ixue komocinus Bigmivamu Ha 17,0 i 17,6
100y, BinnoBinHO (Fpospaxymxone=0,29; Fo05=4,20). OOMexeHHs TeHeTHYHOTrO Pi3HOMaHITTs 3a reHamu Ppd-D1
ta Ppd-B1l (Ppd-D/a ta Ppd-Blb remorwm) mpusBoaniao 10 30iMbIIEHHS BiAMIHHOCTEH MK T€HOTHIIAMHA
Ppd-Alb a6o Ppd-Al_del303 no oawuiei mo6u (17,0 i 18,0 ai6 BiAmMOBiIHO), ale BOHO TaKOXK HE OYyJI0 iCTOT-
HIM (Fpospaxymcose=0,79; Fo,05=4,41).

OTxe, reHeTH4HI BiAMIHHOCTI 3a ()OTONEPIOIUYHOIO YYTIMBICTIO BIIrpatOTh BaXKIIMBY POJIb Y BU3HA-
YeHHI BiJIMIHHOCTEH 3a TPUBAJICTIO Hiepioay o Konocinus. JominantHi aneni Ppd-D/a ta Ppd-Blc cnipus-
I0Th TIPUCKOPEHHIO KOJIOCIHHS, TPHYOMY OCTaHHsI OUTBIIIOI MipOXO MOPIBHSIHO 3 TepInoro. Pi3HI perecuBHi
anerni reriB Ppd-D1 Ta Ppd-Al He Manu JOCTOBIpHOTO BIUIMBY Ha TPHUBAIICTh IMEPiOAY 10 KOJOCIHHS MPH
BUKOPHUCTAHHI B IKOCTi BUXiJTHOTO MaTepiary COPTiB Pi3HOT0 TeorpadivHOro MOXOMKEHHS.
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BREEDING VALUE OF THE GENE POOL OF PEAS, BEANS, CHICKPEAS, AND LENTILS
IN TERMS OF ENVIRONMENTAL PLASTICITY

L. N. Kobyzeva', O. M. Bezuhla', M. H. Holokhorynska®

Yuriev Plant Production Institute, National Academy of Agrarian Sciences of Ukraine,
Kharkiv, Ukraine, I.n.kobyzeva@gmail.com;
’Bukovyna State Agricultural Experimental Station, National Academy of Agrarian Sciences of Ukraine,
golohorunskamaria@gmail.com

Creation of pea, bean, chickpea, and lentil varieties with genetic protection against high-frequency
fluctuations in climatic conditions is a rather important and at the same time difficult objective, especially
taking into account general climatic changes. In order to implement adaptive breeding programs, it is neces-
sary to clearly identify available types of starting material by their response to weather changes. We used
cluster analysis to class starting material by the general response of genotypes to environmental gradients; as
a result, three reaction norm types were established for the lengths of growing period phases. The reaction
norm type, first of all, determines the feasibility of growing a variety in a particular climatic zone and the in-
dex of reproductive capacity and yield formation. Experimental data were statistically processed, as P.P. Li-
tun proposed (Litun et al., 2009).

Type 1 is characterized by significant reactions of traits to climatic changes. It means sharp fluctua-
tions in the growing period length and the lengths of its phases, index of reproductive capacity, and yield
across the study years. Accessions of this type have optimal growing periods and produced high yields in fa-
vorable years, significantly reducing biological performance and lengthening or shortening their growing pe-
riods in unfavorable ones. The main disadvantages of this type are unstable yields and growing periods in
variable environments.

Type 2 combines high biological performance with high adaptability. This type is promising in breed-
ing to create varieties with optimal responses to high-frequency fluctuations of environmental factors during
ontogenesis stages, which is of particular importance through the lens of climatic changes.

Type 3 includes accessions with specific responses to changes in climatic conditions, which are intrin-
sic to grain legumes introduced from regions where climatic conditions are significantly different from the
study conditions. Such responses are manifested in atypical behaviors of plants: they give low yields under
generally favorable conditions, while under unfavorable conditions, they yielded similarly to corresponding
check varieties. Classification of the grain legume accessions by general (or specific) response allows for the
assessment of proximity (remoteness) of the studied accessions in multidimensional space.

Due to long-term research into the environmental plasticity of collection accessions of the Center for
Plant Genetic Resources, we found that most of them were referred to type 2; in particular, 69.3% of the
bean accessions and 52.5% of the lentil accessions. Type 1 accounted for 40.9% of the pea accessions; as to
chickpeas, the percentage of the accessions belonging to types 1 and 2 was 41.9% in each case.

Cluster analysis demonstrated that the pea collection accessions were relatively stable in terms of the
“emergence-anthesis”, “anthesis-ripening”, and “emergence-ripening” traits from year to year and their re-
sponses to changing conditions in the study years were optimal for the eastern Forest-Steppe of Ukraine. As
to yield constituents, these accessions differed significantly in their responses to growing conditions. The co-
efficient of environmental plasticity fluctuated significantly, depending on year conditions: it ranged from
2.52 to 3.45 for the thousand seed weight, 4.71 to 4.40 for the index of reproductive capacity, and 10.2 to
14.6 for the biological performance. Most of the accessions (40.9%) were in cluster 1 with significant reac-
tions to changes in growing conditions.

Type 2 accessions (33.1%) are the most adapted to the eastern Forest-Steppe of Ukraine and are valu-
able starting material for breeding to create varieties with relatively stable growing periods and yields. They
are accessions originating from Germany (Maroranische, UD0100347; Sihtus, UD0100698), France (Green-
Shaft, UD0101028), Czechia (Garde, UD0102241), and other countries.

Cluster 3 includes 26% of the accessions with a coefficient of environmental plasticity of about zero.
Accessions of this type have relatively stable growing periods and specific reactions of yield constituents,
which is manifested as a considerable decrease in yield and thousand seed weight in certain years, especially
with water-logged ones.
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Since the chickpea originates from Asia, drought and heat resistances are genetically intrinsic to this
crop; clusterization of the accessions by environmental plasticity under the study conditions (temperate-
continental climate) revealed significant reactions of collection accessions to changes in climatic conditions.
Clusters 1 and 2 comprise an equal number of accessions (44 or 42.4%); cluster 3 comprised 17 accessions
(16.2%). Vegetation component traits changed in response to variations in climatic conditions from b = 0.18
to b = 3.22 (in the clusters: 1 — b =0.18-3.22; 2 — b = 0.35-1.45; 3 — b = 0.67-3.20); for the reproductive
characteristics, b ranged -1.87 to +4.73 (in the clusters: 1 — b = -1.87-4.73; 2 — b= -0.61-1.50; 3 — b =
1.87-1.55).

Analysis of the clusters based on the environmental plasticity of the chickpea collection accessions al-
lows us to conclude that the conditions in the eastern Forest-Steppe of Ukraine are not optimal for the fulfil-
ment of the biological potential of the crop; however, from the collected diversity, valuable accessions com-
bining high and stable yields with stable growing periods were selected. They are accessions from Canada
(491-5, UD0501677 [the coefficient of environmental plasticity for the growing period length was 0.99; for
the biological performance, it was 1.31]; 548 as-20, UD0501663 [b = 0.90 and 0.91, respectively]); from
Ukraine (Khakhut, UD0500009 [b = 1.0 and 1.21, respectively]); from Azerbaijan (UD0500196 [b = 0.98
and 1.21, respectively]). These accessions are valuable sources to create fundamentally new chickpea varie-
ties for a wide area of cultivation.

In the bean accessions, both the phases of vegetative development and reproductive indicators are no-
ticeable for considerable ranges of the environmental plasticity coefficient; it is primarily attributed to mor-
phological polymorphism of the bean accessions in the collection (seed coat and flower colors, color and
shape of pods, etc.) as well as differences in economic characteristics (thousand seed weight, cavitation abil-
ity, "emergence - anthesis", "emergence - ripening" periods and others).

Most of the studied bean accessions (70; 69.3%) were in cluster 2 according to their environmental
plasticity. These are primarily Ukrainian accessions, in particular local unique forms (UDO0303501,
UD0302890, UD0300356, UD03003415, UD03002916, UD03003503, UD03003424, and others), breeding
varieties (Bukovyna State Agricultural Experimental Station of NAAS — Bukovynka, UD03003441; Nadiia,
UD03001094; NSC — Institute of Agriculture of NAAS — Mavka, UD03001041, and others).

In the collection of lentil accessions, the growing periods appear to be stable (b = 0.21-1.94). Repro-
ductive component traits are rather variable (b = -2.28-5.70). Cluster 2 comprised a lot of accessions (56;
52.5%); they are characterized by a highly stable vegetative sphere and a relatively stable reproductive
sphere.

Accessions with the environmental plasticity coefficient b=1 or close to 1 are of considerable interest
in breeding for adaptability, especially when several stable traits are combined in one genotype. We selected
sources with relatively stable growing periods and yields. These are breeding varieties of peas from Ukraine,
Ukrainian and Indian local accessions of beans, Canadian chickpea lines, Ukrainian and Syrian lentil lines,
and local materials from Iran and Armenia.

Thus, analyzing the characteristics of the established three types of collection accessions for combina-
tions of macro features in terms of environmental plasticity, we found that the collections of peas, beans,
chickpeas, and lentils contained valuable starting materials both with stable expression of individual traits
and with their stable combinations. Accessions of type 2 are of the greatest interest in breeding for adaptive
potential.
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OBMEXEHICTb EKCIIPEC-METO/IIB B CEJIEKIIIi COHAIIIHUKA HA
XOJIOJOCTIUKICTD

B. II. Koromanbka, B. B. Kupuuenko, B. 1. CuBenko, JI. 1. Peaina, B. B. Anapienko

Incmumym pocaunnuymea imeni B. A. IOp’esa HayionanvHoi akademii aepapuux nayk Ykpainu, Xap-
ki, Ykpaina, yurievl908nauka@gmail.com

Consmauk (Helianthus annuus L.) — e Hai6iab1 Homy sipHa otiliHa KysibTypa B €Bpori Ta [TiBHiy-
HUI AMepuIi 1 CTpaTerivyHO BaXKJIMBa OJNiliHA KyJbTypa B YKpaini. Y miBoOepexxHoMy Jlicocteny YkpaiHu
COHAITHYK 3a3BHYail CIIOTh HAPUKIHII KBITHS a00 Ha modYaTKy TpaBHSA. OHAK OCTaHHIMU POKAMH TeMIIepa-
Typa B IIeli MepioJl 4acTo 3HMKYyBaJacs, 10 HEraTWBHO BIUTMBAJIO Ha MPOPOCTAaHHS Ta MOYaTKOBHH PO3BUTOK
POCJIHMH COHSIIIHUKA. TaKuM YMHOM, Ba)KJIMBO MOKPAIIUTH XOJOJOCTIMKICTh COHSIIHUKA Ha PaHHIX eTamax
pOCTy Ta PO3BUTKY IS TOTO, MO0 3a0€3MeUnTH APY>KHI CXOAH 1 ONTHUMAaIbHUI TOYaTKOBHHA PO3BHTOK POC-
siuH. OTXKE CENEKIis COHSIIHNKA Ha XOJIOJOCTIHKICTh € aKTYalbHOIO.

Jist cenexiii BayKIIMBO MaTH €KCIIPEC-METOIM OIIHKK CTIHKOCTI IO CTpecoBUX (haKTOPIB, AKi JO3BO-
75Ut © 3 MiHIMaIbHUMU 3aTpaTaMy yacy Ta KOIITIB MPOrHO3YBATH PEAKIIiI0 CEIEKIIHHOro MaTepiany y Mo,
a TaKoX 1X BpOXKalHICTb. MeToM X0JI0I0BOTO MPOPOLITYBAaHHS HACIHHS, SKUH BBaXKA€ThCS 3pYYHUM, HU3BKO-
3aTpaTHUM i JOCTATHHO HAAIMHHUM, IIMPOKO BUKOPUCTOBYETHCS ISl OIIIHKHU XOJIOJOCTIMKOCTI 3pa3KiB MOJIbO-
BUX KynbpTyp (Jlaxanos, 1988; KpacHoBcrkuii, XKemoitna, 2011; Toukuid, JIax, 2014; Kyuepenko, Ilerpen-
koBa, 2017; ['opmagosa, 2019].

B Hammx nocmipKeHHSX BUKOPHCTAHO JBa MiAXOAM — EKCIPEC-TECT XOJIOAOBOIO MPOPOIIYBaHHS B
naboparopHux ymoBax (Jlaxanos, 1988) Ta komIiekcHy 6ajbHY OIIIHKY CXO/iB COHAIIHUKY, pO3pOOJICHY Ha
OCHOBI IIKAJIX OI[IHKK XOJOAOCTIHKOCTI 3pa3KiB KyKypya3Hu B MoiaboBHX ymoBax (KitacmdikaTtop-mnoBimHuk
Buy Zea mays L., 2009).

[lomkoBi AOCHIKEHHS TIPOBOAWMIIM B HAYKOBii CiBO3MiHI [HCTHTYTYy pOCIHHHHWIITBA iMe-
Hi B.A. IOp’eBa HAAH (cen. EnitHe, XapkiBcbkuii paiioH, XapKiBcbka o0sacTb). MatepianoM i A0CIi-
JokeHb Oynu 29 miHiid 3 po6ouoi KomnekIii 1abopatopii cenekilii Ta TeHeTUKU COHSIIHUKY [HCTUTYTY pOCIHH-
nunrtsa imeni B.S. IOp’ea HAAH Tta 192 excnepumeHTanbHi riOpuay, OTpUMaHi Ha iX OCHOBI 32 CXEMOIO
11x18.

B ymoBax 2020 poky, 0coONMMBOCTAMH SKOTO OyJH MOPIBHAHO HHU3BKI TEMIEpaTypH B MOEAHAHHI 3
HaJMIPHOO 3BOJIOKEHICTIO B TPaBHi, [0 MPUMAIa€ Ha TIEPio BiJ MOCIBY J0 CXOAIB, OYJIO OIIHEHO TIOIBOBY
CTIMKICTB CeNleKIifHOTr0 Martepiany coHsSIHUKY. CepeqHpo1000Ba TeMIepaTypa B TpaBHi Oyiia MEHIIOO BijI
cepeaHboOaraTopiyHoi HopMu Ha 2,6°C, a Temmeparypa IPyHTY B IepioJl BiJ MOCIBY 10 CXOZIB BIIPOJOBXK
5 116 Oyna Hmx4oro 3a ontuMaibHy (T < 7°C) 1 onHy 100y 3HMKYBanack 10 0°C. 3a KIIBKICTIO OMaiB CIIO-
CTepIrajioch MEPEBUIICHHS CepPeIHL00AraTopiyHOi HOpMH Ha 64,3 MM, 110 ckianae 147%.

3B’A30K MK TOKa3HUKaMH OLIIHIOBAIM METOJIOM KOPEIILIIHOro aHasizy i mpocToi JiHiiHOI perpecii.

3a pe3ysbTaTaMu KOPEJAIIHHOrO aHaji3y J1abopaTOPHOI 1 MOJLOBOI OIIHOK JIiHIH 1 FiOPUIiB BCTAHOB-
neHo Bix emHi koedimienTr kopensmii (R = -0,397 ta R = -0,0243 st niHi Ta Ti0OpuiB, BianoBinHO). BoHU
BKa3yIOTh Ha CIIa0KUH 3BOPOTHUH 3B’ 530K MIXK XOJIOJOCTIMKICTIO JIiHiN Ta riopuaiB F; COHSAIHUKY B 1abopa-
TOPHHUX YMOBax Ta iX MOJBbOBOIO CTiliKicTio, P-3HaueHHs uile 3a 0,10 03Ha4YarOTh, MO BiH € CTATUCTHYHO
He3Hauylmuid. BinHOCHO HM3bKI 3Ha4YeHHsS KoedimieHTa neTepMiHaLil i MUPOKi IHTEpBaIX MPOrHO3YBAHHS
CBIIYaTh MPO iCHYBaHHS HEBU3HAYEHOCTI, OB’ S3aHOT 3 IPOTHO3YBAHHSM CTIMKOCTI JIiHIH 1 TIOpUIiB COHSIIII-
HUKY B TIOJIi Ha OCHOBI 1X XOJIOOCTIHKOCTI, OI[IHEHOI 32 JOIIOMOT'OI0 JIA0OPATOPHOTO TeCTy. MU BBaXkaeMo,
IO 11€ MOXXKHA MOSCHUTH THUM, LI0 Y JJAOOPaTOPHOMY TECTi X0JI0A0BOTO IPOPOIYBaHHS:

- €JIMHUM JIIFOYUM (aKTOpOM € HU3bKa TeMIIepaTypa, TOJl SK y TMOJBOBUX YMOBax € iHII (hakTOpH,
BKJIIOYAI0YH NATOTE€HH, Iapa3uTiB, Ae(ilUT BOIU TOLIO;
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- HaCiHHs BiApa3y MEpEeHOCATH i3 KIMHATHOI TeMIIEpaTypHd B TEPMOCTAT i3 HU3BKOIO TEMIIEPaTypoIo,
0e3 MOCTYIOBOTO 3HIKEHHS TEMIEpaTypH JJIsl XOJIOIHOI akjIiMaTH3alii, 0 He BPaXOBYE 3aCTOCOBHHUI 110
HaciHHS (PeHOMEH X0JI0/10BOi akiamaiiii (Szczerba et al., 2021);

- OLIHIOETHCS JIUILIE 3[aTHICTh HACIHHS MPOPOCTATH 32 HU3bKUX TEMIIEpaTyp, aje K Mi3HilI cTaii mo-
JaTKOBOTO POCTY Ta PO3BUTKY MOKYTh OYTH BHPIIIATLHAMH JJIsI BUKUBAHHS B TIOJII.

TakuMm 4yrHOM, a0OPATOPHUI TECT XOJOJOBOTO MPOPOLIYBAaHHA HE BiJOOpakae MOJBbOBY CTIMKICTh
COHSIIHMKY Ha OYAaTKOBUX €Tarax PO3BUTKY.

Takoxx xoedimieHTH KOpesIii Mixk JJaDOpaTOPHOIO CXOXKICTIO TMPH HU3BKUX TEMIIEpaTypax i ypoxaii-
HICTIO Y JiHi# 1 riopuaiB conssmauky (R = -0,0832, P = 0,7594 i R = -0,2845, P = 0,2525 BianosigHo) BKa-
3YIOTh Ha AyXe clIaOKuii i caOkuii 3BOPOTHHI (HE3HAYYIITHI) 3B'A30K, IO HE Ja€ MOXIINBICTH BUKOPHUCTO-
BYBATH JTaOOPATOPHUH TECT SIK MPOTHOCTHYHHUN MapKep ypOKaiHOCTi.

[lo cTocyeTbes 3B’ 513Ky MiXK IOJNBOBOIO CTIHKICTIO Ta BPOXKaWHICTIO COHSIIHUKY, TO Y JiHIN Oyna BH-
sBIIeHa CHJIbHA moxatHa Kopemsamis (R = 0,7886, P = 0,0005), mpore koedimient kopemsmii -0,1239 (P =
0,6242) y riOpu/iiB BKa3yBaB Ha HEICTOTHHH 3B’s130K. CJIil 3a3HAYMTH, 1110 JOBIPYUHN i IPOTHOCTUYHUN 1HTE-
pBaH TakoX OyJIv 3HAYHO BYKUHMH ISl perpecii BpOKaHOCTI JIiHIH B 3aJI€)KHOCTI BiJI MOJIBOBOI CTIHKOCTI.
BcraHoBiieHo, 1110 IPUPICT MOJILOBOT CTilikocTi Ha 1 Oan 30inblnye ypoxxaiHicTs Ha 0,3251 1/ra. lle MoxHa
MOSICHUTH THM, 1110 iHOpe/IHI JIiHii OiJIbII YyTIHBI O CTPECOBUX (PAKTOPIB, OTXKE HETaTUBHUN BIUTUB HECIIPH-
STIUBOTO CEPEOBHINA Ha PaHHIX eTarax pOCTy Ta PO3BUTKY POCIHH Ma€ BiJJIaNeHi HACHTIIKHA, TOOTO ypo-
JKANHICTB JIHIN ICTOTHO 3aJICXKUTh BiJ X CTIHKOCTI B MOJHOBUX YMOBaX B IEPiOJ MPOPOCTAHHS 1 TIOSBH CXO-
niB. [Ipore rereposucHi riOpuan, K OLIBIN aganToBaHi, 31aTHI BiTHOBIIOBATHCH IICHS il HU3BKUX TEMIIe-
paryp, 1o crnocrepiranuch B 2020 pori Ha paHHIX eTanax PO3BUTKY COHSIIHUKY, i BIUTUB IIUX YMOB Ha BPO-
KaiHICTh HE BCTAHOBJICHO.

TakuMm 9MHOM, MOXKHA 3pOOMTH BHCHOBOK, IO JJAOOPATOPHHN TECT XOJIOJOBOTO MPOPOLIYBaHHS HE
MPUIATHUH ISl €KCIIPEC-OIIHKU MOJIbOBOI CTIHKOCTI COHSIIIHMKA Ha PaHHIX CTaJIiAX POCTY Ta PO3BUTKY POC-
JIUH, a TAKOX PiBHS YPOKaWHOCTI BHACIIIOK BIZICYTHOCTI MK HUMH KOPEISIifHOTO B3a€EMO3B’ SI3KY.

BcraHOBIIEHO BUCOKHIA PiBEHB 3aJIEKHOCTI YPOKAHHOCTI JiHIM COHSIIHUKY BiJI ITOJBOBOI CTIHKOCTI 710
HU3BKUX TeMIepaTyp y (a3y cXomiB, 0 Ja€ MOXKIUBICTh BUKOPUCTOBYBATH METOJ| KOMIUIEKCHOI OaibHOT
OIIIHKY CXOJiB COHAIHUKY JIJISl TPOTHO3YBaHHS BPOXKAWHOCTI IHOpEAHHX JiHIHN 32 TaKUX YMOB. BifncyTHicTh
B3a€MO3B’SI3KY pe3yJIbTaTiB MOJILOBOT OIIHKK CXOJIiB MPH HU3BKUX TeMIIepaTypax, HaBiTh MPH KOPOTKOYAC-
HOMY 3HIXKEHHi 10 0°C, 3 ypoxKalHICTIO rOpHUIIB COHSIIHUKY, CBITYNTH MPO Te, IO LI YMOBH ISl T€TEPO3H-
CHUX T€HOTHIIIB HE € CTPECOBHMHU.

BukopucTaHHS OLIIHOK IMOJIbOBOT CTIMKOCTI COHSITHUKY Ha TIOYAaTKOBHX €Tarax PO3BHTKY OOMEKYETh-
Csl HEKOHTPOJIbOBAaHNMH YMOBaMHU, IO CTBOPIOE HEOOXITHICTh PO3POOKH Ta TECTyBaHHS OUIBIN JOCKOHAIAX
nabopaTOpHUX EKCIPEC-METO/IIB 3 MOJICTIOBAHHSM BILUTUBY HAOJIMKEHUX JI0 pEalTbHUX CTPECOBUX (DakTopiB.
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BUKOPUCTAHHSA METOAIB TAMETO®ITHOI CEJEKIII 1151 CTBOPEHHSI
HOBHX CTPECOCTIMKHX COPTIB TOMATA

H. II. Kocenko

Incmumym kaimamuuro opieHmMo8ano2o Ciibcbko2o 2ocnodapcmea HayionanvHoi akademii acpapHux Hayk
Vkpainu, ksnk.nadezhda@gmail.com

CtBOpeHHS COPTIB 1 TiOpUAIB TOMaTa K 010JIOTIYHOI CHCTEMH, aJalTOBAHOI /10 KOMILJIEKCY CTPECOBUX
(hakTOpiB, Ma€ HAYKOBY IIIHHICTh Ta aKTYaIbHICTh. JlOCATTH TO€AHAHHS B OJHOMY T'CHOTHUII BaXKJIIMBUX
TOCHOAAPCHKHUX O3HAK 31 CTIMKICTIO 10 a0iOTHYHUX Ta OIOTHYHUX (PaKTOPiB — OCHOBHE 3aBAaHHS Cy4acHOI
cemekii (KpaBuenko Tta iH., 2013). Tpamurifini METOIU CeNEKIii Ha CTIMKICTh M0 HETaTMBHUX (aKTOPiB
CepelIoBHINA CKJIaHi, 3aiiMaroTh Oarato 4acy (KpaBuenko, Camosoi, 2014). JlocmikeHHS 3 raMeTHOI Ta
3UTOTHOI CEJIEKIIii JTal0Th 3MOTY MPOBECTH OIIIHKY CENIEKIIIMHUX 3pa3KiB 3a PEakIli€ero raMeTodiTy, BHCOKa
KOpeJsiliiiHa 3a1eXHICTh MiX PE3UCTEHTHICTIO criopodita i raMeTodiTa Aa€ MOKIHUBICTH BUKOPUCTOBYBATH
i UIsl OIIHKM CTIMKOCTI POCJIMH 10 HEraTHUBHOI il €KCTpeMalbHHMX (haKTOPIB 30BHIIIHBOTO CEPEIOBHUINA
BuxopucranHs MeTomiB TaMeTO(IiTHOI CeleKIii qo3BoJsie 30LIBIIUTH e(EeKTUBHICTE JOOOpiB Ta
MPUIIBHIIINTH cenekuiinuii npouec (Camoson, Konapatenko, 2018). He3paxkaroun Ha BUCOKY €KOJIOTIYHY
IUIACTUYHICTh, TOMAT Y TIBACHHIH 30HI 3a3HAa€ BIUIMBY TaKUX CTpec-(paKTOpiB SK BHUCOKI TeMIIEpaTypu
BIIITKY, 3aMOPO3KH Ta HU3bKi ITO3UTHBHI TEMIIEpaTypy HABECHI, SKi MOXXYTh OYTH MPUYHHOIO 3HAYHUX BTPAT
ypoxato (JIrota, Kobunina, 2013). [Ipu CTBOPEHHI €KOJIOTIYHO CTIMKHX COPTIB OCOOJIMBY YBary MpUIISIOTh
K 1000py BUXiIHOTO MaTepiaiy, Tak 1 JoOopy amanToBaHUX (POpPM Ha BCIX €Tamax CeJIeKIIHOTO MpoIecy.
O1iHKy CeleKIiifHOro MaTepiady MPOBOAATH Y Pi3HUX yMOBax BHpoulyBaHHA. OnepkaHi AaHi J03BOJSIOTH
BU3HAYUTH CTAaTUCTUYHI IMapaMeTpy O3HaK CeNEKIHHOTO Martepialy, iX BapiaOeNmbHICTh ITiJl BIUTMBOM
(hakTOpiB HABKOJHIIHHOTO CEPEJOBHUINA, Ta BKJIAJA 1 XapaKTep BIUIMBY Ha MOTEHIIIHHY MpPOAYKTHUBHICTH i
exosioriuny criikicte (JKyuenko, 1990). CyTh MeTOAy ImoOJisirae B TOMY, IO Ha €Talli 3aIlIiJHEHHS
MPOBOAUTHCSA N0OIp CTiMkMX pexkomOinaHTiB. Ilig miro (akropa MOTPAIUIAIOTE EIEMEHTH YOJIOBIYOTO
rameto(ity. B pesynbraTi iHTeHCHBHOTO 100OpY B 3alIifiHEHHI OepyTh ydacTh OiNbII CTilKi 0 JAaHOTO
(dakropa rameru. Binbip crifikux MikporameTogiTiB MOxe 301IbIINTH CTIMKICTh JAMILIOITHUX TCHOTHUIIB, i
TAM CaM¥M ITiIBUIINTH ePEeKTUBHICTH cenekIliitHoro npouecy (XKyuenko, 2001). T

Mertoto poboTH OyJI0 BH3HAYEHHS KHUTTE3IATHOCTI YOJIOBIYOTO TaMeTO]ITy CENEeKIIHNX 3pa3KiB Ta
3aB’s3yBaHHS IUIOJIIB 3aJIE)KHO Bij TEMIIEpaTypHOTO 00pOOIeHHS.

Marepiaam i MmeToau. JlocmipkeHHs npooauin BrpoaoBk 2016-2020 pp. Ha celneKIiiHUX JUITHKaX
ToMara BiAgUTy OiOTEXHOJNOTI], OBOYEBHX KYyJIbTYp Ta KapTOILN [HCTUTYTY KIIMAaTHYHO OPiEHTOBAHOTO
cinbebkoro rocmogapctBa HAAH. OcHoBHUET MeTOn cenekiiiHOi poOoTH — TiOpuan3amis 3 HACTYITHUM
IHIMBIAyaJIbHUM J1000pOM. Y TMepioJi MacoBOrO IBITIHHS IMPOBOAMIN KACTPAIil0 KBITOK 0aThKIBCHKOIO
KOMITOHEHTY, 3PN MHUJIOK KOXKHOTO 13 CEeNEeKIIHHMX 3pa3KiB MPOTpiBaIM y TEPMOCTATI 3 €KCIO3HIIIEI0 IBi
TOAMHU 3a TemnepaTypu 57 ta 65°C. YV nabopaTopHHX yMOBax 3a AONOMOroO0 Mikpockona “biomam M” 3
BUKOPUCTAHHSIM OapBHHKA alleTOKapMiHy BH3HAYalM KUTTE3JIATHICTh YOJOBIYOrO ramero ity (MUIKY)
tomata. OOpoONEHMH MWIOK BUKOPUCTOBYBaJM jisi 3amwieHHs (mo 20 KBITOK KOXKHOTO 3pa3ka
MaTEepUHCHKOT POPMH) 3 METOI0 OTPUMAaHHS MOTOMCTBA. SIK 0aThKiBChKI ()OPMH BUKOPUCTAHI JIeTepMiHAHTHI
COPTHU Ta riOpuan Tomara MPOMHCIOBOTO THITYy BITUM3HSHOI 1 3apyOixkHOI cenekuii: coptu Jlerinb, Capmar,
Hapnuinpsacekuit 1, larynenskuii, Kymau, JI 607 / Exseiit, [(UC-134 / IlepueBuanuii) / Poma] / Red Sky
F1, Hanguinpstaeskuii 1/ Ieto 86, JI1 422/ Rio Fuego Ta iH., BChOro A0CHiKyBaiu 38 3pa3kiB.

Pe3yabTaTu Aociaigkedb. Y 1a00paTOpHUX YMOBAX BCTAHOBJIECHO, IO (PePTUIIBHICTD MUIKOBUX 3€PEH
micis TepMidHoi 00poOku 57°C craHoBuUTh 34-63%, 3a 30inblIcHHS TeMiepaTypu A0 65°C KUTTE3NaTHICTD
NWIKY 3MeHImach 10 12-49%. Haiibineury deprunmbaicTs muiky (49%) Binsnaumsces 3pasok JI 422 / Rio
Fuego. Haiimenmoro ¢eprunbhicTio nunky (12%) xapakrepusysascs 3pa3ok JI 607/ Enseiir. 3meHmeHHs
KUTBKOCTI KHTTE3/IATHAX TMWIKOBUX 3€pEeH Micisl BIUIMBY Temriepatypu 57°C MOpIBHSIHO 3 KOHTPOJEM Yy
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3paszka JI 607 / Enseiit cranoButh 44% a 65°C — 66%; y xomOinanii Hagmuinpstacekuit 1 / Ileto 86
BianoBiaHo: 28% Ta 51%.

TemmnepatypHae oOpoOeHHsI MUIIKY 0aThKiBCHKHX ()OPM BILTUHYJIO Ha 3aB’sI3yBaHH TUIOMIB Y POCIHH
Tomata. Y riOpugHux KoMOiHaLIH, e K MAaTePHUHCHKY (OPMY BUKOPHCTOBYBalu copT Haanuinpsucekuit 1,
3MEHIIeHHS 3aB’SI3yBaHHA IUIOAIB (TIOPIBHAHO 3 KOHTPOJIEM) MPH 3alWiIeHHI MHIKOM, 00poOieHuM
BHUCOKHMH TEMIIEpaTypaMu, CTaHOBHUTH 12-22%; copt luryneupkuii — 15-27%; copt Kymau — 14-36%; copt
Jlerinb — 15-28%, copt Capmar — 19-34%. ¥V monboBux ymoBax 2020 p. HaHOUIBINY KiNBbKICTh TUTOJIB, IO
3aB’s3aIMCSl Ha OJHIA poOCiuHi, onepkanHo y komOinamiii: JI 422 / Rio Fuego (56%), [(MC-134 /
[epepunnutii) / Poma] / Red Sky F; (51%), Hagmuinpsiaebkuii 1) / Tleto 86 (50%), J1 607 /Ensetit (32%). 3a
pe3ylbTaTaMy MPOBEICHUX JOCIIKEHb OyJI0O BCTAaHOBIICHO, IO Y 3pa3KiB, OTPUMAHHUX 3 BHKOPHCTaHHSIM
MUIKY, OOpOONIEHOr0 BHCOKMMHU TEMIIEpaTypamM, CIOCTEPIranocst CKOPOYEHHs Tepiofy BiJl CXOAIB 10
MacoOBOTO JOCTHUTaHHS TUIOAIB Ha 4-7 110 OPIBHSIHO 3 KOHTPOJIEM.

BucnoBku. BcraHomieHo, mo (QEpTHILHICT MIJIKOBHX 3€peH IMCIs TepMiuHoi oO0podkm 57°C
cTaHoBHUTH 34-63%, 3a 30imbmIeHHA Temmepatypu 10 65°C — 12-49%. OOpoOneHHS MUIKY CeNeKIiHHuX
3pa3KiB ToMara TemIeparypHUM (AKTOPOM CHpHUs€ MiABUIICHHIO TPOMYKTUBHOCTI KpamuxX TiOpHIHUX
KOMOiHaIii 3a pPaxyHOK 30UIBIICHHS KUIBKOCTI IUIOAIB HAa OJHIA pociuHi. BHKOpUCTaHHS METOIB
ramMeTo(iTHOI ceNeKlii M03Boysge 301LMBIHUTH e(EeKTHBHICTh JOOOPIB Ta CTBOPUTH HOBHH CTPECOCTIHKHMIA
CEeNIeKIIMHANA MaTepiall ToMmara, IO aJaNTOBAaHWHA J/J0 HECHPHUSTIUBUX aOiOTHYHUX YWHHUKIB TiBIHSI
Ykpainu.
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MAPKEPHHMH JIOBIP O3UMHUX 'EHOTHIIB IIIEHUIII M SIKO1 3 HOBOIO
TPAHCJIOKANLIEIO 1BL.1RS TUITY BULIINBAHKA

H. O. K03y61’2, I. O. Cozinos’, I. 5I. Biaauk™?,
0. 1. CozinoBa'?, 5I. B. Burrom®

Ynemumym saxucmy pocaun Hayionanenoi akademii acpaprux nayx Yxpainu, Kuis, Yxpaina,
natalkozub@gmail.com

JY «Incmumym xapuosoi 6iomexnonozii i eenomixu Hayionanonoi axademii nayx Yrpainuy,
Kuis, Yxpaina

[TieHnYHO-KUTHI TpaHCcoKalii 3 yuacTio mieda 1RS € HaiOinbm ycnimHUMY IHTPOTPECiIMU B iCTO-
pii cemekmii MIIEHUITI M AKOI, B TIEPIIY Yepry 3aBASKH T€HaM CTIMKOCTI MpoTH OioTpopHUX 30yAHHUKIB XBO-
po0 Ha WX TpaHCHOKalisfax (cTedraoBoi, Oypoi, >k0oBTOI ipxki Ta OopomHuCcTOi pocu). Lle Tpanciokarii
1BL.1RS Bix xwuta Petkus, six y copry KaBkas, Ta 1AL.1RS, sk y copry Amigo. OHak MacoBe BUPOIIYBaH-
HS COPTIB 3 IIMMH TPAHCIIOKAIISIMH TIPU3BEJIO JI0 BTpaTH e(PEeKTHUBHOCTI OLIBIIOCTI TEHIB CTIMKOCTI, 30KpeMa
reHiB crifikocTi mpotu 30ymHuKa 6oporHucToi pocu (Parks et al., 2008). AKTya bHHUM HANPSIMOM € CTBOPEH-
HSl MaTepialy MIICHUI 3 HOBUMH MIICHUYHO-)XUTHIMH TPaHCIOKALIIMHU 3 e(EKTUBHUMHU T€HAMHU CTIHKOCTI
npotu OiorpodHux martoreHiB (Li et al, 2016; Ren et al., 2017, 2018). 3pyYyHUMH MOJCKYJISIPHO-
TeHeTUYHUMHA MapKepamH Ui ineHTriKamii MIeHnYHO-)KUTHIX TPAHCIIOKAIIH € CeKaIiHOBI JIOKycH — Sec-1,
IO KOAY€E XapaKTepHHUil OJOK omera-cekaliHiB, 1 mucrtanpHimie po3mimienuii jokyc Sec-N (Kozub et al.,
2013). Hamu inentugikoBano HoBy TpaHciokamito 1BL.1RS y sporo copry BummBanka. Criektp omera-
CEKaJIiHiB, 110 KOHTPOIIOEThC Sec-1, y 1poro copty € nomiouum jgo 6moky Gli-Bll, sk y copry KaBkas, ane
OLIBIN SICKpaBi BiIMIHHOCTI BHSBISIOTHCS MPHU aHami3i 3amacHuX OinkiB SDS-emexrpodopesom. Ha SDS-
enekrpodoperpami y 3oHi pudimzno 70 k/la y copty BuimmBanka nmpucyTHi JiBa CE€KajaiHOBI KOMIIOHECHTH,
komoBaHi Sec-N, Ha BimMmiHy Bin reHotuniB 3 1BL.1RS tumy Kaskas. Mertoro po6otu Oyiio cTBOpeHHS 03H-
MUX JIiHI{ MeHnni 3 HoBoto TpaHciokaiieo 1 BL.1RS Big sporo copty BummBanka Ta ix XapakTepuCTHKA.

Jiisi CTBOPEHHSI 03UMOTO MaTepialy CXpellyBasld sipuii copT BulmBaHka 3 Mi3HBOCTUIIIUM O3MMHUM
coptoM Samurai. 3epHo F; BupoIiyBanu spum mociBom, a 3epHo F, BUCIBaIM BOCEHHU I IPUPOTHOTO 1000-
Py O3UMHX T€HOTHIIIB. 3 OKpEeMHUX KOJIOCIB pociuH F, mpoBoamim aHaii3 5 oKpeMux 3epeH eaekTpodope3om
nriaguHiB 3a Meroaukoro Kozub et al. (2009) ta SDS-emektpodope3om 3a meromukoro Laemmli (1970).
CrifikicTs 710 30y1HUKa OOPOIIHUCTOI pocu pociuH F3 orintoBanu B 2022 p Ha npupoanomy ¢oxi (Kuiecbka
001., c. ["'arHe).

3a 0MOMOT0I0 MapKepHOro 1000py 3 BUKOPUCTaHHSAM CeKaJliHOBUX JIOKyciB Sec-1 ta Sec-N BiziOpano
03MMi TEHOTHIM BiJi cXpeuieHHs Samurai x BuimmBaHka, TOMO3WTOTHI 3a HPHUCYTHICTIO TpaHCIOKAlii
IBL.1RS tuny Bummsanka. Jlinii F3 SamV-22 nposiBunu cTiiikicts 10 30yqHHKa OOPOIIHUCTOT POCH MPH
HassBHOCTI BHCOKOTO MPHUPOIHOTO (hOHY MaTOreHa Ha JOCIIIHIN JIISHIN, Ha BiMiHY Bia copTiB i Jiniii 3 Gli-
B1l, sx y copry KaBka3 3 renom Pm8. Mopdomnoriunoro ocobnuBicTio JiHii SamV-22 € ckpy4deHi JHCTKH.
CkpydyBaHHS JIMCTKIB pO3MISIAEThCS K aalITUBHA CTPATETis B YMOBaX MOCYXH JJIsi 3MEHIIICHHS TPaHCITi-
pauii, 3HKeHHs TeMneparypu nosepxHi (Ali et al., 2022). Tomy Taka Mopdooridaa o3Haka y JiHiid SamV-
22 MOXe CBIIYUTH PO iX MOTEHINaN mocyxocTikocTi. HeoOXiMHi momanbpii JOCHiHKEHHS ISl BUSHAUYESHHS
TEHETHYHOTO KOHTPOITIO I1i€] 03HAKHU Ta CTIMKOCTI JIO MATOTEeHIB JIiHIN 3 TpaHCIOKaIli€lo THITy BuiuBanka.
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®OPMYBAHHS NIOKA3HUKIB IKOCTI 3EPHA COPTIB IIIEHUIII O3UMOI CEJEKIIIT
IHOJTABCBKOI'O JEPKABHOI'O ATPAPHOI'O YHIBEPCUTETY 3A CTPECOBUX YMOB
CEPEJIOBHILIA
JI. M. KpuBopyuxo, B. M. Tumenko, b. €. Makaosa

Tonmaecvkuil Oeporcasuuii acpapruil yrigepcumem, Ilonmasa, Yxpaiuna,
Ljyska@ukr.net

OpHi€ero 3 HABAXKITUBIIIMX TMPOOJIEM CENIEKIii MIICHUIN 03UMO]I € TIOEJIHAHHS B OJJHOMY COpPTi BHCOKO-
ro MOTEHIIaTy BPOXKalHOCTI, CTIKOCTI 10 KOMIUIEKCY 010THYHUX Ta abioTHYHUX (PAKTOPIB 3 MOKPALICHUMH
TEXHOJIOTIYHUMH BJIACTHBOCTSAMH 3epHa Ta 6oporHa (Asseng et al., 2015). [l MacoBOi OLIHKH CEIEKIIIHHO-
ro Marepiajly Ha SKIiCTh 3epHa MOTPIOHI EKCIpPEC METOAM, SKi JO3BOJSIOTH MPOBOJUTH BifOip TCHOTHIIIB 3
BHCOKOIO SIKICTIO BJKe Ha paHHiX eTanax cenekiii (Jlapuenko, Moprys, 2015).

3apanu cTabinbHOT ypOKaWHICTI MIIEHHIII 03UMOI CEIEKIIOHEPH MPOTATOM 0araTboX pOKiB CTBOPIOBAIH
€KOJIOT1YHO IIACTHYHI Ta MOCYXOCTIHKI COPTH, sIKi O OyJn OUIBII TOJNIEPAHTHUMH JI0 Pi3KHX CTpECiB, IO He-
TaTHBHO MO3HAYANOCS Ha SKOCTi 3epHa. CKIAAHICTh BHPIMICHHS MPOOJIEMHU SKOCTI 3epHA TIOB'S3aHA 3 THM,
IO MOT0 MOKAa3HWKH 3HAYHOIO MipOI0 3aJIeXKAaTh BiJl KIIMATHYHUX OCOOJIMBOCTEW PETiOHY 1 OTOJAHUX YMOB
poky (Cunopenko Ta iH., 2011).

Ane icHye Takuii (haKTOp, BIUIMB SIKOTO € HEMHHYYHM — II€ Yac BiJTHOBJICHHS BeCHSHOI BereTarii. Ll me-
piox Moxke OyTH MEHIII, ajie OUTbII TPUBAJIUM, aJIe BIH XapaKTePU3y€EThCs NepeOyBaHHIM POCIHHH Y CTPECO-
BOMy cTaHi. Bigomo, 1o Bereraris MIIEHHII 03UMOI B OJHIM MIiCIIEBOCTI MOXKE BiTHOBIIOBATHCS y Pi3HHN
qac 3 Jiarna3zoHoM MiXK KpaitHIMH MOXIMBUMHE cTpokamu 45-70 ni6. CyTh dakTopa yacy BiIHOBJICHHS BECHS-
HOI BereTallii moJsrae B TOMy, 10 32 HaJITO paHHBOTO a00 HAJITO Mi3HBOTO BiTHOBJICHHS BETeTaIlii Y POCIHH
CIIOCTEPITAETHCS CYTTEBE BIAXWIICHHS BiJl ONTUMAILHUX TEMITIB POCTY 1 pO3BUTKY, IHTEHCUBHOCTI ()OTOCHH-
Te3y, CTIMKOCTI 10 BUIISITAHHS, CTPYKTYPH, SKOCTI 1 Bennuunau Bpoxaro (Tumenko, Yekanun, 2005).

30inbLIeHHs] BMicTy OijKa B 3€pHi MOHAJ Horo 0ioJoriyHO ONTHUMAaIbHUN PiBEHb MOXE BinOyBaTHCA Ude-
pe3 HaAsBHICTh EKCTPEMAJIbHUX YMOB, HABITh SIKIIIO BOHU MaJd MICIE Bijpa3y Micjs BIIHOBJICHHS BECHSHOL
BereTairii. 30iIbIIEHAS] OLIKOBOCTI 3€pHA B I[bOMY BHITJKy MOKE OyTH PEaKIli€l0 POCIIVH TIIEHUIN Ha Bij-
HOCHO BHICOKY cepenHbos1000By Temreparypy moBiTps (LllenemoB u ap., 2004). [Ipiopurer y BU3HAYeHHI
BIUTMBY 4acy BiJIHOBJICHHsI BECHSHOI Bererallii Ha MPOAYKTHUBHICTH Ta SKICTh 3€pHA IMIICHUII 03UMOI Haje-
*uth B.Jl. Menunmro (2009) HMoro 0araTopiYHUMU JTOCIIPKEHHSIMH TTOKa3aHo, [0 BMICT OiJTka Ta KIIeHKO-
BUHH B 3€PHI MIIEHUII 03UMOT B POKH 3 Mi3HIM BiTHOBJICHHSIM BECHSIHOT BereTallii BUIIUN, HIK Y POKH 3 paH-
HiM BigHOBIeHHsM (Menunen, Crnemnos, 2006). besymoBHO, HMOBIpHI BUHSTKH, KOJH iHIII (akTopu (ToCcy-
Xa, epEe3BOJIOJKEHHS) BIUIMBAIOTH HA ()OPMYBAHHS SKOCTI 3€pHA HE MEHIIE, HiXK Yac BiJIHOBJICHHS BECHSHOI
BereTallii, ajie B I{IOMY 1151 3aKOHOMIPHICTh 30€pira€Thes.

Mertoro nociikeHs Oyna OLiHKa BIUIMBY PI3HUMX NEpiOJiB BiJHOBICHHS BECHSHOI BereTauii MIIEHHII
03UMOI Ha CTAOUIBHICTh MTAPAMETPIB AKOCTI 3epHa.

Hocmimkenns npoBoawiau yrnpoaorx 2019-2021 pp. Ha gocmigHoMy ot [ToaTaBchbKOro JaepKaBHOIO
arpapHoro yHiBepcutery. O0’ekTaMH JOCHiKeHb OyJIM COPTH MIIEHUIl o3uMoi 3eneHuil raii, Binbmiana,
Huxanbka, Caraiinak, [TonraBuanka ta copt ctanmapt Opxxuist HoBa. OpraHizailito i TEXHIKY CEJIEeKI[IIHOro
npolecy MIIEHUII 03UMOi IPOBOIWIIN 33 3aralbHONPUHHATHMHI KJIACHYHUMHU METOAUKAMHU, SIKi ITUPOKO BH-
KOPHCTOBYIOTBCSI B CEJIEKIIHHII MPaKTHUIl y TpoLieci CTBOPEHHs copTiB mireHuwi o3umoi (Jocnexos, 1985).
Bwmict Oisika Ta KIIEHKOBUHH BU3HAYAIH €KCIIPEC-METOI0M Ha npuianai “Indpackan-105".

VY 2019 poui movyaTok BiTHOBJIEHHS BECHSHOI BereTauii 3adikcoBaHo 14 GepesHs, 110, 3a pe3ysibTaTaMu
0araTopivHUX JOCIiKEHb,e BBAKAETHCS PAHHBOKO BETeTaIli€el0.

VY nmociipKyBaHHX COPTiB, BMICT Oisika BapitoBaB B Mexax Bif 12,6 (IlonraBuanka) no 14,2% (Binpmia-
Ha). BwmicT kneiikoBuan — Binx 27,5 1o 30,2%, BinmoBigHO. Yci COPTH 32 BMICTOM OiJIKa Ta KICHKOBUHH TIe-
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peBuIyBanu copT cranaapt Opxkuis HoBa. HalOinpmuii BMicT Oifika Ta KJICHKOBUHH BHABJIICHO Y COpTy Bi-
JIBIIaHA, BiH MIEPEBUIIYBaB COPT CTAaHAAPT 3a BMicToM Oinka Ha (,7%, 32 BMiCTOM KJIEHKOBUHU Ha 2,2%.

BinnoBnennst BecHsiHOi Beretauii y 2021 poui po3novarnocst 25 6epe3Hs, 0 NPUIHATO BBAXKATH Mi3HIM
gacoM. BusiBneHo, 110 3a Mi3HBOTO Yacy BiHOBIIEHHS BECHSIHOI BereTauii piBeHb (hOpMyBaHHs MMOKa3HHUKIB
SIKOCT1 3epHa OyB JOCUTHh BUCOKHMM 1 CTaHOBUB y cepenHbomy 14,2% nns Oinka, Ta 30,8 11 KICHKOBUHH.
Hatiumiiit BMicT Oisika Ta KIIEHKOBUHU 3adikcoBaHo y copty Caraitnak — 14,7 ta 31,3%, BiAmoBigHo.

2020 pik BUgaBcs yHIKAIFHIUM BiJHOCHO Yacy BiTHOBIIEHHS BECHSIHOI Bererarii. 3a OaraTopiuyHuii mepios
TOCTIDKEHB 1€ TIePIINKA PiK, IPOTITOM SKOTO BereTarlisl He 3yIUHsIIach B 3MMOBHH mepion. B pik 6e3 mpu-
MMUHCHHSI BECHSAHOI BEreTallii COCTEpiraJiucs HaMBHII MOKa3HUKKU BMICTy OlJKa Ta KICHKOBUHH JIOCIIIKY-
BaHUX COPTIB mmieHwi o3uMoi. OcobarBo BiapizHUBes copt Caraifak, BMICT OifKa y 3€pHi SKOTO CKIIa/IaB
16,1, a xnetikoBunu 31,5%.

Bucoxknii piBeHb (hopMyBaHHS TTOKa3HHUKIB AKOCTI 3€pHA B POKH 3 PI3HUM MTOYATKOM BiJHOBJICHHS BECHSI-
HOI BereTalliil MosSICHIOETHCS TUM, III0 B TEXHOJIOTI] cenekiiitHoro mporecy IIJIAY BexgyTscs minecnpsiMoBaHi
(3 BuKOpHcTanHsM OinkoBux MapkepiB JJHK 3a crmekTtpom riiaguHiB i TIIOTEHIHIB) J0OOpY TEHOTHUIIB IS
OTPUMAaHHS BUCOKMX MMOKa3HUKIB SIKOCTI 3€pHA.
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USE OF REMOTE SENSING TO VALIDATE PHENOMIC MARKERS OF DARK-
INDUCED SENESCENCE IN BARLEY (HORDEUM VULGARE)

J. Kuncewicz, W. Polcyn

University of Adam Mickiewicz in Poznas, Poland, jakkun@st.amu,edu.pl;

Background. Senescence in plants is a complex process that can be influenced by a range of biotic
and abiotic factors, including dark stress. All of these factors could lead to leaf senescence however this pro-
cess is yet to be fully understood. Remote sensing has been shown to be an effective tool for phenomic eval-
uation of plant stress, due to standardized and high-throughput efficiency.

An essential component of modern systems for the analysis of plant stress tolerance is high-resolution
cameras, used for automatic remote sensing of the different ranges of electromagnetic radiation absorbed, re-
flected, or emitted by plant organs. Data on these traits can be used for monitoring the effects of abiotic
stress as well as phytopathological diagnostics. It fulfils the demands of precision agriculture i.e. remote
sensing of seedlings condition, fertilizing interventions, and complex field mapping. Modern optical sensor
systems provide non-invasive insight into crucial factors involved in plant-environment interactions, as they
record morphological (biomass growth indices), phenological phases, and physiological traits. Technological
achievements made it possible to use phenomic screening techniques in breeding programs, relating them to
parallel markers, covering: genomics, transcriptomics, proteomics, and metabolomics traits.

Purpose. We aimed to investigate the use of RGB and fluorescent remote sensing of dark-induced se-
nescence on leaves of barley “Nagradowicki” variety, using Plant Screen Station (PSI, Czech Republic). We
aimed to identify phenomic markers related to recovery from this stress to determine whether they are corre-
lated with other significant physiological parameters commonly used to assess plant health and performance.

Methodology. We conducted a greenhouse experiment with plants exposed to different duration of
darkness, 4 or 7 days, and following light recovery. MorphoAnalyzer and FlourCam modules of Plant Screen
Station were used to analyze images of the plants at and after different dark incubation stages and to extract
phenomic markers, such as plant height, leaf area, color segmentation, and PSII quantum absorption effi-
ciency.

Results. The stressed plants have altered growth, chlorophyll content, and photosynthetic activity
compared to control plants. Imaging of chlorophyll fluorescence showed three zones on L1, the leaf chosen
for observation, which clearly differed in the rate of recovery of averaged PSII activity, quantified by
QY_max, ®PSII, and Rfd indices. These leaf zones differed between dark variants in the area occupied on
the leaf with the top part being five times larger after 7 days than 4 days of stress. The zones were constantly
distinguishable during the following six days of plants’ re-exposition to the light, independent of previous
stress duration. Nevertheless, on the 7th day of light recovery, all analyzed leaf areas presented nearly re-
stored PSII activity indices which indicate high tolerance of barley “Nagradowicki” variety to dark stress. A
similar conclusion about the reversal of the leaf senescence process could be drawn from RGB colors seg-
mentation analysis, showing complete regreening of both L1 and L2 leaves. These results remain constant
between 4 and 7 days-long variants in spite of significant differences in leaf area.

Conclusion. Our study demonstrated the potential of phenomic high-throughput systems to assess the
effects of plant stress. Such an attempt would contribute to screening purposes towards a selection of stress-
tolerant cultivars and improvement of crop productivity in changing environments. By understanding the
boundary conditions of leaf senescence reversal we can develop strategies to improve the resilience of barley
varieties and maintain their productivity in changing environmental conditions.
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IMYHOJIOI'TYHA OHIHKA T'IbPUAIB COHSIHLIHUKA HA CTIMKICTD
1O EMBEJII3II

H. M. Kytimesa H. O. lllyryposa, IO. B. KpacHokyTrcbka

Inemumym onitinux kynemyp Hayionanvuoi axademii azpaprux Hayk Yxpainu, 3anopidxcorca, Yrpai-
Ha, kutishcheva2017@gmail.com

OpmHHUM 13 TOMOBHUX YHHHHKIB, 0 3HIKYE MIPOAYKTUBHUM MOTEHITIaN COHAIIHUKY, € IIKIIHBI opra-
HI3MH, 30KpeMa XBopoOu, Hacammepea emoerisis (Embellisia helianthi (Hansf.) Pidolp). Em6emnizist (qopHa
IUIIMHUCTICTB) PO3IIUPIOE CBii apeall po3MOBCIOHKEHHS Ha TepuTOopii Ykpainu, a came Ha [liBani Ta IliBnen-
HoMy Cx0/ii pa3oM 3 30UTbIICHHAM MOCIBHUX IUIOLI MiJl COHSIIHUKOM. EmigiToTis i€l XBopoOu BUHHMKAE Ya-
crilre y CyKyImHOCTI 3 KomIuiekcoM xBopoO (Sclerotinia sclerotiorum, Sclerotinia botatikola) ta 3aBmae cyr-
T€BOI IIKOAYM HACIHHEBHM i TOBapHUM IIOCiBaM COHSIIIHUKA.

PaiioHoBaHi B JaHHi 4ac COPTH i TiOPUIN COHSIIHUKY HE MArOTh IMyHHOI peakiiii 10 IIbOTo 3aXBOPIO-
BaHHA. TakuM YMHOM, JJIs POBEJEHHS YCITIITHOI CeJEeKIiItHOI poO0OTH HEOOXiTHO BUBYUTH PEAKIIII0 Pi3HUX
TCHOTHUIIB COHAIIHUKY Ha 3apa)KCHHS 1IUM 30YIHHKOM.

MeToro HalMX JOCTiIKEeHb OYyJIO CTBOPEHHS Ta BUBUEHHS B COPTOBUIIPOOYBaHHI 3pa3KiB COHSIIHUKY,
SIKi TIOETHYIOTh Y TEHOTHITI O3HAKHU CTIMKOCTI 10 eMOelti3ii, i ABUIIeHO] BpOKAHOCTI Ta SIKOCTI1 HaciHHS.

[TociB 3pa3kiB COHSIIHUKY MPOBOJWIMA MOMLISHKOBO 3TiHO i3 3aralbHONPUMHATAMH METOIHWKAMHU.
[Iupuna Mikpsias — 70 em. ITnomma gocinsoi minsaka — 8,4 M. OGITIKH POBOMIA B pi3Hi (asu Berera-
ii POCJIMH COHSIIHUKY: eIl — y ¢a3i cXoniB; Ipyruii — y ¢as3i UBiTIHHS, TpeTii — y ¢a3i MoIoYHo1
CTUIJIOCTI HACIHHS, YETBEPTHH — y (a3i (izioyoriyHoi cTuriiocti. JlocmipKkeHHs 3 BU3HAUCHHS PIBHS CTiM-
KOCTI 10 eMO1mi3ii mpoBoauiy Ha mtydHoMy iH(pekmiitHoMy dori [OK HAAH.

Sk crangapt BUKopucTOBYBanu JiHito 3J122, sk Hectiliky, Ta riOpua MupHUi, K BIIHOCHO CTIHKHH.
HocnimkeHHss npoBoAWiIock Ha 121 cenekuiiiHOMY 3pa3Ky COHSIIHMKA, Pi3HOIO piBHS OEKKPOCYBaHHS Ta
camo3anuieHb. BIpooBk Bererarii mpoBOAMIN (PEHOIOTIUHI CIIOCTEPEKEHHS Ta (DITOMATONOTIUHI OI[iHKH.
CraructiuHy 0O0poOKy OJiep>KaHUX JIAHWX MMPOBOJUIIN 3TiJHO METOJAHMKH TOJBOBOTO JIOCITITy METOJIOM JIHC-
niepciitaoro ananizy (locnexos, 1985).

CuHTeTHYHUN mTy4HWi iHQEKIiiHaui (HOH 10 KOMIUIEKCY 3aXBOPIOBaHb ()OPMYBAJIUM IPOTITOM
17 pokiB 3 mpUMyCOBUM BHECEHHsM iH(EKIi B Tepio/l BUCIBY CENIEKIIHHNX TeHOTUTB coHSmHUKY (KyTi-
meBa, [llyryposa, 2015). JIns oIiHKM Ha CTIHKICTh 3pa3KiB COHSIIHUKY JT0 eMOemi3ii iHpekinaui $hoH 1o-
ganu cteoproBat 3 2012 poky. IHdekuiiiHuii matepian HamparpoByBanu y nadopatopii imyniteTy [OK
HAAH mu1sXoM HapoIyBaHHS YHCTHX KyJIbTyp 3a MeTonoM B.JA. Bimait. Ouinky cTifkoCTi COHAIHUKY 110
3aXBOPIOBAHb B TIOJILOBHX YMOBaX MPOBOIMIHN 3a MeToankoro B.I1. OMentoru. ArpoTexHika BUPOLTYBaHHS
3aralibHONPUIHSITA JUIsl yMOB MiBIHS Y KpaiHu.

diTonaTooriuHi JOCTIHKEHHS MPOBOAMIM Ha CTallilOHAPHOMY CHHTETHYHOMY iHQeKUiiHoMy (oHi
Incruryty omiiinux kynbtyp HAAH mporsirom 2019-2022 pp., e BuBYaU 0i0JOTiYHY CTIHKICTh JIO IIHOTO
naToreHa HOBMX Ta NEPCIEKTUBHUX JIiHIM Ta riOpuaiB COHSAIMIHMKY Jaboparopii celekmii MiXIiHIMHNX Ti10-
PHIIIB COHSIIITHUKY.

[Hdekuiiinuit MaTepian, BUKOPUCTAHHHA B poOOTi, OyNo BUIIIEHO 3 iH(PIKOBAHUX POCIHH, 310paHUX Ha
TOBapHHUX Ta HACIHHEBUX MociBax coHsmHMKa [liBaHsa Ykpainu. BuaineHHs nmatoreHHa y YUCTY KyJIbTYpY
IIPOBOIMIIM 33 3aralbHONPHITHATO MeTouKoro B.U. Binait (1989).

3a nmoka3HUK piBHS iH(EKuiiHOro (GOHY NMpUKHMAIIN KITBKICTh XBOPUX POCJIMH Yy BiICOTKaX MIOAO KiJlb-
KOCTIi BHCISTHUX CiM’sSTHOK. [1oKa3HUK piBHS PO3BUTKY XBOPOOH KOJIMBABCS 3JIEKHO BiJl METEOYMOB, alie¢ TCH-
JICHIS KUIBKICHUX Ta SIKICHUX MOKA3HUKIB MMaToreHHa 30epiranacs. Mereoposoriyai ymoBu 2019-2022 po-
KiB OYyJIM BiTHOCHO CHIPHUSATIMBUMH JIs1 PO3BUTKY 30yIHUKA eMO1Ti3ii.
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[Tpu npoBeneHHI aHaNi3y Ha CTIHKICTh 10 3apaxeHHs E. helianthi cocrepiranacs pisauns y crasi pi-
3HOMaHITHHX T'€HOTHITIB COHALIHUKY. binbmmicTs 3 Hux Oymu myxe crpuitaamiusi (76-100% ypaxeHss) ta
HE OIMH TeHOTHI He MaB IMyHHOT peakii 10 poro QitomaTorexa.

Cepen poaHaTi30BaHOTO CeJeKIiHHOro Marepiany 14 ogunuib ado 9,9% Bix TectoBanux 121 3paska
MTOKa3aJIy BITHOCHY CTIHKiCTh M0 emOemi3ii (Oinbm sik 75%). [eB’ stHamsaTs 3paskis (13,5%) nokazanu Bij-
HOCHY CTIHKiCTh B Mexax 51-74%, a 88 3pa3kiB (72,7%) noka3aiu BiIHOCHY CTIHKICTh 0 eMOemi3ii (Huxue
Bix 50%).

Hogi Tect-ribpunn consimamnka ceneknii [OK HAAH, siki cTBopeHi Ha 6a3i miHIHHOTO Martepiamy 3a
03HAKOIO CTIKKOCTI JI0 BUIIEO3HAYCHOTO MATOreHa, MPH MOJIHOBOMY OOCTE)KEHHI Ha CUHTETHYHOMY iH(EK-
niiHoMy ¢ oHi (HaBaHTaKEHHS TOCUTH BEITMKE) BOHM MOKA3aJH PiBEeHb CTIMKOCTI > 75%. I3 mocmimkennx ce-
JEKIIHNX TEeHOTHUIIIB 3 BUCOKMM PiBHEM CTIMKOCTI 10 emOeni3ii Oyae CTBOPOBATUCH poOOYa KOJIEKILis Jii-
HIHHOTO MaTepiaiy, sSKa B HOAAIBIIOMY Oy/e 3airydeHa B CeNeKIIHHIUI mporiec.

3a pe3yabpTaTaMu OI[IHKK BHIIIJICHO P TiOpHIHUX KOMOIHAIiH, 6aThKIBCOKUMH KOMIIOHEHTaMH STKAX
€ HOBi BigHOBHUKH (peprmnbHocTi unky 3J1713B, 3J1212B Tta 3J126B i camo3zanuneni niHii 3JI111A Ta
3JI60A Ta iami. Bigibpani riOpuau Ta ix 0aThKiBCbKI KOMITOHEHTH MAIOTh BITHOCHO BHCOKI TMTOKa3HUKH CTiii-
KocTi 1o embenizii. Kpim crifikocti 10 emOeni3ii HOBOCTBOpeHMi JTiHIHHUI MaTepian mae Bucoky 3K3, a ri6-
pHIIaM COHSIIITHHUKY MPUTAMaHHA BUCOKA KOHKYPEHTOCITPOMOKHICTb.

OTxe, HOBOCTBOPEHUH JIHIMHUN MaTepial BUPI3HAETHCA BITHOCHO BICOKHM PiBHEM CTIHKOCTI 10 eM-
Oemi3ii, Mae BUCOKY KOMOIHAIliliHy 3/1aTHICTh, (JOPMYy€E BHUCOKI BpoKai, MO 3a0e3redye BUCOKHI BHUXia Ha-
CIHHS IS TIISTHOK Ti0puan3aiii.
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AJAIITUBHICTh CAMO3ANIMJIEHUX JITHIN KYKYPY/I3HU 10 YMOB CXITHOI
YACTHUHHU JICOCTENY YKPAIHH

H. B. Ky3pbmummna, C. M. BakyJaenko, H. B. Teprumna, K. I. Jlokykina, I. JI. Cepreesa

Incmumym pocaunnuymea imeni B.A. IOp’esa Hayionanvhoi akademii acpapnux nayx Yxpainu, Xap-
Kie, Ykpaina

3a moImMpeHHsIM, YHIBEPCANbHICTIO BAKOPUCTaHHS, EHEPTETHYHOIO MOXKHUBHICTIO KyKYPy/I3a HAICKHUTh
70 HaWOITBI BAXKITMBUX MTPOJOBOIBYNX, KOPMOBUX Ta TEXHIYHUX KYJIBTYp Y CBiTOBOMY MacmTabi. Ll kymb-
Typa MOcCiia€ OJHe 3 MPOBIJHUX MICLlb y CBITOBOMY BUPOOHUITBI 3epHa. Y 3B 53Ky 3 Pi3KOIO 3MIHOIO KiliMa-
TUYHUX YMOB B KpaiHi Ta MEPCIEKTUBOI0 PO3LIMPEHHS MOCIBHHUX IJIOMHI MiJ KYKYpPYA30l0 Ha 3€pHO 1 CHIIOC
CTpaTeTis CeNeKIii i€l KyIbTypl Ma€ BPaxOBYBAaTH aJalTHBHICTH T1OPHIIB 10 HECTIPUATINBUX YMHHUKIB
Pi3HOT IPUPOAM MPUPOIHUX y MTOETHAHHI 3 SIKICTIO 3€pHA Ta MOXXUBHICTIO POCivH B Iitomy (Ky3pmummHa ta
iH., 2016).

3Ha4yHy pOJb y MiJBUILEHHS BPOXKAWMHOCTI KYKypYA3HW BiAirpano BUKOPUCTaHHs e(EeKTy TeTepo3ucy,
MOIMIUPEHHS MPOCTUX TiOPHUIIB, K HAWOLTBIT BUCOKOBPOXKAWHUX, BUIIJICHHS ()OPM 3 BUCOKOIO aJalTHBHOIO
3MATHICTIO TPOTH HECTIPHUATIMBUX EKOJIOTIYHUX YMOB, YIOCKOHAJIEGHHS arpoTeXHIYHMX 3axoiB. B ocranHi
POKH JUTS MiZICUIICHHS] TEHETUYHOT MIHJIMBOCTI Ta HaJaHH JIiHISIM HE BIACTHBUX KYJIBTYpi 03HAK 3aCTOCOBY-
I0Th METOAM OIOTEXHOJIOTI, TeHHOI IH)KeHEepii, BKIIOYa0YH KyJIbTypy IN Vitro opraHiB, TKaHWH, KJIITHH, Me-
toau pexomOinarii JJTHK, sixi m0o3BONSIOTE OlepKaTH Matepial, CTIKUi 10 XBOPOO, IIKiTHUKIB, TepOIIHIiB,
3 IIUPOKOO aIANITUBHICTIO 10 CTPECOBUX YMOB Ta CTa01TI3aIl€r0 MPOTYKTUBHOCTI, 31 3SMIHCHHM O10XIMIYHUM
cknanom 3epHa (I'yp'eBa, Kyzpmummnaa, 2009).

[Ipu BUKOpHCTAaHHI JOHOPIB CTIMKOCTI O a0iOTUYHUX Ta OIOTHYHHUX (PAKTOPIB MIISAXOM TiOpHau3arii
ix 3 70Ope azmanToBaHUMH JI0 YMOB 30HHU JIIHISIMH Ta MPOBEAEHHSI MOKPAIIyBaILHOTO, PEKYPEHTHOT'O J000pY
oJIeprKaHi JIiHIT HOBOT'O MOKOJIIHHS 3 IMiJIBUIIICHOIO aJalTUBHICTIO 10 HU3bKUX TEMIIEPATyp HABECHI, MOCYXO0-
Ta JKapOCTINKICTIO, 3 MIBUAKOIO BiJANA4EI0 BOJIOTH 3€PHOM, a TAKOXK 3 BUCOKOIO CTIHKICTIO 0 YpayKeHHS Jie-
TIOYOIO Ta MyXUPYACTOIO CAXKKOI0, YIIKOKEHHS KyKYPY/A3STHIM METEITUKOM.

Ha nanwit yac B HamioHaJlbHOMY LIEHTpI F€HETHYHUX PECYPCIB POCIMH YKpaiHu 310paHo TreHO(GOH]T
KYKypya3u 3araibHuM o0csiroM 6849 3paskiB, OUNbIy YacTKy SKHX CKIAIAal0Th CaMO3aIlWiIeHi IiHil
(5027 wit.), cTBOpEHi Ha Pi3HUX T'€HETHYHHX IIa3Max. BoHu KiacudikoBaHi 3a reorpaiuHUM MOXOKEH-
HSIM 1 SIBJISIFOTB CO0O0I0 6a30BY KOJIEKIIi0, SIKa TIPOITOHYETHCSI CEJIEKIIIOHEpaM JIJIsi BAKOPUCTAHHS.

AKTyallbHUM € BceOiYHe BHBUEHHS JIIHIHHOTO TEHO(GOHIY KYKYPYI3H, PO3IOMALT 3pa3KiB 3a Pi3HUMH
BUJIaMH KOJICKIIIH 1 HaJaHHS PEeKOMEHMAIli 3 iX MPaKTUYHOTO BHKOPHCTAHHS B €KOJIOTIYHO-OPi€HTOBAHHX
CeNeKIIHUX Tporpamax. 3 MeToro yHi(ikallii BUBUEHHS 3pa3KiB KyKypya3u Oynu po3polieHi «MeToandHi
PEKOMEHIAIIIT TI0IbOBOTO Ta JIA0OPATOPHOI'O BUBYCHHS T'€HETHUHUX pecypciB Kykypyasu» (2003), «Knacu-
(ikarop-moBiqHUK Buay Zea mays L.» (1994), a Takox mociOHuk bank manux «['@HeTH4HI pecypcH KyKypy-
13u» (2001), B sikux BijgoOpakeHi OCHOBHI METOAMYHI OCOOIMBOCTI POPMYBaHHS Pi3HUX BUJIIB KOJIEKITi1.

Y 2019-2021 pp. npoBe/ileHO BUBUEHHSI 3pa3KiB 32 KOMIUIEKCOM a00 TPYIO0 OJIM3bKUX O3HAK Ta iX pe-
aKIIi€I0 HA YMOBH CEepEOBHUIIA. Y POKHU JAOCHIHKEHbD ITOTO/IHI YMOBHU MTOMITHO BiIpi3HSAIHUCS Bija cepenHix Oa-
raTOPiYHUX PSIOM OCOOIMBOCTEHN: MiABUIICHUMH TeMIIEpaTypaMH MOBITPs, 3SMEHLICHHAM KiJbKICTIO OMaJiB,
0co0suBo y 2019 p. (45% Big GaratopiyHOi CepeaHBOMICAYHOT HOPMH IPH MIJABHUILECHHI CEPEIHBOMICIIHOT
TeMmIeparypu nositpst Ha 5-14% Bin GaraTopiuHoi Hopamu). BereramiiiHuiil iepiof JIiHIH KyKypyA3H Bapito-
BaB Bix 91 no 117 guis. Ilepiox «cxoan — UBITIHHA T€éHEpaTUBHUX OpraHiB» OyB po3TsArHyTuM (41-63 mo-
owu). [lepion «1BITIHHS IPUHMOYOK-BOCKOBA CTHIJIICTh 3€PHa» CTaHOBHB Bija 36 110 10 62 1ib.

BaxI1MBOIO 03HAKOI CTIMKOCTI 70 [Iii MOCYXH € OAHOYACHICTh I[BITIHHS YOJIOBIYMX 1 )KIHOYHX T'€HEpa-
TUBHHX OpPraHiB, 0 3a0e31euye BUCOKE 03€pHEHHS KayaHa.

Bucoky nocyxocritikets BusiBiaeHo y diHiit YXK 734, YXK 773, YXK 802, YXK 803, YXK 806, YXC
218 (UKR), AG 16-6132AN, 4135/09, AN 5295/11 (MDA) nipu (97-184 r 3epHa 3 pOCIMHHN) Ta 03EPHEHOCTI
(476-612 mr. Ha Ka4aHi).

o kpynHo3epHux niHil (Maca 1000 3epen 280-384 1) nanexanu minii Y XK 808, YXK 735, YXK 746,
YXK 748, YXK 749, VXK 733, YXK 773, VXK 812, YXC 211, ¥YXC 213 (UKR), AN 5295/11 (MDA).
[pu crabineHil npoxykTrBHOCTI (60-105 1) BUsBieHo ninil YXK 478, YXK 734, VXK 749, VXK 758, YXK
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759, YXK 803, 3K 348, YXC 211 (UKR) ta AG 16-6132, AG 15-3030, MAN 22-84 (MDA), sixi Oymnu cTiii-
KHMHU J10 BUWIATaHHS POCIMHU Ta YPAXKCHHS KyKYPYA3STHUM METECIUKOM.

AJanTHBHICTD JI0 MIOCYXH BiA3HAYEHOY JiHIH, SKi 37aTHI (OPMYBaTH OLIBII OJHOTO KadyaHa Ha CTEOIi.
®opmu, mo MaroTh 1,5 1 Ginblle KayaHiB Ha POCIUHI, MOBHICTIO PEali3yIOTh CBil MOTEHIIal B CIIPUSTIAUBUX
YMOBaX, a B TIOCYIUIMBUX yMOBax (opMyroTh xo4a O OHH, ajie MOBHOL[IHHWK Ka4aH Ta HE MalOTh Oe3IJIia-
Hux pociuH — YXC 112, YXC 213, YXC 218, AK 149, YXK 726, YXK 720, YXK 734, YXK 759, K1 81
(Yxpaina), MKE 3020, MAN 2284 (MonpmoBa). BusiBieri TojepaHTHi JiHi{ 4O MMOCYXH MOXYTh OYTH BHKO-
pHUCTaHi B FeTEPO3UCHIN CETeKIii B MOCYIIUIMBUX YMOBAX.

[HTeHCHMBHUMI HAJMB Ta IMIBHIKA BOJIOTOBiIavya 3epHA MiABUIIYIOTh PiBEHB 1 CTAOLIBHICTD YpOXKaHOC-
Ti TIOpHIB 32 PaxXyHOK €(PeKTHBHOTO BHKOPUCTAHHS NMPUPOAHUX yMOB. CTBOpeHHS Ta 1o0ip Gopm 3 mBUA-
KMM BHCUXaHHSIM 3€pHa € HEBiJl'€MHOIO YaCTHHOIO CEJeKIiMHMX mporpam. Bunineno 23 camozanuieHux Ji-
Hii 3 pI3HUM THUIOM 3epHa (KPEMEHHUCTHH, HaliB3yOOmoAiOHNH, 3y00noiOHNH, PO3ITYCHUHN Ta IyKPOBHI); 3
KOPOTKHM TepiofoM HanmuBy 3epHa (35-43 muiB), cepen Hux miHil 3K 106/1, YXK 612, YXK 615, YXK 726,
YXK 728, YX® 101, WG 6 PCE 21-1, (Inctutyt pocnuaaunTsa imeni B. f. FOp’ea HAAH), IKP 21, KI{
706-1 (CunenbHHKIBCbKa qociigHa ctaHmist [HctuTyTy 3epHOBUX KyinbTyp HAAH), 3K 338, 3K 365 (3akap-
MaTchKa JiepaBHa c.-T. gociigaa craniis HAAH), AN 4135/09, AN 5259/09, AG 16-6257 (IactutyT poc-
nmuaHINTBa «IlopymMbens», Monaosa).

TakuM 4MHOM, BHXiJHI GOPMHU KYKYpYyI3u AJs 30HH cXimHoro Jlicoctemy YkpaiHu MOBHHHI BiIMOBi-
JaTy TaKUM ITOKa3HUKAaM OCHOBHHUX O3HAK: MaTH 3JaTHICTh MIPOPOCTATH HPHU TEMIIEPATypl HIKYIM 32 ONTH-
ManbpHHN piBeHb (Hmxk4de 10°C cepenHbo000BOT TeMIlepaTypt); MaTH iIHTEHCHBHUN TTOYATKOBHH PICT poc-
JIVH, OMYLICHHS JIUCTKIB Ta cTeOia; MpH 3HIKEH] TeMIlepaTyp A0 HYJS Ta HIDKYe (3aMOpPO3KH) YTBOPIOBATH
aHTOIIaHOBE 3a0apBJICHHS JIUCTKIB, K 3aXMCHY pEakililo, BATPUMYBATH HECTayy BOJIOTU B TIEPiOJ MPOPOC-
TaHHS Ta MMOYaTKOBOTO pOCTy. B mepios Bix cX0/iB 10 IBITIHHS reHepaTUBHUX OPTaHiB: TOCSITAaTH TEHETHIHO
3YMOBJICHOI BHCOTH POCIIMHHU HE3aJIC)KHO BiJ PiBHS 3BOJIOKEHHs IPYHTY (IHTEHCHBHHH picT), MaTu A00pe
PO3BHHEHY KOPEHEBY CHCTEMY, & TAKOK BHPIBHIHICTH BUCOTH POCIIMH i MPUKPITUICHHS KayaHa; KayaH 3 ce-
PEAHBOIO KITBKICTIO 00TOPTOK, 0€3 MPIIINCTHUKIB (7151 3epHOBUX (hopm). Y Tepioj IBITiHHA 1 HAMBY 3€pHA!
IpY>KHE IBITIHHS MWIAKIB 1 BUXiJ MPUAMOYOK; IHTEHCHBHUIN HAJMB 3€pHA; IOBHE O3EpHEHHS KavyaHa, BiJICy-
THICTh Yepe33epHelli Ta HEO3ePHEHHOI BEPXIBKM KadaHa, HIiIbHE PO3MIILICHHS PSAJiB 3€pEH; TOJEPAHTHICTh
710 TIOCYXH Ta BUCOKHMX ACHHHUX TemIeparyp. B mepion mocturanHs 3epHa: peMOHTaHTHICTh — 3€JI€HI JIUCTKU
Ta 00ropTKa KayaHa IMPU BOCKOBIH Ta MOBHIM CTHIIIOCTI 3€pHA IS YHIBEpPCATbHUX 1 CHIIOCHUX (hopm; MIBUI-
Ka BiJilaya BOJIOI'M 3€PHOM; CTIHKICTh JI0 BUJISITAHHS POCIWHH Ta MOHMKAHHS Ka4yaHiB; CTIHKICTh IO XBOPOO
Ta MPOTH IIKIHUKIB POCIUHH 1 3epHa.

3BHYaHO MOTPIOHO TakoX K0OUpaTH GopMHU CTAOIIFHO NPOLYKTHBHI, 3 BACOKUM BHXOJOM 3€PHA, BU-
COKOI0 O3EpHEHICTIO KadaHiB, cTadinpHOI0 Macor 1000 3epen. [[oOip BuXiIHOTO Marepiany B 3alIeXKHOCTI
BiJI TPYIH CTUIJIOCTI 3 KOMILJISKCOM BKa3aHOT'O PiBHS 03HAK Oy/e HalKpalle BiJNOBIIaTH MOIOHUM YMOBaM
30HH.
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BAPIABEJIBHICTD 3AI'AJTBHOT'O BMICTY ®EHOJIIB TA AHTOLUIAHIB Y 3EPHI
CEJEKIIMHUX JITHIU MIIEHALI O3UMO1

0. 10. Jleonos, 3. B. YcoBa, K. 10. CyBopoBa, 1. B. Illaxos

Incmumym pocaunnuymea imeni B.A. IOp’eea Hayionanvroi akademii acpaprux nayx Yxpainu,
Xapkie, Yrpaina, ppiww2017@gmail.com

SAx Bimomo, akTuBHI Qopmu kucHiO (ADK) B GionoriuyHuX cucTeMax BHKOHYIOTh BaXKIMBI (PyHKIIT,
MOB’s13aHi 3 MepeJayero 30BHIMIHIX 1 BHYTPILIHIX CHTHAJIB B T€HETHYHHN amapar KJIITHH, BOHH HEOOXigHi
JUTS peaxIlii >KMBUX OpPTaHi3MiB Ha 1H(IKyBaHHS MAaTOT€HAMH Ta 0AaraThOX IHIMUX BAXJIHMBHUX (i310JOTIIHUX
nporeci. [Ipote Bucoki piBHi ADK npu3BoasaTh A0 HecneuupiuHOTO MOMIKOMKEHHS OUIKIB, JIMiAIB 1 HYK-
JICTHOBUX KHCIIOT, IO € IPOSIBOM OKHCHIOBaIbHOTO cTpecy (Bhattacharyya et al., 2014). V moauHu OKHUCITIO-
BaJIbHUM CTpeCc MOXKe OyTH MPUYMHOIO TAKUX CEPHO3HMX 3aXBOPIOBAHB, AK aT€POCKIEPO3 1 XBopoda AJbII-
reiiMepa, Ta MOXe CIPUIUHATH MIPUCKOPeHe cTapiHHs. [leski BTOpHHHI MeTaOOoIIiTH, IMMPOKO BiIOMI SK aH-
THOKCHUIAHTH, MOXYTh 30anaHcyBatu BMicT ADK i, Takum 4MHOM, € KIIIOYOBUMH B 3aXHCHOMY MeTa0oi3Mi
oprasizmy. Y ItoJieli Ta TBapuH BUPOOJICHHS aHTUOKCHIAHTIB 0OOMexeHe. TakuM YHHOM, BOHH 3aJI€KaTh Bill
€K30TeHHUX aHTHOKCHJIAHTIB, B OCHOBHOMY OTpuMaHuX y ¢dopmi BitaminiB (A, C i E) i momideHoniB gepes
Ky pocnuHHOTO oxokeHHs (Abrado et al., 2022).

3epHOBI KyJIbTYpH, TOJOBHIUM YHHOM MIIEHHIS, PUC 1 KYKYPY/A3a, € OCHOBHHMH MPOJIYKTAMH Xap4y-
BaHHS, AKi 3a0e31neuyroTh npuoan3Ho 50% Kanopiil 1Ki JIIOAWHY 1 € )XUTTEBO BaXKIMBUMH JKEpelaMH OCHO-
BHUX MOKWBHHUX PedoBHH (Mikpo- 1 makpoenemeHnTiB) (Fischer, Edmeades, 2010). Okpim 3a10BOJICHHS MTOT-
peb y xapuyBaHHi, BU3HAHO CNIPHUSTIMBUHN BILIMB 3epHA Ta 3JIAKOBHUX MPOAYKTIB HA OCHOBI 3epHA Ha 3/I0POB’ S
JIIOAMHY Yepe3 3a0e3MeUeHHs OpraHi3My HENOXHBHUMH PEYOBUHAMH 3 AaHTHOKCHJAHTHUMH BJIACTUBOCTSIMH,
HacaMmIiepes, GeHOIBHIMH CIIOJTyKaMH.

3aranpHuil BMicT (peHOMIB y ciMeHCcTBI Poaceae po3TamoByeTbesl B TAKOMY MOPSAKY 3MECHIICHHS: sT4-
MiHb > MIIEHHI > 0BeC > KyKypyn3a > puc (Goufo, Trindade, 2014). VY 3epHi 3:1akiB OLIBIIICTh PEHONBHAX
CHOJYK JIOKaJli30BaHO B HACIHHEBHX OOOJOHKAX y BHUIJISAI BUTPHUX 1 3B’S3aHMX KOMITOHEHTIB. 3B's13aHi (e-
HOJIbHI CIIONTYKH CTAHOBIATH 0nn3bko 80-95% Bin 3aranbHOI KUTBKOCTI (PEHOIBHHX CIIONYK. BinbHI (eHONb-
Hi CHIOJTYKH MpEeACTaBJICH] epeBaKHO (DIaBOHOIAAMH, TOI SIK 3B’S13aHi CIIONYKH CKIIAJIAI0THCSI B OCHOBHOMY
3 (epysioBoi KuCHOTH Ta i quMepiB. PepyoBa KUCIOTa IIMPOKO BiloMa CBOIM TepaneBTUYHUM MOTEHIia-
oM (3ac00M MPOTH CTApiHHA, MPOTH3ANAJIbHI, AHTHAJIEPTIUHi Ta aHTUKAHIEpOreHHi). Ii Gionoriuni epexrn
3HAYHOIO MipOIO MOB’sI3aHi 3 BUCOKOI aHTHOKCHIaHTHOIO akTuBHIicTIO (He et al., 2016).

Jnst mmenuti M'skoi HalmommpeHimmM € YepBoHe abo Ointe 3a0apBlieHHS 3€pHIBKH, OJIHAK JIESKi 3pa-
3KM MaloTh (hiosieToBe Ta OJaKUTHE 3epHO. 3abapBieHHS 3€pHA MIUEHMLI BU3HAYAIOTh NoJideHonbHi (dua-
BOHOT/IHI) CIIOJIYKH, TIEPEBAYKHO aHTOIlIaHH, 110 HAKONMMYYIOTHCS B PI3HUX IIapax 3epHiBkU. DioneToBHiA mi-
IMEHT HaKOIIMYYEThCSl B MEPHUKApIIi, a OJMaKUTHUI — B aJleipOHOBOMY IHapi 3€pHIBKH. SIK aHTHOKCHIAHTU
(hbI1aBOHOIMM CHIPHUAIOTH 3MEHIIIEHHIO BMICTY BUIPHUX PaIWKaliB B OpraHi3Mi TBapWH Ta JIIOJIEH, 3HIKYIOTh
PiBEHb 3allaJIbHUX TPOIIECIB, MOKYTh BUKOPHCTOBYBATUCS Y MPO(MITAKTHIII OHKOJOTTYHUX 3aXBOPIOBaHb Ta
iH. Takox (aBOHOIH 1 30KpeMa aHTOIiaH! BIIITPAIOTh BAXKIUBY POJIb Y CTIHKOCTI POCIIHH JI0 HECTIPUSITIIN-
BUX a0l0TUYHUX YNHHUKIB 1 JIEAKUX [MATOTEHIB.

OpHak SKICTh XapuyOBHX MPOAYKTIB 3aJISKUTh BiJ O0araTthbox (hakTopiB, BKIFOUAIOUYM MOXHUBHI BIacCTH-
BOCTI 3epHa Ta CTaOlIbHICT IX mposiBy. Ha 101aTOK 70 T€HOTUIIOBOI MIiHJIMBOCTI 0i0JIOTIYHO BMICTY aKTHB-
HUX CHOJYK, YMOBHM BHPOIIYBaHHS BiJIrpaioTh BaXKJIUBY POJIb B aHTHOKCHAAHTHIH AKTUBHOCTI IIIEHUII
m’sikoi (Lv et al., 2016). Ockinbku mTydHe 30araueHHss OOPOIIHA € TOPOTHM 1 Yyepe3 BUCOKY BapTICTh BUPO-
OneHol MpoAYKINi MOXe OyTH HEJIOCTYITHUM JJIsl THX CIIOKUBAUIB, sIKI HOTO HaWO1NIbIIe MOTPeOyIOTh, BUKO-
pHUCTaHHS Y BUPOOHUIITBI COPTIB MIIEHUIII 3 BACOKAM BMICTOM aHTHOKCHJIAHTHHX KOMITOHEHTIB € HaHO1IbII
MEPCHEKTUBHUM 1 JIOCTYNHUM LUIsIXoM OiodopTudikanii. Takum 4rHOM, 3aBIaHHS LBOTO JOCHIKEHHS 10-
JSTaM B OIIHIN BapiaOelbHOCTI 3arajbHOr0 BMIcTy (DEHONIB Ta AHTOIAHIB y 3€pHI CENeKIiHHUX JIiHIN
MIICHUI 03UMOT 3 PI3HUM KOJILOPOM 3a0apBIICHHS 3€PHIBKH.

[onpoBi nociinm npoBoauarch ynpoaosxk 2020-2022 pp. Ha MOJAX CENEeKUiHHUX CiBO3MIH [HCTUTYTY
pociuuHuuTBa iMeHi B.S. FOp’eBa HAAH 3a mMeToaukoro kBamidikamiiHoi eKcepTu3n COpTiB POCIUH. 3a-
raJbHAN BMICT (PeHOJILHUX CIONYK BU3HAYAIN 3 BUKOpHCTaHHAM peakTuBy Folin-Ciocalteu (Bobo-Garcia et
al., 2015), Bupaxxaiau B MIr-eKB. rajloBOi KUCIOTH. BMicT aHTOLIaHIB BU3HAYAM TICIs eKcTparyBaHHs 1% po-
3yrHOM HCl 'y 80% eTanodi cniekrpodoTomMeTpuyHiM MeTo oM Tipu nosxuHi xBuii 530 um(Nogues, Baker,
2000). Otpumani qaHi 00paxoByBaJd B YMOBH. O/I.
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3a momepeHIMH JOCHIPKEHHSIMH 3pa3Ky MIIEHULI M sIKOi 03UMoi 3 OnakuTHuM (Scorpion, KM 186/2,
Basunosu 2004-87, Bupuaudeppyruneym 2022-87, I'epmakuanym 2005-87) ta dioneroBum (HoprobOpoBa,
YopuozepHa, Blue x Red) 3abapBieHHsM 3epHIBKH XapaKTepH3yBaJUCs MiABUIIEHUM BMICTOM (peHOIIB Ta
a"ToniaHiB. OHaK I 3pa3Ku CyTTEBO MOCTYHATUCS MOIIMPEHUM CYYaCHHM COpPTaM MicueBoi cejekuii 3a pi-
BHEM YPO>KalHOCTI Yepe3 HU3bKUH PiBeHb aJalTHBHOCTI A0 MICIEBHUX YMOB, IO MPOSBHIIOCS Y 3HIDKEHHI
3UMOCTIHKOCTI, CTIHKOCTI 10 XBOpPOO, MI3HPOCTUTIIOCTI Ta BEWKIM BUCOTI POCIHH, B pPe3yibTaTi 4oro Oyma
3MEHIIIeHa TYyCTOTa MPOAYKTUBHOTO CTEOJIOCTOI0 Ta MPOAyKTHBHICTH (JIeoHOB Ta iH., 2022). 3amydeHHs 10
riopuan3aiii 3pa3kiB 3 MiABUIICHOIO 0i0JIOTIYHOO I[IHHICTIO JO3BOJIMIIO OTPUMATH CEJICKIIHMI MaTepia 3
Pi3HAM piBHEM IPOSBY IOCIIKYBAaHUX MTOKa3HUKIB.

3a BMmicToM ¢enomiB 20 ceneKmHHNX JiHIA 3 Pi3HUM 3a0apBICHHAM 3€PHIBKH PO3ITOIUIHINCE TAKUM
YMHOM: HaWOUIbIIMK BMICT Manu JiHil 3 OnakuTHUM 3a0apBieHHsM Baginosi 1111-22, I'epmakianym 1112-
22, T'epmakianym 1113-22, I'epmakianym 1171-22 (0,9—1,05 mr-exs. ranoBoi kucinotu). B Mexax cenexiiii-
HUX JIiHIHA 3 9epBoHUM (0,86 MT-eKB. TaJI0BOI KUCIOTH), (piomeToBum (0,83 Mr-ekB. TajloBO1 KHUCIOTH) Ta Oi-
M 3epHoM (0,85 Mr-exB. rajloBoi KUCJIOTH) iCTOTHHUX Pi3HUIB HE criocTepiranock. Cepen iHiid 3 4epBOHUM
3epHOM BuieHO 3pa3ku Jlrotecuenc 1079-22, Eputpocnepmym 1073-22 3 Bucokum BMicToM ¢enomis (0,94,
1,01 Mr-exB. TajJoBOi KHCIOTH BiANOBiAHO). I CTBOpEHHS JiHIH 3 TiABUIIEHUM BMICTOM (DEHONIB BUKOPH-
CTaHO aBCTPIHCHKUN OJIAKUTHO3EPHUM copT Scorpion.

CenekuiliHi JiHii i3 OMaKUTHO320apBICHIM ANEHPOHOBUM IIAPOM TaKOX MaJll BUCOKI TTOKA3HUKHU BMi-
cty anromiadiB (0,320-0,460 ymoB. o7.) y mopiBHsAHHI 3 6imo3epaumu (0,205 yMOB. 011.), 4epBOHO3EMHUMHU
Ta ¢ioneropozepHumu 3pazkamu (0,170 ymoB. of.).

®DeHOJIOTIUHI CITOCTEPEIKEHHS, MPOBEICH] MPOTATOM BereTallii, moka3ajiu, o CEeICKIiNHI JIiHIT 3 HeTH-
MOBHUM 3a0apBIICHHSM 3€pHIBKH BHUKOJIONIYBAIWCS Ha PiBHI YepBOHO3epHOro craHmapty llomonsHka, Haii-
OLITBII CKOPOCTHUTIIMMH BUSBIIIHACS (ioJIeTOBO3EpHMIA 3pa3ok Ypaiikym 1063-22, uepBonozepuuii Epurpoc-
nepmyM 1289-21. [Ti3HBOCTHIIINX JiHIH HE CrOCTEpiragock. BUcoTa pocinH ceNneKIiifHNX JiHii, OTpUMaHUX
3a y4acTIO BHCOKOPOCIUX 0aThKIBCHKUX 3pa3KiB 3 ONaKUTHUM Ta (iojeToBUM 3a0apBiICHHSM 3€pHIBKH, Ba-
pitoBana y mexax 90-140 cm (cranmapt Ilogonsaka — 100 cm). Lle cBiguuTh Mpo MO3WTHBHI PE3yIbTaTH
MPOBEJIEHUX T000PiB, 3aBIKM YOMY OTPHMAHO CEJEKIIiiHI JiHii, SKi MarOTh OJFKYi O ONTUMANBHUX 3HA-
4eHb MOP(OJIOTiUHI Ta ()EHONIOTIUHI MMOKa3HUKH 311 YMOB BUPOIIYBaHHS B YKpaiHi, MOPIBHSIHO 3 BUXIAHUMU
0aTbKiBCEKUMH 3pa3KaMH.

3pa3ku 3 OMaKUTHUM Ta (ioJeTOBUM 3a0apBiICHHAM 3€PHIBKH XapaKTEPU3YyBAJIUCh BUCOKHUM PiBHEM
yposxaitsocTi, Tak cranaapt Ilogonsiaka (784 /M%) nepeBuiyBatu minii 3 GrakuTHEM 3epHOM [ epMakianyMm
1171-22 (820 r/m?), Baginosi 1111-22 (970 r/m?), 3 dionerosum 3eprom Yparikym 1063-22 (907 r/m?) Ta
YepBOHO3EPHI JiHil, OTprMaHi 32 y4acTiO OaTbKIBCHKUX COPTiB 3 (pioneToBUM, OiTMM Ta OJIAaKUTHUM 3a0apB-
nennaM : Jliotecnenc  1079-22  (Scorpion/I'pekym) — 817 1/™m°, Epurpocnepmym 1124-22  (Bins-
Ba/Yopuosepra) — 840 r/m°, Epurpocrnepmym 1036-22 (Ipusitaa/JopHosepHa) — 997 r/m®.

B mabopatopii cenexiiii MIIEHUII HAMPAIbOBAHO BENHKY KUTBKICTh MEPCHEKTUBHUX CEJNEKIIHHNUX JIi-
Hil. AHaIi3 CEeNeKIiHNX JiHIH, OTpUMaHUX 3 BUKOPUCTAHHSAM BUXITHHUX (OPM 3 OJAKUTHUM, 3€JI€HUM Ta
(ioneToBNM 3epHOM, TpUBAE. Pe3ynbTaTi MOAAIBIIOr0 BUBYCHHS OYAyTh BICBITJICHI B HACTYITHHX ITyOJIiKa-
LisX.

TakuM 4MHOM, CEEKIiiiHI JIiHii MIIeHUIli 03UMOi, OTPHMaHi 0OOPOM i3 TIOPUIHMX KOMOIHAIIN, CTBO-
PEHHX 3 YYacTIO 3pa3KiB 3 OJIaKUTHHUM, (ioJeTOBHM 3a0apBJICHHSIM 3€PHIBKH, 3 MiJIBUIIEHOI0 0i0JI0TIYHOIO
IIHHICTIO T4 CyYaCHUX BHCOKOIIPOAYKTHBHUX aJalTOBAHUX COPTIB YKPAiHCHKOI CENeKIil, MalOTh 3HAYHO TO-
KpallleH]1 TOCHOAAPChKI MOKa3HUKH y IOPIBHAHHI 3 BUX1AHUMH (OpMaMH.
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BUABJEHHS IIIHHUX 3PA3KIB IIIEHUILII B CEJEKIII HA ATAIITUBHICTD

b. €. Makaosa, B. M. Tumenko, JI. M. KpuBopyuko
Honmascwvxuii Oepacasnuti azpapHuil yHisepcumem, Ilonmasa, Yxpaina,
bohdana.makaova@pdaa.edu.ua

Peazizarisi reHETUYHOTO PiBHS MPOIYKTUBHOCTI JOCATAETHCSA CaMe PiBHEM CTIMKOCTI POCIIHH IIISHHUIII
710 KOMIUIEKCY HETaTUBHHUX (PaKTOPiB HABKOJIUIIHBOTO CEPeJOBUIA OIOTHYHOTO Ta abiOTHUYHOTO MOXOKEH-
Hs. BaxxnuBuM akTopoM MiBUIIEHHS PiBHS T€HETUYHOTO Pi3HOMAHITTS, aJAlTUBHOCTI Ta CTIMKOCTI HOBHX
COPTIB MIICHUIN € BUKOPHUCTAHHS 3pa3KiB MIICHUIN Pi3HOTO reorpadidHOro Ta TEHETHYHOTO MTOXOMKCHHS,
SIKI MAarOTh 0CcOOJIMBI MOP()OIOTIYHI 03HAKK Ta (Pi310JIOTIUHI peakiii Ha CTpecoBi (aKTOPH Ta BiAHOBICHHS
TMICIIS HUX.

3HaHHA (i3i0MOTIYHUX peakilii pi3sHuX MOp(OOIOTHIIIB HA 3MIHH YMOB BHPOIIYBAaHHA, 1X XapaKTepy
NpPOSBY Ta TEHETHYHOI MPUPOAN yCHaIKyBaHHS € OCHOBOIO JUIS HIJIECIPSIMOBAHOTO J000PY IHHUX T€HOTH-
MiB MIICHMIN 03UMOi B YMOBaX 3MiH KiiMaty. IJis MiCIIeBUX CEICKI[IHUX MpOrpaM BEJIMKE 3HAYCHHS Mae
MOIIYK T4 BUKOPUCTAHHS O3HAK, SIKi CTATUCTUYHO BIpPOTiTHO IMOB’s13aHi 3 YpOXKalHICTIO, € MapKepaMu ajar-
Tallii 10 KOHKPETHUX YMOB CEpPEIOBHUIIA Ta BOJHOYAC JIETKO BU3HAYHMAIOTHCSA OE3mocepeIHho B MO abo 3a
JIOTIOMOT'OF0 MTPOCTHX JIA0OPATOPHUX aHAJI3iB, 10 HEC BUMAraloTh BUCOKUX (DIHAHCOBHX 3aTparT.

Mertoto mocmimkeHHs: OyB aHai3 03HaK MOpPQOTHITY Ta (i3i0JOTIYHUX peakiil Mpy ajanTamii 10 yMOB
JliBobGepexnoro JlicocTermy YkpaiHu y MIMPOKOTO HAOOPY KOJIEKIIMHUX 3pa3KiB MIICHUII O3UMOI Pi3HOTO
€KOJIOTO-Teorpad)igHOro MOXOKEHHS Ta BUSBJICHHS I[IHHOTO MaTepiany s TMOMAbIIOro 3aIy4eHHs y ce-
nexuiitanit npouec HaykoBo-BUpOOHUYOTO LEHTPY 13 CeNeKii 1 HACIHHUIITBA MONBOBUX KynbTyp [lonTaBch-
KOTO JIEP)KaBHOTO arpapHOTO YHIBEpCHUTETY.

o ananizy Oymno 3amydero 318 3pa3kiB MIIEHUII 03UMOI Pi3HOTO MOXOMKEeHHS 3 27 kpain. CrocTepe-
YKCHHSI TIPOBOIVIIH BIPOJIOBK IBOX BereTaliiHux mepioais (2020-2021 ta 2021-2022 pokiB).

Amnai3 BKIII0YaB B cebe Bi3yalbHY OIIIHKY 32 9-TH 0aJbHOIO MIKAJIO B MOJIBOBUX YMOBaxX 3a aJlalTo-
BaHOI METOIUKOI0 (hiziomoriunux mociimkenb B ceneknii Bix CIMMYT Ta meTonukorw mpo0opy 3uMoc-
TIMKUX TeHOTHMIB TieHuIll. OMiHIOBAIN BIUIMB HECIPUITIUBUX a010TUYHUX (PakTOpiB (MOCYNUIMBI YMOBH
B MEPi0j] OCIHHBOI BereTallii, 3HWKEHHS TEMIIEPaTypH MOBITPs 3a OE3CHIKHOI IMOTOIM Ta JILOJI0BA KipKa) Ta
O10THYHHMX YUHHHUKIB (CENTOPiO3 JHMCTSA Ta KOMIUIEKC BipyCHHX XBOpo0). IlorogHi yMOBH pOKIB IOCITi-
JDKEHHS He OyJIU CIIPUSTIIMBUME 3 TOYKH 30PY OIIHKH IMMOCYXOCTIHKOCTI 3pa3KiB y TeHEepaTUBHIN (as3i.

[IpoanaizoBaHO O3HAKHW, IIO BU3HAYAIOTh PIBEHh MPUCTOCOBAHOCTI JI0 YMOB 30HH JOCIHIPKEHHS Ta
3MiH KJIiMaTy — MIBHJAKICTh POCTY B OCIHHIN TMepioJ, MOIhOBa 3UMOCTIHKICTh, IBUKICTh pereHepartii poc-
JIUH HaBECHI ITiCIISl BiJIHOBJICHHS BETETAIlil, TOJIbOBa CTIHKICTh 0 XBOPOO, CTIHKICTh /10 BHJISTAHHS Ta B IIi-
JIOMY TPHUBAJIICTh POXO/KEHHS QeHonorianux ¢as. JoaarkoBo oiHeHO MOPQOIOTIYHI O3HAKH, IO € Map-
KepaMHt CTIHKOCTi JI0 YMOB 3MiH KJIiIMaTy — iHTEHCHBHICTh BOCKOBOTO HAIILOTY, TOBIIMHA COJIOMUHH, IIH-
pHHa TPAropIeBOro JIMCTKA, 3a0apBIIeHHsT BEPXHBOTO MIXKBY3JISl Ta PAIOPIIEBOrO JIMCTKA y TEPioJl HATUBY
3epHa, CTYIiHb BUTIOBHEHOCTI COJIOMUHH, KPYITHICTh 3€pHA.

BuineHo 3pa3ku 3 BUCOKOIO IOJILOBOIO 3UMOCTIMKICTIO Ta IHTEHCUBHICTIO pereHepailii HaBecHi Jlipa
onecrka, O0epir MUpOHIBChKUH, JlMKaHbKa Ta cOpTH iHO3eMHOTO noxopkeHHs Turkuaz (AzepOaiimxkan) Ta
Andrada (Pymynis). [ligsumeny 3umocTiiikicts (7-8 06aiiB) Ta BUCOKY pereHepaiito HaBecHi (8-9 GaiiB) ma-
Jiu HacTymHi 3pa3ku: OkraBa ojechka, Haraska, 3oj0TaBa HOCiBCcbKa, JlereHma MUpoHiBchka, byHayk, Op-
xurst HoBa, [IC Tamanp (Ykpaina), T67/X84W063-9-45//Karl92/3 (Typeuuuna), 3pasku ARS800-1-3-
1I/NW97S320 ta NE10507 (CILIA). 3a pe3ynbraTamMu OI[IHKU CTIHKOCTI T€HOTHIIB JI0 CENTOPIO3y JIMCTS 3a
JIBOMa pOKaMHM JIOCIIPKEHHS OyJIM BiiOpaHi 3pa3k, 110 MOXKYTh CIYI'YBaTH JuKepesaMu cTikocTi — Kpae-
Buj, Marnatka, CriiBanka nonicbka (Ykpaina), Arctis (Himeuuuna), Apertus (ABctpis) Ta 3pazok AR800-1-
3-1/NW97S320 (CLIA).

BceraHoBieHO, 1m0 KOE]IIIEHT KOPENsAIii MK 03HAKOK TOJIBOBOI 3UMOCTIMKOCTI Ta IHTEHCHBHOCTI
pocTy B OCiHHIH mepion craHoBHB I = (0,653, 3 pereHepailiifHor 31aTHICTIO HaBecHl — I = 0,835, a 3 maToro
HactaHHs (a3u konocinus r = -0,21.

BpaxoBytoun moroaHi yMoBH Iepioly CiBOM OCTaHHIX POKIB (CyXa Ta MPOXOJIOJHA OCiHb), 3/IaTHICTb
POCIIUH IBUIKO POCTH JA€ BEJIMKI MEePEBaru 00 MPOsBY MOPO30CTIHKOCTI, a NIBUAKICTh Ta IHTCHCUBHICTD
pereHepailii HaBecHi — JIJIs TOJIATBIIOTO (OpMYyBaHHS HACIHHEBOI MPOITYKTHBHOCTI.
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CEJIEKIIISI COHAIMIHUAKY HA JKAPOCTIMKICTH B IHCTUTYTI POCJTUHHHUIITBA
IMEHI B. 51. IOP’€EBA HAAH

K. M. MakJk, B. B. Kupunuenko

ITnemumym pocnunnuymea imeni B.A. FOp eea HayionanvHoi akademii aepaprux Hayk Ykpainu,
Xapkis, Ykpaina, yurievl 908sunflower@gmail.com

BupoOHHMIITBO COHSIIHUKY B MOMipHO MOCYIIIHBIH yacTuHi 30H Jlicoctemy i Cremy Ykpainu nimiTo-
BaHO BucOkuMH (Bumumu 3a 30°C) TemmeparypaMu OBITPS — ’Kaporo. BiACyTHICTE cOCO0iB peryntoBaHHS
TEMIIEPATypH TOBITPS MTYYHUMH 3aXO0JaMH BHKJIMKAE€ HEOOXIJHICTH PO3POOICHHS S(EKTUBHUX CEJICKITiM-
HUX METOJIMK 31 CTBOPEHHs XapocCTiikux riOpuaiB. Bueni [HcTuTyTy pocnunamuTBa imeHi B.S. FOp’eBa
HAAH mnpoTsrom octanHix 25-Ti pOKiB IPOBOIATH AOCTIDKEHHS MIJIICHOI CHCTEMH CEJEKIii COHSIIHUKY
Ha JKapOCTIMKICTh, 110 BKJIIOYAE: PO3BUHEHHS TEOPETUYHUX OCHOB BUKOHAHHS HAaNpsIMy; BUIUICHHS O3HAK —
00'€KTIB CEJIEKIIIHOTO BIUIMBY B IIPOrpaMax 3i CTBOPEHHS JiHii-0aThKiBCbKUX KOMIIOHEHTIB 1 )KapOCTiHKHX
F1 TiOpuiB; BCTAHOBJICHHS PiBHA HABAHTAXEHOCTI CTpecOBOro ()OHY JUIA YCIIITHOTO T000pYy CTIHKUX 3pas-
KiB; pO3pOOJIEHHS METOAWK KiJTbKICHOI OIIHKM BIUIMBY MiJBHINEHUX TEMIIEPaTyp Ha TOCIIONAPCHKI O3HAKU
COHSIIIIHUKY B TIOJHOBUX YMOBAaX; pO3pOOJICHHS] METOAMYHUX OCHOB CTBOPEHHS CENEKI[IITHOro MaTepiany 3i
3MiHEHHM BMIiCTOM OKPEMHX JKUPHUX KUCIIOT, SIKUM HE 3aJCKUTh BiJl TEMIIEPATYPHOTO PEKUMY BETeTalliid-
HOTO TIepioly; OpTaHi3aiil0 CHCTEMH COPTOBHIIPOOYBaHHS B yMOBax IOMIPHO MOCYIIIMBOI 30HH YKpaiHH,
sKa 3a0e3neuye eeKTUBHE BUAIJICHHS )KapOCTIHKUX T10pUIIB.

TeopeTHUHUM TiATPYHTAM JJIsl BUKOHAHHS CENEKIIHHOTO HAMpsAMYy 3 MiJBUIIEHHS XKapOCTIHKOCTI co-
HSIIHUKY CTaJIO BCTAHOBJICHHS 3aKOHOMIPHOCTEH BIUIMBY TEMIIEPATypHOTO PEKUMY BET€TalliiiHOTO Mepiony
Ha TOCMoJapchki o3Haku Fy riopumais. B xofi gociikKeHp Y KOHTPACTHUX KIIMAaTHYHUX YMOBAxX JBOX arpor-
PYHTOBHUX 30H, TPHOX MiA30H MOMipHO NocynutuBoi 30HM Ykpainu (Jlicocremn, Cren IliBHiunnii, Cren IliB-
JICHHUI) BCTAHOBJICHO CYTTEBY HEraTHUBHY 3aJIeXKHICTh ypoxaitHocTi F; TiOpuaiB Bi cepeHpOT MaKCHMaIlb-
HOI TeMIIepaTypH MOBITPs BETETAIIIHOTO Mepioly COHSITHUKY. B yMOBax miBHIYHOI YaCTHMHU TOMIpPHO TIO-
CYIUIMBOI 30HU (XapKiBchka 001aCTh) BU3HAUYEHO 3aKOHOMIPHOCTI BILTHBY TEMIIEPATYPHOTO PEXUMY Ha TaKi
roCHoAapchki o3Haku F; riOpuiiB COHAIIHUKY, SIK TPHUBAJICTh MiX(a3HUX TepioAiB, BMIiCT OJii B HaciHHI,
BMICT OKPEMHUX KUPHHUX KUCIOT B oiii, Macy 1000 HaciHWH, TpUBaNiCTh ()YHKIIIOHYBaHHS 3€JIEHOI TUCTKOBOT
MOBEPXHI. 30KpeMa yCTAaHOBJIEHO HEraTHBHY 3aJI€KHICTh MK TPHUBANICTIO MEPIOAY «CXOAU—YTBOPEHHS KO-
IIMKa», «yTBOPCHHS KOIMKA—BITIHHS» 1 CepeIHO000BUMH TEMIIEpaTypaMH 3a Iepioll. Takox HeraTHBHY
3aJIe)KHICTh YCTAHOBIIEHO MiXK YMICTOM OJIil B HACiHHI 1 CEPEeTHHOI0 MaKCHMAaJILHOI TEMIIEPaTypoOrO 3a mepi-
Ol «UBIiTiHHA—(i3ioNoTiyHa CTUTIICThY. [llIaXoM TOpIBHSAHHS IiHIKHOI Ta HENiHIHHOI MOJENel OIHKH
BILIUBY TEMIIEPATYPHOTO PEKHMMY Ha TOCIIOAAPChKI O3HAKHM TiOPHUJIIB COHSIIHUKY JOBEJICHO aJICKBATHICTh
HEJIIHIAHOT MOJIeNi sl OMHUCY 3B 513Ky MK O3HAKAMH «BPOXKAWHICTB», «TPUBAIICTH IMEPIOJY «CXOIHM—
LBITIHH» 1 CYMOIO TeMIleparyp Nepiofy «CcXoau—IBiTiHHD» F; ri0puniB consmauky. [Ipu mbomMy BepxHs
MOpOroBa TeMIepaTypa 3a BpoxaiHicTIO ckiana 36°C, 3a TpUBAJIiCTIO TIepioy «CcXoau—IBiTiHH 28°C.

BuineHo KifbKiCHI 03HaKH COHSIIITHUKY, SIKi 3alTPOIIOHOBAHO SIK 00'€KTH CEJIEKIIHHOTO BIUIMBY B MPO-
rpamax 3i CTBOPEHHS >KapOCTIHKUX JiHIH-0aThKIBCHKUX KOMIIOHEHTIB Ta F; ribpuuis. 3aranom Taki o3HaKu
MOJINIEHO Ha AB1 IPYIN: O3HAKH XKapOCTIMKOCTI i O3HAKM YHUKHEHHS kapu. Jlo o3Hak, Ge3mocepeHbo 1o-
B'SI3aHUX 13 MOJBOBOIO XKAPOCTIMKICTIO COHSIITHUKY, HAIGKHUTH TabopaTopHa TEIIOCTIHKICT HACIHHS 1 MHJI-
Ky. YCTaHOBJIEHO 30ir piBHIB MPOSBY TEIUIOCTIHKOCTI HACIHHA Ta MWIKY JUIS JIiHIN 31 cTabinbHUM MakcHMa-
JIBHUM OPOSIBOM O3HAK, 110 BiAKPUBAE HOBI MOKIIMBOCTI JUISI MiKpOraMeTo(iTHOT celeKIil COHsIIHUKY. Tpu-
BaicTh (DYHKIIOHYBaHHS 3€JICHOT JINCTKOBOT MOBEPXHI POCIMHHU y JKapOCTIMKUX 3pa3KiB He 3aJIeKUTh Bij
TEMIIEPATypHOTO PEXUMY JPYrol MOJOBUHH BETeTallil i 3arajbHOT TPUBAIOCTI BEreTaIIHHOTO MEPioly TeHO-
THUILY, Ta TIO3UTHBHO OB’ s13aHa 31 30epeXEHHSIM Y CIIEKOTHI POKH BiHOCHO Bucokoi Macu 1000 HacinuH. ['e-
HU, SIKi BU3HAYAIOTh YCIIaJKYBAaHHS O3HAKH «KIJIBKICTh CyXHMX Ta KOBTHUX JHCTKIB yepe3 30 mi0 micis mBiTiH-
HsD», Y OLIBIIOCTI BUIAAKIB B3aEMOIIIOThH 32 THIIOM JTyOIIKATHOTO emictasy. | eHeTHUYHUM aHali30M BHUSBIIC-
HO 3pa3KH-HOCI1 JOMIHAaHTHHX aJielliB TeHiB, 10 3MEHIIYIOTh KiIbKICTh CYXHX JIMCTKIB Ha POCIHHI, YUM Mij-
TBEPHKEHO MOXKIIUBICTB A0OOPY MEPCHEKTUBHUX Y JAHOMY CEJIEeKIiHHOMY HanpsiMi FeHOTHIIIB.

Jlo 03HaK YHUKHEHHsI HETaTHBHOTO BIUIMBY YKapy HAJEKHUTh HacamIlepes TPUBAIICTh BereTalliiiHOTOo
nepiojly TeHOTHUITY, a TAKOK MOP(OIIOTiuHI 0COOIMBOCTI POCIUHU COHSIIIHUKY, 30KpeMa KyT HaXHIy KOIITHKa
IiJ] 9ac UBITIHHA. Y POKH 3 Pi3HOIO TEIUI03a0€3MEUCHICTIO BEreTaliiHoro nepiofy (BUCOKOI, CEPETHBOLO,
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HU3bKOW0) F; riOpuay pisHUX TPyl CTUTIIOCTI BiAPI3HSAIOTHCS 32 OCOOIMBOCTSIMH MIHJIMBOCTI BPOKAWHOCTI,
BMICTy OIIii B HaciHHi i 300py ouxii. 30kpema, MiABUIIEHHS CepeIHbO] MaKCUMaJIbHOI J000BOI TeMIepaTypu
yepBHA Ha 2°C TIPU3BOIUTH 10 3HIKEHHS BPOXKaWHOCTI T1OpUAIB PI3HUX TPYI CTUTIOCTI TAKUM YHHOM: Ti0-
puniB ckopocturioi rpynu Ha 0,36 T/ra; riOpuziB panHsoi rpynu cruriocti Ha 0,17 1/ra; ribpunis cepea-
HbOpaHHbOI rpynu cturiocti Ha 0,07 1/ra. ToOTo, GiNbII MiI3HFOCTUTI TIOPUAN XapaKTEPH3YIOTHCS MEHILIH-
MU BTpaTaMu BPOXKar0 BHACIIAOK Iii BUCOKMX TEMIIEPATyp YEPBHSA. Y HUKHEHHIO BTPAT BPOKAK0 Y€pe3 BUIO-
PaHHS NPUIMOYOK 1 MWIKY MiJ IPOMEHSIMHU COHIIS CIPUSIE KyT HAXWITy KOIINKA — «0OEPHEHUH JOHU3Y.

BimokpemiieHHsI CTaTHCTUYHO 3HAYYIIOI YaCTKH BIUIMBY OKPEMOT0 YWHHHMKA CEpEOBHUINA HAa TOCIO-
JapCchKi O3HAKKU F€HOTHILY B IOJILOBUX YMOBAX — CKJIaJHE 3aBAAHHS, BUPIIIEHH SIKOIO NOTpeOye NpoBeeH-
HS TOCITIIIB, JI€ 3MIHIOETHCS OJIUH 3 (PaKTOpiB — 3POIICHHS, BHECEHHS JOOPHB 1 T. iH. OCKUTBKH (DaKTOp sKapu
LITYYHO HE PETYNIOETHCA, Y TMOJLOBUX YMOBaX BIUIMB TEMIIEPATYPHOTO0 YNHHUKA HA MIHJIHMBICTh IIHHUX TOC-
MOJAPCHKUX 03HAK MOXHA KUTBKICHO (CTaTUCTUYHO) OLIHUTH LUIIXOM MOPIBHSHHS PIiBHS MPOSIBY LUX O3HAK
Y POKH 3 PI3HUM TEMIIEPATYPHUM PEXHUMOM. Y CTAHOBIICHO, 110 AJIS1 BU3HAYEHHsI BIUIMBY BUCOKHX TeMIIepa-
Typ TIOBIiTpsI HA MiHJIMBICTh YPOXKaHOCTI HACIHHA TiOPHUIIB PiI3HUX TPYI CTUTIIOCTI MOTPiOHI AaHi Oararopi-
YHHUX JTOCII/PKEHB (B HAIIOMY JOCHiAl 00YMCIeHO naHi 3a 18 pokiB), MOMIJICHI HA TPYIH POKIB 3 MIKTPYIIO-
BUM iHTepBasIoM 2°C (3a cepelHhOI0 TEMIIEPATYPOIO BETETAIIIHOTO MEpioAy COHAMIHUKY). i1 BU3HAUSHHS
BITMBY BUCOKHUX TEMIIEpaTyp MOBITPS HA BMICT OJii B HACIHHI MDKTpyHoBUH iHTepBan 3poctae 10 5°C.

st 3a0e3neueH s CTablIBHOCTI BUCOKOT SIKOCTI MPOJYKINI B YMOBaX MiJBUINCHUX TEMIIEPATyp PO3-
poOJIeHO CeneKIiiiHi MEeTOINKH Ta CTBOPEHO OaThKiBCHKI KOMIOHEHTH i F; TiOpuan 3 mUpOKUM T€HETHIHO
3YMOBIIEHUM PI3HOMAHITTSM XKUPHOKUCIOTHOTO CKJIaly OJii HACIHHS: OJIETHOBOTO (BMICT OJIETHOBOI KHCIIOTH
B omii HaciHHA 75-90%), NanbMiTHHOBOTO (BMICT MalbMITHHOBOI KuCIOTH 22-27%), 0neiHOBO-
MaJbMITHHOBOTO (BMICT MaabMITHHOBOI Kuciotn 18% Ta BMICT oJsieiHOBOi kuciaotu 70%), cTeapuHOBOTO
(BmicT creapuHOBOi KucinoT 12-15%) Trrmis.

BusHaueHO TeHACHIIT MIHIMBOCTI piBHS BMICTY YKHPHHX KUCIIOT y CENIEKI[ITHOMY Matepiaji 3a CyTTe-
BOTO IiIBUILCHHS TEMIIEPaTypHUX YMOB BereTallii. 30KkpeMa, BUSBICHO BiIMIHHOCTI MiHJIMBOCTI >KUPHOKHC-
JIOTHOTO CKJIaJy OJIii HACIHHS TiIOpUIIB IPYIH OJIETHOBOTO 1 TPYIH cTeapuHOBOrOo THITy. CTabibHO 32 pOKa-
MU CTBOpEHI TiOpuAN 0JIeTHOBOTO THITY HE 3MiHIOBAJM BiJICOTOK yMiCTy HEHACHYCHUX YKHUPHUX KUCIOT (30K-
pema oJeTHOBOT) 3aJIe)KHO BiJl TEMIIEPATYPHOTO PEXUMY IMIEPioAy «IBITiHHA—(]i3i010TiuHa CTUTITICTEY. BMicT
HACUYCHUX KHUPHUX KHUCIIOT B OJil HACIHHS TiOpHIIB TPyIH OJETHOBOTO THITY BapitOBaB 3aJIEIKHO Bij TeMIre-
paTypHUX YMOB POKiB ZOCIIIKEeHb, aJIe IIe HE BIUIMBAJIO HAa BMICT IOCIIONAPCHKI 3HAUYIIOI 0JIETHOBOI KHCIIO-
TU. BujineHo miHHI riOpuam, 1110 MOEIHYIOTh BiTHOCHY CTA0UIBHICTh YPOXKAHHOCTI B POKH 3 PI3HUMHU TEMIIE-
paTypHUMH peXMMaMHU 3 i BUCOKUM PiBHEM Ta MalOTh BUCOKHI BMICT OJIETHOBOI KMUCIIOTH B OJIii.

Hnst oninku F; riOpuiB COHANTHUKY Ha XKapOCTIMKICTh PO3pOOIEHO CHCTEMY COPTOBUIIPOOYBaHHS B
YMOBaXx JBOX arpoIpyHTOBUX 30H, TPbOX IiA30H HOMIPHO MOCYIIIMBOI 30HM YKpainu. BumineHo riOpuamu,
IO MOEJHYIOTh BUCOKY BPOXKaWHICTH 3 11 CTaOUIBHICTIO 32 YMOBH BUPOIIYBaHHS B Pi3HUX arporpyHTOBHX
30Hax, 3alpPONOHOBAHO MOKA3HUK «iHAEKC XapocTiiikocTi». OO0rpyHTOBaHO BHOip reorpad)iyHUX ITyHKTIB
BUNPoOyBaHHS K QOHIB 11 JOOOPY KpaIiux 3a BpoxkaiHicTio («XapkiB») Ta ii cTabinpHICTIO («3anopix-
JKs1») TCHOTHIIIB, Ha MiJCTaBl 3HAYCHb CTATHCTUYHUX TOKA3HHKIB, 110 XapaKTePHU3YIOTh 3/IaTHICTh CEPeIo-
BHUIIA 10 AU(EPEHIIIIOBaHHS IeHOTHUIIIB. Po3po0ieHo Metoauky nooopy Fi riOpuiiiB COHSIIHUKY 3a BUCOKOIO
Ta cTabiIbHOI0 BPOXKAWHICTIO B arpOIPyHTOBHX 30HAX MOMIPHO MOCYLUIMBOI 30HH YKpaiHH, fKa J03BOJIMIIA
CKOPOTHUTH TEPMiH BUNPOOYBaHHSI HOBHX TiOpHW/IiB Ha JIBa POKH (3 YOTHPHOX-I'SITH 33 TPAJUIIIHHOIO CXEMOIO
JI0 IBOX-TPHOX 3a PO3POOJICHOIO).

3a pesynpTaTaMu MPOBEIEHUX JOCHTIDKEHb, 3a mepioa 3 2001 mo 2023 pp. 3apeectpoBano B [epxas-
HoMy PeecTpi copTiB pocnuH, NpuAaTHUX AJ1s1 MOIIMPEHHS B YKpaiHi, Oinbime 60-tu F; ribpuais coHAIHUKY
3 eJIEMEHTaMH KapOCTIHKOCTI, IIOTEHIIAIOM YpoKaiHoCTi 110 4,8 T/ra, CKOPOCTHUIIIOI, paHHBOT Ta CepeIHbO-
PaHHBOI TPYN CTHIJIOCTI, 3 OJIISIMH OJIETHOBOTO, JIIHOJIEBOrO Ta cTeaprHOBOro TumiB. CTBOpeHi ribpuan
BIIPOBA/IKEHO B CiIbCHKOTOCNOJaPChKE BUPOOHUITBO Y KpaiHH.
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THE GENOTYPIC REACTION OF POLLEN OF MUTANT TOMATO FORMS
TO THE ACTION OF STRESSFUL ABIOTIC FACTORS

Milania Makovei

Moldova State University, Institute of Genetics, Physiology and Plant Protection,
Chisinau, Republic of Moldova

The quality of pollen from any crop is a major factor in reproductive biology. Given the importance of
the reproductive system in the evolution of tomato development and the formation of its productivity, we for
the first time studied samples of the mutant tomato gene pool for resistance to abiotic stress factors (high,
low temperatures, drought). A comprehensive study, selection of the best, and inclusion in hybridization in
order to create tomato varieties and hybrids resistant to abiotic stress factors that can realize the genetically
inherent productivity potential is one of the most important motivations for a thorough, comprehensive study
of the mutant gene pool and, in particular, resistance to abiotic stress factors.

Material and methods. We studied mutant forms of tomato at one of the most vulnerable stages of
ontogeny — the stage of a mature male gametophyte (pollen), according to a set of features: viability of
pollen; length of pollen tubes; resistance to pollen germination and resistance along the length of pollen
tubes, using artificially simulated stress backgrounds (high, low temperatures, drought). 125 mutant forms of
tomato were analyzed. To assess the resistance to high-temperature stress, a temperature regime of 45°C was
used. Resistance to low temperature was determined by the method of pollen germination in vitro at a
temperature of +6°C for 24 hours. Drought tolerance was determined by germinating pollen on an artificial
nutrient medium containing 38% sucrose, which mimics drought. The use of artificial stress backgrounds in
the laboratory made it possible to work out huge pollen populations and test a large number of genotypes in a
short time. Differentiate and systematize them into appropriate groups according to the specificity of the
pollen reaction to one or another factor used, the resistance scale developed by us (mine) made it possible.

Results and its discussion. Screening of mutant forms of tomato revealed a high diversity both
between accessions within the collection and within the population of one mutant form with respect to
different stress factors. The high heterogeneity in the reaction of pollen of mutant forms to various abiotic
stress factors suggests the identification of valuable source material and its use as resistance donors.

Mutant samples of several genetically determined types have been isolated:

1. Mutants, pollen, which is highly resistant to all studied stress factors (high, low temperatures,
drought) for all pollen traits: — Mo 324; Mo 372; Mo 463; Mo 489; Mo 500; Mo 519; Mo 534; Mo 544; Mo
593; Mo 620; Mo 632; Mo 651; Mo 670; Mo 779; Mo 791; Mo 822; Mo 924, La 1563, La 3013; La 35309.
Pollen grains of these forms, germinating on artificially simulated stress backgrounds, form long pollen
tubes, which in some of them are higher than in the control. Such a reaction to the stress factor characterizes
them as highly and super-resistant;

2. Mutant forms with equally high sensitivity of their pollen to the action of all three stress factors —
Mo 308; Mo 316; Mo 331; Mo 341, Mo 451; Mo 584; Mo 588: Mo 606; Mo 638; Mo 722. A high response
of pollen to the action of various stress factors is expressed in the absence of pollen germination, or pollen
grains germinated on an artificial nutrient medium under in vitro conditions cannot form pollen tubes of
sufficient length for fertilization. They belong to the groups of unstable or weakly resistant genotypes;

3. Mutant forms are highlighted, combining high resistance to high and low temperatures: Mo 162;
Mo 163; Mo 392; Mo 564; Mo 600; Mo 649; Mo 917. Treatment of pollen of these genotypes with a
temperature of 45°C for 8 hours and its subsequent germination on an artificial nutrient medium under in
vitro conditions shows a high percentage of germination of pollen grains (44.8-97.3%), which
simultaneously form very long pollen tubes (48-114 divisions of the eyepiece micrometer). Germination of
their pollen under low-temperature stress pressure (6°C/24 hours) reveals the same high resistance of 49.0—
87.6% in pollen and 50.8-96.0% in pollen tube length. Against the background of an osmotic stress factor,
their pollen does not germinate;

4. Mutant forms combining resistance to high temperature and drought: Mo 61; Mo 343; Mo 350; Mo
406; Mo 460; Mo 504; Mo 558; Mo 562; La 2529. The resistance of their pollen to high-temperature stress is
45.7-168.6%, and that of pollen tubes is 80.1-132.1%. Against the background of osmotic stress, pollen
germination is also high and amounts to 43.3-107.0%, similar results were obtained for the stability of pollen
tubes 51.9-137.8%, for some of them with overlapping values in the control;
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5. Mutants whose pollen demonstrates high resistance to low temperature and drought: Mo 120; Mo
158; Mo 598; Mo 634. This is the smallest group, there are only 5 of them. The pollen of these forms showed
an equally high level of resistance during its germination both against the background of low-temperature
(51.0-81.7%) and osmotic (45.7-67.5%) stress. Growing under the pressure of these stressors, it formed
long, even pollen tubes, the stability of which was 50.4-85.2% on a cold background, and 64.7-88.4% on an
osmotic background;

6. Resistant only to high temperature: Mo 24; Mo 328; Mo 334; Mo 378; Mo 385; Mo 518; Mo 556;
Mo 561; Mo 723; Mo 755; Mo 762; Mo 776; Mo 781; Mo 922. In terms of pollen germination, resistance
was 40.8-99.4%, in terms of the ability to form long pollen tubes against the background of a high-
temperature factor, it was also high, 66.8-127.3%.

7. Resistant only to low temperature: Mo 36; Mo 74; Mo 122; Mo 311; Mo 432; Mo 443; Mo 446; Mo
466; Mo 547; Mo 640; Mo 756; Mo 759; Mo 794; Mo 805; Mo 833; Mo 900; La 1159; La 3179. The pollen
of the mutant forms isolated in this group quickly and actively germinated against the background of low
temperature, the resistance of which was 51.4-141.0%, and the resistance along the length of the pollen
tubes was even higher, 65.0-127.4%. The pollen of some mutant samples of tomato (Mo 794) germinated
better at a low positive temperature of 6°C than under optimal temperature conditions (25°C/3 hours).

8. Drought resistant only: Mo 56; Mo 248; Mo 409; Mo 565; Mo 637; La 2644. The pollen of these
forms, under the pressure of osmotic stress, demonstrates high pollen germination with simultaneous active
tube growth. Pollen resistance was 44.4-94.7%, along the length of pollen tubes 60.4-98.7%.

9. Mutant forms with high intrapopulation variability of the studied pollen traits were identified on
different artificially modeled backgrounds: (a) genotypes with actively and rapidly germinating pollen
grains, but at the same time with very weak growth of pollen tubes; (c) genotypes with a very low percentage
of germination of pollen grains, but germinated pollen grains form long pollen tubes.

Thus, it can be seen from the presented results that the studied mutant forms, as complex objects for
research, demonstrated a high genetic heterogeneity of mutant forms in terms of the nature of the
manifestation of male gametophyte features.

The genotype-specific reaction of the pollen of each mutant form to the action of various stress
factors — high, low temperature, drought, allows us to conclude that resistance to them is determined by
different genetic systems, revealing differences even within the same mutant sample for two different pollen
traits: germination and the ability of germinated pollen grains to form long pollen tubes.

In the process of research, no definite dependence was found on the type and degree of resistance that
the mutant forms showed for both pollen traits on the set of mutant marker genes they carry. For example,
multi-marker mutant forms — Mo 500, Mo 519, Mo 632, and Mo 924 are characterized by the high resistance
of their pollen to all studied abiotic stress factors, in others — Mo 308, Mo 451, Mo 638 pollen was quite
sensitive to the action of all experienced stressors

The obtained material is very interesting and can serve as the basis for the active involvement of the
mutant tomato gene pool in breeding programs as resistance donors. Especially interesting are those in which
pollen actively germinates under pressure from stress, while forming long pollen tubes. The mutant forms are
of great value for the conduct of cytogenetic, physiological, biochemical, and other studies.

Research was carried out within the project of the State Postdoctoral Program 22. 00208. 5107.

03/PD Il “Genetic potential of the cultivated and mutant gene pool of tomato (Solanum lycopersicum L.), re-
search methods and use in breeding”, financed by the National Agency for Research and Development.
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THE ROLE OF THE PARENTAL FACTOR IN THE PHENOTYPE OF GROWTH AND
DEVELOPMENT CHARACTERS IN TOMATO F; HYBRIDS

Nadejda Mihnea, Galina Lupascu

Institute of Genetics, Physiology and Plant Protection, State University of Moldova,
Chisinau, Republic of Moldova, institut.gfpp@gmail.com

Background. Tomatoes (Solanum lycopersicum L.) are one of the most important, consumed, and
popular vegetable crops in the world and are particularly profitable for producers. In the current conditions,
varieties and hybrids of cultivated plants play the role of decisive links of the innovative progress in agricul-
ture that determine the obtaining of an impressive quantity of superior quality products. It is important to
mention that climate change influences the productivity and quality of fruits in the most direct way. Heat
stress is @ major abiotic factor limiting crop productivity worldwide. Tomato plants are strongly affected by
temperatures between O and 15 degrees at all stages of growth. Large and stable harvests of agricultural
crops can be obtained only by implementing varieties that have a high potential for productivity and a high
resistance to unfavorable factors of the external environment (Carli et al., 2011; Ercolano et al., 2008;
Mihnea, 2016; 2017).

Purpose. The aim of our research was to establish the effect of the parental factor on tomato genotype
x temperature interactions, the degree of dominance, and the identification of hybrid combinations with po-
tential resistance to low positive temperatures.

Methodology. As initial material for the intended research, 4 reciprocal F; hybrid combinations were
used: FlacaraxVrojainii/VrojainiixFlacara, FlacaraxDesteptarea/DesteptareaxFlacara, L 10BxRufina/Rufi-
naxL 10B, RufinaxFlacara/FlacaraxRufina, and 5 parental forms: Rufina, Flacara, L 10B, Vrojainii, and
Desteptarea.

The assessment of tomato samples based on resistance to low positive temperatures was carried out
according to the capacity of seed germination and embryonic radicle, stem, and seedling growth for 21 days
at the temperature of 10°C (Mihnea, 2017). Seedlings kept only at 25°C for 7 days served as a control.

The degree of dominance (h,) and the effect of reciprocity (r.) were calculated based on the formulas
(BproGeiikep, 1966) and (Reinhold, 2007), respectively. The cluster analysis of the degree of similari-
ty/difference of tomato genotypes based on growth and development characters at different temperatures was
performed based on the agglomerative-iterative method of constructing dendrograms and the k-means cen-
troid method — the methods successfully used in genetics and breeding research (Kanavi, 2020; 4].

Results. Under laboratory conditions, parent varieties and reciprocal F; hybrids were tested at low
positive temperatures. Testing the reaction of tomato plants at the temperature of 10°C demonstrated that un-
der the action of the stressful temperature in all genotypes studied, the length of the embryonic radicle, stem,
and seedling was inhibited, while germination was less affected. The reaction of the plants depended on the
genotype, the analyzed character, and the temperature.

Analysis of seed germination showed that tomato genotypes showed a differential response both under
optimal and stressful conditions. It was found that in the control variant, the germination of the 5 parental
forms under study varied within the limits of 86.6...94.4%, and at the temperature of 10°C — 57.6...96.7%. In
the parental forms Vrojainii and Desteptarea, the germination in the variant with the temperature of 10°C
was 61.2 and 73.8% compared to the control, and Rufina, Flacara, and L 10B practically did not react —
08.8...103.5%. In the case of reciprocal F; hybrids, a strong differentiated reaction was manifested in
FlacaraxVrojainii: +11.4; -58.7% and RufinaxFlacara: -24.3; +18.2% compared to the control, and the most
insignificant at Flacara x Desteptarea.

Regarding radicle growth, it was found that the genotypes showed a rather high sensitivity to heat
stress. It was found that under the influence of temperatures of 10°C, the degree of inhibition of embryonic
radicle growth varied in the range of 77.0-86.2%, and in reciprocal hybrid combinations — in the range of
73.6-91.7%. The strong differential reaction was manifested in all reciprocal combinations except the
FlacaraxVrojainii combination (-81.1; -83.5%). A strong differential reaction was manifested in the recipro-
cal combinations FlacaraxVrojainii: -72.5; -81.8%, FlacaraxDesteptarea: -75.5; -85.2%, and the most insig-
nificant — at L 10BxRufina and RufinaxFlacara.

Testing the reaction of tomato seedlings at the temperature of 10°C demonstrated a significant reaction
to both the parental forms and the reciprocal hybrids. For example, the length of the seedling in the parental
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forms in optimal conditions varied within the limits of 37.8...72.9 mm, while in stressful conditions
6.5...17.8 mm. Significant differences were also found in the case of reciprocal hybrids. For example, in the
hybrids RufinaxL 10B and RufinaxFlacara, the seedling length in optimal conditions was 39.2 and 30.9%
lower than in the reciprocal counterparts. In the case of the 10°C temperature level, significant differences
were found in the combinations VrojainiixFlacara, RufinaxL 10B, and RufinaxFlacara compared to the re-
ciprocal analogues. The differences shown in the reciprocal F; hybrids demonstrate the involvement of the
maternal factor in the formation of growth characters both in optimal conditions and in the reaction to the
stressful temperature of 10°C.

The classification of genotypes into clusters based on the evaluated characters found that the highest
differentiation capacity was recorded for seed germination, then for seedling length and radicle length, and
the weakest for stem length in both variants. The variability of the tested genotypes decreased significantly at
the temperature of 10°C, except for seed germination, which could be explained by the fact that this tempera-
ture level draw near the limits of adaptive possibilities for growth characters in early ontogeny.

The statistical processing of the experimental data through the factorial analysis of variance allowed
the appreciation of variability and the degree of influence of temperature, genotype, and their interaction on
the variability of the evaluated characters. It was found that the biggest contribution in the source of variation
in the length of the embryonic radicle, stem and seedling was temperature, its contribution constituting 98.6,
98.5, and 98.7%, respectively. It should be noted that the genotype played an important role in the variance
of the seed germination character (32.5%), the share of genotype x temperature interactions constituting
16.1%.

By calculating the effects of reciprocity for growth and development characters in tomato F; hybrids,
it was found that in most cases in both variants (25°C/10°C) the paternal factor (+) had a decisive im-
portance. The maternal factor had a decisive importance in the reciprocal combination
FlacaraxDesteptarea/DesteptareaxFlacara in the control variant for the length of the radicle and seedling and
in the variant with temperature 10°C for seed germination, in the combination
FlacaraxVrojainii/VrojainiixFlacara in both variants for seed germination, and in the RufinaxFlacara/Fla-
caraxRufina combinations in the control variant only for seed germination.

The parental factor also influenced the degree of dominance (h,) of growth characters. According to
the degree and orientation of dominance of growth characters in reciprocal F; tomato hybrids at different
temperatures, the interaction of maternal and paternal genes is strongly influenced by the thermal factor. It
was established that in optimal conditions the h, of the evaluated characters varied within wide limits — from
positive overdominance (+7.25) to negative overdominance (-23.4). In 12 cases out of 32, the values of the
degree of dominance were positive, and in stressful conditions only in 8 cases, of which 3 — with positive
overdominance.

As a result of the research carried out, it was found that the Flacara variety and the hybrid combina-
tions F; FlacaraxVrojainii and FlacaraxDesteptarea showed reduced sensitivity to the action of low tempera-
tures and, therefore, are of interest in the improvement activity as possible genetic sources of resistance to
temperatures low.

Research was carried out within the project of the State Program 20.80009.7007.04 “Biotechnologies
and genetical processes for evaluation, conservation and exploitation of agrobiodiversity”, financed by the
National Agency for Research and Development of Republic of Moldova.
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TECTYBAHHSA CTIHKOCTI CANNABIS SATIVA L. IO COJIbOBOI'O CTPECY
B KYJIBTYPI IN VITRO

C. B. Mimenko
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serhii-mishchenko@ukr.net

ConboBHH CTpecC € OAHUM 3 HalCepHO3HIMMX abiOTUYHUX CTPECIB, SIKMH BIUIMBAE HA PICT 1 PO3BUTOK
POCIHH, 30KpeMa BiH MiJBHILY€E BHYTPIIIHbOKIITUHHANA OCMOTHYHUN THCK 1 MOXKE MPU3BECTH 10 HAKOIH-
yenns Cl i oco6muBo Na* 10 TOKCHYHOTO piBHS, BUKJIMKAIOUH i0HHHI CTPEC, a TAKOK HETaTHBHO BIIMBAE
HAa MiHEpaTbHHiI rOMEOCTa3 psdy MOKHBHHX MikpoeldeMmeHTiB, a came — Ca’" ta K' (Isayenkov, 2012;
Zhao et al., 2021). PociuHu akTHBHO YIOBUIBHIOIOTH IIBHKICTH POCTY y BiJIIIOBI/Ib HAa COJBOBHIA CTpec (Ha-
MIPHUKIIA], Yepe3 3HIKEeHHS e(DeKTHBHOCTI ()OTOCHHTE3Y), OCKUIBKH 1€ TMPHU3BOIUTH A0 30UTBIICHHS BIKH-
BaHHS. BOHM BeAyTh MPUKpIIJIeHHI crioci® iCHyBaHHS, TOMY BHPOOMIIH BiAMOBIMHI (bi3ioNoriuHI MeXaHi3MU
JUTS TIPUCTOCYBAHHS JI0 CEPEOBHINA 3 BUCOKMM BMICTOM COJii. 30KpeMa y BiMOBIb HA CUTHAIM COJIHOBOTO
CTpPECy POCIMHU aJJalTYIOThCS 33 JOTIOMOTOI0 PETyJIALii I0HHOT'O TOMEOCTa3y, aKTHBAIIIl IUISIXY OCMOTHYHO-
r0 THUCKY, OIIOCEpEAKYBaHHs INepesiadi CUTHAIIIB POCIMHHUMH TOPMOHAMH, PEryJIOBaHHS THHAMIKH IIUTOC-
KeJIeTy Ta KJIITHHHOI cTiHKU (Zhao et al., 2021). AxanTuBHY pojib B YMOBaX 3acOJICHHsI BiJlirpac HAaKOTIUYeH-
HSl TIPOJIIHY Ta IYKpiB, MiJABHUINEHHS AKTUBHOCTI aHTHOKCHUAAHTHUX (pepMeHTIB i ackopOiHOBOi KHCIOTH
(Hannachi et al., 2021). Takox OKpemi eK30reHHi (i3i0I0TiYHO aKTUBHI PEYOBUHU aKTHBYIOTH 3aXHCHIi pea-
K1, 30KpeMa, )KaCMOHOBA KHCJIOTa YaCTKOBO JI0JIa€ HETaTHBHUK BIUIMB COJBOBOTO CTpeCy Ha (DOTOCHHTE-
TUYHI MIrMEHTHU Ta MIATPUMYE OCMOC KIITHH KapTorui mif yac 3acoienus (Efimova et al., 2019), cumnromu
COJILOBOTO CTPECY y KOHOIIETh MOYKHA TTOJIETIIUTH B CTAPUX JINCTKAX 32 JOTIOMOTOI0 3aCTOCYBAaHHS CHIIIIIIIO,
00 KOHOIUTI MalOTh TEHETUYHY CXMJIBHICTD [0 TIOTJIMHAHHS CHJIIKATHOI KMCJIOTH Ta HAKOMTUYEHHS 11 y BUTIISAII
KpeMHe3eMy B KIIITHHAX emifiepMicy JHCTKiB i Tpuxomax (Berni et al., 2021) Too.

IcHy€ 4iTKMI1 HETaTUBHUIA 3B’S130K MK piBHEM BHPOOHHUITBA MPOIYKLii POCIMHHHLITBA Ta PiBHEM 3a-
COJIEHHSI TPYHTIB, IIPY IBOMY IPOYKTHBHICTh MOXe OYyTH MOTEHIIITHO 30UIbIIeHA 32 PAXyHOK BHKOPUCTAH-
HSl KyJbTYp (COpTIB), CTIMKHMX JI0 BIUIMBY HaJMipHHX KOHIeHTpaliii coneit (Isayenkov, 2012). V 3B’s13ky 3
BUIIEBUKJIAJICHAM, aKTyaJbHOCTI Ha0yBa€e po3poOKa METOJIB TECTYBaHHS COJETOJIECPAHTHOCTI arpoKyJIbTyp.
[Iporpec y TpaHCKpUNITOMIIIi, TEHOMIII Ta MOJEKYISPHii 0i0J0Tii TO3BOJIMB BUSBUTH HOBI POJIH TEHIB, IO
O0epyTh yuyacTh y (hopMyBaHHI BiAIOBiAlI Ha coyboBHi cTpec pociuHOIo (Isayenkov, 2012). Otxe, cTilKiCTh
POCIIUH JIO HECTIPUATIMBUX (haKTOPIB CEPEIOBUINA € TEHETHUHO JICTEPMIHOBAHOIO 1 TIPOSBISIETHCS HA PI3HUX
PIBHSIX OpraHizamii )KUTTS, 30KpeMa Ha KIITHHHOMY Ta TKaHHHHOMY. Lle 1a€ MOXIIMBICTD [UISi BAKOPUCTAHHS
010TEXHOJIOTIYHMX METOJIIB 3 METOIO BUIIIEHHS CTIMKMX T€HOTHIIIB ITPH 3MEHIIIEHHI MaTepiaJbHIX BUTPAT 3a
MOPIBHIHO KOPOTKUI MEPioJI.

OrriHka Ha CTIHKICTE IO COTBOBOTO CTPECy iN Vitro mosmsarae y goaaBaHHi pisHUX KOHIIEHTpAIliil TIEBHOT
COJIi /IO JKUBHWJIBHOTO CEPEIOBHIIA Ta BCTAHOBJICHHI )KUTTE3IaTHOCTI €KCIUIAHTIB, 0COOJIMBOCTEH 1X MPOXO-
JDKEHHsI 3a a3aMu poCTy Ta PO3BHUTKY, PiBHSA MPOSBY MOPQOJIOTIYHUX O3HAK TOMIO. Y pe3yibTaTi BHHUKAE
MOXJIMBICTh HPOBEICHHS J000pY Ta PO3MHOMKEHHS CTiKuX reHoTumiB. KynbTuByBaHHs in VItro € mieBuM i
IIBUIKUM IHCTPYMEHTOM [T BUBYSHHS BiJ[IIOBiJIi POCIIMH HA COJBOBHH CTpPEC Yy TOW Yac, SIK iHIII (aKkTopu
(TO>XMBH1 PEYOBUHHM, OCBITIIEHHS, TEMIIEpaTypa) 3aJUILAIOTHCS CTATUMH 1 KOHTPOJIIOIOTHCS HA ONTHMAaIbHO-
my pieai (Campanelli et al., 2013). Kynbrypa in vitro Oyna ycrminmHO BHKOpUCTaHA ISl OI[IHKH COJBbOBOTO
CTpecy y NIIEHHII, SIMEHIO, TPUTHKAIIE, MICKaHTYCY, OaKiIa)aHiB, JIIOIIEPHU, KMHHY, TOTIOJI BepOH, TIaTTbMU
i T. a. [lpu 1pOMy TOJIEpaHTHICTH 10 CONBOBOTO CTPECY BU3HAYAIOTh Pi3HUMHM HuLixamMu. Hanpuknan, y qoc-
Ji1ax 3 JIONEPHOI0 TOJIEPaHTHUMH BBAXKAJIH MPOPOCTKH, SIKI BUXKHIIM Y CEPEIOBHUIIN 3 HAHBUIIOIO KOHICHT-
pamietro NaCl (200 MM), a motiM Ha OCHOBI BUTIpOOYBaHHS BiJlIOpaHUX KJIOHIB B yMOBaX IMOMipHOTO COJIbO-
Boro crpecy (75 MM NaCl) (Campanelli et al., 2013). Crifiki kiniTuaHI JiHil (3a3Bu4ail 1o NaCl) moxHa
OTPUMYBATH JIBOMa LUIAXaMu: 1) pO3BMHEHY KaJIOCHY TKaHMHY BiIpa3y HepecayKyloTb Ha CEpEAOBHILE 3
MOCTIHOIO KOHIICHTPAIIIEIO COJli; 2) KAIIOCHY TKaHWHY MiJIAaI0Th BIUTMBY MTOCTYIIOBOTO 301IBIIICHHS KOHIIE-
HTpauii coni (Hannachi et al., 2021). dpyruii BapianT € Oinpll eeKTUBHUM, OCKIIBKH KaTIOCH XapaKTepH-
3yIOTBCSI KOMITAKTHUM POCTOM, 3€JIEHHM KOJBOPOM, BiICyTHICTIO HeKpoTnuHUX 30H (Hannachi et al., 2021).

Merta nociipkeHb — 3IHCHATH OOTPYHTYBaHHSI MOKJIMBOCTEH TECTYBaHHsI TOJIEPAHTHOCTI (CTIHKOCTI)
HETICHXOTPONHUX KoHOMemb mociBaux (Cannabis sativa L.) 10 coimpoBOro crpecy, MTYyYHO 3MOIEThOBAHOTO
B KyJBTYpi in Vitro. KanrocHy KyJbTypy OTpUMYBajId Ha OCHOBI TiMOKOTHWJIFHHX CETMEHTIB, IHOKYJIbOBaHUX
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Ha KUBWJIBHOMY cepenoBulli Mypacire i Ckyra, gqomosaeromy 0,5 mr/a 2,4-J1, 0,3 mr/n kineruny, 0,5 mMr/n
I'K3 mnst ingykmii kamocorenesy i MopdoreHesy, a TakoK, 3aJeKHO Bif THITY 3aCOJIEHHS, BIAIOBITHOIO KOH-
LIEHTpaIli€lo coii. BapiaHTu HOCIIIIB 32 MACOBOIO YaCTKOIO COJIEH Y *KUBIIIFHOMY CepeoBHIII (Y KPHUCTAJIO-
rifpatiB y mepepaxyHKy Ha 6e3BomHi comi) mictunu xnopuau: 0,25, 0,5, 0,75, 1,0 i 1,25% NaCl, 0,25, 0,5,
1,0, 1,5 i 2,0% MgCl; - 6H,0; cympdaru: 0,5, 1,0, 1,5, 2,0 i 2,5% Na,SO,, 0,5, 1,0, 1,5, 2,0 1 2,5%
MgSO, - 7H,0; kapbonaru: 0,15, 0,3, 0,45, 0,6 1 0,75% Na,COs, 0,075, 0,15, 0,3, 0,45 1 0,5% NaHCOs. 3a
YMOBH J0JjaBaHHs [BOX KOMOIHAIlIl colel CIOMyKH MOEAHYBAIH y MacoBHUX dacTkax 3/5 1 2/5, ne mepeBa-
*arouoro Oyna nepma cinb. [1oTiM mpoBOaMIN MIKPOKIOHAIBHE PO3MHOKEHHSI YTBOPEHHUX COMAKIIOHIB (Po-
CIIMH-PETeHEPAHTIB) 3 KAOCYy Ha 0e3ropMOHAIIEHOMY CEPEIOBHII, TOTIOBHEHOMY 3aJIe)KHO BiJ] THITY 3aCO-
JICHHS BWINEBKAa3aHUMHU KOHIIEHTpamisMu cojeid. Ilicis ykopiHeHHS MIKpOKIIOHHM aJanTyBalld B YMOBax
in vivo. Pi3Hy peakiito Ha COJBOBHH CTPEC 1 TOJEPAHTHICTH (CTIHKICTB) O COJBOBOTO CTPECY KOXKHOTO
OKpEMOro TEHOTHUITY BH3HAYald 32 PiBHEM BIKMBAHOCTI KaJIIOCIB, IHTEHCHBHICTIO KaJlIOCOTeHe3y (Ipupoc-
TOM TKaHUHH) 1 YaCTOTOIO OPraHOTe€HEe3y, PIBHEM BIDKHBAHOCTI POCIHH-PETEHEPaHTIB, MOPPOMETPHIHUMHU
MOKa3HUKAaMHU MiKPOKIIOHIB 3a CEeJIEKTHBHUX YMOB B TIOPiBHSIHHI 3 BapiaHTOM 03 J0/aBaHHsI COJICH.

YcraHOBIEHO, IO KOHOIUTI IOCUTh BUPaKEHO pearyBajd Ha IiABHUIICHHS KOHIECHTpALil coNel y jKu-
BAJILHOMY CEPEIOBUIIIi: B YMOBAX COJIBLOBOTO CTPECY CIOCTEPIranocs 3MEHIIEHHS CX0KOCT1 HACIHHS, BUCOTH
MaroHiB, BUPOIIEHUX 3 HACIHHS, 1 KUTBKOCTI MIXKBY3JIiB HAa HUX, YaCTOTH KAIIFOCOT€HE3Y 1 HAKOTIMYEHHS MacH
KaJIFOCy B pe3yJIbTaTi 3aCTOCYBaHHS (D iTOTOPMOHIB, BUCOTH MIKPOKIIOHIB, KITBKOCTI MiXKBY3JIiB 1 YaCTOTH pH-
30TeHe3y 32 YMOBHU MiKPOKJIOHAIEHOTO PO3MHOKEHHs. HalfOIbI mpraaTHUM JUTsS KyJIbTUBYBaHHS KOHOIIETb
Oyno cepenoBHINE 3 CymbhaTamMu, a HAMMEHI — 3 KapOoHaTaMH (MIPUIOMY 32 MOPIBHAHO HU3BKHUX KOHIICHT-
pattiii); 32 yMOBH MO€IHAHHS PI3HUX THIIIB 3aCOJICHHS — XJIOPUAHO-CYIb(PATHOTO, XJIOPHUIHO-KApOOHATHOTO,
CyIb(haTHO-XJIOPUIHOTO,  CYJIb(paTHO-KapOOHATHOTO,  KapOOHATHO-XJIOPUIHOTO, Ta  KapOOHATHO-
Cynb(haTHOTO — CIIOCTepiraiy a0 CHHEPTreTHYHUH X HETaTUBHUI BIUIMB HA PIiCT 1 PO3BUTOK EKCIUIAHTIB, 00
MEHIII¢ TIPUTHIYCHHS, MOPIBHIHO 3 BUXIHOK KOHIIEHTpAIli€r0 OHiel couti. Pi3HI COPTH KOHOIEIh XapakTe-
pHU3YBaBCsl HEOJHAKOBOKO PEAKIIEI0 HAa CONBOBHH CTpec, IO CTBOPIOE MiATPYHTS IUIsl CENEKIil MOPIBHIHO
cTiiikoro martepianmy. Po3pobineni i anpoOoBaHi TecT-cHCTEMH (SKi BKIIOYAIOTh KOHIIEHTPAIll JOCIHTIKyBa-
HUX COJIeH) JUTsI IPOBEEHHS CKPUHIHTY JI0 COJIBOBOTO CTpecy 3a0e3rmeuyBaii CeIeKTUBHICTD MPH J000Pi.

VY po3pobiaeHoMy Hamu crrocobi 1o00py iN Vitro TojgepaHTHHX 0 COTBOBOTO CTPECY TeHOTHITIB KOHO-
HeITb, SIKMH BKIIIOYAE KYJIbTUBYBAHHS EKCIUIAHTIB B YMOBAXx [ii CTPECOBOTO YMHHUKA, CIIPSIMOBAHOTO TPOTH
HOPMAJIPHOTO PO3BHUTKY Ta BUKMBAHHS HECTIHKHUX (HOpM, H00ip OKpEMHUX T€HOTHUIIB IPOBOIATH HA PiBHI pe-
TCHEPOBaHMX 3 KAIIOCIB COMAKJIOHIB 3 J0/IaBaHHIM JI0 KUBHJIBHOTO CEPEOBHUINA 3aJIeKHO BiJ THUIY 3aCO-
nenns 0,25% NaCl a6o 0,75% MgCl, - 6H,0 3a xnopunnoro, 0,5% MgSO, - 7H,0 abo 1,0% Na,SO4 3a cy-
neartHoro, 0,15% Na,CO3 abo 0,30% NaHCOj; 3a kapoonaTHoro 3aconenns (Mishchenko et al., 2022). Ca-
Me Taki KOHIIEHTpalii CIOJIyK BHSBJISIOTH CyOJeTadbHUI Ta JeTaIbHUN €(EeKT, € CeIeKTHBHUMHU Ta JAI0Th
3MOry mpoBecTH A00ip. OlliHKa 3a YMOB J0JJaBaHHS J0 dKUBUJIBHOTO CEPEIOBHIIA Pi3HUX THUIIB coJiel (XJ10-
puaiB, cynbdariB uu kKapOOHATIB) JO3BOJISIE BUALISATH TOJEPAHTHI IO CTPECOBOTO YNHHHUKA TEHOTHITH IS Pi-
3HUX THUIIIB 3aCOJICHHS IPYHTIB Ta IPUCKOPIOBATH CEJIEKIIIHUIA TIporiec.
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To provide humanity with food, more and more productive genotypes are constantly being developed.
By breeding, it has been possible to increase the productivity of bread winter wheat (Triticum aestivum L.)
several times and to obtain up to 15 tonnes of grain from 1 ha. But, on the other hand, this approach has led
to a narrowing of the genetic diversity of the varieties introduced into production, which in turn has led to the
accumulation of pathogens and worsening of plant adaptation to changing weather conditions (FAO, 2022).

Expanding genetic diversity and, as a result, increasing wheat resistance to diseases and abiotic factors
can be achieved by involving genetic resources of related wild and cultivated species and genera, as well as
artificially created amphidiploids of different genomic structures, in the breeding process. Useful genes for
drought, frost, salt, and disease resistance have already been transferred to durum wheat by remote hybridisa-
tion, which is especially relevant in recent years when global climate change has led to changes in the spe-
cies composition and harmfulness of pathogens (Ahmadi et al., 2018; Lyfenko et al., 2014; Morgounov et al.,
2018). Interspecific crosses of modern high-yielding local varieties with sources of foreign plasma of differ-
ent origins are a promising direction. Introgressive lines obtained from such crosses can be valuable sources
of resistance to pathogens and other useful traits (Gorash et al., 2014).

In this regard, the aim of the study was to investigate the phenotypic diversity of new wheat lines de-
rived from complex interspecific hybrids and their backcrosses in terms of their resistance to common dis-
eases, productivity, and other important economic traits.

Methods. 867 introgressive lines of winter bread wheat of different generations, degrees of saturation,
and genetic origin were studied. These are mainly derived from crosses of bread wheat varieties of the SGI-
NCNS (Odeska 267, Albatross, Selyanka, Kuyalnyk, Gurth, etc.) with the collection sample H74/90-245,
three original introgressive lines (E200/97-2, 592PH16, and E214/09-1), five amphidiploids (AD Zhyrova,
ES4, ES17, ES20, and ES25) obtained with the participation of Aegilops tauschii Coss, and the variety
Vigen, created by hybridisation with the wheat-elimination amphiploid Elytricum fertile, or after the final
crossing of backcrossed hybrids with the MAL line, which has a modified 1BL.1RSm translocation on the
genetic background of the spring variety Pavon 76. The sample H74/90-245 was created at the Dobruzhan
Agricultural Institute — General Toshevo (Bulgaria) from the cross Tom Pouce Blanc /AD (T. timopheevii
Zhuk. — Ae. tauschii ssp. strangulata Coss.) // Aurora /3/ Rusalka, introduced to the National Centre of Plant
Genetic Resources of Ukraine (Kharkiv, Ukraine) under the number 1U029995 (Motsnyi et al., 2022).

Results and their interpretation. The field experiments were conducted during 2017-2021 on the ex-
perimental fields of the PBGI — NCSCI on black fallow land without irrigation. Resistance to common dis-
eases was studied under conditions of natural infectious backgrounds in the control nursery, under provoca-
tive backgrounds in the infectious nursery, and during line development. For rust species, resistance was ad-
ditionally assessed against an artificial infectious background in the field infectious nursery of the Depart-
ment of Phytopathology and Entomology on a 9-point scale at the stage of maximum disease development.
The data were processed using analysis of variance and correlation.

Most lines (= 65%) showed resistance to rust species with an average resistance index of 5.5-6.9
points. High (6-8 points) and long-lasting (all years of research) resistance to stem rust was observed in the
derivatives of the collection sample H74/90-245 — improved introgressive lines obtained from crosses with
the original lines of E200/97-2, 592PH16, and E214/09-1.

In the primary introgressive lines (E200/97-2, E125/03, and H242/97-1), which served as sources of
resistance in these combinations, the wheat-rye translocation (WRT) 1BL.1RS of the Aurora type from the
sample H74/90-245 was detected by protein electrophoresis. This translocation may have been transmitted to
their descendants, the improved lines. It is known that the 1RS arm of this PJT carries the
Lr26/Sr31/Yr9/Pm8 gene complex. Although the effectiveness of these resistance genes has been partially
overcome by the emergence of new pathogen races, the Sr31 gene is still considered effective in Ukraine.
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The achieved level of resistance (7—8 points) cannot be attributed to a single wheat-rye translocation.
It is likely that some of the effective Sr genes originate from the AD amphiploid (T. timopheevii-Ae. tausch-
ii), which is part of the pedigree of accession H74/90-245. The creation of a material with this type of re-
sistance is an exceptional success, as stem rust is now represented by the most virulent races and poses the
greatest threat to wheat in many regions of the world. Among the amphiploid derivatives of Ae. tauschii,
such lines were very rare; most lines were resistant to stem rust at the stage of milk ripeness (7-8 points),
gradually losing resistance as the grain matured with a score of 2—4 points.

Less than 20% of the genotypes (E2792/14, E218/09, E212/09, AIL1073/16, AIL341/18, AIL345/18,
AIL347/18, AIL353/18, etc.) showed resistance to powdery mildew, and the trait was more dependent on the
conditions of the year than resistance to other diseases, as evidenced by the wide variation of the trait over
the years from favourable to resistant. Lines E2792/14, E218/09, E212/09, and AIL1073/16 were identified,
which showed group resistance to local populations of brown, yellow, and stem rust over the three years of
research.

The study of the relationship between the degree of resistance of samples by years was determined us-
ing the Spearman rank correlation coefficient. By years of cultivation, this correlation varied from
Rsp = 0.42 to 0.48 for powdery mildew, within Rsp = 0.82 to 0.54 for leaf rust, and was Rsp = 0.30 for Sep-
toria. This may be due to changes in the racial composition of pathogen populations, which is confirmed by
the evidence of phytopathologists, and the presence of unidentified ineffective race-specific resistance genes
in the material.

Based on the results of the research, we have identified lines E2776/14, PI1L644/18, PI1L652/18,
AIL1073/16, AIL341/18, AIL345/18, AIL347/18, AIL353/18, etc.) that combine resistance to the most
common diseases and other economically useful traits. These introgressive lines are being further studied in
preliminary, competitive, and ecological variety trials.

Creation and selection of resistant introgressive lines and their further study in breeding, competitive
and control nurseries showed that 20-43% of resistant material is characterised by late maturity, tallness, low
resistance to lodging, brittleness and looseness of the ear, stiffness of spikelets and flower scales, which leads
to under-threshing Thus, 21% of all studied lines (mainly from crosses with Ae. tauschii) were poorly
threshed by the combine, although the degree of manifestation of this trait was different. The most produc-
tive line AIL1161/16 was characterised by a tendency to lodging and late maturity — it ears 3—4 days later
than the standards in the experiment, which, in the case of early summer drought typical for the south of
Ukraine, can lead to grain inflammation, reducing its yield and quality. To overcome the late maturity, it is
advisable to cross individual disease-resistant lines with the earliest maturing modern varieties.

Conclusions. The obtained introgressive lines of winter bread wheat are not completely free from
negative traits, but they are promising sources of resistance genes to pathogens for the creation of innovative
material and current breeding programs in the South of Ukraine.
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[Tepen cenekuionepamMu CTOITH OCHOBHE 3aBIAaHHS 31 CTBOPEHHS BHCOKOIPOXYKTUBHHX COPTIB IIIIIe-
HUI M ko1 Triticum aestivum L. 3 BUCOKOIO SIKIiCTIO 3€pHA, CTIHKHUX 10 HECTIPUATIUBHX YMOB 30BHILITHHOTO
cepenoBuIa. MeTooM BHYTPIIIHBOBUAOBOI TiOpuau3allii BAajIocs 3HAYHO 30UIBIINTH MOTEHIIWHY BPO-
XKANHICTD KyJIBTYPH, aJie Pa3oM i3 3pOCTaHHSIM IMPOIYKTHBHOCTI 3arocTpwiacs MpobdiemMa 3aXHCTy POCIHH
BiJl XBOpPOO, IIKiTHUKIB Ta IHIIMX HECTIPUATIMBUX YAHHUKIB. B TO ke yac Hapasi HEOOXiAHI COPTU HE JIHIIE
3 BUCOKMM T€HETUYHUM MOTEHIIaJIOM NMPOAYKTHUBHOCTI, aJie i 37]aTHi y pi3HOMAHITHUX €KOJIOTIYHUX YMOBaX
30H PHU3UKOBaHOTO 3emiiepoOcTBa Cremy YKpaiHu, HA HU3BKHX arpo¢)OHax i HaBiTh 3a TEXHOJOTIYHHX Bif-
XHUIIEHb 3a0e3MevyBaTH JTOCTATHIA MIHIMYM YpOXKaiHOCTI. Bimbmn Toro, CTBOPIOIOTECS COpPTH, MPUAATHI, 3a
PaxyHOK 3HAYHOTO MiJBHILIEHHS iX aJlalTHBHOTO MOTEHIiany, 0 eKCTpEMaTbHIX YMOB BHUPOIIYBaHHSI, a Ta-
KOX IIJIsl TexHoJoriii 6e3 o0poOiTKy rpyHTy. Husbka BpokaliHICTH dacTo OyBae 0OyMOBJIEHa PO3BHUTKOM
xBOpoO a00 HHU3BKOIKO aJanTaIli€ro 10 yMOB BupolryBaHHsA. OMHAK, y Mipy BHUYEpIIaHHS 3amaciB TeHIB CTiii-
KOCTi /10 TpHOHUX XBOpOO (Takux sk OOPOLIHKCTA poca, BUAM ipXKi, CENTOPiO3 JUCTs) CUTYyallis JIUIIE TOTi-
pIIy€eThCsI, 0COOIHMBO HA TIIi 3MiH KJIiMaTYy.

Mertoro gociimkeHHs O0yJ0 BUBYEHHS CTIHKOCTI JIiHIN, CTBOPEHUX METOJOM BiJIaleHol riopuan3arii
JUKOPOCIIMX POAUYIB MIICHUI 3 CYYaCHUMHU COPTaMH, TPOTH OCHOBHUX XBOPOO MIIeHuUIll B ymoBax IliBaeH-
Horo Cremy Ykpainu.

Buxigawii maTepian HapaxoByBaB 3arajgoM 153 riOpumHi JiHIT TIIEHUII M’ SIKOI 03UMO1, CTBOpPEHI Bij
cxpeuryBanHs copTiB CI'T-HIHHC (Onecbka 267, Ansbatpoc, Censinka, ['ypT Ta iH.) 3 KOJEKLIMHUM 3pa3KoM
(H74/90-245), opurinansaumu inTporpecuBHuMH JTiHisimu (E200/97-2, 592PH16 1 E214/09-1) Ta ampimnoi-
namu 3 yuactio Aegilops tauschii Coss (AJ] XKuposa, ES4, ES17, ES20 i ES25), a Takox peKypeHTHuUit copt
(Onecobka 267). JIiHil xapakrepu3yBaiucs pi3HUM MOXOKEHHSIM Ta CTyIIEHEM HACMYEHOCTi TeHETUYHUM Ma-
TepiajloM CydacHUX COPTIB.

CriliKicTh IPOTH NONIMPEHUX 3aXBOPIOBaHb JAOCIHIKyBajack y BCix 153 miHiil Ha mpupogHOMY iH(e-
KiiitHOMY ¢oHi nipoTsirom 2015-2021 pokiB 3a Beck mepioj; CTBOPEHHS Ta JOCHiHKeHHs JiHid. [lapanenpHo
OLIIHIOBAIM CTIHKICTh TPOTH JIMCTKOBOI Ta CTEOJIOBOI ipKi Ha MpoOBOKaliHHOMY (oHI B iH(pekuiiHOMY
MOJILOBOMY PO3CaIHMKY Biaainy ¢itomaronorii Ta entomosorii CI'I-HIIHC. Kpim toro, B 2021 p. Oyiu mo-
mmpeHi miperogopos (Pyrenophora tritici-repentis Died.) ta tBepna caxka (Tilletia caries (DC.) Tul.).

I'enernuynnii poH Ta YMOBH CepefOBHUIIA BiJirparoTh BAXKIWUBY POJib y (EHOTHIIOBIHM Bapiamii 1momo
CTIMKOCTI MPOTH XBOPOO Ta BIUIMBY UYXXMHHUX T'€HIB Ha BpOXKaiHicTh mimeHumni. ditomaTonoriyHa oliHka
BUSIBUJIA JIOCHTH IIUPOKY BapiaTUBHICTH CTYINEHS YPa)KeHHs €KCIIEPUMEHTAIbHUX JiHIH OOPOITHUCTOI PO-
COI0, JIMCTKOBOIO 1 KOBTOIO IpXKEI0 Ta CENTOPiO30M JIMCTS MPOTATOM POKiB JociikeHHs. Kopemsmii Mixk
OLIIHKAMH CTIHKOCTI MPOTH OJHOTO i TOTO X 3aXBOPIOBAHHS, OTPUMAaHi HA TUX CAMHX EKCIIEPHMEHTAJIbHUX
TiHISAX y Pi3HI POKH iX BUPOIIYBaHHS, CTAaHOBUIN Ry = 0,42 1151 OOPONIIHUCTOI pOCcH, KONMUBAIHCS B MeXax
Rsp = 0,45-0,71 nnst aucTkoBoi ipxi 1 6y Ry, = 0,22 s xxoBToi ipxki Ta Rgy = 0,31 mmst cenropiosy. e uin-
KOM BifIIOBi1a€ kKoedimieHTaM paHroBoi KOpessLii, oJep>kaHuM B MUHYJII POKH Ha 1HIIMX BUOIpKax JiHii, 1
MOJKke OyTH HACJIIIKOM 3MiH Y pacOBOMY CKJIaJi MOMYJISLIN MaTOreHIB, Ta HAsBHICTIO B MaTepiai HeiAeHTH-
¢ikoBaHUX Majoe(eKTUBHUX pacocnennpiqHuX reHiB cTiikocTi. [IpoTe HaAWOIIBII CTAIOI TPOTATOM POKIB
OyJia peakuis Ha cTeONOBY ipXKy, TOCIIKyBaHi JIiHiT OlbIIe BigpPi3HINCSA 3aJ€KHO BiJ OXOIKEHHS MaTe-
piany, HiX yMOB poky. IMOBIpHO, Iie TOB’SI3aHO 3 HASBHICTIO MOCTIfHOTO IITY4HOTO iH(EKUiHHOro (PoHY
3aXBOPIOBAHHS 3 OJTHAKOBUM PACOBUM CKJIAJIOM MPOTATOM 0araThboxX poOKiB i, OTXKe, came Mo cobi MOXe po3T-
JSaTUCA SIK MapKep iHTporpecii.

ButbIIicTh eKCIEPUMEHTAIbHUX JIHIM BUSBWINCA CTIMKMMHM MPOTH OJHOTO 3 BHIIB 1pxXi, IO
MOB’s132HO 3 YCIIIITHOIO 1HTPOTPECi€r0 Yy>KMHHUX reHiB L, Yr abo Sr 3 ycix pkeped, 3aimy4eHux J0 Tiopuam-
3anii. CTIMKUX MpOoTH OOPOIIHUCTOI pocu JiHIA Oyno Mano, a CTIMKOCTI MPOTH CENTOPio3y MPAaKTUYHO HE
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BUSIBJICHO; Kpallli JiHil Mmokasaiu MOMipHY CHPUHHATIUBICTH (5 OamiB) Ha piBHI cranmapry. JliHii, cTiiiki
MPOTH CTEOIOBOT ipXKi, 9acTOo OyNMM CTIMKUMH TaKOX MPOTH JUCTKOBOI, ajleé HE TPOTH KOBTOI ipxki. [Iporte
BHIILJICHO MEKiIbKa JIiHIHM, CTINKUX MpoTH Beix BuUIiB ipxi (E212/09, AIL87PHI1S8, AIL341/18 Ta in.). Haii-
OinblI epeKTUBHUMH BHSBUIIUCS TOXIJHI KoJekuiiHoro 3paska H74/90-245 (Tom Pouce Blanc / AD (T.
timopheevii Zhuk. — Ae. tauschii ssp. strangulata Coss.) // Aspopa /3/ Rusalka), crBoperoro y bomrapii y
Jo6pymKaHChKOMY cilTbChKOTOCTIOAapchkoMy iHCTHTYTI — ['enepan Tomeso (konumHiM [HCTHTYT TIeHUTT
Ta COHSIIHUKY). BimoMo, 1o B MUHYIIOMY, KOMOIHYIOUH YY>XHHHI T€HU CTIMKOCTI 3 PI3HUX HKEPEI, y bOMY
1HCTUTYTI OyJI0 CTBOPEHO HHU3KY JOHOPIB BUCOKOI CTIHKOCTI MMPOTH ip>KAaCTUX XBOPOO.

Crig 3a3HaunTH, WO y 3pazka H74/90-245 ta meskux WOTO MOXiTHUX 32 TOTIOMOTOIO e€JIeKTpodopesy
3amacHUX OiNKiB Gya BUSBIEHA MIIEHMYHO-KUTHS TpaHcaokamis 1BL.1IRS Tumy ABpopa. Ixni mamamxu —
JesIKi CTiHKI JIiHIT, MOXJIMBO, YCIIAJIKYBaJIH IIF0 TpaHCIOKallito. Bimomo, 1o i kopoTke mwiede 1RS Hece Hu3-
Ky 34eIICHUX reHiB cTiiikocti Lr26/Sr31/Yr9/Pm8. Xoua ix edeKkTHBHICTh YaCTKOBO BTpadyeHa uepe3 MOsBY
HOBHUX pac MaTOreHiB, eBHUH MO3UTHBHUMA BILTMB 1BL.1RS Ha eKOHOMIYHO IiHHI Ta aIanTHBHI O3HAKH BCE
X 30epiraeTncs i 3aJI€KUTh BiJl TeHETUYHOTO (OHY Ta YMOB CepeloBHIIIa. 30KpeMa, BifoMo, 1o reHu Sr3l ta
Yr9 noci edexTrBHI B YKpaiHi.

[Ipote gocsATHYTHIA piBeHBb CTIHKOCTI KpaIl¥X JiHIH He MOXKe OyTH 3yMOBIICHHUH JIUIIIE TPAHCIOKAITIE0
IBL.1RS. MoxmuBo, neski edpextuBHi Lr, Yr i Sr ream moxomsars Bin ckmagoBux amdimioina AD (T.
timopheevii — Ae. tauschii), skuii BXoauTs 10 pomoBoay 3paska H74/90-245. Tak, Bigomo, mo renu Sr36 i
Sr37 Bin T. timopheevii 3abe3neuyioTh MOMiIpHY CIPHAHITIMUBICTD (4-5 GaiiB) 10 cTEOI0BOI ipKi B yMOBax
[liBmas Ykpainu. Y Toil ke dac eeKTUBHI I'eHU CTIHKOCTI MPOTH 30yIHUKA CTEOIOBOI ipKi MIIEHHUII, 30K-
pema pacu Ug99, inentudikorani y Ae. tauschii. Otox, Baaie moeaHaHHs TeHIB CTIHKOCTI, pO3TAIIIOBAHUX Y
tpaHciokaiiii 1BL.1RS, 3 epekTHBHUMH T'€HaMU CTIMKOCTI 3 IHIIUX JDKEPEJ € MepeBaror JaHoro J0Cii-
mkeHHs. CTBOPEHHS MaTepialy 3 TAaKUM THIIOM CTiHKOCTI — IIe¢ BUHATKOBHI ycITixX, 00 came cTebioBa ipika
Hapasi CKJIajae HalOUTBIIY 3arpo3y IS MIISHUIl Y 0araTboX perioHax CBiTYy.

VY pocnigpkeHHI BUBYAIN arpOHOMIYHI €(DeKTH 4y)KWHHOTO TeHETHYHOTO MaTepialy 3 BUKOPUCTAHHSIM
eKCIIePUMEHTABHUX JIiHIA, OTPIMAHUAX B Pe3yNbTaTi BimajeHoi riopuan3amii pi3sHHX MEPBUHHUX JDKEPET
YyKUHHOI MIHJIABOCTI 3 copTramMu mieHuIi m’skoi o3umoi cemekmii CI'T-HIIHC. 3a pesynsraramu Oymio
BCTaHOBJICHO, 1110 CTYIiHb Ypa)XCHHS MaTepiainy OOpOLUTHHCTOI0 POCOIO, IMCTKOBOIO Ta JKOBTOIO ipXKero, a Ta-
KOX CEeTITOPiO30M JIMCTS MaB MIUPOKHUN Jialla30H MIHJIUBOCTI MPOTATOM pokiB. Haitbinbmr cranoto Oyna pea-
KIIisl Ha CTEOIIOBY ipaKy; JIiHIT OUTBIION MipOIO Pi3HWIIKMCS 3aJI€XKHO BiJl CBOTO IMOXOKEHHS, HI)K YMOB POKY.
Takox CTIHKICTh MPOTH XBOPOO 3aJISKUTH Bijl BUAY 30yHMKA Ta JHKepela YyKHHHOI MiHIMBOCTI. BusiBiena
CTIMKICTh TIPOTH OJJHOTO BHY ip>Ki OyJia YCHIITHO MepeaaHa 3 yCixX JpKepen, 3alydeHuX JI0 riopuan3anii, aie
710 BCIX ipXKacTuX 3axXBOPIOBaHb — MEpEeBaXHO Bif 3pa3ka H74/90-245, mo mictuth Tpancinokanito 1BL.1RS
ta T. timopheevii y pomoBoi. BusiBiiena HU3bKa 4acToTa JIiHIM, CTIHKUX MPOTH OOPOIIHUCTOI POCH, BIJCYT-
HICTh CTIHKOCTI MPOTH CENTOPi03y, a TAKOXK CllabKa MO3UTHBHA KOPEJALlis BPOXKaWHOCTI 31 CTIMKICTIO MPOTH
YKOBTOI ipXi Ta TOJNIEPAHTHICTIO IO CENTOPiOo3y.

Bubip kpammx cy4acHUX COPTIiB 1 KUIBKICTh CXpEIIyBaHb 3 HUMH BaYKJIMBIII JJISI OTPUMAaHHS CeleK-
LIAHO LIHHUX JIHIHN, HIX IUKUX BUIIB, SKi OyJiv 3aj1ydeHi y riopuausanito. Kpaii pe3ynbpraty sik 3a CTikiKic-
TIO TIPOTH XBOPOO, TaK i 3a aJanTUBHICTIO OyJM OTPUMaHi cepej YAOCKOHAICHHX JIiHIN, TOXiJHUX 3pa3Ka
H74/90-245. Haiiripii pe3yabraTu Oyid y JiHii 3 MOp(HOJOriYHUMH O3HAKAMH JIMKHAX BUiB. B yMoBax mo-
CYXH MaiiKe 130TeHHi JiHii 3 4y>knHHUMHU reHamu Lr42 i HS y renodoni copty Onecrbka 267 mokazaim BHUILY
MPOJYKTHBHICTh, MOPIBHIHO 3 PEKYPEHTHUM COPTOM 1 cTaHapTaM. Buaineno 18 niHiii-ToHOPIB 31 CTIHKICTIO
MPOTH XBOPOO, BUCOKMMH Moka3sHukaMu Macu 1000 3epeH, BMIiCTy Oiika, yposKalfHOCTI Ta MOCyXOCTiHKOCTI,
3 SIKMX U1 TOAAJIbILIOI CeNEeKIiHOT poOOTH BigiOpaHO YOTHPH MEPCHEKTUBHI NOCYXOCTIHKI JiHii.
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FIELD EVALUATION OF RESISTANCE TO POWDERY MILDEW IN TRITICALE IN
CONDITIONS OF ABSHERON PENINSULA (AZERBAIJAN)

G. D. Musayeva, R. G. Rahimov, S. P. Mehdiyeva

Genetic Resources Institute of MES of AR, Azerbaijan, musaligunel@gmail.com

Hybridization between the wheat mildew (Blumeria graminis f. sp. tritici) and rye mildew (B. graminis
f. sp. secalis) pathogens has led to the emergence of a new mildew form (B. graminis f. sp. triticale) growing
on triticale, a man-made amphiploid crop derived from crossing rye and wheat, which was originally re-
sistant to the powdery mildew (PM) disease (Marion et al., 2021). In wheat, over 64 resistance genes or al-
leles designated on 50 loci (Pm1-Pm50) have been assigned so far. PM resistance genes located on the D
genome of wheat may be not present in triticale. Nine resistance genes have been identified in rye (Karbarz
et al., 2020). In Azerbaijan, the mildew infects mostly wheat, barley, oats, and to a lesser extent rye.

The epidemic appearance of PM on triticale has been observed in several European countries, includ-
ing Belgium, France, Germany, and Poland as well. The first symptoms are fluffy white-grey spots on the
lower leaves that appear in late autumn or early spring. The spots grow and connect over time covering the
stem and later on also the ears, affecting kernels development and decreasing the yield. An epidemic of pow-
dery mildew causes yield drop and requires the preventive use of fungicides. The cultivation of triticale vari-
eties resistant to pathogenic fungi offers the most economical and environmentally friendly alternative to
chemical protection (Dyda et al., 2021).

The global cropping area for triticale is less than 2% of wheat or maize. Triticale is a highly productive
crop with multiple uses and high adaptability to harsh environments (Pozo et al., 2023). In Azerbaijan, both
bread and durum wheat are more important and between them, they occupy almost 55.5% of the cultivated
area, while the rice, maize, rye, and triticale occupied very little area or had only regional importance up to
the recent time, but it changes due to growing requirements of forage production.

The aim of our study was the field evaluation of a triticale collection consisting of 123 accessions from
different origins (Azerbaijan, Czech, Russia, and Poland). The field evaluation was conducted during the
2022 — 23 growing seasons in the Absheron Experimental Station of the Genetic Resources Institute of MES
of AR. The Absheron Peninsula is the most arid part of Azerbaijan (precipitation here is around or less than
200 mm (8 in) a year) and has a temperate semi-arid climate with warm and dry summers, cool and occa-
sionally wet winters, and strong winds all year long. The majority of the light annual precipitation occurs in
seasons other than summer, but none of these seasons are particularly wet. Disease severity of plant material
was scored between growth stage BBCH37 and BBCH63 (https://www.julius-kuehn.de/publikationsreihen-
des-jki/bbch-skala/). The severity level for leaves and other organs of plants is determined according to E.E.
Geshele’s scale (https://www.fao.org/3/i5550e/i5550e.pdf).

The field evaluation results of 123 triticale accessions revealed almost the majority of them were re-
sistant (a total of 88 accessions), while only the 11 accessions were completely immune to PM (TRL-17,
TRL-19, TRL-21/a, TRL-22/2, TRL-40, TRL-44/1, TRL-45, TRL-46, TRL-47, TRL-48, 50, TRL-51, TRL-
70, TRL-70/1, TRL-71, TRL-71/1, TRL-72, TRL-73a, 75, TRL-83, TRL-84, TRL-85, and TRL-87). Out of
123 accessions, 24 showed affection for leaves and sometimes stems in the range of 10-80%. It was noticed,
that the affection of triticale plants by PM in the current screening, was mainly recorded for growth stage
BBCH51 (heading stage).

The immune and resistant germplasm lines, identified in this study can be used for introgressing re-
sistance to high-yielding backgrounds to both wheat and triticale.
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IMPACT OF SALT STRESS ON SOMATIC CYBRIDS BETWEEN DISTANT SPECIES
OF THE BRASSICACEAE FAMILY COMPARED TO PARENTAL FORMS

I. Nitovska®, D. Ponikarovska?, O. Ovcharenko’, K. Lystvan®

YInstitute of Cell Biology and Genetic Engineering, National Academy of Sciences of Ukraine,
Kyiv, Ukraine, iranit@ukr.net
“National University of “Kyiv-Mohyla Academy”, Kyiv, Ukraine, dponikarovskaa@gmail.com

Somatic hybridization due to the fusion of protoplasts allows the combining of phylogenetically
distant plant species and obtaining of somatic hybrids and cybrids that cannot be created by crossings.
Cybrids, which contain the nuclear genome of one species and the cytoplasmic genome of another, are
convenient objects for the study of nuclear-cytoplasmic interactions in plants, including those that are
impossible to detect in naturally created cybrids, alloplasmic lines. The aim of this work was to investigate
the effect of alien plastome on the content of photosynthetic pigments, total soluble protein, and weight
changes in cybrids under salt stress in comparison to parental forms.

In vitro plants of Brassica napus, Lesquerella fendleri, Orychophragmus violaceus, and the cybrids
between them O. violaceus (+L. fendleri) (Ovcharenko, 2011), B. napus (+(O. Violaceus (+L. fendleri)) have
been investigated. The cybrid B. napus (+(O. violaceus (+L. fendleri)), combining the nuclear genome of B.
napus and the transformed plastome of L. fendleri, was obtained by the fusion of the protoplasts of the
rapeseed cv. Pactol and of the O. violaceus (+L. fendleri) cybrid. In the course of the study, the biomass
growth rate and the total soluble protein amount of cybrids were investigated after in vitro cultivation on
standard and salt-contained nutrient media in comparison with parental forms. Hormone-free MS
(Murashige, 1962) was used as a standard culture medium. The salt-contained culture medium was a
standard one, to which sodium chloride was added in a concentration of 50, 100, or 200 mM. Plants were
grown under 2000 lux illumination with a photoperiod of 16/8 h and a temperature of 24°C for 9 days.
Measurements of fresh weight gain were performed for each variant in at least 18 replicates. To obtain the
extract of water-soluble proteins, 100 mg of leaf tissue was homogenized in 1 ml of chilled buffer (50 mM
Tris-HCI, pH 8.0) and centrifuged at 14,000 rpm for 20 minutes at 4°C. The supernatant fraction was used to
measure the amount of total soluble protein by the method (Bradford, 1976). Three extract samples were
prepared for each variant. Three independent measurements were conducted throughout the study. The
remaining plant material was dried using lyophilization and weighed before and after drying. To obtain
pigment extracts, 3 ml of DMSO was added to dry plant matter (5-20 mg, depending on the plant species).
The obtained extracts were subjected to spectrophotometric measurement. The pigment concentrations were
calculated according to the formulas (Wellburn, 1994). Measurements of pigment concentrations were
performed for each variant in 6 replicates. The data were presented as average values with confidence
intervals at P <0.05. To establish and confirm the differences between the average values of different
samples, the Student's t-test was used.

The parental forms, B. napus, O. violaceus, and L. fendleri, differed significantly in growth rate during
the cultivation on a standard nutrient medium. Over the same time period, the increase in fresh weight of the
L. fendleri (chloroplast donor) occurred four times better compared to the O. violaceus (nuclear donor) and
1.5 times worse compared to the B. napus (nuclear donor). The cybrids showed growth rates similar to the
parental form L. fendleri. Thus, the growth of the cybrid plants was not inhibited, and there was an even
greater increase in fresh weight compared to the parental form of O. violaceus. The obtained data indicate
that the functional adaptation of L. fendleri plastids in the nuclear background of O. violaceus or B. napus
has occurred. The parental forms, which served as nucleus donors, O. violaceus and B. napus, responded to
stress in different ways. For O. violaceus there was an inherent growth inhibition, while for B. napus no
stress effects on plant growth were observed. The parental form of L. fendleri, which served as the plastome
donor, showed stable growth under stress conditions, although some growth inhibition was observed during
cultivation on a medium supplemented with 100 mM NaCl. The fresh weight increase of the O. violaceus
(+L. fendleri) cybrid under salt stress was actively suppressed, similar to the nuclear donor O. violaceus. The
weight increase rates of the B. napus (+(O. violaceus(+L. fendleri)) cybrid were similar to those of the
nuclear donor, B. napus.

The parent plants of O. violaceus, B. napus, and L. fendleri differed among themselves in the amount
of water in the leaves. Leaves of the nuclear donors, O. violaceus and B. napus, contained more water than
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those of L. fendleri, the chloroplasts donor. The cybrids were similar by this indicator to the parental plant
that served as the nucleus donor. The water content in cybrids and parental plants during cultivation on the
salt-contained medium compared to the standard one didn’t change significantly. Therefore, the biomass
growth of the B. napus (+(O. violaceus (+L. fendleri)) cybrid and rapeseed under stress conditions occurred
not due to an increase in water content.

Under standard conditions, cybrids had lower content of total soluble protein than the parental plants
B. napus/O. violaceus and L. fendleri. The lower accumulation of protein in cybrids may indicate partial
nuclear-plastome incompatibility and disruption of coordination between the two genomes (nuclear and
chloroplast) of distant species. Under stress conditions, the amount of soluble protein in O. violaceus and O.
violaceus (+L. fendleri) cybrid have gradually decreased with increasing stress load, whereas for B. napus
(+(O. violaceus (+L. fendleri)) cybrid and the parental plants of B. napus and L. fendleri the amount of
soluble protein have reduced only under the highest stress (200 mM NacCl).

It was established also, that the stress factor has an effect on the photosynthetic apparatus of all studied
plants. The parental plants, B. napus and O. violaceus, which served as recipients of the chloroplast genome
of L. fendleri, showed a somewhat different response to stress. A gradual decrease in the concentrations of
photosynthetic pigments in the leaves of O. violaceus with increasing salt concentration in the medium was
noted, while the content of pigments in the leaf tissue of B. napus was suppressed only at the highest
concentration of NaCl. The plastome donor (L. fendleri) demonstrated an active response to stress at a low
concentration of salt in the medium via an active synthesis of pigments. The investigated cybrids were also
affected by the stress factor. Cultivation of the O. violaceus (+L. fendleri) cybrid on media with low and
medium salt concentrations resulted in the activation of photosynthetic pigment synthesis similar to the
plastome donor L. fendleri. The concentration of photosynthetic pigments, and hence the work of the
photosynthetic apparatus of the cybrid B. napus (+(O. violaceus (+L. fendleri)) was suppressed when using
the highest concentration of salt in the medium, similar to the nucleus donor. Normal functioning of the
photosynthetic apparatus under stress was maintained in the B. napus (+(O. violaceus (+L. fendleri)) cybrid
and its parental form B. napus, indicating their relative stress resistance. At the same time, the amount of
photosynthetic pigments in the O. violaceus (+L. fendleri) cybrid and its parental form decreased sharply
under stress conditions, indicating their stress sensitivity. The value of the total chlorophyll content in the
leaves of cybrids was reliably equal to the corresponding values of L. fendleri and was reliably lower than
the corresponding values of the donor B. napus/O. violaceus

According to the results of the study, B. napus plants and the cybrid B. napus (+(O. violaceus(+L.
fendleri)) showed relative stress resistance, while O. violaceus and the O. violaceus (+L. fendleri) cybrid
were stress-sensitive. The stress tolerance of the cybrids was mainly determined by the nuclear genome,
while plant growth and the amount of total soluble protein and photosynthetic pigments in leaf tissue were
significantly impacted by the alien plastome.
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MOCYXOCTIMKICTH TETPAILIOITHAX BUAIB POJIY TRITICUM 3A
PE3YJIbTATAMHU PAHHBLOI JIATHOCTUKH

7K. M. HoBak, A. 1. JIio04enko, 1. O. JIro04eHKko

Ymancoxuii nayionanvrutl ynisepcumem cadisnuymea, Ymans, Yrpaiua,
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3MiHH KTIMaTy iCTOTHO BIUTMBAIOTh Ha €()EeKTUBHICTh BUPOOHUIITBA CLIIbCHKOTOCTIONAPCHKHUX KYIBTYP,
TOMY CTpaTeris aganraiii moTpedye BpaxyBaHHs sIK HETaTMBHHUX, Tak 1 MO3UTUBHUX e(eKTiB. BigcraBaHus y
cdepi CTBOPEHHS MOCYXOCTIMKIX KYJIBTYP TMOSICHIOETHCS CIIA0KOI0 BUBYEHICTIO TEHETHKH CIIAJKOBOCTI O3HAK
MMOCYXOCTIIKOCTI, HEJOCTATHHO TIOBHOIO OI[IHKOIO CBITOBOi KOJIEKIIIi 1 BiICYTHICTIO JJOHOPIB THX a00 1HIIHX
o3Hak criiikocti (HoBukosa, 2012).

Bpoxaiinicte mmenuni sipoi Ha 25-30% BHU3HAYAETHCA I'PYHTOBO-KIIMAaTUYHUMU yMOBaMH. Yum Oi-
JIbIIIE PO3MAITTS YMOB 30BHILITHBOTO CEPEAOBUINA, TUM BUILY €KOJIOTIYHY CTiHKICTh MOBUHHI MaTH arpoueHo-
3, SIKi MOYKHA CTBOPHUTH MiIOOPOM aJanTUBHUX 0 30HAILHUX YMOB BHpoulyBaHHs copTiB (Calderini, Ortiz-
Monasterio, 2003).

OnHi€0 3 aKTyalbHHX MPOOJIEM CEJICKINI MIICHHUII € MiIBUIICHHS CTIHKOCTI 10 mocyxu. OcolnuBe
3Ha4YeHHs Ma€ aedinuT BoaM Ha paHHIX eranmax oHToreHe3y. Cepesl METOIB IIaTHOCTHKH CTIHKOCTi pOCITUH
MIICHUII 0 HEeCTaui BOJM, HAUOUIBII MOMIMPEHUM € BH3HAYCHHS BiJICOTKA MPOPOCIIOTO HACIHHS Ha PO3YH-
HaX PEYOBHUH, IO BUKIMKAIOTH 3HWKEHHsI BOIHOTO TIOTEeHIiany B KiiTuHax (Bapakin, Tapan, 2014).

VY cenekmii mimeHI i, sIK M’sIK01, Tak 1 TBEpOi, JOCTATHHO IMIMPOKO BUKOPUCTOBYIOTH T10OpHUIU3AILIIO 31
CIOPIAHCHUMU BUJAMH Ta POJIaMH 3JIaKiB, I[0 MAIOTh BEJIWYEC3HUI MOTCHINA] ICHETUYHOTO Pi3HOMAHITTS.
Bpak BuxigHOTO MaTepiany, o iCHy€e Ha TJAHOMY €Talli PO3BUTKY CEJEKIIil, IIOB'I3aHnui 3 OOMEXEHNUM TeHO-
(hOHIIOM SIK BITUM3HSHUX, TaK 1 3apyOiKHHUX COPTIB mueHuIi. e 3MyIrye cenekmionepiB 3a1y4aTy y CKIaa-
HY CHUCTEMY CXpellyBaHb MAJIOMOUIMPEH], HAIIBAMKI i 1uKi Buau Tpubu Triticeae Dum. Cenexiionepu pi3-
HUX YCTaHOB HAMAraroThCs BAOCKOHAJIUTH METOH MiJBUILECHHS €()eKTUBHOCTI IHTPOrPECUBHUX CXPELYBaHb
3a]1s1 TIOA0JIaHHSI HECYMICHOCTI 1 CTepHIIBHOCTI OTpuMaHuX riopumis (demuaos ta iH., 2017).

B YmaHChKOMY HaIiOHAJILHOMY YHIBEPCHTETI CaJ[iBHWUITBA iCHYE KOJICKIIisl TETPAIDIOiTHUX BUJIIB
miIeHui, a came: Triticum aethiopicum, Triticum dicoccum, Triticum ispahanicum, Triticum persicum,
Triticum polonicum. TiOpuau3arist Mi>k HUIMH Ta COPTaMH TIIIEHMIT TBepaoi Triticum durum mocuts pesyib-
TaTHBHA, TOMY BOHH [IOCTAalOTh JOHOPAMHU KOPHCHUX O3HAK.

MerToro Haioi poOOTH 0yJI0 BCTAHOBJICHHS Ta MOPIBHSHHS CTIMKOCTI J0 MOCYXH JaHUX BUIIB 3 TIEpPC-
MEKTUBOIO TIOJAJILIIOTO BKIIOYCHHS iX Y CeJIeKIiiHuE nporec. [1i Buayu MU MOPiBHIOBAIX 3 COPTOM MIICHHUIT
TBepaoi [301b14.

O1iHKY MOCYXOCTiHKOCTI BWAIB MIIEHHIII MPOBOJMIM HUISXOM HPOPOIIYBaHHS HACIHHS y pO3UYMHAX
MaHiTy. BimiOpani maprii HacigHs (o 100 mT.) 3amModyBany y Bofi (KOHTPOJBHHN BapiaHT) Ta PO3YMHAX
MaHITy pi3HUX KOHIIeHTpalli (4, 6, 8, 10, 12%). ITicns HaOyxaHHS HaCiHHS pO3KJIaJ[aJId Ha OJHAKOBI BiJic-
TaHl Ha cMYXKHU (QinbTpyBanbpHOro Nanepy po3MipoM 100x10 cMm. 3Bepxy HACIHUHH MPUKPHUBAIHA TaKHM JKE
MarnepoM i CKpydyBajid B PYJIOH. PynoHu nmomimany B HOCYJUHHU 3 JUCTHIILOBAHOIO BOJOIO a00 PO3UMHAMHU
MaHity. [IpopolryBaHHsl HAaCiHHS MIIEHHII TPOBOJMIIN B TepMocTaTax mpu temreparypi 25°C. [ToBTopHicTh
— Tpupa3oBa. CXOXiCTh HACIHHS BU3HAYaJIH HAa BOCEMY 100y MPOPOILyBaHHSI.

Pannst giarHocTHKA MOCYXOCTIHKOCTI € JOCTaTHRO €PEKTUBHOIO, 0 TOTO XK, JO3BOJISIE IPOAHAII3yBaTH
COPTO3pa3KH Ha eTarli MPOPOIIyBaHHs, 11032 BETeTAiiHUM TiepiojoM. ToOTO, OTpUMATH Pe3yJIbTaTH IIe JI0
BUCIBaHHS POCIIUH y TPYHT.

HaiiGinbin mpe3eHTa0eIbHUI MOKA3HHUK, [0 XapaKTepU3ye MPOPOCTAHHS POCIUH € jjabopaTopHa CXO-
xicTe HaciHHs. 3rigHo 3 JICTY 2240-93, nabopaTopHa cxoxicTh 106a30BOro, 0a30BOro Ta cepTH(IKOBAHOTO
1-3 renepariii HaCiHHsI TBEpOi MIIIEHUIII Ma€ CTAHOBUTH He MeHIne 87%. J[s iHmuX TeTparioinHux BUIiB
BUMOT'H HE HAJIal0ThCSl, OCKUTBKHU Y Halllii KpaiHi BOHW HE MalOTh TIPOMHUCIIOBOTO BUKOPUCTAHHSI.

151


mailto:nzhanna@ukr.net

SECOND INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

VY KOHTpOJILHOMY BapiaHTi (0e3 00poOKH) HalBHIIa CXOXKICTh BiMiueHa y copTy Tr. durum I3ompaa
— 95,6%, y Mexax 5%-oro 3MeHIIeHHS OyiuM MOKa3HUKHM BuaiB Tr. persicum, Tr. aethiopicum, Tr.
polonicum i Tr. ispahanicum. biotun Triticum dicoccum xapakTepusyBaBcsi cxoxicTio 88,4%, 110 mocrymna-
nock copTy I30mpaa Ha 7,2%.

Buxopucranas HalilMeHIIOT KOHIIEHTpaIlii MaHITy y gociiai (4%) 3yMOBHIIO 3HIKEHHS CX0KOCTI BCIX
aHai30BaHUX OloTHIiB. HaliMeHI CTIMKUM BUSIBHBCS 3pa30K BUAYy TI. PErSiCUM — 3HMKEHHS CX0XKOCTI MO-
PIBHSHO 3 KOHTpoJieM ckiaanano 23,8 BimcoTkoBux myHKTH. HaTomicTs, 3pa3ok Buay Tr. aethiopicum Oys
HAWOUIBII CTIHKUM — CXOXicTh Oyia 85,6%. Y copry [3oabma Ta Buais Tr. polonicum i Tr. ispahanicum sa-
0opaTopHa CXO0XKiCTh 3HWKYBanach Ha 12,5-15,8, y monbu 3Bn4aitHoi — Ha 18,7 BiICOTKOBHX ITyHKTH.

301TBIICHHST KOHIIEHTPAIlil OCMOTHYHO aKTUBHOI peYOBHUHU A0 6% 3yMOBHIIO TOJAIBIIE TPUTHIYCHHS
npopoctanus. [IpoTe Takox crocTepiraisack CHIIbHA 3aJISKHICTh BiJ reHoTHIy. JlabopaTopHa cXoxicTh 0io-
tumy Tr. aethiopicum Oyuna HaiiBuio Ta cranoBuia 75%, TOAl SIK yCi iHIN BUAM MaJli MOKA3HUKHU HA PiBHI
50,4-56,2%.

[Ipore BukopucTanHs 8§%-0r0 PO3YMHY MaHITy 3yMOBHJIO TOJAJIbIIE 3MECHIIEHHS SK CXOXKOCTI, TaK i
CTIMKOCTI Pi3HUX TETPAIUIOIMHUX BHIIB IO HHOTO. 3a ITi€l KOHIEHTpaIlii HAWO1IBII CTINKIMH BHIAMHU BUSBH-
quck Tr. aethiopicum (maboparopua cxoxictb — 34,3%), i Tr. polonicum (33,6%). ITokazuukom y 30,4% Bi-
Ipi3HsIBCsS 3pa3ok Buay Tr. ispahanicum. IIpoTe HaliMEHIIUI MOKA3HKK Bi3HA4Y€HO y copTy Tr. durum.

3a koHueHTpawii ManiTy 10% HaibinbIIO0 MabopaTopHa cxoxicTh Oyna y Tr. ispahanicum — 20,1%.
biotunu Buaie Tr. persicum, Tr. aethiopicum, Tr. polonicum i Tr. dicoccum xapakTepu3yBauCh MOKa3HH-
Kamu BignosinHo 16,4; 17,0; 15,5 1 12%. Hacinns copty [30omp1a Mano cxoxicts e 8%.

3a 12%-0r0 po3unHy MaHITy HE CIIOCTEPIiraloch MPOPOCTAHHS JKOTHOTO Oi10THITY.

OTmxe, HaWOUIBII CTIMKMMHU 10 CEpeAHIX KOHIEHTpauid manity (4-8%), 3a maHuMmu JabopaTopHOL
CXOXOCTI, € 3pa3ok Tr. aethiopicum, 3a Bucokux kourenrpaiii (8-10%) — Tr. ispahanicum.
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Beryn: Quercus robur L. — ocHoBHa JTicOyTBOpIOIOYa TOPO/Ia JIICOCTENOBOI YaCTHHU YKpaiHH, pOCTe
MEPEBAYKHO B JIONIMHAX PIYOK, X04a 3aB/ASKH TNIMOMHHIA KOPEHEBiH CHCTEMI, 4acTO 3yCTPidaeTbes Ha OLIBII
nocynumBux AinsHkax. CydacHi mexi momupenns Q. robur B €Bpasii cBimuath nmpo #oro BHCOKy IiacTHy-
HICTB 1100 BOJIOTOCTI Ta TEMIIEpaTypy MOBITps. 3adikcoBaHO, 10 I OKPEMUX JIEPEB XapaKTepHE yCHUXaH-
HSI BEPXiBOK, IO TOB’S3aHO i3 3HWKEHHSM PIBHA MiA3EMHHUX BOJ. Y 3B’S3KY 3 0COOMUBOCTAMHU MOPQOIOTii
Ta IMHAPOKHUM apeaioM Iei Bua Oyio oOpaHo o0’ ekrtom gociimkeHHs. [Ipu HaTypHUX mocmimkeHHsIX ¢izio-
JIOTIYHOTO CTaHy BiKOBHX jepeB, 30kpema Q. robur, mpobiema po3mipy CTaTHCTHUHOI BUOIPKH MA€ BEJIUKE
3HaueHHs. [y OLiHKY CTaHy OJHi€] OCOOMHM MOTPiIOHO MpOaHATI3yBaTH PENPE3eHTATUBHY KUTBKICTh OioMa-
Tepiamy. Y BUIAAKY JUCTKIB, 3aJI€KHO BiJI TOCTAHOBKH 3aBJaHH:, I1e MOXKe OyTH BHOiIpKa 3 pi3HUX SIPYCIiB Ta
pizHUX OOKiB AepeBa, a0 MOKe OyTH JOCTaTHHO BUOIPKM PO3BHHEHMX JIMCTKIB 3 AEKUTBKOX TUIOK Yy TEBHIH
YiTKO BU3HAYCHIN 4acTUHI KpoHU. J[jisl BU3HAUEHHS BIUIMBY 30BHIIIHIX ()aKTOPIB, HOTPIOHO ChopMyBaTH pe-
MPEe3eHTATUBHY BHOIPKY OCOOWH, MO0 BUKIIOYWTH T€HETUYHHA Ta Pi3HI CTOXacTW4HI ¢dakTopu. Takum vu-
HOM, TSI OTPUMaHHS HaAiiHOTO Pe3yNbTaTy He0OXiTHO MPOBECTH 00CIT POOOTH, SIKUI MOXKE BUSBUTHCS HE-
JOTBHUM 3 TOYKH 30pY (DiHAHCOBHX Ta YacOBMX BUTpar. JlMCTaHIiHE TOCTIIKESHHS 3 BUKOPUCTAHHIM ae-
podoTo3iioMKH, X0Ua MOXKE MaTH 1HIII OOMEXEHHsI, TO3BOJISIE 3HAYHO CIIPOCTUTH 1 IPUCKOPHUTH JOCHTIIKEH-
Hs. MeToro JociiKeHHs Oyia oIiHKa iHGOpMaIlifHIX MOMIIMBOCTEH HEMPSIMUX JUCTAHIIITHUX METOMIB —
CHEeKTpO(hOTOMETPUIHOT Ta TEPMaIbHOI 3HOMKH KPOH, Y BU3HAUYEHHI (i310JI0TYHOTO CTaHy JOPOCIHX JePEB
Q. robur Ha pi3Hiii BHCOTI MiCIIst 3pOCTaHHS.

MeTtoan. O1iHKy (i3i0J0rYHOTO CTaHy POCIIMH MPOBOAMIHM 3a noroMororo JIP-tecty (Strasser, 1995)
3 Bukopuctanusam OJIP-dpayopomerpa G.Rep 2.0, po3pobieHOro criBpoOITHUKOM [HCTHTYTY Oi0XiMil iM.
O.1. Namagina HAH VYxkpainu L. IlporacoM. [{ng cnexkTpaipHOro i1 TEIUIOBI3iHOIO aHamizy KpoH Oyio
CTBOPEHO BHMIpPIOBAIbHHUI KOMIUIEKC Ha OCHOBI CIIeKTpasibHOI kKamepu Parrot Sequoia Ta rimepcnekrpomer-
pa Ocean Insight STS-VIS, sikuii kpinutbest Ha kBagpokontep DJI Mavic 2 Enterprise Advanced i 103Bosisie
JUCTaHLIHHO BUMIipIOBaTH cHeKTpH BinoutTs, podutn RGN, RGB Ta TemnosisiiiHy 3HOMKY KpOH Iepes.
RGN-3itomka (Bim Red, Green, Near infrared) mo3Bosisie omiHIOBaTH MPOCTOPOBHI PO3MOALT XJI0podiay B
KpoHax 3a BereraniiiauM iHgexkcom NDVI (Haboudane, 2004), a TernmnoBiziiiHa — iIHTEHCUBHICTb TpaHCITipa-
uii. BumiproBanus npoBoauin y ceprHi 2022 poky Ha aepeax BikoMm 80-100 ta 200-250 pokiB Ha BUCOKiH
(186 M Han p.m.) i HU3bKiM (130-150 M Hag p.m.) pinsHkax napky Peodanis (M. Kuis). [lapanensHo npoBo-
JIVITH BUMIPIOBAHHST MIKPOKJIIMATHYHHX MMOKA3HUKIB — TEMIIEPATYPH 1 BIJIHOCHOI BOJIOTOCTI MOBITpsi Oe3mo-
CepeHbO il KPOHAMH Ta Ha BIJKPUTUX IUISTHKAX HOPS 3 HUMHU.

PesyabTaTu. [Tapamerpu JIP-TecTy BU3Hauyanu HaBECHI IICIIS JOIY, KOJIM BOIHOrO aedinuty He 0y-
J10, 1 BJIITKY 3@ COHSYHOI [TOTOU MPH BiAHOCHIH Bojiorocti 30%, Konu J0CTiKyBaHi pOCIUHA MOTJIM Biauy-
BaTH Boguui nedinut. Hocnimxkysanu nepesa BikoM 200-250 pokiB Ha BucounHi (186 M Hag p.M.) Ta B HU-
3uHi Oinst Bomorimu (130-150 M Hag p.M.).

[MTapametp F\/Fy BiporigHo He Bipi3HSABCS y JOCIIKYBAHUX POCIHH BIIITKY, HE3aJIEKHO Bifl JUISTHKH
3pOCTaHHs Ta Biky. BecHOI MoJIo/Ia pocivHa B HU3WHI Masa HaiBumwii Fy/Fy. 3a nanumu JIP-tecty, Haii-
ripumii cran OCII 6yB y crapuioi pociiMHY Ha BUCOYHHI, 2 HAWKPAIMA — y MOJIOJIIOT B HU3HMHI OIS 03epa.
EdexruBnicts po3ainenns 3apanis B OC 11, ska xapakrepusyerbes nmokazHukoM TRo/RC, Oyna BiporigHo
BUIIIOI0 HABECHI JJIsl TPYIIU POCIIMH, 1[0 3pOCTalOTh HA BUCOYMHI, HE3aJIEKHO BiJ BiKY, a BIITKY ICTOTHO He
BigpizHsacs. Posmip C3K @C2, mo xapaktepusyerbes napamerpoM ABS/RC, Takosx Biapi3HSABCS JuiIe Ha-
BECHI 1 TakoX OyB OUIBIINM Yy POCIHH, SKi 3pOCTalOTh Ha BUCOYHMHI. MOYKHA 3pOOWTH BUCHOBOK, IO (OTO-
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CUHTETUYHHI amapaT POCIMH Ha BUCOYHHI HE3aJIEKHO BiJl BiKy Kpallle alalTOBAHUH JI0 TIOTJIMHAHHS KBAaHTIB
ciTna. EdekruBHicTs BinaToky emektpoHiB Big PL[ ®C2 (ET;/RC) naBecHi 3HaumMo Biapi3HsAIach i Oyma
BHIIOI0 Y MOJIOAIINX POCIUH MOPIBHSAHO 31 CTAPIIUMK Ta Y POCIHH Y HU3WHI, IOPIBHSIHO 3 THMH, IO POCIH
Ha BUCOYHHI.

Innexc mpomykTuBHOCTI (hoTocuHTE3y Plags BipoTimHO BiApi3HABCS y AOCTIIKYBAaHUX POCIWH JIHIIE
HaBecHi 1 OyB BUIIMM Y HU3HHI, a Y MOJIOJIIUX POCIHH Ha BUCOUMHI Plags OyB BumM, HiX y crapmmx. Ta-
KHM YHHOM, POCIMHH Ha BUCOYMHI OyJH B cepeqHbOMY OibII CTPECOBAHUMH, 1[0 MOXE OYyTH MOB’SI3aHO 3
TipIIM BOJ03a0€3MICUCHHM.

Jnst kokHOT JoKanii po3paxoByBaiu 3HaueHHs At 1 AH — cepeani pi3HUII MiX JOKaJIbHUM (TiJ Kpo-
HOIO) i cepenHIM 3HAYCHHSIMH Ha BIAKPUTIH DUISHIN TOpsia. BUsSBIeHO, 0 KPOHU POCITHMH 3 BUCOKOT TUTTHKH
XapaKTepU3yBaJIMCs HIKIOI0 TEMITEPAaTyporo 1 BUIIOKO BoJoricTio MoBiTps. Ilig kpoHaMu BCix AepeB BOJO-
ricte Oyna npubausHo Ha 10% BUILOO, HIK HA BIIKPUTUX AUISHKAX. Pi3HUIS MK pociIMHAMH, IO POCITH Ha
pi3Hill BHCOTI, IMOBIpHO, TIOB’sI3aHa 3 Pi3HOIO IUIIBHICTIO IEPEBOCTOI0 B HaOMMK4OMy OTOYeHHi. binmbiia
IIUTBHICTE POCTY JIEPEB CIPHUSE 3aTPUMII BOJOTH, 3MEHIIICHHIO MPUPOIHOI BEHTHIIALIT 1 3HIKEHHIO TeMITe-
paTypu 3a paxyHOK TpaHcmipaitii. Kpim Toro, nani e)eKTH MOXKyTh OyTH OB’ si3aHi 3 BUIIUM 3arajlbHUM PiB-
HEM 3aTiHEHHS.

[Tpu anamni3i cepeqHBOro BMicTy XJIOpo(ildy Y €eKCIIOHOBAHHX JIMCTKax KpoHu 3a NDVI Oyno BusiBneHo
CTIMKi 1HIUBITyaJIbHI OCOOTUBOCTI AepeB, sIKi HEe OyJM MOB’sA3aHi Hi 3 BUCOTOIO MiCIlsl 3pOCTaHHS, Hi 3 BIKOM
nepeBa. Haiipumii 3rauenns B paiioni 0,55-0,60 Oymo 3apeecTpoBaHO y CTaporo JepeBa Ha BUCOKIHN JiISHII
(Ha TepuTopii MOHACTHPS) 1 B MOJIOAOTO HA HU3WHHIN ninsHI (Oinst o3epa). HaltHmwkuwmii piBens, 0,35, OyB y
MOJIOJIOTO JIepeBa Ha BUCOKIH qistHII (OIS oporn).

Sk 32 aOCOMIOTHIMH 3HAYSHHSIMH ITOBEPXHEBOI TEMITEPATYypPH, TaK 1 3a PI3HUIEIO MIXK CEPETHBOO TIO-
BEPXHEBOIO TEMIIEPATYPOIO0 KPOHH 1 TEMIIEPATYPOIO MOBITPsI CIIOCTEpiragach YiTka BiIMIHHICTh, TIOB’sI3aHa 3
MiCIIeM 3pOCTaHHS JIepeB: HaMKpallly 31aTHICTh JO CAMOOXOJIOPKEHHS MPOAEMOHCTPYBAJIH IepeBa B HU3UH-
HI{ TUIAHI, TPHYOMY MOJIOJIE AepeBO Oils 03epa 0XO0J0KyBao KpoHy Ha 2,8+0,3°C, y To# 9ac sk y cTap-
IIOTO JIepeBa y mapKy KpoHa Oyna terutimoro Ha 2,1+0,4°C. Y nmepeB 3 BUCOKOT JUIAHKH TeMIiepaTrypa KpoH
Oyna B cepequpoMy Ha 5°C BHIIOIO Bijl TEMIIEPATypH MOBITPAL.

Takum 4rHOM, WMOBIpHO, POCIIMHU Ha HU3WHHIN NISHIN XapaKTepU3yBaKcs BUIIUM PiBHEM TpaHC-
mipatii, mo Moxxe OyTH MOB’s3aHEe 3 KpallluM Bojo3abe3levueHHsIM KOpeHeBol cucteMu. Pesynbratu Tepma-
JBHOT 3WOMKH Kpallle Y3roJKyIoThesl 3 pesynbraramu JIP-tecty, Hixk oninka Bmicty xsopodiny 3a NDVI.
Coaix Big3HAUMTH, IO AaHE JOCIIIKEHHS MIPOBEIEHO JIMIIE Ha YOTUPHOX POCIMHAX, 110 OAHIA POCIINHI Y KO-
XHI TPYIIi, IO HE J03BOJISIE POOUTH CTATUCTUYHO OOTPYHTOBAHMX (Pi310JOTTUHIX BHCHOBKIB, ajie 38 paxyHOK
3-pa3oBOro NMpoBe/IEHHS BUMIPIOBaHb y Pi3HI JIITHI MicsIli BAAJOCs OTPUMATH JiaHi, sSKi JO3BOJISIIOTH BUCYBA-
TH TIPUITYIIEHHS, 10 TePMaJIbHA 3HOMKa KpPOH B 000B’SI3KOBOMY IO€/IHAHHI 3 HA3€MHUM KOHTPOJIEM TEMIIe-
paTypH € MepCHeKTUBHUM METOJIOM EKCIPEC-OI[IHKK CTaHy JEPEBHHUX POCIHH, KM MOKHA JITKO MacIlTa-
OyBaTH 3a paXyHOK BUKOPUCTAHHS OE3MUIOTHUX JIITAIbHUX araparis.
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Tputrkane sipe B 3epHOBOMY KOMIUIEKCI BiJlirpa€e 3Ha4Hy CTaOiIi3yl0dy poiib Y BUPOOHMIITBI IPOIO-
BOJILYOTO 3epHa. [IiABUIIEHHS amanTHBHOCTI COPTIB TPUTHKAIC Ha JAHWM Yac € OJHUM 3 HAHBaKJIMBIIIHX
HampsMIB B cenekuii wiel KynpTypu. YacTi mocyxu, siKi TPaIlIsIOTbCA Y CTETNOBIH Ta JICOCTENOBiH 30HAX
Vkpainu, ne 30cepemkeHa Oifplia YacTHHA TIOCIBIB 3€PHOBHX KYIBTYP, BUKIHMKAIOTH MOCTiHHI HemnoOopH
BpoxaiB. OcoOIMBOI aKTyalbHOCTI HA0YBa€ CTBOPEHHS COPTIB TPUTHKANE SPOTO, aAaNTOBAHUX J0 a0ioTH-
HUX (DaKTOpiB HABKOJHIIHBOTO CEPEIOBHINA 3 BUCOKMM T€HETHYHUM MOTEHIIANIOM YPOXKaHHOCTI, 3MaTHUX
MPOSIBJIATH HOTO 3a Pi3HUX MOTOJHUX YMOB. BripoBakeHHs y BUPOOHUIITBO HOBHX, OUTBII TIOCYXOCTIHKHX
Ta aJanTHBHUX COPTIB TPUTHKAJE SPOTO JO3BOJIUTH CTAOLIi3yBaTu BHUPOOHUIITBO 3epHa (Pabuyn Ta iH.,
2022).

Mertoto aociimKeHb Oy0o BU3HAYUTH aIallTHBHI BIACTUBOCTI COPTIB Ta MEPCIEKTHBHUX JIiHIN TPUTH-
KaJie Iporo B YMOBAax CXiJIHOTO JicOCTeny YKpaiHU Ta BUAUIUTH ONTUMANIbHE TTOETHAHHS (GOpMyBaHHS Mif-
BHIIEHOI YPOXKANHOCTI 3 i cTaOIIBHICTIO B PI3HUX yMOBaX BHUPOIIYBaHHS; Y Pe3ylbTaTi aHalli3y POJIOBOIIB
BUSIBUTH OibII €(EKTHBHI CXeMH TiOpUAM3alil Ta MPUHIMIHN 3aTy4eHHsI 0aThKiBCHKUX KOMITOHEHTIB JJIsI
MMABHILEHHS afallTUBHOCTI.

[IpoBeneno exoxoriune purpoOyBanHsa y 2020-2021 pp. y nBox mynkrax [P im. B. 5. FOp’eBa, Ycru-
MmiBcbka JICP. B exonoriuHoMy copToBHIpOOYBaHHI BHBUAIHM COPTH TpUTHKae siporo Jlapxiiba xapkiBch-
kuii, JloctaTok xapkiBcbkuii, Kpimocts xapkiBcbka, Onopa xapkicbka, CBoOoma XapkiBcbka, Ckapd XapKiB-
ChKHH, bynaT XapKiBChKHIA Ta IIICTh MEPCIIEKTUBHAUX CENIEKIIMHUX JiHIM. Bu3Havany ypoxaifHiCTh Ta POsB
LiHHUX FOCMOJApChKUX O3HAK: BUCOTY POCIIHH, NIepio] HACTaHHS (a3 BereTarii, CTIMKICTh IPOTH BUJISTaHHS,
piBeHb ypaxkeHHs cerntopiozoM, Macy 1000 3epen. [lapamerpu aganTHBHOCTI — 3arajbHy aJanTUBHY 37aT-
HicTh (3A3), Bapiancy crienudiunoi agantiuBHOoi 3aaTHOCTI (CA3), BiTHOCHY cTabIBHICTD (Sgi), CeNeKIiiny
uinHicTh reHotuny (CLI) Ta xoedirient kommnencarii (Kgi) BU3Ha4amm 3a METOAMKOIO, 3aIPOIIOHOBAHOO
Kinbuerchkum ta XotuinboBoro (Kunbuerckuii, XoTsuieBa, 1989).

[upoka nudepeHiiiallis reHOTIIB 3a PEAKIIEI0 HA 3MIHM YMOB CEepEIOBHUIIA J03BOJIMIIA BUIIUTH CO-
PTH 3 BUCOKHMM DIBHEM YPOXKallHOCTI 3a Pi3HMX YMOB BHUpPOIIYBaHHS. Buimii edexT 3araibHOi aganTHBHOI
3IATHOCTI, SIKUH 1O3BOJISIE BUAIIMTH TEHOTHIIH, 110 3a0€31eUyl0Th MaKCUMAJIbHUK cepeHii BpoXaii 3a Beiel
CYKYITHOCTI cepenouil, Maau coptu CBoOoaa xapkiechka (3A3 67,9), lapxmioa xapkiBcbkuii (3A3 34,5),
Omnopa xapkiBcbka (3A3 27,9).

Ilokasuuk cneungiyHoi aganTHBHOI 30aTHOCTI XapaKTepu3ye BiIXWiIeHHS Bil 3A3 B KOXKHOMY OKpe-
MOMY CEPEJIOBHIIII, TOMY BiH € MOKa3HUKOM cTaOiLIbHOCTI renoTuy. Cepen BuiieHux 3a 3A3 3paskiB, cop-
1 Onopa xapkiBcbka Ta CBOOO/1a XapKiBChbka Majii MeHII 3Ha4yeHHs BapiaHncu CA3, 110 CBIIYUTH PO BH-
COKY cTaOinbHICTh (JOPMYBaHHS MiJBUILEHOI YpOKaiHOCTI B pi3HUX yMoBax. Lle miaTBepaKyeThes 1 moKa3-
HHKOM BiTHOCHOI cTabiIbHOCTI reHoTHITy (SQi), SKUil XapakTepu3ye 31aTHICTh TCHOTHUITY B Pe3yJIbTaTi pery-
JSTOPHUX MEXaHi3MiB MiATPUMYBATH TIeBHUNA (EHOTUN B Pi3HUX YMOBax cepeloBuIla. b crabinbHUMU
3a UM MOKa3HUKOM Oyim copTtu Kpimocts xapkiBcbka, Omnopa xapkiBchka Ta CBoOOJa xapkiBchka. ToOTO
YpOKaiiHiCTh IMX COPTiB MEHILIOI0 MipOI0 3MiHIOBAIAcs IIiJl BIUIMBOM YMOB cepeioBHIIa. Bumineni coptu
3/MaTHI e(eKTHBHIIIE BUKOPUCTOBYBATH PECYPCH Ta ONTHMIi3yBaTh ()i3ioyoriyHI TporecH Uit GopMyBaHHS
YPO’KailHOCTi B HECIPHUATIMBUX YMOBaX BHPOIIYBaHHSA. BOHM € WIHHUMHM Ui BUKOPUCTAHHS SIK BUXIIHUN
MaTepiall B CeleKlii Ha aauTHBHICTb.

BusHaueHHs koedilieHTa perpecii copTiB i JiHIM TpUTHKAJE SPOTO JO3BOIMIO BUSIBUTH PEAKIIIIO Te-
HOTHIIB Ha TOKpPAIeHHsT yMOB cepenoBuiia. Haitoinpm miactuaanmu (bi > 1), T06TO 3MaTHUMHU 3HAYHO ITi-
JBHIILYBAaTH ypOXall MPH CIPHATIMBUX YMOBaX, € copTu bynar xapkiBcrkuid (bi = 1,27) ta lapxiida xapkis-
cbKuil. BoHM MaloTh BUCOKHIA MOTEHIIa] YPOXKAHHOCTI Ta 34aTHI MAKCHMAJIHO Peati3oByBaTH HOTo y Cpu-
aTuBUX yMoBax. Li 3pa3ku MOKyTh OyTH BUKOPHCTaHI B TiOpUAM3ALIil JUIs MiABHIICHHS ypoxaiHocTi. Hu-
3bKa BiIHOCHA CTaOlIbHICTh IIMX TEHOTHUIIB CBIAYUTH MPO TE, 10 B OKPEMi POKH 1LIi 3pa3KH HE MalOTh Iepe-
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Baru Haj iHmWUMH reHotunamu. Copt Japxumiba XapKiBCHKHI BUSBUB BHCOKY IUIACTHYHICTH Ta 3arajbHy
aJaNTUBHY 3/1aTHICTh. 3a OUTBII CIPUATINBUAX YMOB BiH ()OPMYyBaB BHCOKHH, TIOPIBHIHO 3 IHITUMH COPTaMH,
piBeHb BpokaitHocti (6,75 T/ra) Ta MiABHMIIEHY CTIHKICTh MPOTH cenTopiosy jucts. CTBOPEHUH METOI0M
JIBOPa30BOTO iHAMBITyanbHOTo 1000py B F, Ta Fs 3 ridpuaHoi momynsinii, oTpuMaHoi Bi MOABIHHOTO MiKIi-
HiliHOTO cxpemryBanHs niHi CJ14-3+8p1/X10I'ACS ta X2IIT"AC2911p.

CenexiiiHa I[IHHICTD TEHOTHUITY XapaKTEPU3Yy€ MOETHAHHS CTAOUTFHOCTI, TUTACTUYIHOCTI Ta BPOYKAWHO-
cTi reHoTHITy. Brcokuii piBeHb IPOTO TOKa3HUKA CBIAYUTH PO BIAHOCHO BHUCOKI PiBHI apaMeTpiB aJanTHB-
HOCTI Ta ONTUMAaJIbHE 1X MOEIHAHHS 3 MiIBUIIEHO0 ypoxkaitnicTio. Bucoxy CUI y mocniai manu HOBiI copTi
CBo0Ooma xapkiBcbka, Omopa xapkiBchka Ta KpimocTh XapKiBChbKa.

Copt CB00O/a XapKiBChbKa GOPMYBaB BUCOKY BPOXKaNHICTh Y cepeTHLOMY Mo Jociiay (6,24 T/ra), MaB
BHCOKI PiBHI 3arajbHOI Ta crielu()ivHOl aJanTHBHOI 3IaTHOCTI, & TAKOX BUCOKY CEJCKI[IHY IIHHICTh TeHO-
tuy. CopT XapakTepu3yeTbCsl JIETKUM OOMOJIOTOM, Mae cTabiibHO cepeiHio BucoTy pociuH (108 cm).
CTBOpeHnit METOIOM IHIMBIAYaIbHOTO J000pY 31 CKIaMHOI TIOPHAHOI MOMyNAIii 03UMOTO Ta SPOr0 TPUTH-
Kaje K3PAC29I'TI2/X10CACT// KaitBoponok/3/Banentun90/4/C52XT"X3/MJI121110/5/X21114-16-
50/0P//X8InCJ123-3/3/KaitBoponok p10.

Coprt Kpimocts xapkiBcrka (popmyBaB cTaOIIEHO BUCOKY BPOXKaHICTE (5,66 T/Ta), BUSBIISB BiTHOCHY
CTaOimBHICTH Ta CeNeKIiiHY MiHHICTh reHoTUITy. CTabiIbHO 3a PiI3HUX YMOB MPOSIBIISiE KOPOTKOCTEOTICTH (84
— 93 cm), nigBuieny mMacy 1000 3epen (40,2 ) Ta CTIHKICTh POTH ceNTOPio3y JmcTs (7 OaniB), Ma€e MOI0B-
XKEeHUH repiof cxoan-konociaasg (60 ai6).CTBopeHN METOIOM CKJIaIHOI MIXKPOJIOBOT Ta MIKJIIHIIHOI T10pH-
mu3arii MJI21/Kal'b1p10/Kysneauk /3/Aict/)K3PA11/4/ Baneatun 90 p7.

Copr Omnopa xapkiBchbka MaB CTaOLIbHY BpOXKalHICTh (5,84 T/ra) Ta BUAUIMBCS 3a 3araJibHOIO Ta CIie-
U(pIYHO aJaTUBHOO 3[aTHICTIO, CEJICKIIIHOIO MIHHICTIO FeHOTUITY. DOpMYBaB CepeHIO BUCOTY POCIIMH
(108 cm) Ta xopoTmHMii TIepiof cxomu-koiociHHs (56 ni6). CTBopeHuit METOIOM CKJIaIHOI MIXITIHIHHOL T10-
puanzanii TPUTHKAIIE SAPOro Ta 03HMOT0
K3PAC29I'TI2/X10I" AC7//XKaiiBoponok/3/Banentun90/4/C52XT'X3/MJ121/5/X21114-6-5¢/510P//
X8InCJ123-3/3/’KaitBoponok pl2.

Cepen niHil BHUITY CENEKIIHY MIHHICT 32 BPOXaiHICTIO Ta amanTuBHICTIO MatoTh ATX 40-19, ATX
23-19 ta ATX 29-109.

Jlinia SATX 40-19 popmyBana BHCOKY ypoKaiHICTh y cepeHroMy 1o gociiny (5,88 1/ra). Bona xapa-
KTEPU3YETHCSI BUCOKOIO IUIACTHYHICTIO. 3a CHPHUATIMBUX YMOB (OopMyBasla HaillBHILYy BpoxaiiHicTh — 7,44
1/ra. [Ipu 11bOMYy JIiHISI XapaKTEPU3Y€EThCS BUCOKUM PIBHEM CTaOUILHOCTI. 32 YCiX BapiaHTIB €KOJIOTIYHOIO
BUITPOOYBaHHS BPOXKAWHICTh CTAHOBHWIIA MTOHAJ 5 T/Ta. BOoHa Mae MiABUIIEHY CTIHKICTh 0 CENTOPIO3Y JIMCTS
(7,5 6aniB). Jlinii AATX 23-19 ta ATX 29-19 Manu BUCOKHI PiBeHb IUIACTUYHOCTI. 3a CIIPUSTIMBHX YMOB
BOHM ()OPMYBAII BUCOKY BpOKalHICTh (BiamoBigHo 7,04 Ta 7,09 T1/ra). Ilpn upomy minis ATX 23-19 takox
MPOsIBUJIA BUCOKI PiBHI 3arajbHOi aJalTUBHOI 3JaTHOCTI Ta CENEKIIHOI I[IHHOCTI TeHOTHUITy. 3a YCiX YMOB
BUPOILIYBaHH: BOHA (popMyBasia BpOXKaiHICTh TIOHAT 5 T/Ta.

TakuM 4rHOM, Y pe3yNbTaTi eKOJOTIYHOTO BUTIPOOYBAaHHS BUAIIEHO HAWOLIBII I[iHHI TEHOTHUITH 32 T1a-
pameTpaMu aJIalTHBHOCTI, YPOKaWHOCTI Ta IIIHHUMH TOCIOJJAPCHKUMH O3HAKaMu. BHUCOKMit moTeH ian ypo-
*xaiHocri (6,85—7,44 1/ra) Ta Bucoky rutactuuHicts (bi 1,34 — 1,82) mokasanu coptu Jlap ximiba xapKiBChbKuit
ta CBOOOAA XapKiBChKa, IO CBIIYMTH MPO X 37aTHICTH €()EKTUBHO peaji3yBaTH MOTEHLIal yPOXKaHHOCTI y
CHPUATIMBUX yMOBaxX. HalOUIbII alanTUBHUMHU JI0 3MiH YMOB cepejioBuiiia € copti CBoOOa XapKiBChKa,
Kpinocts xapkiBceka Ta Omnopa xapKiBCchbka. YpPOKaWHICTh IIMX COPTIB MEHIIOK MIpOI0 3MIHIOETBCS MiJ
BIUIMBOM YMOB cepefoBuina. [Ipu 1iboMy BOHM ONTUMAaIbHO MOEAHYIOTh BUCOKHI PiBEHb BPOXAMHOCTI Ta
CTaOUIBHOCTI, PO IO CBiAYATh BHCOKI PiBHI CeNeKUiiHOT LiHHOCTI TeHoTUmiB. HaBiTh y HecnpHUATIMBUX
YMOBax BHUPOIIYBaHHS BOHU (HOPMYyBaJIM YPOXKaWHICTh ITOHAJ 5 T/ra. JlaHi COPTH MOXKYTh PEKOMEHIyBaTHCh
JUIs1 BUPOILyBaHHS IIMPOKOMY KOy BUPOOHHKIB y pi3HMX yMOBax Ha BCiil Teputopii Ykpainu. Bunineni co-
PTH € LIHHUM MaTepianoM sl CeNeKLii Ha BpOKaiHICTh Ta alalTUBHICTh. Il MO€AHAHHS B OJTHOMY I€HO-
THUIIl BUCOKOTO MOTEHIIaTy YPOXKAHHOCTI, INIACTHYHOCTI Ta CTA0LIBHOCTI IOLIJIBHO MMPOBOAMTU MIXKPOIOBY
riOpuau3aiifo i3 3aJIy4eHHSIM BHCOKOBPOXKaWHMX TMIIEHHIb, CTBOPEHUX y MICIIEBUX yMOBax, abo COpTiB
MIICHUIl BiAJaJeHOTO MOXOMKEHHS, CTBOPEHHUX IS MOCYIUIMBUX YMOB, a TAKOXK aJallTUBHUX COPTIB Ta JIi-
Hill TpuTukane CBoOoa xapkiBcbka, KpinocTs xapkiBebka, Onopa xapkiBebka, ATX 23-19 ta ATX 40-19.
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OIIIHKA PIBHA IOCYXOCTIMKOCTI COPTIB I I'IBPU/IIB
CALLISTEPHUS CHINENSIS (L.) NEES.

O. 1. Pynnuk-IBamenko, JI. O. llleBen

Tnemumym caodisnuymea Hayionanvhoi acpaproi akademii nayk Yxpainu, Kuis, Yxpaina,
rudnik2015@ukr.net

[Ipuponni ymoBu KuiBchkoi 00acTi CIPUATINBI AT PO3BUTKY KBITKOBO-IEKOPATHBHHUX KYJIBTYDP 3a-
rajoM i karmicredycy kuraiicbkoro (Callistephus chinensis (L.) Nees.) 3okpema. OjHak HEraTUBHUMH YHMH-
HUKaMH JIITHBOTO Tepioy Ul BUPOIIYBaHHS i€l KyJbTYpHU OCTaHHIMH pOKaMH € aTMOC(epHa Ta IpPyHTOBa
MOCyXa, a TAKOX HECTIHKHIl PeKUM MPUPOTHOTO 3BOJIOKEHHS 1 HEPIBHOMIPHHUNA PO3MOILT OMAIiB BIIPOJOBK
Bererallii. ToMy BU3Ha4YeHHS aJanTUBHOI 3IJaTHOCTI COPTIB i riOpuIiB KamicTedycy KUTAHCHKOTO 0 MOCYXH,
€ BaXXJINBUM 3aBJaHHSM.

Merta nociimKeHHs] — OIiHKa CTIMKOCTI IO 3aCyXH 1 )KapOCTIHKOCTI POCIHH COpPTiB Kajicredycy Ku-
TaHCBHKOTO PI3HUX COPTOTHIIIB i BiOIp T€HOTHUIIB, CTIMKMX 0 CTPECOBUX YMHHHUKIB JITHBOTO MEPiOAy s
HACTYITHOI CeJeKIIil.

JlocmikeHHs 3 OLIHKK PiBHS MOCYXOCTiKocTi coptiB i riopuaiB C. chinensis nmposoauiu B 2020-
2022 pp. O6’exTamu qociimKeHb Oymu pociuHu 12 copTiB 1 TiOpHIiB BITYM3HAHOI i 3apyOi’KHOI CEeNeKIIii pi-
3HHUX COPTOTHUMIB: XyHnoxHs — Jltoqmuna, PyGinoBi 3Bp0311, HixkHicTh; miBoHi€moniOHI — Pokcomana, [apis-
Ha, AnacTtacis, Cenas nama, riopumai Gopmu NeNe 143, 145; momnonni — Byker Kpumcon 1 ManuHoBwid
map; jJariara — Jlamnara.

JocnimkeHHs MPOBOIMIN OJIBOBUM (cxeMa nocaaku 50 x 20) Ha mociinHoMy mouti [HCTUTYTY caniB-
nunrea HAAH VYkpainu i maGopatopHo-monboBuM Metojamu. OcTaHHIA BKIIOYaB BUBYEHHS MMOKA3HHKIB
€JIEKTPOTIPOBITHOCTI TKAaHWH JINCTKIB 3a IOTIOMOTOO BUMiproBada enekrpoonopy «E7-13», skuit ocHameHui
TOJYaCTUMH MOJIIOICHOBUMH €JIEKTpOIaMu. BiHOCHY €JIeKTpONPOBIAHICTh Ta ii BTpaTy BU3HAYAIU Iepe]
(xoHTpOJB) i yepe3 1 1 3 TOAMHM eKCIIO3UIIiT 332 PO3CITHOTO COHSYHOTO OCBITIIEHHS 32 YMOB KOHTPOJIHOBaHUX
TEMIIepaTypy Ta BOJIOTOCTi MOBIiTps. JIMCTKH BiAOUpany B Nepio/id HAHOLIBIIOro HANPYKEHHS BOJHOTO pe-
xuMy. [ToIbOBY CTIMKICTB /10 TOCYXM BH3HAYaJM 32 3aralibHONPUITHATO MeToaukor (Kpusomamnka Ta iH.,
2012).

BuBuUeHHS TOCYXOCTIHKOCTI pOCIMH COPTIB 1 TOpuaHux GopM Kamictedycy kuraiicbkoro y 2021 p.
MPOBOIWIIN MiJl Yac Aii JOBrOTPHBAJIOI MOBITPSIHOI MOCYXH 32 YMOB IOMIpHUX Temreparyp. BeranosneHo,
IO JTUCTKH POCJIHH iCTOTHO PI3HSTHCS 32 MOKa3HUKOM €JIEKTPONpoBigHOCTI. HaliBumum BiH OyB y COpTiB:
Amnacracis, Cenas nama, llapisua ta PyOiHoBi 3Bb0311 — Big 2,15 no 2,34 mS, a HalinmxuuMm — y Pokcona-
Hu Ta Jlammmatu (BiamosigHO 1,23 1 1,46 mS). B iHIIMX MOCHiKyBaHUX COPTIB 1 TIOpUIHUX POPM 3HAYCHHS
MOKa3HUKA eNEKTPONPOBIAHOCTI OyII0 MpoMiXkHHUM, y Mexax 1,75-1,97 mS.

[opiBHsTEHMIA aHANI3 TONBOBOI CTIKOCTI JIUCTKOBOTO anapary pOCiHH COPTiB i1 ribpuaiB kamicredy-
CY KUTaHCBKOIO JI0 TIOCYXH, a TAKOX €JIEKTPONPOBITHOCTI TKAaHUH JUCTKIB y 2021 p. BUABUB BHCOKY KOpe-
sio (r = 0,83). PiBeHb e1eKTPONPOBIAHOCTI 3yMOBJICHUH KIJIBKICTIO 10HIB KaJIito, 110 CTA0LII3y€e BOIHHI
Oananc pociiuH. ToMy pOCIHMHY, B SIKUX LEH MOKa3HUK BUCOKMH, BiI3HAYAIOTHCS BULIOIO MOJIBLOBOIO CTiHKicC-
T10. Jluiie pociaunau copTy PyOiHOBI 3Bb03/14 Oy 3HAYHO MOMIKOKEHUMH, ajie BOJHOYAC BUILISIIUCS BH-
COKOIO €JIEKTPONPOBIIHICTIO, 1110, MOXKIMBO, 3yMOBJIEHO HOPYILIEHHSIM IPOHUKHOCTI MeMOpaH IiJ] BIZIMBOM
MOCYXH 1 BUXO/IOM 10HIB Kalil0 Y MDKKJIITHHHUAHN MPOCTIp.

VY 2022 p. mijg 9ac gii ekcTpeMarbHO BUCOKUX TEMIIEPATyp Y JIUIHI IPOBEITN BU3HAYCHHS PIBHS CHTYa-
TUBHOI TOCYXOCTIMKOCTI 1 CTIHKOCTi 10 BUCYLIYBaHHS 3a JOIIOMOTOI BHMIipIOBaHHS €JIEKTPOIPOBIIHOCTI
yepe3 1 1 3 ToAMHYU BIJIMBY MOBITPSIHO CyXOi €KCIO3MIII B KOHTPOJIBOBAaHUX JJabopaTopHUX ymoBax. Ha wac
MPOBEJICHHS aHali3y TeMmIepaTypa MOBITps B Jiaboparopii craHoBuiaa Onu3bko 30°C, a Horo BOJIOTICTh —
60%. Y MOMEHT BU3HAYECHHS TIOKA3HUKIB CUTYaTUBHOI CTIHKOCTI €JIEKTPONPOBIJHICTh JIUCTKIB OyJIa B MeKax
3,45-4,23 mS.
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MeTo0M KOPETSLIHHOrO aHalli3y BCTAaHOBJICHO, 1110 BapilOBaHHA CTIHKOCTI PiBHS €IEKTPOIPOBIIHOC-
Ti JUCTKIB, SIK TIPABHIIO, KOPEITIOE 3 PO3MIPOM JIMCTKOBOI TUTACTHHKHU Ta TTOKAa3HUKAMHU KIJTBKOCTI JINCTKIB HA
pOCIHHI.

HaiiBumyMy moxka3zHHKaMy €JIEKTPOIPOBIAHOCTI JMCTKIB (CEpeAHbO-BENUKUX 1 BEIMKHX PO3MIipiB)
BuapizHsuncs coptu Jlroamuna, IapiBaa, Hixkuicts 1 Pokconana — 3,88-4,23 mS. Jlemio HmwK4uil piBeHb Xa-
paktepHuii 1uist copTy Jlammarta — 3,83 (aucTku ApiOHI 32 po3MipoM, IpoTe X KiNbKICTh Ayke BHCOKa). Poc-
TUHY 3 ApiOHUME JrcTkamu copTiB byker Kpumcon, ManuHoBmii map i riopumm NeNel43 ta 185 xapaxre-
pu3yBaIICsl HAWMEHIIM PIBHEM €IeKTPONpoBITHOCTI — Bix 3,45 10 3,67 mS. Lle Mmoxxe OyTH 03HAKOIO BiI-
MOBITHOT KcepoMOp(PHOCTI, siKa ToeNHYE (HYHKLII0 EKOHOMIUYHOI BUTPATH BOAHM POCIUHOIO 3 OOMEKEHUM BO-
THUM OamancoM. JIJIg BEIMKUX 3a PO3MipOM JIUCTKIB 1 POCIMH HEOOXiaHA MIATPUMKA BHUIIIOTO BOJHOTO Oara-
HCy. BoHa 3a0e3neuyeThbest MiIBUINCHOIO TiApPATAIli€l0 Ta BUIIUM BMICTOM Kallito, 10 HAWBIpOTiTHIIIC BU-
3HaYa€ MiJBUIICHY €IeKTPONPOBIAHICTD JIUCTKIB TAKUX POCIHH.

AHaIi3 MOKa3HUKIB €NEeKTPONPOBIAHOCTI COPTIB i TiOpuAiB Kamicredycy KUTACHKOTO BUSBUB 3HAYHI
3MiHU B MOKa3HUKaX 3a pOKaMH AOCHimKeHb. Y 2022 p. BOHU OyiH B CepeAHbOMY Maiike BIBIUi BUIIMMHU
MTOPIBHSHO 3 YMOBaMH IOBroTpuBaioi mocyxu y 2021 p. 3a ymoB gocTaTHBOI Bosorocti rpyHTy B 2020 p. pi-
3HUI MIXK TMOKa3HMUKaMH Y COPTIiB 3a TOJILOBOIO OLIIHKOIO Ta €IEKTPONPOBITHICTIO Oysia HE3HAYHOIO, TOMY
MPOBEICHO EKCIIEPUMEHT 3 MOJICIIOBAHHS MIOCYXH B JTA0OPATOPHUX YMOBaX.

AHami3 TUHAMIKH 3MiH MTOKa3aB, IO COPTH PearyrTh Ha JiI0 MOJEIbOBAHOI MOBITPSHOI MMOCYXH TI0-
pizHOMY. BTpaTa BoiM B IMCTKax uepe3 OHY, a 0COOIMBO Uepe3 TPU TOJUHH J03BOJIMIIA PO3ALIUTH COPTH 3a
piBHeM ix mocyxocTiiikocTi. [lo rpynmu mocyxocTifikux coprtiB HanexaTth byket Kpumcon, Pokconana, Pyo0i-
HOBI 3BBO3[IU, B SIKUX MOKA3HUKU €JIEKTPOMPOBIIHOCTI Yepe3 TPH TOJMHU 3MEHIIWIMCH Ha 9,3—16,4%. o
TPYIIN COPTIB, 5IKi XapaKTEpU3yIOTHCS HEIOCTATHBOKO CTIHKICTIO A0 MOCYXH Hajexarb coptu Cenast nama,
Amnacracis ta llapiBHa, B HUX TOKa3HWUKU €IEKTPOIPOBITHOCTI Yepe3 TPH TOAWHUA 3MEHIIMINCh Ha 28,8—
31,0%. lloennaHHsa BU3HAYCHDb PiBHS CUTYaTUBHOI €JIEKTPOIPOBIAHOCTI JIMCTKIB 31 3MiHaMH 11 y mporeci aii
MOBITPSHO-CYX01 €KCIO3MIIi] TO3BOJISIE MiBUIIATH TOYHICTh BU3HAYCHHS Ta MIPUCKOPHUTH OIIIHKY COPTIB i Ti-
Opuis.

BisioMo, 110 CTiHKICTh POCTUH JI0 TIOCYXH 3HAYHOIO MipOI0 BH3HAYAETHCS BHYTPIITHHOKIITHHHHUMHU
3MiHAMH, 110 BiAOYBAIOTHCS B HUX ITiJI BILTABOM HECTIPUSATIMBUX YMOB. BMICT BOAM B TUCTKaX KOPEIIOE 3 Pi-
BHEM iX €JISKTPOIPOBITHOCTI: UMM BHUIIUH MEPIINH MOKAa3HUK, TUM OUIbIe 3pOcTae W ocTaHHid. Pociunu,
JIUCTKYU SIKAX MEHII CXWJIBHI JI0 3HEBOJAHEHHS, Ha KiHElb JTOCIiAYy MICTHIN OLUIbIIEe BOAM i €IEKTPOIPOBiI-
HICTB X TKaHWH BiAMIOBIHO Oyna Bumia. B Mipy » 3HEBOJHEHHS JIMCTKA, OCTaHHIHN 3 X TIOKA3HUKIB Y HHO-
T'O 3HIDKYBaBCSI.

BigHOCHa eekTponpoBiIHICTh Ta i BTpaTH XapaKTepH3yloTh CTaH TKAaHWH HA ITOYATKYy Ta ITiCIIs aHali-
3y. Unm Oifbllie B pOCIMHAX TIEBHOTO COPTY BMICT BOJIM, TUM BHIIIa HOro OCYXOCTiliKicTh. HaBnakw, 3a 3po-
CTaHHSIM BTPATH BOJHM IIei TOKa3HUK 3HMKYETHCS BiJIIIOBIIHO.

AHami3 OTpUMaHMX Pe3yJbTaTiB AOCHTIHKEHb CBIIYUTH MO Te, 0 (i3i0N0TiuHI MPOIECH, OB’ 13aHi 3
BTPATOIO BOJY 1 MIJBUILIECHHIM KOHIICHTpALl KIITHHHOI'O COKY 3a il MOCYXH, € Crenu(DiuHUMH IJIs PI3HUX
COPTIB.

OTtxe, coptu byker Kpumcon (iHozemHoi cenekiiii), Pokconana (BiTum3HsaHOI), PyOiHOBI 3BHO31H
(B1acHOI), 110 HAJIEXKATh 10 PI3HUX COPTOTHIIIB, AKi 32 MOKA3HUKAMH J1a00PaTOPHUX JAOCIIIKEHB 1 TOJIbO-
BHX CIIOCTEPEXEHb BUABHIUCH HAMO1IBII OCYXOCTIMKMMHU, MOXHA PEKOMEHIYBAaTH SIK BUXIAHUNA Marepial
JUTSL CEJICKIIIT Ha TIOCYXOCTIHKICTb.
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Yuriev Plant Production Institute, National Academy of Agrarian Sciences of Ukraine,
Kharkiv, Ukraine;

French National Institute for Agriculture, Food, and Environment (INRAE), Dijon, France,
vus.nadezhda@gmail.com

Climate warming has significantly increased temperatures across much of the world. The threat of heat
stress during the germination and seedling establishment stages of various agricultural crops is now more
prevalent than ever. Drought and heat stress during the growing season are limiting pea production. Many
growers are shifting the growing season of peas from summer to winter to escape the effects of stress.
However, this strategy has introduced new risks. It has moved the period of heat and drought stress to the
time of sowing and germination of the pea.

These changes require a new way of screening pea varieties for resistance to high temperatures and
maintaining germination potential. The temperature thresholds for pea plants and their responses are
inconsistent and not yet clearly identified. A simple approach to identifying HS-tolerant genotypes is to
screen the crop gene pool and landraces for HS tolerance in a specific environment. As a cool-season crop,
peas have a short vegetation period. To increase total area, cultivation, and production, there is a great need
for varieties that can be successfully grown in non-traditional areas. Their cultivation and expansion of area
will be challenged by the projected increase in temperature, both in the seasonal mean and in the occurrence
of extreme temperature events (Devi et al., 2023). Few studies have been published on the evaluation of the
effect of heat stress on the germination of pea seeds or on the screening for heat stress tolerance. The
experimental evaluation of the effect of elevated temperature on the germination and early seedling growth
of genotypes is a necessary tool in the modern breeding process.

The sensitivity of different crops to heat stress varies greatly. We need a method that is sensitive and
accurate for use in the screening process. For wheat, the critical temperature for germination is 35°C
(reduction of more than 75%) (Sharma et al., 2022), and for carrots — 37.5 (Bolton et al., 2019). Germination
and early growth of seedlings were significantly influenced by temperature.

The purpose of the experiment was to select the temperature and time regime to determine the semi-
lethal dose (LDs) for a pea culture during a thermal test.

Methodology. Eight commercial pea varieties from the Plant Production Institute (Kharkiv, Ukraine)
were used to identify a suitable screening temperature. The experiment used seeds from accessions that
showed extremes of high and low resistance to drought in the previous germination on the PEG-6000
solution experiment. 4 drought-resistant (the first group) accessions were used — Camelot, Maskara,
Kharkivskyy Yantarnyy, SL11-25, and 4 accessions with low drought resistance (the second group) — Damir
2, Efectnyy, Malakhit, SL12-20.

The aim of this study was to evaluate the response of different pea accessions to heat stress and to
define the appropriate temperature for evaluating heat tolerance in germinating pea seeds.

For the experiment, all the seeds were pre-soaked for one day prior to being heated in a thermostat
filled with water. The experimental genotypes were evaluated at four temperatures (50°C, 55°C, 60°C, and
80°C). The control seeds remained at normal temperature. The seeds of all accessions were germinated for 6
days in a dry thermostat at a temperature of 21°C. At the end of the germination period, the number of seeds
was counted.

The second step of our experiment was to determine the optimal exposition time to assess the semi-
lethal dose (LDsp). The experiment was carried out at a temperature of 50°C and the seeds were heated for
10, 20, 30, 40, and 50 minutes.
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Results. In preliminary studies, 55°C was identified as the critical temperature for screening heat
tolerance in pea seeds. At this temperature and exposition for 10 minutes, not a single seed germinated. It can
therefore be concluded that temperatures above 55°C are critical for the viability of pea seeds. Att = 50°C
and exposition for 20 min the percentage of non-germinated seeds in the group of drought-resistant
accessions ranged from 30% (Maskara) to 85% (Kharkivskyy yantarny) and in the cultivars of the other
group from 20% (Effectny) to 60% (Damyr 2 and SL 12-20). The average germination was 47.5%.

At t = 50°C and 30 min exposition, the percentage of non-germinated seeds ranged from 45%
(Camelot) to 60% (SL 11-25) in the first group and from 35% (Malachite) to 80% (SL 12-20) in the second
group. The average germination was 51.88%.

At t = 50°C and exposition for 40 min, the percentage of non-germinated seeds ranged from 45%
(Camelot) to 85% (Mascara) in the first group and from 55% (Malachite) to 80% (SL 12-20) in the second
group.

The number of non-germinated seeds also varied with time exposition, indicating an individual
varietal response. For Camelot, Mascara, Effective, Malachite, and SL 12-20, this indicator increased with
increasing time exposition. For example, in accession SL 11-25, the proportion of non-germinated seeds
ranged from 50% to 60% in all 3 time treatments at t = 50°C. No uniform response was observed in Kharkiv
Standard and Damyr 2. However, the average germination at t = 50°C and exposure of 40 min was 64.4%.

This means that the evaluation of pea accessions at t = 50°C and exposition for 30 or 40 min will
clearly divide the genotypes into heat-resistant and non-resistant to such conditions.

The variety Camelot should be highlighted. It showed a high level of resistance to both the effects of
osmotic drought and the conditions of thermal stress in both tests.
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PEAKIIIA TPUJITHIHHUX I'IBPAJIIB COHAIITHUKA HA YMOBHU
BUPOIIIYBAHHSA
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O. B. bescycianiii, B. O. Cepena

Inemumym onitinux xynemyp Hayionanvnoi axademii aepapnux nayx Yxpainu, cen Consiune,
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3maTtHICTh OpMyBaTH Bpo’kai MpH 3HAYHUX KOJWBAHHAX CYMH €(DEKTHBHUX TEMIIEPATyp Ta 1HIIHX
METEOPOJIOTIYHUX TOKA3HHUKIB CBIAYUTH NMPO BHCOKY EKOJIOTIYHY IUIACTHYHICTH coHsimHuka (Dypcosa,
1993). B IucturyTi oniitaux KyiabTyp (IOK) moOCTiiiHO MPOBOANTHCSA pOOOTA 3 CHHTE3y HOBHX CaMo3arluiie-
HUX JiHi# consimauka (Helianthus annuus L.), iX cTepuiibHUX aHAJIOTIB 1 BiIHOBHUKIB ()epPTHUILHOCTI MHJIKY,
Ha OCHOBI SIKMX CTBOPIOIOTHCS Ti0pHIHI KOMOIHAIIT 3 IHHUMH TOCTIOAAPCHKUMHU O3HAKaMH, CTiHKi 10 0i0TH-
YHUX Ta a0l0THYHMX (DaKTOPiB HABKOJIHMIIHBOTO CEPEIOBHINA, IO TO3BOJIIE MAKCHMAIBLHO peaiz0ByBaTH
3aKJIaJICHU TeHETUYHUH MOTEHIlial KyJbTypu. baraTopiuHi JOCTIPKEHHS BKa3ykTh Ha TE, 110 T'OJIOBHUM
YUHHUKOM (POPMYBAaHHS OCHOBHHX T'OCIIOAAPCHKUX O3HAK Yy TiOpHIIB € 1X reéHeTHYHUH MOTeHIliaN, ane oo
JOCATTH WOTO peaizaiii, HeoOXiHi 3amacy MPOAYKTUBHOT BOJIOTH Y OPHOMY IIapi.

Merta naHoi poOOTH — BUBYECHHS BILIMBY MOTOMHUX (PAKTOpPiB Ha (OPMYBaHHS TOCTIONAPCHKO-LIIHHUX
O3HaK, a came: BpOXKaiHOCTI, omiiHOCTi, Macu 1000 HaCiHWH y TPUIIHIHHUX TiOPHUIIB COHSIIHUKA CENTEKIIii
IOK.

Hocnimxennas nposoamiucs Ha noiasx (IOK HAAH) po3ramoBannx B 30HI MIBJEHHOTO CTeny YKpai-
Hu. KiliMaT KOHTHHEHTaIBHHN, 3 HEIOCTATHROIO BOJIOT03a0€3MeUeHICTIO, OCOOIMBO B JiTHIN nepioa. Yacto
OyBaroTh TpuBaii 0e370IIOBI mepioan. 3a yMOBaMH 3a0€3MEUCHOCTI BOJIOTOI0 TEPUTOPIsl HANEKHUTH A0 TO-
cynunBoi 30HH. CepenHs OaraTopiyHa KiJbKICTh OTMAIiB CTaHOBUTH 443 MM, a BUNIAPOBYBAaHHS 3 MTOBEPXHI
cymri — 490 mm, 3 BogHOT noBepxHi — 850 MM (https://wikipedia.org/wiki).

Cxema nociBy 70 X 35 cM, 1o ojHi# pociiHi B THi3al. JIUISHKH MIECTUPSAIKOBI, JOBKHHOIO 8,4 M, 3a-
ranbHa 1mioma ainsakn 50,4 M%, o6mikoBa — 28,0 M°. [10160Bi POGOTH 3 MiArOTOBKH IPYHTY 0 CiBOH pO3-
MOYMHAJIA B KBITHI, a CiBOY CEJIEKIIMHUX PO3CaJHUKIB COHSIIHUKA Y TpaBHi. [11poTepMiuHuil KoedimieHT
pospaxoByBaiu 3a Metoaukoro I'. T. CensaunoBa (Uupkos, 1988) 3a nmepion BereTalii COHAIHUKY (KBITEHb
— BepeceHb, 183 nobwm).

Hamu npoBesieHo aHai3 3aJIe)KHOCTI BiJl TOTOAHUX YNHHHUKIB MPOSIBY MMOKA3HUKIB MPOJAYKTHBHOCTI Y
paiionoBanux riopuaiB Kamensp, Perion, Ps6ora (Kyrimesa ta in., 2019a; 20196) Ta ocobimBoCTel HOBUX
riOpuIiB COHSITHUKY ArpoHOMiuHMA, ArenTt, Mapman, Muphwuii, Typ (Kyrimesa Ta in., 2020).

CyMH aKTHBHHX TEMIIEpaTyp BEreTaIliifHOrO Mepioay COHSIIHMKA BCI TPU POKH IEPEBHUIYyBAIN Oara-
TOPiYHI MMOKa3HUKH, TepeBUINEeHHs ckianano 13,7-21,2°C, B Toi#l xe 4ac KUTBKICTh ONA/iB 33 BereTaIliiiHuiA
niepion ckiaiga 207 mm y 2016 port, 242,1 y 2017 1 266 y 2018 porii i Ha 22 MM NepeBHILyBaia CEPEHI0 0a-
raropiuny (244 mm) y 2018 p., ane Ha 37,0 Mmm Oyna meHmoro 3a Hopmy y 2016 i va 1,9 mm y 2017 p. Ha oc-
HOBI aHai3y TOKa3HUKIB MOTOJHUX YMOB PO3pPaxOBaHO TiApOTepMIiuHUI KoedirieHT, skuil y 2016 pori
cknas 0,160, B 2017 — 0,199 1 B 2018 — 0,209. Oneprkani pe3yabTaTH CBiI4aTh PO TE, MO JOCHTIKYBaHi Ii-
OpHIHU € BEJIbMH MMOCYXOCTIHKUMH 1 34aTHI (popMyBaTH Bpoxai pu 3HaUHii HECTadl BOJIOTH.

HatiBuii noka3HuKd BpoxKaiHOCTI ri0puan mokasanu B 2018 pori. BapitoBaHHs 3a pokaMu csrajiu
0,90 1/ra a6o 38,97% y ribpuaa Arenr, 1,66 1/ra (63,97%) y Arporomiunoro, 0,13 1/ra (5,08%) y Mapuia-
na, 0,96 1/ra (38,06%) y Kamensipa i 0,58 1/ra (27,77%) y 3amnopizbkoro 28.

Bwmict omii B HaciHHI HalBuIMM OyB y 2016 porri: Arent — 48,8%, Arponomiunuii — 49,1%, Mapran
—50,8%, Kamensip — 48,9%, y ribpuna 3anopispkuii 28 Bin 0yB cepeanim — 48,9%. HaitHmxkunii BMicT sXupy
B HaciHHI Bcix riopuniB 0yB 2017 poky i cknas 45,2% y Arenra, 46,1% y Arponomiunoro, 48,0% y Map-
mrana, 44,8% y Kamenspa i 48,9% y 3anopizpkoro-28.
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BapiroBanHs1 Bpo)kalfHOCTI Ta BMicTy oJlii B HaciHHiI Oyno B mexax 0,44 1/ra a6o 40,38% y ribpuna
Arenr, 0,78 1/ra (69,35%) y Arponomignoro, 0,14 1/ra (10,72%) y Mapmana, 0,57 1/ra (47,12%) y Kame-
Hsipa i 0,29 1/ra (28,77%) y 3anopisekoro 28.

Maca 1000 HaciHuH y YOTHPBOX TiOpuAiB Oyna HalOinpmow B 2018 poui: AreHT — 56 T, ATpOHOMI-
yauit — 50 r, Mapman — 53 r, 3anopizbkuii 28 — 42 1, y ridpuma KameHsp 1ieil moka3HUK CTaHOBHB 34 T.

dopmMyBaHHS OIUIOAHS B yciX riOpupaiB Oyno HaiiBummmM B 2017 poui, cepeanim B 2018-My 1 HalfHMK-
guM y 2016 pomi. B 2016 pori ribpuan manu HalBumny omiiHIicTh (49,3%) Ta HAMHWKTY JTYIIIHHHAICTH Ha-
cianas (21,9%), a y 2018 — naiikpari noka3zauku 3a macoto 1000 macinun (47,0%), BpoxkaitHocTi (2,79 T/ra)
Ta 3a Buxogom omii (1,33 1/ra). B 2017 poui y HuX HadripmuMu Oynu Bci Oe3 BUHATKY MMOKa3HUKH MPOIYK-
TUBHOCTI.

[Ipu anani3i BIJIMBY MOTOJHUX YMOB Ha ()OPMYBAaHHS O3HaK MPOAYKTUBHOCTI HAMH BHSIBICHO, IIO
HaNOUTBII BUOATIIMBAM JI0 TeIUTa € TiopuA 3anopi3pkuii 28, KoedillieHT KOpeIrsiii MK CyMOIO aKTHUBHUX Te-
MITEpaTyp Ta BPOXKaWHICTIO y HhOTO AopiBHIOBaB 0,871. Y iHIMX riOpuAiB e MoKa3HUK OyB AEI0 MEHIITHM
— 0,792 y ribpuna Arenr, 0,757 y ArpoHomiunoro, 0,679 y Mapmana i nume 0,351 y Kamensipa. dns dop-
MYBaHHS BPOXKar0 y OUTBIIOCTI TiOpHIiB BeIMKe 3HAYESHHS MM TEMITEPATypH MEPIINX TPhOX MICAIIB Bere-
Talii (KBITeHb — YepBEHB), KoedilieHTn kopesnii cranosmwm 0,892, 0,998 1 0,999 y Arenra, 0,866, 1,000,
0,995 y Arponomiunoro, 0,520, 0,882, 0,828 y Kamenspa i 0,947, 0,979, 0,995 y 3anopizbkoro 28, BianoBi-
nHo. Jlumme i ribpuna Mapmran BUpilagbHe 3HAYECHHS MaJld TEMIIePATypH JIAITHS, KOe(Ili€eHT KOpeIsii
nopisHtoe 0,999.

B minomy ribpuan Hamoi cenexilii BUABHIUCH HE AyKe BUMOTIIMBAMH JIO KUTBKOCTI omafiB. TpaBHEBi
ONaJy Maj¥ BENMKWH BIUIMB JIMIIE HAa BpOXKalHICTH ridpuma Mapman — xoeilieHT KOpemsii JopiBHIOE
1,000. I nuine yepBHEB1 JOIIi BIUIMHYJIM MO3UTUBHO Ha (JOPMYBaHHS LIHHUX TOCHOJAPCHKUX O3HAK y BCiX
0e3 BUHATKY TiOpuIiB — KoedimieHT Kopensmii gopisaroBaB 0,826 y Arenrta, 0,794 y Arporomiunoro, 0,635
y Mapmrana, 0,405 y Kamensipa i 0,898 y 3anopisskoro 28.
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INEHTU®IKANIA 3PA3KIB COHSIIIHUKA, YPAJKEHOT'O 3bY THUKOM
HECIHIPABKXHBOI BOPOIIHUCTOI POCH, IIVIAXOM JHK-AETEKIII IIATOI'EHA
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OnHuM 3 HalO1TBII 3arpO3IMBUX 3aXBOPIOBaHb COHSIIHMKA € HeclpaBkHs OopomHucta poca (HBP),
30yIHUK sKOi oOmiratHui maroren rpubHOI mpupoau Plasmopara halstedii (Farl.) Berl. & de Toni. Ypa-
KEHHS POCIIMH BiJI0OYBAa€THCS Yepe3 KOPEHEBY CUCTEMY 300CIIOPaMHU, SIKi yTBOPIOKOTHCS i 4ac IPOPOCTAHHS
oocmop. Miuemniit rpuba po3BUBa€ThCA B POCIUHI IU(PY3HO 1 CIPUUMHSE IPUTHIYEHHS POCTY POCIMHU COHS-
mHuKa. [1osBy 3aXBOpIOBaHHS MOKJIMBO CIIOCTEpIiraTé Ha cTamii 3-4 map cupaBXHIX JTUCTKIB. 3a3BUYall Taki
POCIIMHY MIBUIKO THHYTH. JIeKOIHM pO3BUBAIOTHCS OIIBII Mi3HI ()OPMH 3aXBOPIOBAHHS, 32 SKHX YPaKYIOThCS
KOIIMKY Ta HACiHHA. 3HA4YHE 30UIBIICHHS IO ITiJ] COHSAIIHUKOM, IepeadacHe Horo MOBEpHEHHS Ha IOIie-
peaHi MicIs BUPOIIYBaHHS CIpHYWHSE HakonudeHHs iHdekii y rpyHTi. Oocriopu HBP 36epiratoTscs B Ha-
CiHHI ypaKCHUX DPOCIIMH, y IPYHTI, & TAKOXX B YPaKCHUX CXOJaxX MaJaiuil. Y mepioau emidiToTid piBeHb
ypaxkeHHs1 Moxe csirati 60%, a BTpatu Bpoxarw — 110 50%. B €Bponeiicbkomy Coro3i HecrpaBXHsl 60pOIII-
HHUCTa poca BBAKAETHCS KapaHTHMHHUM NaTOreHOM. BilnoBigHa AMPEKTHBA, SIKa € PETYSTUBHUM JOKYMCH-
toM €C 1010 KapaHTUHHUX 00 €KTiB, BUMarae Bincytaocti Plasmopara halstedii y nHacinneBomy matepiaii.

IxonounanicTs HBP 3yMOBiIIOE 000B’SI3KOBE TECTYBAaHHS CTIMKOCTI CeleKIiitHoro marepiany. Bimo-
Mi CITIOCOOH IOJILOBOI Ta JIA0OPATOPHOI OLIHKK CTIHKOCTI coHsHUKY 10 HBP. JlaHi moisoBuX BUNIPOOYBaHb
HE 3aBXXII1 JIOCTOBIPHI y 3B 3Ky 3 THM, IIIO0 TIOJBOBA CTIMKICTh 3aJIE)KHUTh BiJl arpOCKOJIOTTYHUX YMOB BHPO-
HIyBaHHs. B 3acynuimBi poku 3a MEBHUX YMOB MiHEPAILHOTO KHUBJICHHS Y CIPUAHATINBUX (POPM COHSLIHU-
ka 30ynauk HBP mMoxe po3BuBaTHCs B pOCIHHI Y MPUXOBaHiil (popmi, O€3 30BHIIIHIX 03HAK 3aXBOPIOBAHHSI.
OCHOBHUM CITOCOOOM OIIiHKHM CTilikocTi coHsimmHMKa 10 HBP € nmaGoparopHa iMyHONIOTiYHA AiarHOCTHKA
(Jonrosa, 1990). Hemonikamu JaHOro CHOco0y € JOCHTh TPHBAIWI TEPMiH MPOBEISHHS AOCIimy Ta Horo
BHCOKa BapTiCTh Yepe3 BUKOPHUCTAHHS KIIMATHYHHX KaMep y 3MMOBHH Tepioj, HEMOXIIMBICT BU3HAYHUTH
piBEHB CTIMKOCTI Ha Pi3HUX CTAiSIX OHTOTeHE3y pociuHu. KpiM TOro, JTaHUM METOIOM HEMOXKIIUBO BUSBUTH
1H(QEKIII0 B POCIIMHAX Y PHUXOBAHOMY CTaHi, B MMaJajHIli Ta B HACIHHI.

3 PO3BUTKOM METOJIIB MOJIEKYJISIPHOI T€HETHKH Ta TEHOMIKH, TIOCTIHHUM PO3IMIMPEHHSAM 3HAHb 1010
CTPYKTYPH T€HOMIB OlJIbIIIa yBara npuailiseThcsi po3pooili Ta 3acrocyBanHio TexHouorii JJHK-mgiarnoctuku.
JInst neTekuil maToreHiB y TKaHWHAX 1 HACIHHI POCIIHMH 3aIllPONOHOBaHA HU3KAa MOJIEKYJISIPHO-TEHETUYHHX Te-
CTiB, sIKi 0a3yI0ThCS Ha 3aCTOCYBaHHI moiMepasHoi naHmrosoi peakiii (ILJIP).

Mertoro Haimol pobotu Oyia po3pobka crocoOy imeHtudikarii ypaxenux Plasmopara halstedii 3pas-
KiB COHSIIIHUKY NIISXOM JETEKIlii 30y THIKA HEeCTIPaBXHbOI OOPOIIHUCTOI POCU 32 BUKOPUCTAHHS aMILTi(i-
Karii crierugivHol IS TaHOTO MATOreHa JAUISTHKA TCHOMY.

s Buninenns JIHK 3i 3pa3kiB COHAIIHMKY IIETABIIOHOBUM METOJOM BUKOPHCTOBYBAIM CETMEHTH Ha-
CIHHS, IPOPOCTKIB, KOIIMKIB, CyTUHHUX TKAHWUH JTUCTs abo ctebna. J{ns Buminenns JTHK 3 mineniro Plasmo-
para halstedii BukoprucroByBanu KyabTypy rpuba, mo nepedyBae Ha TpHBaIoOMy 30epiraHHi Ta 3MHUBH Mille-
Jito rpuba 3 JHUCTKIB YpaXeHUX NPOPOCTKIB COHALIHMKA Ha €Tall BU3HAUYEHHS HAasSBHOCTI CIIOPOHOLICHHS
HBP mpu iMyHonorivHii omiHmi criikocti. [ToiiMepa3Hy JAHIFOTOBY PEakIlito 3MiHCHIOBAIH 3a CTAaHIAPT-
HOI0O METOJIMKOIO 3 BHKOPHUCTaHHSM mpaiiMepiB mis amrutidikamii JJTHK 3a mokycom 28 S pPHK renomy
Plasmopara halstedii (loos et al., 2007). Enextpodoperinune po3aijeHHs MpoIyKTiB aMIuti(ikaiii mpoBoau-
mn B 10% mnomiakpuinamigaomy rtemni. Po3mipu ¢parmentiB amrutiikaiii BH3HAYanM 3a JIOTIOMOTOIO
KoMmI1 rotepHoi niporpamu “Gelanalyzer” (y BimbHOMY noctymi B Mepesxi Internet) BiamoinHo 1o mMapkepa
nosxuHu ¢parmentis JHK.

[Tpu pobori 3 npenaparamu JJHK, sika BujineHa 3 HACIHHS, MaJaluIll, TKAHWH POCIIMH COHSIITHHUKY 3
THWIICHUM YIIKOJXEHHSM, 0cO0IMBOI yBarm HaOyBae KOHTpOsb sikocTi BuainenHs JHK, mpupatnoi mns
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amrrigikanii. 3 meroro konTpomoBanHs sikocTi JJHK i edpexruBHOCTi I1JIP At Beix 3paskiB, sIKi aHani3yBa-
M, 3AIACHIOBAIN aMILTi(iKaI[ifo JIISTHKA TeHOMY COHSIIHHKY 32 JOMOMOTOI0 MpaiMepiB 0 MiKpOcaTemiT-
noro yokycy ORS1039 (Tang et al., 2002). [Tanuii MikpocaTemiT € cenudpiuHuM came JJIsi TeHOMY COHSIII-
HUKA, MOHOJIOKYCHHM Ta KOZOMIHAHTHHM 3a THIIOM yCIIaJIKOBYBaHH:I aJlelliB, pO3Mip SIKHX BiAIIOBina€ giama-
3ony 187-220 . H.

3a pesynbratamu [1JIP-ananizy B crektpax amrutidikauii JJHK gocnimkyBaHuX 3pa3kiB COHSIIHUKA
CHOCTEpiraii HassBHICTh Y BiJICYTHICTH (hparmMenTa po3Mipom 308 1. H., KW BIAMIOBiAA€ MUTHOBIH AUISHII
nokycy 28 S pPHK renomy rpuba Plasmopara halstedii se3anexHo Big #0ro pacoBoi HaJeXHOCTI i IOXO-
mxenns (Voglmayr et al., 2004). HasiBHicTh B cniekTpi amInTiikaliii meBHOTo 3pa3Kka COHsIIHUKA QparMeHTa
posmipom 308 1. H., sxuii € Bumocmenudiuamm came s Plasmopara halstedii, ceiguuts mpo Te, mo B ma-
HOMY 3pa3Ky NMPHUCYTHiH TeHEeTUYHUH MaTepian HeCpaBKHBOI OOPOIIHUCTOI POCH. SIK MO3UTHBHY KOHTPO-
neHYy Tipobu BuKopuctoByBanu JHK, Bumineny 3 minemnito rpuba. Bukopucranwmii crocid BUIUIEHHS T03BO-
nsie otpumatu npenapatu cymaproi JIHK pociwan consmauky i rpuda. Tomy, 115 yHEMOXKIUBICHHS XHO-
HOTO BHCHOBKY INpo HeratuBHU# pe3ynbTar JHK-merekmii maToreHa, aHajmizyBaJd CHEKTpU amIuTiikaiii
JHK TecToBaHuX 3pa3KiB, oTpuMadi 3a gornomororo [1IJIP 3a MikpocaTemiTHUM JIOKyCOM T€HOMY COHSIITHAKA
ORS1039. B pesynbrari mynsTumiekcHoi [1JIP 3 oqHOYacHMM BUKOPUCTAaHHIM JBOX Iap npaiiMepiB (oqHa —
crierudivna s reHomy HBP, nmpyra — uis reHoMy COHSIIHUKA) Y pociuH, ypakenux Plasmopara halstedii,
BUSBIISUTH JBa parMeHTH amrutidikamii. 3a BiCyTHOCTI B CIEKTpi ¢pparMenTa amrutiikamii MikpocaTemiT-
HOTO JIOKyCY Takuii pe3ynabTar JJHK-miarHOCTHKY BBaXkaiM HEIIMCHUM Ta MOBTOPIOBaIM aHaii3. Bepudika-
mito nanux JIHK-miarHocTHKH MPpOBOAWIIN MOPIBHSHHAM 3 pE3yJbTaTaMH IMYHOJIOTIYHOI OI[IHKH CTIHKOCTI
BUOIpKH 3pa3KiB.

Jiist oTpuMaHHS HAJICKHUX Pe3yNbTaTiB Mmoo cTiikocTi 1o HEP Bennkoi KinbKocTi cenekuiiHux 3pa-
3KiB 3a OIIIHKOIO, SIKa 3[IHCHIOETHCS IMYHOJOTIYHUM METOJOM, HEOOXiTHO JOTPUMYBATHCH MEBHUX YMOB
MPOBENEHHsI AOCHIIKEHHS: BU3HAYCHUH PO3Mip MPOPOCTKIB Ta c(OPMOBAHICTH CiM’SIONBHUX JUCTKIB Ha
eTami IMTYyYHOTO 3apaKeHHS, ONTUMaJbHE 1H(EKI[iifHe HaBaHTaXeHHs, TOOTO KOHIIEHTpAIlis 300CIIOPAHTiiB
rpuba B iHOKYJIIOMi, TPUBAJIICTh NEPioay 1HOKYJALIl Ta TeMIEpaTypHUI peXUM. Y MacOBHX OLHKax MOX-
JIMBE TIEBHE HEIOTPUMAHHS METOJMKH 3 00’ €KTUBHHUX MPUYWH, HAPUKJIIA]] Yepe3 HEOHAKOBHI TEMIT PO3BH-
TKY POCJIHH, III0 HE J]a€ MOXJIMBOCTI BU3HAYUTH CTIHKICTh yCiX 3paskiB ognouyacHo. JIHK-nerekiis Plasmo-
para halstedii moxe O0yTr eheKTHBHMM JOMTOBHEHHSIM iMYHOJIOTIYHOI OI[IHKHM CTIKOCTI 3pa3KiB COHSITHUKA
Yy HACTYITHHX BUIAJKAX: HA 3aBEPIIATLHOMY €Tarl iMyHOJIOTIYHOI OIIHKH CTIHKOCTI, SKIIO Y TPOPOCTKIB He-
JOCTAaTHBO c(hOPMOBAHI CHPABKHI JIMCTKU a00 SIKIIO MPOPOCTKH T'MHYTH 10 MOMEHTY MOXKJIMBOI TTOSIBH CIIO-
pouorienns HBP; y pasi nopyiierns a0o HeIOTpUMaHHS EBHUX YMOB JOCIIJKSHHS, TIPU KOMIUICKCHIH 1H-
(bekiii, KoM CHMIITOMH Pi3HMX 3aXBOPIOBaHb CITIBMAMAI0Th 9 MackytoTh nposs HBP. JIHK-recryBanHs
MOJKHA BBaXKaTH OOOB’SI3KOBUM TIPY J1arHOCTHUII YPaKEHHS HECIPaBKHBOI OOPOLIHUCTOK POCOI POCIHH
Ha JITHKaxX PO3MHOKEHHS 1 TiOpuan3alii Ta npy BU3HAYeHH1 HEOOXiTHOCTI 3aCTOCYBaHHS IpenapatiB GyH-
TiUIHOI 11ii, a TAKOX MPHU HEOOXiTHOCTI BU3HAYEeHHS iH(iKOBaHOCTI HaciHHs criopamu HBP.
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HOBI COPTH KAPTOILII, CTIMKI IO ABIOTUYHUX ®AKTOPIB

b. A. Takraes, M. M. ®ypaura, I. M. Ilondepesxo

ITnemumym kapmonnsapcmea Hayionanvhoi axademii azpapnux nayk Yxpainu, cmm. Hemiwaese,
Kuiecvra obn., Yrpaina, zachystroslyn@gmail.com

CopT € OIHUM 13 OCHOBHHIX €JI€MEHTIB TEXHOJIOT1l BUPOIIYBaHHS 1 JO3BOJISIE BIOCKOHAIUTH BCIO CH-
CTeMy BHUPOOHHIITBAa KapTOILTi, MiABUIIMTHU ii peHTaOENbHICTh 32 paXyHOK BHCOKOi CTIMKOCTI O XBOpOO,
IIKITHUKIB Ta HECHPUATIMBUX (akTopiB HaBkoiuiiHboro cepenopuina (Wang et al., 2015; Dahal et al.,
2019).

I'pyHTOBO-KIIIMAaTHYHI YMOBH Ta 3MiHa KIiMary (BECHSHA 1 JITHS TOCyXa, BUCOKA TeMIIEparypa)
YCKIIQJHIOIOTh BUPOOHHUITBO Ta MPU3BOIATH 10 3HAYHOTO 3HIKEHHS BPOXKalHOCTI Ta MOCHJICHHS YPaKeHHS
pociun xBopobamu (Wang et al., 2015; Dahal et al., 2019). Crnig BigMiTHTH, 010 OiITBLIICT pailOHIB iIHTEH-
CHUBHOTO 3eMJIepOOCTBa B YKpaiHi pO3TalIOBaHi B 30HI HEAOCTATHHOTO 3BOJOXKEHHS. CilIhbChKOTOCIIONAPCHKI
KYJIbTYPH TYT 4acTO 3a3HAIOTh JIii IPYHTOBOI 1 MoBiTpsiHOI ocyxu. CTenoBi palloHn YKpaiHu XapakTepHu3y-
IOTBCS HEJIOCTATHIM 1 HE CTIMKMM 3BOJIOKCHHsM. [lepiofinyHi MOCYyXH MPHU3BOAATH 0 HEI0OOpY BPOIKAIO
CLITBCBKOTOCITOJIAPCHKUX KYJIBTYD 1 3aBnatoTh ekoHomiunux 30uTkiB (Kipiziit, Ctacuk, 2022). Hagmipao BH-
COKa TeMIleparypa i IpyHTOBa MOCyXa MOXYTh BHKJIHMKATH B’SIHEHHS 1 PU3YIMHEHHS POCTY BCI€l POCIHHHU.
Le nposiBnsieTbest B yTBOpEHHI ApiOHMX Ta nedopMoBaHux Oyib0 31 3pOCTaHHIM, PO3TPICKYBaHHSAM, AYTLIH-
crictio, moteMHinuaaM M’ skoti (Pandey et al., 2015; Handayani et al., 2020; Moore et al., 2021). Ananrus-
HICTB, 5K 1 )Kapo- Ta MOCYXOCTIHKICTh, MTOB’sI3aHa 13 3aTHICTIO 3a0e31euyBaTi BUCOKY 1 CTaOUIBbHY ypoxKaii-
HICTh B PI3HUX YMOBAax cepeloBHIA. BoHa MOXe PEryioBaTUCh B HECTIPUSTIMBHX YMOBaxX 4epe3 iHIyKIio
¢izionoro-0i0XiMiYHMX TPOLIECIB, HA PiBHI (OPMYBaHHS (EHOTHUITY B MEXax HOPMH Peakilii Ha Taki yMOBHU
(Pandey et al., 2015; Handayani et al., 2020; Kipisiii, Cracuk, 2022).

BcranoBiieHo, 110 HAMOLIBIIT BaXKIIMBUMHU TTOKAa3HUKAMU, K1 XapaKTEPU3YIOTh MOCYXOCTIHKICTh POC-
JIMH, € PO3BUHYTICTh KOPEHEBOI CUCTEMH 1 TTMOMHA ii MPOHUKHEHHS B TPYHT, BOAOYTPUMYIOUa 34aTHICTh Ta
IIBUJIKICTh BiJTHOBIIEHHS Typropy (BOJOBITHOBIIOIOYA 3[]aTHICTh), TEMIIEpaTypa 3CiaHHs OiTka B MOJIOIUX
JUCTKaX B TEpioJl CXOMIB 1 HBITIHHA. 3JaTHICTh BiOKPEMIIEHUX JIUCTKIB KapTOIUTl MEPEHOCUTU BiIHOCHO
TpHUBaJIHH Mepiol 00€3BOHEHHS 1 IIBUIKO BiTHOBIIOBATH TYProp MOXe BKa3yBaTH Ha BiIHOCHY MOCYXO- Ta
xapocriikicts (Lafta et al., 1995; Zlatev et al., 2012; Moore et al., 2021). Copt kapToIuTi, HEBUTPUBAJIHIA 10
Kapy 1 MOCyXH, SIKUHA B KOPOTKHIA TEPMiH HAOMpa€e Typrop JIMCTKIB 1 BiTHOBIIOE HOPMAIBLHUH PICT POCIVH,
MOJKE HAKOIMUYyBaTH JOCTATHIN ypokal, a TOMy B TOCIIOJIapCbKOMY BiJJHOIIEHHI MOXe OyTH CTIHKHM JI0
xapu ta mocyxu (Pandey et al., 2015; Ocumuyk Ta in., 2020; Moore et al., 2021). To ¢axTopis, sKi miaBu-
IIYIOTh TOCYXO- 1 XKapOCTIMKICTh, BITHOCATHCS TaKOX aHATOMO-MOP(OJIOTIUHI 03HAaKHU: TadiTyc Kylla, THII
obnuctHeHocTi (cTebsoBuit un nuctkoBuit) (Zandalinas et al., 2018). Binbruicts copTiB 3aHecenux 1o Jep-
YKaBHOTO PEECTPY COPTIB POCIHH, MPUIATHUX JI0 MOIIMPEHHS B YKpaiHi, HE BIAMOBIIa€ BUMOTaM JI0 MTOCYXO0-
criiikocTi. B ocTanHi poku cenekuioHepamu [HCTUTYTY KapTOILISIPCTBA CTBOPEHO DS COPTIB, IO MOETHY-
I0Th BHCOKY TPOAYKTHBHICTB 13 CTIHKICTIO JO HECHPUATIMBUX YMOB HAaBKOJHIIHBOTO ceperoBuma. Lle, 30k-
pema Taki copty, sik Kusruns, XXurauis, Mupocnasa, CkapOuuirs, Cinayra. BpaxoByouu TEHISHIIIO 1010
3MiHU KJTiMaTy (TIOCUJIEHHS IPYHTOBOI 1 MOBITPSHOI MOCYXH) MOTpeda B cOpTax CTIMKHUX 10 a0iOTHYHUX (ak-
TOpiB Oyze 3pocTaTd, a OTKE LIECTIPSIMOBaHa celeKuiliHa po0oTa 31 CTBOPEHHS TAKHX COPTIB € aKTyallb-
HOW0. MeToto Hamoi poboTH 0yJI0 CTBOPUTH HOBI COPTH KapTOIUI Pi3HUX TPYI CTHUIIIOCTI CTOJIOBOTO 1 YHI-
BEPCAIBHOTO MPHU3HAYCHHS 3 BUCOKOIO MPOJYKTHBHICTIO 1 CTIHKICTIO IO HECTIPUSTIUBUX (HAKTOPIB HABKO-
JUIITHBOTO CEPEeJOBUIIIA.

VY 2010-2021 pp. Benacs nijiecnpsiMoBaHa ceJeKLiiiHa poOoTa 31 CTBOPEHHSI HOBUX COPTIB KapTOILT
PI3HUX TPYI CTUTIIOCTI, CTIKHUX JIO MTOCYXU. 30KpeMa, 3a POBeJIeHHS TiOpuu3aii 0aTbKiBChKi Mapy ImiI0u-
panucs Tak, o6 oauH a00 00uBa KOMIIOHEHTa OYJIH IMOCYXOCTIHKUMU. baThKiBChKkHMU (hOpMaMU BUKOPHC-
TOBYBQJIM COPTH BITYM3HSHOI: Apis, barpsna, loOpounn, 3aranka, Jlerana, Ilosine, [lomiceke mxepero,
Ceitanok kuiBchkuii, Ceitou, Cepnanok, Ckapouunys, Cnyd, Ctpymok, Tupac, UepBona pyra, llleapuk Ta
3apyOikHOI ceekii: Apxinest, Bellarosa, binopyceka 3, Verdi, Binyra, Ekzotik, Esta, 3gaburox, Kopeiich-
kuii, Pirol, Red Lady, Ynaua, Unita. Takox y cenekIiiHMIA Npolec 3axydaad 0araToBHIOBI TiOpHIH:
04.21c31, 01.071°27, 05.49-2, 90.676/98, 04.72-1, 04.18c77, 05.14-6, 01.35T°45, 87.791c4, cTBOpeHi B 1a00-
paropisix BuxigHoro marepiany ta cenekiii IK HAAH Ha ocuosi Buxis S. tuberosum, S. leptostigma, S. de-
missum, S. acaule, S. comersonii, S. andigenum, S. phureja. CTBopeHwuii cenekuiitHuii MaTepian BUBUaBCH (3a
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KOMIIJIEKCOM O3HAaK) B yCiX pO3CaHMKax, 3TIHO 31 CXEMOIO0 CcelleKUiiHoro mpoimecy. B pesynprari Oyno
BHILJICHO Kpallli TiOpuay Ta i Ha3Boio copTiB: Menes i CobopHa rmepexano 1o Jlep:kaBHOTO COPTOBUIIPO-
OyBanHs. L[i copTy BiAm3HAYAIOTHCA KOMIDIEKCOM T'OCIIOAAPCHKO-IIHHUX O3HAK Ta 3JATHICTIO e()eKTHBHO
aJlanTyBaTHCS O BUCOKHX TEMIIEpaTyp, IPYHTOBOI Ta MOBITPsIHOI Mocyxu. Bucoke 3HaueHHA KoedilieHTa
BOJIOBIIHOBJICHHS CBIJYUTH PO T€, LI0, 32 HACTAHHS CIPHUITINBUX YMOB BUPOILYBaHHS, BOHU MAalOTh 37aT-
HICTB BIIHOBJIIOBATH PIiCT Ta PO3BUTOK POCIUH 1 HAKONMMYYBATH JOCTATHIN BpoXKail Oyms0.

Menest — cepeTHbOCTHIIIAN COPT KapTOILTI CTOJIOBOTO MPU3HAYEHHS. BiH CTBOpeHWI B pe3ynbTari
cxpelryBaHHs MbkBUaoBoro riopuay 04.21¢31 i copry Bellarosa. Bererauiitauii nepion 110 nuiB. Ypoxaii-
HicTh B KiHmi Beretamii 45,0 1/ra (aa 8,0 1/ra Bume Bix copry-ctanmapty CioB’sHka). BMicT Kpoxmaiio B
oynpbax — 17,5%, cyxoi peuoBunn 24,0% (Ha 3,8% 3a piBHEM KpoxMallto Ta cyxoi pedoBunu — 4,0% Buile
crannapry). Yactka penykoBanux mykpis — 0,16%. Cmakosi sikocti 100pi — 8,4 Gaiy, 3a 1i€l0 03HAKOIO BiH
Ha 0,4 Oary mepeBuILye copT-cTanaapT. Maca toBapHoi 0yias0u — 82,0-90,0 r. ToBapHicTh Oynp0 BuCOKa —
92%. MopdoiorivHi 03HaKH COPTY: OYJIBEOH KOBTi, BUIOBKEHO-OBATEHOT (POPMH, M’ SIKOTh KOBTOTO KOJIHO-
py. CopT crilikuii 10 cTe010BOI HEMAaTOU Ta KAPTOIUISTHOT UCTOYTBOPIOIOYOi HEMATOIU, 3BUYAIHOTO MAaTo-
TUIY paKy, BIZIHOCHO CTIHKUH 10 GiTOPTOPO3y, MOKPOI OakTepiabHOI THHJI, MEXaHIYHUX MOIIKOKEHb Ta
HECTPUATINBUX (PAKTOPIB HABKOJIHUIIHHOTO cepemopuima. Koedimientn: Bomo3aTpumanHs 67,2 (Ha piBHI
cTa"mapry), BogosigHosneHHs 103,1 (Ha 3,3 Bume cranmapry), mocyxocrtiiikocti 67,4 (aa 0,9 Bume Bif cra-
HAapTy). PekomennoBani 30uu BupouryBanuas — [lomices, Jlicocren i Cren. Copt 3aHeceHo 110 Jlep’aBHOTO
PEECTPY COPTIB pOCIWH, IPUIATHUX A0 NomupeHHs B Ykpaini 3 2021 poky.

ColopHa — CcepemHBOCTHIIIMHA COPT, CTOJOBOTO NpHU3HA4YeHHs. TpUBaNiCTh TMepioxy BereTarii
110 nuiB. YpoxaiiHicTh B KiHIII Bererailii cTaHOBUTH 43-45 T/ra (Ha 14,7-18,8 T/ra BuIie BiA COPTIiB-
crannaprie). Bmict kpoxmanto — 17,8% (ua 4,3% Bumie copry-cranaapty CIIoB’sSHKA), CyX0i PCUOBHHH —
25,0% (ua 5,0% Buiue copry-ctangapty Cios’siaka). Cmakosi sikocti — 9,0 6aniB (1a 1,2 Gany Buie copry-
crangapty Crnos’siHka). Bmict penykoBanux mykpiB — 0,36%, ToBaphicte 92% (Ha 3,0% Buie copTty-
crangapty CnoB’siHKa), cepeqHs Maca ToBapHoi Oynsou cranoButh 80 1. Ky cepennpoi Bucotu, noodpe 00-
nmuctHeHn. KBiTKH yepBoHO-(hioneToBi. byns6a okpyriio-BuIoBkeHOT (OpMH, pO’KEBa, 3 TOBEPXHEBUMH Bi-
ykaMHu. M’SKOTb CBiTII0-k0BTa. COPT NpUAATHUNA U1 IEPepOOKH HAa KapTOIUICHPOIYKTH (BUTOTOBJICHHS Yi-
TciB 1 kapromti ¢pi). Big3HauaeTbes CTIMKICTIO 10 MEXaHIYHUX TOIIKOJKCHb Ta HECIIPUATIUBUX YMOB Ha-
BKOJIMITHEOTO cepenoBuina. Koedimientu: Bomo3arpumanss 64,5, BogosinHosieHHs 99,9 (Ha piBHI cTaHap-
Ty), mocyxocTiiikocti 68,1 (Ha 1,6 Bume Bij cTaHmapTyPe3UCTEHTHHUH O KapTOIUISHOI IIHCTOYTBOPIOHOYOL
HEMAaToJI1, 3BHYaifHOTO MAaTOTUIY paKy KapToruli. Bil3HauaeThcss BUCOKOIO MOJBLOBOKO CTIHKICTIO JI0 Bipyc-
HUX XBOpoO. BrcokocTilikuii 10 KinbleBoi Ta MOKpOi OakTepiabHOI THUIIEH, cTebI0Boi HeMaToau. PexomMe-
HAoBaHi 30HM BupoiryBaHHs Ilomiccst Ta Jlicocren. Ilpoxoauts [lep’kaBHEe COPTOBHIIPOOYBaHHS 3
2022 poky.

BripoBakeHHs1 y BUPOOHHIITBO JJaHUX COPTIB CIIPUATUME 3HW)KEHHIO BTPAT BPOXKAK0, BHACIIIOK 1X
BiTHOCHO BHCOKOICTiMIKOCTI 1O HECHIPUSATIMBUX YMOB HaBKOJHUIIHBOIO CEPEIOBHUINA, 1 MiABHIICHHIO €KOHO-
MiYHOi e()eKTUBHOCTI BUPOIIYBaHHS KYJIbTYPH.
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HOBI 3PA3KH TEHO®OHJIY KAJIICTE®YCY KUTAVMCBKOI'O (CALLISTEPHUS
CHINENSIS (L.) NEES.) IHCTUTYTY CAAIBHULITBA HAAH

A.L Tpoxumuyk, JI.O. lleBeJb

Incmumym caodienuymea Hayionanvnoi akademii acpapruux nayk Yrpainu, Kuis, Ykpaina,
a.trokhymchuk@ukr.net

Kanicredyc xurtaiichkuil siBiise COOOK0 iJcanbHMI MPHKIIAJ MHCTEITBA CEJEKIlii. 3a IOpPiBHIHO
KopoTtkuii mepion (6mu3pko 200 poOKiB) 3 HENEKOPATHBHOTO JUKOPOCIOrO BHUIY L€l POCIMHH CalOBOIH
CTBOPHWJIM Cy4YacHE Pi3HOMAaHITTS HOTO COPTIB.

Huni nocnmimkenns: xanmictedycy KUTaCBKOTO BEAYThCS B Jaboparopii KBITKOBO-IEKOPAaTHBHUX
JiKapchKuX Ta edipoomniitaux KynsTyp lHCTHTYTY camiBannTBa HAAH.

3a mepion 2016-2020 pp. no epxkaBHOTO peecTpy COPTIB POCIHH, MPUAATHUX ISl TOIIHMPEHHS
VYkpaiHi, BKIIOYEHO Taki copTH Kajicredycy kutaiicbkkoro: Amkemika (UT2300103), Mamenbka
(UT2300104), Kpacyns (UT2300105), SAnmrapaa (UT2300107), Poszkimua (UT2300106), Kasruus
(UT2300109). Coptu Mainennska, SIutapna, KpacyHns ta AHxkellika HalexaTh J0 COPTOTHUIIIB BiAMOBIIHO
Tpiymd, AMepukaHchbka KymoBa, Kymsicra i miBoHOmomiOHUI. YCi BOHH BXOJSTH y TIEPETIiK COPTIB 03HAKO-
Boi kosekmii (CBimouTBo mpo peectpamiro Koiekmii reHoQoHay pocianH B Ykpaini Ne 113 Bix 18 mrotoro
2011 p.). Li 3pa3ku MarOTh BEIMKE MPAKTHUYHE CEJICKIIITHE 3HAYCHHS, XapaKTePU3YIOUUCh PIKICHUM MOE-
HaHHSIM BHCOKOI MPOIYKTHBHOCTI 1 AEKOPATHBHOCTI, CTIHKICTIO 10 dy3apio3y, KOMIUIEKCOM MOP(hOIOTIYHIX
03HAK, fKi € BaJIMBUMHU eJeMEHTaMU KoMeplliaizamii KynsTypu. Ix Hacinns nepegano no HauionansHOro
TeHETUYHOTO OaHKY pOCIMH YKpaiHM Ha JOBrOCTPOKOBE 30epiraHHs Ta AJs BUKOPHCTAHHSA B CEJICKIIHHIH
po0OTi, IK HOBHI BUXITHUN MaTepial.

Jns cTBOpeHHsT HOBHX COPTIB HEOOXiJHO IOCTIDKYBaTH 1 BH3HA4aTH KpUTEpil MiHJIHMBOCTI,
CIAJKOBOCTI 1 TeHETHYHOI 3aJeKHOCTI O3HAK JEKOPATHBHOCTI Ta MpOAyKTUBHOCTI pociaun C. chinensis,
BIUTMB Pi3HUX YMHHUKIB Ha TPOIYKTUBHICTH CYIBITTA, 1100 BHKOPHCTOBYBATH iX Y TOAAJBIIIN CeNEKIIil,
OCKUIBKHM I[i TIUTAHHS 3JIMIIAIOTHCS 1€ HEAOCTATHHO BUBYCHMMHU. BaKIMBHM y CeNEKI[iHI poOOTI €
HasBHICTh TEHETHUYHOTO (POHAY POCIWH, TOOTO BHUXITHOTO MaTepiany, KU Bi3HAYAETHCS TOCHOJIAPCHKO
IIHHUMH O3HakaMmu. Tak, MPUCYTHICTh 3pa3KiB Takoro reHopoHAy B poOouiii Kojekiii kamicredycy
kurtaiicekoro: Kapmern (UT2300022), Oxcana (UT2300046), Xemuyr (UT2300020), CHexHuil map
(UT2300073), CamaHTa — J1aJio MOXIIMBICTH BifiOpatn HOBi coptH B [HCcTHTYTI camiBauiTBa HAAH Ykpainu
(3onora, danTazis, SckpaBa Ta iH. TiOpuaHi dopmu). JlaHi 3pa3ku € CTIMKMMHU 10 Aii aOiOTHYHHX Ta
OIOTUYHHX CTPECOBUX YNHHHKIB JTOBKIJUIS.

3oq0ta. CepeiHROTO CTPOKY LBITIHHS. BuBeneHMid BijJ BUTbHOTO 3anuieHHs copTy CHEXXHUHN map.
Pociimaa Bucororo 70-75 cm, mupuHOoto 30 cM, KoMmakTHa, ayxe MinHa. [imox | mopsaky — 7, sxi
po3tamoBani cdepuyHo. KBiTKOHOCH MilHI, JOBXHHOWO 35-40 cM, rycto BKpuTi JUCTSIM. LIBiTiHHS
nounHaeTbes B Il mekami cepmus. Iling wac MacoBOro LBITIHHSA Ha KyIli OAHOYACHO KBITYyE 6-7 CYILBITb.
CyuBiTTsl — KOLIMK SICKPaBO-KOBTOI'O 3a0apBlieHHS, T'YCTO MaxpoBe, KyJsictoi ¢opmu, aiamerpom 14 cwm.
JexopaTuBHMM €(EKT CTBOPIOIOTH JOBII IIWPOKI JIONATOYKO IMOMIOHI S3MYKOBI KBITKH, SIKI ITOBHICTIO
3aKpUBAIOTh LEHTPaJbHUN TUCK. [lekopatuBHicTs — 9,9 GaniB. HacinneBa mpoxykrusnicts — 3,0-3,5 r 3
kyma. CopT CTiHKMH OO HECHPUATIMBUX MOTOAHMX YMOB (IOCYXO- Ta »apocTidkictb — 9,0 GaniB) Ta
¢y3apiosy (8,7 0ana) Ta COHAIHUKOBOI orHiBkH (8,0 Oana). [Ipu3HadeHHs — Ha 3pi3.

Biominnocmi mamepuncokoi ¢popmu. Y 3pazka CHexXHUM map 1-3 rinkd mepmoro mopsaxy, Koiip
CYLBITTS OLITHH.

®@anTazisg. CepelHLOr0 TEPMiHY KBITYBaHHS (TIOYMHAETHCS Yy JAPYTii jAekaji ceprHs). BuBeneHnit
BiJ BinpHOTO 3anmieHHs copty Kapmen. Kymr 3aBBumku 70-75 o, 3aBmmpmiky 30, KOMOAKTHUR, MilTHUH,
TIOK mepmoro nopsiaky 5-7. KeiTkoHocH MinHi, TOoBKUHOK 35-40 cm, mirmMeHToBaHi. CymBIiTTS TEMHO-
00opaoBoro 3adapBieHHS, IyKe MOBHE, AiameTpoM 12-13 cm, po3ramoBaHe chepuuno. JlekopatuBHicTs 9,8
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Oana. I[IpomykTtuBHicTh HaciHHA 2,5-3,0 r 3 kyma. CopT CTIKMI 0O HECTIPUATIMBUX IMOTOJHHX YMOB
(mocyxo- Ta xapoctiiikicte — 8,0 6aniB) Ta ¢y3apiosy (9,0 6aniB) Ta COHANHUKOBOI OTHIBKH (8,3 Oaia).
[Ipusznauenns — Ha 3pi3. [IpuzHaueHHs yHiBepcasbHe.

Biominnocmi mamepuncoxoi gpopmu. Y copty Kapmen Bucora pociauau 60-65 c¢M, TUIOK Tepuioro
nopsaky 4-5. @opMa CylBITTS HamiBcepruIHa.

SAckpaBa. CepeHbOTO CTPOKY UBITIHHA (IOYMHAETHCS y APYTid nekaai cepmHs). OTpuMaHUiA Bix
BUTRHOTO 3ammiieHHs copTy JKemuyra. Pocimna Bucotoro 40-45 cm, mmpuHoto 30 cM, posnora, Ayxe MilHa.
Inok mepmoro mopsiaky — 7, posramioBani chepuyno. KBiTkoHocH MilHi, AoBxkuHOW0 20-25 cM, TycTo
BKpUTi JUCTsIM. CyHBITTS — KOLIMK TEMHO-(i0JeTOBOrO 3a0apBJEHHS, T'YCTOMaxpoBe, KyJsIcToi (opmu,
niameTpoM cymBiTTS 12 oM, po3TamoBani ceprudro. 11ix vac MacoBoro IBITIHHA Ha KYyIIli OJHOYACHO IIBiTE
6-7 cyuBiTb. JlexopaTuBHUI e(eKT CTBOPIOIOTH MIMPOKI JOBri JIOMATOYKOMOMIOHI S3MYKOBI KBITKH, IO
MOBHICTIO 3aKpUBAIOTh IICHTpaNbHUI Juck. JexopatuBHicTh — 9,9 6ana. [IpoaykTHBHICTH HACiHHA — 2,5-
3,0 r 3 kyma. Copt CTIHKUH 10 HECTIPUATIMBUX TIOTOAHUX YMOB (IIOCYXO- Ta jKapocTilkicts — 9,0 6amiB ),
¢y3apiosy (9,0 6aniB) Ta consnHUKOBOI orHiBku (9,0 Oanis. [IpusHaueHHs — ISl 03ETICHEHHS.

Biominnocmi mamepuncoxoi popmu. Y 3pazka XKemuyr 10-12 Timox mepumioro mopsaKy, CyUBITTS
Oiytoro koabopy Aiamerpom 10 cMm.

Tiopuana dgopma 303-5. Cepennboro cTpoky BiTiHHSA. OTpUMaHHid BiJl BUTBHOTO 3alHJICHHS COPTY
CamanTa. Pociimaa Bucotoro 70-75 cm, mmpusoio 30 cM, KoMIakTHa, qyxe minHa. ['imok [ mopsaky — 8, sxi
po3tamoBani chepuyHo. KBITKOHOCH MilHI, JOBX)HHOWO 35-40 CcM, TycTo BKpUTI JUCTSIM. LIBiTiHHS
mounHaeTbes B Il mexanmi cepmas. Ilim gac mMacoBOro HBiTiHHA Ha KyIIi OJHOYACHO KBiTye 7-8 CYyIBITH.
CyuBiTTs — KOIIMK aOpHKOCOBO-POKEBOTO 3a0apBIIEHHS, T'YCTO MaxpoBe, KyJsictoi ¢opmu, giamerpom 14
cM. JlekopaTuBHUH e()eKT CTBOPIOIOTH JIOBTI IIUPOKI JIONMATOYKOMOIOHI SI3UYKOBI KBITKH, SKi IOBHICTIO
3aKpHUBAIOTh MEHTpaNbHUNA nuck. [lexopatuBHicTh — 9,9 Gama. HacinneBa mponykrtuBaicte — 3,0-3,5 T 3
kyma. dopma cTilika 10 HECHPHUITIMBHUX IOTOJHUX YMOB (TOCYXO- Ta KapocTikkicte - 8,0 OamiB) Ta
dby3zapiosy (9,0 6aniB) Ta COHAMHUKOBOI OrHIBKH (8,0 6aiB). [Ipu3HaYeHHS — Ha 3pi3.

Biominnocmi mamepuncokoi ¢popmu. Y 3paska Camanra 5-6 TiOK MEpLIOro HOPSIAKY, AiaMeTpoM
12 cm, Bucora pociiuau 60-65 cM., KOJIp CYIBITTS KOPAJIOBO-POKECBHIA.

Takum uynaOM, [HCTHTYTOM camiBaninTBa HAAH 32 ocranHi 1Tk poKiB 110 Jlep:kaBHOTO peecTpy
COPTIB POCTIVH, MPUIATHUX JUIS TOMIMPEHHS YKpaiHi BKIOYEHO IIICTh COPTIB KallicTedycy KUTaiChKOTO:
Amxemika (UT2300103), SAnrtapna (UT2300107), Mamenska (UT2300104) i Kpacyns (UT2300105),
Poskimna (UT2300106), Kasirunst (UT2300109), siki € Takoxk HIHHAMH 3pa3kaMu TeHO(QOHIY HAIIO1 KpaiHH.
3aBnsiku GaratoMy reHO(OHIY KYJIBTypH CTBOPEHO HOBI 3pa3ku ii cenekii: 3omora, SIckpaBa, danTasis ta
ribpuana popma 303-5. IX pocnmmE XapakTeph3yrOThCS KOMILIEKCOM TOCTIOAAPCHKO IiHHUX O3HAK, SKHi
BKJTIOYA€ CTIHKICTH 0 HECTPHUATIMBHUX TMOTOJHUX YMOB i 0 30yaHMKa (ysapio3y Fusarium oxysporum ra
COHSILITHUKOBOI OTHIBKH 8,5 OaJliB, a TAKOK BUCOKY JCKOPATHBHICTh Ta YHIBEPCAIbHICTh IPU3HAUCHHS.
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3MIHA KOMIIOHEHTHOT'O CKJIAY MONYJISIINA I'PEUKHA I BILIMBOM
®AKTOPIB CEPEJOBHUIIIA

O. B. Tpuryo

Yemumiscoka oocniona cmanyia pocaunnuymea Incmumymy pocaunnuymea im. B.A. IOp’esa Hayio-
HANbHOI akademii azpapHux Hayx Yrpainu, c. Yemumiska, [lonmascoka o61., Yxpaina,
trygub_oleg@ukr.net

[TepeBakHa OLTBIIICTH COPTOBOTO MaTepiany rpedku icriBnoi (Fagopyrum esculentum Moench.) e no-
MyJSAMISAMA PI3HOTO KOMIIOHEHTHOTrO ckiany. CTBOPEHHIO COPTOBHX IMOMYJIMiM cripusiza chopMoBaHa B
MPOIIECi eBOJIOLIT HEOOXITHICTh Yy TIEPEXPECHOMY 3alMJICHHI, sSKa 3irpaia KIYO0BY POJib B Mpolecax aaan-
Talii i po3mmpeHHs apeany Buay. [Ipu npomy Oyiio chopMOBaHO HaA3BUYANMHE PIZHOMAHITTS (HOPM, IO BU-
PI3HAIOTHCS KapAWHAIBHO MPOTHICKHHUMH XapaKTEPUCTUKAMH{, BU3HAUYCHHMH YMOBAaMH BHPOIIYBAaHHS: 3a
TPUBAJIICTIO BETeTALIMHOTO MEePioly — 3 KOPOTKUM MEpiofoM Beretallii (10 65 1i0) i mizabocTurdi (moxam 96
1i0), 32 BHCOTOIO POCIHHU — 3 JOBXHUHOIO cTebuna Bix Menmie 80 cm mo monan 140 cm, 3a ramyXeHHIM — BiJll
BiJICYTHOCTI TJIKyBaHHS 10 HasBHOCTI 7 1 OLNIbIIIE TiJIOK MEPIIOTo MOPSAIKY Ha POCIUHI, 32 KPYITHICTIO 3epeH
— Big MeHme 18 T macu 1000 3epen qo nmoHan 30 1 Tomro. OcoOaUBO 1€ MPUTaAMaHHE MICIICBHM cOpTaM i ¢o-
pMaM HapOJHOI CeNeKIlii, He3aJIe)KHO BiJ| eKoJoTro-reorpadigHoro moxomkeHHs. Llei marepian mo kxinmg 70-
X POKIB MUHYJIOTO CTOJITTS CKJIaJiaB BaroMy YacTKy I'PEUKOCISIHHS YCiX PETiOHIB CBITY, a HUHI € YHIKQJIbHUM
Pe3epBOM T'€HETHYHOTO MaTepialy 3 HelepeBepIICHUMH BIACTHBOCTSIMH MPUCTOCYBAIBHUX peakmiil 1o il
abioTHYHUX 1 O10THYHUX YMHHUKIB cepenoBuiia. CHopMoBaHUI TOW UM IHIINK MicIIEBUH cOpT 4u dopma €
Pe3yJIbTaTOM JOCUTH TPUBAJIOI il HA POCIMHHE 3i0paHHs ILIOr0 KOMIUIEKCY (haKTOpiB, Cepell IKHX OCHOBHA
pOJIb HaJeKasia MMOrOJHO-KIIIMAaTHYHUM YMOBAM, SIKUM ITOBUHHA OyJia BiAMOBIAATH Ipymia POCINH, IO BUPO-
nryBasucs pazoM. OCHOBHMMH BUMOTaMH JI0 i€l Tpyn# OYyJIM TEXHOJOTIUHI, sIKi 1 CIyryBaJd YNHHUKAMHU,
o (GopMyBaiu 1el copt 4 GopMy — MOAIOHICTh 3a TPUBAIICTIO POCTY 1 PO3BUTKY (IS OJHOYACHOCTI 30U-
paHHs) Ta HE3HAYHA PI3HUI MK KPYITHICTIO 3epHa (MOKIIMBICT MTOIABIIOT TEPEPOOKH).

[TpoTAroM OCTaHHBOTO CTOJITTSI B PE3YJIbTaTi CTPIMKOTO PO3BUTKY €KOHOMIKH CBITY Ta 3POCTaHHS
BILTMBY JTFOJICHKOI JTISUTPHOCTI HA BHIIOBHI CKJIal (IIOPH OKPEMHUX PETiOHIB i CBiTY B IJIOMY, BUHUKJIIA TIPO-
Onema 30epeXeHHsT MiCIIeBUX COPTIB Ta GopM. 3HAUHOIO MipoIO 11 OyJI0 BUPINIEHO MUIIXOM CTBOPEHHS OaH-
KiB T€HETUYHOTO Pi3HOMAHITTS POCIIUH, K yTPUMYyBauiB HACIHHEBMX KOJEKIiH IN-Situ, ex-situ, on-farm, B
(hopMi OJIBOBUX KOJIEKLIH UM KpiOKOHCEepBYBaHHs. B YcTHUMIBCHKIN JOCHIgHIN cTaHLii pocJnHHMLTBA co-
PMOBaHO KOJIEKIIi}O TPEYKH ICTIBHOI 3arajibHUM 00CSIroM moHaj 1,6 THC. 3pa3KiB aBTEHTUYHOTO Marepiaiy,
omu3pko 40% cepen sKkux 1e MicueBi copTa Ta GopMu pizHOro exojoro-reorpadiunoro noxomkeHas. On-
HUM 13 HampsMiB BHBUEHHS I[LOTO MaTepiary OyJio BCTAaHOBIIEHHS CTa0iIbHOCTI KOMIIOHEHTHOTO CKIIaay TO-
MyJIAIIA MICIIEBUX COPTIB 32 KOMIUIEKCOM O10JIOTIYHHX BJIACTHUBOCTEH Ta Mopdosoriunux o3Hak. Jlocmi-
JDKEHHSI TIPOBOJIMIIOCS 32 METOJMKAaMH BHBYEHHS Ta OMHUCY KOJEKLIMHOro martepiany i COPTOBHX PecypciB
«Hupoxoro yuidikoBaHnoro kinacudikaropa poxry I'peukn (Fagopyrum Mill.) i «MeToauku npoBeeHHS eK-
CTIepTH3H COPTiB rpeukw ictiBHOI (Fagopyrum esculentum Moench) Ha BiAMIHHICT, OMHOPIAHICTH 1 CTaOI-
JBHICTEY. 3 LI€I0 METOIO NPOTATroM 11’ sATH pokiB (20162020 pp.) nmpoBoauan nociipkeHHs 11 micueBux co-
PTIB TIOXO/DKEHHSIM 13 pi3HUX obiacteit Ykpainu — 3akapnarchkoi, JIbBiBcbkoOi, IBaHo-DpaHKiBChKOi, PiB-
HEHCBhKOI, XMeNbHUIBKO1, JKutomupcerekoi, Binaunekoi, Kuicskoi, UepHnirieebkoi, [lonaraBepkoi Ta Cymch-
KOi o0Js1actei. Ik MapKepHi 03HAKH, 110 XapaKTEPU3yBaIH PI3HOMAHITTS CKJIay ITOMYJISIii, OyJu BU3HAYCHI
— BUCOTa POCJIMHU, KUIBKICTh MIKBY3JIiB Ha cT€0Ji (OCHOBHOMY IaroHi), TiJIKyBaHHsS POCIHMH Ta KiIbKICTh
BY3JIiB y 30Hi rinKyBaHHs. IIpOBOMMIN BHCIB HACIHHS 3 HOPMOIO 80 IIT./ML.M. 3 MIOMICIO JUISHKA — 2 M° 32
PEHIIOMI30BaHOTO PO3MIILIEHHS JUITHOK 32 TPUKPATHOTO MOBTOpeHHS. LI[opiyHO MiIsi BUSIBICHHS BILIMBY
KJIIMaTu4HUX (QakTopiB BUCiBaiIM HaciHHs penpoaykuii 2015 poxy. Lupoxuit reorpadiunuii i ekonorivHui
apeaJt B3ITUX JUIsl JOCII/PKEHHS 3pa3KiB MaB Ha METi MOHITOPHHT PeakIlii pi3HOr0 3 €KOJIOTIYHOT TOUKHU 30pY
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MaTepialy Ha 3MiHY 30BHIMIHIX YMOB. KOHTpacTHI yMOBH POKIB BHPOIIYBaHHS JO3BOJWIN TOBHOIO MIipOIO
BHSIBUTH TIOJIMOP(i3M piBHS BHpPaKEHHS O3HAK SK B CEPEAMHI KOKHOTO 31 3pa3KiB, TaK 1 OMIHUTH MOIU}i-
Kylouy Iito kiaimMatuaHux ¢aktopis. 3a piBHeM ['TK (rizporepmiunuii koedinient 3a I.T. CensiHiHOBUM) po-
KM BHBYEHHs OyJo posmineHo Ha mocyuumsi (<0,60) — 2017 i 2020 pp., 3 HEAOCTATHHOIO 3BOJIOKEHICTIO
(0,74) — 2018 p., 3 momipHOIO 3BOIOXKEHICTIO (>0,90) — 2016 Ta 2019 pp.

HaiiGinem BapiabenbHUM BUSBUBCS MOKAa3HUK «BUCOTA POCIUHUY, 33 SIKUM MICIIEBI COPTH MalOTh J10-
CHUTH BEIIMKE PI3HOMAHITTS MiX 3pa3KaMU 1 B C€pequHi MOMyJIsIil KOKHOTO 3pa3ka. [lomymsrii MicTiuim HOp-
MaJIbHO PO3BUHEHI POCIIMHHM 3 piBHEM BUpaKeHHS O03HAKH: Bif 65,1 cM mo 148,5 cm. Haitbinbime BapitoBaHHS
BiJJ3HaUEHO B CEpeAMHI 3pa3KiB MOXOMKEHHAM i3 3akapnarcekoi Ta IBano-®PpaHKiBchKoi 0bnacTell, pocnuHu
SIKUX MaJ¥ 3HaUHy PEaKIfilo Ha 3MiHy MOTOAHUX YMOB, Pi3KO 30UIBIIYIOYN BHCOTY POCIHHH B CIIPHSTIUBI
2016 1 2019 poku mo 126,5 cm (129,51 123,5 em) i 121,7 em (127,31 116,1 cm) 3 po3Maxom BapitoBaHHS B
cepenuHi copToBoi momysmii Big 98,6 mo 148,5 cm ta Big 94,6 mo 142.2 cwm, BinnosigHo. B poku 3 Hecnpus-
TnuBuME ymMoBamu (2017 ta 2020 pp.) BucoTa pocIuHU KX 3pa3kiB cTaHoBmia 86,5 cM (74,9 1 98,1 cm) Ta
90,2 cm (77,11 103,2 cm). HaiiGinbiry cTabiIbHICTh 3a MOKa3HUKOM BUCOTH POCIMHHN Majd MICIICBI 3pa3KH i3
[TonraBcrkoi, Cymchkoi Ta KuiBcbkoi oOmacteil. Y HallOUIbII CIPUATINBI 32 BOJHO-TEMIIEPATYPHAM PEXKH-
MoM poku (2016 12019 pp.) piBeHs BUpakeHHs 03HaKH y HUX ckiaB 107,8 cm, 116,3 cm i 116,8 cM, 3 Bapiro-
BaHHsAMU — Bif 86,7 no 119,7 cm, Bin 88,1 no 121,4 cm, Bin 74,6 no 124,1 cm, BianoBigHO. Y HECHPHUSITIUBI
poxwu (2017 1 2020 pp.) piBeHb BUCOTH POCIHMHY IMX 3pa3KiB HE MaB 3HauHuX 3MiH: i3 [lontaBchkoi obmacTi —
100,2 cM (3 po3maxom Big 77,3 no 112,4 cm), i3 Cymcbkoi obnacti — 103,6 cm (Bix 73,5 mo 110,5 cm), i3 Ku-
iBcpKkoOi obmacti — 110,5 cMm (Bix 96,2 mo 119,4 cm).

[HpopMaTHBHNM TaKOXK € 1 PO3MOLT BCEpeANHI MOMYIIALIT KITBKOCTI POCIHH, IO HAJIEKAIU 10 PI3HUX
MiAKIIACIB 32 piBHEM BHPaKEHHS O3HAK, MTPU [ILOMY ISl YHIBEPCAIBHOCTI OLIIHKHU BCi 3pa3Ku Malld OJHY KJia-
cudikamito: [ migkmac — qo 70 cm, II — 70-90 cm, I — 91-110 cm, IV — 111-130 cm, V — 131 i 6inbie cm. Y
HAMOLIBII YyTIMBUX 1O 3MiHM MOTOJHMX YMOB 3pa3kiB (MicueBi ¢opmu i3 3akapmarcbkoi 1 IBaHo-
®paHKiBChKOi 00TacTell) B pOKH 31 CHPUATIMBIMA YMOBaMH OUTBIIICTh pociuH Haexanu a0 1V iV migkma-
ciB (76,5 1 81,3%, BiamoBinHO), MeHMIicTh ctaHOBUM pocnunw 11 i I migkmacu (22,2 i 16,5%) i no I migkma-
cy Oyio BiJHECEHO OJMHUYHI pociuHH. B poku 3 HecnipuaTIMBUME morogHumu ymoamu (2017 i 2020 pp.)
OUIBITICTh POCIMHYU IIMX MICIIEBUX COPTIB copmyBaim Bucoty pociuau Ha piBHi Il ta III migkmacy (69,3 i
70,2%), IV migxmacy — 27,21 28,1%, a I i V migknacy — Jiire OQHHAYHI POCIHHN. Y OGiIbII cTabiIBHUX Mic-
neBux copris i3 [lonTaBcrkoi, Cymcrkoi Ta KuiBcbkoi o0acTeli Biq3HaueHa JEIo iHIIa JUHaMiKa 3MiHU Pi-
BHSI BUPaXXCHHS 1[bOT0 NIOKA3HUKA y POCIHMH BCEPEAMHI MOMYJISIiA. Y CIPHUITINBI POKH Y 3pa3KiB I[bOTO O-
XOJDKCHHS TepeBakHa OUIBIIICTh pOCiMH Hajexkana jao Il miakmacy 3a Bucororo pociaunu (67,9, 63,0 Ta
64,7%, BINIMIOBIHO), 3HAYHO MEHIITY KiJbKiCTh BigHeceHo Ao Il minxmacy (21,6%, 17,8% Tta 34,5%, Biamosi-
nHO). [HIa yacTHHA POCIIMH Hajexkaa 10 cepeaabopocioro marepiany (IV migknac) — 10,5% i3 [TonTaBch-
Koi obuacTi, 19,2% i3 Cymcbkoi obmacti Ta 0,8% 13 KuiBcbkoi 00s1acTi. Y poKH 3 HECIPUATIUBUMH MOTO/I-
HUMU YMOBaMH BiJJ3HA4€HA TEHJICHIIiS 30eperiacs — OUTBIIICTh POCIWH B MOy sisax Hanexxamn go 11 i 111
rpyn — 84,3, 79,6 1 93,0%, suiie criocTepiraiocs HaOJMKEHHS YaCTHHHU POCJIMH 3a UM IapaMeTpom o I mi-
nknacy (Mexi — 70 cm).

Ha TepuTopii Ykpainu B niporieci eBoutolii copmMyBaBcst odiMopdi3M pOCITMHHOTO MaTepiany Tped-
KM 32 3HAYHUM KOMIUIEKCOM TOCIIOJIAPCHKUX XapaKTEPUCTHK 1 O10JIOTIYHUX OCOOIMBOCTEH. 3HAYHA YacTHHA
3 HUX MArOTh MO3UTUBHUNA €(eKT JJIsl BIKMBAHHS B CKJIQJIHUX YMOBAX CEpPelOBHIIA 1 JO3BOJIAIOTH MIATPUMY-
BaTH MPOJYKTUBHHUN MOTEHINA] MOMYJISAIIHHUX COPTIB Ha JIOCUTh BHCOKOMY piBHI. Lle muTaHHS B mojaiib-
oMy norpelye OUIbII 1eTaJTbHOTO BUBYEHHS 32 KOMILJIEKCOM XapaKTEPHCTHK, OCOOIMBO TICHO TOB’SI3aHUX
13 CKJIaIHUKaMHU YPO>KalHOCTI, SIK OJTHOTO 31 NUISIXiB TOJO0JIaHHS 3aJICKHOCTI BILTUBY ITOTOAHO-KIIMATHYHUX
YMOB Y CYy4aCHHUX COPTiB TPEUKH.
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MAPKEPHA CEJIEKIISA COYEBUI AJIsA HNIIBUIIEHHA TOJTEPAHTHOCTI 10
TEIVIOBOI'O CTPECY

H. E. Boaxoga, P. A. Boxxerosa, T. FO. Mapuenko

Inemumym Kaimamuuno opieHmo8ano2o CiibCbko2o 2ocnodapcmea HayionanvHoi akademii azpaprux Hayk
Yxpainu, Kuis, Yrpaina, natavolki@ukr.net

['mobanpHE MOTETUTiHHS, K€ XapaKTePU3Y€EThCS ITiIBHINEHHIM TEMIIEPaTypy TOBITPS, TPUBAIUMHU
0e3101I0BUMH TIepiolaMH B MPOIECi BereTalii poCciIiH, ONajaMi y BUIJISAL 37TUB, MPU3BOAUTH 1O 3HAYHUX
BTpar Bpoxkato. To0To, TerioBuii cTpec — mepioj] BUCOKOI TeMIIepaTypu — 3aBAa€ HE3BOPOTHOI IIKOIHU TTiJT
9ac pOCTY Ta PO3BUTKY KyJIbTYpHHX POCIHH. Taka cuTyalisi 3yMOBIIIO€ TIOTPe0y CTBOPEHHS Ta BIIPOBAKEH-
HS B CIJIBCBKOTOCIIOIAPChKE BUPOOHUITBO MOCYXOCTIMKUX BUAIB POCIHH, SIKi TAIOTh €EKOHOMIYHO OOIPYHTO-
BaHi Bpo>Kai HaBiTh 38 HECTIPUATIMBUX METEOPOJIOTTUHIX YMOB.

Couesuiis (Lens culinaris Medikus) BupoIyeTbcst y BCbOMY CBITi sik OorapHa KyiabTypa. B octanHi
POKH I KyNIbTypa CTajia HOIMyJspHOI 1 B YKpaiHi. B ocHOBHUX paiionax supouryBanHs (Immis, 3axigHa
A3is, ABCTpaltisi, a TAKOX B TIOCYIUTUBHUX perioHax YKpaiHH) COYEBHIIS MiAMAETHCS BIUIUBY BHCOKOI TEMIIe-
parypu (>30°C) Ha eramax IBITIHHS Ta [03piBaHHs. Y CIBO3MiHI PHC-COUYCBHII MPOOIIEMa IIIe CepPHO3HillIa,
OCKLIBKHY Ti3HE 30MpaHHS BPOXKAIO PHUCY 3aTPUMYE ITOCIB COYEBHIII, IO MMPU3BOIUTH A0 MOTPATUISTHHS PETpo-
JOYKTUBHOI (pa3u y COUEBHII Iifl TETIOBUH cTpec. BrummBy BUCOKOI TeMIepaTypH HaBiTh HPOTATOM KUTBKOX
JHIB TPU3BOAMTE JI0 PI3KUX BTpaTH Bpoxkato (1o 90 %) uepes HeiocTaTHE HATOBHEHHSI 3epHA.

EdextnBHUM HampsiMOM BUpIIIEHHS NaHOI MPOOJIEMH € MOJEKYIsIpHO-MapkepHa cenekmis. [Ipum
BOMY CIIiJi BpaXOBYBaTH, 110 CTIMKICTh IO TETJIOBOTO CTPECY € CKIAJHOI0 O3HAKOIO, 32 SIKY BiAIMOBIIAIOTH
Oararo Mopdonoriuaux, (HizionorivHnX, 610XIMIYHHX 1 METa0OMIYHHUX 3MiH. 3a pe3ylbTaTaMu 0araTopidHuX
TeHETUYHHX JOCIIIKEHb BCTAHOBJICHO, 110 ITOCYXOTOJEPAHTHICTh — 1€ CKJIaJHa KUIbKICHA O3HAKa, 1110 KOHT-
POIOETHCS TIEBHOIO KUTBHKICTIO T€HIB Ta/abo JIOKYCIB KUTBKICHOI 03HaKH (quantitative trait loci, QTL). OTxe,
HEOOXIHUM € JIOCIIJP)KEHHS T'eHIB Ta JIOKYCIB, MOB’3aHUX 3 CHHTE30M: HIU3bKOMOJIEKYJISIPHUX TiApodiTbHIX
MPOTETHIB, 10 3B'SI3YIOTh 3HAYHY KiJIbKICTh BOJM, JJIS 3aN00ITaHHS 3HEBOAHEHHIO KIIITUHH, MPOJIHY, SKUN
B3a€EMOJII€ 3 BHUICHABECHUMH NPOTETHAMH; CIIEHiaIbHUX CTPECOBHX MPOTETHIB, IO 3aXHIIAIOTh MOJIEKYJIH
JIHK Bij mikigymuBoi Aii 3HEBOJHEHHSI YaCTKOBUM IEPEBEJCHHSIM 1X B MAaCHBHHMU CTaH;, FOPMOHIB, 30KpeMa,
a0CIIM30BOT KUCJIOTH, 1HIOJII-YKCYCHOT KHCJIOTH Ta eTHICHY, a TakK r'eHiB-kaHauaartie (candidate genes),
SKi OEpyTh y4acTh y 3a0e3Me4eHH] TOCYXOCTIHKOCTI, a caMe — T'eHiB, 0 OepyTh y4acTh B 3aXHCTi KIIITHH B
YMOBaxX CTpPecoBOi Jii ToCyxH (T€HH MPOTETHIB OCMOTUYHOTO PETYJIOBAHHS, JAerpajallii, pemapaiii, 1eTOK-
CHKaIlii 1 CTPYKTYPHHUX [IEPETBOPEHB); TEHIB, 110 OEpyTh y4acTh B PETYJISAMIi IHIIUX T€HIB, TPUUETHUX IO Bi-
IIIOBIJII HA MTOCYXY (TeHH NpOTeiHKiHA3 1 TpaHCcKpumiitHuX (akTopis, Takux sk DREB, BZIP, MYB i 1.1.);
TeHiB BiMOBIi Ha TeruioBHi mIoK: hSP renu mpoteiuiB TerutoBoro moky (heat shock protein); rexis mmarre-
POHIB; TEHIB IIANIEPOHUHIB; T€HIB, MMOB’A3aHUX 3 apXiTEKTYPOIO KOPEHEBOI cucTeMu €tC. AHali3 JiTepaTyp-
HUX JpKepen (XpoHouoris 10 pokiB) BUSBUB TEHCHIIFO BUKOPUCTAHHS JUIA ieHTU(IKAIIl JIOKYCiB, KOHTPO-
JFOIYHX MOCYXOTOJICPAHTHICTh, METOy MOBHOICHOMHOrO aHamidy acorwianiii (Genome-Wide Association,
GWA), sikuii 103BOJISIE THITyBaTH COTHI THUCSY OJHOHYKJICOTHUIHHX mojimMopdi3mi (Single nucleotide poly-
morphism, SNP), po3noijieHix 1Mo BCbOMY F€HOMY.

Mono coueBuui, TpoOIEMOIO MiABHUIICHHS 1i MOCYXOTOJIEPAHTHOCTI 3 BUKOPUCTAHHSIM MOJIEKYJISIP-
HUX MapKepiB 3aiiMaloThCsl B HaykoBUX ycraHoBax Kamamu, ABctpauii, I'epmanii, Innii, Edionii, Kenii ta
iHmmx Kpaid. Tak, HaykoBo-gocaiana kommnanis «LGC, Biosearch Technologies» po3po6uiia Ta npoBesia Ba-
mipamito 152 SNP-mapkepiB  coueBumi  (https://www.biosearchtech.com/products/pcr-reagents-kits-and-
instruments/pcr-probes-and-assays/kasp-genotyping-panels/lentil-genotyping-panel). lani mapkepu OymyTh
BUKOPHUCTAaHI JIJIsi BCTAHOBIICHHS 3B'SI3KYy MK QJICIIBHOIO Bapialli€lo B MEBHOMY PETiOHI T€HOMY COYEBHIII i
JOCTIIDKYBaHOIO 03HAKOIO «IIOCYXOTOJIEPAHTHICThY. MaTepiaioM A0CHIIKEHb CIyryloTh 50 3pa3KiB COUYEBH-
i 3 KoJIeKUii [HCTUTYTY KIIIMaTHYHO Opi€HTOBAHOTO ciibehKkoro rocrnogapctBa HAAH Ykpainu, koHTpact-
HUX 3a JaHOI O3HAKOI0. Pe3ysbTaTu JOCHIDKEeHHS, a came cucteMa SNP-mapkepiB, MoB’si3aHuX 3 3a0e31e-
YEHHSM TOJIEPAHTHOCTI COYEBHIII /IO TEIUIOBOTO CTPECY, MOXKYTh OYTH BUKOPHCTaHI B CEJIEKI[IHHUX Tporpa-
Max, 1[0 TPYHTYIOTHCSI HA MapKepHOMY A00O0Di.
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INHERITANCE OF TRAITS OF PRODUCTIVITY AND RESISTANCE TO LODGING BY
DWARF MUTANTS OF WINTER WHEAT, INDUCED IN THE EXCLUSION ZONE OF
THE CHERNOBYL NPP

R. A. Yakymchuk

Institute of Plant Physiology and Genetics, National Academy of Agrarian Sciences of Ukraine,
Kyiv, Ukraine, peoplenaturel6@gmail.com

Introduction. Winter wheat is one of the main cereals of the planet, and also it plays a leading role in
the food supply of mankind. In the world, the areas which are annually sown under this cereal crop amount
to 217 min/ha, and the gross grain yield is over 700 min t. This food crop satisfies 18% of man’s needs in
calories and it is an important source of proteins and vitamins (Erenstein et al., 2022). This is why, the issue
of the wheat yield increase, grain quality, ecological plasticity, and resistance to abiotic and biotic stress fac-
tors of the environment is of great relevance. A successful solution to these problems depends on the effi-
ciency of the genetic improvement of wheat cultivars (Morgun, Topchii, 2018). One of the limiting factors of
the realization of a genetic yield potential, as the most important property of a cultivar, is plant lodging
(Mondal, 2020). The development of short-stem cultivars is an efficient way to avoid lodging and to increase
winter wheat productivity when intensive cultivation technology is applied (Morgun et al., 2014). According
to the results of the research on the genetic sequences of the accident at Chornobyl NPP, which had been
conducted by the scientists of the Department of the genetic plant improvement for 35 years, it was found
that under the chronic effect of low radiation doses in the radionuclide alienation zone dwarf and semi-dwarf
plant mutants were induced with a high frequency in winter wheat (Morgun, Yakymchuk, 2021). The re-
ceived forms can preserve a productive potential of an initial cultivar, and they are of breeding value as do-
nors of dwarfism when winter wheat cultivars of an intensive type are developed. The knowledge of the in-
heritance regularities of a stem length by dwarf winter wheat makes it possible to choose the pairs for cross-
ing better and to predict a possible final result from different hybrid generations earlier.

Materials and methods. The object of the research was simple F; and F, hybrids of soft winter wheat
(Triticum aestivum L.) obtained through the crosses between a medium-grown cultivar Sonechko and dwarf
mutant lines UK 1145/10, UK 1147/10, UK 1148/10 induced by the chronic effect of the radionuclide con-
tamination in the alienation zone of Chornobyl NPP on growing plants of cultivar Albatros odeskyi. The hy-
brid plants were grown in the fields of the experimental agricultural production of the Institute of Plant Phys-
iology and Genetics (IPPG) of the NAS of Ukraine in the urban village of Hlevakha, Vasylkiv district, Kyiv
region, to determine the inheritance pattern of a stem length feature and the plant productivity elements in Fy,
the degree of phenotype dominance (hp). The coefficient of heterosis was calculated (Hbt — true heterosis
and Ht — hypothetical heterosis). The modification variability of a plant height was determined by the coeffi-
cient of variation (Cy, %). Hybrid F, populations were examined for dwarf, low-, medium-, and tall-grown
forms.

Results and discussion. Parental wheat samples, involved in the hybridization scheme, belong to var-
ious groups by plant height: medium-grown — cultivar Sonechko 79.0 cm high and dwarfs — mutant lines UK
1145/10, UK 1147/10, and UK 1148/10 — 51.2, 55.0, and 52.7 cm high, respectively, which is significantly
lower than a plant height of an initial cultivar Albatros odeskyi — 82.3 cm. Plants F; exceeded the genotypes,
involved in the hybridization, by a stem length or they were closer to a parental form with a more vivid man-
ifestation of this feature. Only in the combination of Sonechko x UK1147/10 the stem length of the hybrids
was significantly smaller than that of a parent form and it amounted to 75.6 cm. In the crossing combinations
of Sonechko x UK 1145/10 and Sonechko x UK 1147/10 stem lengths in hybrids F; were inherited by an in-
termediate type (they were hp 0.5 and 0.4, respectively).

In the crossing combination of Sonechko x UK 1148/10 a partial positive dominance was recorded (hp
= 1.0). A stem length in the studied generations F; varied slightly (Cy was equal to 5.6-7.5%). By the level
of real and hypothetic heterosis in F;, the combination of Sonechko x UK 1147/10 appeared to be more valu-
able for breeding, as a stem length heterosis towards the lessening of the feature manifestation of hybrids
was recorded, as compared with parental samples with a more intensive manifestation of the feature (Hbt = —
4.3%); a coefficient of hypothetic heterosis, as compared with other crossing combinations under study,
turned to be the smallest (Ht = 12.8%).
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The potentially high productivity of dwarf mutants is confirmed by the indicators of general and pro-
ductive tillering which exceed those of an initial cultivar by 0.6-1.6 pcs. and 0.8-1.0 pcs., respectively.
When the number of grains in a spike is small, their mass (1.7-1.8 g) and the mass of the grains from a plant
(6.3-6.8 g) are at the same level as those of the cultivar Albatros odeskyi. Among the studied dwarf mutants,
lines UK 1145/10 and UK 1148/10 preserve the weight of 1000 grains as one of the most important indica-
tors of the wheat yield formation at the level of an initial cultivar (40.7 and 39.3 g, respectively).

In the crossing combinations of Sonechko x UK 1145/10 and Sonechko x UK 1147/10 the spike
length of F; plants appeared to be much smaller as compared with a similar indicator of a parental form, and
it showed a partial negative dominance (hp was —0.8 and —1.0, respectively). In the combination of Sonechko
x UK 1148/10 a spike length feature was smaller as compared with that of a parent form; it exceeded this
feature in a maternal form and it was characterized by an intermediate inheritance. No significant differences
between hybrids and parental forms by the indicators of total and productive tillering were found.

The hybrid material of the first generation by the feature of the number of ears in a spike, which is
18.3-18.8 pcs., exceeds statistically a parent form by 1.6 pcs. — Sonechko x UK 1145/10 (hp = 0.8), 1.5 pcs.
— Sonechko x UK 1147/10 (hp = 0.9), which is inherited by the type of partial positive dominance. The gen-
eration of a hybrid combination of Sonechko x UK 1148/10, as compared with a maternal form, is character-
ized by a significantly lower manifestation of the feature of the number of ears in a spike, which is inherited
by an intermediate type (hp =-0.1).

Hybrids F; exceed a maternal form — cultivar Sonechko — by the indicator of the number of ears in a
spike. The degree of phenotype dominance which resulted from the crossing of Sonechko x UK 1148/10
amounts to 0.3 and 1.3, which corresponds to an intermediate inheritance and over-dominance (heterosis). In
the hybrids of the first generation from the crossing of a medium-grown cultivar with dwarf mutants of
wheat such feature as the grain weight from a spike corresponds to the best parent form and it is equal to 2.3,
2.1, and 2.0 g, provided mutant lines UK 1145/10, UK 1147/10, and UK 1148/10 are involved in the cross-
ing combination. The degree of phenotype dominance amounts to 1.0-4.0, which is typical for over-
dominance. Over-dominance (heterosis) in plants F; was recorded also by the feature of the grain weight in
the plants (hp = 1.2-2.2). By the weight of 1000 grains hybrids were not equal to a maternal form. The na-
ture of a phenotype inheritance of the feature belongs to an intermediate type (hp = 0.5) (Sonechko x
UK 1147/10), to a partial negative dominance (hp = —0.5) (Sonechko x UK 1148/10) and depression (hp =
2.6) (Sonechko x UK 1145/10).

In the population of plants F, a segregation by the feature of a plant height with the change of pheno-
types from dwarf to high-grown ones takes place; this expresses a serious formation process. The most fre-
guent forms (92.5-94.9%) were low-grown and medium-grown ones. The appearance of dwarf forms in the
populations of F, plants was typical for all crossing combinations; their share amounted to 2.9-3.9%. They
were found most frequently among hybrids F, which was the result of the crossing of cultivar Sonechko with
mutant UK 1147/10. The appearance of high-grown plants with a frequency equal to 2.2-3.6%, which are
typical neither for a parent generation nor for hybrids F;, can tell about the adaptive effect of the interaction
of non-allele genes. The highest frequency of their segregation in the second hybrid generation was also rec-
orded as a result of the crossing of Sonechko x UK 1147/10.

Conclusions. The crossing combination of a medium-grown cultivar with dwarf mutants of winter
wheat, induced by the action of the radionuclide contamination in the alienation zone of ChNPP, results in
the inheritance of a stem length in F; plants through an intermediate type and a partial positive dominance.
Considering the inheritance pattern of a stem length and negative heterosis for this feature, as well as the
preservation of the productivity elements at the level of the best parental forms in the combination with a
high 1000-grain weight and an increased proportion of dwarf forms in the population of F, hybrids, the com-
binations involving the dwarf mutant UK 1147/10 may be valuable in the breeding of soft winter wheat for a
short-stem state. The significant variation in the degree of phenotype dominance for all studied features sug-
gests a complex genetic nature of the determination of plant height and the productivity elements in winter
wheat, with various types of gene interactions being involved.
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The priority objectives of today’s breeding include increased yield, quality, and adaptability of new
varieties of plants in accordance with agroecological conditions in the locations of their cultivation. Introduc-
tion of high-yielding and stable genotypes into production contributes to increasing gross grain yields, stabi-
lization of grain production, and effective functioning of the grain market and agrarian sector of the economy
of Ukraine, which are of strategic and socio-economic importance (llchuk et al., 2019). However, various bi-
otic and abiotic environmental stressors limit the genetic potential of the yield capacity of a variety, making
the yield less stable. Recently, the issues of increased adaptability of lots of food crops, in particular, winter
bread wheat (Raza et al., 2019; Studnicki et al., 2019; Zapisotska et al., 2021), become more and more rele-
vant, especially under climatic changes. Due to the assortment of technological purposes for which common
wheat (Triticum aestivum L.) is used and its nutritional value, this crop plays an important role in the grain
balance of many countries, contributing to their food security. Preliminary selection of high-yielding sources
with necessary adaptive features under certain agroecological growing conditions is a guarantee of effective
breeding to create adaptable highly promising varieties. Our goals were to determine the adaptive potential
of mid-tall winter bread wheat genotypes by yield plasticity and stability parameters and to identify sources
of high yield capacity, which will be adapted to the Eastern Forest-Steppe of Ukraine.

Fifteen mid-tall winter bread wheat (T. aestivum L.) accessions from four countries, including 11 ac-
cessions from Ukraine, two from Austria, and one each from Poland and Tajikistan, were investigated. The
study was conducted in the Laboratory of Genetic Resources of Cereals of the National Center for Plant Ge-
netic Resources of Ukraine (NCPGRU) of the Plant Production Institute named after V.Ya. Yuriev of NAAS
in 2018-2021. The experiments were carried out in compliance with the requirements for field breeding ex-
periments (Dospekhov, 1985). Seeds were post-fallow sown with an SSFK-7 planter in plots of 5 m? in three
replications within the optimal timeframe (the seeding rate was 4.5 million seeds/ha). Podolianka was the
check variety; it was sown between every 20 accessions. In the spring, the plots were fertilized with ammo-
nium nitrate (N4o). The accessions were investigated by Merezhko’s method (Merezhko et. al., 1999) and ac-
cording to the classifier of the genus Triticum L. (CMEA’s extended harmonized classifier of the genus Trit-
icum L., 1989). The plasticity and stability of plants were determined by S.A. Eberhart and W.A. Russell’s
algorithm (Eberhart, Russell, 1966). The obtained results were interpreted, as G.C.C. Tai described (Tai,
1971), where certain combinations of the plasticity and stability parameters of traits indicate the level of
adaptability of the studied genotypes to the agro-ecological growing conditions. Data were statistically pro-
cessed, as B.A. Dospekhov recommended (Dospekhov, 1985).

The weather during the study period varied in terms of the hydrothermal coefficient (HTC = 0.46—
1.68), allowing for evaluation of the adaptive potentials of the mid-tall winter bread wheat genotypes by
yield plasticity and stability as well as for identification of sources of high yields, which are adapted to the
Eastern Forest-Steppe of Ukraine. During the study period, 2020 was the most favorable year to harvest high
yields. In 2019 and 2021, yields were much lower. It should be noted that the water deficit and high tempera-
ture in July 2021 (HTC = 0.09) caused heat injury to the grain, which had a more negative effect on the
yields compared to the previous years.

In order to include desirable starting material, which combines high adaptability with yield stability, to
breeding programs, the plasticity and stability parameters of the 15 best (in terms of these characteristics)
mid-tall-sized accessions were assessed. In 2018-2021, the following sources of high yields (+> 16% to that
from the check variety) were selected: Svitiaz, Musii, Hetmanska, Yuvileina Patona (UKR); Palmus (AUT)
(Podolianka yielded 5.78 t/ha).

From the coefficient of linear regression (b;), it was elucidated that the yield plasticity in the mid-tall
accessions under investigation ranged from 0.02 to 1.96. Seven genotypes (46.7% of the total sample) were
highly plastic (b; > 1), i.e., they had wide norms of reaction; these were Yuvileina Patona (b; = 1.96), Liryka
Bilotserkivska (b; = 1.63), MIP Darunok (b; = 1.30) (UKR); Natula (b; = 1.29) (POL), Sarvar (b; = 1.91)

174


mailto:Jarosh_Andrij@ukr.net

SECOND INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

(TJK), Palmus (bi = 1.35) (AUT) (Podolianka, the check variety had b; of 0.92). There were no genotypes
with optimal responses to changes in the growing conditions (b; = 1).

Eight genotypes (53.3%) showed a low plasticity (b; < 1), that is, a weak response to changes in the
growing conditions. These were Akademichna 100 (b; = 0.02), Hetmanska (b; = 0.31), Svitiaz (b; = 0.38),
Sanzhara (b; = 0.66), Kvitka Poliv (b; = 0.79), Musii (b; = 0.80), Merezhka (b; = 0.87) (UKR); NE10507 (b; =
0.15) (USA).

Nine genotypes (60.0%) were characterized by high stability of their yields, with the lowest numerical
values of stability variance (S°d; = 0.0). These were Academichna 100 (S°d; = 0.00), Hetmanska (S%d; =
0.00), Svitiaz (S°d; = 0.00), Sanzhara (S°d; = 0.00), Yuvileina Patona (S°d; = 0.00), Kvitka Poliv (S°d; =
0.01), Merezhka (S%d; = 0.01), Musii (S%d; = 0.03) (UKR); NE10507 (S°d; = 0.00) (USA) (Podolianka, the
check variety (UKR), had S°d; of 0.27).

Lyrika Bilotserkivska (Sd; = 0.54), MIP Darunok (Sd; = 0.42) (UKR) (S°d; > 0.0); Natula (S°d; =
0.34) (POL), Sarvar (S%d; = 0.36) (TJK), Turanus (S%d; = 0.23), and Palmus (S*d; = 0.19) (AUT) turned out to
be the most unstable accessions (40.0% of the sample).

Thus, the vast majority of the mid-tall genotypes (53.3%) combine the high stability of their yields
(S%d; = 0.0) with low plasticity (bi < 1). They included the following accessions: Akademichna 100, Hetman-
ska, Svitiaz, Sanzhara, Kvitka Poliv, Merezhka, Musii (UKR) and NE10507 (USA).

A high plasticity and unstable yields (bi > 1) and (S*d; > 0.0) were recorded for six accessions
(40.0%): Liryka Bilotserkivska, MIP Darunok (UKR); Natula (POL), Sarvar (TJK), Palmus, Turanus (AUT).

We also distinguished a genotype combining high plasticity with stable yield (bi > 1; S°d; = 0.0): Yu-
vileina Patona (UKR); it was 6.7% related to the total number of the accessions. Based on S. A. Eberhart and
W.A. Russell’s algorithm (Eberhart, Russell, 1966), such genotypes are the most valuable ones, because they
effectively use the favorable factors of growing conditions and are noticeable for stable yields.

The plasticity and stability parameters of the best mid-tall winter bread wheat genotypes demonstrated
that, in the Eastern Forest-Steppe of Ukraine, four varieties (26.7%) had the highest adaptive potentials in
combination with high and stable yields (+> 16% to that from the check variety): Svitiaz, Musii, Hetmanska
and Yuvileina Patona (UKR).

The selected high-yielding and stable sources with high adaptive potentials are valuable starting mate-
rials to create highly promising winter bread wheat varieties, which will be adapted to the stressful growing
conditions in the Eastern Forest-Steppe of Ukraine.
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OTPUMAHHS JAT ATVIOITHUX JITHIMA IIIEHUII M’SIKOI O3UMOI 3
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CyuacHu#l piBeHb p0o3p00OK Ta TEXHOJIOTIYHUX MPUHOMIB OTPUMaHHA JIHIHHOTO MaTepiany MIICHUI]
(amgporenes in Vitro 4y MeTo | Tarionpo/rocepa) 03BOIIsE€ BUKOPUCTOBYBATH JaHUI METO SIK HEBi €MHY
YaCTHHY CEJICKIIHHOro Mmpolecy AaHoi KyabTypu (JIuTBuHEHKO Ta iH., 2015; Lantos, Pauk, 2016; Testillano,
2019). BioTeXHOIOTiYHI METOIU HAIOTh MOKJIMBICTE OTPHUMATH HOBI ()OPMHM IIIIEHHUIT, CTIMKI J0 Pi3HHX He-
CHpUATINBHUX (HaKTOPiB, B MAKCUMAIIFHO KOPOTKI TepMiHU 1 0€3 3aIiTHHS BETUKUAX ITOCIBHUX TUIOIII.

3a mporpamMor CTBOPEHHS BUXIJIHOTO CEJICKIITHOIO MaTepialy MIICHHUIlI 3 TPYIOBOIO CTIMKICTIO 10
30yIHUKIB TOJIOBHUX XBOPOO (BUAM ipKi 1 Ca’KKH, OOPOITHUCTOI POCH) 3 METOIO «ITipaMiTyBaHHI» Y OJTHOMY
reHotuni eexrupaux Lr, Yr, Sr, Pm i Bt-reHiB 3ailicHuIM TiOpUAM3AIII0 MOMDK JIHIN 1 COPTIB MIICHMIII,
mo € y reHodoHal Biaaury ditonmaronorii i eHTOMONOrIi. Y MONFOBUX PO3CaJHUKAX MIICHUIl HA MTYYHO
CTBOpEHUX iH(eKIiiHnX PoHax (okpeMi, KOMOIHOBaHI) MPOBeNEHO (HITOMATOJIOTIUHI OI[IHFOBAHHS 1 JOOOPH
riopuaiB, JTiHiM, COPTIB MIIEHUII, 0 € CTIHKUMH 10 30yaHuKIB Oypoi (Puccinia triticina), skostoi (Puccinia
glumarum Erikss. etHenn.), cre6iosoi (Puccinia graminis f. sp. tritici) ipsxi, 6oporaucroi pocu (Blumeria
graminis (DC) Speer f. sp. tritici) Ta tBepmoi caxxku (Tilletia caries) (Babayants et al., 2015).

Merta IOCTiKEHHST — METOZOM aHApOoreHe3y in Vitrd CTBOPUTH TOMO3HMTOTHI JAMTAIIOIAHI JIHIT 3
TPYMIOBOIO CTIHMKICTIO, [0 MAOTh KOMIDIEKC €(eKTUBHHUX T€HIB CTIHKOCTI 10 XBopoO. /i mporo Bimmisiom
¢itomarosnorii Ta earomoriorii CI'I-HIIHC B naGopaTopito KylIbTypu TKaHWH OyJIM HaJaHi JIEB’SITh CEICK-
uidHux JniHid 1i0puniB (F4-Fs), oTpuMaHNX Ha OCHOBI JOHOPIB, CTIHKICTh SKUX TMOXOAMTH BiJl JUKOPOCIHX
poawnuiB mmenuti (Aegilops cilyndrica, Ae. variabilis, Triticum erebuni). Hagani nixii Manau rpymoBy CTii-
KicTh 10 Oypoi, cTebI0BOT, )KOBTOI ipkKi, OOPOITHUCTOI POCH, TBEP/OI Ta JIEeTIOUOI caxxku. Hezpaxkaroun Ha
Te, MO I TIOPHIM OTPHMaHiI METOIOM IHAWBIIyanbHOrO J000py “pedigree” mo m’sATOro MOKONiHHS, Oib-
IICTh 13 HUX € TeTePO3UTOTAMHU.

SIk MeTox UIsl OTPUMAHHS MOJIBOEHHX TaruIoi/(iB MIICHUIl BUKOPHCTOBYBAIU KYJIBTYpY iN VItro izo-
JTHOBaHUX MWISKIB MIIEHUII. BiZIcCOTOK Kairocy i pereHepailii 3eJIeHUX POCIHH JUIS KOXKHOTO TEHOTHUITY PO3-
paxoByBallM 3a KiJBKICTIO BUCAJKEHUX MWIsKIB. [licns etamy aganTamii 10 I'PyHTOBHX YMOB pereHepaHTH
MIISHUI SIPOBU3YBAJIM Ta IOPOIYBAIM B YMOBAX ITYYHOTO KiIiMaTy. Bu3Hauamy BiICOTOK GepTHIIEHHUX PO-
CJIMH BiJ| 3arajbHO1 KiJIbKOCTI OTPUMAaHHUX POCIUH-PETeHEPAHTIB.

BusiBiieHo BiAMIHHOCTI B 4acToTi iHaykii kamocy (Bix 0,99 mo 16,26% BucamkeHUX MHUIISAKIB) Ta
3MaTHOCTI pociuH 10 pereHeparii (Bix 0 mo 3,05% Brca/pKeHUX MUISKIB) y MpoIleci aHaporeHesy in vitro
03uMoi M’sikoi nreHuni. HaliBuminii piBeHb KaltoCOyTBOPEHHS Ta pereHeparlii BUsSBIEHO Juist 3pas3kiB 120/20
ta 132/20. Ha ertami perenepatiii pociiuH 3e/ieHi pOCIMHU-PETeHEPaHTH OTPUMAIIH JIMIIE B KYJIbTYPl MHJISIKIB
CeMH 3 JIeB’SITH T€HOTHUIIB. PereHepariiiHa 3JaTHICTh OTPUMAHUX HOBOYTBOPEHbL B CEpelHBOMY CKJajana
6,65%. Y 2021 p. orpumaHo 15 guramioigHux JiHIA B KyJapTypi mwisikiB riopunis 2/20, 3/20, 120/20,
132/20, 352/20.

Jist 37aKiB XapakTepHe CIIOHTaHHE MOJIBOCHHS XPOMOCOM Y TaIlIOiTHUX KIITHHAX KAIIFOCY, 110 MPH-
3BOJIUTH IO YTBOPEHHS 0araTOYMCENbHUX MOJBOEHMX TaIUIOiiB: B 3aJI€KHOCTI Bil BULY KYJbTYPU Ta YMOB
kyneTHByBaHHs Big 30 mo 87% (Mishra, Rao, 2016). B xomi Hamoro JOCHiKEHHS aHAPOTEHE3y O3MMOI
MIICHHIII MU HE BUKOPHCTOBYBAJIM JUILIOIIM3ATOPH, TOOTO YCi OTpUMaHi 15 (epTUIBHUX POCIHH — IIe pe-
3yJIbTaT CIIOHTaHHOI AuIutoinu3anii. EexktuBHicTs ocTaHHBOTO Hpouecy Oyna pizHoro: Bix 12,5 no 60,0% B
3aJIeKHOCTI BiJI TEHOTHITY, B cepeHboMY 29,41%, 110 CIiBBIIHOCUTBCS 3 TMOAIOHUME pe3ynbTatamu 32,72%
Lantos ta Pauk (2016).
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VY 2022 poui Oyna npoBeieHa OLIHKa JAHOTO MaTepialy Ha CTIHKIiCTb 10 Oypoi, cTeOnoBoi, JKOBTOI
ipki, OOPOITHUCTOI POCH, TBEPAOi CAKKH Ha MITYYHOMY KOMIUIEKCHOMY iH(EKIiitHOMY (OHI X XBOPOO y
MOJILOBOMY PO3CAAHUKY. YCi JiHii OJHOTO TEeHOTUIY HE PO3PI3HSINCI MK cCOOO0I0 3a SIKICHUMHU Ta KilbKic-
HUMU XapaKTePUCTHKAMH CTIHKOCTI 0 30yHUKIB XBOPOO, 10 BUBYAIU. BUsIBIICHO, 1110 JIUIIE AUTATUIOIIHI
niHil reHoTury 120/20 BUSBHINCS ypa3TUBUMHE 10 OOPONIHUCTOI pocH Ta xoBToi ipxi. [Ipore, yci onepxani
JUTATUIOiIHi JIiHIT BUSBUIX BHCOKY (8-9 OaniB) KOMIUIEKCHY CTiHKIiCTh 10 Oypoi, cTeda0Boi, )K0BTOI ipXki Ta
TBEPJIO1 CAXKKH.
TakuM grHOM, B pe3yibTaTi TOCHIIHKEHHS OTPUMAHO JIHIHHANA TOMO3UTOTHHIH MaTepial i3 KOMILIeKC-
HOIO CTIMKICTIO JI0 PI3HUX THIIIB ipXKi Ta TBEPOi CaXKH, SKUI € IHHOBAIlIHHUM BHUXIiTHUM MaTepiajioM JUIs
CEJIeKIIIi MIIeHUII], a TAKOXK MOXKE€ HaJalll 3aJydaTHCs 10 JOCHTIKEHb 3 BUBYEHHS T€HETHYHOI OCHOBH JTaHO1
CTIMKOCTI.
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OCOBJIMBOCTI IIPOSIBY CTIMKOCTI 1O BOJHOI'O IE®IIUTY B
IOBEHLIBHOMY MEPIOA]I VY 3PA3KIB NIIEHULI M’SIKOi O3UMO1

0. A. 3mieBcbka, H. 1. Pabuyn, O. B. Auuudepona

Tnemumym pocnunnuymea imeni B. A. IOp ’esa HayionanvHoi akademii aepaprux Hayk Yxpainu,
Xaprxis, Ykpaina, yuriev1908@gmail.com

[TuTaHHS MOCYXOCTIHKOCTI CUTBCHKOTOCIIOAAPCHKUX KYJIBTYp B YKpaiHi uepe3 po3MIMPEHHS! CTENOBOI
30HU Ha TEPUTOPII JepKaBU Ta 3MiHU KIIMaTHYHUX YMOB cTae nenani akryansHimmm (Chaves et al., 2004;
Kynn6ima, 2009; Godfray et al., 2010). Yacti rpyHTOBI Ta MOBITPSHI MMOCYXH Y TOCIBHUI EPiO O3UMHX KY-
JBTYP, 30KpeMa MIICHUII M’ SIKOi 03UMOi, MiABUIIYIOTh MOTPE0y CUTBrOCIBUPOOHUKIB Y COPTax, CTIMKHUX A0
BOJHOTO NeilUTy y IPYHTI Ta BHCOKHX TEMIIEpaTyp MOBITPS Ha MOYaTKy po3BUTKY pociuH ([Tucapenko,
2019), a cenekiiOHEPIB CIMOHYKA€E IMYKATH HOBI JpKepesia MOCYXOCTIHKOCTI JUIsi CTBOPEHHSI TaKHX COPTIB.
Hamri mocimkeHHs 30cepepkeni caMme Ha FOBEHIIBHOMY IepioJli OHTOTEHe3y POCIHH MIIEHUIl M SKO1 03U-
MO SIK HAOLTBII KPUTUIHOMY.

Meta. Bu3HauuTs 0COOIHMBOCTI MPOSIBY CTIKOCTI POCIHH 0 3HEBOAHEHHS Y 3pa3KiB MIEHUII M’ SIKOT
03UMOI B IOBEHIJIbHHIA TIEPi0l OHTOTCHE3Y.

MeTtoauka. J{ocmimKeHHs MTPOBOAMIN 32 KOHTPOJILOBAaHUX YMOB y Jlaboparopii [HCTUTYTY pocITHHHU-
utBa imeHi B. S. FOp’esa HAAH. [Ins Bu3HaueHHs piBHS CTIHKOCTI POCIIMH J0 3HEBOJHEHHS B IOBEHUIbHUM
nepiosl BUKOPUCTOBYBAIU 14 COPTIB MIIEHUI M’ K0T 03UMO1 Pi3HOTO €KOJIOTO-TeorpadiYHOro MOXO0HKEHHS:
VYxpaina (Ilomomsiaka, JlockoHamicte opecbka, Crammmaa oxecbka, Ilepesara, FOBineitna Ilarona, 3emie-
po0), Pymynist (Fajura, Armura), [lonsmma (Natula), Yropmmaa (MV Kaplar), Asctpist (Palmus), Himeuunna
(Nordcap, Achim), ®panmis (Mescal), sik crangapT BukopuctoByBayid copT Ilogonsuka. YMoBu aedinury
BOJIOTH CTBOpIOBajM 3a pornomoroio 12% pozuuny IIEI' 6000, B skoMy HaciHHS IMPOPOLIYBaIH MPOTITOM
Tphox mi0 (IIpuxoapko ta iH., 2021). KorTpomem ciyryBaim 3pa3ku, MPOPOIIeHy Y JTUCTHIROBaHiH Bofi. Ki-
JBKICTh HaciHWH B mpoOi cTanoBmwiaa 50 mrt. [IposiB cTIHKOCTI pOCIHMH 10 BOJHOTO Ae(iUTy Y FOBEHIIBHUN
Mepioj] AOCHIHKYBaIM 3a HACTYIHUMH O3HAKaMM: KUIBKICTh IMPOPOCIOr0 HACIHHS 3 JIOBKHHOI MPOPOCTKA
>5 MM, JOBXHHA TPOPOCTKA, Maca CHPHX MPOPOCTKIB, Maca CyXUX MPOPOCTKIB, Maca CHPHX KOPEHiB, Maca
CYXHX KOPEHIB, BITHOIIEHHS Macl CHPHX KOPEHIB JI0 MACH CHPHX MPOPOCTKiB, BI/IHOMIEHHS MACH CyXUX KO-
PEHiB JJO MacH CyXUX MPOPOCTKIB.

Pe3yabTaTu. BeranosieHo, mo HacinHs, npopoieHe B po3unHi [1ET, Bigpi3HAIOCS 3HWKEHUMH 3HA-
YCHHSIMH TIOKa3HHUKIB MaiiXKe y BCIX COPTIB, a TaKOXK BHUSBJICHO BiJIMIHHOCTI MPOSIBY O3HAK MK COPTaMHU.
Tak, KiBbKICTh MPOPOCIOr0 HACiHHA B YMOBax BOJXHOro Jedinurty craHoBuia 31,5-78,6% Bixg KOHTpOIIIO,
TinbkH y copty Natula BusiBieHO mposiB 03Haku Ha piBHI KoHTpoio 100%. HaiiMeHII00 KiNbKICTIO Tpopoc-
JUX HAaciHWH XapakrepusyBaiucs coptd MV Kaplar, JlockoHamicTs oxeckka, Fajura, mo Big KOHTpOIO
cknanaio 31,5, 35,0 ta 38,6%, BignosigHo. Cepeln ycix 3pa3KiB 3 BUCOKOI KUIBKICTIO MPOPOCIMX HACIHUH
Ha piBHi crangapty [logonsiaka (70,0%) BuaineHo coptu 3emiepob (70,0%) Ta Nordcap (73,0%).

BinzHaueHo CyTTeBe 3HIKEHHS JOBXHHU IPOPOCTKA B yMOBAaX 3HEBOAHEHHS Y BCIX IOCIIIXYBaHHX
3paskiB (Ha 42,9-80,0% Big KOHTpOIIIO). AJie HE3BaXKalO4M Ha Te, IO YaCTHHA COPTIB B MOPIBHSIHHI 3 COp-
TOM-CTaHAAPTOM MaJH HU3bKY KUIBKICTh MPOPOCIMX HACIHUH, IPU IIbOMY BOHH IE€PEBEPIIyBaIN CTAaHIAPT
3a JIOBXKHMHOIO MpopocTka. Hanpuknan, cranmapt [logossHka 3a KUIBKOCTIO mpopociux HaciHuH (0% mas
CEepeHIO JIOBXUHY IpopocTka 12,0 MM, coptu [lockoHaicTs onechka, CniaammHa oaecbka, [lepesara, FOBi-
neiina [larona ta Palmus 3 kinbkicTio npopocnux Hacinu 22—49% 3a 1OBKMHOIO IPOPOCTKA IEPEBBEPILYBa-
mu copt Iomomstaka Ha 34,3—76,3%, mo ckiaamamo 16,0-21,0 Mmm.

BcraHoBieHO CyTTEBe 3HIKEHHS Macd CHPHX MPOPOCTKIB B YMOBax Je(ilUTy BOJOTH MOPIBHIHO 3
koHTposeM Ha 60,1-94,9% y BCiX cOpTiB, B TOW 4Yac sIK 3HIKEHHS MacH CHPUX KOPEHIB BUSBICHO TITBKH Y
qacTuHU copTiB (Ha 38,5-81,9%). ITopiBHsiHO 3i crangapToM [10/10/51HKA Maca CHPUX MPOPOCTKIB Ta KOPEHIB
sxoi cknaganu 0,3 r ta 0,65 T BiAMOBIIHO, BUABICHO COPT 3eMiIepo0 3 BHCOKOIO MACOI0 CHPUX MPOPOCTKIB
Ha piBHi cranzapty (0,32 r). Copt [Jockonanicte ofecbka 3a mieto o3Hakoro (0,46 T) mepeBepiIyBaB CTaH-
napt Ha 50%. Copt Achim MaB Macy cupuX MPOPOCTKIB 1 KOPEHIB HA PiBHI cTaHIapTy, 0,34 1 0,65 T Bimmo-
BiTHO, a copT Mescal mepeBepiuryBaB cTaHzapT 3a odoma nokasHukamu Ha 70,7 i 44,2% BiamnosinHO, 110
ckmamano 0,52 110,94 r.
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B ymoBax BogHOTO Je(ilUTy BCTAHOBJICHO 3HWKEHHS MACH CyXHX IPOPOCTKIB MOPIBHSAHHI 3 KOHTPO-
neMm Ha 55,3-94,1% y Bcix 3pa3kiB Ta 3HIKCHHS Macu CyXuxX KopeHiB Ha 19,0-68,4% y OinbmocTi 3pa3kis.
Coptu Nordcap (0,112 r) Ta Mescal (0,093 1) 3a Macoro cyxux KOpeHiB Oynu Ha piBHI KOHTpoIto. Bumineno
coptu 3emiepob (0,067 1), Mescal (0,056 r) tTa Nordcap (0,055 r) 3 BUCOKMMH 3HAUECHHSIMU MAcCH CYXHX
MPOpOoCTKiB Ha piBHI ctanxapty (0,059 r). 3 BUCOKMMHU 3HAUCHHAMHU MaCH CYXUX KOPEHIB Ha PiBHI CTaHAAPTY
[Mogonsuaka (0,91 1) Buaimeno coptu tOBineiina Ilatona (0,095 1), 3emiepo6 (0,091 r), Mescal (0,093 r) Ta
BuIe Bix ctaanapty Ha 23,5% — copt Nordcap (0,112 r).

BiamoBigHO 10 3MiH YMOB 3BOJIOKEHHS 3MIHIOBAJIOCS BiJHOIIEHHS MAaCH CHPUX KOPEHIB 10 MacH CH-
pUX MIPOPOCTKIB Ta BIAHOIIEHHS MAaCH CYyXHX KOPEHIB 0 MacH CyXHX IMPOPOCTKIB. 32 yMOB J1e(hillUTy BOJOTH
CTIOCTEpIrad 3pOoCTaHHs BiJHOIICHHS MAacH CHUPUX KOpPEHIB 0 Macu cUpux mpopoctkiB (3 0,45-1,38 mo
1,02-3,29) y 1,7-5,8 pa3u mpakTH4HO y BCiX COpTIB, OKpiM copty Jlockonamicts onecbka (1,02), y sikoro
BiJI3HAYEHO 3MEHIIICHHS MoKa3Huka Ha 30% TMOpiBHAHO 3 yMOBaMHU AOCTAaTHHOTO 3BosoxkeHHd (1,38). B mopi-
BHSIHHI /I0 CTaHAAPTY B YMOBaXxX JIOCTAaTHBOTO 3BOJIOKEHHS Big3zHaueHo copTh Jlockonamicts omechka (1,38),
Fajura (1,02), Armura (1,16), Natula (0,93), MV Kaplar (0,93), Nordcap (0,70), Achim (0,90), Palmus
(0,81), Mescal (0,92), sixi nmepeseprryBanu ctanaapt [lomonsaka (0,45) 6inpir Hixk B 2 pa3u 32 BiTHOMIEHHSIM
MacH CHPHUX KOPEHIB JI0 MacH CHpPUX MPOPOCTKiB. B ymMoBax BogHOTO Ae(IIUTY 3a BiTHOMIEHHSIM MacH CH-
PHUX KOPEHiB JI0 Macu cupux npopocTkiB copT [logomsuky (2,0) mepeBepiryBana MeHIIA KUTbKICTh COPTIB —
IOgineiina Ilarona (2,37) na 18,5%, Fajura (3,15) na 57,5%, Natula (2,20) Ha 9,8%, MV Kaplar (3,29) nHa
64,7%, Nordcap (2,36) Ha 17,9%.

BigHOmIEHHST MacH CyXHX KOPEHIB JI0 MacH CyXUX MPOPOCTKIB 3a yMOB 3HeBogHeHHS (1,35-2,62) 3po-
cranmo y 1,7-5,1 pa3iB mopiBHSHO 3 yMOBaMH JOCTaTHBOTO 3BoJjoxkeHH: (0,62—-1,02) y Bcix copri. Copt
IOgBineiina [TaToHa 3a yMOB JOCTaTHBOTO 3BOJIOKEHHs 3a MHi€lo o3Hakor (1,02) mepeBepiryBaB cTraHmapT
(0,89) na 13,8%, a copru Ilepesara (0,90) i Armura (0,89) Manu BelbYMHM Ha PiBHI CTaHIAPTY. 3a YMOB Jie-
¢ituty Bostoru cranaaprt (1,76) nepesepirysaau coptu FOBineiina [Tatona (2,17) na 23,4%, Fajura (2,06) Ha
16,9%, MV Kaplar (2,62) 48,5%, Nordcap (2,06) Ha 16,7%, Achim (3,76) na 113,8%. Copt Cnaausa oze-
ceka (1,79) OyB Ha piBHI CTaHIApTY.

BucnoBku. TakuM 4rHOM, BCTaHOBIICHO, IIO COPTH yKpaiHChbKOro moxomkeHHs FOBineiina Ilatona,
3emiepob Ta copt 3 Himeuunnn Nordcap moeaHyBaiy BUCOKI OKa3HUKU OLIBIIOCTI O3HAK, SIKi 3yMOBIIIO-
I0Th CTIHKICTh IPOPOCTKIB 10 BoxHOro aedinury. Copt HOBineiina IlaTona BUpi3HIBCS 3a TOBKHUHOIO IPO-
POCTKiB, Macol0 CyXUX KOPEHiB, BITHOIIEHHSIM MacH CUPHX KOPEHIB O MaCH CUPUX MPOPOCTKIB Ta MaCH Cy-
XHX KOPEHIB JI0 Macu Cyxux npopoctkiB. CopT 3emiiepod xapakTepu3yBaBCcsi BACOKHM PIBHEM IMPOSIBY Killb-
KOCTi MPOpPOCTIOr0 HACIHHS, MacH CHPHUX 1 CyXHX MPOPOCTKIB, MacH CyXWx KopeHiB. Y copty Nordcap Bij-
3HAYEHO MiABUIIEHNH piBEHb MMOKA3HUKIB 3a I1’IThbMa 03HAKAMU: KiIbKICTh IPOPOCIIOr0 HACIHHA, Maca CyXHUX
MIPOPOCTKIB Ta KOPEHIB, BIIHOLIEHHS! MaCH CUPHUX KOPEHIB 10 MACH CHUPHX IMPOPOCTKIB Ta Macu CyXHX Kope-
HIiB JI0 MacH CyXHX MPOpocTKiB. Lli cOpTH MOXYTh CIIyTyBaTH JKepeJiaMH CTIHKOCTI 10 BOJHOTO JAe(iluTy B
IOBEHLUTLHUH TIepioJl Ta PEKOMEHI0OBaHi 10 3ay4YeHHS B CEJIEKIIHHUHI TpoIlec MPH CTBOPEHHI COPTIB IIICHU-
111 M’ sIKOT 03UMOT, aIaNTOBAaHMX JI0 IIOCYXH, 30KpeMa B OCiHHIH mepioz,.
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