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BHYTPIIIHbOI'EHOMHA MIHJIMBICTb MIKXT'EHHOT'O CIIEMCEPA T'EHIB 5S
pPHK SK IIOTEHIOHIMHUU MEXAHI3M AJAIITALIIL 1O CTPECY HA IIPUKJIAII
NEPJIAHHUIII AHTAPKTUYHOI COLOBANTHUS QUITENSIS

I. O. Auapees, B. M. MeabHuk, 1. I. KonBamok, B. A. Kynax

Incmumym monexynapuoi 6ionoeii i cenemuxu HAH Yxpainu,
M. Kuis, Ykpaina, e-mail: i.o.andreev@imbg.org.ua

Pu6ocomui PHK (pPHK) € cknmamoBoro 9acTHHOIO pHOOCOM — KIITHHHUX OpPTaHedl, BiIMOBIJaTbHIX
3a OinKoBHi cuHTe3. CaMe TOMY TeHH, SIKi iX KOIYIOTh, — HEBIJl'€MHA YaCTHHA TE€HOMY OY/b-SIKOTO JKUBO-
ro opranizmy. ['enu 5S pPHK (5S p/IHK) xonyrots PHK, sika BXoauTh 10 CKIamy BEJIMKOI CYOOUHMUII
pubocomu. Y reHOMi OIBIIIOCTI HACIHHUX POCIMH BOHU IMPEACTABJICHI Y BUTIISAI TAaHIEMHHUX ITOBTOPIB 3
YUCENBHICTIO Bifl KUTBKOX COTEHb JI0 KITBKOX THCSY, PO3TAIIOBAHUX B OJHOMY a00O KUTBKOX XPOMOCOM-
HUX Jokycax. [loBroproBana oguauis 5S p/IlHK MicTuTh KOHCepBaTHBHY KOAYBajbHY IUISIHKY JTOBXKH-
HOMo 65u3pKko 120 1.H., a TaKoK HeTpaHCKpuOoBaHuid MixkreHHuit cnieiicep (MI'C), sikuit posainse cycinni
KoAyBanbHI MUIsTHKH. Ha BiaMiHy Bix KomyBambHOI AUTSHKA nocaimoBHicTs MI'C xapakTepusyeTbcs BU-
COKOIO MIiHJIBICTIO, 3aB/ISIKH YOMY BOHA € 3pYYHHM 1 IIUPOKO 3aCTOCOBYBAHUM 00’ €KTOM IS 3’ SICyBaHHS
MUTaHb CBOJIIOLIT T€HOMY, OMYJIALIHHOT TeHeTHKH, cucteMaTuku Ta inmmx (Hemleben et al., 2021).

[epmuunnns antapkruaaa (Colobanthus quitensis (Kunth) Bartl. Caryophyllaceae) — oqua 3 1BOX
BUJIB CyIUHHUX POCIHH, SIKI IPUCTOCYBAJIUCS O ICHYBaHHS B €KCTPEMAIbHUX YMOBAaX AHTAPKTHKHU Ha
MeXI1 ajanTaifiHux MoKIMBoCcTei. He3Bakaroun Ha HU3KY nociimkens, pudocomua JJHK i, 30xpema 5S
pAHK 1poro Buny, 3anumnaeTbes HeqocaimKkeHow. Tak caMo pakTUYHO BiACYTHI MyOmiKallii moa0 Mo-
JIEKYJIAPHOI OpTaHi3aiii i€l MOCTiIOBHOCTI B iHIIKX MpencTaBHUKIB poawan Caryophyllaceae.

MerToro 11i€l poOoTH 0YJIO TOCTIANTH HYKJICOTHUAHY IMOCIIOBHICTD AUISHKA MDKICHHOTO criericepa
5S pAHK C. quitensis, mpoaHamnizyBaTty ii MOJIEKYJISIpHY OpraHi3allilo Ta 0XapaKTepru3yBaTH BHYTPIIIHbO-
T€HOMHY MiHJIMBICTb.

Marepiamm i MmeToau. J1is nocaiKeHb BUKOPUCTAIN pocauHHuN Matepian C. quitensis, 310paHuii
Ha 0. Ckya (Finger Point) mig wac XX VYkpaiHCBhKOI aHTapKTH4HOI ekcnenulii y grotomy 2016 p. 1 mmo-
0’300 Hamanuii criiBpoOiTHUKaMu 1Y «HanionanbHuil anTapkTHuHMi HaykoBuid neHtp» MOH Ykpainu.
JHK Buniism 3 cyxoro Marepiaiy IMaroHiB, BUCYIIEHOTO i3 BUKOPUCTAHHSAM CHITIKAresro, 3a MOAU(iKO-
BaHOI MeToaukor 3 BukopuctanHsMm L[TAB-Oydepy. locninosricte MI'C 5S p/IHK ammuridikyBanu
METO/IOM ToniMepasHoi naHmororoi peakuii (IIJIP) 3 BukopucTaHHsIM mapu mpaiMepiB, TOMOJIOTTYHUX
J0 koxyBanbHOI AUIsIHKA. OtpuMani [IJIP-npoxykTy micis po3aijIieHHS METOJIOM elleKTpodopesy B ara-
PO3HOMY Teli BHPI3aiu Ta Micis OuuIneHHs JiryBanu B miasminy pUCI1S. Otpumani mia3migHi KOHCTPY-
KIIii BHUKOPHCTOBYBaNM st TpaHcopmanii kiituH E. coli (XL1-Blue). Hykneotnany mociioBHICTh
kjoHoBaHuX (parmentis JJHK BusHauanu i3 Bukopuctanusm aosrux M13-npaiimepis y GATC-Biotech
(Hinepnanau). s ananisy HyKJICOTHIHHMX MOCIioBHOCTEH 3acTocoByBaiu nporpamy Unipro UGENE.

Pe3yabTatu Ta odrosopennsi. B pesynwrari [IJIP IHK C. quitensis yTBOproBanucst ¢pparMeHTH
po3mipom ~650 T.H. Ta B MEHIIIH KiTEKOCTI — po3MipoM ~350 1.H. [licnsa k1oHyBaHHS OTpUMaHUX Qpar-
MeHTiB Oyno BiniOpano 11 kioniB I1JIP-nponykTiB 11 cUKBEHYBaHHS, 30KpeMa, 4 KJIOHH (parMeHTiB
noBxkuHOI0 ~ 650 m.H. (CqSkL1-3,5) i 7 knoniB ¢parmentiB po3mipom ~350 m.H. (CqSkS1-7). CukBeny-
BaHHs KioHOoBaHuxX [LJIP-dparmentiB 5S p/IHK C. quitensis moka3zaino, 1o BCi BOHU MICTATh 1O OOKax
YaCTUHU KOJyBaJIbHOI AijstHKY reHa 5SS pPHK, mix skumu 3naxoautbes MI'C. Y ¢parmenTiB po3mipom
350 n.u1. nowxuHa ninsakd MI'C y Tppox kitoHIB cTanoBmna 232 m.H. (S2, S6, S7), y pemtu (40THPBOX) —
243 m.u. (S1, S3-5). V [IJIP-dpparmentiB po3mipom 650 m.H. MI'C y nBox 3 yotuprox kioHiB (L1 1 L3)
MaB J0BKUHY 548 m.H. i me y 1Box (L2 i LS) — 559 n.H. (Andreev et al., 2023).

Bci npoananizoBaHi KJIOHM MICTATh Ha MOYATKy NPOTSKHY AUISHKY (~40 HykieoTuniB), chopmo-
BaHy KUIbKOMa OJliro-T MOTHBaMH, sika BUKOHY€E (YHKIIIIO TepMiHAaTOpa TpaHCKpwIlii. BogHowac, B ycix
kiaoHax MI'C Oyno 3HaiileHO TakoX IHII THUIOBI PETYJATOpHI eneMeHTH, ommcani mist 5S p/JHK
Arabidopsis thaliana (Simon et al., 2018), mo cBigUuTh Mpo NMOTEHUiKHE 30epekeHHs QYHKIIT MOBTOpa-
mu 5S p/IHK 3 MI'C pizHoro po3mipy. B pe3ynbraTi BUpiBHIOBaHHS HYKICOTHHUX ITOCIIOBHOCTEH Oy-
JI0 BCTAHOBJICHO, IO BiMIHHOCTI MiX JOBI'UMH 1 kKopoTkuMu MI'C 0OyMOBIIEHI BiZICYTHICTIO AUISTHKH
npoTspkHICTIO TToHaA 300 HyKICOTHIIB B IICHTPaANIbHIN YacTHHI crielicepa. Y kioHiB qosrux MI'C Ha mo-
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yaTKy 1i€i AinsHKy Mictutbes aBa 13-aykneotunni nosropu TTTTGGGCCTTTC Ha Biacrtani 31 Hykie-
OTHJ OJIWH BiJ OJHOTO, a B KiHII — JjBa TaHAEMHI MMOBTOPH po3MipoM 26 HykieoTuiB. Kpim Toro, 3Haii-
neHo BiaminHOCTI 32 GC-ckinagoM: B goBrux MI'C BiH MeHIIMI Ha KijbKa BiICOTKIB BHACIIIOK MEHILIOIO
BMicTy GC-map B IIeHTpasibHil YacTHHI crielicepa, sika BiacyTHs B KopoTkoro kiacy MI'C. ITopiBHsIbHUHT
aHaJli3 HyKJICOTUIHUX MOCIiTOBHOCTEH NOBrux i kopotkux BapiantieB MI'C 5S p/IHK C. quitensis no3Bo-
JIUB BUAUINTH Cepell HUX OKpPeMi MiIKIIach TIOBTOPIB, SIKi TAKOXK BIAPI3HIIOTHCS 32 JOBXKUHOIO Ta HYKIIEO-
TUAHOIO TIOCHIZOBHICTIO. 3arajoM, IiJeHTUYHICTh HYKJICOTHIHHMX TIOCIIJOBHOCTEH CTAaHOBWIA
98,4-99,1 % nna nosrux Bapiantie MI'C i 84,3—100 % — nist kopoTkux. [Ipu mopiBHSAHHI MiX c0o00I0 J0-
Brux ta kopotkux MI'C inmeHTHYHICTS cTaHoBUIA 84,4-96,4 %.

Pesynpraty 1iei poboTr BKa3yloTh Ha iCHyBaHHS B iIHIWBiTyanpHOMY reHoMi C. quitensis TIOHA-
MeHme 1Box kinaciB moBTopiB 5S pAHK, siki BigpisHstoThes 3a qoBxuHor0 MI'C Ginblie, HiX yaBidi, a
TAaKOX HU3KW MiAKIACiB, IO BiJPI3HSAIOTHCS 32 HYKICOTHIHOIO TMOCITINOBHICTIO. Taka reTeporeHHicTh
5S p/IHK moxe cBimunTa mpo iCHyBaHHS B T€HOMI IBOTO BUAY KIJTBKOX XPOMOCOMHHUX JIOKYCiB, chopMo-
BaHMX MOBTOPAaMU Pi3HOT NOBKUHH, SIKi €BOJIIOIIOHYIOTh HE3aJIeKHO. 3HAUHUI BHECOK MOJIIIIOIIT, 1 30K-
peMa aJuIoIONIIIIOiAil, B €BOJIOMII0 OaraTh0X BHIIIB POCIIMH € 3aralbHOBU3HAHMM (PaKTOM. XPOMOCOMHE
yucio pociud poay Colobanthus cranosuth 2n=80, 0 MOXke BKa3zyBaTH Ha momirmioifito (Bennett et al.,
1982). IIpo Te, mo C. quitensis iMOBIPHO € TETPAIIOiOM, TOBOPUTHCA B poOoTi (Bennett et al., 1982), a
TaKO CBiIYaTh NaHi gocmimkeHHs smicty saepHoi JHK uworo Buay (Cuba-Diaz et al., 2017). ¥V Takomy
BUTIAAKY OTPUMaHi pe3yJbTaTH MOKHA TMOSCHUTH THM, IO IIeH BUJ € aJUIOMOIIIUIOIAOM, KU IMOBIpHO
YTBOPHUBCS BHACIIZOK TiOpuau3aliii JBOX CIIOPITHEHUX MPEAKOBHUX BHIIB, 11O MICTHJIH B CBOEMY T€HOMI
Pi3Hi 32 JOBXKHUHOIO, aJIe IOCTATHBO OJIM3bKI 32 HYKJICOTHIHOIO MOCIiOBHICTIO PUOOCOMHI MIOBTOPH.

Cri 3a3HaYuTH, 10 MPUCYTHICTH B ogHOMY reHoMi kinacie MI'C 5S p/IHK, siki cyTTeBO Biapi3HS-
I0TBCS 32 TIOBXKHUHOIO, HE € YHIKaANbHOIO ocobnuBicTio C. quitensis. Y Rosa nitida (Rosaceae) ofguH 3 KJo-
HiB MI'C 5S p/IHK maB pomxuny 204 m.H., a pemra — 0ig 400 n.H. (Tynkevych, Volkov, 2011). ¥
Landoltia punctata (Araceae) nosxuna MI'C 5S p/IHK BapiroBana B mexxax Big 151 10 524 m.H. (Chen et
al., 2021). B 060x Bumagkax aBTOpPHW IMOSCHIOIOTH II€ JIOKAJI3aIi€l0 MOBTOPIB PI3HUX KIACIB Yy Pi3HHUX
xpomocomHEX Jokycax 5S p/IHK, mo oOMmexye ixHIO ToMoreHizainiro. Ha nmporuBary npomy st Oara-
THOX POCIIMH XapaKTEPHOIO € HAsBHICTh B OJHOMY I'€HOMI KiJIbKOX KiaciB nmoetopiB 5S pAHK 3 pizHoro
MOCITIIOBHICTIO, ane 6mu3bkux 3a noBxuHoro MI'C (Volkov, 2021). Yacto Take sBHIIE CIIOCTEPITaeThC Y
3nakiB. Tak, HaMpUKIa[, y TeHOMI D. antarctica, iHIIOI CyJUHHOI POCIMHU AHTApKTUKH, OyJI0 3HAWIEHO
nexinpka knaciB moBTopiB 5S p/IHK 3 HesnawHoto pizHutero 3a po3mipoM (199-204 m.H.), ane 3 icTOTHH-
MH BIJIMIHHOCTSMHU 3a HYKJICOTHJHOI TOCTIJIOBHICTIO (3 imeHTHuHicTIO B Mexax 81,1-83,8 %)
(Ishchenko et al., 2018). Bapiautu pubocoMuux mnosropis 3 posxuHoo MI'C 173 ta 190 n.H. Ta ineHTu-
YyHICTIO mociioBHOCTI 81,2-94,8 % BusiBneHi Takox y Avenella flexuosa (Ishchenko et al., 2020).

Takum 4MHOM, B iHAMBIAyanbHOMY TeHoMi C. quitensis BUSBICHO IIIOHAWMEHIIE JIBA KJIACH TTOBTO-
piB 5S p/IHK, sKi icTOTHO BiApI3HAIOTHCA 32 JOBXKHHOK 1 HYKJICOTHIHOK mociigoBHicTio MI'C. Mu
NPUIyCKaeMO, 0 (opMmyBaHHs 1 30epexeHHs B reHoMi BapianTiB 5S p/IHK, siki Biapi3HstoThes 3a moc-
migoBHicTIO MI'C, MOXXHA PO3IJIsAaTH K MOTSHIIIMHNN MEXaHi3M aJanTailii 10 nocTiiiHoro crpecy. BHy-
TpimHboreHoMHnN moimMopdizm 5S p/IHK 3maTHuUit 3a0e3meuyBaTi €BONIOLINHY THYYKICTh, PEryJIsSTOp-
HYy IUTACTUYHICTh a00 TE€HOMHY CTiHKICTb, III0 MOXKE OITOCEPEIKOBAHO CIIPUSTH BH)KUBAHHIO B €KCTpeMa-
JILHUX YMOBaXx JOBKiJUIsA a00 IMiIBUIIYBATH 3JaTHICTh JI0 KOJIOHI3AIlil PI3HOMAaHITHUX CEPEIOBHIII.
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POJIb ®EHOJIBHUX CIHOJIYK I IIOJII®PEHOJOKCHU A3 MOXIB
B AJANITAILIL IO ABIOTUYHOI'O CTPECY

0. J1. Baik, P. P. Coxanbyak

Inemumym exonoeii Kapnam HAH Ykpainu,
M. Jlveis, YVrpaina, e-mail: baik.oksana@gmail.com

OcHOBOIO amanTanii 10 HECOPUSTIUBUX YMOB JOBKULISA € eheKTUBHE (YHKIIOHYBaHHS aHTHOKCH-
JTAHTHOI 3aXUCHOI cucTeMu. B myOumikamisix moka3aHo y9acTb B alaliTHBHUX PEaKIlisX POCIUH A0 eKCTpe-
MaJbHUX a0i0THYHUX YUHHHKIB K BUCOKOMOJIEKYISPHHUX, TaK 1 HI3bKOMOJIEKYJISIPHUX METa0OIITiB, 30K-
pema, peuoBuH ¢eHoIbHOI npupoau (Rivero et al., 2001; Edreva et al., 2008). ®enonbhi cnonyku (PC)
BBa)KAIOTHCSl HAHBKIMBIIIMMHU CHJIOTE€HHUMH HU3bKOMOJIEKYJSIPHUMU OpPTraHiYHUMH aHTHOKCHUAAHTaMHU,
AKi € aKTHBHUMHU MeTaboiTamMu KimitTuHHOTO 00MiHy (Mehr, 2012). [lopsan i3 cuHTE30M (PEHONBHHUX CITO-
JyK, y MOXOTIOIIOHUX aKTUBYEeThCs noiidenonokcuaaza (I1PO), sika karanizye OKUCHEHHS! MOHO(EHOIB
Ta/ab0 o-TU(EHOIB IO 0-XIHOHIB 3 BIJHOBJICHHAM KHCHIO JIO BOJH, 110 MPU3BOJUTH JIO0 YTBOPEHHS Oii-
KOBUX KOMIDIEKCIB 1 KOpHYHEBUX MIrMeHTiB MeNaHiHy. Bcranosneno, mo [1DO crpuse aganrarii pociuH
o MiHJIMBHX yMOB cepenosuiia (Smolinska-Kondla et al., 2022). B octanHi poku qocTiKeHHS ydacTi
(depMeHTYy B MeTabo0JIi3M1 MOXIB OB’ sI3aHE 13 BUBYCHHSAM KoayBaHHs reHa [1DO, OIiHKO CE30HHUX 3MiH
il akTUBHOCTI Ta BIUTMBY Ha Heil (i3WKO-XIMIYHHX XapaKTepUCTHK cyOcTpatiB micre3pocTtanb (Tahvanai-
nen, Haraguchi, 2013; Thakur, Kapila, 2017).

HemoctaTHbo JOCHIPKEHO MUTAHHS HIOAO 3aXMCHOI POJIi HU3bKOMOJIEKYISIPHUX aHTHOKCUIAHTIB Y
PO3BHUTKY CTPEC-TOJICPAHTHOCTI JI0 i aHOMAaJIbHO BUCOKUX TEMIIEPATYp, IHCOJSIII Ta BOTHOTO PEKUMY,
30KpeMa, y MoxiB. ToMy MeTO0 poOoTH OyJI0 BUBUEHHS 3MiH KiJIbKicHOTO BMicTy PC, aHTOIIaHOBOTO Ta
KapOTHHOIIHOTO MIrMEHTHOT'O KOMIUIEKCIB Y MOXIB Ha MOCTTEXHOTEHHUX TEPUTOPISX, a TAKOK 3MIH aK-
tuBHOCTI [1DO, sk iHIUKATOpA CTpECY.

OO6’ektamu nociimkeHs Oynu Moxu: Ptychostomum imbricatulum (Mill. Hal.) Holoyoak &
N. Pedersen, 3i0panuii Ha AOCHITHUX TUISTHKaX (OCHOBA, MIBHIYHWIA CXWJI, IUIATO Ta IMBHIYHA BEPIIUHA)
BiZiBaNTy BUIOOYTKY cipku HOBOSIBOPiBCHKOTO Jiep»aBHOro TipHHUYO-XiMiuHOTO mignpuemcta (IIXII)
«Cipka» (JIpBiBcbKa 001.) Ta anBeHTUBHUM Bun Campylopus introflexus (Hedw.) Brid. — Ha TexHOreHHHX
cyOctparax BigBany maxtu «Hamis» UepBOHOTpaachkoro TipHUYONPOMHUCIOBOTO PaloOHYy, a TaKOXK i3
cyOCTpaTiB KOJHMIIHIX TOpQoKap'epiB B okouIlsax cMT Jlonatud ta cMT Osiecbko y JIbBIBChKIi 001aCTi.

Busnauenns 3araipHoro Bmicty ®C, kapoTHHOIIIB, aHTOIIaHIB Ta (JIABOHOIAIB Yy raMeTodiTi Mo-
XiB MPOBOAMIIOCH 32 3arajJbHONPUHHATHMHU METOAWKAMH. AKTHUBHICTH IMOJTi()EHONIOKCHAAa3N BH3HAYAIN
CreKTpo(hOTOMETPUYHO 32 MIBUIKICTIO OKMCHEHHs napadeHinenaunaminy (Voitsekhivska et al., 2010).

[poTtsirom cezony Haiibinpmmii BMicT @C y pocnunax C. introflexus i3 OCHiKYBaHUX TEPUTOPIH
BiJI3HAYEHO Y JIUITHI, CepITHi Ta ymcromafi (B Mexax 1,28—1,49 Mr/r Macu cupoi pedyoBHHN), 1110, OYESBHU]I-
HO, 3yMOBJICHO HarpOMa/DKEHHSM IIHX CIOJIYK 32 CTPECOBHUX YMOB (30UIBIICHHS TEMIIEPAaTypH BIITKY Ta
il 3HMKEHHS B OCiHHI Micsi). Haii6inpiry aktuBHicTh [1DO y rameroditi MOXy Bi3Ha4€HO BIITKY Ha
MIBHIYHIN IUISHIN BepiinHH BiaBany maxty “Hamis” (169 BigH. 0/1./T Macu CUPOI pEYOBUHHU ° C).

VY moxy C. introflexus 3 xonumHix Topdokap’epiB cMT Jlonatun ta Onecsko akTuBHICTH [1DO Oy-
nay 1,1-9,3 pasu OinbIoro, HIXK y POCIMHAX 3 PI3HUX €KCIO3UIIIH BepIIUHA BijBaiy maxtu “Hanis”, mo
cnpuunHeHo BuimuM pH cyOctpariB Topdokap’epiB (5,8—6,2), mopiBHSIHO i3 cyOcTparamu BijBajiB
(5,2-5,6), amxe 3 mitepaTypH Bitomo, mo akTuBHICTH [IDO 3anexuTh BiJ aKTyaJIbHOI KMCIOTHOCTI cepe-
nosuma (Tahvanainen, Haraguchi, 2013). Iloka3ano, 1o mpoTsrom Jita, KOJH Aialla30H TeMIepaTrypu
nioBitpst cranoBuB 30-36°C, aktuBHicTh [IDO y rameroditi C. introflexus i3 ycix HOCHKYBaHUX TEpU-
Topiil Oyna Oinbioo (aiamazoH MiHIKMBOCTI akTUBHOCTI [IPO OyB y mexax 137-169 BimH. oxn./r macu
CHpOi PEUOBUHHM * C), IOPIBHAHO 13 OCIHHIMHU MICAISIMH, KOJIM Jiara30H MiHJIMBOCTI TeMIeparyp CTaHO-
BUB 15-24°C (mianazon aktuBHOCTI [1DO —41,3-96,1 BigH. 0/./T Macu CUPOI PEUOBUHH ® C).

Ha tepuropii Bigsany Bunooytky cipku JII'XI1 pmict @C y goMiHaHTHOTO BUILy MOXY P. imbricatulum
3HAYHOIO MIPOIO 3aJICKUTH Bil MIKPOKJIIMAaTHYHUX YMOB Ha JIOCIIIHMX AUIIHKAX: HAHONTHUMAIBHIII YMOBU
HaBITb BIIITKY € B OCHOBI BiJ[BaJTy, a HaHeKCTpeMaJIbHIIIIl — Ha BEpIHHI BijiBary. BusiBiieHo, o B JIITHIN niepi-
01, KOJii TemMIieparypa csraya 35-38°C, a inTeHcuBHICTh ocBiTiIeHH — 100—110 THC. JIK, criocTepiranocs 3po-
CTaHHS BMICTY (DEHOIIIB y 3pa3kax Moxy P. imbricatulum Bijy OCHOBH JI0 BEpIIMHU BijBaiy. BoceHU 3a HIK-
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ynx temreparyp (10-15°C) ta intencuBHocTi ocBiTieHHs (70—-80 Tuc. 1K) BMIicT (eHOJIB 3MEHIITYBaBCsl HA
BCIX JIOCINIHMX IUISTHKaX Maibke BABidi: Ha 45 % B OcHOBI BigBaiy, Ha 44 % Ha miBHIYHOMY cxuii, Ha 55 %
Ha mwiato 1 Ha 43 % Ha BepiuHi. Bussnene 30inbmenns Bmicty @C cBigUNTh, 110 3a BIUIUBY €KCTPEMATIbHUX
(akTOpiB cepeoBHIIA, OYEBUIHO, PO3BUBAETHCS OKUCHIOBATLHHUN CTPEC, 32 SKOTO aKTHUBYIOTHCS CHCTEMH
ajanTauii MeTaboIi3My MOXY, CIPSIMOBaHI Ha BiZJTHOBJIEHHSI TOMEOCTa3y.

BceranoBiieHo TEHAEHIIII0 HATPOMAKEHHS aHTOIIAHIB 32 YMOB BUCOKHX TEMIIEpaTyp Ta IHTCHCHB-
HOCTI OCBITJICHHS B JIiITHIN mepio, ocoONMBO Ha BeplIHi BiaBany (8,83 MI/T Macu cyxoi peUOBHHH) Ta
miBHIYHOMY CXWIIi BigBany (8,41 Mr/r Macu cyxoi peuoBHHH), TOPIBHIHO 3 OCHOBOIO (6,34 Mr/T Macu cy-
xo0i pedoBwHM). BoceHN BMICT aHTOIIiaHiB JemIo 3MeHITyBaBca B 1,2—1,3 pa3a B yCiX JAOCHITHUX JIOKaTi-
TeTax, X04a TeHJISHIIisl 3pOCTaHHs X BMICTY BiJl OCHOBH J0 BepIIHHHU 30epiranack. Bucokuii BMicT aHTO-
[iaHiB y BIAMOBiAb HAa TEMIEPAaTYPHUH CTpeC Ta THCOJLIIO CBIIYMTH MPO BAXKIIMBY IXHIO POJb Y TOAO-
JIaHH1 OKMCHIOBAJIBHOTO CTPECY 1 a/IalTaIlit0 MOXY.

JocaimkeHHs MoKa3ail Ce30HHY MIHIMBICTh BMICTY KapOTHHOIHIB y MOXy P. imbricatulum i3 mo-
CHiTHUX JIOKamiTeTiB. KapoTHHOiIM € KOMIOHEHTaMH MIrMEHTHOTO KOMILIEKCY Ta HU3bKOMOJICKYJISIPHU-
MU aHTHOKCHJIaHTaMH TEPIICHOIMHOI Mpupoau. MeTaOoJliTH MIACTHIHUX KaPOTHUHOIIIB MOXYTh BILUIMBA-
TH Ha eKCIPECII0 SIEPHUX T'eHiB, M0 BKa3ye Ha (DYHKI[II0 KAPOTHHOIIIB, K IHAUKATOPIB CTPECY Y POCIUH
(Kulshrestha et al., 2022). BcraHoBI€HO 3pOCTaHHS BMICTY KapOTHHOIIIB Ha AUISTHKAX i3 BUCOKOIO 1HTEH-
CHBHICTIO OCBITJICHHS Ta TeMIIepaTyporo (MiBHIUHA BepIlIMHA Ta TUIATO BigBally) BIIiTKY. Tak, BMICT Kapo-
THHOIMIB Ha BEPIIWHI BifBaNy BIITKY OyB HaiBHIUM i craHoBuB (0,73 MI/T Macu cyxoi pedOBHHH, Ha
wtaro — 0,55 mr/r Macu cyxoi pedoBuHH, HaltHIKYMI TTOKa3HUK BMICTY KapoOTHHOINIB OyB y MOXY 3 OC-
HoBH BiaBany — 0,41 Mr/r Macu cyxoi pedoBuHH Take MiJBHUILNEHHS BMICTY KapOTHHOIMIB CBIAYUTH PO
PO3BUTOK 3aXHUCHUX PEaKIliii, 0 CIPUSIIOTh PO3CIFOBAHHIO HAJIMIITKOBOI CBITJIOBOI €HEprii Ta 3HEIIKO-
mxytoTh ADK. 3a onTMaipHUX KIIIMAaTUYHAX YMOB BOCEHHM BMICT KapOTHHOINIB Ha BEPIIWHI BiIBaly
3MEHIITyBaBcs Ha 16 %, a B OCHOBI BinBany — Ha 7 %.

Bimomo, mo (1aBoHOIAM HArpOMAIKYIOTBCS MMiJ] 4ac CTPECY, MiJBUILYIOYH CTIHKICTh POCIHH i €
iHaKaTOopaMu ixHbOrO (hizionoriunoro crany (Winkel-Shirley, 2001). 3axucHa pons ¢raBoHOINIB MPO-
SBIISIETHCS Y TIIBUINEHHI iXHHOTO OIOCHHTE3Y SK BiJIMOBiNb HA Jit0 CTpecOoBUX (hakTopiB. BcTaHOBIEHO,
IO BIIITKY 32 BUCOKMX TEMIIEPaTyp, IHTEHCUBHOCTI OCBITJICHHSI Ta Pi3KO BHPKEHOTO NEQIIUTy BOJIOTH
BMiCT (hJJaBOHOIMIB 3pOCTAB Bil OCHOBH JI0 BEPIIMHU BifBairy. Tak, Ha BEpIINHI BiABaITy BMICT (JIaBOHOI-
IliB cTaHOBUB 19,56 MI/T Macu Cyxoi pedoBHHH, Ha MiBHIYHOMY cXuii — 17,61 Mr/r Macu cyxoi pedyoBHHH,
Ha Tuiato — 18,21 Mr/r Macu cyxoi pe4oBUHH, a B 0cHOBI — 14,51 Mr/r Macu cyxoi pedyoBuHH. B ociHHii
nepioJl y BIAMOBIIb HAa 3HIKEHHS TEMIIEpaTyp BiOyBaBCs MEHII iHTCHCUBHHU Ol0CHHTE3 (DIaBOHOIIB
npubm3HO Ha 15 % y Beix gociimkyBaHUX Jiokaniterax. OTxe, y BIAMIOBIIh HA BUCOKY iHCOJIALIIIO BITIT-
Ky Ta 3HW)KEHHsI TEMIIepaTyp B OCiHHIN MepioJ] CIIOCTEPIiraroThesl 3MiHa BMICTY (UIaBOHOT/IB, CIIPSIMOBaHA
Ha aJIanTaIiro MOXOBHX POCIIVH.

BusiBneHo ce30HHY AWHaMiKy BMICTY HH3BKOMOJIEKYJSPHUX MeETaOOoNiITIB y TameTodiTi MoXy
P. imbricatulum 3a BIIIUBY €KCTpEeMabHUX CTPECOBHX YMHHHMKIB, L0 MOJISrajia B aKTHBALlii aHTHOKCH A~
HTHOTO 3aXHCTy B JIITHIH Tepioj] i MiABUIIEHH] aganTHBHOCTI MOXiB. Ce30HHI 3MiHH BMICTY (DEHOJIBHUX
CIOJYK 1 aKTUBHOCTI nomieHonokcuaazu y rameroditi moxy C. introflexus CIpiuUHEH] K 3MIHOIO MiK-
POKIIIMATUYHUX YMOB CepEIOBHUIIA Ta BIACTHBOCTEH CyOCTparTiB, TaK 1 perysiieto 0iocuHTe3y GEeHOMTIB i
aKTHUBAIII€I0 1X OKHCHEHHS. BcTaHOBIEHO, IO 13 3pOCTaHHAM iIHTEHCHBHOCTI BIUIMBY CTPECOBUX YNHHHKIB
OpioiTH HA MOCTTEXHOTCHHUX TEPUTOPISIX CHHTE3YIOTh OlNbIlIe HU3bKOMOJIEKYJIIPHUX aHTHOKCH/IAHTIB,
y HUX 30UIBIIYETHCS 1 aKTUBHICTB MOMi()EHOTOKCHAA3H, 10 CIPHUSIE CTPECOCTIHKOCTI MOXOBUX POCIIHH.

JITEPATYPA

dizionoris pociun: npakTHKyM. 3a 3ar.pen. T.B. [Tapmmkosoi —JIynpsk: Tepen, 2010. 420 c.
Edreva A., Velikova V., Tsonev T., et al. Gen. Appl. Plant Physiology. Special Issue. 2008. 34(1-2): 67-78.
Kulshrestha S., Jibran R., Klink Jet al. J. Exp. Bot. 2022. 73(13): 4396-4411. https: doi.org: 10.1093/jxb/erac085.
Mehr Z. Khajeh H., Bahabadi S., Sabbagh S. Int. J. Agron. Plant Production. 2012. 3: 710-715.
Rivero R.M., Ruiz J.M., Garcia P.C. et al. Plant Sc. 2001. 160(1): 315-321.
Smolinska-Kondla D., Zych M., Ramos P. Et al. Herba Polonica. 2022. 68(2): 54-68. https://doi.org/10.2478/hepo-

2022-0014
Tahvanainen T., Haraguchi A. Eur. J. Soil Biol. 2013. 54: 41-47. https://doi.org/10.1016/j.ejsobi.2012.10.005
Thakur S., Kapila S. Lindbergia. 2017. 40(5): 39-44. doi: https://doi.org/10.25227/1inbg.01076
Winkel-Shirley B. Plant Physiol. 2001. 126(2): 485-493. https://doi.org/10.1104/pp.126.2.485.

9


https://pubmed.ncbi.nlm.nih.gov/?term=Winkel-Shirley+B&cauthor_id=11402179

THIRD INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

CTPYKTYPHI OCOBJIMBOCTI KJIITHHHUX OBOJIOHOK JIMCTKIB
XOJOJOCTIMKHUX POCJIMH 3A A1l HU3BKUX TEMIIEPATYP

H. O. BiasiBcbka, O. M. ®@enmxk, O. K. 3o10TaproBa

Incmumym 6omanixu im. M.I'. Xonoonoeo HAH Ykpainu, Kuis, Ykpaina,
e-mail: nbel2@ukr.net

Cepenns MiHIMaIIbHA TeMITEpaTypa Ha OUIBIIOCTI TepuTopii cymri Ha 3emii (~64 %) cTaHOBUTH MEHIIIE
0°C (Rihan et al., 2017). PocnuHuy, sKi pOCTYTh B XOJOJHUX YMOBAX, [IPOTSATOM €BOMIOLIT aJanTyBaInucs 10 Ail
HHU3BKUX TemIiiepatyp. [IprucrocoBani mpupogHUM JOOOPOM 10 XOJIOJHOTO CEpeIOBHUIA JUKOPOCITI BUIH POC-
JIMH MalOTh PsZl CTPYKTYPHUX BJIACTHBOCTEH, a TaKOX (Di310JOTTYHMX MEXaHI3MiB /IS BIDKUBAHHS B YMOBax
TpUBAIMX XOJIOMHUX TepioniB (Baxter, 2014). Xoua iHTepec A0 MpoOIeMH CTIMKOCTI POCTHH 10 HU3BKHUX Te-
MIIepaTyp, MEePI 3a BCE, 3yMOBJICHU 11 3HAUUMICTIO JIsl CUILCHKOTO TOCIIOIAPCTBA, SIKE 3a3HA€ BEITMUYC3HUX
30muTKiB "yepe3 3amopo3ku (Hellmers, Warrington, 2018), ogaak mpobiemMa XOJI0AOCTIKOCTI Ma€e Tiio0abHe
€KOJIOTIYHE 3HAYCHHS, OCKUTBKH 3/IaTHICTD POCIHH aJalTyBaTUCS 10 KOHKPETHHUX XOJIOIOBUX YMOB y Pi3HHX
YaCTUHAX IUIaHETH — OJJMH 3 (aKTOpIB, SIKi BU3HAYAIOTH apealii MOMMPEHHsI JUKUX BHIIB 1 MOXKIMBICTD X 1H-
tpoaykuii (Chen et al. 2014).

Pociyan MaroTh BIACTHBICTH aanTyBaTHCS O HU3BKUX TEMIIEPATyp BHACIIIOK peaisallii CKIaJIHUX
¢izionoro-0ioXiMIiYHMX 1 MOJIEKYISIPHO-TEeHETHYHNUX MeXaHisMmiB. Cepes TpOoIeciB, IO 3aTy4aroThes 10 IHX
MEXaHI3MiB, MEPIIMMH € CIPUHHATTS TaKUX TeMIepatyp abo ix (izuuHOro mposiBy i mepeaada CUTHATY Ha
KIIITHHHI KOMIOHEHTH, SIKi IPOTpaMyroTh MOAM(DIKAIIii TPaHCKPUTIIIHHIX, IPOTEOMHNX 1 META0OIYHIX TILISI-
XiB, 3MiHH CKJIaJy 1 (Di3MYHUX BIACTHBOCTEH IMTOILIA3MH, MEMOpPaH, KIITHHHOI 0000HKH. OCTaHHA € Tiep-
MM KJIITHHHAM KOMITOHEHTOM, SIKUH 3a3HAa€ HACITI/IKIB BIUTMBY HU3BKOI TEMIIEPATyPH.

3a MIHYCOBHMX TEMIIEpaTyp BiZl coco0y 3amMep3aHHs! TKaHWH POCIMHH 3aICKUTh iX BIKHBaHICTh. 3a
HAMOUIBIIIOTO CTPECY, OIip MOXKHA PO3ILUIATH HA JBa OCHOBHI IPOLIECH: YHUKHEHHs Ta HecripuitHATTS (Char-
rier et al., 2023). YHUKHEHHsI — 1€ 37[aTHICTh MEPEIIKOIXKATH IOIIMPESHHIO JIbOY BiJl IOBEPXHI POCIMHH JIO
BHYTpIilIHIX TKaHUH. ['aminbToH Ta iHm. (Hamilton et al., 2023) BuBYanu poib emiKyTHKYJSIPHAX BOCKIB Y Pi-
3HUX TEHOTHINB KyKypyI3Hu (Zea mays) y (opMmyBaHHI (i3ndHOTO 0ap’€py Bifl PO3MOBCIOKEHHS JIHOY.
YMOBH OXOJIOKEHHS NIEPE 3aMOPO3KaMH 3MIHIOBAJIM MOJIEKYJISIPHY CTPYKTYpPY Ta TOBLIMHY KyTHUKYJIU JIUC-
TKiB. CrerHep Ta inm. (Stegner et al., 2023) gociipKyBalii, Y BILUIMBAE CIIPUYHHEHE 3aMOPOXKYBAHHSIM Bif|Ti-
TieHHsI Me30(iTy BijI CyITMHHOI TKAaHWHH B €HIOJIEPMi XBOi TipchbKoi cocHU (Pinus mugo Turra) Ha KepyBaHHS
YTBOPEHHSIM JIbOAY 1 oTocHHTE30M. MeTo/1oM KpiOMIKpOCcKomMii Oyiio moka3aHo, 1o JIi B eHxoJepMi OyB
0OMEKEHUI IIEHTPAIbHIM CYIUHHAM HuTiHApoM. [IpuimyckaeTbest, mo JirHi(ikoBaHi TAHTeHTaIbHI KIIITHHHI
CTIHKH TEPENIKO/KAIOTh MOIMPEHHIO JIhOly B He3aMep3inii Me30(ii, 34aTHHMIT 10 Ta3000MiHYy.

Jluctku pocnun Deschampsia antarctica, 0 pocTyTh Y IPUMOPCHKOMY PErioHi AHTapKTHAM, MalOTh
Jy’ke HIUTbHE eMKyTUKYIsipHe BockoBe MOKpUTTs (Gorb et al., 2022), sike CKITaJaeThest 3 KUTbKOX MeMOpaH-
HHX TUIACTHH 1 OTPUMAJIO Ha3By 30BHIIIHBOTO a00 BEPXHBOTO BOCKOBOTO IIapy. [ToBepXxHs emnigepMicy BUpiB-
HIOE MaiiKe TePIIeHIUKYIISIPHO 11l HaI3BUYAiHO TOHKI Ta IDIOCKI MIKPOCKOITIYHI BUCTYIIH, SIKi HE MatOTh Oy/Tb-
SKOTO CTIe()iTHOTO PO3TanTyBaHHs. AOaKcialbHa CTOPOHA JIO3BOJISIE JIETTe TO0AYUTH TOHKI HUTKOIOMIOHI
BUCTYIIH, SIKi 3HAXOJISIThCS Ha Kpasix TuiacTvH. L{i BUCTYTH 371at0ThCs 371eTKa HaXUIICHUMU JI0 TIOBEPXHI 3HU3Y.
Ha 3mamax mmartoukiB JTUCTKa Ty*e YiTKO BUTHO JBOIIAPOBY OpraHizallilo eMiKyTHKYIIpHOro Bocky. Lli imc-
TKH MalOTh OJHAKOBY OpraHi3allil0 Ha 000X CBOIX MOBEPXHsX. Taka opraHizamisi CKIAJA€ThCS 3 ABOX MIApiB
BOCKOBHX BHCTYIIIB JINCTKA, SIKI HAKIIAJIAIOTHCS OJIFH Ha OJTHHH Ta € cnabo npukpiruteHnmMu. HinkHil map miel
iepapxii BI/IHOCHO KOMITAKTHHH, CKJIAJIA€THCS 3 IIUTHHO YIIAKOBAHMX TOJITOHATIBHUX CTPIIKHIB. Po3rairyBaH-
HsI LIMX CTPYPKHIB BUPIBHIOETBCS 3 BI3EPYHKOM, IO POCTATAETHCS MEPIEHAMKYIISIPHO BiJ TOBEPXHI JIUCTOBOT
IUIACTUHKHM, 1 BOHHM CKJIQIAIOTHCS 31 3POIICHUX HEPEryJSIPHHUX IUIACTHH, HIUILHO PO3TAIIIOBAHMX OJHA 0 OJI-
HOI1. 3 iHIIOro OOKY, IyXKHi BEpXHil 1ap BKa3ye Ha HAsIBHICTh MEMOPAaHHUX TUIACTHH, OKPEMUX, alle Ieperl-
JIETEHHX, 1[0 MAIOTh BUTSATHYTI HenpaBwibHI ¢opmu. OTKe BIIHOCHO TOBCTE, JABOLIAPOBE, CMIKyTHKYJISIPHE
BOCKOBE TOKPHTTS, 110 3HAXOIUTHCSA Ha 000X MOBEPXHSIX JIUCTKIB D. anfarctica, MOKe CIPHUATH 3aXUCTY L€l
TpaBH BiJI arpeCUBHOTO BIUIMBY Jy’K€ HU3bKHX TeMIIEpaTyp HaBKoJIO Hel. HikHill map BOCKOBOTO TIOKPHTTS,
SIKUI € BITHOCHO KOMITAKTHHM, 3a0e311eye 3a/I0BiIbHE BiIOKPEMIICHHS KIIITHHHUX [TOBEPXOHb eIifiepMicy Bil
HaBKOJIMIIIHIX XOJIOMHUX TeMnepaTyp. KpiM Toro, niHonoaiOHa cTpyKTypa BEpXHBOTO ILIapy LbOr0 JIBOIIAPO-
BOTO BOCKOBOT'O TIOKPHUTTSI, SIKE€ MICTUTh TOBITPSIHI KHIIIEH]I Mi’K CBOIMH BOCKOBHUMH BHCTYIIAMU, JIi€ SIK edek-
TUBHHH 130JTIOIOUMIA MaTepial.
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Pi3Hi pocirHH 3aCTOCOBYIOTH Pi3HOMAaHITHI CTpaTerii MpoTH 00Mep3aHHs, IO MPOJEMOHCTPOBAHO E€KC-
TIepIMEHTaMH, TIPOBEACHUMH 3a 1ortoMoroio kpio-CEM (ckaHyBasbHOTO €leKTpOHHOTO Mikpockomna) (Gorb,
Gorb, 2022). ¥V Taknx eKCIepHMEHTaX BUBYAIHM BEPXHi aJaKCialbHi MOBEPXHI JIUCTKIB MIECTH BUMIB Prunus
laurocerasus (Rosaceae) ta Ficaria verna (Ranunculaceae) 3 TiajgeHbKUMU JHCTKamu, Bellis perennis
(Asteraceae) ta Cerastium brachypetalum pseudonarcissus (Amaryllidaceac) 3 BONOXaTUMH JIUCTKAMH,
Narcissus pseudonarcissus L. (Amaryllidaceae) Ta Tulipa gesneriana (Liliaceae) 3 BOCKOBUMH JIICTKaMH, SIKi
MaroTh 3D-eniKyTUKysipHEe BOCKOBE MOKPUTTS. HasiBHICTh MEBHOI Bi/ICTaHi MiXK KYTUKYJIOIO Ta €MiepMicoM,
Pa3oM 3 YTBOPEHHSAM KPHCTAIIB JIbOAY, 3aXHIIAE TIOBEPXHi, MOKPUTi 3D BOCKOBUM MOKPUTTSIM, BiJl IIIBUAKOTO
3aMep3aHHs BHYTPIIIHIX YaCTHH JHCTKa. BOCKOBE OKPUTTS, 3aBASKM CBOIM BUCOKIH rimpodobHOCTI abo cy-
nepriapooOHOCTI, 3aXHIIae TOBEPXHIO JUCTKA POCIMHHA BiJ| IIKIJTMBOTO BIUIMBY IIIBHUIKOTO 3aMep3aHHS Ha
KprbKaHii moBepxHi. OOMep3aHHs IMIaJeHbKUX TOBEPXOHb POCIMH CTBOPIOBAIIO BEJHKI IUIOLII KOHTAKTY MiXK
JIBOJIOM Ta eTliIepMaIbHIMH KITITHHAMH 3 BUCOKOIO HEOE3MEeKOI0 MOAANBIIOro 3aMep3anHs KinitiH. [licns Big-
TaBaHHS Ta IIOBTOPHOI'O 3aMEp3aHHs IUIOIIA KOHTAKTY MK PIAKOIO BOJOIO Ta IOBEPXHEIO eMiepMaIbHUX
KJITUH CTaBaja 1ie OuTbIor. Bomoxari moBepxHi POCIUH 3aTPUMYBAJId YTBOPESHHS KPUCTAIIIB JIbOIY HA IMO-
BEpXHi KIITHH, MITPAMYIOUH PHJIETINH HIap MOBITPS TOCUTH CYXHUM IIiCTIsI TIOYaTKOBOrO OOMEp3aHHsI TPHU-
XOM Ta 3al00iratoyu JOCTYITy BOASHOI TApH 330BHI 10 MPHIIETIIOTO Mapy MoOIU3y MOBEPXHI emiJepMatbHIX
kituH. [licns BinTaBaHHA pijKa BOJa 3a3BUYAil 3aIHIIIanacs Ha MOBEPXHI TPHUXOM, a TTICIIs TIOBTOPHOTO 00Me-
P3aHHS 3aMep3TTi Kparuli BOAM 3THINAINCS HAa TPUXOMAaxX i HE KOHTAKTYBaJIH 3 TIOBEPXHEIO eMiJepMaTbHUX
K1iTiH. OOMep3aHHs HA MOBEPXHSAX POCIHH, MOKPUTHX 3D-BOCKOBUMHM BHCTYIAaMHM, IOUYMHAIIOCS 3 MiCLb 3a-
POKEHHS Ha TIOBEPXHI BOCKOBUX BUCTYIIIB a00 B HAHO3arMMOIEHHSIX MK HUMA. OCh 4OMY peaibHa IO
KOHTaKTy KPHCTAJIB JIbOIy OyJjia 0OMeXeHa KiIbKoMa JUISIHKAaMH Ha HaHOPIBHI Ha a00 MiK BOCKOBUMH BH-
crynamu. [licnst BinTaBaHHs Kparii BOJM CKOYYBAJIHCS 3 IOBEPXHi, OAPa3y OUMILAIOYH ITOBEPXHIO BiJl BOJIH,
sKa Moryia O TOBTOPHO 3aMep3HYTH. 3D-BOCKOBHMIA IIap 3aIMILIABCS HEYILIKOKECHUM IIICJIS BIATABaHHS JILOLY.
Kpio-SEM-ekcrniepuMeHTH YiTKO MPOJICMOHCTPYBAIH, IO TMOKPHUTTS TpuxoMamu Ta 3D-BOCKOBE MOKPUTTS
MOYKHA BBaXKaTH CTpaTerisiMu 00poThOH 3 o0Mep3anusM pociuH (Gorb, Gorb, 2022).

YaiiHi pocIMHU, BUPOIIEH]I Y BUCOKOTIPHUX MICIIEBOCTSIX, YaCTO MOIIKOKYIOThCS EKCTPEMAITbHO HU-
3bKHMH TeMIepaTypaMu B3UMKY. B po6oTi Jlyo Ta iHm. mociimkyBanrcs 010XiMidHI TOKa3HUKH Ta XapaKTe-
PHUCTUKH eKcrpecii TeHiB JBOX COpPTIiB 4aro, Mopo3ocTiiikoro (XY10) Ta 4yTIMBOTO OO0 3aMep3aHHsI COPTY
(FDDB), nin yac 3umiBii y niBHiuHOMY Kurai (Luo et al., 2023). 3pa3ku Oyiu 3i0paHi npu TeMuepaTypi oxo-
nomxkenns (D1), 3amepzanns (D2) ta BimHOBNeHHs (D3) B3umky. TEM-anami3 yapTpacTpyKTypH JHICTKIB,
B3ATHX Ha ctaiii D2, BUsSBUB OUTBII CepiiOo3HI MOIIKOKEHHS KIITUHHOI CTPYKTYpH Yy pociuH copty FDDB,
HiK y Takux copty XY 10. [Iudepeniiansauii aHaii3 ekcrpecii TeHiB y pi3HHUX 3pa3Kkax MpPOTATOM 3MMOBOTO
niepioy BHIUTHB JiesiKi TeHH y MeTaOouizMmi kinitiHHOI cTiHku (CesAs, COBL, XTH, PG, PME), Xapakrep
eKcIIpecii BIIMOBIJHAX T€HIB CBIIYMTH MO OLJbIIe HAKOMMYESHHS IIENFOJIO3HUX Ta MEKTHHOBUX PEUYOBHH Y
writrHHIA cTiHm XY 10, Mo y3ro/uKyeThest 3 pe3yibTataMy Ol0XiMIYHUX JOCHTiIKeHb ii komroneHTiB. Lli pe-
3yJIBTATH TIOKA3aJIH, 0 PETYIBIS TeHiB, M0 BIUTMBAIOTH HAa BIACTUBOCTI KIIITHHHOI CTiIHKA MOPO30CTIHKOTO
COPTY Yar0 MOXKE Kpallle MATpUMyBaTH 100pe 3'€AHaHy CTPYKTYpY [UIsl BIKUBAHHS MPH IIPUPOIHOMY 3aMep-
3anHi (Luo et al., 2023).

Takum 9MHOM, TIPEACTaBIIEHI POOOTH JIEMOHCTPYIOTh BUPIIIATBGHY POJb KIITUHHOI CTIHKHM B aanTarlii
XOJIOAOCTIMKMX POCIMH POCIMHHM 10 HU3bKOTEMIIEPaTypPHOIO CTPECY.
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ITOBHOI'EHOMHA XAPAKTEPUCTUKA I'EHIB AAE15/16 Y CAMELINA SATIVA
AK YUHHHUKIB PEI’ YJ'ISII_[I'[ KUPHOKHUCJIIOTHOI'O CKJIAQY
TA AJAIITAHIMHOI'O IOTEHIOIAJTY

P. SI. Boiiom!, B. I'. Caxaposal?, A. P. Kena®, H. C. Hikirina’, O. O. Kaamukosa®,
O. M. Casuyk?, 5. B. Ilipko!, 5. b. Birom!

! epacasna yemanoea «Incmumym xapuosoi 6iomexronozii ma 2enomixu»
Hayionanvnoi akademii nayk Yxpainu, m. Kuis, Yxpaina

Teporcasna Opeanizayisn «Biodinenns yinbosoi niocomoexu Kuiscokoeo nayionansnozo ynisepcumeny
imeni Tapaca Lllesuenxa npu Hayionanvuit akademii Hayx Ykpainuy

3Ha6qaﬂbHo—Hayi<06uﬁ yeump «Incmumym 6ionozii ma meouyunuy, Kuiscokuii HAyioHATbHUL
yuigepcumem imeni Tapaca lllesuenxa, m. Kuis, Ykpaina
e-mail: blume.rostislav@gmail.com

Puxiii mociBauit (Camelina sativa) € EPCIEKTUBHOIO OJIHHOIO KyJIbTYPOIO AJIsl 610TEXHONOTiYHO-
TO MOKpalIeHHs XUPHOKHUCIOTHOTO CKJIaJy HACIHHS, 1[0 Ma€ 3HAYEHHS sK A GopMyBaHHS ajarTallii-
HOTO TIOTEHIliaTy POCIIHH, TaK 1 UTs OJlep>KaHHs [IHHOI CUPOBUHHM s OiomanuBa Ta 0ioaBialiifHOTO Ta-
neHOrO (Iskandarov et al., 2017). JKupHOKMCIOTHUH CKJIaj JIIIAIB € BaXIMBOIO CKJIaJIOBOIO BiIIOBIII
POCIHH Ha Jit0 a0i0TUYHUX CTPECOPIB, 30KpeMa uepe3 BILUIMB Ha BJIIACTUBOCTI MEMOpaH, 3alacHHX JIIITI B
1 mepebir MetabomniyHoi nepedynoBu. OQHAMHA 3 TIOTEHIIIHO BaXUIMBHUX MIIIEHEH Al PeryIsilii boro
niporiecy € reHu AAE15/16, oB’s13aH1 3 aKTUBAIIIEI0 KOPOTKO- Ta CEPETHBOJAHITFOTOBUX KUPHUX KHCIOT 1
X TOBTOPHUM BKJIIOUEHHSM Y HUKI O10CHHTE3Y KUPHUX Kucnot. st Arabidopsis thaliana 6yno nokasa-
HO, [0 MTOPYIICHHSI POOOTH IIMX I'eHIB MOKE CIPUSTH MiABUIIECHHIO HakommyeHHs 10:0 Ta iHINX KUPHUX
kucnoT peaktuBHo-nanuBHOTO TUMy (Tjellstrom et al., 2013). Came ToMy MeToro Hamoi po6otu OyIo
MPOBECTH MOBHOTCHOMHHUH TONIYK i MOPIBHUIBHY XapakTepucTHKy reHiB AAE15 ta AAE16 y 12 reHo-
MHEX 30ipkax C. sativa 3 pecypcy Phytozome: Giessend, Joelle, Licalla, Lindo, Prytzh, Svalof,
Acsn 226, Ames 1043, Borowska, Cam116, Cam70 ta Cnl113611. Inentudikamito 6imkie AAE15/16
3MICHIOBAIM IIUIIXOM BUSIBIIEHHS KOHCEpBaTHBHOTO AMP-3B’s3yBajbHOTO JOMEHY PpOJIWHH allWiI-
aKTUBYIOUYHMX ()EPMEHTIB Ta MOJANBIIOTO (iIOreHEeTHYHOTO aHali3y POJAMHHU iJCHTU(IKOBaHUX OUIKIB
AAE.

VY BCix mpoaHasi30BaHUX F€HOMHUX 30ipKax Oyio BUsBIIEHO cTalinbHUI HaOlp IeHiB: M0 TPH KOIIil
AAE1S5 ta tpu xonii AAE16 y xoxxHOMY TeHoTuIi. 3aranoM iientudikoBano 72 rean AAE15/16 'y 12 36i-
pKax T€HOMIB PHXKiIO pi3HMX cOpTiB. Taka crajia KUTBKICTh KOIMiH Y3TO/DKYETHCS 3 allOTEKCAIIOiIHOO
npupopoto reHomy C. sativa Ta CBIIYUTH PO KOHCEPBALil0 HA0OPY IIMX TOMEOJIOTIYHUX T'eHiB Micis HOo-
jimtoiau3ariii. AHaji3 CTPYKTYPHOI opraHi3allii TakoX BKa3ye Ha 3arajibHy KOHCEPBAaTHUBHICTh I[UX I'e€HIB
y TeHOMaX JOCIIKCHUX TEHOTHIIIB, 110 MOXe OYTH BaXKJIMBOIO IEPEIyMOBOIO CTaOIIbHOCTI BIAMOBITHUX
JaHOK YKUPHOKHCIIOTHOTO MEeTaboIi3My.

Otpumani pe3ysbTaTy A03BOJIWIN copMmyBatu pedepeHTHU HaOip reHiB AAE15/16 nna C. sativa,
10 CTBOPIOE OCHOBY IS TIOJANIBIIONO aHAJI3y iX eKcIpecii, BapiaOeabHOCTI IHTPOHHHUX JIIJISTHOK, PO3PO-
OKM MOJIEKYJISIPHUX MapKepiB 1 OL[IHKH POJIi LUX I'eHiB y GOpPMyBaHHI )KUPHOKUCIOTHOTO CKJIAAy HACIHHS
Ta ajanTauiiiHux peakuii pocnuH. KoncepsatuBHicts AAE15/16 y pi3HUX TEHOTUIAX PUKIIO € BaXKIIH-
BOIO TIE€PEAYMOBOIO ISl TIO/IAJIBIIOTO MIJIECTIPSIMOBAHOTO TIOKPAICHHS I1i€1 KYyIbTYpH SIK JpKepema ol 3
[IHHUM >KHUPHOKUCIOTHUM TPOdisieM, a TAKOXK JIJIsl BAKOPUCTAHHS IIUX I'eHIB K MillIEHeH y MeTa0oIiuHIi
iHKeHepii Ta ceneKuii popM i3 miIBUILIEHOIO CTIHKICTIO 10 CTPECOBUX YHMHHUKIB.

Poboma suxonana 6 pamkax naykoeo-oocuionozo npoekmy BIII KHY im. T. [llesuenxa npu HAH Yxpainu
«Memaboniuna indicenepin HCUPHOKUCIOMHO20 CKAAOY O pUiCilo — NOKPAWEeH020 0dicepend 0 OMPUMAHHA asia-
yiunoeco bionanusay (2026-27 pp) (Ne llepacpeccmpayii: 0126U003053)
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JABEPTEHIIIS TEHIB TYBYJIIHY Y MOJIILIOITHUX XPECTOIBITHX
SAK OCHOBA HIUTOCKEJIETHOI INMIACTUYHOCTI

P. 51. baiom, B. I'. CaxapoBa, A. M. PaGokonb, 5. B. Ilipko, A. 1. Emens, 5. b. Baom
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TyOyninn — He3amiHHI O1IKM TUTOCKeENeTy, HeoOXiaH1 UIi ToniMepu3alii MiKpoTpyOOUuOK, TOALTY
KITIITUH, POCTY Ta PO3BHUTKY pociuH. BogHOUac MiKpOTpyOOUKOBHIA ITUTOCKEIET € ONHIEI0 3 THHAMITHHAX
KIITHHHUX CHCTEM, 3aTy4€HHX JI0 Mepe0yJ0BH POCTOBUX MPOLECIB 1 BIMOBIAI POCIMH Ha AiI0 CTPECOBUX
YHHHHKIB, 30KpEMa XOJIOI0BOT0, OCMOTHYHOTO Ta COJIBOBOTO CTpecy. Xo4a TyOyJiHH € OJXHHMH 3 Haii-
OLIBII KOHCEPBATUBHUX €yKapiOTHYHUX OUTKIB, TEHOMH POCIIMH KOIYIOTh YHCIIEHHI 130THUIH O-, 3- Ta Y-
TyOyJIiHy, €BOJIOIIIHI 3B’sI3KM Ta (yHKIIOHATbHA AU(epeHIialis SKUX 3aJHIIAaI0ThCs HE JI0 KiHI 3pOo-
3yminumu. Came TOMY Hallle JOCHIKeHHs 0ysi0 c)OKyCOBaHE Ha BHBUEHHI €BOIIOIIII Ta TUBEPreHIIii Te-
HIiB POAMHU TYOYIiHIB y XPECTOIBITHX, SKi € MOJEIBHOIO TPYIIOI0 KBITKOBUX POCIIMH i BKIIOYAIOTh HU3-
Ky B)XJIMBHUX MOJIIJIOIAHAX KYJIbTYp. 3 BUKOPHCTaHHSM MiAXOJIB MOPIBHAJIBHOI TEHOMIKH HaMH OyIIo
MIPOAHAII30BaHO €BOJIIOIIHHY 1CTOPI0 OPTOJOTIYHUX JIiHINA PI3HUX 130THUIIIB TYOYINiHIB y T€HOMaX aJIOMO-
JIIUIOIAHMX MPENICTaBHUKIB Brassicaceae Ta ixHiX 0aThbKiBCHKHMX BHIIIB. 30KpeMa, JOCIIXKESHHS OXOILTIO-
BaJio anmorekcaruioigauii Bua Camelina sativa Ta WoTo JUILTOIMHAX MPEIKIB, CKIATHI IMONIIIIOIHI Ipe-
CTaBHUKU poay Brassica, a Takox MoaenbHi Bunau Arabidopsis thaliana ta A. lyrata njist nopiBHAIBHOTO
aHai3zy.

Byno BusBiIeHO, IO MOCHITOBHOCTI TeHIB TyOyIiHY XapaKTepH3YIOTHCS BHCOKOKO €BOJIOIIIHOIO
CTaOlIBHICTIO, OHAK Ha0ip Ta KiJIbKICTh €BOIIOIIHO 30€pEeKEHUX TeHIB iICTOTHO BiIPi3HSIOTHCS MK BHU-
nmamu. [lompu Te, 10 OCHOBHI KJIaCH i30THITIB TyOYITiHIB BUHHKIIA B PE3yJIbTaTi HU3KH JIaBHIX MO/ TIOB-
HOTEHOMHOI JYyIUTIKaIii, CydacHe pi3HOMAHITTS TeHiB TyOyliHy, J0oOpe omucaHe Il MOJEIbHHUX BUJIB,
30kpema A. thaliana, Moxe OyTH crienu(iyHOIO PUCOI0 CaMe LBOTO BUAY a00 OKPEMHUX MpPEICTaBHUKIB
Brassicaceae. 30kpema, MpOBEICHUH aHali3 MMOKa3aB, IO HASBHICTH JBOX OKPEMHUX TI'E€HIB Y-TyOyiliHYy Y
A. thaliana, yHKIiOHATEHA HEOOXIHICTh SKMX TPUBAIMK Yac 3aiuiianacs AUCKYCIHHOIO, HMOBIpPHO, €
YHIKaIbHOIO 0COONMBICTIO Oe3mocepeHbO ILOTO BUAY. Y TOH e 4ac HasBHICTh TeHIB BOX PI3HHX i30-
THUIIB Y-TyOyJiHy HE MPOCTEXYETHCS y OINBII BiJAJIECHUX TAKCOHIB HABITh Y MeXaX POJUHHU XPECTOIBI-
TuX. bijbme Toro, Iy npoaHanizoBaHUX BHUIIB XPECTOUBITUX OyNIH XapaKTepHUMH BHIOCTeNUiYHI Ty-
TUTIKAI] TeHiB TyOyJiHy, SKi CyNpOBOKYBAINCS SIK MOCTYIOBOI BTPATOIO IYIUTIKOBAHUX T'eHIB, TaK i
HaOyTTSM HOBHX KOIIii 0€3 CyTTEBUX 3MiH Y KOAYIOYili YACTHHI TEHiB.

3araioM oTpuMaHi AaHi GOPMYIOTh YTOUHEHY €BOJIIOLIIHY MOJIENb POAUHU TYOYIiHIB Y KBITKOBUX
POCIIMH i JEMOHCTPYIOTb, IO HAaBITh KPUTUYHO BaXKIHMBI KOMIIOHEHTH LIUTOCKEIETY MOXYTh 3a3HaBaTH
KOHTPOJILOBAHOT €BOJIIOMIMHOI TUBEPreHIlii 31 30epekeHHsIM 0a30BUX KIITUHHUX QyHKIiH. BonrHouac Ta-
Ka JIUBEPreHLisl MoXke OyTH BaXKJIMBOIO IEPEIyMOBOIO IIMTOCKEIETHOI MIIACTUYHOCTI MOJIIUIOITHUX poc-
JIVH, 30KpeMa IXHbO1 3IaTHOCTI MiATPUMYBATH PICT 1 KIITHHHY OpTraHi3allilo 3a Jii HeCIPUATIIMBUX YMOB.
Pesynbratu ocimipKeHHs TaKOXK TOPYIIYIOTh MATAHHS PO Te, SIKOK0 Mipoko JIaHi, OTPUMaHi Ha MOJIEIb-
HHUX BHJAaX POCIMH, MOXYTh OyTH EKCTPaIloJIbOBaHI Ha 1HII TAKCOHH 3 OTJISLY Ha CKIAIHY EBOJIOLiHY
icTOpifO0 TyOYJTIHOBHX I'eHiB, 30KpeMa i y A. thaliana.

Poboma euxonana 6 pamxax npocpamu Hayko8o-00ciionux pobim monooux euenux HAH Yxpainu 3a npoek-
mom "I'enomna egonioyia poounu eenie myoyniny y piznux niosudie Brassica rapa" (2025-26) (Ne Jepocpeecmpayii

0125U002944)
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BUJIOBA MIH/IUBICTb 3AITACHUX BUIKIB HACIHHA Y ITIPEJACTABHUKIB
POAY CAMELINA

P. 51. Baom, O. 1. CosinoBa, B. I'. Caxaposa, A. 0. Bysiamsini

LY «lncmumym xapuoegoi biomexuonozii ma eenomixuy HAH Ykpainu, m. Kuis, Ykpaina,
e-mail: blume.rostislav@gmail.com

Puxiit (Camelina, Brassicaceae) € epCreKTUBHOIO OJIIHHOIO KYJBTYpOIO, HACIHHS SKOI MOETHYE
BUCOKHH BMICT OJIii, IHHUH >KUPHOKHUCIOTHUN CKJIaJ Ta 3HAYHY KiBKICTh 3allacHUX OLIKiB, IO MalOTh
KOPMOBE, Xap4yoBe i MPOMHCIOBE 3HaYeHHS. KpiM MpHKIIaHOI I[IHHOCTI, 3amacHi OUTKW HACiHHS € BaXK-
JUBOIO CKJIAZIOBOIO PEMPOAYKTUBHOI CTpaTerii poCiuH, OCKUIBKH 3a0€31MeYyl0Th IPOPOCTOK a30THUMH
BYTJICIIEBUMHU PECypcaMy Ha paHHIX eTamax po3BUTKY, 30KpeMa 3a il HeCIPHATIMBHX YMOB. SIKIIO XKup-
HokucyoTHHI ckian Camelina sativa TOCIIDKCHUN BiTHOCHO J0OOpe, TO BUIOBI OCOOJMBOCTI 3allaCHUX
OiNKiB HACiHHS Ta iXHS MIHIUBICTh Y Mexax poxy Camelina 3anvimaloThCs MEHII OXapaKTePH30BAHUMHU.
OcHoBHMMH OiTKOBUME KOMIIOHEHTaMH HACIHHS PHXKIilO, SK 1 B IHIINX NpeACTaBHUKIB Brassicaceae, €
12S-rnobyninu (kpyuudepunn), 2S-aap0yMiHu (HAIIHK), 8 TAKOX OJICO3UHH, SIKi € KIIFOYOBUMH CTPYKTY-
PHUMHM CKJIaJIOBUMH JIIMITHUX Ti€Ib. 3 OTJISAY Ha IIe, METOIO HaIoi poOoTH OYyJI0 IMPOBECTH MOPIBHSIIb-
HY OIIIHKY eJIeKTpopOopeTHIHNX NpodiTiB 3amacHUX OUIKIB HACIHHS Y KyJIbTYPHOTO PIXKIIO Ta WOTO ITH-
kux poawuiB. Jlns aHamizy Oyno BukopucraHo 3pasku HacinHsa C. sativa, C. neglecta, C. hispida,
C. rumelica, C. laxa, a TakoX MPEACTABHUKIB pi3HUX nutotumiB C. microcarpa, BAPOIICHUX 33 OJHAKO-
BUX yMoB. OTpuMaHi 0inKOBi Tpodiii TO3BONMIM OIIHUTH SK KOHCEPBAaTHBHI, TaK 1 BHmocmenudivHi
0COOJIMBOCTI OCHOBHHUX (Dpakifiii 3amacHUX OLJKiB, IO MOXYTh BiOOpakaTH €BOJIOIIHHO 3aKpIiIICHY
MIHJIMBICTB Y MEXaX POy.

BcranoBiieHo, 110 BUCOKOMOJNEKYIISIpHA (hpakiisi, Ka BiAMOBiTae KoMIoHeHTaM 12S-rno0ymiHiB y
niama3oHi mpuomm3HO 66,245 k/la, Oyna HasBHA B yCiX JOCHIDKEHUX 3pa3Kax 1 XapakTepus3yBajacs 3a-
rajgoM mnofionum npodineM. Lle cBimUMTH PO BHCOKY KOHCEPBATHBHICTH OCHOBHOI KpPYLH(pEPUHOBOL
¢pakiii cepen npencraBuukiB poay Camelina. Bonnouac y C. microcarpa, C. neglecta ta C. rumelica
6OyJ10 BUSBJICHO J0JATKOBY OiIKOBY (hpaKiiifo B AiamasoHi 6mmseko 35 k/la. IMOBipHO, BoHA MOXKe Bismo-
BijaTtu BUpocrenudivHM BapiaHTaM o- ab6o B-cyboanuunp 12S-rnobyniHiB abo BigoOpaxkaTH 0COOIMBO-
CT1 MPOIIECHHTY IIMX OLIKIB Y HACIHHI OKPEMHUX BUIIB.

Opakiis 0le03uHIB Oylia BUSBIEHA B YCiX 3pa3kax 0e3 IMOMITHHX MIKBHIOBHX BiAMIHHOCTEH, 1110
Y3TO/DKYEThCS 3 IXHBOO 0a30BOIO POJLTIO Yy cTabimizamii imigHux Tiienb. HatoMicTs Oinbiny BapiaGenb-
HICTh NPOJIEMOHCTpYBaa Qpakxiiisi OiIKiB, MOB’s3aHa 3 2S-anb0ymiHamu. 3okpema, dpaxiis P2S posmi-
pom Ommsbko 15 x/la ne Oyna Bussnena y C. rumelica, Toni sik y C. neglecta BoHa Oyna 3MilieHa y Oik
OinpIIoi MoONEKyIsIpHOiI Macu — npubnu3Ho 16—17 x/la. BogHouac Hu3bKOMONEKyIsipHa (pakuis 2S-
OiNKIiB OyJjla MPUCYTHS B yCIX IOCTIDKEHUX 3pa3kax. BusBiieHI BiIMIHHOCTI MOXYTh OyTH MOB’si3aHi 3
BUJIOBOIO CIEIU(IKOI0 HAKONMYCHHS, JO3PIBaHHSA a00 MOCTTPAHCISIIIMHOTO MPOIECHUHTY 3alacHUX OiJi-
KiB HaCIHHSI.

OtpumaHi pe3ynbTaTH CBiA4YaTh Mpo Te, O Npodisi 3amacHUX OUIKIB HACIHHS Yy NPEICTaBHHUKIB
pony Camelina IOeNHYIOTh 3HaYHY KOHCEPBATUBHICTE OCHOBHHX OUTKOBHX ()paKIliii i3 HasiBHICTIO OKpe-
MHUX BHIOCIIEU(DIYHUX 0COOIMBOCTEH, 30KpeMa y TUKUX BUAIB. OCKIJIBKY JOCHIPKEH] 3pa3ku BUPOLILY-
BAJIMCS 32 OJHAKOBHX YMOB, BHSIBJICHA MiHJIMBICTh IMOBIpPHO BioOpaskae HE KOPOTKOYACHY PEaKIil0 Ha
Cepe/IoBHIIEe, a TEHETUYHO 3yMOBJICHI BIJIMIHHOCTI MiX BHJAMH, sIKi chopMyBanmcs B mporieci IXHbOI
€BOJIIOIIT Ta ajanTailii Jo pi3HUX eKoJIOTiYHMX yMoB. [uki npeacraBHuku pony Camelina MOXYyTh OyTH
LIHHUM JDKEPEJIOM aJIeIbHOTO Pi3HOMAHITTA VIS MOAANBLIONO MOKPAIEHHS KYJIbTYPHOT'O PHXKIiIO, 30Kpe-
Ma 3a O3HaKaMH SKOCTi HaciHHS, e(pEeKTHBHOCTI 3alacaHHs MOKUBHUX PEYOBHH 1 MOTEHIIIHOT CTIMKOCTI
JI0 HECHPHUATIMBUX YMHHMKIB. [lomajbilie MOEIHAHHS OTPUMAHHUX JaHUX 3 TEHOMHOIO 1IeHTH(IKAIIE
reHiB Kpyuu(epuHiB, HaIiHIB Ta OJCO3MHIB JO3BOJUTH YTOUHUTH MOJIEKYJSIPHY NPUPOAY BHUSBICHHX
BIIMIHHOCTEH 1 CTBOPUTH OCHOBY JISi MApDKEPHOTO aHalli3y, CIIPAMOBAHOTO HA OLIHKY '€HETUYHUX MeXa-
HI3MIB peryJisiii O1IKOBOTO CKJIaly HACIHHS PUXKIIO.

Poboma suxonana 6 pamxax npoekmy 01s 0OCTOHUYbKUX epyn Moaooux euenux HAH Ykpainu «I enemuuna
ma 2eHOMHA XAPAKMepuCmuKa 3anacHux OLIKI@ HACIHHSA PUJICIIO K NPeYUuitHull IHCMpYyMeHm 01 1020 CeNeKYiliHO-
20 e0ockonanennay (2026-2027 pp.) (Ne depacpeecmpayii 0126U002353).
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EKCIIPECIA I'EHA JEMETWJIA3ZU DML3 Y POCJIMHAX ARABIDOPSIS
I YAC 3ATOIIVIEHHA

1O. A. BoOpoBHuubKHii, JI. €. Ko3eko

Inemumym 6omanixu im. M.I'. Xonoonoeo HAH Ykpainu, Kuis, Yxpaina,
e-mail: cell.biol@ukr.net

Metumosanus JJHK € mepBuHHIM MexaHI3MOM emireHeTHYHOi BapiabeabHOCTI POCIIHH 1 PETyIoe
TeHH, 110 KOHTPOJIOIOTH PICT, PO3BUTOK 1 cTpecoBy peakiito (He et al.,, 2022; Wang et al., 2025).
MetuinyBaHHS Ta [E€METWIyBaHHS 3IIHCHIOETHCS CIELiabHUMH (GEepMEeHTaMH — METWIa3aMu Ta
JIeMeTHIa3aMu, BIAMOBiIHO. Peakiiero pociawH Ha Aif0 Oyap-sSKOr0 CTPECOBOTO YMHHHUKA € 3MiHA PiBHA
METHJIYBaHHA 1, BiAMOBiAHO, ekcrpecii metwnas i gemermna3 (Hua et al.,, 2011). IIpote ocobamBocTi
[IFOTO TIPOLIECY B POCIWH Yy BiJIMOBih Ha KOPEHEBE 3aTOIUICHHS, SIKE CIIPHUSMHSE KOPEHEBY TiMOKCIlo,
nociimpkeHi Hepoctatabo. DML3 € omniero 3 wotupbox nemetwunas Arabidopsis thaliana ta sBisie cob601o
Oinok momkuHOW 1105 aMiHOKMCIIOT, KWW 3IIHCHIOE JAEMETWIyBaHHs 3aiuimikiB Iurosuny B JIHK
(Ortega-Galisteo et al., 2008). Mertoro manoi podotu OyI0 JOCIITUTH y4acTh METHITYBaHHS B CUCTEMHII
BimnoBiAi pocnuH A. thaliana Ha KOpeHeBe 3aTOIUICHHS Ta AMHAMIKY eKcrnpecii reHa aemerwnasu DML3
MiJ] 9ac TOBroTpUBAIIOI 1ii hakTopa.

Pocniuan A. thaliana (Col-0) BupomryBamm 3a CTaHAAPTHUX yYMOB N0 Biky 16 i, micimst doro
MOJIOBMHY POCIWH TiANaBald IPyHTOBOMY 3aTOIUIEHHIO mpotrsarom 10 nmib; pemrTa (KOHTpOIB)
MPOJOBKYBaJIA 3pOCTAaTH 3a CTaHIAPTHUX YMOB. 3pa3Kd HaJ3eMHOI YacTHHHM BiOMpaln mepen
sarorieHHsM (KO), Ha 5-y (S5) Ta 10-y (S10) moOy 3arormmeHHs; mapaleinbHO BiAOWpamn KOHTPONbHI
3pasku (K5 Ta K10). PHK Buninsmm i3 HagzeMHOI 9acTHHH 3a OTIOMOTO0 Habopy Zymoresearch Quick-
RNA Plant Kit 3 06pobkoto JIHKa3zorw I (NEB). 3BOpOTHY TpaHCKPUIIIIO MPOBOIWIH 33 JIOMOMOTO0
Habopy RevertAid RT Reverse Transcription Kit. IlocmigoBaicts npaiimepiB (5'-3"): ans DML3 — CAT
CCT CGT TCG TTC CAC C (F), CCC CTC GCATTG CTG TTC (R); nns pedepentroro rena Actin 2 —
TCT CCC GCT ATG TAT GTC GC (F), GTC ACG TC AGC AAG GTC AA (R). 3T IJIP mpoBoauiu 3a
noromororo Habopy NEB Taq PCR Kit npu Temneparypromy pexkumi IIJIP: 94°C 5 xB (mouarkoBa
neHarypauisi), 35 mukiiB — 94°C 30 c, 55°C 30 c, 72°C 1 xB. Enekrpodope3 mpoaykTiB peaxmii
MPOBOJIMIIA B TIOJIIaKPHJIAMIJIHOMY Teli i3 3a0apBiIeHHSAM Cpi0ioM. J{isi BU3HAYCHHST MOJICKYJISIPHOT Baru
JHK 3actocoByBanu Invitrogen Low DNA Mass Ladder (100, 200, 400, 800, 1200, 2000 m.H.).

Pesynpratn 3T-IUJIP mokazamu, mo po3mip amrutikoHa mns DML3 ckmamgaB 155 mH., 1o
BiJIMOBIAJI0 TEOPETUYHO OYiKYBaHOMY. 32 HOPMaNBHUX YMOB ekciipecis DML3 mocuimoBaiacs IpoTsIroMm
10 ni6 pocty poszerku (Bix KO mo K5 i K10). 3a ymoB rpyHTOBOrO 3aTOIUIEHHS POCIMHU A. thaliana
CYTTEBO HE BiNpi3HsUIHCS 32 (PEHOTHUIIOM BiJl KOHTPOJLHUX POCIHH Ha modarky aii ¢akropa. [Ipu mpomy
piBeHb TpaHCKpHITiB DML3 36inblnyBaBcs npoTarom nepmux 5 i (S5) ananoriuno go xoHtpono (KS5).
IIpore Oinbin TpuBame 3aTOIUICHHA NPU3BOAWJIO JO 3HAYHOIO MOTIPLICHHS CTaHy pPOCIHMH, a B
nojanbioMy W Jo ix 3armbemni. Ile cympoBomkyBaniocs 3HW)KEHHSIM piBHsSI TpaHckpunTie DML3 Ha
10 o6y (S10). Orpumani nani cBimyars npo y4actb metmiyBanus JJHK y cucremniit peakuii 4. thaliana
Ha KOPEHEBY TiMOKCIIO 1 IeMOHCTPYIOTh TPaH3UTOpHHUN XapakTtep i€l peakii. [locunenns excrpecii rena
nemerwiasn DML3 Ha mouarky 1ii akropa BUSBWIOCS MOAIOHUM J0 peakilii pOCIMH Ha iHII CTPECOBI
yiHHUKK. Tak, MiJg Yac ONPOMIHEHHS TPOPOCTKiB A. thaliana crioctepiralivi 3HWKEHHS PiBHS
TPAHCKPHITIB OLTBLIIOCTI METHJa3 Ta 3pOCTaHHsA y aAeMeTwia3. [lomiOHI 3MiHM BiJ3HAYalIu TAaKOXK Yy
Dendrobium officinale 3a ymoB Bomnoro aedinuty (Yu et al., 2021). Excnpecist reHiB MeTHIa3 Ta 1HIIUX
nemerwias A. thaliana Ta 3aranbHHi piBEHb METWIIYBaHHS TPU 3aTOIUICHHI OylIyTh BCTAHOBJICHI Y
MOAAJBIIUX JOCIHIPKCHHSAX.

JITEPATYPA
He et al. Nature Com. 2022. 13:1-16.
Ortega-Galisteo et al. Plant Mol. Biol. 2008. 67: 671-681.
Wang et al. Plant Biotechnol. J. 2025. 23:1585-1600.
Yu et al. BMC Plant Biol. 2021. 21: 21.
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MOJIEKYJIAPHO-TEHETHUYHI MEXAHI3MHA AI[AHTAI_Iﬁ 3JIAKIB )
J0 ABIOTUYHUX CTPECOPIB: OCOBJIMBOCTI OPI'AHI3ALII TA EKCIIPECII
I'EHA DREB2BY DESCHAMPSIA ANTARCTICA

O. M. Byouuk, 1. O. Auapees, B. A. Kynax

Incmumym monexynapuoi 6ionoeii i eenemuxu HAH Yxpainu,
M. Kuis, Yrpaina, e-mail: o.m.bublyk@edu.imbg.org.ua

['moGanpHi 3MiHK KIIIMATy, IO CYMPOBOMKYIOTHCS MOYACTIIIIAHHAM TIEPIOJIiB MIOCYXH, TEMIIEpaTyp-
HUX KOJIWBaHb Ta IHIINX HECTIPUATIMBHUX (HaKTOPiB, 3yMOBIIOIOTh HEOOXiJHICTh MOUIYKY HOBHX MiAXOMIB
JI0 MiABHIICHHS aJalTHBHOTO MOTEHIIay POCIUH. 31aTHICTh POCIUH MPOTHCTOSTH a0i0OTUYHUM CTpecam
BU3HAYAETHCS KOMIUIEKCOM B3a€MOIIOB’A3aHUX PEryJIAITOPHUX IPOLECIB, CEpen SIKMX BaXJIMBE MicCIle IO-
cigaroTh TpaHcKpuIiiiai Gaktopu (TD), 1m0 KOOPAUHYIOTH aKTHBALiIO TEHIB cTpecoBoi BiAmosimi. Joc-
JKEHHST MOJIEKYJISIPHUX MEXaHi3MiB (pyHKI[IOHYBaHHSI TaKHX PETYJISITOPIB MO3BOJISE POIINPUTH YSIB-
JIeHHS 1Ipo (OPMYBaHHA CTIHKOCTI POCIMH Ta CTBOPIOE OCHOBY JUIS 1X MPAaKTUYHOI'O BUKOPUCTAHHS Y ce-
TeKii i 610TeXHOIOT I, 30KpeMa Il OTPUMaHHS OUTBIN CTIHKAX TEHOTHITIB CLTBCHKOTOCIIOIAPCHKIX KY-
aeTyp (Bhoite et al., 2025).

OmHUM 13 TEHTPATFHUX PETYIATOPIB BIAMOBIAI POCTUH HA HIMPOKUH CHEKTp a0iOTHYHUX CTPECO-
piB, BKIIFOYAIOUX TOCYXY, 3aCOJNIeHHs Ta HH3bKI Temmeparypu, € T® DREB2B (Dehydration response
element binding factor 2B), skuii Hanexuts 10 poauau AP2/ERF. 3aBnsku 31aTHOCTI KOHTPOJIIOBATH
eKcIpecito reHiB ctpecoBoi Binnopiai DREB2B po3rismaerscs sk nepcrneKTUBHUN 00’ €KT TOCTIIKEHb,
CIIPSIMOBAaHUX Ha PO3KPHUTTS MOJIEKYJIIPHUX MEXaHi3MIB aIarnTallii pOCIWH Ta BUKOPUCTAaHHS y 010TeXHO-
noriuxux migxonax (Wu et al., 2022).

Y oMy IOCIIKEHHI SIK MOJIeb 0yi10 oopano Deschampsia antarctica Desv. (Poaceae) — yHika-
THHUH 371aK, 3IaTHUH iCHyBaTH B eKcTpeMalbHuX ymoBax [Ipubepexnoi Anrapkruku. e Bun amanTo-
BaHWH 0 KOMIUIEKCY HECTPUATINBHUX (hAaKTOPIB, Cepel SKUX HHU3BKiI TeMIlepaTypH, Ae(iluT JOCTyImHOL
BOJIM, CHJIbHI BITpH Ta BUCOKWH piBeHb yibTpadioneroBoro purnpomintoBanHs (Parnikoza et al., 2011).
BuBdeHHS TeHETHYHHX MEXaHI3MIB Takoi ajianTaiii Mae 3HaUHUI HAYKOBUH 1 MPaKTUYHUHN 1HTEpeC, OCKi-
JBKA eKCTpeMO(iIbHI BHAX MOXYTh OyTH JDKEpPENIOM I[IHHHX aJleJbHUX BapiaHTiB T'eHIB, MOTEHIIIIHO
NPUAATHUX JUIs MOKpAIlEHHs CTiHKOCTI KyJNbTYpPHHX POCIHMH 10 abioTmyHHMX ctpecopiB (Byun et al.,
2021).

Mertor poboTu Oyio mociimKkeHHs MoeKysapHoi opraHizaiii reHa T® DREB2B y D. antarctica,
a TaKOXK aHalli3 HOTo AbTEPHATUBHUX TPAHCKPHUIIIIMHNX (POPM Ta MPOrHO30BaHUX OLIKOBUX 130(hopM i3
BUKOPUCTAHHIM METOAIB 010iHPOPMATHIHOTO aHATI3Y.

Ha ocHoOBI aHanizy NaHMX T€HOMHHX Ta TPAaHCKPUINTOMHHMX INOCHiZoBHOCTeH D. antarctica 3 6a3u
SRA NCBI (SRX465632, SRX24981177-SRX24981180, SRX24937479, SRX5305101-SRX5305108) i3
BUKOPUCTAHHIM Te€HIB-OPTOJIOTIB 1HIIMX MpE/ICTABHUKIB pouHH Poaceae sik peepeHCHHX TOCIi0BHOC-
Teit Oyno inenTHdikoBaHO JBa BapiaHTH TeHa DaDREB2B, siki MOXYTh BiJIIOBIZIATH aleIbHUM (hopMam.
HocninorocTi DaDREB2B-1 ta DaDREB2B-2 xapakTepr3yBaJlucs 3HAYHOIO KUTbKICTIO OJHOHYKIICOTH-
JHUX TOIIMOP(I3MIB, SIKI BKIIFOYAIM CHHOHIMIYHI 3aMiHH, a TaKOX iHcepiii Ta Aeserii. PiBeHb i1eHTHY-
HOCTI JIBOX BapiaHTiB cTaHOBUB 93,3%.

[lopiBHsIbHMI aHaNi3 TEHOMHHMX Ta TPAHCKPUIITOMHHUX IIOCTIIOBHOCTEH IIOKa3aB, L0 TI€H
DaDREB2B cknaa€eTbcsi 3 YOTUPbOX €K30HIB 1 TPhOX 1HTPOHIB. BeTaHOBIEHO, 1110 TEPBUHHHUNA TPaHCK-
PUIIT I[HOTO T'€HA MiJA€ThCS albTEPHATHBHOMY CIDIAHCHHTY, TOAIOHO /IO OPTOJOTIYHMX T'EHIB 1HIIHX
3nakiB. J{ns npencraBaukiB Poaceae onucano gopmysanus asox (Matsukura et al., 2010) abo tprox (Niu
et al., 2020) anpTepHaTUBHUX TpaHcKpunTiB DREB2B, Toxi sk 1 D. antarctica HaMu niepe10ayeHo Hasi-
BHICTh YOTHPHOX BapiaHTiB TpaHckpuntiB. Cepen ineHTH(IKOBAHUX albTEPHATUBHHUX TPAHCKPHUIITIB
DaDREB2B nBa naiinosui Bapiantu — dadreb2b.1a ta dadreb2b.1b — mictaTh yci yotupu ek3onu. Lli
TPaHCKPHIILiiHI (OPMH BipPi3HAIOTECS MiX CO0OI0 TPbOMa HYKJICOTHIHHUMHU 3IMIIKAMH, SIKI € HacHil-
KOM BHKOPHCTAHHS aJIbTEPHATUBHOTO CAWTy CIulaiicuHry Ha 3’ KiHIi ipyroro iHTpoHa. Taka 0coONMBiCTh
€ HETHIIOBOIO JUIsi OUTBIIOCTI JOCHIPKEHUX TPEJCTABHUKIB 31aKiB. TPaHCKPHUNT CEPElHBOI JOBKUHH
dadreb2b.2 xapakTepu3y€eThCs BIACYTHICTIO TPETHOTO €K30HA, TO/I K HAHKOPOTIUWH BapiaHT dadreb2b.3
HE MICTHTB APYroro Ta TpeThoro ek3oHiB (Bublyk et al., 2025).
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VY mpencraBHuKiB poauHu Poaceae anbTepHaTUBHMI craiicuHr reHa DREB2B 3a3Bu4ail mpu3Bo-
JIUTH 10 YTBOPEHHA OAHI€T a00 TBOX TPAHCKPHUIIIHHUX (POPM, 3MaTHUX KOJAYBATH MOBHOPO3MIpHUI (yH-
KLIOHATBHUI O1JIOK, a TAKOXK JA0JATKOBOTO TPAHCKPHUITY 3 MEPEIYaCHUM CTOIN-KOIOHOM, MPOAYKT SKOT'O
HE Ma€ HEOOXiTHMX (YHKI[IOHATBHHUX JOMEHIB. BCTaHOBJICHO, 1110 HAsBHICTh 200 BIJICYTHICTH OKPEMHX
€K30HIB BIJIMBA€ HA BIAKPUTY paMKy 3UMTYBaHHS TPAaHCKPUNTIB Ta (pyHKIIOHaIBHUN MOTEHLIaN iX OiJ-
koBux npoaykri (Matsukura et al., 2010, Niu et al., 2020).

VY D. antarctica Tpanckpunt dadreb2b.2, okpiM KOPOTKOI BIAKPUTOT paMKH 3YUTYBaHHS, sIKa MOTe-
HIIHO KOy€e He(YHKLIOHANBHUI OIJIOK, MICTUTH aJbTEPHATUBHUN BapiaHT BIKPUTOI paMKH 34MTyBaH-
HS 31 CTApT-KOIOHOM, PO3TAIlIOBAaHUM Ha MOYATKy Apyroro ex3oHa. [lepembadenuii OiIKOBHIA TPOIYKT Ii-
€i dopmu Mae 3MiHeHy N-KIiHIIEBY IMOCIIJOBHICTh, OJHAK 30epirae OCHOBHI (DYHKIIIOHATFHO BaKJIHBI
enemenTH, BKIOUHO i3 AP2/ERF JIHK-3B’s13yBaibHUM JTOMEHOM, CUTHAJIOM SIZICPHOT JIOKAJi3allii Ta J0-
MEHOM akTuBauii Tpanckpuuii. [logiOHI mociIOBHOCTI 3 JOAATKOBOIO BiIKPHTOIO PAMKOIO 3UUTYBaHHS
Oynu BWSBIIEHI HaMH JIUIIE y CHOPIAHEHOTO BHUAy D). cespitosa, Ta TIpeICTaBHUKIB poxy Lolium
(L. rigidum i L. perenne).

KinpkicHuii aHaniz 3 BUKOPUCTaHHSIM TpaHCKpUNTOMHUX 0a3 SRA mokasas, 110 OCHOBHOIO (op-
MOIO, SIKa BUSIBIISIETHCS Y PI3HUX TKaHWHAX pociuH D. antarctica 3 1abOpaTOPHUX Ta MPUPOIAHUX YMOB, €
TpaHCKpunT dadreb2b.2. ]Ins 1HIMX ambTEPHATUBHUX TPAHCKPHUNTIB OYJM BHSABIEHI JIUIIE MOOAMHOKI
¢parmenTn. Bimomo, mo 3a ONTHMAaTbHHUX YMOB POCTY Y 3JaKiB MEPEeBaXHO YTBOPIOETHCS (opma
dreb2b.2, sixa xorye BKOpOUEHUI HE(YHKITIOHATBHAN O17I0K, TOA1 5K 3a [ii a0iOTHYHOTO CTpeCy 3pocTae
KUTBKICTh TPaHCKPHUINTIB, IO 3a0e3MnedyioTh cuaTe3 akTuBHOI opmu DREB2B (Matsukura et al., 2010,
Tavakol et al., 2014, Niu et al., 2020).

OTpumaHi HaMU pe3yNbTaTH BiIPI3HIIOTHCS B ONMUCAHWX JUIS 1HIIUX 3J1aKiB, OCKIJIBKH Y POCIHH
D. antarctica 13 npupoJHUX YMOB HE BIAJOCA BHSBUTH IEPEBAXHOTO HAKONMYCHHS TPAHCKPHIITIB
dadreb2b.1 ta dadreb2b.3, mo 3a3Bu4aii acOLIIOIOTECS 3 YTBOPEHHSIM (DYHKIIIOHAJIHHO aKTUBHHX O1JIKiB.
Lle Moke CBITUUTH MPO iCHYBAaHHS aJbTEPHATHBHOTO MEXaHi3My perysiuii aktusHocti DREB2B y naHo-
ro BUAy. 30KpeMa, KUTbKICHO TepeBakarounii TpaHCKpUNT dadreb2b.2 3aBIsSKY HASBHOCTI ambTepHATHB-
HOI BiIKpUTOI paMKH 3YHTYBaHHS MTOTEHIIWHO 3/aTHUH 3a0e3MeunTn CHHTE3 OiKa, SIKUH MICTHThH KITIO-
YOBi (YHKI[IOHAIBHI €IEMEHTH.

JonmatkoBo OyIo MpoBeIeHO KOMITIEKCHY 0i0i1HQOPMATHYHY XapaKTePUCTUKY MTPOTHO30BAHMUX O1I-
KOBUX TpoaykTiB DaDREB2B. Jlns nependaueHux izoopMm Bu3HA4YeHO (Di3MKO-XiMIUHI BIIACTHUBOCTI,
MOXJIMBY CyOKJIITUHHY JIOKAJIi3aIlit0, OTSHIIMHI CalTH MOCTTPAHCIALIHHUX Moaudikarlii, GyHKI[ioOHA-
JIbHI IOMEHH Ta 31MCHEHO MOJICIIOBAHHS IPOCTOPOBOI CTPYKTYpH OiNKiB. DiIOreHeTHYHMIA aHali3, a Ta-
KO HasiBHICTb KOHCEPBATUBHUX ITOCIIIOBHOCTEH 1 IOMEHHUX CTPYKTYD ITiITBEPIMIHA HAIEKHICTH JTOCIi-
JoKyBaHoro Oinka jo rpynmu TO DREB2B.

Takum 4MHOM, OTPHMaHI Pe3yJIbTAaTH PO3MIMPIOIOTH YSABJICHHS PO MOJEKYISPHI MEXaHI3MH aJiar-
tanii D. antarctica 1o ablOTUYHHUX CTPECOPIB Ta JEMOHCTPYIOTh OCOOIMBOCTI OpraHizaiii i excrpecii re-
Ha DaDREB2B y uporo crpecocTiiikoro Bumy. [IpoBeaene nociimkeHHs CTBOPIOE OCHOBY ISl TIOAAITb-
IIOTO BUBYEHHS PETYJSATOPHUX MEPEX CTPECOBOI BIMOBIJI Yy 37aKiB Ta IMOIIYKY T€HETUYHUX PECYPCIB,
SIKI MOXYTbh OyTH BUKOPHUCTaHI JJIs ITIABUILIEHHS CTIMKOCTI KYJIbTYPHHX POCIIUH.
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ONTUMIBALIA METOAUKA OTPUMAHHSA BIOCYP®AKTAHTY
3 KYJIbTYPAJIBHOI PIIUHMU B. SUBTILIS 1J1s1 HAHOBIOPEME IA LI
INPUPOJHUX PECYPCIB

A. 1O. by3iamsiii, A. 1. Emennb

NV «lucmumym xapuosoi 6iomexnonoeii ma ecenomixu HAH Ykpainuy, Yrpaina, m. Kuis,
e-mail: buziashvili.an@gmail.com

HanowacTuHKYM Ha OCHOBI HyJbBaJeHTHOTO 3ami3a (nZVI) 3aBasku BHCOKiM MUTOMIN TUIOMI TO-
BepxHi Ta PEHTOH-TIOAIOHOT aKTUBHOCTI PO3TIISAAIOTHCS SK MEPCIEKTUBHUN HaHOMAaTepian JUisi HaHO-
Olopemenianii BOOAHHUX i IPYHTOBHX PECYPCIB BiJl OpraHiuHUX 3a0pyIHIOIOYMX PEYOBUH, 30KpeMa, Had-
TONPOAYKTIB. OMHUM 13 HAUTIOMIMWPEHIIUX METOMIB OJEp KaHHS TaKWX HAHOYACTHHOK € BiTHOBIEHHS
coueii Fe(Il) ado Fe(Ill) 6oporimpumom Hatpito (Karthick et al., 2019). BoagHouac, npakTuyHe 3aCTOCY-
BaHHA nZVI oOMeXyeTbCs WOTO IIBHAKAM OKHCHEHHSM, YTBOPEHHSM IMOBEPXHEBOTO OKCHIHO-
TIAPOKCUHOTO IIapy Ta arperaiierd HaHOYaCTUHOK. {1 miBUIIICHHS TXHBOI AUCTIEPCHOCTI i CTA01JIb-
HOCTI 3aCTOCOBYIOTH (PYHKIIIOHAITi3allil0 TTOBEPXHEBO-aKTHBHUMHU PEUOBHMHAMHU Ta Hojimepamu. [lepc-
MEKTHBHOIO aTbTEPHATUBOIO CHHTETHYHUM cTabinizaropam € OaktepianbHi OiocypdakTaHTH, SKi MOEM-
HYIOTh MTOBEPXHEBY aKTHBHICTH, O10JI0T1UHY CYMICHICTb 1 34aTHICTh B3a€EMOJISTH 3 TiAPOPOOHIUMH 3a-
OpyaHIOBaYaMH.

Mertoro po6oTH Oys0 ONTHUMI3yBaTH METONWKY BHIIIEHHS OiocypdakTaHTa 3 KyJIbTYpaIbHOI Pi-
nuHu HadTOpo3kiIamardoro mramy Bacillus subtilis B-5015 3 Konekmii MikpoopraHi3MiB [HCTUTYTY
Mikpob6iomorii Ta Bipycomorii im. 1. K. 3a6omoraoro HAH Ykpainu mis oTpuMaHHS HAHBUIIIOTO BMicC-
Ty JinmonentuziB. Buminenns GiocypdakTaHTy MPOBOIWIM 3 BUKOPHCTAHHSIM METOJY KHUCIOTHOTO OCa-
mxeHHs (Yu et al., 2022). lng uporo KynbTypy OakTepii BupouryBaitu npoTsiroM 24, 48 ta 72 rox B pi-
nxkomy cepenosuili LB npu 37°C Ha mreiikepi 31 mBuzakictio odepranus 150 06/xB. [ami OakrepianbHi
KIITHHA ocakyBanu mpoTsiroM 15 xB npu 10 000 o6/xB ta 4°C 3a BUKOpUCTaHHS LEHTPUDYTH
Eppendorf 5417R (Himeuunna), BiqOupaau CynepHATAHT Ta CTEPHIII3yBaIH HOTO KPi3h HITPOIEITIOI03-
Hi QinbTpH 3 Aiamerpom nop d = 0,45 mxm. pH cynepHaranty noBoawmnu o 2,0 3a nonomororo 6M HCI
Ta IHKyOyBasid npoTsiroM 24 roxa npu 4°C. 3a TakMX YMOB 3MEHIIYEThCS PO3UMHHICTD JIIMOMENTHIHUX
OiocypdakrtaHTiB i (HOpMYEThCS Ocaj, SKUH BiJOKPEMITIOBAIM TOBTOPHUM HEHTPU(PYTyBaHHSIM TMIpH
4°C. Jlani ocan JBiui MPOMHUBAaIHM AMCTHIBOBaHOI Bojxowo (pH 2,0) muisxoM meHTpudyryBaHHS MpH
10 000 06/xB ta 4°C 1 BucyuryBanu npotsarom 24 rog npu 37°C 11t noJaibIIoro BU3HAYEHHS BMICTY
JTNOMEeNTHIIB y 3pa3kax. BcraHoBiieHo, 0 NpH KyibTHBYBaHHI B. subtilis B-5015 nporsrom 72 roj
BMICT JiimonentuaiB ¢cranoBuB 1,80 % 0,37 mr/miu, npotsarom 48 rox — 0,29 + 0,09 mr/min, 24 rox —
0,12 + 0,04 mr/mn. OtpuMani 3pa3Ky po3UuHsIN y AuctuinboBaHii Boai (pH 7,0) no ¢inansHOi KoHLIE-
HTpatii 1 mMr/mi ta 30epiranu npu 4°C.

OTtxe, Oylno BHABIEHO JiHIMHY 3al€XHICTh BMICTY JIIONENTUAIB y KyJbTYpajbHIN piauHi
B. subtilis B-5015 Bix TpuBasioCcTi KyJAbTHBYBaHHS. Y MONAJBIINX JOCTIKEHHIX OTPUMaHHUN Oiocyp-
¢dakTaHT OyJe BUKOpUCTAHO JIsg OlodyHKIiOHAI3aMil HaHOYaCTUHOK NZ V], 1m0 OyayTh 3aCTOCOBaHI y
PO3po0LIi METOAMKHN OYHMIICHHS BOJHUX 1 IPYHTOBUX PECYPCIB BiJ HAQTONPOAYKTIB.

Poboma suxonana A.FO.b. 6 pamkax epanma Ipezudenma Yxpainu 051 niOMPUMKU HAYKOBUX OOCHIONHCEHD §
PO3POOOK MONOOUX 8UeHUX-00Kmopis inocoii/kanoudamis nayk (0o 35 poxie exnouno) "Ompumanns nanouac-
MUHOK OKCUOY 3aNi3a HA OCHOGI HAPMOPOIKIAOAIOUUX MIKDOOPSAHIZMIE 3 MEMOK IX NOMEHYIIHO20 8UKOPUCTIAHHS
011 OYUCIKUL SPYHMOBUX MA 800HUX pecypcie 8i0 3abpyoHeHb 6 pesynbmami giticokosux O0i" ([lozosip i3 HOAY

Ne246.05/0027)
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CRISPR-CAS9 PEJAT'YBAHHSA KJIIOYOBUX I'EHIB Y BIOTUYHUX
TA ABIOTUYHUX CTPECOBUX HIJIAXAX BABOBHUKY

H. E. BoakoBa

Inemumym knimamuyno opienmosanozo cinibcvkozo eocnodapemea HAAH Ykpainu,
cmum. Xniboodapcwvke, Odecvka obnacmo, Yrpaina, e-mail: natavolki@ukr.net

baBoBHuK (Gossypium sp.) € IPOBIIHOIO CBITOBOIO KYJIBTYpOIO JJsi BUPOOHHIITBA HATYPaIbHOTO
BosokHA. J{ns Ykpaiaw, y 3B'3Ky 3 BIHHOIO TIPOTH P, 15 KyJIbTypa aKTyallbHA I BUPOOHHUIITBA Oe3Tu-
MHOT0 TIOpoxy. [IporHo3yerbes, mo CBiTOBE BUPOOHUIITBO 0ABOBHH 3pocTe 31 126,5 MiNBHOHIB TIOKIB Ha
JaHui yac Ao npubnusHo 141 minbitoHa TrokiB B 2031-2032 pokax 3i IIOPIYHUM TEMIIOM 3POCTAaHHS
1,6 %. Ha BpokaiiHicTh 0aBOBHHKY BIUIMBAIOTh, 30KpeMa, Taki cTpecoBi (pakTopH, K 3MiHa KJIiMaTy, Ae-
rpajamisi IpyHTIB, Clajlaxy 3aXBOPIOBaHb. TpaiMLiiHI CeNeKIiifHI Ta TpaHCTeHHI MiAXOAM MOKPALIHIH
BpOXKaiiHICTh 0ABOBHUKY Ta CTIHKICTP JI0 MATOTEHIB, aJe 3aJUIIAI0ThCS MOBITFHIMH Ta OOMEXEHIUMH Ue-
pe3 CKJIagHI aJoTeTPaIuIoiHI TeHOMU BHIIB OABOBHUKY, 3HAYHY HAJUIMIIKOBICTh T€HIB Ta HU3BKY e(ek-
THUBHICTh TpaHC(opMariii.

Incrpymentu penaryBanus reHoMy, ocoOnmmBo CRISPR-Cas9, mpomnoHyIOTh IiecpsiMOBaHy MO-
JuQiKalio TeHiB, MOB'SI3aHUX 3 BPOXKAWHICTIO Ta peakiicto Ha ctpec. Lle mo3Bomsie 301IbIINTH BpOXKaki-
HICTh, MIABHUIUTH CTIMKICTh IO TIOCYXH, 3aCOJIEHHS Ta IIKiTHWKIB, MiHIMI3yIOUd MPH IHOMY HEILTHOBI
e(heKTH Ta PeryJsITOpHI MPOoOJIeMH, TIOB'A3aHl 3 TPAAULIHHUMHI TeHETHYHO MOAN(DIKOBAaHUMHU KYIbTypa-
MHU.

i cTBOpeHHs cOpTiB 0AaBOBHHKY, CTIHKHX 10 OioTH4HUX ((iTOmaToreHin) Ta abioTHYHHX (TeTIo-
BOT'O Ta XOJIOJIOBOTO CTPECIB, CTPECY BiJI 3aCOJICHHS Ta MIOCYXH) CTPECOBHX (PaKTOPiB, COYATKY HEOOXi -
HO ieHTU(IKYBaTH BIAMOBITHI IeHH, IO OEpyTh y4yacTh y CTpecoBil peakuii pociwH. Jami cucrema
CRISPR-Cas9 moe OyTy BUKOpHCTaHa 11 3aMiHU I'eHiB, BCTABKH I'€HiB Ta HOKayTy I'€HiB, IO [IPU3BE/IC
JI0 aKTUBalii abo HOKJayHy MyTaHTiB Ta BTpatu ¢yHKii. Lle JomomMoxke cTBOpUTH pOCIHHU OAaBOBHHKY,
CTiliKi 10 610THYHOTO Ta abiOTHYHOTO CTPECIB.

OCHOBHI HampsMH JOCII/PKEHb Ta MillleHI B 0aBOBHHUKY TaKi: IOCYXOCTIHKICTh — MoauGiKallis re-
HIB, 1110 BIAMOBIAIOTh 3@ 3aKPUTTS IIPOJAMXIB Ta HAKOMMUYEHHS OCMOIIPOTEKTOPIB (HANPUKJIIAI, AKTUBYIOTh
rean GhRD29A4, GhDREBI1A, GhPIP), ue nokpaiiye yTpUMaHHS BOJIOTH KJIITHHAMU 32 YMOB Ae(iluTy
BOJIM; CTIHMKICTH /10 3acosieHHs — 3aB/siku CRISPR-cucTemi penaryroThcsi TpaHCIIOPTEPH 10HIB, 110 3MEH-
IIy€ TOKCUYHICTh HATPilO Ta MOKpALlye OCMOTHYHMUN OasiaHC; CTIMKICTh 10 BUCOKHMX Ta HU3BbKHX TEMIIE-
paryp — BILTHB Ha renu TerwioBoro moky (Heat Shock Protein, HSP) Ta dgakropu Tpanckpumiii 103Bosise
3aXMCTUTH POCIMHHU BiJI IOIIKO/PKEHb Iij] YaC eKCTPEMaIbHUX TEMIIEPATyPHHUX KOJIMBAHb.

OctaHHi JOCSATHEHHS B pelaryBaHHi TeHoMy 0aBoBHHKY 3a gonomMoroto CRISPR-Cas9-texnomnorii
noB'si3ani 3 reHamMu Ghl4-3-3d, GFP, GhVP, MYB25, GhCLAl, GhAOC2, CrylAc, GhPDS, CpTI. Cne-
nuQivyHe pefaryBaHHsS LUX I'eHIiB BHABWIO (YHKLIOHANBHI 3B'S3KM MK LIJISIXaMH CTPECOBOI peakiii Ta
CHUTHAJIIHTOM, LI0 aKTHBYE 3aXHMCHI peakuii pociuH. [IpoBeneHi AOCHiIKEHHS TaKOX BKJIIOYAIOTH PO3Y-
MiHHSI MEXaHI3MIB MEPEXPECHUX 3B'S3KIB CTPECOBUX T'OPMOHIB, CHTHAJIBHHUX MOCEPEIHUKIB 1 3aXUCHUX
METa0OJITIB: CANILMIOBOI KUCIOTH, )KaCMOHOBOI KHUCIIOTH, €THJICHY, PEryJislii akTUBHUX (HOPM KHUCHIO
(Reactive Oxygen Species, ROS) ta 6iocuHTe3y BTOPUHHUX METa0OJIITIB.

Mait0yTHI MOJIEKYJIIPHO-TeHETUYH] AOCIiI)KEHHS BUiB OaBOBHUKY MOBHHHI iHTErpyBaTH MYJIbTH-
OMIKY, IEPBUHHE peJaryBaHHs Ta aHaji3 B3a€EMOJIi1 MaTOreH-eeKTop AJIs MiABUILEHHS Pe3yJIbTaTUBHOCTI
MOJIEKYJISIPHOT CeTeKIIii CTIMKIX cOpTiB OAaBOBHHUKY.
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BILJIUB TEMIIEPATYPH I BOJIOI'OCTI HA TEPMIHHU IHOSIBU OCHOBHUX
®PITODPAI'IB SUYMEHIO SIPOI'O B YMOBAX ITPABOBEPEKHOI'O JIICOCTEITY
YKPAIHHA

C. I1. Bopo:kko

Bepxnayvka oocniono-cenexyitina cmanyis Incmumymy Oioenepzemudnux Kyavmyp
i yykposux oypsixie HAAH Yxpainu,
cmum. Bepxnauka, Yepracvka obnacms, Ykpaina e-mail: svitlana.vorozhko@gmail.com

SAamins apuit (Hordeum vulgare L.) € mepcrieKTHBHOIO 36pHOBOIO KYJIBTYPOIO, IO BiIrpae Bak-
JUBY pONIb y 3abe3medeHHi MmpoaoBoibuoi Oesmekn Ykpainm. Lle xKymbTypa yHIBEpcalbHOTO TpH3HA-
YeHHS: ii 3epHO BUKOPUCTOBYIOTh Y XapuoBil, TeXHIUHIN Ta KOpMOBill cepax. 3a XiMiYHUM CKIIAJTOM
3epHO fApOr0o SUMEHI0 MicTuTh 65-68 % ByrmeBonaiB, 7-18 % Oinka, 2,1 % xwupiB, 1,5-2,5%
30JIbHUX PEYOBHH 1 3—5 % KIIITKOBHHH.

Jiis mocsirHeHHS cTabilIbHO BUCOKUX YPOXKAiB SIPOTO SYMEHIO HEOOXiTHUI HaIIHUN 3aXHCT MO-
CiBiB BiJ] IIKiATWBUAX OpraHi3MiB. PopMyBaHHS €HTOMOKOMILIEKCY 3€pHOBUX KYJIBTYp, 30KpeMa siaMe-
HIO, 3QJICXKUTh BiJ] CYKYITHOCTI Oi0TUYHHMX Ta a0iOTUYHMX YMHHMKIB, SKI BIUIMBAIOTh HA YHCEIBHICTH 1
PiBEHP MIKIUIMBOCTI OKpeMuXx BUAIB Cepel HUX BarOMHM € TEMIIEPATypHUH pPEXUM, KUl BH3HAYAE
MeX1 MOMIMPEHHS W PO3BUTKY LIKIAHUKIB. AKTUBHICTh KOMaxX MOXKJIMBA JIMIIC 32 TICBHUX TEMIIEPaTyp —
BiJl HIDKHBOTO JI0 BEPXHBOTO mopory. HmxHs Mexa B cepeqHboMy cTaHOBUTH 5—8°C (y AeSIKNX BUIB
Bix —1 mo +10°C); mpum 1i 3HMKEHHI KOMaxa BIaJae B CTaH XOJOIOBOI aemnpecii. BepxHs mexa 3a3Buuait
He csarae +40°C i1 Haituactime Bapitoe B Mexax +30...+35°C, 3anexHo BiJ BUAY Ta CTalii pO3BUTKY.
Mertoro gociimkeHp 0yo BU3HAYUTH BIUTHB IUX (PAKTOPiB Ha ¢iTodariB arponeHo3y SYMEHIO Sporo.

Hocmimpkennast npoBoaunu ynponoBx 2016-2025 pp. Ha BepxHSUBKIH TOCHTITHO-CENEKITiHHIT
ctaHmii [HCTUTYTY OioeHEepPreTHYHUX KyIbTyp 1 mykposux OypskiB HAAH Vkpainu. CrnoctepesxeHHs
Ta OOJIIKM BEJIM Ha TOCiBax sSYMEHIO sporo copTy Bomorpail. Bumosuii ckian i yucenpHicTh (iTodaris
BCTAHOBJIIOBAJIM 32 3arajJbHONPHUHATUMHE Ta CHelialbHUMH MeToAuKkamu. KoMmax, sKux BiJIJIOBUJIM 3a-
MOpIOBaJIM XJIOpoGopMoM. TaKCOHOMIUHY HaJEKHICTh KOMaxX BCTAHOBIIIOBAJIM 32 AOMOMOTOI0 OiHOKY-
nspa MBC-1.

JloCTOBIpHICTh BU3HAYEHHS BHJOBOTO CKJIaJy KOMax MiATBEep/ KeHa cremiaiicramu [HCTHTYTY
3ooutorii iM. LI. IlImansrayzena HAHY.

OCKiJIbKY MOBHOIIHHUHN PO3BUTOK KOKHOTO BHJIy KOMax BiJIOYBa€ThCs JUINE 32 YMOBH HaKOIH-
YeHHsI HEOOX1THOT CyMHU e(peKTUBHUX TeMIlepaTyp, OyJio MpoBe/IeHO MOPiBHSAJIBHHUN aHai3 010JI0TIYHUX
ocobnuBocTel BUsABIeHUX (iTodariB i3 JiTepaTypHUMH NaHUMHU. TakoXk Ha OCHOBI METEOPOJIOTIYHHX
CIIOCTEePEXKEHb Po3paxoBaHo rigporepmiunuii koedinient (I'TK) 3a mepiox Bereraiii s4MEHIO, BUKOHA-
HO HOro 3iCTaBJIeHHS 13 cepeHIMH 0araTopiYHUMHU NOKa3HUKaMH Ta OLIIHEHO BIUIUB IIbOT0 KoedimieHTa
Ha YMCENBHICTh 1 TEPMIiHM MOSIBM OCHOBHUX IIKIJTHHUKIB Y MOCiBaX.

3aranpHOBIOMO, 110 11 JlicocTeny HOpMa TiapoTepMiyHOro KoediilieHTa cTaHOBUTH 1,3, 110
BIJIMOBIZIa€ 30HI JOCTAaTHHOTO 3BONIOkKEeHHS. OJHAK YIpOIOBXK OcTaHHIX 15-20 pokiB Lel MOKa3HHK
3HH3UBCH 110 1,14, 0 BKe XapaKTepu3ye TEPUTOPIIO K 30HY HEJIOCTATHHOT'O 3BOJIOKCHHSI.

Pozpaxynok I'TK i neBHOro perioHy BUKOHYIOTH 3@ TPH JIiTHI MicCsIli, KOJU ceperHbo1000Ba
Temnepatypa ctabiapHo nepesuirye +10°C. TpaBeHs xapakTepu3yBaBcs IMiJIBUILICHUM TEMIEPATyPHUM
dboHoM — y Mexkax +18,4...428,9°C 3a cepeannom00080i +17,4°C, 3a BUHATKOM OKpeMHX pokiB (2021),
Jie TIOKa3HUKHU OyJIM HIKYMMU 3a HopMmy Ha 1,6 ta 0,1°C. llle BUIIMMU BUABHIIMCS TEMIIEPATyPH YEPB-
Hsl Ta JIUITHS — TIEPEBUILEHHS CEpeHhO0AraTopiuHmX 3HaueHp carano 5,3 ta 5,0°C (2024 p.), a makcu-
MaJbHa TeMIlepaTypa B okpemi AHi migHimanacs o +31,5°C. Haiinocymmnusimum 0ys 2022 pik: nedi-
IUT onajiB (ikcyBaBcs 3 TpaBHS MO JIMIEHb 1 cTaHOBHB 25,2, 38,9 Ta 28,5 MM BiJNOBITHO 32 HOPMHU
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50,0, 66,0 ta 59,0 mm. I'TK y TpaBHi gopiaioBaB 0,6 mpu 6araropiuniit Hopmi 1,3, y gepsHi — 0,7 mipo-
™ 1,6, y munHi — 1,0 npotu 1,5. Ile 3acBinuye TEHAEHIIIIO 10 MOCHICHHS MOCYNUIMBOCTI KIiMaTy B pe-
Ti0Hi.

Ympomgosx 2021-2025 poki Temnepatypa HOBITPs Y KBiTHI TIepEBHIlyBala cepeHi OaraTopivHi
TeMrnepaTypHi nokazHuku Ha 3,0-5,7°C, mo BIIIMHYJIO Ha 010JIOTiI0 PO3BUTKY IIKiTHUKIB sSUMEHIO. 30-
KpeMa, Ha cX0/ax KyJIbTypH Oyno 3apikcoBaHO MOMIKOMKEHHS, CIPUYNHEHI KOMITDIEKCOM (iTodaris:
MOTICJIUIICIO 3BUYAMHOIO 371aKOBOIO Schizaphis graminum Rondani, 1852, Benukoro 31akoBoro Sitobion
avenae Fabricius, 1794 i suminnoro Brachycolus noxius Mordvilko, 1913, nirycom mkignusum Lygus
rugulipennis Poppius, 1911, 6mimkoro cmyracroro xiioHO Phyllotreta vittula Redtenbacher, 1849,
n’sBunsAMu cuHLO QOulema lichenis Voet., 1806 i yepBoHorpynoro QOulema melanopus Linnaeus,
1758, xnomom mikimnmuBa yepemamka FEurygaster integriceps Puton, 1881 ta wmimmskoMm mimaHum
Opatrum sabulosum Linnaeus, 1760.

VY nepiiii 1ekaai TpaBHS Ha MOCiBax 3a(ikCOBaHO MOSBY TpUIIca MIeHUUHOTO Haplothrips tritici
Kurdjumov, 1912 i nunenmika gopHaoro Trachelus tabidus Fabricius, 1775, B apyriil nexami — xKyxKemnn-
i Majnoi xJiOoHoi Zabrus tenebrioides Goeze, 1777, enii roctporonoBoi Aelia acuminata Linnaeus,
1758 ta imaro xoBanukiB Agriotes sputator Linnaeus, 1758.

Y apyriit nekani KBiTHA OyJo 3a¢iKCOBaHO HEXapaKTEPHO PaHHINW BHIIIT KPUJIATHX MOMENHUIb — Ha
MiBTOpa-/Ba THXXHI paHille, HiK 3a3BUYail BKa3yEThCs B HAYKOBIi JliTeparypi. [ 0JIOBHUMN YMHHUKAMHU
[IFOTO SIBUIIA CTANIM CIIEKa Ta HEJOCTATHS KUTBKICTh ONaiB, SIKi MPUCKOPHIIN PO3BUTOK KoMax. [loniOHa
TEH/ICHLIISI MPOCTEXYBANACs W JUIsl 1’ IBUIIb: CHHS Ta YEePBOHOIPY/Aa 3 SIBIJIUCS B Ti K caMi paHHi CTPO-
KW, a iXHS MacoBa YHUCENBHICTh MOSCHIOETHCS THUM, IO TaKi MOTOAHI YMOBH — TEIUTI W MOCYIUIUBI — €
HaHO1TBII KOMMDOPTHUMH TSI X BUIIB, IO ¥ MIATBEPIUIOCS B XO/Ii CITIOCTEPEKEHb.

Pesynpratu mocnimpkeHb 3aCBiIUYIOTH, 0 3pOCTAHHS CepeIHLOPIYHOT TEMITEPATyPH, CKOPOUSHHS
KITBKOCTI OTAaJiB Ta 3MIIMIEHHS MEX MPHUPOJIHO-KIIMATUYHUX 30H YKpaiHU CIPUYHHSIOTH MOPYIICHHS
TpPaIUIiHHUX CTPOKIB MOSBH OKPEMHX BUIB HIKiIHUKIB Ha MOCIBax sporo sumeHro. [IpoBeneHi o0miku
Ta CIOCTepeXeHHs 3a (iTodaramu H03BOJIMIM BU3HAYUTH BUIOBHH CKJIaJl JOMIHAHTHHX IIKIJHUKIB Y
CTPYKTYpi €EHTOMOKOMIUIEKCY Ta BHSBUTH BHJIH, CTPOKH IIOSIBH SKHX HE 30iraroTbecsi 3 OaratopiuHUMH
naHuMH. Ha ocHOBI oTpuMaHHX pe3ynbTaTiB po3pobieHo (eHoNoriuHi KaneHaapi, ki MOXyTh OyTH
BUKOPHUCTaHI JUIsl BIIOCKOHAJICHHS CHCTEMH 3aXHCTy SIPOT0 SUYMEHIO BiJ| IIKIUIMBUX OPTaHI3MIiB B yMO-
Bax [IpaBoGepexnoro Jlicocremy YkpaiHu.
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OIIIHKA BILTUBY 3APOJIKOBUX ILIA3M HA IHAYKIINHY 3JIATHICTD
I'AIVIOITPOAIOCEPIB KYKYPY /13U

O. JI. I'aiinam, T. B. Heroaa, /. C. 3yoos, IO. B. Be3cycinus

AV «Inecmumym 3epuosux kyromyp HAAH Vkpainuy, m. Juinpo, Yrpaina
e-mail: a.gaidash88@ukr.net

TexHosorist oTpuMaHHS TToaBoeHNX TamwroiniB (DH-TexHomorisT) € oqHuM 13 HalOUThIT e()eKTHBHUX 1H-
CTPYMEHTIB Cy4YacHO1 CeNeKLil KyKypyA31, OCKIIbKH JTO3BOJISE CKOPOTUTH TPUBAJIICTH CTBOPEHHS TOMO3HIOT-
HHX JiHIA y 2-3 pa3u Ta IPUCKOPUTH BHUBEICHHs HOBHX TiOpuaiB. EdexTuBHICTS 1i 3acTOCyBaHHS 3HAYHOIO
MIpOIO BU3HAYAETHCS 1HAYKIIHHOIO 3AaTHICTIO TAIIONPOFOCEPIB, KA, IOPA 13 IX TEHETHYHUMH OCOOIMBOC-
TSIMH, 3JISKUTH BiJI TEHOTHITY MaTepUHCHKUX (hopM. OTHUM 13 YMHHHKIB TaKO1 MiHJIMBOCTI € HaJIEXKHICTD BU-
XiJTHOTO CEJICKIIIHOTO MaTepialy /10 Pi3HUX 3apPOJIKOBHX IUIA3M.

HesBaxkaroun Ha mmpoke BukopucTands DH-TexHomorii y cBiTOBiil MpakTHIli, OCOOIMBOCTI B3a€MOIIi
TaIIONPO/IIOCEPIB 13 CENEKIIITHNM MaTepiaioM Pi3HOTO TeHETHYHOTO TIOXO/DKEHHS B yMoBax Cremy YKpaiHu
3aJIMIIAITHCS HEIOCTaTHBO BUBYCHUMH. TOMY OLIIHKA CTaOUIBHOCTI IHAYKIIHHOT 3aTHOCTI TaIuIONpPOIIOCE-
PIB Ha PI3HMX 3apPOIKOBUX TUIA3MaX € aKTYaJbHOIO JJIsi CTBOPCHHS BUCOKOS(DEKTUBHUX BITUM3HSIHUX TaIlION-
pomrocepiB.

Meroto gocnipKeHHs1 OyJI0 OLIHWTY BIUIMB 3apOJKOBHX TIIa3M Ha iHIYKIIHHY 3AaTHICTh eKCIIEpUMEH-
TaNbHUX ramionporocepis cenekii Y «HctutyT 3epHoBUX KynbTyp HAAH Ykpainn» Ta BUSHAUUTH Haii-
OLITBII MTEPCTIEKTHBHI TEHOTUTIH TSI BAKOPUCTAHHS Y TIPOTpaMax CTBOPEHHS TIOIBOEHUX TaIlIOi/IiB.

JlociimKeHHs: BUKOHYBaIM Ha CaMO3alMJICHUX JITHISX KyKypYA3H, L0 HAJISKaTh 10 3apPOAKOBHX IUIa3M
Ationent, JlaHkacTep 1 3MillIaHOTO MOXOKEeHHS. J[J1s1 oJieprkaHHS MATPOKIIHHUX TarvIoiiiB BUKOPUCTOBYBAIH
eKCIepUMEeHTaNbHI ramionpoatocepu [3M-2, JI3M-3, JI3M-5 Ta cranmaptauii ramionpomatocep 3MK-1.
EdexTrBHICTD OLIHIOBATIM 32 CEPENHIM PiBHEM raruoiHAyKuii Ta koediienTom Bapiauii (V, %), skuil xapak-
TepHU3y€ CTAOUTLHICTD MPOSIBY 1HAYKIIHHOT 3/1aTHOCTI.

OO0cAr ekcriepuMEHTAITBHOIO MaTepialy CTAHOBUB 252,5 THC. MapKOBaHUX 3€PHIBOK, OTPUMAaHHX Y pe-
3yJbTaTi KOHTPOJIBHUX 3allWIeHb. 30KpeMa, Uil CTaHIapTHoro rarwonpotocepa 3MK-1 6yno orpumano 61,9
THC. 3epHIBOK, 11t [I3M-2 — 61,5 trc., s JI3M-3 — 58,9 tuc., a gnst A3M-5 — 70,2 Trc. 3epHiBok. Takuii 00-
ST JIOCHI/DKEHD 3a0€31EUnB JIOCTATHIO PEIPE3CHTATHUBHICTD JJIS IIOPIBHSIBHOI OLIHKH JIOCITIPKYBAHUX T€HO-
THITIB.

Pesynpraty mociipkeHp MiATBEPAIN ICTOTHHIA BIUTUB 3apOAKOBOI TUIA3MH Ha peaizallifo iHAyKI[IHHOI
37aTHOCTI TaIuionpo/rocepiB. HalBuIll MOKa3HUKYU TaruIoHIYKIII ojiepkaHo Jjist ramtonpotocepa [13M-5,
sikui 3a0e3meuyBaB 11,8 % rarmioiie Ha JiHIAX wia3mMu AfozaeHT, 9,9 % mia3mu Jlankactep Ta 9,6 % 3Mima-
Horo moxopkerHs. [Ipu oMy KoedimieHT Bapiartii 3MiHIOBaBcs Bix 7,4 10 13,9 %, 1110 CBiTYHTH PO BHCOKY
CTaOUTBHICTh MPOSIBY IHAYKIIHHOT 3IaTHOCTI HE3aJIKHO BiJl TEHETHYHOTO TIOXO/PKEHHS MAaTEPUHCBKHX (DOPM.

Tarutonpomrocep JI3M-2 Takox XapakTepu3yBaBCsS BHCOKOH €(EKTUBHICTIO. PiBeHb rarutoiHmyKIlii
ctaHoBuB 8,3 % st asmu Aiionent, 7,1 % s Jlankacrep 1a 9,2 % i 3MilIaHUX TEHOTHUIIB, TOJII SIK KO-
edimienT Bapiarii craHoBUB 9,8—13,4%. Lle cBiMUUTh PO TOCTATHRO CTAOLTFHHH MTPOSIB O3HAKH.

Harowmicte rammonposrocep [A3M-3 xapaktepu3yBaBcsl HIDKYMMH TTOKa3HHKAMH TaruToiHIyKIii (4,6—
6,2 %) 1 HanoOubmo MiHmuBicTIO (V = 15,4-21,3 %), 0c00IMBO Npy BUKOPUCTAHHI MaTEPUHCHKUX (HOpM
ma3mu Jlankacrep. Crangaprauii ramtonposrocep 3MK-1 3abesneuyBaB cepefHiil piBeHb TaruloOiHAYKil
(5,0-6,5 %) npu BigHOCHO HEeBUCOKIH BapiadenbHOCTi (V = 7,1-9,0%).

OtpuMmaHi pe3ynbTaTH OKa3aiy, [0 XapaKTep PeaKllii 3aIexaB BiJl TIOEHAHHSI «TaTUIONPOIIOCEp X 3a-
ponkoBa masMay. i OKpeMHX rarionpoIrocepiB MaKCUMaIIbHI TOKA3HUKH TaIbIOHAYKLI] BiiMiYaIncs Ha
TeHOTHIAX IUIA3MU AHOJIHT, TOJII SIK JUISl 1HIIMX — HAa TEHOTUIIaX 3MIIIAHOTO MoXo keHHs. Lle cBimunTh po
crierMQiuHICTh B3aEMOJIii MK TalUIONPOIIOCEPOM 1 TeHETUYHUM ()OHOM MATEPUHCHKHX (OpM Ta MiITBep-
JUKY€ HEOOX1THICTb OLIHIOBaHHSI HOBUX TaIlIONPOIIOCEPIB Ha IIMPOKOMY HaOOpi CeNeKLiiiHOro Marepiainy.

TakuM YMHOM, BCTAHOBIJIEHO, 10 3apOJKOBA IJIa3Ma iCTOTHO BIUIMBAE SIK HAa PiBEHb, TaK i Ha CTAOLIb-
HICTh rarioiHaykiri. HalOubi nepCeKTMBHUM Cepel TOCIIPKSHNX TEHOTHITIB BUSBUBCS TaILIONPOJIIOCED
J3M-5, sixuii o€ THyBaB BUCOKHIA piBEHb TaIUIOHIYKIIIT 3 HU3bKOIO BapiaOeNbHICTIO TIPOSIBY O3HAKH B Pi3HUX
3apOJKOBHX IUIa3Max. OTpUMaHi pe3ybTaTH MOXYTh OyTH BUKOPHCTaHI PU CTBOPEHHI HOBUX BITUM3HSIHMX
TaruIoNPO/IFOCEPIB Ta ONITUMI3AIIii TEXHOJIOTI1 OTPUMAHHS TIOABOEHNX TAIIONIIB Y CENIEKITT KyKypYI3H.

22



THIRD INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

OCOBJIMBOCTI B3AEMO/III I'EHIB LRI14A TA LR34'Y MDK.JIIHIFIHPDS I'lbBPUJIAX
F1 TA F: HIHEHUII M'SIKOI APOI B YMOBAX IIIBAHA YKPAIHU

O. B. I'anaes, M. B. I'anaeBa, B. A. TpackoBeubka

Cenekyiino-eenemuynuii incmumym — Hayionanonutl yenmp nacinne3snagcmea ma copmosueyenHs,
Ooeca, Ykpaina, e-mail: galaev7@ukr.net

Bypa nuctroBa ipka, 30ymHUKOM 5iKO1 € Puccinia triticina Erikss. (syn. Puccinia recondita Rob. ex
Desm.), HaneXuTh 10 HAMOLIBII MOMUPEHNX 1 eKOHOMIYHO 3HAYYIINX TPHOHUX XBOPOO MIIEHUII M'SKOT
(Triticum aestivum L.) y cBiTi. B Ykpaini Oypa nucTkoBa ipka — oJlHA 3 HAMOLIBII PO3MOBCIOJKCHUX
XBOpOO MIIeHHUII: TIepioANIHICTH emidiToTiil y CTelly CTaHOBHUTH ¥ CEpeAHHOMY OJIMH pa3 Ha M'SITh POKIB,
a B Jlicocteny Ta [lomicci — ojuH pa3 Ha JBa POKU. 3a CIPUATIMBUX JIJIS PO3BUTKY IMaTOT€HA YMOB BTpa-
TH BpoXkato MOKyTh niepesuiyBatu 30 % (Golosna et al., 2017). Bucoka eBomntoniiina MiHIUBICTb TOMY-
nsauii P. triticina Ta TosiBa HOBUX BipPYJIEHTHUX pac, 3AATHUX JIOJIATH TEHETUYHO 3YMOBIIEHY CTiHKiCTh
COPTiB, 3yMOBIIOIOTh HEOOXIIHICTh HE JIUINE MOIIYKY HOBUX JKEpEI CTIMKOCTI, a i BUBUCHHS B3a€MOIIi
BiJIOMHX T€HIB TIPH 1X [TOE€JHAHHI B OJTHOMY T€HOTHITI Ta BJIOCKOHAJICHHSI CEEKIIHNX ITiIXOIiB.

OpmHUM 13 IPIOPUTETHUX HAMPSIMIB CEJIEKIIii € MmipaMiTyBaHHS T€HIB CTIMKOCTI, sIKe mependadae mo-
€IHAaHHS B OHOMY T€HOTHIII TEHIB i3 pi3HUMHU MeXaHi3MaMU Jiii. BBaxaeTncs, 1m0 KoMOiHyBaHHS e(ek-
TUBHUX pacocrenu(iqHnX reHiB i3 reHaMu CTiHKocTi mopocioi pocnuan (adult plant resistance, APR) 3a-
Oe3meuye TpUBaJMii Ta HAAIHHMIA 3aXUCT. BogHOUAC MEPCIEKTHBHUM € 1 BAKOPHCTAHHS TO0IaHUX TEHiB,
OCKUTBKH X 3aJMINKOBA Jisl B OKPEMHUX BUTAJAKaX MOXKE TiACHIIOBATH 3arajJbHUI PiBEHBb CTIMKOCTI 3aBIs-
KU aJJATUBHUM e(eKTaM.

CrTiliKicTh Cy4acHHUX COPTIB MIICHUI JO Oypoi JHCTKOBOI ipXi € pe3yibTaToM B3aeMOJIil KiIbKOX
Lr-reHiB, cepen sSIKUX MOXYTh OyTH AK e(eKTHUBHI, TaK i TOJ0JaHi TeHU CTIHKOCTi. XapaKkTep Takoi B3ae-
MOJIi MOe OyTH pi3HUM: MOETHAHHS €EeKTUBHUX T€HIB HE 3aBXK/M 3a0e31euye MiIBUIIeHHS PiBHS CTil-
KOCTI, TOJ SIK KOMOiHAIIiT TOZ0IaHUX TeHIB MOXYTh MPOSBIATH aAUTUBHHN €(EeKT 32 paXyHOK iX 3aJIHIl-
KoBoI aii. BomHOoUac moeqHaHHs e(eKTUBHUX 1 MOJOJAHUX T'eHIB MOXE CYNPOBOKYBATHCS SIK MOCHJICH-
HSIM, TaK 1 IPUTHIYEHHSIM (EHOTHUTIOBOTO MPOSIBY CTIMKOCTI BHACIIIOK €MiCTATUYHUX B3a€EMOJIIH.

Hespaxkatouun Ha 3HAYHY KiJIBKICTh JOCHTIKEHb IPUCBIYCHHX ieHTU(DIKAI] Ta BAKOPUCTAHHIO OK-
peMux Lr-reHiB, 0cOOIHMBOCTI iXHBOI B3a€MO/Iii B OJJHOMY T'€HOTHII 3aJIMIIAIOTHCS HEAOCTATHHO BUBYE-
HUMH. J[7151 BUKJTIOYEHHS BIUIMBY 1HIIHMX T€HIB CTIMKOCTI, HASBHUX Y TEHETHYHOMY (DOHI COPTIB MIIECHHII],
JIOIIUTEHUM € BUKOPHUCTaHHs Maibke i3oreHHuX JiHii copty Thatcher (Tc), mo Biapi3HAIOTHCS NTUIIE HAs-
BHICTIO BIAITOBIAHUX L7-TeHiB.

Oco6nuBHii iHTEpeC CTAaHOBIIATH TeHU Lrl4a Ta Lr34, siKi NpUCYTHI y cOpTax yKpaiHCBKOI CeeKii.
I'en Lr34 e omaum i3 Haimomupenimux reHiB APR i 3a06e3nedye yacTkoBy, HecienndiuHy Ta TOBTOTPH-
BTy CTIMKICTh IO OypoOi JMCTKOBOI ipKi, a TAKOX 3JaTHUH MiJICUITIOBATH ¢(DEKTUBHICTD 1HIIUX Lr-TeHIB.
Came TOMy BiH HIMPOKO BHKOPHUCTOBYETBHCS y CyYacCHUX CeJIeKUiHHMX mporpamax. ['en Lri4a, sxuii pa-
Hille 3a0e3rnevuyBaB pacocrnenudiuny CTilKICTh, y Cy4acHHUX MOMYJSIisIX P. triticina B YKpaiHi npakTu4-
HO TOBHICTIO BTPaTHB CBOIO €()EKTHUBHICTb, OJHAK MPOJOBXKYE 3yCTPIYaTUCS Y TEHOTHUNAX BITUYU3HIHUX
COPTIB 1 CeJIeKUiHHMX JiHIM. Y momepenHix AOCHiIKEHHAX MiXIiHiiHUX riopuniB Fi ta Fa, orpumanux
Bij cxpemryBanHs TcLr34 X TcLrl4a, namu Bnepiie OyJj0 BCTAHOBJICHO HETATHBHUM emicTas, SKUW Mpo-
ABJISIBCSL cympeciero nii rena Lr34 renom Lri4a (I'anaes, 2016). Ockinbku 0OuBa T€HU TPAIUISIOTHCS Y
Cy4acHOMY CeJISKIIHHOMY MaTepiaii, a Lr34 € OIHUM 13 HAWITOIINPEHIIIUX IeHIB JOBFOTPUBAIOL CTIMKO-
CTi y cOpTax yKpaiHCBKOi CEJeKIlii, BCTAHOBJICHA B3a€MOJIisl Ma€ BaXKJIMBE MPAKTUYHE 3HAYCHHS TSl J0-
0opy 0aTbKIBCHKMX KOMIIOHEHTIB i/l YaC CTBOPEHHSI HOBUX COPTIB IMIICHHIII.

BusiBienuii edekt HeraTMBHOIO emicra3dy MoTpedye MoJANBIIOr0 BUBYCHHS JIJIs 3'SCyBaHHS 0CO0-
JMBOCTEH 1oro nposiy B nokoniHHsx Fi 1 F» 3a pesynbratamMu eHOTHUIIOBOT OLIHKHM CTIMKOCTI Ta MoJje-
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KYJSIPHO-TEHETUYHOTO aHalizy. Metoio pobotu Oyno 3'scyBaHHS ocoOMMBOCTE B3aeMomii reHiB Lri4a
Ta Lr34 y mikmiHiiiHuX ribpugax nokonins Fi i F, mmenuni M'akoi sipoi Ha 0CHOBI ()EHOTHUIIOBOTO Ta MO-
JeKyJISIPHO-T€HETUYHOT'O aHaJi3y.

MarepianoM aisi TOCTiIKEeHb CIyTyBaJId 3pa3ku spoi M'akoi mmenunt Triticum aestivum L.: copt
Thatcher (Tc), fioro maitxe i3orenni dinii copty Thatcher (Tc) TcLri4a, TcLr34 ta riOpuani komOiHail
Fi ta F> Big ix cxpemyBanns. Haciaas copty Thatcher Ta fioro maike i30reHHHX JTiHIA OTPUMaHO 3 KO-
neknii USDA Germplasm Resources Information Network (GRIN) (http://www.ars-grin.gov). Inentudi-
Kalito Lr reHiB y 0arpkiBechkux JiHiM TcLr Ta ri6puais Fi i F2» npoBoannu 3a gonomoroto STS mapkepa
csLV34 (Lr34) ta SSR mapkepiB Xgwm344 ta Xgwml46 (Lrl4a). PozBurok Oypoi ipki HImeHUI B
MOJILOBUX YMOBaX BUBYAIM Ha JIOPOCIHX POCIMHAX y IPUPOAHOMY iH(ekiiiHoMy ¢oni Ha [liBani Ykpa-
ian (M. Oneca, nonst CI'T-HIIHC). [nTencrBHICTS ypakeHHS BU3HAYAIH 32 9-0aIbHOIO MIKAJIO0 1HTETPo-
BaHoro CEB Ta yHnidikoBanoto MixHapomHow mkanow (babasun JI.T. ta iH., 1988). SIk KOHTpONIb
CIIPUHHATIMBOCTI BUKOpucToByBaiu copT Thatcher, 3Baxxaroun Ha HasBHICTh y HOr0 IEHOTHIII Ta, BIAIO-
BiJTHO, y TEHOTHIIAX YCiX MaiKe 130TeHHHX JIiHi} TeHa BiKOBOI cTiiikocTi Lr22b.

[TonwoBa oriHKa cTiKOCTI Maibke i3oreHHux JiHii copty Thatcher (Tc) mo Oypoi aucTroBOI ipaki
Ha npupogHoMy iH(ekniiHomy ¢oHi [liBgas Ykpainu y 2013-2016, 2019, 2021 ta 2026 pp. mokasaina,
o i3oreHHa JiHig TcLr34 xapakrepusyBajiacsl BHIUM piBHEM CTiiiKocTi (4—6 0aliB) IOPIBHSHO 3 COp-
tom Thatcher (Lr22b) ta minieto TcLrl4a, piBeHb CTIHKOCTI SKMX CTaHOBUB 2—4 Oanmu. AHaJOTi4HI pe-
3yJbTaTA OTPUMAHO B JTA0OPATOPHUX YMOBAaX Ha Bifpi3kax mUCTKiB: peakiis Thatcher i TcLr/4a Bimnosi-
nana 40S—60S, toni sk TcLr34 nposiBisiuta 3Ha4HO BTy cTiliKicTh (10S—-25S). BeranosneHo, mo edek-
TUBHICTB TeHa Lr34 3anexarna Bij TemMmepaTypHHX yMOB. 3a TemrepaTypu moBiTps 10 +20°C po3BHTOK
Oypoi TMCTKOBOI ipXi iICTOTHO CTPUMYBABCS, TOJI K MPH ii MiABHUINEHH] PiBeHh YpaKeHHS POCIHH 3pOC-
TaB 3 5% 10 50-65%, 1m0 CBiAYMTH PO 3HWKEHHS e()EKTUBHOCTI il reHa Lr34 3a BUCOKHX TeMIeparyp i
y3ro/pKyeThes 3 qanumu Jireparypu (McCallum et al., 2021; Spychala et al., 2023).

Y mikniniaux riopugax Fi Tclr34 x Tclri4a ta Tclri4a x Tclr34 BCTaHOBIEHO HETaTUBHY
eMiCTaTUYHY B3aEMOJIII0 MK JIOCIIIPKYBaHUMH TeHamu. He3Bakarouu Ha HasBHICTh reHa Lr34, komOiHa-
uist Lr34 + Lri4a He 3a0e3nevyBana O4iKyBaHOTO PiBHS CTIMKOCTI: 3a pe3yJibTaTaMu JIAOOPATOPHOI OIiH-
KH BCi 24 POCIVHU, y SIKUX MOJEKYJSPHO-TEHETHYHUM aHali30M MiITBEP/KEHO OJHOYACHY HAsBHICTb
reHiB Lri4a ta Lr34, manu ¢enotunoBy peakuito 40S, 1m0 cBigUuTh PO CyIpecito aii reHa Lr34 reHoM
Lri4a.

ModekynsipHO-TeHEeTUYHUI aHali3 ABOX MOMYJIIid Fa, OTpMaHUX BiJ pEHUIPOKHUX CXPEIIyBaHb
TcLr34 x TcLri4a (50 pocnun) Ta TcLri4a x TcLr34 (76 pocnuH), iATBEpANB OYiKyBaHE PO3MIEILICHHS
3a reHamu Lrl4a i Lr34. ditonaTonoriyHa oIiHKa oKa3aja [MOBHY BiIMOBITHICTh (PEHOTHIIOBOTO MPOSBY
BCTAaHOBJICHOMY HETaTHMBHOMY €IiCTa3y: POCIUHU 3 KoMOiHatier Lr34 + Lrl4a 3a piBHEM CTIHKOCTI He
BiJIpi3HSUIHCSA BiJ HOCIIB Lr/4a, Toni Ak IOMipHY cTilikicTh (MS) TposBIIsLTH JHIe TEHOTHITH, 10 MiCTH-
mu Lr34 6e3 Lri4a.

BusiBiena HeraTHBHA emicTaTHYHA B3a€MOJis MK reHamu Lrl4a ta Lr34 mae BaXIIMBe IpaKTHYHE
3HAYCHHS JJIsl CENIEKI[iT MIIEHHUIIl, OCKUTbKN NMPUCYTHICTh Lrl4a Moxe MacKyBaTH ()EHOTHIIOBHHA IMPOSB
CTIMKOCTI, 3yMoBIeHHI reHoM Lr34. Panime Oyino BcTaHOBIEHO, 0 TeH Lr34 y MO€nHAHHI 3 TeHaMHU
Lrl10, Lri3, Lr20, Lr21, Lr26 ta Lr'™s MiJBUIIYE PIBeHb CTiHKOCTI copriB mmeHumi cenekiii CI'I-
HIHC (Gorash et al., 2014; I'anaer Ta iH., 2015). HaromicTh pe3ybTaTh MBOTO JOCIIIKEHHS CBII4aTh,
IO MPUCYTHICTH reHa Lrl/4a mMoxe mpurHiuyBatu (peHOTHUIOBHI MPOSIB CTIMKOCTi, 3yMOBJICHUH T€HOM
Lr34, 1, BINNOBITHO, 3HIXKYBATH €()EKTHUBHICTh HOTO BUKOPUCTAHHS B TCHETHYHMX KOMOIHAIISNX. 3 OISy
Ha MOIINPEHHS 000X I'eHIB y Cy4acHOMY CeJIeKLiHOMY Matepiaii YKpaiHu, BCTAHOBIEHY B3a€MOIIO He-
00XiTHO BpaxoByBaTu Mix 4ac 1000py 0aThbKiBCHKUX KOMIIOHEHTIB Ta (pOpMyBaHHS T€HETUYHUX KOMOi-
HaIlii y IporpaMax ceJeKIil Ha CTIHKICTh JJ0 Oypoi JMCTKOBOI ipKi.

24



THIRD INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

HOJIIIIEHHS BA3OBOI IHBPE/JHOI JIIHII KYKYPYJI3U J1K744 (ZEA MAYS L.),
CHOPITHEHOI 3 IIVTIABMOIO AHOJEHT

b. B. /I3100enbkuii, H. A. bonenko, T. O. Ilepecynbko

LV «Iucmumym seprnoeux kynemyp HAAH Ykpainuy, Jninpo, Yrpaina,
e-mail: bode.n@ukr.net

Cenexmist kykypymsu Y «lactutyT 3epHoBux KynsTyp HAAH Ykpainm» (Y 13K) B ocHOBHOMY
0a3yeTbcsl Ha BUKOPUCTAaHHI BUXITHOTO MaTepialy AeKiibKox ruiasMm: Pelix, Jlankacrep, Afiogent, Jlaka-
yHe, sKi 700pe KOoMOiHyI0Th MK coboro mpu cxpenryBanHsax (Dziubetskyi et al., 2002; Cherchel et al.,
2020; Jzro6enpkuii Ta iH., 2025). AHani3 poOBOAY 3apeecTPOBAaHMX Ta MUIOTHUX TiOPHIIB KyKypyA3H
BUSIBUB, II0 OUTBIIICTD 3 HUX MPEICTABICHI T€TEPO3UCHUMH MOEIISIMI Ha OCHOBI JIiHIH M1a3MU AHOJIEHT,
AKi cXpelryBanucs 3 JmiHismu masM Jlaakacrep, Peiin. Tomy po3mmpeHHs TeHETUIHOTO CKIIaay BUXiTHO-
ro Marepiajiy IHX IIa3M, 0COOIUBO AHOJCHT, Ma€e BeJIMKE TEOpETUYHE 1 mpakTUuHe 3HadeHHs1. [1loao re-
HO(OHAY TiHi!T AHOJEHT, MepIIoYeproBo HEOOXITHO MIABUIMUTH IX MTOCYXO- Ta XKAPOCTIHKICTh, TOJIIEPAH-
THICTB JI0 TIOMIMPEHUX XBOPOO, 31aTHICTH (POPMYBATH MOBHOLIHHUN ypOKail PH OJJHOYACHOMY ILIBiTiHHI
0aThKiBCHKHX 1 MATEPUHCHKUX CYLBITh, BUX1J] HACIHHEBOI MPOMYKIIii i iHIIIe.

Jus Bupimensst mux mpobnem mpoBoamiucs mociimkeHHs B Y 13K mporsrom 2010-2024 pp.
BIJIIOBITHO JI0 CTAaHAAPTHOT METOJUKH MOJBOBHUX JOCIIMIB i3 KYKYpyI3010. 32 OCHOBY OyJjia B3Ta cepe/l-
HeopanHs diHisa J[K744 — GaThKiBChKa (popMa 3aHECEHHX 0 IEP’KaBHOTO PEECTPY COPTIB POCHHH YKpai-
HU Ti0puaiB Kykypyas3u [lodaiscekuit 190MB, Ininposcekuii 181CB, 13 JlaTtopuns Ta iH. [Jns peaniza-
1ii mporpaMu BoHa OyJia cxpeleHa 3 cepeHbOITI3HbOI0 JiHiero JIK6498 (i€l » mia3mu) i Ha 1 OCHOBI
npotsiroM 2010-2017 pp. y cenekmiifHoMy pO3CagHUKY MPOBENIEHO JIEKiTbKa [TUKITIB CAaMO3aIMICHHS TTPU
MOCTITHOMY KOHTpPOII 32 Oa)KaHWMH O3HaKaMH B Iporeci Jo0opy. OTpuMaHi camo3anuiieHi ciM’l pi3HHX
TeHepalliii MopiBHIOBAIN 3a PI3HUMH O3HAKaMU 3 BUXiTHOO JiHiero JIK744.

Bynu Bupineni camo3anmieri cim’i, sKi 32 OCHOBHUMH TOKa3HUKaMH, a00 32 OKPEMHUMH 3 HUX, Tie-
peBuiyBanu Buxiany JiHito IK744. Bupaineni kpamii miHii (ymoBHa Ha3Ba JIK4464), s Bu3HaYeHHS iX
KOMOiHaliiHOI 34aTHOCTI, cxpemyBaau 3 3—4 TecTepaMy ajJbTEPHATUBHUX rerepo3ucHux rpyn. Cepex
ninii uiei rpymu 31,25 % manu mo3uTHBHE 3HaYCHHS e(eKTiB 3arabHoi KoMOiHamiliHoi 31aTHOCTI (3K3),
18,75 % — neratusHe i y 50,0 % BoHO Oyyio HecTabinmbHUM 3a pokamu. IlozuTuBHi ouinku edexri 3K3
BiJ[3HAa4YeHO, 30KkpeMa, y minii JIK4464 13-11, JIK4464 15-21, [IK4464 62-11, IK4464 62-13, [IK4464
62-21 ta JIK4464 62-22. Edextu 3K3 3a moka3HUKOM «BPOXaWHICTh 3epHa» y JiHii-ctanmapty [1K744
Oy/M HEeTaTHBHUMH B YCi POKH JOCIHIIPKEHb Ta JOCTOBIPHO HIXKYUMHU HIXK y 56 % miHii miei rpymu.

JIJis To1asIbIIoro PO3IIMPEHHS 0a3u CepeHbOPAHHIX JIIHIN TU1a3Mu AHOJEHT 1 MOJIMIICHHS JIHIT
JK744, 3rinHo 3 BKka3aHOW cxeMoto, y 2017 p. po3movyaro HACTYIHUI UK celiekilii. Byo BimiOpaHo 3a
KOMITJIEKCOM celleKIiitHuX o3Hak niHii [K4464 15-21, 1IK4464 62-11, IK4464 62-13, sxi xapakTepusy-
BajMch BUCOKMMHU olfiHkamu edektis 3K3 (0,75; 0,32; 0,32 1/ra BianosigHo). HoBi JiHii BigOupanu 3a
KOMITJIEKCOM O3HaK, BJIaCTHBHMM Wil TPYyIi, BiAaBaiy nepeBary peKoMOiHaHTaM 3 KOPOTKOIO TPUBAIIICTIO
nepioly CXOAW-IBITIHHS KayaHa Ta BOJIOTI MOPIBHSHO 31 cTaHAapTOM. SIK JIOHOP BHKOPHCTAIU IIHIIO
JK4001, mo xapakTepu3yBaliacsi BACOKOI BHUPIBHSHICTIO MapameTpiB HaciHHsA. KomremeHTapHe Noes-
HaHHSA MOTEHLiady NPOXYKTUBHOCTI IMX JIiHIA € e(eKTUBHUM CHOCOOOM MOJNIMIICHHS JIiHIH Trpynu
J1IK4464 3a paxyHOK HOBHX JDKEpEN CHPUSATIMBUX TeHIB. Y 3B’SI3KY i3 CKIAJHICTIO YCIaKyBaHHs Oara-
THOX LIHHUX TOCIOJAPCHKUX O3HAK 3aCTOCYBAJM Pi3HI CXEMH CENEKUiHHMX poOiT: peKoMOiHalis, camMo-
3anuIIeHHS, )KOPCTKUH 100ip, 10 MOCTYNOBO 3yMOBIIOBAJIO HAKOIMYEHHS MO3UTHBHUX O3HAK, CTOCOBHO
sakux BiBcs 100ip. [Iporsrom 2019-2021 pp. mpoBoawiocs caMo3anuiIeHHs] POCIH Ta (HEeHOTHITIYHHN
Jn00ip 3a O3HAKaMU: TPUBANICTh MEPIOAY CXOAM-LBITIHHS KauyaHiB 1 BOJOTi, BUCOTAa POCIIMH Ta MPHUKPIII-
JICHHSI KavaHa, JJaMKiCTh cTe0ia, CTIHKIiCTh 0 XBOPOO Ta MIKiJHUKIB, TIOCYXO- Ta JKapocTiKicTh. [Ticms
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MPOBEJeHNX O00OPIB 3a IIIHHUMHU TOCIIOAAPCHKUMHU O3HAKaMH KpaIll POCIMHH OyJIO CaMO3alWIeHO Ta
OJIHOYACHO CXPEIICHO 3 TecTepoM (t X S3) 1 (t x Sy).

[Tics morrepeHBOI OIIHKK CaMO3aNMIICHUX CiMel S4 B CeNIEKIHHOMY PO3CaTHUKY 32 I[IHHHUMHA T'O-
CTHOJIAPCHKIMHU O3HAKaMH Ta iX TECT-KPOCIB Y KOHTPOIHHOMY PO3CaTHUKY JUIsl OJAIBINOI poOboTH OyII0
BifiOpano HactynHi JiHil (JIK4464 15-21 x IK4001) 9111, (AK4464 62-11 x JIK4001) 6131, (JIK4464
62-11 x JIK4001) 13-121, (JIK4464 62-11 x JIK4001) 16-231, (JIK4464 62-13 x IK4001) 13-311, ypo-
JKalHICTh Ta BOJIOTICTh 3€pHA TECT-KPOCiB SKUX ckiana: 6,84; 6,57; 6,55; 6,64 1 6,60 t/ra ta 10,7; 9,0; 9,9;
8,319,9 % BianosigHo. Y ninii-cranaapty K744 ui noka3nuku ckianu 6,19 1/ra i 10,3 % BignosimHo.

VY pesynbTari 2-X MUKIIB KyMYJISITHBHOI cenekmii Ha 6a3i minii JIK744 cTBopeno minii (J1K4464 15-
21 x JIK4001) 9111, (JIK4464 62-11 x JIK4001) 6131, (JIK4464 62-11 x JIK4001) 13-121, (JIK4464 62-
11 x JIK4001) 16-231, ([IK4464 62-13 x JIK4001) 13-311, kparmti 3a KOMIUIEKCOM O3HAaK TIOPiBHSHO 3 BH-
xignoro miniero K744 i TecT-kpocH, SKUX MEPEBHUILYBaIH 32 YpOXKaiHicTIo 3epHa riopuaun ninii K744
Ha 0,36-0,65 T/ra Ta Big3HayaIMCs HIKYOIO a00 Ha TX PiBHI BOJIOTICTIO 3epHA.
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CEPEJOBHUII 111 OTPUMAHHA ITIOABOECHUX I'AILIJIOIAIB ININEHUII M'SAKOI
031UMOI METOJIOM KYJIbTYPU MWISKIB IN VITRO

I. C. 3am0Opioopu, O. JI. lllecTonaJ, €. A. I'oay0, €. 1. Kipuyk

Cenexyiuno-cenemuynutl incmumym — Hayionanonuil yenmp HACIHHEIHABCMBEA MA COPMOBUBUEHHS,
Ooeca, Ykpaina, e-mail: izambriborsh@gmail.com

[Tmennns M'sika 03UMa € OJHI€I0 3 HAWBAXKIIMBIIINX MPOJOBOIBYMX KYIBTYp CBITY, 8 IPUCKOPEHHS
CEJIeKIIHOTO MPOLECy 3aJHIIAETHCS OXHUM i3 KIIOUOBHX 3aBJIaHb Cyd4acHOI arpapHoi Hayku. Cripuan-
HEeHl KIIIMaTHYHUMH 3MiHAMH TiABUINEHHS TEMIIEPaTypHOTO PEXUMY Ta MOIIUPEHHS HOBUX pac ¢iToma-
TOTCHIB HAJal0Th OCOOJMBOI aKTyaJIbHOCTI CTBOPSHHIO CEJICKIIIHOrO Marepially, MO€IHAHOIO 3a KOM-
TUIEKCOM O3HAaK CTIHKOCTI Ta BUCOKOi aHaNTHBHOCTI. 3HAYHHUX BTPAT ypO’Kalo Ha MiBAHI YKpaiHU 3aBlae
Oypa iprka NIIeHHMIIi, TOMY BaXKIIMBUM 3aBJIaHHAM CY4YacHOI CeNeKIlii € CTBOPEHHs BUXiIHOTO MaTepiaiy 3
KOMIUIEKCHOIO CTIHKICTIO 10 Oypoi ipXi 3 BUKOPUCTaHHIM JOHOPIB €EeKTUBHHUX I'eHIB Lr Ta MIIEHHIHO-
MUPIMHAX TPaAHCIOKAIH, SKi 3a0e3MmeuyoTh CTaOlIbHY aJanTalilo pOCIMH B YMOBaX MHIiBIHS YKpaiHU
(Anexceenko, Kipuyk, 2022).

Ha cporoani oganM i3 Haiile(heKTUBHINTNX METO/IB CKOPOUEHHS TEPMiHIB CTBOPEHHS HOBHUX COPTIB
€ TEeXHOJIOTisl OTpUMaHHs MoABoeHUX ramnoifiB (DH-niniit), sika 3a0e3mnedye MBUAKY TOMO3HUIOTAIIIO ce-
JICKIIHHOTO MaTepiany BXKE MPOTATOM OJHOTo mokoiHHA. Cepes; 610TEXHOJIOTTUHUX MiAXOIB 0CO0INBE
MICIle TTOCiIae KynbTypa MUJISKIB in vitro. lIpoTe epeKTUBHICTh aHAPOTEHE3y 3HAYHOIO MipOIO 3aJIeKUTh
BiJl TEHOTHUITY POCIUH-IOHOPIB, CKIaay MOXUBHUX CEPEJOBUII Ta YMOB KYJIBTUBYBaHHS, sIKi iCTOTHO
BIUIMBAIOTH HA IHAYKIIIO eMOpioreHesy, pereHeparliro 3eJIeHUX POCIUH Ta YacTOTY YTBOPEHHS alb0iHOCIB
(Chaikam et al., 2019; Broughton et al., 2020; Murovec, Bohanec, 2024). ¥ 3B'3Ky 3 I[UM ONTHMI3aIlis
yMoB oTpuMaHHsi DH-iHil Ha OCHOBI CTIMKHX 70 Oypol ipKi TEHOTHITIB MIICHUIII € aKTyallbHUM Hampsi-
MOM Cy4YacHHX JOCJII/DKSHB Y rally3i ajanTaii pOCIH 0 CTPECOBUX YHHHHKIB CEPEIOBHUILA.

MeTtor pobotu Oysia OIliHKA BIUIMBY Pi3HMX KOMOIHAIlN IHAYKIIHHUX Ta pereHepalliiHux >KUBH-
JHHUX CEPEJIOBUII Ha iHAYKIIIF0 HOBOYTBOPEHb, PETE€HEPAIlil0 3eJIEHUX 1 abOIHOCHUX POCIHH B KYJIBTYpi
TE€HOTHUIIIB MIISKIB MIIEHUII M'SKOT 03UMOI, CTBOPEHHUX 13 3JIy4E€HHSM JIOHOPIB CTIHKOCTI 10 Oypoi ipxi.

B kynbTypy in vitro 0yno BBeiIeHO MWISKK 16 MEPCIEKTUBHUX CENIEKI[IHUX TeHOTHIIIB BiJIiTy Cce-
nexuii Ta HacinaunTea muennmi mmeHuti CIT-HIHC. Konoccs nmienuti godbupany 3 pociInH-I0HOPIB
Ha MOJILOBUX JIUISIHKAX 1HCTUTYTY, Tichs 5—10 genHoi nonepeanboi 00pooku (+2—4°C), Komoccs cTeputi-
3yBanu 30 XB KOMEPIIHHUM IpernapaToM «bijgn3Hay Ta acenTUYHO BUAUISIN MUISKI, sIKi Hafalli KyJIbTH-
BYBQJIM Ha TPHOX IHAYKIIHHUX XUBIIBHUX cepenoBuinax (190-2, W14, CBH3). Uepes 2040 ni6 Ha 10-
BEpXHI MHJISKIB (hopMyBanncsi HOBOYTBOpeHHs (kamtoc). OcTaHHiI EPEHOCUIIN Ha TBep/Ie 0e3ropMOHaIIb-
He cepenoBuile MS 3 MOJOBUHHOIO KOHLEHTPALIEID MaKpo- Ta MikpoeneMeHTiB. KynbTuByBaHHS 37iiic-
HIOBaJIK 3a 16-roguHHOTO (OTONEPioay, OCBITIICHOCTI — 5 THC. JtOKC 1 Temmneparypu +24°C no dpopmy-
BaHHsI KOPEHIB y pOCIHH. BiICOTOK KaIIFOCIB [Tl KOYKHOTO TEHOTHUITY BU3HAYAJIM BiJIHOCHO 3arajibHOi Ki-
JIBKOCTI BUCAJUKEHMX MUWIAKIB. Takok BU3HAYAIM 3arajbHy JIJsl KOKHOTO BapiaHTa KiIbKiCTh JOOpe po3-
BUHYTHX pPOCIIMH-pereHepanTiB Ha 100 onepaHux HOBOYTBOpeHb. [licis eramy aganTaiii 10 IPYHTOBUX
YMOB pereHepaHTy MiAJaBajid SpoBU3allii Ta HOAAIBIIOMY JAOPOILIYBaHHIO B YMOBaX IITYYHOTO KJIiMaTy.
[IpmwxuBaHICTh POCTMH-PETEHEPAHTIB OIIHIOBAIU SIK YaCTKy POCIIHH, 110 BYDKHIIU TTCTIS €TariB ajanTarii
Ta sIPOBM3AILIT, BIIHOCHO 3arajibHOI KUJIbKOCTI HOPMaIILHO CPOPMOBAHUX 3€JICHUX PEreHEPAHTIB.

[Tokazano, 1o yci JOCTIHKEHI TeHOTUITN BUSBIIIMCS YyTIUBUMU 10 YMOB KyJbTypu. Tak, Ha mep-
HIOMY eTarli aHJpOreHe3y in Vitro HOBOYTBOPEHHS OTPHUMaHi B KYJbTYpi MHUJISKIB MaiKe BCIX BapiaHTIB
nociiny, kpim aist redotuniB G2 (cepenosuiue 190-2) ta G3 (cepenosuine CBH3). B cepennbomy ingy-
KuiiiHe cepenosuiie W14 BUSBHIOCH JOCTOBIPHO KpalluM AJsl AaHOro Habopy reHotunis — 12,45 % Big
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BHCA/PKEHUX MIWISKIB, M0 Y 5,7 pa3u BHUILE Bij I[bOTO MMOKa3HWKaA Ha cepenoBumli 190-2 ta 'y 1,7 pa3u ans
cepenosuma CBH3. Otpumani HOBOYTBOpPEHHS MepecaKyBaid Ha TPU BapiaHTU cepelOBHLI IJisl pere-
Hepamii: 190-2Cu, MS-R, SRMC4. Yacrora perenepariii 3eleHUX POCIHH iICTOTHO 3aJIeXalla Bij CKIamy
SK THIYKIIAHOTO, TaK 1 pereHepamiiHoro cepenoBuina. HaifBuili cepeaHi MOKa3HUKHA pereHepartii 3emie-
HUX pociuH Oyny OTpHMaHi Miclisl KyJIbTUBYBAaHHS MWISKIB Ha iHAYKIiHHOMY cepexoBuii W14 3 moxa-
JBIIAM TIEPEHECEHHSIM HOBOYTBOpeHb Ha cepemouiie SRMC4 (28,01 £ 7,09 %) ta 190-2Cu (25,70 +
8,44 %). MiniManpHi 3Ha4EHHS CIIOCTEPIraaycs y BapiaHTi 3 BAKOPHUCTAHHAM IHAYKIIHHOTO cepeoBHUIIA
CBH3 Ta perenepartiiinoro cepenosuina 190-2Cu (8,40 £ 4,86 %). ll{omo perenepaitii aibOiHOCHUX pOC-
JIUH, TO HAWHIKYUHN piBeHb aNb0iHI3MY Bi3HAYEHO 3a KyJIbTUBYBAaHHS Ha KOMOiHariil cepemosum W14 /
MS-R (0,89 %), Toni sik HaiiBumuii — Ha CBH3 / SRMC4 (10,32 %). O1iiHroBaNM CITiBBIIHOIICHHS 3€Jic-
HUX Ta aNb0IHOCHUX PETEHEPaHTIB Y MeXaxX KOXKHOTO 3 9 BapiaHTIB mociigy. MakcuManbHUN pe3yibTaT
CIIOCTEpIray Mpy KyJbTUBYBaHHI Ha KoMOiHamii cepemouiy W14/MS-R — 3,56, 1o cBiquuth mpo edek-
TUBHE MIPUTHIYCHHS PO3BUTKY alb0IHOCIB 3a IIMX YMOB KYJIbTHBYBaHHSI.

[IprxuBaHiCTh pEreHEPaHTIB Micisl IEPEHECEHHs B IPYHT BapitoBana Bif 33,3 mo 75,0 %. HaiiBu-
Ui moka3HuK 3adikcoBano s cepenoruina 190-2/190-2Cu. PiBeHb CHIOHTaHHOT AMILIOITU3AIT OTPH-
MaHMX POCJIMH OyB BUCOKHM 1 3aj€KaB BiJ] yMOB KyJlbTHUBYBaHHs. MakcumaineHi 3HaueHHs (100 %) Bin-
3HadeHi as komOiranin 190-2/190-2Cu ra CBH3/190-2Cu, Toai sik cepen BapiaHTiB 3 BUCOKOIO MPOIYK-
TUBHICTIO HaliKpali pe3yJibpTaTH mokasano cepenosuine W14/190-2Cu, ne yactka QepTHIBHUX POCITHH
cranosuna 57,14 %.

TakuM YMHOM, cepe]] OCIiKEHUX BapiaHTiB HAHOIIbII €)EeKTUBHUM JJIsl OTPUMAHHS 3€JICHUX pe-
TeHEepPaHTIB Ta MOAATBIIOT0 GopMyBaHHA (DEPTHIFHUX POCIHH BHSBIIIOCS IHAYKIIiiHE cepemoBuine W14.
[lomo perenepariifHOro cepeaoBHIIa, TO OTPUMaHI Pe3yJIbTaTH €KCIEPHUMEHTY HE TO3BOJIIIN BU3HAYUTH
Kpallluii BapiaHT, 1 JaHe MUTaHHS MOTPeOYe MOAABIIIOrO JOCIIHKCHHS.
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BipycHi xBopoOu HalexaTh J0 HaWOUIbII HeOe3MeYHHX OIOTMYHMX UYMHHHKIB, II0 OOMEXYIOTH
MPOAYKTHBHICTh CITbCHKOTOCTIONAPCHKHUX KYJIbTYyp. YacTka BipyCHHX XBOpOO B arporieHo3i KapToIni
cranoButh 31,0 % (boponaii, [lapdentok, 2018). Ha Bigminy Big rpuOHuX uM OakTepialbHUX XBOPOO,
e(eKTHUBHUX 3aCO0IB XIMIYHOTO YH 0i0JIOTIYHOTO KOHTPOIIO BipyCHUX 1H(EKLil POCIWH HA ChOTOJHI He
iCHY€, TOMy OCHOBHMMH HalpsSMaMH 3aXHCTy € MPOoQilaKkTUKa MOMUPEHHs BipyCiB, KOHTPOJb MEpeHOC-
HUKIB Ta CTBOPEHHS CTIHKHX COpPTIB. Y HaCa/KEHHSIX KapTOILI HaiO1IbIe EKOHOMIYHE 3HAYEHHS MAIOTh
Y-Bipyc kapromi (Potato virus Y, PVY), Bipyc ckpy4yBaHHS JHCTKIB Kaptorut (Potato leafroll virus,
PLRV), X-Bipyc kaptomii (PVX), A-Bipyc kapromii (PVA), M-Bipyc kaproruti (PVM). Cepen Hux Haii-
HeOe3nevHimmM BBaxkaeThesl PVY, mosiBa 1 pO3MOBCIOKEHHS! PEKOMOIHAHTHHX IITAMIB SIKOTO BHBEJA
Horo Ha mepiie Micle cepes BipyCHHX XBOpOO 3a LIKiAIHMBICTIO Ha KapTomuli. OCOOIUBICTIO KapTOIUI €
T€, IO BIPyCH HAKONMHMYYIOTHCS TP 0araropa3oBOMy BereTaTUBHOMY PO3MHOXKEHHI, TOMY HaBiTh CIa0Ki
iH(EKIiT TOCTYNOBO MPHU3BOSTH IO BUPOKEHHS copTy. [laHuii BipyC 31aTHHIA 3HIKYBAaTH BPOXKAWHICTD
ax 10 80 %, a B okpemux Bumnaakax i ounbie (dyHiu ta iH., 2024).

VY cenekuii KapToOIuli HAHBaXJIMBIIIMMHU reHaMu cTidkocTi 1o PVY e Ry-renu, siki 3abe3neqyroTsb
eKCTpeMalibHy CTIHKICTh OO IbOro Bipyca. I'eH cTifikocTi Rys.s, moxomauts Bim S. tuberosum subsp.
andigena Hawkes i BiH kapToBaHuii Ha xpomocomi XI (Hadméldinen et al., 1997). Jlokyc, 0 MiCTUTB
RYadq, BAKOPUCTOBYETHCS B MPOTpaMax BUBEJICHHsI CTIHKUX COPTIB, BiH €(pEKTUBHHIA MMPOTH BCiX BIJOMHUX
wramiB PVY, sxmouaroun PVYNN (Herrera et al., 2018). T'en Ry, moxoauTs Big BULY S. stoloniferum
Schltdl. & Bouché, Bin po3mimenuii Ha xpomocomi XII. Braxkanocs, mo Ry, 3abe3nedye CTIMKICTh 10
PVY ta PVA (Barker, 1996). I'er Ry Bin S. chacoense Bitt. kapToBaHo Ha IX xpomocowmi (Sato et al.,
2006). Crilikicts y S. chacoense ycraaKoOBY€EThCS JOMIHAHTHO, MOHOIeHHO. CydJacHi CeJIeKIIiiHI mporpa-
MU aKTHBHO BUKOpUCTOBYI0Th JIHK-Mapkepwu, moB's3aHi 3 IMMU reHaMH, 110 3HAYHO MPHUCKOPIOE CTBO-
PEHHS BipyCOCTIMKHX COPTiB METOJIOM Mapkep-acouiioBaHoi cenekuii (MAS). Meroro Hamoi po6otu Oy-
Jla MOJIEKYJIsipHa ineHTudiKalis Ry-reHiB y BUOipkax yKpaiHCbKHX 3pa3KiB KapTOILTi.

JocimkyBanu yKpaiHChKI COPTH KapToruIi 3 Koyekiii Y crumiBebkoi JIC Ta 3pa3ku eKCrequIiiHuX
3600piB. I1JIP npoBoaunm Ha npuani «2720 Thermal Cycler» («Applied Biosystemy», CIIA) B 20 Mk
cyMiln 3 BUKOpUCTaHHSAM HaOopy peareHtiB TOB «Heoren», Ykpaina, PCR MIX 2x HOT ans npose-
nenns [IJIP. [Ins inentudikauii rena Ryqqs; BAKOPUCTOBYBaJIM MOJIEKYISipHUE Mapkep RYSC3, nns Bu3Ha-
YeHHs Ry, BUKOpUcTOBYBaIN YES-3A4, a Rych BU3HAYaIM 3a TOTIOMOTOI0 RY1648F24/R22.

Cepen 93 3paskiB COpTiB KapTOILTi, sIKi JOCIHIPKYBaIHCsI Ha HAsIBHICTh I'eHa CTIHKOCTI RYadg, OYIIO
BUSIBJIIGHO TPH 3pa3Ku-HOCII Mapkepa reHa, mo ckiaino 3,2 %. Cepen Bubipku 63 ykpaiHCHKHX COpTiB BU-
asneHo 10 HociiB Mapkepa reHa cTiiKkocTi Ryg,, To0TO 18,9 %, a cepen 95 copTiB ykpaiHCBKOI cenekii,
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AK1 TECTYBaJIM Ha HASABHICTb Rycc — 16, mo ckaano 16,8 %. Cepen 40 xoseKUiiHUX 3pa3KiB eKCHEeIULIIN-
HUX 300piB HE OYyJIO0 3HAWIEHO YKOIHOTO 3pa3Ka, sIKUii OM MaB MapKep r'eHa CTIMKOCTI 10 Y-BipycCy KapTo-
TUTI.

BukopucTanHs MOIEKYISPHO-TEHETUYHUX METOMAIB 1 MapKep-acoliioBaHOl CeNeKlii I103BOJIsIE
e(heKTHBHIIIlE CTBOPIOBATH COPTU 3 JIOBIOTPHUBAJIOIO CTIMKICTIO IO BIpPYCHHX IAaTOTEHIB Ta 3MEHIITyBaTH
BTPATH BPOXKA0.

Hocnioocennsi Oyno npogedeno 3a pinancosoi niompumru C.O. Kupuuenxa ma JI.T. Miwenrxo 6 pamrax npo-
exmy HOIY Ne 2023.03/0244 «Mexanizmu pe3sucmeHmHOCI eKOHOMIYHO 8ANCIUBUX KYAbIMYP 00 GIPYCHUX 3AX80-
PI06ANb 8 YMOBAX BOCHHO20 CIMAHY MA 2100AIbHO20 NOMENAIHHAY 3a KOHKYpcom «Ilepedosa nayka é Ykpainiy.
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BILIVUB MIHJIUBUX MIKPOKJIIMATHUYHUX YMOB HA ®OTOCUHTETHYHU
AITAPAT MOXIB JIICOBUX HEHO3IB

H. . Kuak

Incmumym exonoeii Kapnam HAH Ykpainu, Jlvsis, Yrpaina, e-mail: n.kyyakd@gmail.com

3a GioMacoro Ta NPOAYKTUBHICTIO OpiodiTH 4acTo € JOMiHAHTAMHU POCIMHHUX YTPYyHOBaHb y 000-
THHX Ta JICOBUX €KOCHUCTEMaX, Jie oOpe BUBUEHA iX ekojiorigHa pois (Gao et Cosi¢ et al., 2020; Kyyak,
2022). Y micoBuX eKocHcTeMax MOXOMOIIOHI OepyTh y4acTh y peryiisiii IpyHTOBOTO MiKpOKJIiMaTy, Ha-
camriepe]] TEMIIEPaTypHOTO Ta BOJHOTO PEXUMY, Kpyroodiry moxkuBHux pedoBuH (Turetsky et al., 2012;
Glime, 2019). Ognak, GOTOCHHTETHYHA aKTHBHICTH OpiodiTiB, 30kpeMa, iHTeHCUBHICTh acUMUTAIT COo,
aKTUBHICTB prOy030-1,6-0icocdarkapOokcra3zn/OKCUTreHa3u Ta X 3aJIeXKHICTh BiJl MiKPOKITIMATHIHHX
YMOB BHBYCHI HEJJOCTATHBO, MMOPIBHIHO 3 cyAuHHUMH pociuHamu (Perera-Castro et al., 2021). Baxknuse
3HAYEHHS Ma€ i crenudika opranizauii raMeTodiTy MOXiB (MOWKIIOTIAPHYHICT, HEBEIUKI PO3MIpH, OJI-
HOIIIApOBa JIMCTKOBA IJIACTHHKA, BIIICYTHICTH emifiepMicy, npoauxiB, Kytukymn) (Glime, 2019). To6To,
KIIITUHY, B IKUX BiOYBa€ThCs (POTOCHHTE3, HE 3aXUIICHI BiJI IiIBUIICHOT IHCOJIAIT, 3HEBOAHCHHS Ta 1H-
IIMX HEraTUBHUX YMHHUKIB, TOMY iX iCHYBaHHS Y MIHJIMBHX YMOBaX MOKe 3HAYHOIO Miporo 3a0e3rneuyBa-
THCS TUIACTUYHICTIO (POTOCHHTETHYHOTO arapary.

VY 3B’S3Ky 3 UM METOI0 POOOTH OYJI0 MOCTiIKEeHHS (DOTOCHHTETUYHOI aKTUBHOCTI €HIOT1APUIHIX
Ta EKTOTIPUYHMX BUIIB MOXIB Ha JOCHITHUX AiIsHKax [IpupoaHoro 3amoBigauka «Po3rouus» (JIbBiBCh-
Ka 0071.), 0 BiIPI3HSUIHCS 32 BOJAHUM 1 TEMIIEPATYPHAM PEXUMAMH MiCIIE3POCTaHb.

O06’exTaMu OCTiKEHb OyNU eIireifHi MOXH JICOBHX YTpYIOBaHb: JIICOBI €HIOTIAPUYHI MOXH
Polytrichum formosum Hedw., Atrichum undulatum (Hedw.) P. Beauv. Ta pynepanbHuil KOCMOOJITHHIHA
exrorigpuunmnii Mmox Ceratodon purpureus (Hedw.) Brid. JlocmipkeHHS NPOBOAMIIN YIIPOJIOBK YCPBHS-
cepras 2024-2025 pp. Jochigni minsgHKu OyJo 3aKiIa/IeHO Y CTApOBIKOBOMY OyKOBOMY JIici i3 HaHO1IbII
CIPUSTIUBIMU MIKPOKITIMATHYHHMH YMOBaMH Ta Ha JUISHKAaX peKpeanii i BUPYyOKH i3 HECHPUSTIUBUM
BOJIHUM 1 TEMIIEpaTypHUM PEKUMaMHU Ta BUCOKOIO iHcoIsIier0. JlocimipKeHHs 3I1HCHIOBAIH 3a 3arajibHO-
NPUHHATAMH METOJMKaMHU. BMicT ()OTOCMHTETHYHHMX MIrMeHTIB BuU3Ha4yaiad 3a merojoMm I'. Xompma Ta
H. Bermreitna (Holm, 1954; Wettstein, 1957). KapOokcunasHy aKkTHBHICTH puOy;030-1,6-
bicdocharkapOokcunazu/okcureHasu (PyOicko) BU3HAYamM CHEKTPO(YOTOMETPUYHO 3 BUKOPHCTAHHSIM
AT® i HAJI®H, sx kodakropa peakmii (BoiiniexiBcbka Ta iH., 2010). [HTeHCHBHICTS (hOTOCHHTE3Y BH-
3HaYaIM Oe3KaMepHHM CIIOCOOOM 3a HAaKOIMYCHHSM Y JIUCTKax opraHigHoro kapOony (ITapmmkoBa ta
iH., 2010).

JocnipkeHo KimbKicHHN ckiIa] OTOCHHTETUYHUX MIrMEHTIB y maroHax MoxiB. JIicoBi BHIM MOXiB
(Atrichum undulatum, Polytrichum formosum ) GinbIIe IpUypoUYeHi MO 3aTIHEHUX JIOKATITETIB (IHTCHCH-
BHICTh OCBiTIeHHS cTaHoBmwia 20,5-40,0 Tuc. Jk, Temieparypa MOBITPS Ha TMOBEPXHI IPyHTY 24,3—
26,5°C, BoJIOTICTh MOBITPs Ha MOBepxHi IpyHTy 38,4—42,5%), Tomi sixk nepuunu Ceratodon purpureus
TPAIUISIOTHCS Y BIAKPUTHX, CYXHUX MICHE3pOCTaHHsIX (IHTEHCHBHICTH ocBiTieHHs 85,0—100,0 Tuc. nk, Te-
MIeparypa HOBITpS Ha MOBEpXHi IPyHTY 26,2-36,0°C, BojoOricTe HOBITpS Ha MOBEPXHi IPyHTY 25,8—
26,5 %). AHamni3 KibKiCHOTO CKJaay (POTOCHHTETUYHUX MITMEHTIB Yy MaroHaX MOXIB MPOJEMOHCTPYBAB
BUIIII MIOKA3HUKU CyMapHOTo BMicTy xyopodinis (3,12—4,07 Mr/r Macu cyxol pedoBUHH) y 3pa3Kax Jico-
BUX BHMIB P. formosum ¥ A. undulatum. BapTo Bia3HauuTH, 110 SHIOTIAPUIHUM BHIaM MOXIB BJIIAaCTHBA
BHYTPIIITHS TIPOBITHICT BOJIH, 1110 3a0e31euye BUMIMN 1 CTAOUIBHIIINE BMICT BOJIOTH B OpPTaHi3wmi, 1o Ta-
KOX € CIPUATIMBUAM I (PYHKIIOHYBaHHS (DOTOCHHTETUYHOrO anapary. J{ist 3pas3kiB UX BUAIB MOXIB i3
TepuTOopii pekpeaii Ta BUpyOKH B yMOBaXx MOTIPIIEHHS! BOAHOTO Ta TEMIIEPATYPHOI'O PEXKUMY BiJ3HAUCHO
3MEHIICHHs BMicTy XJiopoginiB Ha 9-35 %. ¥V maronax extorigpuynoro Moxy C. purpureus BU3Hau4€HO
MEHIY KijbKicTh xjopodiniB (1,72-2,36 mr/r macu cyxoi peqoBHHHM). POCIMHU 1BOTO BUJY YacTille
TPAIUISIIOTHCS HA JUISTHKAX 13 BUCOKOIO IHTEHCUBHICTIO OCBITJICHHS, IO 3MIHIOE KUIBKICHUH ckiazx GoTo-
CHHTETHYHOT'O anapary, OCKUIbKY BUSIBJICHO 3pOCTaHHs YaCTKH KapOTHHOINIB y 3arajJibHOMY IMyJIi MirMeH-
TiB, IO 3acBiuye X GOTONpOoTEeKTOPHY (QPYHKIIFO B YMOBaX BHCOKOI 1HCOJIAIIT Ta HECTIPUSTIMBOTO BOJI-
HOT'O i TeMIepaTypHOTO pexuMy. Y 3B 3Ky 3 IIMM CITIBBIIHOIICHHS KiJIBKOCTI XJIOpO(DIiB 10 KApOTHHO-
iniB y maronax C. purpureus cranosuio 1,43—1,94, s pocnun P. formosum i A. undulatum na nocnin-
HIA JTUISHIT CTapOBIKOBOTO JICY el mokasHuK OyB BummM (3,05-3,57), xoua Ha TepuUTOpii BUPYOKH 3a
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BUILIOTO PiBHS iHCOJLIT 3HIKYBaBcs 10 1,81-1,99, mo Takoxk CBIAYMIIO MPO 3pOCTaHHS BMICTy KapOTH-
HOINIB y XJIOPOIUTACTaxX 1 IX 3aXMCHY POJIb.

Uepes mpuypodeHiCTh MOXIB Y JIICOBHX IIEHO3aX M0 3aTiHEHUX MICIIe3pOCTaHb, CITiBBiIHOIICHHS
xJ0poiniB a/b y NirMeHTHOMY KOMIUIEKC] AOCIiIKYBaHUX POCIMH Ha AUISHI y CTapOBIKOBOMY Jici Oy-
70 y Mexkax 1,91-2,01, mo € 61u3bKuM A0 MOKAa3HUKIB TIHEBUTPUBAIMX POCIUH. Y HECTPHUSTIUBHX MiK-
POKIIIMAaTUYHAX yMOBaxX Ha TepuTopii pekpearii Ta BHPYOKH BiJ3HAYEHO 3HIKCHHS CITiBBiIHOIICHHS
xnopodiniB a/b no 1,17-1,74. BinznaueHo, 1o y 3pa3kax MOXIB i3 JOCHIJHOI JUISHKH Y CTApOBIKOBOMY
OyKOBOMY JIiCi 13 CIPUATIMBILIMMU YMOBaMH YacTKa XJI0podily a B CyMapHOMY ITyJIi 3eJICHUX MIrMEHTIB
CTaHOBWJIA, B CEpeqHBOMY, 65—67 %, TOmi SK y MaroHax MOXiB Ha TEPUTOPIii pexpearii Ta BUPYOKH 11eit
MOKA3HUK 3MEHIIyBaBcs 10 52—56 %, mo Morio OyTy 3yMOBIIEHE 3MEHILIEHHIM KUTBKOCTI Xnopodiny a B
peakmiiHuX meHTpax (OTOCUCTEM YHACTINOK (POTOIHriOyBaHHS 1 MPU3BENO OO MOPYIICHHS CIiBBiTHO-
HICHHS MK BMICTOM XJIOpO(QiNliB y peakIiifHUX LEHTpax i aHTEeHHHX KOMIUIeKcaX. 301IbIICHHS YaCTKH
X7 b mig BIUTMBOM BHCOKOI 1HCOJIAIIIT, BOXHOTO 1 TEMIIEPaTypHOTO CTPECY MOKe OyTH IIPOSBOM KOMIICH-
CaTOPHOI aAaNTHUBHOI BiAMOBIi MIrMEHTHOTO anapary Ha 3MiHy MiKpOKJIIMAaTHYHAX YMOB MiCLI€3pOCTaHb,
OCKIUTBKH BiZIOMO, IO XJOpodis b y XJIopoIiacTax MOXiB MEHIIE pYHHYEThCS 3aBISKM BUILIH TipaToBa-
HOCTI Ta MIIHIIINM 3B’sI3KaM y xsiopodin-0inkoBux komruiekcax (Kusk, 2018; Glime, 2019).

Bimomo, mo pubyno3o-1,6-6icocdarkapOokcnnaza/okcureHasa € OJHUM 13 OCHOBHUX JIMIiTaIlii-
HUX YHHHUKIB ()OTOCHHTE3Y Ta MPOAYKTUBHOCTI MOXIB, a ii aKTHBHICTh iICTOTHO 3aJIS)KUTh BiJ] YMOB BO-
nmo3abesneueHns pociuH (Perera-Castro et al., 2022). Tomy nocmiannm kapOoKcuiIa3Hy akTHBHICTH Py0i-
CKO Ta 11 3B’5I30K 3 IHTEHCHBHICTIO (POTOCHHTE3Y MOXIB Y Pi3HUX MIKPOKIIMATHYHUX YMOBaX. AKTUBHICTb
depmenty y naronax Polytrichum formosum, Atrichum undulatum i Ceratodon purpureus BapitoBajia B
mMexkax 19,9—60,1 mxmons H'/Mr 6ika/XB 3a1€KHO BiJl BUIY Ta YMOB MiCLIE3pOCTaHHs. Y CTapOBIKOBOMY
JIici 3a BUIIOTO BMICTY BOJIOTH B AepHuHax (56,2—70,4 %) xapOokcuia3Ha akTUBHICTh OyJjia MaKkCHMalb-
HO1O (43,8-60,1 Mxmons H/Mr Ginka/xB), 0co6nuBo B A. undulatum. CyTTeBi BiIMIHHOCTI BU3HAYEHO Y
MOXIB i3 JOCHITHHUX AUISTHOK Ha TEPUTOpii pekpeanii Ta BUpYOKH, A€ y JIiTHI Micsli 3adikcoBaHO Hakd-
OLIBIIT HECTIPUATIMBI YMOBU BOIHOTO PEKUMY W TEMIIEPaTypH, a TAKOXK BUCOKY IHTEHCHBHICTH OCBITJICH-
HS. Y TakuX yMOBax JEPHHHHU CHIOTIAPUIHHUX MOXiB P. formosum % A. undulatum MeHIIe BTpadaid BO-
jiory (BIIHOCHHI BMICT BOJIOTH y TaroHax craHoBuB 42,4—55,0 %), 1110 IPU3BOUIIO JO YACTKOBOTO 3HH-
JKeHHs KapOokcuiasHoi akTuBHOCTI PyOicko Ha 20-26 %. Y rameroditi eKTOTiAPUYHOIO MOXY
C. purpureus Ha IiNAHKaX BUPYOKM Ta pekpealil BU3HAYEHO 3HM)KEHHS aKTUBHOCTI ()epMEHTy Maibke
yasidi (10 19,9 mxmons H/Mr 6inka/xB), 1110 3yMOBIIeHe Je(ilMTOM BOJIOTH Y JEPHUHAX MOXY (BiZHOC-
HUI BMICT BOJIOTH Y pOCIIMHAX CTaHOBHB 24,3-28,7 %).

BinMinHOCTI y KapOokcuna3Hilt aktTuBHOCTI PyGicko y raMeTodiTi MOXiB BIUTUHYJIH 1 HAa TIOKa3HUKH
iHTeHCUBHOCTI poTocuHTe3y pociuH. [Tokazauku acumissii CO, y maronax MoxiB OyJid BUIIUMH Y CTa-
poBikoBoMy OykoBomy dici. Jns enporimpuaaux MoxiB Polytrichum formosum W Atrichum undulatum
BiZj3HaU€HO (POTOCHMHTETHYHY aKTUBHICTH Ha piBHI 4,23—4,74 mr CO,/r macu c.p./ron, ans Ceratodon
purpureus — 2,6 Mr CO,/r macu c.p./ron. Ha ninsgHkax i3 TiIBUIIEHOIO 1HCOIAIIE0, HECTIPUSTIMBAM BOJI-
HUM 1 TEMIIepaTypHUM PEKUMOM, (POTOCHHTETHYHA aKTHBHICTh MOXIB 3HIKYBanacsi maiixke B 1,5-2,0 pa-
3u. CyTTeBil 3MiHU BU3HA4YCHO Yy 3pa3kax C. purpureus. BinzHaueHo BUCOKUH 3B 5130k (7=0,88) Mixk ak-
TuBHIiCcTIO PyOicko I mokasHMKaMu iHTEHCHBHOCTI (oTocHMHTE3y MOXiB. OTXke, KapOOKCHIIa3HA AKTHB-
HicTh puOyn030-1,6-6ichochaTkapOoKcunazn/oKCUTeHasu € BayXKJIMBUM TIOKA3HUKOM IHTEHCHUBHOCTI ¢o-
TOCHHTE3Y MOXIB JIICOBUX €KOCHCTEM 1 3aJICXKHUTh BiJl OCOOTMBOCTEH TX BOJHOTO PEIKUMY.

TaxkuM 4YMHOM, BiJI3HAYEHO IIACTHYHICTD (POTOCMHTETUYHOTO anapaTy MOXiB (BMicTy XJI0podiiB i
KapOTHHOIIiB, CIiBBiTHOMIEHHS XIT a/b), IO CBITYUTH PO afanTallito OpiodiTiB 10 3MiHU BOJIHOTO i Te-
MIIEpaTypHOTO PEXHUMY Ta IHTEHCHBHOCTI cBiTia. JlicoBi eHporigpuuHi Moxu Atrichum undulatum i
Polytrichum formosum XapakTepu3yBaJUCsS BUIIMM YMICTOM XJIOPO(]IJIiB Ta MEHIIOK YaCTKOIO KapOTH-
HOIJIB y CyMapHOMY ITyJii MIrMEHTIB, MOPIBHSAHO 3 eKTOTiApuyHuM MoxoMm Ceratodon purpureus. Y He-
CTIIPUSTIUBUX YMOBaX y MaroHax MOXIB BUSIBIIEHO 3POCTaHHS KUTBKOCTI KapOTHHOI/IB, 3MEHIIICHHS YacT-
KH XJIOpOdily @ B cyMapHOMY Iyl XJ10podiniB 1o 52—56 % Tta 30inblieHHs: yacTku xiopodiny b. Kap-
OoKkcuazHa akTHBHICTH puOy030-1,6-0ichochaTkapOokcuiia3zn/OKCUreHasu € iIHIUKaTOpOM iIHTEHCUBHO-
cTi (POTOCHHTE3Y MOXIB 1 3aJIC)KHTD BiJl 0COOJMBOCTEH X BOJHOIO PEKUMY. BHIlla ak THBHICTh aCUMIJIAIIIT
CO; B eHaoTiApUIHUX MOXIB Atrichum undulatum i Polytrichum formosum 3a0e3nedyBajacs BUIIMMHU Ta
CTaONbHIIMMY IOKa3HUKAaMH aKTHBHOCTI Py0icko, mopiBHSHO 3 exTorigpudauM MoxoM Ceratodon pur-
pureus.
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®OPMYBAHHS AJAIITUBHUX PEAKIIIA MOXIB JICOBAX EKOCUCTEM
YKPATHCBKOI'O PO3TOYYS 3AJIEXKHO BIJI MIKPOKJIIMATUYHUX YMOB
EKOTOIIIB

H. A. KiT, O. 1. lllepoauenko

Incmumym exonoeii kapnam HAH Yxpainu, Jlveis, Yrpaina,
e-mail: ecomorphogenesis@gmail.com

Bpioditu € moWKinOriIpuYHUMHU POCIWHAMH, SKI HE 3[aTHI PEeryJroBaTH TpPaHCHIpaliio, JIErKo i
MIBUIKO BTPAYyaroTh i MOTJIMHAIOTH BOMy, TOMY 3HAYHOIO MipOIO 3aJIe)KaTh BiJl BOJOTOCTI 1 TeMmepaTypu
HABKOJIMIITHBOTO CepeloBHINA. MOXOMOaiOHI € OJHIEI0 3 YyTIUBUX TPYI POCIHH J0 3MiH KIIMaTHIHHX
YMOB, SIKi MafOTh iHIII MOPIBHSHO 13 CYAAUHHUMHU POCIUHAMU (i3i0710r0-010XiMi4HI MEXaHI3MH IIPUCTOCY-
BaHHS 10 Ie(ilUTy BOJOTH i eKCTpeMaJbHHUX TeMIeparyp. Bizomo, mo Opioditi 3aBasku GaraTtopiBHe-
Bilf ajanTaliiHii cTpaTerii CTIMKI 10 HECUPHUITIMBHX YMOB HABKOJMUIIHBOTO CEPEIOBHIIA, 30KpeMa JI0
BOJIHOTO Je(iluTy, eKCTpEeMaTbHAX TeMIepaTyp, masumienoi incomsrii (Lobachevska et al., 2019; baik,
Kir, 2022). IlirMmeHTHA cUCTeMa POCIUH € YYTIMBOIO 0 3MiH MIKPOKIIMAaTHYHUX YMOB CEpEIOBUINA, a
KUTBKICHI ¥ SIKICHI 3MIiHM HITMEHTIB BBa)KalOTh i1HPOPMAaTHBHUMH Ol0IHIMKALIHHUMH MMOKa3HUKAMHU 3MiH
YMOB CEpeIOBHINA ICHYBaHHS. Y CTIHKOCTI POCIHH IO [ii cTpec-(paKTopiB 3HAYHY POJIb BiJlirpalOTh He-
crieruQivHi 3aXUCHI CUCTEMHU, 30KpeMa aHTHOKCHIaHTHA CUCTeMa. BakiiuBa poJib B aIalTUBHUX pPeaKIli-
X POCIUH HaJeKUTh cynepokcuaaucmytasi (COJ), mepokcuaasi i karanasi, mo € pepMeHTaTUBHUMH
KOMITOHEHTaMH aHTHOKCHIAHTHOI CHCTEMH, aKTUBHICTH SIKOI BH3HAYa€ PiBEHb CTIHKOCTI POCIHH JI0 HE-
CHPUATIUBHUX (aKTOPiB 30BHIIIHBOTO cepeaoBuina (Jiroutova et al., 2021).

JochimkyBany BMIiCT (JOTOCHHTETUYHUX MITMEHTIB, aKTUBHICTh (POTOCHHTE3Y Ta (DEPMEHTIB aHTH-
okcupantHoro 3axucty COJl, mepokcuaasu i karajga3u y KITHHaxX rametodopiB Atrichum undulatum
(Hedw.) P.Beauv. ta Plagiomnium elatum (Bruch & Schimp.) T.J. Kop., 3i0panux Ha AOCTIIHUX AUISH-
Kax JIICOBHX €KOCHCTEM 3 BiJIMIHHUMHU MIKPOKIIMATHYHUMH YMOBaMH: AinsiHka No 1 — 30HA TIOBHOTO 3a-
MOBIIaHHS CTAPOBIKOBUX OYKOBHX JIiCiB Bepermibkoro npupoa00X0pOHHOTO HAyKOBO-OCIIAHOTO BijI-
nineHHs (temneparypa nositpsa 21-23°C, Bonoricte nositpst 33-35 %, iHTeHCHBHICTH cBiTaa 40—50 THC.
7K); ainsHka Ne2 — teputopis BupyOku CTpaguaHCHKOIO HaBYAJIbHO-BUPOOHUYOTO JTICOKOMOIHATY (TEM-
neparypa noBitps 28-30°C, Bosioricts noBiTps 20-22 %, iHTeHCUBHICTH cBiTiIAa 80—90 THC. JIK); AUISTHKA
Ne 3 — 30Ha cranionapHoi pekpeaii «Bepemuis» SBOpiBCbKOTro HalliOHAIBHOTO MPUPOAHOTO MapKy (Te-
Mmreparypa noBitpst 26—28°C, BonoricTs moBitTps 2628 %, inTeHcuBHICTH cBiTiIa 90—100 THC. JIK).

MK cBim4aTh pe3ynabTaTU JNOCTIKEeHb, ¥ Atrichum undulatum ta Plagiomnium elatum HaiOimpITy
KUTBKICTh XJIOpOQiNIiB BU3HAYEHO HA JOCHIJHUX JUISHKAaX Y 30HI MIOBHOTO 3aIlOBiJIaHHS, 10 3YMOBJICHO
CHPUSTIUBUMY T1IPOTEPMIYHIMH YMOBAMH y IIHX €KOTOMax. BMicT mirMeHTiB OTOCHHTE3Y Y TaMeTodi-
Ti MOXIB Ha IUITHKaxX BUPYOKH 1 pekpearii 3MeHIIyBaBcsi. Ha BiTIKpUTHX JUISHKAX i3 BUCOKOIO IHTEHCHB-
HICTIO OCBITJICHHSI Y MIrMEHTHOMY CKJIaJi 3MEHIIyBaJlacsl BiTHOCHA YacTka 3elieHuX mirmeHTiB (0,65—
1,13 mr/r macu c. p.) i 3pocraB BmicT kapoTunoiis (0,71-0,99 mr/r macu c.p.). Taka peaxuist poTocunTe-
TUYHOI CUCTEMH BHIIIB MOXe OyTH 3yMOBJIEHa, 30KpeMa, 0COOIHMBOCTSAMH X JKUTTEBOI hopMH, 30KpeMa
HIUTFHOT JIGPHUHKH, SIKa Ma€ J00py BOJOYTPUMYIOUY 3JaTHICTh 1 HaBiTh 32 BUCOKOI IHTEHCHBHOCTI OCBIT-
JICHHS Y BIIKPUTUX €KOTONAaX PiBeHb OBOJHEHOCTI iX JUCTKIB cTaHOBHUB 49—-56 %. BecTanoBieHo 3anex-
HICTh KUIbKICHOT'O CKJIaJly MCMEHTIB y MOXaX BiJI pIBHS OBOJHEHOCTI IX JIEPHUH Ta 3MiHU iIHTCHCUBHOCTI
CBITJIA.

Ji1st MOXIB SIK MOWKIJIOT1IPUYHUX POCIHH BOJIOTICTH € JIMITAliiHUM YHHHUKOM (POTOCHHTETUYHHUX
nporieciB. BuzHaueHo, 1110 Ha TepuTopii MOBHOTO 3anoBifnanus y Plagiomnium elatum cepeqHe 3HaYCHHS
iHTeHcHBHOCTI (poTocuHTe3dy craHoBuio 3,02 £ 0,1 mr-CO»/r macu c.p./ron, Toumi sik 'y Atrichum
undulatum — 3,74 £ 0,3 mr CO»/r macu c.p./rox, mo Oymo y 1,2 i 1,1 pa3a BuMMH, HiX Y POCIIHH i3 Te-
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putopii pekpearii i BUpyOKH. BUSBIEHO BHCOKY 3aJI€KHICTh IMOKAa3HUKIB IHTEHCUBHOCTI (DOTOCHHTE3Y
JIUCTKIB JOMiHAHTHMX MOXIB BiJl BMICTY BOJIOTH Yy iX JIpHHHAX Ta BEPXHbOMY IIapi IPYHTY IIiJ ACpHUHA-
MU Ha JOCTITHAX AUISHKAX JIICOBUX ekocrcTeM. HaitHmxdy inTeHcuBHICTD acuMismii CO, BU3Ha4YeHO Y
rametodiTi MOXiB Ha AUTHKAX 3 peKpeariiiHIM HABAHTAXCHHSIM. VIMOBIpPHO, BUIIA {HTCHCHBHICTb OCBIT-
JICHHS1 PU3BOIMIIA 0 TIOPYIIECHHS BOJHOTO M TEMIIEpaTypHOTO PEXUMY POCIHH, a BiATaK 1 10 3HKEHHS
iXHBO1 (hOTOCHHTETUIHOI aKTHBHOCTI.

CO/l € onmHuM i3 MapkepHUX (PEPMEHTIB, 10 3a0e3reuye NePBUHHUN 3aXUCT KIIITHH 1 TKAHUH Bij
OKHCIIIOBAJIFHUX YIIKOJDKEHB, KaTalli3yI0ud PEeaKLilo TUCMYyTallii CyIIepOKCUAHOTO aHiOH-paJuKaa i me-
pIINM aKTUBYETHCS y BiIMOBiAb HA cTpec. BcraHOBIIEHO, IO HABHINA aKTUBHICTH (PEpMEHTY XapakTepHa
JUTSL TIarOHIB JIOCHIPKYBaHUX MOXIB 3 TepuTopii Bupyoku. st Atrichum undulatum ueli moka3HUK CTaHO-
BuB 2,83 + 0,2 BigH. ox./xB Mr/6inka, a mist Plagiomnium elatum — 2,42 + 0,2 BimH. ox./XxB Mr/0OinKa.
Haiimenmry aktuBnicte COJl (1,72—1,95 BigH. of./XB Mr/0inKa) Bil3HAYCHO Y MAaroHax MOXIB i3 JOCHiJ-
HUX JUISHOK Y CTapOBIKOBOMY OYKOBOMY JIiCi B CHPUSTIMBUX MIKPOKIIMATHYHUX YMOBax. TakuMm 4u-
HoMm, CO/] Bimirpae BakJIMBY pOJIb B 3aXUCTi KJNITWH 1 TKaHWH BiJi OKHCIIOBAIBHUX TOIIKO/KEHD 3a
BIUIMBY HECTIPUSTINBHUX (PAKTOPIB 30BHIIIHHOTO CEPEAOBHILA.

AKTHBHICTb TIEPOKCHIA3U Y JOCTI/KYBAHUX BHIIB MOXIB Ha aHTPOIIOT€HHO MOPYIIEHUX TEPUTOPI-
ax OyJa OLITBIIOI TOPIBHSIHO 13 3aMoBiMHUMHA. Tak, s Atrichum undulatum akTHBHICTD TIEPOKCUIA3H Y
HECTIPUATIMBUAX YMOBaX BOJHO-TEMIIEPATYPHOT0 pexxuMy Oyina Buiioro B 2,0—2,4 pa3a MOpiBHIHO 3 3aro-
BITHUMH TEPUTOPISIMH, 1 CTAaHOBHIIA Ha BUPYOMi 1 30HI pekpeamii 19,4 + 1,7 BigH. ox./r c. 1 16,3+ 1,5
BiIH. ox./T ¢. BianmoBiaHo. [ns Plagiomnium elatum akTHBHICTH NEPOKCHAA3M Oyja MEHII MIHJIMBOIO,
MpoTe HaOiMbII 3Ha4YeHHS (DepMEeHTY Bif3HaYeHO Ha Teputopii BupyOku (12,7+1,2 BimH. oa./T c.), IO B
1,6 pa3u nepeBHITyBalio aKTUBHICTh (PEPMEHTY Ha TOCIIIHIUX MIJITHKAX ¥ CTAPOBIKOBUX OYKOBHX JIiCaX.

OpnHuM 3 HAaHBaXKIIUBIMIKMX (DEPMEHTIB aHTUOKCHIAHTHOI'O 3aXUCTY € KaTajia3a, 10 KaTali3ye peak-
Iit0 TIepETBOPEHHS MEPOKCUIY BOIHIO HA BOIY Ta KHMceHb. Ha BimMiHy Bif mepokcuaas mei gpepmeHT He
notpedye BiIHOBIEHOTO CyOCTpaTy Ui aKTUBHOCTI. Pe3ynbraTu JOCHiPKEHHS KaTana3y 3aCBi4mid, 110
Ha JIOCJIJTHHUX JUISTHKAaX peKpealii 1 BUpyOKH B HECTIPHSITIMBUX YMOBAX TiIPOTEPMIYHOTO pEXUMY 11 ak-
THUBHICTh B TIArOHaX JOCIIJDKYBaHUX MOXIB miaBuiryBanacs. [ns Atrichum undulatum axtuBHICTE (hep-
MeHTy Oyina HaiBumiow (6,5 + 0,7 MM H,O/Mr Oisika XB.) Ha TepuTopii BUpYOKH, 110 B 1,9 pa3u nepe-
BUIIYBaJlO aKTHBHICTh ()EPMEHTYy Ha 3aloBifgHIN TepuTopii crapoBikoBHX OykoBuX JiciB. Jlis
Plagiomnium elatum akTuBHICTH ()epMEHTY Ha aHTPOIIOTCHHO MOPYIICHUX TEPHTOPISX Oyla JEIo MeH-
uroto (4,9 + 0,5 MmxM H,O,/mr Ginka xB), poTe OyJia BUIIOK MOPIBHAHO 3 JUITHKAMH CTapOBIKOBHX OY-
KOBUX JciB y 1,3 pasm.

OTxe, y MOXIB JIICOBUX eKOcHcTeM YKpaiHcbkoro Posrouust Atrichum undulatum i Plagiomnium
elatum y HECIpUATIMBAX yMOBaX BOJ103a0e3MeUeHHs MPHUCTOCYBaHHS JI0 3MiH KIIIMATHYHUX YMOB BiJI0Y-
BAETHCS 3aBISKM 3PDOCTaHHIO aKTUBHOCTI (pepMeHTIB aHTHOKcHAanTHoro 3axucty COJl, karanasu i nepo-
Kcuaasu. BeraHoBieHO MpsMy 3alleKHICTh IHTEHCHBHOCTI (DOTOCHHTE3y MOXIB BiJI piBHSI OBOAHEHOCTI iX
nepuuH. [lokazaHo, 110 Jiama3oH MiHAMBOCTI (P)OTOCUHTETUYHOI aKTUBHOCTI TOMiHAHTHUX MOXIB JIiCOBHX
€KOCHCTEM 3aJieXKaB BiJ iX BUIOBHUX OCOOJHMBOCTEH Ta MIKPOKJIIMATHYHHUX YMOB MICLE3POCTaHb 1 CBijl-
YHUTh PO BUCOKY IJIACTUYHICTH MOXIB.
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ITEHTU®IKALISA TEHIB IOPOCJIOI CTIMKOCTI LR34 TA LR68 B
YKPATHCBKUX COPTAX NIIEHUI M'IKOI O3UMOI
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[lepeBakHa OiBIIICTH TEHIB CTIHKOCTI 1O OCHOBHHUX 0i0TPO(HMX MAaTOTEHIB MIIeHUII (30yIHUKIB
Oypoi, cTebmoBoi 1 )KOBTOI ipki, OOpomrHUCTOI pocH) € pacocnenudivanmu. Born 3a0e3medyroTh CTil-
KICTh Ha BCIX CTaJiAX PO3BUTKY POCIHHH — BiJl IPOPOCTKIB JIO0 TOpOCHuX pociuH. [IpoTe yepe3 mBuaKy
€BOJIIOLII0 IIMX MATOTCeHIB, TaKi TeHH IBUAKO BTPAYalOTh CBOIO €(DEKTHBHICTh MPH MacOBOMY BHPOIIY-
BaHHI COPTiB 3 UMUK TeHamu. OKpeMy TpyIy CKIaIaloTh T€HH pacoHecTenu(ivHOi CTIHKOCTI, II0 3a-
JUIIAIOTECS e)EKTUBHUMH IPOTITOM TPUBAIOTO MEPioAy yacy i 3a0e3meuyroTh MOMipHUN piBEeHb CTiii-
KOCTi 710 GiOTpo)HMX MATOTeHiB. IX HA3MBAIOTH reHaMM NOPOCIOi cTifikocti (adult plant resistance
(APR)), ockilbKM BOHM HaalOTh CTIHKICTh JUIIE y JOPOCIUX pocinH. HaifOiapIn BiIOMUM T€HOM J0-
pocioi criiikocti € Lr34 (Lr34/Yri8/Pm38/Sr57/Bdvl), mo ogHo4acHO 3a0e3redye MOMipHY CTIHKICTb
JIO TPhOX BHUIIB ipKi Ta OOPOIIHHUCTOI POCH, BipyCy KOBTOI KapIUKOBOCTI sSuMeHr0. Ha manunii yac igeH-
THu(ikoBaHO Oinbie 15 reHiB TpuBanoi CTIHKOCTI, 30KkpemMa Lr46/Yr29/Pm39/Sr58, Lr67/Yr46/Sr55/Pm46,
Lr68, Sr2. MeTor Hamoro AOCHIHKeHHs1 OyB aHali3 YacTOTH TPAIUISHHS pacoHecnelu(iuHuX TeHiB
Lr34 ta Lr68 y Bubipkax yKpaiHCHKHX COPTIB MIICHUIN M KO 03MMOI PI3HOTO TOXOKEHHSI.

JocmimKyBany cOpTH MIIEHUI M IKOi 03UMOi, CTBOPEHI B Pi3HUX CEJECKIIHHUX yCTaHOBaxX YKpa-
iHu, 30kpema, CenekuiitHo-renernanomy iHctuTyTi — HLIHC HAAH (CI'T), MupoHiBCbKOMY iHCTHTYTI
nurenuni im. B.M. Pemecna HAAH (MIII), binouepkiserkiid mocnigniit cranuii (BLAC), HHII [actu-
TyT 3emiepooctBa HAAH (I3), [ncturyTi ¢izionorii pocnun i renetukn HAHY. Hacinns copris 0yno
m00° A3H0 HagaHo HamioHaJbHUM LHEHTPOM MeHETHUYHHX pecypciB pocinuH Ykpainu. s inenrudikamnii
Lr34 BUKOPUCTOBYBAIH MYJBTHILICKCHY peakilito 3 npaiimepamu calSBP1 + caSNP12 (Dakouri et al.
2010), a ans ananizy Lr68 — mapkep c¢sGS (Herrera-Foessel et al. 2012).

Cepen 319 npoananizoBaHHX COPTIB 3a MapkepoMm reHa Lr34 116 manu nume anenb cTiKocTi R,
a 59 Oynu reTeporeHHUM 3a MPUCYTHICTIO 1[boro aneis. Yactora anens Lr34R (3 BpaxyBaHHSAM reTepo-
TeHHUX copTiB) Oyna Bucokor cepen coptiB BIJIC (74 %), CI'T (70 %), I3 (64 %) ta HUX4YOIO cepen
copriB MIII (25 %). 3a mapkepoM rena Lr68 npoaHanizoBaHo BUOIPKY 72 cOpPTH, CTBOPEHI MEePEBaXKHO
B CI'T Ta MIIL I'en crifikocti Lr68 BusiBUBCS Haa3zBuuaiiHo nowmupenum cepen copris CI'T (78 %), Ta
3ycTpiuaBcs 3 yactororo 15 % cepen coptis MIIL. ¥V nmpoanasnizoBaniii BuOipui inenTudikosano 19 Ho-
ciiB 000x reniB APR Lr34 ta Lr68, 3 sxux 16 copriB ctBopeHo B CI'L.

OTxe, nns copri CI'l € xapakTepHOIO IPUCYTHICTH pacoHecneU(iuHUX I'eHiB cTiHKOCTI Lr34 Ta
Lr68, BonHOYaC YacTOTa TPAIUISIHHS LUX I'EHIB € 3HaUYHO HIKY0 cepen copTiB MIII. OueBumaHo, 1 €
pe3yabTaToM SK Pi3HOTO aJaNTHBHOTO 3HAYCHHS IMX I'eHIB y PI3HUX arpoKIiMaTHYHHX 30HaX, TaK i
BIJIMIHHOCTEH Yy MiX0/1aX JI0 CEJNEeKIlii Ha CTIHKICTh 10 30yIHUKIB ipixKi.
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EK30IEHHUI CEPOTOHIH NEPEIIKO/IX)KA€ PO3BUTKY OKHCHIOBAJILHOI'O
CTPECY ITPA ITIPOPOCTAHHI 3EPHIBOK ITIIEHHUIII 3A YMOB MOJIEJIBHOI
IHOCYXH
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’[Monmascekuii depacasnuii azpapnuil ynigepcumem, m. Ilonmaea, Yrpaina

ICzech Agrifood Research Center, Prague, Czech Republic

CepoToHiH (5-TiIPOKCUTPUNTAMIH) — OJHH i3 MOMMPEHNX NPUPOJHUX IHIONAMiHIB, BiIOMHH Ha-
cammepes SIK HeWpoMeAiaTop, IO PEryIo€e Pi3HI BUAU TisUTBHOCTI TOJIOBHOTO MO3KY Y XpeOeTHHX. Y po-
CJIMH CepOTOHIH OyB BUsiBICHUN y 50-Ti pOKM MUHYJIOTO CTOJITTS, OJJHAK aKTUBHE BUBUCHHS Horo 0ioio-
rivaux (GyHKIIH y pOCIMHHOMY Oprasi3mi modanocs npubmm3ao 10—12 pokiB tomy. Ha nanwmii gac Bimo-
MO, III0 CEPOTOHIH MPUCYTHIN y HACIHHI, INCTKAX, KOPEHAX 1 rmoxax Oiism Hik 90 BumiB pocnuH 3 37 pi-
3HUX ciMelcTB (Sun et al., 2025). [IpumyckaroTh, 0 CEPOTOHIH MOXKE BiJirpaBaTH BaXKIHMBY POJb IpakK-
TUYHO Ha BCIX CTaJisfX YKUTTEBOTO ITUKITY POCIHHH. 30KpeMa, OTpUMaHi JlaHi, 10 BKa3ylOTh HA HOTO yd-
acTh Y PeryJisilii IpOpPOCTaHHS 3ePHIBOK, BErETATHBHOI'O POCTY 1 ajarnTaliii pocJiMH J0 CTPECOBUX YHHHU-
kiB. CepoTOHiH € MeTabOIYHUM MOTIEPETHUKOM iHIIIOTO BiJOMOTO 1HIOJNAaMiHY — MENATOHIHY, QYHKIIT
SIKOTO Y POCIIMH BUBYEHI 3HAYHO Kpaiie. Y JiTepaTypi IpOBOIATHCS Mapanelni Mix diziomoriaanmu edek-
TaMU [HMX JBOX iHJoJaMiHiB. OJHaK y 0araThOX BHITAJKaX HAsBHI €KCIICPHMMCHTAJIBbHI JaHi HE J03BOJIS-
I0Th OJJHO3HAYHO TTOB’SI3yBaTH JOCIHIPKYBaHi (i3ionoriuHi eekTH CepoTOHIHY caMe 3 HOro BIACHOO [i-
€10, a He 3 e(peKTaMu, 3yMOBJICHUMH MOI'0 MIEPETBOPEHHSAM Ha MesiaToHiH, CTOCOBHO 000X WX 1HI0JIaMi-
HiB 3a()ikCOBaHO YUMAJIO MPUKJIIAJIB CTPEC-TIPOTEKTOPHOTO BILIMBY HA POCIMHHU MPU €K30T€HHOMY 3aCTO-
CyBaHHI, a TaKOXX IMOCHIIEHHS X CHHTE3y y POCIHH Y BiJIOBiNb Ha Jit0 cTpec-pakTopiB. PazoM 3 Tum,
MeXaHi3MH /il CepOTOHIHY B I[IIOMY BHBYCHI 3HaYHO ciallie, HiXk MelaTtoHiny. [Toku 1o He BigoMi Ha-
BiTh TIMOTETUYHI PEIETITOPU CEPOTOHIHY Y POCIUHHMX KIIITHHAX, BOJHOYAC € JaHi PO HOTo (yHKI[IOHA-
JTBHY B3a€MOJIi0 3 iHIIMMU (iTOropMoHaMU (30Kpema, 3 aOCITU30BOIO i CATIIMIOBOIO KHCIIOTAMH), a Ta-
KOXK aKTHBHUMH (popMaMu OKCHUTEHY sIK CUTHAIIbHUMU ocepennukamu (Mishra et al., 2023).

BuoBi 0co0IMBOCTI CTPEC-MPOTEKTOPHOI [Tii CEPOTOHIHY TAKOX 3aJMIIAIOTHCS MAJIOOCIIIKSHH-
MU. 30KpeMa, BiICYTHi JIaHi 010 CTPEC-TTPOTEKTOPHOTO BILUTUBY CEPOTOHIHY Ha POCIIMHU MIIEHHMIII, X04a
MIOKa3aHa HAasBHICTH €HIOTEHHOTO CEPOTOHIHY Y Pi3HMX opraHax i TkaHuHax 1poro Buay (Chen et al.,
2023). Bigomo, mo iHmoNMaMiHu, 30KpeMa, MEJIaTOHIH, BUSBIIIOTh BUCOKY ©()EKTUBHICTh SK 1HIYKTOPH
CTIMKOCTI POCJIMH JIO CTPECOPIB MpH IX 3aCTOCYBaHHI NUIIXOM Ipaiiminry Haciaas (Guo et al., 2022; Luo
et al., 2024). OxHak BIUIMB NPaiMIiHTy 3€pHIBOK CEPOTOHIHOM Ha PICT 1 CTIMKICTh POCIHMH MIIEHHUIIl 10Te-
Tiep He BUYABCs, X04a € BiJJOMOCTI PO MO3UTUBHY JiF0 00pOOKH HACIHHS COI CEpOTOHIHOM Ha HOTO CXO-
JKICTB Ta picT NPOPOCTKIB 3a yMOB BogHoro nedinury (Pontes et al., 2024).

Mertoto poOoTH OyJI0 BHBUCHHS BIUIMBY NPAaHMIHTY HAcCiHHS MUICHULI CEPOTOHIHOM Ha HOTro mpo-
POCTaHHS 1 CTaH aHTHOKCHJIAHTHOI Ta OCMOIIPOTEKTOPHOI CHCTEM MPOPOCTKIB 32 YMOB MOJIENILHOI TTOCY-
xH, ctBoproBaHoi 12 % IIEI" 6000.

3epHiBKH 03uMO1 M’ sikoi mmeHuti (7riticum aestivum) copty Jlipa ogecbka mpaiiMyBaiid MPOTATOM
3 rox po3unHamu cepotoniny (“Cayman Chemical Company”, USA) B miana3zoni koHieHTpaniit Bix 0,25
10 50 MKkM, KOHTpOJb — 00poOKa HaciHHS AMCTUIBROBAaHOIO BOZAOI0. Hanmami 3epHiBKM mpopouryBaiu y
yamkax [leTpi Ha ABOX mapax QiIbTpyBaIbHOTO Marnepy, 3MoueHoro 12 % IMET 6000, koHTpoIbHI 3pa3-
K{ IpOPOLIYBaJIM Ha AUCTHILOBAHIHN BOJI.
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O6poOka CepOTOHIHOM IMiJBHUIIYBaIa €HEPTii0 MPOPOCTAHHS 1 CXOXICTh HACIHHA, & TAaKOX PICT
MPOPOCTKIB 32 YMOB MOAEIBHOI mocyxu. CTpec-MpoTeKTOpHH e(EeKT BUABISABCS B Jiama3oHi KOHICHT-
pariii Bix 0,25 no 10 MxM, HaiiOiTBIIMM BiH OYB IPU BUKOPHUCTAaHHI KOHIIEHTpatliit 1-5 MkM.

OcMOTHYHHH CTpeC CIPHYHHSIB PO3BUTOK OKHCHIOBAJIBHOTO CTPECY y MAaroHax MPOPOCTKIB, IO BH-
ABJISUIOCA 33 iICTOTHUM (5-pa3oBHM) MOCWJICHHSIM T'eHepalii CyNepOKCHIHOTO paarKaia, 2-pa3oBUM 30i-
JBIICHHSM BMICTY TiIPOT€H MEPOKCUIY Ta 3POCTaHHSM BMICTY MPOAYKTY MEPOKCHIHOTO OKHUCHEHHS JIi-
migiB (MaJIOHOBOTO Aiaibjaeriay) y 2,5 pasa. [lonepeaHs o0poOka 3epHIBOK CEPOTOHIHOM y KOHIICHTPALTi-
ax 1-5 MkM 3HayHO 3MEHIITYBaa BEJIMYMHU BCiX IUX MapKePiB OKUCHIOBAJIBHOTO CTPECY.

3a yMOB OCMOTHYHOTO CTpECy BiI3HA4YaJOCs JesiKe 3HIDKCHHS aKTHBHOCTI KaTala3W y MaroHax
MPOPOCTKIB 3 OJHOYACHUM 3POCTAHHSIM aKTHBHOCTI TBasKOJIIEPOKCUAA3H, aKTUBHICTH CYNEPOKCHIANC-
myTtazu (COJl) npu mpoMy icTOTHO He 3MiHIOBanacs. [Ipaiimiar HacinHa 1-5 MKM CEpOTOHIHOM CIIPHSB
nigsuieHHto aktuBHocTi CO/J] i crabimizaiii akTHBHOCTI KaTajia3u Ta TBasSKOJIICPOKCHIA3HU 3a CTPECOBUX
YMOB.

[1ig BruTMBOM MOJIEBHOT IOCYXH BMICT TIPOJTiHY y ITaroHaX MPOPOCTKIB MIIEHUIII 3pocTaB B 1,6 pa-
31, @ BMICT pO3UMHHHX BYTJICBOIIB (MPH pPO3paxyHKY Ha Macy Cyxoi pPedOBWHH) JCIIO 3HIKYBAaBCS.
[IpaiiMiHT 3€pHIBOK CEPOTOHIHOM TPHU3BOJWB IO IiJBUIICHHS BMICTY I[yKpiB i HE3HAYHOTO 3HIDKEHHS
BMICTY TIPOJIiHY 3a CTPECOBHUX YMOB.

OcMOTHYHHI CTpec CIPUUMHSB 3POCTaHHS 3arajbHOTO BMICTY ()EHOJIILHUX CIHOJNYK y TaroHax, mpu
IOMY OJTHAK iCTOTHO (B 2,5 pa3w) 3HMKYBaBCs BMICT aHTOIIaHiB. OOpoOKa 3epHIBOK CEpOTOHIHOM CIIpH-
sij1a JIOAaTKOBOMY ITiJIBUINEHHIO 3arajIbHOTO BMICTY (DEHOJIBHUX CIIONIYK 1 CTaOuTi3yBaia BMICT aHTOIIaHIB
3a CTPECOBUX YMOB.

TakuM 9YHHOM, BIIEpIIIE TIOKAa3aHO CTPEC-MIPOTEKTOPHUH BIUIMB CEPOTOHIHY Ha POCIMHY IIICHHII HA
paHHiX (azax po3BUTKY. MOro cKIag0BHMH € NPUTHIYEHHS PO3BUTKY OKHCHIOBAIBHOTO CTPECY, MOJLYJIs-
Ilis HAKOTMYEHHS OCMOIITIB Ta iCTOTHWMA MO3WTHBHUM BILUTMB Ha BMICT BTOPHHHHUX MeTa0OMNITiB. s
3’sCyBaHHsI 3B 3Ky TakuX €(eKTiB caMe 3 JiII0 CEPOTOHIHY, a He Oro MeTaboiTiB (30KpeMa, MeJIaToHi-
HY) HEOOXi/IHI cIeliaNbHi TocTiKeHHs. Panime Ha Takiil ke Mojeni (mpaiiMyBaHHs 3€pHIBOK 3 HACTYII-
HUM TIPOPOIIYBaHHSAM 332 YMOB OCMOTHYHOTO CTpecy, cipuanHtoBanoro I[TEI" 6000) O6yio nmokazano mif-
BUILIEHHS CXOXOCT1 HACIHHSA, MOJIMIIEHHS! POCTY MPOPOCTKIB Ta 3MEHIICHHS IHTEHCHBHOCTI OKHCHIOBA-
JBEHOTO CTpecy 3a mpaiMiHTy HaciHHs MenaToHiHoM (Taraban et al., 2025). Ane HaitOinbmnii epexT BU-
sIBJIsIa KOHIIEHTpaIlisi MenatoHiny 20 MkM, ToOTO Malike Ha MOPSIOK BHINA BiJ JIFOYMX KOHIICHTpPALIN
CEpOTOHIHY. 3Ba)KalOu Ha IIe, MOXKHA MPHUITYCKaTH HASBHICTH crienn(idHOT CTpec-MpOTeKTOpHOI il ce-
poToHiHy. BogHOUYac He BHKIIIOYEHO, IO MPAaHMIiHT CEPOTOHIHOM MOJKE BIUIMBATH HA HOTO €HJOT€HHUI
CHHTE3, a TAKOXK HA CHHTE3 1HIIHNX 1HIOJBHUX CIIONYK, SIKi MOXKYTh OYTH MPUYETHI 10 MOAYJIAIIT (PYHKITI-
OHYBaHHS CTPEC-IPOTEKTOPHUX CUCTEM Y MPOPOCTKAX MIICHHUII.
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I'TIPOT'EH CYJIb®I/l (H2S) AK AKTUBATOP IPOPOCTAHHSA 3EPHIBOK 3JIAKIB
3A YMOB CTAPIHHA I IIi CTPECOPIB

0. €. Koaynaes!%, T. O. Slcrped!, I. B. Illaxos!, K. M. I'apsa’, B. I1. Koromanbka'

'Inemumym pocnunnuymea im. B.A. IOp’eea HAAH Ykpainu, m. Xapxis, Yrpaina,
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’[Monmascekuii depacasnuii azpapnuil ynigepcumem, m. Ilonmaea, Yrpaina

I Tepacasnuii 6iomexnonoziunuii ynisepcumem, m. Xapxis, Yxpaina

Ha nanwmit yac copmyBanmcs ysiBneHHs po poiib Tigpored cynbdiny (HaS) sk ogniel 3 kimoyoBux
MOJIEKYJI-Ta30TPAHCMITEPIB Y PETyJslii 0a30BUX (YHKIIIH POCITUHHOTO OPTraHi3My: POCTOBHX IPOIIECIB,
BU3pIBaHHS W CTapiHHA IUIOJIB, MMPOPOCTaHHS HACIHHSA 1 ajamTarmii g0 il cTpecopiB pi3HOI MPUPOIH
(Sharma et al., 2022; Kolupaev et al., 2026). CurnanbHi epexta H»S, 110 3yMOBIIOIOTE HOTO y4acTh B
KITFOYOBHX (hi310JI0TIYHUX MpoIiecax, OB’ I3aHi MepeayciM 3 MocTTpaHciMiitHo Moaudikatiero (ITTM)
TBOBUX OLNKIB, a came iX mepcynb(ilyBaHHSM — MEPETBOPEHHSAM HUCTETH-TioNoBoi rpynu (-SH) Ha
nepcynbdinay (-SSH) (Bhadwal et al., 2024). 3okpema, nucrein-nepcyibdin (CysSSH), mepcynbdin
rirytarioHy (GSSH) 1 mepokcupenoKCHHU BBaXKAIOTHCS KIFOYOBHMHU KIITHHHUMHU PEIOKC-PEryIsITOpaMu
(Aroca et al., 2018). Huni siBumie nepcynbgigyBaHHs OiKiB y pOCIMHAX BU3HAHO MOIIUPEHUM, a QyHK-
1is mepcyab(iayBaHHSI JEMOHCTPYE CKIAIHICTh Ta PI3HOMAHITHICTh Y Pi3HUX TKAaHWHAX Ta OpraHax poc-
nuH (Arif et al., 2021). 3okpema, y Arabidopsis BusBieHo monaa 5200 OinkiB, MO0 MarOTh CAWTH MEPCy-
nedinyBanns (Jurado-Flores et al., 2017). [lepcynbdinyBanHs iCTOTHO BILUTUBAE Ha OionoriuHi QyHKILT
OinKiB, Taki 9K epMEHTATHBHA aKTUBHICTh, CyOKITITHHHA JOKAJI3allis Ta B3aEMOJIi 3 IHIIUMHU OiTKaMu
(Aroca et al., 2017; Shen et al., 2020).

Brue H,S Ha npopocTanHs HaCiHHSI IEBHOIO MIpOIO 3aJ0OKYMEHTOBAHUH I POCIUH Pi3HUX BHUIIB
(Caverzan et al., 2021). Y psizai 10oCiipKeHb MOKa3aHO IMiIBUIICHHS i BILTUBOM H>S ¢X03k0CTi HAaCiHHS,
CKOpPOYEHHS Yacy MPOPOCTAaHHS, TIOCHJICHHS JIIHIHHOTO POCTY Ta HAKOMUYEHHs 0ioMacu opraHiB mpopoc-
TKiB. bBinbmr moMiTHI Taki eexTu 3a cTpecoBUX yMOB pi3HOI mpupoan. Pazom 3 tuM, Timporen cynbdin
HMOBIPHO € TOHKHM 1HCTPYMEHTOM JUJIsl pETYJISIii MPOpOCTaHHs HACIHHS, QYHKI[IOHAILHO TIOB’SI3aHUM 3
IHIIAMH PETYISATOPaMH IHOTO MPOIIECY, Y TOMY YHCII 3 OJJHUM 13 OCHOBHHX TOPMOHIB-iHT10iTOpIB a0CIIH-
30Bo10 kucnotToro (ABK). Tak, HeaBHO BCTaHOBICHHIA BIUIMB TiIPOTeH CyNb(iny Ha KIIFOUOBHA MHO-
»uaHni Qakrop Tpanckpuniii ABSCISIC ACID INSENSITIVE 4 (ABI4), 3axisiHuii B cCHTHaJIbHOMY Ka-
ckani, ormocepeakosanomy ABK (Zhou et al., 2022). [lokazano, mo ABI4 xoHTpOmIOE eKcIpecito TeHa
OJTHOTO 13 OCHOBHUX IMPOAYIIEHTIB TimporeH cyiabdiny L-umcreinnecynerinponasu 1 (DEST). [lpu upomy
iHTiI0yBaHHS TIpopocTaHHs HaciHHA curHaioM ABK omocepenkoBane rigporeH cynbdinom, TeHEpOBaHUM
DESI. binbm Toro, BcTaHOBJIEHO, 110 piBeHb ABI4 3HIKYBaBCs i 4ac MpOPOCTaHHS HACIHHSA, Y TOH Yac
sk H,S cniprumHsB nigBuineHHs pisHs nepcynboinyBanas ABI4 1 3HWKYBaB MIBHIKICTh HOTO Jierpajariii,
110, Y CBOKO Yepry, NpUTrHidyBalio npopoctanHs HaciHHsA Arabidopsis. Lli maHi He citizt oLiHIOBATH SK TaKi,
IO CylepeyvaTh JIOCUTh BEIMKOMY 00CATY eMITIPUYHUX BiJJOMOCTEH MPO MO3UTUBHHUIN BIUIUB T1IPOTEH CY-
nbQigy HA MPOPOCTAHHS HACIHHS psay KyibTypHHX pociuH (Caverzan et al., 2021). Bonu Bka3zyroTh Ha
CKJIaJHICTh MEXaHi3MiB peryJsimii mpopocTaHHs HaciHHA 3a ydacTio H>S 1 HMOBIpHY 3aJieKHICTH HOro
e(eKTIB BiJl YMOB, B SIKUX BiJIOyBa€ThCS MPOPOCTAHHS HACIHHS, BUJIOBUX OCOOJIMBOCTEH POCIHH Ta IHIINX
ynHHUKIB. Hanpukiax, o6poOka HaciHHS MIIEHHULI AOHOpOM TigporeH cynbdiny NaHS mocumosana
MPOPOCTaHHS, a TaKOX ITOM'SKINYBaja MPOSB OKUCIIOBAILHOIO CTPECY B yMOBaX TOKCHYHOT Jii Mii
(Zhang et al., 2008). ¥ po6oTi Zhou Ta iH. (2018) npaiiminr HaciHHS KyKypya3u NaHS 30inbiryBaB Biji-
COTOK CXOXKOCTi Ta PO3MipH HPOPOCTKIB 3a Iii BUCOKOi Temmeparypu. Takox o0pobOka moHopom H»S
CTHMYITIOBaNa (PepMEHTATHBHY Ta He()epMEHTATUBHY aHTHOKCHJIAHTHY CHUCTEMY Ta HAKOIMYEHHS OCMO-
JITIB y mpopocTKax KyKypya3u. I1o3uTHBHUI BIUIMB JOHOPIB TigporeH cynb(idy Ha MPOPOCTaHHS HACiH-
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HSI MIIISHUII TaKOX ITOB'SI3YIOTH 13 MiIBUIEHHSIM aKTUBHOCTI aMiJla3d Ta €cTepasw, M0 CIpuse Mobiiza-
il 3amacHUX mosiMepiB 3epHiBOK (Zhang et al., 2010).

Oxpemy mpo0OiIeMy CTaHOBHTH ITIJBUIIEHHS CXO0XKOCTI crapitodoro HaciHHs (Kurek et., 2019). Bi-
JIOMO, TII0 B TAKOMY HACiHHI 3a3BHYail CIIOCTEPITacThCs NUCOANAHC MK YTBOPEHHSIM aKTUBHUX (OpM OK-
cureny (APO) Ta iX 3HEHIKOPKEHHSIM aHTHOKCHIAHTHOIO CHCTEMOIO, 1[0 MOKE OyTH MPUYUHOIO OKHC-
HIOBaJIbHUX TMOIIKODKEHb CTPYKTYp mpopocTka (Zhang et al., 2021). HenpaBwmibHe 30epirandst HaCiHHS
(B mepury 4epry 3a MiJBHIIEHOI TEMIEpaTypu Ta BOJOTOCTI) COPUYMHIE HOTO MPUCKOPEHE CTAapiHHA. Y
HACiHHI, IO CTapie, 3a3BUYail aKTUBY€EThCA MepokcuaHe okucHeHHs nininis (IIOJI), mo B kiHIEBOMY i
CYMKY NPU3BOJAUTH A0 MOpymeHHs imicHocti memOpan (Kurek et., 2019). CrapiHas HaCiHHS iICTOTHO 3a-
JISKUTH BiJl BUAOBUX ocoOmuBocTei. Hampukmnan, cepea 3epHOBHX 3J71aKiB TOCUTh HIBHIKAM 3HHKCHHSIM
CXO0XOCTI TIpH 30epiraHHi 3a HEONTUMAIFHUX YMOB XapakTepu3yeThcsl HaciHHS Tputnkane (Kolupaev et
al., 2024).

3 ypaxyBaHHSIM CYyTTEBOTO BHECKY OKMCHIOBAJILHOTO CTPECY B JIECTPYKTHBHI MPOIECH CTapiHHSA Ha-
CIHHS PO3TIIAIAETECS MOXIIMBICTh BUKOPUCTAHHS aHTHOKCHAAHTIB a00 CIOJNYK, IO aKTUBYIOTh aHTHOK-
CHUJIaHTHY CHCTEMY, Ul HOpMalli3alii MpopocTaHHS HaciHHA. BIumB rigporeH cynbdimy, BiIoMOro sk
CHTHAJIBHUH TTOCEPEIHUK, 10 aKTHBYE Pi3HI CKJIJOBI aHTHOKCHIAHTHOI CHCTEMH, Ha IIPOPOCTAHHS CTa-
piroYoro HaCiHHS JO HEJaBHHOTO YaCy CIICIIabHO HE JAOCIHIKYBaBCs. 3BaKA0UW Ha I1e, MU TTOPiBHIOBA-
T BIUIMB JIOHOpa rigporeH cynbdiny NaHS Ha npopoctanns 3epHiBok muenui ( 7riticum aestivum, cop-
tn CroprioH i Etana) i Tputukane (X Triticosecale, copt Papurer), mo Maay 03HaKH MPUCKOPEHOTO CTa-
piHHA Yepe3 30epiraHHs MpoTaroM 4 pokiB 3a HeCTaOUIBLHOT TeMIlepaTypy B BOJIOTOCTI, 8 TAKOXK OIIiHIOBa-
mu giro goHopa H,S Ha mpopocTaHHs 3epHIBOK IMX JBOX BHIIB 3JIaKiB 3 HOPMAIBHOIO CXOXKICTIO Ha (OHI
nii Bucokoi temnepatypu (35°C).

BcranogiieHo, 1o 00po0Oka HaCiHHS MINSHMIN 1 TpUTHKae ToHopoM H,S 3a yMoOB TemnoBoro crpe-
Cy MiIBUIyBaJa HOr0 €HEeprilo MPOPOCTAHHS Ta CXOXKICTh, a TAKOX 3MEHIITyBala CIPUYMHIOBAHE TEILIO-
BUM CTPECOM IPUTHIYCHHS HAKOMWYEHHsS Oiomacu maroHiB i kopeHiB. [lo3utusHi edpextn nonopa H,S
BUSIBIISIBCSL Y BIJIHOCHO BY3bKOMY jiamna3oHi koHuentpariii (0,1-2 MM 3 onTumMymMoM 3a KOHIIEHTpAIii
0,5 MM). Tako> BUSBICHO MiABHUIIEHHS CXOKOCTi HACIHHS MIIIEHUIII 1 TPUTHKAJIE 3 HU3bKUMH ITOCIBHUMHU
sakocTsiMy i BrorBoM 0,5 Ta 1 MM pozumny Tigpocynbginy Harpito. Taki epekTr cynpoBoIKyBaIUC
TiIBUIIIEHHSM aKTHBHOCTI aMila3u B 3€pHIBKaX, 0 CIPHUSIIO 3pOCTAHHIO BMICTY PO3UYMHHUX BYTJICBOJIB
y maroHax MmpopocTkiB. Tako y maroHax MpOPOCTKIB 000X BHJIIB BiJ3HAUaI0Cs 3MEHIICHHS TeHeparril
A®O ii inTencuBrocti [10J1, HaToMicTh BiIOYBaJIOCS MIiABHUINEHHS aKTUBHOCTI CYIIEPOKCHIUCMYTa3U. Y
TOM e Yac aKTHBHICTh KaTalla3y Ta I'BasKOJIEPOKCHIA3N MPU MpaiiMiHTy HaciHHSA goHopoM H»S minsu-
nryBayiacsi B MPOPOCTKAX TPUTHKaJle, aje AEN0 3HIKYBaJIacs B MPOPOCTKAx MureHui. Kpim Toro, mia
BIDTMBOM OOpPOOKH JOHOPOM TiJJpOTeH Cyb(hiay y maroHax mpopocTKiB TPUTHKAJE, aje He MIISHHUIII, BiJl-
OyBasocs iCTOTHE 3pOCTaHHS BMICTY aHTOIIIaHIB, 5Ki € e(eKTHBHUMHU aHTHOKCHIaHTaMH.

TaxkuM YMHOM, MOIYJIALIS TiIPOTeH CYJIb(IIOM KOMIIOHEHTIB aHTHOKCHJIAHTHOI CHCTEMH 3J1aKiB
3ajiekania BiJl iX BHIOBHX OCOOJMBOCTEH, X0ua SIK JUIA MIICHUL, TaK 1 A TPUTHKAJeE, BiI3HAYAI0Cs HO-
JINIIEHHAS THTeTPaTbHUX MOKAa3HHKIB, 0 XapaKTEePHU3YIOTh MiATPHUMAaHHS PEIOKC-TOMEOCTa3y Ta pPOCTO-
BUX IMpOILECiB. Y 3B'SI3KY 3 UM 00poOKy HACIHHA 37aKiB ek30reHHUM H>S MoxHa po3risaarty sik eexTu-
BHUM 1HCTPYMEHT MiJBUILEHHS CX0XKOCTi HACIHHS 3 HU3bKUMH MOCIBHUMH SIKOCTSIMH Ta ITOCHJICHHS IIPO-
POCTaHHS 3epHIBOK 1 POCTY MTPOPOCTKIB 332 CTPECOBUX YMOB.

Crix Big3HAYUTH, IO OCTAHHIM YaCOM JMHAMIYHO PO3BHUBAIOTHCS MPHUKIAAHI JOCTIHKEHHS BILUTUBY
rijiporeH cynbdiny Ha KynbTypHi pociuan (Yi et al., 2024; Jin, 2026). OqHak norenep iCHye MEBHUHA po-
3pUB MiX 3’sCyBaHHSIM MexaHi3MiB aii HoS i3 3aiyueHHsIM MeToiB MOJIeKy IsipHOi Giojorii, 6GioiHpopma-
THKH 1 PI3HUX «OMiK» W eMIIPUYHUAM MiJXOJOM Y JOCIIIKEHHAX, CIPSIMOBAaHUX HA PO3IIUPEHHS chepu
HOro MpakTUYHOTO BUKOpUCTaHHS. CKOPOYCHHS TAKOTO PO3PUBY Y MailOyTHROMY MOXKeE 3pOOHTH IO MO-
JIeKyJly TIOBHOLIIHHUM «T'PaBLEM» y CyYaCHUX POCIMHHULBKUX arpo0ioTeXHOIOTISX.
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HPAUMIHI 3EPHIBOK IMIIEHUIII L-TPUIITO®AHOM MOAYJIIO€
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TV «Iucmumym xapuoeoi 6iomexnonozii ma cenomixuy HAH Yrpainu, m. Kuis, Yxpaina

[IpaiimMiHT HACIHHS BBaXKA€THCSA OAHUM 3 HAHOUTBII JOCTYIMHUX CIIOCOOIB BUKOPHUCTAHHS Pi3HUX Oi-
OCTUMYJIATOPIB — (i3ionoriyHo akTUBHUX pedoBrH (DAP) — 3 MeTOr0 miBUIIEHHS MPOAYKTUBHOCTI poc-
TMH 1 1X CTIHKOCTI JO CTPECOBHX YMHHUKIB Pi3HOI MPUPOAU. AMIHOKUCIOTH PO3IIISJAIOTH K OKPEMY
rpyny edekTuBHUX mpaiimyBanbHUX areHTiB (Gondek, Mierzwa-Hersztek, 2021). OcranHiMu pokamu y
IBOMY KOHTEKCTi 0COOJIMBO 3pocTae inTepec 0 edekriB L-tpunrodany. Bin € He nuiie BaxXIUBOIO MPo-
TETHOT€HHOI0 aMiHOKHCJIOTOIO, a i KIIFOUOBUM IOINEPEAHUKOM KiTBKOX CHOJIYK 3 TOPMOHAJIBHOK aKTHB-
HICTIO — ayKCUHY, CEPOTOHIHY 1 MEIAaTOHIHY, & TAKOX JICSKHX CIIOJYK, 10 OepyTh y4acTh Y 3aXUCTI poc-
JIMH BiJl IATOTCHIB 1 IIKIIHUKIB — 1HIOJILHUX TJTFOKO3UHOJATIB Ta (iToanekcuny kamanekcuny (Corpas et
al., 2021; Wang et al., 2025). Bonnouac TpuntodaH 3Ha9HO JEMIEBIINH 1 TOCTYMHIIINI ISl TPAKTUIHOTO
3aCTOCYBaHHS MOPIBHIHO 3 MeNaToHiHOM Ta iHmuMH @ AP, 0 MOXyTh CHHTE3yBaTHCS 3 HBOTO. Y J0C-
JKEHHX, TPOBEICHUX Ha Psilli KyJIBTYPHHUX POCIIHH, MOKa3aHWH MO3UTUBHUN BIUIMB MPAMMIHTy HaciH-
Hs1 200 domiapHOT 0OPOOKHM POCITUH HA PICT 1 MOKA3HUKU MPOAYKTUBHOCTI 32 CTPECOBUX YMOB Pi3HOT NpH-
poau (Rao et al., 2012; Hozayn et al., 2020; El-Tanahy et al., 2024; Liu et al., 2024). OaHak y 1ux J0CJIi-
JOKSHHSX OIIHIOBAJIHCS ITEPEBaKHO iHTErpasibHi (hi31010TI9HI MTOKa3HUKH (TIepPeIyciM PIiCT i MPOAYKTHUB-
HICTB), a He (DYHKIIOHYBaHHS CTPEC-IPOTEKTOPHUX cHUCTeM. Maibke He IOCHIPKEHUM 3aJUIIacThCs
BIUIMB TpHUNTO(aHy Ha MPOPOCTAHHS 3€PHIBOK XIIOHHMX 3IJIaKiB, y TOMY YHCII IMIIEHUII, 38 CTPECOBUX
YMOB.

V 3B’513Ky 3 BUKJIaJICHUM METOI0 pOOOTH CTall0 BUBYEHHS BIUIMBY NPANMIHTy HAaCiHHS 7iticum aes-
tivum (L.) TpunTodaHOM Ha MIPOPOCTAHHS 3€PHIBOK, PICT MPOPOCTKIB Ta HAKOIMYEHHS HAUMH OCMOIJIITIB,
BTOPUHHUX META0O0IITIB 1 MAPKEPiB OKHCHIOBAILHOTO CTPECY 32 YMOB MOJICIBHOT IIOCYXH — OCMOTHYHOTO
cTpecy, ctBoproBanoro [TEI" 6000.

B ekcniepuMeHTax BUKOPUCTOBYBAJIM 3€pHIBKM MIIeHMLI copTy Jlipa omechka, SKi mepea nIpopoLy-
BaHHSIM MpaiiMyBanu npotaroM 3 roa L-tpunrodanom B koHmeHTpamisx nianazony 10-500 MxM, 3epHiB-
KA KOHTPOJILHOTO BapiaHTa MPOTATOM BiJNOBITHOrO 4yacy oOpoOJsuTd AMCTHIILOBaHOIO Bojor. Hamami
3epHIBKHU BapiaHTIB 3 JII€I0 MOJIEJILHOI IIOCYXH MPOPOILyBaid Ha 12% po34yrHi HETPOHHUKHOTO OCMOTHKA
IIEI" 6000, 3epHiBKH BapiaHTa 0€3 CTpecy MPOPOIIyBalid HA JUCTUILOBaHIN Boxi. Uepes 24 1 48 roj oii-
HIOBQJIM 3arajibHy aKTHBHICTb aMila3H y 3epHiBKax. BigcoTOk mpopocTaHHs 3epHIBOK BU3HAYAIH yepes 2
1 3 mo0u BiJy MOMEHTY MOYaTKy TpopornryBaHHs. Uepe3 3 100 BU3HAYAIM TAKOXK BMICT OCMOJIITIB (Po3-
YMHHUX BYTJIEBOAIB i MPOJiHY), BTOPHHHUX METaboiTiB ((PeHOIBHUX CIONYK 1 aHTOLiaHiB) Ta MapKepiB
OKHCHIOBAJIBHOTO CTpecy (CYHNepOKCHUIHOTO aHiIOH-pajHKala, TiIporeH MepOKCHIY 1 MaJOHOBOTO Jliaib-
JIETiy) y MaroHax mpopocTKiB.

3a BixcyTHOCTI cTpecy Ha 2 1 3 100y excnepuMeHTy npopoctaino 94 1 96 % 3epHiBOK, a 32 MOJEIb-
HOT IIOCYXH LIl MOKa3HUK 3HIKYBaBCs 10 56 1 81 %, BianosigHo. O0poOka TpUNTOhaHOM B KOHIIEHTPA-
misx 50 1 200 MxM migBHIIyBaa MpOpOCTaHHs HaciHHA Ha 2 100y 1o 63 i 70 %, BignoBinHO, a Ha 3 700y
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i moka3HuKU craHoBmwiIn 85 1 88 %. biomaca mpopocTkiB 3a yMOB MOZEIbHOI nocyxu craHoBuia 43 %
BiJ] 3HaU€Hb KOHTPOJIIO, a 00poOka TpuntodaHoM B kKoHUeHTpaniax 50 i 200 MxM miaBuIyBana i noka-
3HHUKH 10 54 1 56 %, BIAIIOBIAHO.

3a yMOB OCMOTHYHOTO CTpPECY aKTHBHICTH aMilla3H y 3€pHiBKaxX 4epe3 24 Toj Bij MOYaTKy ix mpo-
pOILIYyBaHHS TPOXM MijBuIyBaiacsa. [Ipu npoMy npaiiMiHr TpuntodaHoM CHOPUYMHSIB IOJATKOBE IiJBH-
IIeHHA aKTUBHOCTI (hepMmeHTy. Uepe3 48 roj Bif MoYaTKy MPOPOITYBAHHS 3€PHIBOK OCMOTHYHHI CTpEC,
HaBIAaKH, 3HIKYBAaB aKTUBHICTH aMisia3y, a mornepeans o0poOka HaciHHS TpunTodaHoM, SK 1 B mepury J0-
Oy cmocrepekeHb, MiABHUIYBala aKTUBHICTh (hepMeHTy. CTpec MOAEIbHOI MOCYXH MPU3BOAUB 0 3MEH-
IIeHHS BMICTY PO3UMHHHUX BYTJIEBOJIB y maroHax. Bognouac o0po6ka Haciaas 50 1 200 MkM tpuntoda-
HOM BHUKJIMKaJla 3pOCTaHHS BMICTY I[KpiB Y aroHax Ji0 BEJIMYKH, IO MEPEBUILYBaIH HE JIUIIE 3HAYCHHS
BapiaHTa 3 OCYX0I0, a i KOHTPOJTIO.

Bwmict mponiHy y maroHax 3a yMOB OCMOTHYHOI'O CTPECY ICTOTHO 3pOCTaB, a IMorepenHs o0poOka
TpunTohaHOM oM’ SIKIIyBasa el edekt. 3a yMOB MOAEIBHOI MMOCYXH 3arajJbHUN BMICT PO3YMHHUX OiJI-
KiB y TMaroHax 3HIDKYBABCs, a MpaiMIiHT HaciHHA TpUNTOo(aHOM CIpHsB cTadimizamii BMicTy OiNKiB 3a
CTPECOBUX YMOB.

[Tocyxa crippumHsIa HEBEIHMKE IIIBHIICHHS 3arallbHOTO BMICTY (PEHOJNBHUX CIIOIYK Y ITaroHax.
O06pobka 50 MKkM po3urHOM TpUMNTO(haHy ICTOTHO HE BIUIMBAJA Ha IEH MOKA3HWK, a ITiJl BILTHBOM TIpai-
MiHTy HaciHHs TpuntodanoM B koHIeHTpauii 200 MkM BMicT (peHOTHHUX PEUOBHH 38 YMOB MOJENBHOI
MOCYXH JTOJATKOBO 3pocTaB. [li/l BIIIMBOM OCMOTHYHOTO CTPECy BMICT aHTOIliaHIB y IMaroHax 3MeHIITyBa-
Bcs BABivi. BogHouac nmonepeanst 00poOka HAaCiHHS TpUNTOhaHOM HAOJMKaja el TOKa3HUK J0 BETHYUH
KOHTPOJIIO.

3a yMOB MOJIENIBHOT TIOCYXH BiJI3HAYaJIOCs ICTOTHE IMOCHJICHHS TeHepallii CynepOKCHIHOTO paIiKa-
Jia 1 TIAPOTeH MEPOKCUIY, a TAKOX 3-pa3oBe 3poctaHHs BMicTy MJIA y maronax. OOpoOka HaCiHHsI TPUII-
To(aHOM CIPUYHHSAIIA ICTOTHE 3HWKEHHS BEJTMYMH BCiX TPhOX JAHUX MAapKePiB OKHCHIOBAILHOTO CTPECY.

Takum 4MHOM, MpaWMIHT HACIHHS MIICHUII TPUNTO()aHOM MiJBUIIYBaB MOKA3HUKH HOTO MPOPOC-
TaHHA 1 MOCUITIOBAB PICT MPOPOCTKIB 32 YMOB OCMOTHYHOTO cTpecy. Taki eekTH, HMOBIpHO, TIOB’sI3aHi 3i
CIIPUYMHIOBAHUM TPUNTO()AHOM IiBUIICHHS aKTHBHOCTI amilla3W y 3epHIBKax 1 MiJCHICHHIM HaKOIH-
YeHHs IyKpiB y naroHax. [103uTHBHUIA BIUIMB TpunTodaHy Ha MPOPOCTaHHS HACIHHS 32 YMOB OCMOTHY-
HOT'O CTPECY TaKOXX MOXKe OyTH OB’ sI3aHUH 31 3pOCTAHHSAM 3araJlbHOTO BMICTY PO3UYMHHUX OLJIKiB Ta 30e-
peKeHHSM Iyny anTouiaHiB. O0poOka HaCiHHS TPUNITO(GAHOM TaKOX 3HAYHO 3MEHIIYBaJIa MPOSIBH OKHC-
HIOBAJILHOTO CTpPECY, CIPUYMHIOBAHI JIi€f0 MOCyXH. JIisi po3yMiHHS MEXaHi3MiB BIUIMBY MpaiMiHTy Ha-
CIHHS TPHIITO(GAHOM Y TOAANBIINX JOCITIDKEHHAX KOPHCHIUM MOKe OyTH BH3HAUCHHS €HIOTCHHOTO BMic-
Ty HMOBIpPHUX MPOJYKTIB HOTO TIEpeTBOPEHHS (ayKCHHIB, CEPOTOHIHY i MENaTOHIHY) B 3epHiBKax i1 opra-
HaX MPOPOCTKIB.
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CKPHUHIHI IOCYXOCTIMKOCTI BUJIB I I'IBPUIIB POJIUHU MAGNOLIACEAE
JUSS. 3A KCEPOMOP®HUMHU O3HAKAMU ACUMUIAIMIMHOI'O ATIAPATY
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Pocnuan ponnun Magnoliaceae Juss. 3aBASKH CBOIM BEJIMKAM KBITKaM Pi3HOMaHITHUX KOJBOPIB,
HE3BUYAHHUM JIMCTKAM Ta SICKPaBO 3a0apBIICHUM ILI0aM IPUBEPHYJIH yBary JIOAWHU IIe KiJbKa CTOJITh
ToMy. PaHHe 1 TpuBane mBiTiHHSA, MIOPiYHE PSICHE 3aKJIAJaHHS KBITKOBHX OpYHBOK — O€3yMOBHA IepeBara
MarfHomi y maHmmadTi, OO BH3HAYAE€ IXHIO BHCOKY IIHHICTh I JaHAMA(THOTO JAH3ANHY
(Ponomarenko, Ponomarenko, 2015). Onnak, He3BaXkar0uM Ha 3HAYHUHN JACKOPATHBHUI MOTEHIIIA] Mar-
HOJIIH, HEOCTAaTHS KUTbKICTh HAYKOBHX JAHWX IIOAO iXHBOI €KOJOTIYHOI CTIHKOCTi, 30KpeMa B YMOBax
ypOaHi30BaHOTO CEPEIOBUINA, YCKIATHIOE IPOTHO3YBAHHS YCIIIITHOCT] iIHTPOAYKINT Ta aKTyali3ye AOCIHi-
JOKCHHS, TIOB’si3aHi i3 TOIIYKOM i1H(QOPMAaTHBHUX KpPUTEPIiiB aJanTUBHOTO IMOTEHIaly IMX POCIWUH
(Sjoman et al., 2018).

BuBueHHS 03HaK BHUIOBOTO Pi3HOMAHITTS KOJEKINH AeHIpapiiB Ta OOTaHIYHHUX cajiB 9u iX KOMOi-
Halliif, 32 SKUMH MOKHAa BU3HAYWUTH TOJEPAHTHICTBH JI0 TOTO YW IHIIOTO CTPECOBOTO YMHHUKA, Ma€ BHUPI-
nrajbHe 3HAYEHHsI Ui cTpareriuHoi auBepcudikamii micbkux nanamadtiB (Hirons et al., 2021). Pi3Ho-
MaHiTHI Mopdooriuni, izionorivni, GEeHONOTIUHI Ta 1HII XapaKTEPUCTUKU POCIUH, TOOTO (yHKITIOHA-
JBHI O3HAKH, SIKi BiIOOpaXXyIOTh iX cTpaTerii pocTy, pO3MHOXKEHHS Ta BW)KHBAHHS, PEaKIlil0 Ha 3MiHY
YMHHUKIB JOBKULIS, BIUIMBAIOTH HAa IPOLECH JKUTTEBOTO IMKIY, BUKOpUCTaHHA pecypciB Tomo (Li,
Prentice, 2024). Takox (pyHKI[IOHATBHI O3HAKHU € HEBi €MHUM iHCTPYMEHTOM JUJIsl IPOTHO3YBAHHS peak-
11ii Ha YMHHUKY JOBKULIS B YMOBaX TII00ANBHAX 3MiH KiiMary. OJHUMH 13 TAKUX I[IHHUX 03HAK € MOPQo-
JIOTO-aHATOMIYHI OCOOJIMBOCTI JTUCTKIB, SIKi MOXKYTb OyTH BiJIOOpa)KEHHSIM CTIHKOCTI POCIHH JI0 TTOCYXH
Ta IHAMKATOPaMU YyTIMBOCTI BUIIB JI0 3MiHHU KJTIMaTy, a iX po3yMiHHS Ta BUKOPHCTAaHHS CIpUITAME 30e-
PEXKEHHIO POCIIMHHOTO PI3HOMaHITTS B MaitOyTHROMY (Valliere et al., 2023).

O06’extamMu TocTipKeHHS OyIu pociauHu poxiB Liriodendron L. ta Magnolia L. 3 xonekuii Hario-
HaJILHOTO JieHpororiuHoro napky «CodiiBkay HAH Ykpainu, 3-momixk HUX BiciM BuaiB — Liriodendron
tulipifera L., Magnolia cylindrica E.H. Wilson, Magnolia denudata Desr., Magnolia kobus DC.,
Magnolia liliiflora Desr., Magnolia officinalis Rehder & E.H. Wilson, Magnolia salicifolia (Siebold &
Zucc.) Maxim. 1 Magnolia stellata (Siebold & Zucc.) Maxim — Ta aBa riopunu: Magnolia * kewensis
Pearce i Magnolia x soulangeana Soul.-Bod. BuBuenns: Mop¢onoro-aHaTOMIYHUX XapaKTEepUCTHUK JIHCT-
KiB TIPOBOJMIIM HA MOPQOJIOTIYHO 3pUINX JTUCTKAaX, BiAiOpaHMX i3 MiBJEHHOTO OOKY CepeaHbOI YaCTUHU
KpOHU pociuH. [Lnomry TUCTKOBOI MTACTHHKY BU3HAYAIH BATOBUM METOAOM. [1Jisi BUBUEHHS TIPOIUXOBO-
TO arnapary BUTOTOBIISUIM €IiiepMalibHI BiIOUTKH abaKcianbHOI MOBEPXHi 3 BUKOPUCTAHHIM 0€30apBHOTO
kocMmeruuHoro jaky (Wu, Zhao, 2017). Ornsan BigOUTKIB NMPOBOAMIM 3 BUKOPHUCTAHHIM MIKpOCKOIA
Levenhuk MED 25T, ob6nagnanoro nudposoro kameporo 5,1 Mm, npu 36insmensi X100 ta x400. Bumi-
proBanHs npoBoawin y nporpami LevenchukLite. /lo yBarm Opanmu Taki KUTBKICHI TOKAa3HUKH: ILIOIIA
MPOJMXiB, MUIBHICTH MPOJUXIB Ta €MiJIepMAILHUX KIITHH Ha OJMHHMINIO TUIOIII a0aKCialbHOI MOBEPXHI
JIMCTKIB. Y Ci BUMIpIOBaHHS Malu 25-pa3oBy NMOBTOpHicTh. [lnomy nponuxis BU3Ha4YamM K A00yTOK J0-
BXKHHH 1 IIUPUHH NPOJIUXIB 3 BpaxyBaHHIM KoedillieHTa mponopuidHocTi, orinenoro B 0,8071 s poc-
nuH Magnoliaceae (Yan et al., 2025).

[Inoma TMCTKOBOI MIACTUHKH Y IOCIIIKYBAaHMX POCIMH BapiloBajia B IIMPOKHX MEXax — Bij
15,0 cm? o 347,1 cM?. Y TOpsAIKY 3MEHIICHHS 3HAYCHb MOKA3HHWKA BHIIM PO3TAIIOBYBAJUCS TAKUM YH-
HoMm: M. officinalis (347,1 cM?) > M. denudata (138,9 cm?) > L. tulipifera (77,7 em?) > M. cylindrica
(55,6 cm?) > M. x soulangeana (54,4 cm?) > M. % kewensis (41,1 cm?) > M. liliiflora (34,8 cM?) > M. kobus
(34,3 ecm?) > M. salicifolia (31,4 cm?) > M. stellata (15,0 cm?). Ockinbku 301IbIIEHHST MOPYOMETPHYHHX
napaMeTpiB JIUCTKIB 3HIKYE €(EKTHBHICTh BOJOKOPHCTYBAaHHS, BHIU 3 OLIBIIUMH PO3MipaMH JIUCTKIB
MOXYTh HOTpeOyBaTH IHTEHCHUBHILIOIO 3BOJIOKEHHS Ul MiATpUMaHHs Qizionoriyaux npouecis. Orisa
(GyHKLIOHANBHUX O3HAK JHCTKa, mpenacrasieHudl A. Roth-Nebelsick ta M. Krause (2023), y3aransHuB
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B3a€MO3B’13KH MOP(OJIOr0-aHATOMIUYHUX 1 O10METPHUYHHUX TTOKAa3HUKIB JUCTOBOI MJIACTUHKH 3 €EKTHBHi-
CTIO BUKOPHCTAHHS PECYPCIB, TAKUX SK CBITIIO, TEIUIO, BOJA, BYTJICKHCIHI ra3 TOIO. 30KpeMa, Bill po3-
Mipy JIMCTKIB 3aJISKUTH JOCTYIHICTh BOJH, aJKe 32 OJHAKOBUX YMOB JIMCTKH 3 MEHIIOIO TTOBEPXHEBOIO
TUTOILIEI0 MOXKYTh BTpavyaTH MEHILIE BOAM Ha NMeBHUM ¢ikcoBanuit 06’eM COs.

[Tnoma mpoauxiB KOCIIPKYBAaHUX POCIWH BapitoBaia B jmiana3zoHi Bix 397 mxm? mo 1807 mxm2. 3a
MM TIOKa3HWKOM BHJAW PO3TAlIyBAIHCA y TakoMmy mopanky: M. xsoulangeana (1807,0 mMxm?) >
M. denudata (1163,7 mxm?) > M. cylindrica (846,2 mxm?) > M. xkewensis (802,5 mxm?) > M. stellata
(786,9 mxm?) > M. liliiflora (741,3 mxm?) > M. salicifolia (685,1 Mmxm?) > M. officinalis (634,2 Mkm?) >
M. kobus (471,2 mxm?) > L. tulipifera (397,1 Mmxm?). 3a miTepaTypHUMH JaHUMHU IpiOHI POTUXH 3 BHCO-
KOIO IIUTBHICTIO iX pO3TallyBaHHA Ha JUCTKY B YMOBaX HeCTadi BOJIOTH CIPHUAIOTH IHTEHCHBHIIIOMY Ta-
3000MiHYy, MOCWIIIOIOTH TPaHCHipaliiiHe OXOJOMKEHHS Ta MiIBUIIYIOTH MIBHAKICTH Peaklii pOCIHH Ha
CTpec, 30KpeMa LUIIXOM 3aKpUTTS MPOAUXIB y BiANOBIAb HA MOCYXy. B yMOBax 10CTaTHHOTO 3BOJIOKEHHS
POCIIMHH 3 OUTBIIMMHE TIPOAMXaMH Ta MEHIIIOIO 1X KiJBKICTIO Ha OJWHHITIO TUTOIII JINCTKA 31aTHI BUTpada-
TH MCEHIIIE €Heprii Ta MIaCTUYHUX PeYOBHMH Ha (GopMyBaHHS 1 QyHKIIOHYBaHHS MPOIAMXOBOTO amapary,
3a0e3Meuylour BOJHOYAC BUCOKY HIBHJIKICTh acUMUIALII Byriekucioro ra3y (Carlson et al., 2016). 3Ba-
JKAIOYHM Ha B3a€MO3B’S30K MK BTPATOI0 BOIM Ta XapPAKTEPUCTUKAMH IPOANXOBOTO amapary, IIUIBHICTh
MPONXIB BBAKAETHCSA OAHICI0 3 BAKIMBUX EKOJIOT0-0i0JOTIYHUX ITOKA3HUKIB CTIHKOCTi, 0COOIHBO B
ymoBax nedinuty Bojoru (Groza et al., 2013). CepenHs miIbHICTh MPOIUXIB HA a0aKCialbHINA MOBEPXHI
JUCTKIB y POCIMH IOCIiIPKEHUX BHUIIB cTaHOBWIa 193,2 mr./MM? 3a KIIBKICTIO MPOJUXIiB HA OJWHUIO
TUTOMII JINCTKA 00’ €KTH JOCTIHKEHHS PO3TAIIOBYBAINCS B TaKOMY TOpsAAKY: M. cylindrica (269 mr./mMmm?)
> M. kobus (267 wt./Mmm?) > M. officinalis (257 mr./mMm?) > M. Xkewensis (250 wr./mm?) > M. salicifolia
(241 wr./mm?) > M. stellata (228 wr./mm?) > M. liliiflora (160 wr./mm?) > M. denudata (100 mt./Mmm?) >
L. tulipifera (96 mr./mm?) > M. xsoulangeana (67 mt./Mm?). HalimeHII CTIHKAME B MOCYIIUTHBI MTEPiOaH
BB2)XAIOTh POCIIMHH 3 BETUKUMH MPOJIUXaMH Ta HU3BKOIO IIUTBHICTIO iX pO3TallyBaHHS Ha JIMCTKAX.

3a MOKa3HUKOM LITFHOCTI emiiepMatbHUX KIITHH TOCTIKYBaHl BUJH Ta FOPHIN 3TPyHOBYBaJIHCS
y Taku#t psaxa: L. tulipifera (706 mr./mm?) > M. salicifolia (483 wr./mm?) > M. officinalis (470 mt./Mmm?) >
M. stellata (459 wr./mm?) > M. cylindrica (421 wt./Mmm?) > M. x kewensis (352 mt./Mmm?) > M. kobus (312
r./mMm?) > M. liliiflora (282 wt./Mmm?) > M. denudata (232 mr./Mmm?) > M. xsoulangeana (152 mr./Mmm?).
[ligBuIieHa MinbHICT eMiepMaNbHUX KIIITHH Y TIO€AHAHHI 3 MEHIIIOIO TUIOIIEIO JTUCTKOBOI IUNIACTHHKH Ta
BiJIHOCHO BHCOKOIO IIUIBHICTIO TMPOJANXIB MOXKE PO3IIIAATHCS SK OIHA 13 CKIAJOBUX KOMIUIEKCY O3HAK
KcepoMop(dHOCTI.

BusiBniena nudepeHiialiis 3a IO JIMCTKOBOI IIACTHHKY, PO3MIPOM 1 IIUIBHICTIO MPOIUXIB Ta
IIUTBHICTIO eTiJIepMalbHAX KINTHH Y POCIUH poAiB Liriodendron ta Magnolia, imoBipHO, BimoOpakae
Pi3H1 eKOJIOTIYHI cTpaTerii PYHKIIOHATBHOTO MPUCTOCYBAHHS JOCHTIHDKYBAHUX POCIIHH JIO PallioHATBHOTO
BUKOPUCTAHHS BOAH. 32 YMOB JIe(ilIUTy BOJOTH MMOBIPHICTH OUIbII €()EKTUBHOTO BHKOPHUCTAHHS BOJIH
xapaktepHa Jutst pocnuH M. kobus ta M. salicifolia, a1 TO€MHYIOTh Y KOMIUIEKCI TaKi O3HAKH, K HEBEJIH-
Ki pO3MIipH JIMCTKIB, MaJIi 3a TUIOIIEIO MTPOAMXHU Ta BUCOKY 1X MIUTFHICTH Ha OJMHUINIO TIOBEPXHi. AHaTOMI-
YHI 03HaKU Me30(ITHOrO TUITY JIMCTKA PUTAMaHHI pociauHaMm M. Xsoulangeana ta M. denudata, mo nia-
TBEP/PKYETHCSI HAMEHIIO IIUILHICTIO MPOJIMXOBOTO anapaTy Ta HalOimeImmmMe Horo po3mipamu. Kom-
TUIEKCHUI aHalli3 BUSBIEHUX aHATOMO-MOP(OIOTIYHIX OCOOIMBOCTEH CBIIYUTH MPO AOIIIBHICTH X BH-
KOPUCTaHHS K 1HQOPMATUBHHUX KpPUTEPIiB OI[IHKK aJalTUBHOTO TMOTEHIaly PpOCIWH pPOJWHH
Magnoliaceae B ymoBax kiiMatu4HOi apuam3aiii. BogHoUac octaToyHe BCTAHOBJICHHS PIBHIB IMOCYXOC-
TIHKOCTI OKPEMHX TAaKCOHIB MOTPEOYE 3aIyueHHS KOMILIEKCY (i310710r0-010XiMi4YHMX MOKa3HUKIB Ta MPO-
BECHHS 0araTopiyHUX MOHITOPUHTOBUX CIIOCTEPEIKEHb.
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IHTEI'PALIIS TIPUPOAHUX PEI'YJISITOPIB POCTY TA HAHOMATEPIAJIIB IK
CTPATEI'TA HIABUIIEHHSA CTIMKOCTI 3BEPHOBUX KYJIBTYP 10 CTPECY
BAKKHUX METAJIIB

I. B. Kocakibcokal, JI. B. Boiitenxo?, M. M. Illep6aTiok’!, B. A. Baciok!?

Incmumym 6omanixu im. M.I'. Xonoonoeo HAH Ykpainu
Kuis, Yxpaina

Beryn. 3abpynnenns 6iocdhepu Baxxknmu Metanamu (BM) € ofHi€r0 3 HAUTOCTPIMIAX €KOIOTITHIX
Mpo0OJIeM CydacHOTO 1HIyCTPIaIbHOTO CBITY, IIO 3arpoKye Oe3meri rio0albHOro JIAHIIOTa TOCTadyaHHs
Xap4yoBUX NpoaykTiB. EkoTokcukanTH, Taki sik cBuHenp (Pb), kanmiit (Cd), mumr'sk (As) i xpoum (Cr), Bu-
KJIMKAIOTh MYyTareHHi, T€HOTOKCUYHI M IIMTOTOKCHYHI €(PEeKTH, iCTOTHO MOTIPIIYIOYH PICT 1 PO3BUTOK
CTpaTeriuHuX 3epHOBHX KYJNbTYp — MIICHUI, pUCY, KyKypya3u Ta samento (Vasilachi et al., 2023). ®ito-
TOKCHYHA it BM mposBisieThCsl y MPUTHIYEHHI POCTY KOPEHIB, 3MEHIIIeHHI 6i0MacH, pO3BUTKY XJIOPO3iB
1 HEKpO3iB, a TAKOXK Y 3HWKEHHI (PepTHUIFHOCTI MHUJIKY Ta 3arajibHOi MPOAYKTUBHOCTI 3epHa. Ha ¢izioo-
rivHOMy piBHI BM CcyTT€BO MPUTHIYYIOTh (DOTOCHHTETUYHY aKTHBHICTh: 3HI)KYIOTh iIHTEHCUBHICTH T'a30-
00MiHY, TOPYIIYIOTh TPAHCIIOPT EIEKTPOHIB Y POTOCHCTEMAX Ta aKTHBHICTH (hepMeHTiB ukiy KanbBiHa,
3okpema RuBisCO. lonn BM 3natHi 3amityBatu nentpansauii ion marniro (Mg?") y nopdipunoBomy Ki-
JBI XJ0podiTy, 10 MPU3BOIUTH 10 Aerpadamii mirmentie (Riyazuddin et al., 2021). Ha monexynspaomy
piBHI TOKCHYHHI TPECHHT 3YMOBIIO€ JECTPYKIiI0 MeMOpaH THJIAKOiMiB, BUKIMKAE 3MIHA Yy MUIAXaxX
MAPK-curnaninry, nopyuiye BHyTPilIHbOKTITHHAKI posnoain Ca’" Ta iHayKye rinepnpoayKIio akTHB-
HuX (opMm kucHio (ADK). Hakonmmuennss A®K iHimitoe nepekncHe OKUCHEHHS JIMiJiB Ta pyHHYBaHHS
KIITHHHAX MeMOpaH, MapKepoM YOTO € 3HAYHE 3POCTaHHs piBHSA ManmoHoBoro auanbiaerinay (Kosakivska
etal., 2021).

B3aemonis ¢itoropmoniB Ta nanomatepianis. J{s miHiMizanii wkigmuBoi aii BM y pocnuaHO-
My Oprasi3mi (OpMYyIOThCS KOMIUIEKCHI 3aXMCHO-aJaNTalliiiHI peakilii, KIFOUYOBY pOJIb Y SKHX BiIlirpae
eHjioreHHa ¢itoropmoHanbpHa cuctema. Adcumzosa kuciora (ABK), aykcnnu, rioepenian (I'B), nutoki-
ninu (1K), caninunosa kuciora (CK), 6pacunocrepoinu (bC) Ta sxacmonatu (JKK) koopauHyroTs MeTa-
OoJriuHe mepenporpaMyBaHHs Ha BCix eranax oHToreHesy (Rahman et al., 2023). HoBiTHBOIO Ta BUCOKO-
e(heKTUBHOIO CTpATETIEI0 3aXMCTY 3JIaKiB € BUKOpUCTaHHS HaHOMarepianiB (HM) sk curHanbHUX areHTiB,
MOJYJISITOPiB TOPMOHAIBHOIO MyJTy Ta CHCTEMHUX HAHOHOCIIB JUIsl aipeCHOi 1 MPOJOHTOBAHOI JJOCTABKH
OioakTuBHUX cnoiyk (Riyazuddin et al., 2025).

Bzaemoniss HM Tta ¢itoropmoHiB 3a0e3neuye noTyXHUH cuHepriuHui epext. OCHOBHUMHU TEXHO-
JIOTIYHUMH TIiX0IaMH € HaHO-TIpaiMiHT (TiepeArnociBHa 00poOKa HACiHHS B KOJIOiTHOMY PO3YHHI 3 J0/1a-
BaHHSIM PETYJIATOPIB POCTY), MO MiABHIIYE cXoxicTh Ha 10-20 % Ta domiapHe oOMPUCKYBaHHS POCIUH
(Hano-apMopuHT) v KpuTH4Hi (a3u onroreHesy (Wu et al., 2024). Heopraniuni Hanowactuaku (HY) ok-
cuaiB meraniB (ZnO, TiO,, CeO,, Fe;04) Ta HaHOXENATH BHUCTYMAIOTH HKEPElaMi HEOOXiTHUX MIKpoe-
JIEMEHTIB, sKi € Ko(hakTopamMy aHTHOKCHJAHTHUX (PEPMEHTIB — CYNEPOKCHIIUCMYTa3H, MEPOKCHIA3U Ta
karanasu (Riyazuddin et al., 2025). Kpim Toro, HY 3nathi iMmMo06inizyBaru ionn BM y puzocdepi mus-
XOM IpsAMOi afcopO1ii, OJIOKYI0UH 1X MOTTIMHAHHS Ta TPAHCIOKALIIO MO KCHJIEMi 0 Ha/l3eMHHUX OPraHiB i
3epHa.

AOCIHM30Ba KHCJIOTa Y HAHOMOYJIbOBaHUX KacKajaax 3a0e3Ieuye IIBH/IKE 3aKPUTTS MPOAUXIB, 00-
Mexyroun nacuBHuil BuHOC BM. 3acrocyBanns Si HU Ta HaHO-Hynb-BajeHTHOrO 3amiza (nZVI) minBu-
mrye piBeHb enaorenHoi ABK y 3nmakiB Ha 45 %, akTuBYyr0uM ekcnpecito reHiB-tpancnoprepisB OsHMA?2 i
OsHMA3, siki BIAMOBINAIOTH 32 CEKBECTpallit0 MeTamiB y kopeHsx (Ghouri et al., 2024). AykcuHoBuI TO-
MeocTas, npurHidenuii aiero BM depes akrusaitito IOK-okcumasu, epekTUBHO BiTHOBIIIOETHCS 3a JIii HU-
3pKkuX 103 HY ZnO Ta Se, sKi CTHMYIIOIOTH €KCIPECito TeHiB OiocuHTe3y aykcuHiB pogunu YUCCA. Me-
30MIOPHUCTHI KpeMHe3eM 3a0e3reuye mocTynoBe BuBLIbHeHHs ek3oreHHoi 10K, 3anobiraroun ii gerpama-
11 i1 BILIMBOM OKUCHIOBAIBHOTO cTpecy (Sharma et al., 2022).

Monynsnis myiy ribepeliHiB Ta IIUTOKIHIHIB IiJ] Ti€0 HAHOCUCTEM € KPUTHYHOIO JUTS BiTHOBJICHHS
pocToBuX mporeciB 31akiB. Ek3orenna ridepenosa kucnora (I'Ks) y xom6inauii 3 H4 CeO,, ZnO ta TiO;
MiHIMI3y€ HACIIJIKH OKHCHIOBAJILHOTO MPECHHTY, MOCUIIIOE HAKOIMYEHHS 0ioMach Ta ()OTOCHHTETUYHY
aktuBHicTh (Iftikhar et al., 2020). Lurtokininu nix BmmBoM HY Ag ta xomiutekciB ZnO/SiO; 3MiHIOIOTh
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npodine ekcrpecii reniB curHaiinry (ARR7, ARRI5) Ta miABHLIYIOTH PiBeHb CTPEC-acoLiiOBaHOTO YucC-
3eaTnHy, o cTadlIi3ye KIITHHHI MeMOpaHu Ta 3aTpuMye ctapinHs TkaHuH (Vinkovié et al., 2017).

Bupaxenunii cuHEepri3M BCTaHOBJICHO IS CATIIIIIOBOI KHCIIOTH, OPaCHHOCTEPOIIIB Ta KAaCMOHATIB
3 Hanomatepianamu. Kom6inamiss CK 3 HU ZnO a6o SiO; peryiitoe peioKc-CTaTyc KIITHH, IIOCUIIIOE aH-
TUOKCUIAHTHHUN 3aXUCT Ta 3HWXKYe akyMmyisnito Cd ta As y HaJ3eMHUX OpraHax uyepe3 3MillHeHHS KIIi-
TUHHUX CTiHOK KopeHiB (Muhammad et al., 2025). ByrieneBi HaHOMaTepiaiw, 30KpeMa OJHOCTIHHI BYT-
neuesi HaHOoTpYOkH (SWCNT), BiAKpHBaIOTh PEBOIIOLIIHI IEPCIIEKTUBY B T€HHIN iH)KeHepil 37aKiB, 3a-
Oe3neuyrodr TOYHY, HETpaBMaTH4HY JocTaBKy komroHeHTiB cucremu CRISPR/Cas, JIHK ta PHK kpi3b
JKOPCTKY KIIITHHHY CTiHKY Oe3 iHTerpamii B SiAepHUil TeHOM, IO JO3BOJISIE OTIEPATHBHO CTBOPIOBATH BHU-
COKOCTIHKI (hopMHU pOCITHH.

OcHoBHI MexaHi3MH HAHO-(ITOMOAYJIANII BKIIOYAIOTh:

¢  MoJekynasipHO-TeHEeTHYHE MEPeNpPorpaMyBaHHs: HAHOCUCTEMH Yy MOEJHAHHI 3 (iToropmMoHa-
MU BHCTYTAIOTh TPUTEPaMH eKCIIpecii KIF0YOBUX TeHIB CTiiKocTi. 30kpema, kKoMOiHaIlli HaHOYa-
CTHHOK 13 OpacuHOCTepoigamMu Ta xacMoHaTamu (4yepe3 peuentopHuii kommiekc SCF-COIl-
JAZ) 3naTHi Ha MOJIEKYJIAPHOMY piBHI OJIOKYBaTH HaJXOJ)KEHHS TOKCHKAHTIB IIUIIXOM CYTTEBOTO
3HIDKEHHS TPaHCKpUIIIii reHiB-TpancnoptepiB BM (OsHMA2, OsHMA6, OsNRAMPS) ta BinHO-
BIIOBATH 10HHUI TOMEOCTAa3 Yepe3 aKTHBAIIil0 MPOTOHHUX oMM i reHa OsIRTI.

o @iziosoro-oioxiMiuHMIl peTOKC-KOHTPOIb Ta MeTadodi3M: cyMmicHe 3acTocyBanas HUY (SiOs,
Zn0O, Se 3 CK, BC ta XK) 3a0e3mnedye TpruBaidy MpojoHTOBaHy aeTokcukaiito ADK gepes akTu-
BaIlito ¢pepmeHTiB anTHOKCcHAaHTHOTO Kackany (CO/, KAT, IO, APX), crabimizamiro ¢oTtocu-
HTETUYHUX MITMEHTIB Ta iHTeHcH]iKamito HEeHIIMPOnaHoiTHOTO IUISIXY JJIsl HOCHICHOTO CUHTE3Y
(eHoNiB Ta HIABOHOIMIB.

o bap'epua immo0inizaunisi: onTrMi3oBaHi HAHOCTPYKTYpH (BKITFOYar0un Oi0CyMICHI MaTpHIli, Taki
SK XiTO3aH) CHPUSIOTh aKyMYJISmii Ta 3B'SI3yBaHHIO i0HIB BM y KIITHHHUX CTIHKaX KOpPEHEBOL
CHCTEMH, PaJUKaIBHO 3MEHINYIOUH iX MACHBHY TPaHCIOKALIIO [0 KCHIIeMi Ta (yioeMi Ta 3HUXKY-
toun BMicT Cd, Pb ta Cr y renepaTuBHuX opranax i nospinomy 3epHi Ha 30-80%.

Iincymku Ta nmepcnekTuBHU. 3abpynHeHHS arpoekocucteM BM Ta MeranoigaMy 3allUIIA€THCS
KPUTUYHUAM BHKJIMKOM JUISI CBITOBOTO CiJIbCHKOTO TOCTIOJAPCTBA, 0 0€3M0CepeHbO 3arpoiKye SIKOCTI 3e-
PHa Ta 3710poB't0 JtoAcTBa. Ha OCHOBI cCMCTEMHOT0 aHali3y JIiTepaTypy AOBEIEHO, 0 eeKTUBHUM 1 €KO-
JIOTiYHO Oe3MeYHNM TPEeHIOM CydacHOi ¢itodizionorii Ta arpo0iOTeXHOJOrI] € CHHEpriyHa iHTerparis
NPUPOJHUX PETYIATOPIB POCTY Ta HAHOMATEPialiB.

Hes3Bakatoun Ha OYeBHMIHMN MOTEHIad HaHO-(QiTOMOMYINAUil (BKIIOYAOUM JIOAATKOBI ePEeKTH
3HIDKEHHS 3QJIMIIKIB MECTUINIIB Ta HIBEIIOBaHHS CTpecy Bij mimBuiieHoro BMicty CO»), mepiiodepro-
BUM 3aBJIaHHSIM 3aJTUIIAETHCS BUBUEHHS 3aKOHOMIPHOCTEH TepexXpecHOi B3aeMOJIl MiX OKpEMUMH TOp-
MOHAJIbHUMH IIIISIXaMU 32 JIii pi3HUX KJIaciB HAHOYACTHMHOK. HeoOXiIHO 30cepeiuTH 3yCHILIS Ha Tepexo-
i BiJ[ JTaOOpaTopHUX MoJielel (CYCIIeH31MHIX KyJIbTyp Ta TIPOPOCTKIB) /IO TPUBAIUX ITOJBOBUX BHIIPOOY-
BaHb, OIIHKH JIOBrOCTPOKOBOI eKkoTokcnyHOocTi HY y rpyHTI Ta craHmapTu3aiii m03 Ui 3amodiraHHs
NposiIBAM HAHOTOKCUYHOCTI. P0o3po0ka KoMepIiiHIX IHTErpOBaHUX HAHOMpENapariB Ha OCHOBI (iTorop-
MOHIB € MariCTpaJbHUM IUISIXOM JIO CTAJIOr0 €KOJIOTTYHOro 3eMjIepo0OCTBa Ta rapaHTyBaHHS MPOJJI0BOJIb-
4oi Oe3MeKr B yMOBaX TII00ATbHUX KITIMATUYHHUX 3MiH.
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OPI'AHI3M SIK CUCTEMA KJIITUHHUX HOIYJISAIIIN: ITACTHYHICTD
KJIITUHHOI'O TEHOMY TA HOI'O POJIb B ITPOLECAX AJAIITALIII POCJINH

B. A. Kynax

Incmumym monexynapuoi 6ionoeii i eenemuxu HAH Yxpainu, m. Kuie, Yxpaina,
e-mail: kunakh@imbg.org.ua

VY nonogizi Oyae po3risiHyTO BIACHI Ta Cy4acHi JIiTepaTypHi AaHi PO MiHJIMBICT TEHOMY COMAaTH-
YHUX KJITHH POCIWH B OHTOTEHE31 y Tporieci MudepeHIliioBaH S 1 B MEPUCTEMAaTHYHUX KIIITHHAX, 3aJIEK-
HICTh MPOIECIB MIHJIMBOCTI COMAaTHYHUX KJIITUH BiJl TEHOTUIY 1, 0COOJIMBO, BILUIMB HA IIi IPOIECH 30BHi-
IIHIX YMOB (YMOB 3pOCTaHHs). AHaIi3yBaTUMYTbCsl IPUYMHH, KIITUHHI 1 MOJIEKYJISIpHI MEXaHi3MH OHTO-
T€HEeTHYHOI MIHJIMBOCTI T€HOMY, BHHUKHEHHS TeHOTpOdiB Ta iXHI 0COOIMBOCTI, aIaTUBHICTh 3MiH, IO
BUHHKAIOTh, & TAKOXK MOXKJIMBICTh YCTIaJKyBaHHS HAOYTHX B OHTOTEHE31 O3HAK.

OOrpyHTOBYBaTHMETHCSI BUCYHYTE JIOINOBiIaueM IOJIOKEHHS MO Te, IO POCIMHA — I CHUCTeMa
KIIITHHHUX TOMYJISIiN, SKa XapaKTepU3YEThCsl TUIACTHYHICTIO CBOTO T€HO(OH/Y, B OCHOBI SIKOI JIC)KUTh
MIHJIMBICTh T€HOMY COMATHYHHUX KJIITHH, IO 3a B3aEMOJII 3 KIITHHHUM JOOOpOM 3a0e3redye aJarTHB-
HICTh POCIHMH SIK I[UTICHOTO OpPraHi3My i CTBOPIOE MOXIIMBICTH YCMaJKyBaHHs (IIepefadi HaIlagkaMm 3a
CTaTEeBOTO PO3MHOXKEHHS) aIaITUBHUX TEHOMHUX 3MiH, HA0yTHUX MPOTATOM OHTOTEHE3Y.

Byne naBeneno gaxTHaHUI MaTepian, KW CBIIYUTH PO TE, MO OLTBIIICTh TAKUX 3MiH € emireHo-
MHUMH, OCKUTBKH BOHH, OYEBHIIHO, HE 3a4iNarOTh T€HETUYHUN KOJI 1, Y TPUHINII, € 3BOPOTHUMH, IO
0c00JHMBO SICKpaBO BUSBIISIETHCS Y Tipoliecax AeAudepeHitoBaHHS — peau(epeHIIFOBaHHS.
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OIITHKA CTIMKOCTI COHSIIIHUKY 1O EMBELLISIA HELIANTHI (HANSF.)
PIDOPLICHKO HA THOEKINIMHOMY I10JIIT'OHI B ITOJIBOBUX YMOBAX

H. M. Kyrimesa, H. O. lllyrypoga, 1O. B. KpacHokyTcbka

Inemumym onivinux kynemyp HAAH Ykpainu, 3anopiscocs, YVrpaina,
e-mail: Kutishcheva20l7@gmail.com

Huni 30imbinyeTbest apean po3MOBCIOKYBAaHHOCTI emOenisii (Embellisia helianthi (Hansf.)
Pidoplichko). IlposBnseTscst xBopoOa Ha THCTKaX, cTeOaX, KOUIMKAX, YAIIOIHCTHKAX 1 MEMOCTKaxX y BU-
TSI CIOYATKy APIOHWX HEKPOTHYHHX IUISAM, IMi3HIIIE — JiaMeTpoM 10 2—3 ¢M, TeMHO-KOPHYHEBUX, 13
cBiTiimmMU kpasmu. Ha crebnax msimu Hepiko HaOyBalOTh BUTJISIYy HEMPABHIBHHUX €JIICIB JOBXKHHOKO
1-5 cm. Ilpu noganbpmoMy po3BHTKY XBOpoOH pociuHu AedopmyroTecs. XBopoOa paHime Oyna BKIroue-
Ha JIO TIepelTiKy KapaHTUHHUX 00'€KTiB A1 YKpaiHu.

[H(ikyBaHHS COHAIIHUKY MPOBOMAATH Y JTA0OPATOPHHUX Ta MOJHOBHX YMOBaX METOJOM IITYYHOTO
3apayKeHHsI POCIMHU Pi3HUMH TPUOHUMH 30yAHUKaMU. [CHYIOTH METOIM IITYYHOTO 3apa)KCHHS, SKi IU-
POKO BHKOPHCTOBYIOThCA Y (hiTOMATONOTII B 3aJIe)KHOCTI BiJl OCOONHMBOCTEH pPOCIMH-TOCIIOAAPIB Ta iX
30yIHHUKIB XBOPOO.

[IpoTe MeTOAMKY ITYYHOTO iH(IKYBaHHS COHSIIHUKA 30y THUKOM Embellisia helianthi B mob0BUX
yMOBax Ha Iieil Jac BiJCyTHi. Po3poOka MeToay mTydHOro iH(iKyBaHHS BETETYIOUYOI POCIHHU € BaXKIIU-
BOIO CKJIQJIOBOIO /ISl BUBYEHHS OCOOJIMBOCTEH PO3BUTKY ITATOTEHA Ta OIIHKW iHTEHCHBHOCTI YpasKeHHS
COHSIIITHUKY eMOECIi3i€r0 B MOJIhOBUX YMOBaX. JIabopaTopi€ro iIMyHITETY Ta 3aXUCTy POCIHH CIILIHLHO 3 Ha-
YKOBISIMU JlabopaTtopii cenekuii MixiiHiiHUX ri0puaiB conssmunka IOK HAAH, 6ymo po3pobieno me-
ToA IITY4YHOTO iH]iKyBaHH:A 30ynHUKOM Embellisia helianthi (Hansf.) Pidoplichko.

Hocnimai ninsHky 3akmagany y 2023-2025 pokax Ha MTYYHOMY iHPEKIIHHOMY TOJITOHI HAyKOBOT
cioamian IOK HAAH, mio rapantye noTpuMaHHSI KapaHTHHHUX Aild. [lpu mtydHomy iH}iKyBaHHI jaa-
HHM METOJIOM, ITPOBOAMIIN 3apKEHHSI POCIHHY Y (a3l Bereranii — 3—4 mapu CrpaBkHIiX JHCTKIB COHAII-
HUKY MilleNianbHOI0 cycnensiero 30yaauka Embellisia helianthi (Hanst.) Pidoplichko. s nporo nposo-
JIAITY 3apaKeHHS 3pa3KiB [UISIXOM PYyYHOTI'O pO3MMICHHS | MJI OTpUMaHOI CycIieH31l Ha KOXKHY JIUCTKOBY
TIOBEPXHIO POCIUHU. i1 pO3BUTKY iH(EKIIii CTBOPIOBAIM YMOBH MiIBUIIEHOT Boiorocti. st poro Ko-
YKHUH JTUCTOK OKPEMO HAKPUBAIH 130JIATOPOM 3 MEPraMeHTy, 10 JO3BOJISIIO M ATPHMYBATH BiJHOCHY BO-
noricte Ha piBHI 60—80 %, Ta HEe MIKOAUIO MOAANBLUIOMY PO3BUTKY pociuHU. Jlami 3ailicHIOBaJIM CIIOCTE-
PEKEHHS 32 PO3BUTKOM MilleianbHOl iH(eKIii Ha TUCTKOBIM MOBEPXHI Ta MPOBOAMIM OIIHKY Ypa)KeHHS
eMOeIizielo 3pa3KiB COHAIIHMKA Ha MOJaNbIINX (a3zax Bererarlii pociauH. BupiieHHS criop MpOBOAMIH
miciist ypaxkeHHs 2/3 nuctkoBoi noBepxHi. CTymiHb ypayKeHHS BU3HAYaJIM BIATIOBIIHO 10 pO3pOOIEHUX B
IOK HAAH napawmeTpiB: 310poBa pocinHa — ypakeHHs BiacyTHeE (0 0aliB); TOOJUHOKI IUISIMUA HA JIKCT-
KOBill mmoBepxHi — nyxe cinadke ypaxeHHs (1 6an). [noma ypaxkeHoi moBepxHi BereTaTHBHOI MacH, siKa
He nepeButye 10 % Bif 3arajibHOI BET€TaTUBHOI MacH, € cabKUM ypaxeHHsM (2 Oanu). YpaxeHHs 10
25 % moBepXHI BEreTaTUBHOI MacH BU3HAYAETHCS K CEPEIHE ypakeHHs pociuH (3 Oanu). YpaxeHHs J10
50 % moBepxHi BereTaTUBHOT Macu — CHJIbHE YpakeHHs (4 Oaim), JayKe CHIbHE YPaKEHHS — ypaKeHHS
10 >50 % moBepxHi BereTaTUBHOT MacH (5 0aiB).

VY nocnig Oynm 3amyueni 3pa3ku cenekuii IOK HAAH: camo3zanumeni ninii consmunuky 3J122A ta
3JI58A, riopuau [omit, 3amopizbkuii 32, ATpOHOMIYHHUI.

[epmi cumnromMu XBOpoOH 3’SIBUIIMCH HA JIMCTKOBIM MOBEpXHi micist iHOKysuii Ha 10—12 neHsb y
BUTJIS/II KOPUYHEBHX IUISIM 3 CBITJIO 00JsIMiBKOO. [lani misiMu 3011611y BaINCh, 3aiMal0dl MaiiKe BCIO
TIOBEPXHIO JIMCTKOBOT MIACTHHKH. [Ipy 1IbOMY MOPYIITYBAIUCH MPOIECH KHUBICHHS 3JI0POBUX KIIITHH JIHC-
TKiB, 1110 MIPU3BOJIWIIO B MOJJATLIIOMY JIO HEKPO3y TKAHHHHU POCIHH COHSIIHUKY.

[Ipu ypakenHi mcTkoBoi moBepxHi yepe3 15-20 ni6 BigzHadanu mosiBy ApiOHMX MiKHIA, SKi 3a3BU-
Yaii popMyBaIKCh Y MICIAX YPaXKCHHsS. Y MOBH JIOTPHUMAaHHS JIOCTATHLO BHCOKOI BOJIOTOCTI TiJT IepraMe-
HTHUMH 130JITOpaMu 3a0e3nedyBain BuaiIeHHs criop Embellisia helianthi. OUiHKY CTyNEHs ypakKeHHs
POCIIMH MPOBOWIIN Bi3yaJ bHUM OTJISIIOM KOXKHOI POCIUHH Y (a3i IBITIHHS.

st TecTyBaHHSI METOY Ta OTPUMAHHS IOCTOBIpHUX (HiTONATONOTIYHUX AAHUX OLIHIOBAIH 5 T€HO-
TUIIB COHAMHUKA 110 100 pocauH KOXKHOTO, TpU POKHU noctiiab (2023-2025 pp.) Ha ypakeHHs eMOeJi3iero
B TIOJILOBUX YMOBAaX iH(EKI[IHOTO MOJIiTOHY.

47



THIRD INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

Jlinig 3J122A B 2023 poui mana 98 % ypakeHUX pOCiuH, 3 HUX 5,6 % manu Oan ypaxkeHHs 1, a
25,8 % Gau ypaxenns 5. [ocaimkerns 2024 poxy moka3aid, M0 KiTbKICTh YpaKeHUX POCIHH CTaHOBHIIA
96 %, nipu 1 Gami ypaxenus — 3,6 %, a mpu 5 6anax 25,6 % pocmun. Ilpu cioctepesxensni B 2025 pori
BUSIBIIIN 95 % ypaskeHHX POCIHH, CTYIiHb ypakeHHs KonmBanack Bix 4,6 % (1 6am) mo 26,3 (5 Oanis).
CepenHiil MOKa3HUK ypaskeHHS POCIUH CTaHOBUB 1yt JiHil 3J122A 96,3 %.

Jlinis 3JI5S8A B 2023 pomi mana 96 % ypaxkeHux pociuH, 3 HuX 3,1% mamm 6an ypaxenns 1, a
27,8 % — Gan ypaxenns 5. Hocmimkenns 2024 poky moka3and, M0 KUIbKICTh YpaKeHUX POCIHH CTaHO-
Buna 81 %, nmpu 1 Gani ypaxenns — 3,1 %, a npu 5 6anax 27,8 % pocnun. Ilpu cnocrepesxenni B 2025
poui BusBuin 90 % ypakeHWX POCIHH, CTYIiHb ypakeHHs konmuBamachk Bif 3,1 % (1 6ax) no 7.8 (5 Oa-
niB). CepeaHiii MOKa3HUK ypaskeHHS pOCIWH cTaHOBHUB 11 JiHiT 3JIS8A 89,0 %.

I'6pun consinuky Arporomiunuid B 2023 poui MaB 67 % ypakeHUX pociuH, 3 HUX 23,6 % manu
Oan ypaxenns 1, a 11,8 % — 6ax ypaxenns 5. Hocmimxenns 2024 poKy NmoKa3aiH KiJbKICTb YpaKeHHX
pocnuH ctaHoBuna 59 %, mpu 1 6ami ypaxkenus — 23,6 %, a mpu 5 6amax — 11,8 % pocmun. [Ipu ciocte-
pexensi B 2025 poni BusiBuin 47 % ypakeHUX POCIUH, CTYIiHb YpaXKeHHs BapitoBaB Bif 33,6 % (1 6am)
1o 13,5 % (5 6auiB). CepenHili MOKa3HUK YPaXXCHHS POCIIMH CTAHOBMB IS Ti0puaa ATPOHOMIYHHIN CTa-
HOBHB 57,6 %.

I'i6pun comsimamnky Iomit 2 B 2023 poni maB 62 % ypaxeHux pociuH, 3 HUX 31,1 % mamu Oan
ypaxenHs 1, a 11,5 % — 6an ypaxenns 5. Jocnimkenas 2024 poky mokazaiy, M0 KUTBKICTh YpaKeHHX
pocnuH cranoBuina 56 %, npu 1 6ani ypaxenns — 31,1 %, a npu 5 6anax 11,6 % pocnun. Ilpu cnoctepe-
»eHHi B 2025 poui BusBunu 51% ypaskeHUX pOCIMH, CTyHiHb ypakeHHs BapitoBaB Bix 33,1 % (1 6am) no
14,6 (5 6auniB). CepeqHiii MOKa3HUK ypasKeHHSI POCIUH CTaHOBUB st Ti0puaa [lomit 2 56,3 %.

I'6pun consauky 3anopizbkuit 32 B 2023 poui MaB 89 % ypaskeHHX POCIUH, 3 HUX 7,4 Y% manu
Oan ypaxenHs 1, a 5,6 % — 6an ypaxenus 5. Jocmimxenns 2024 poky mokazany, M0 KiIBKICTh ypake-
HUX pociiuH cranoBuia 85 %, npu 1 6ani ypaxenns 1,7 %, a npu 5 6anax 5,6 % pocnun. [Ipu criocrepe-
xerHi B 2025 poui BusiBuim 77 % ypakeHUX POCIUH, CTYIIHb ypakeHHsI cTaHoBHB Bin 12,6 % (1 6an) oo
5,6 (5 6aniB). CepenHiil MOKa3sHUK ypa)KeHHsI POCJIMH CTAaHOBUB U1 Ti0praa 3amopizekuit 32 83,6 %.

Jlinii 3J122A Tta 3JIS8A 3a TpH pOKHM HOCTIIXEHb ypaxyBayiach emOenizieto Ha 81-98 %. Ilpore
MaJIK IesIKi BIIMIHHOCTI 3a cTyneHeM ypakeHHs. Tak y 2023 poui wi niHii Manu ypaxenus 98 ta 96 %, B
2024 pori 81-98 %, BiamosigHo, B 2025 pori — 90-95 %.

I'i6pun 3anopizbkuii 32 MaB TOCUTH BUCOKUM CTYIIiHB YpaXKeHHs 3a pokamu — 89, 85, 77 %, Biamo-
BiZTHO. A 3pa3ku riopuan ArpoHoMiunuii Ta [lomit Manmu MeHImM#i cTymine ypakeHHs — Bin 51,0 go 67 %,
BIJIIOBIAHO.

Crin 3a3Ha4MTH, IO BIIMIHHOCTI 32 CTYIIEHEM YpPa)KEHHs MPOTATOM BKa3aHUX POKiB MOB’s3aHI 3
HE3HAYHVMH 3MiHAMH y MTOKa3HUKaxX TeMIepaTypy Ta BOJIOTOCTI B MOJILOBHX YMOBaX iH(QEKIIIHOTO MoJTi-
roHy HaykoBoi ciBozminn IOK HAAH.

Ha mifgcTaBi oTpuMaHuX pe3ynbTaTiB IOCIIPKEHb BCTAHOBIIEHO, MO0 PO3POOIEHUIA CIIOCiO MITYydHO-
ro iH}iKyBaHHS cOHsIIHUKA 30ymHUKOM Embellisia helianthi (Hansf.) Pidoplichko B mompoBux ymoBax
iH(eKIiHOro MOoJIiroHy 3a0e3neuye HajiiiHe iH(iKyBaHHS POCIWH COHSIIHUKA, IIBUJIKY 1 BIpOTiAHY OIli-
HKY IHTEHCUBHOCTI ypa)kKeHHsI 3pa3KiB COHSIIHUKY eMOemi3i€lo.

[IpencTaBieHuii METOA PEKOMEHIOBAHO 3aCTOCOBYBAaTH IPH J000pi CENEKIIHHOro Marepiany 3a
03HAKOIO CTIHKOCTI TIPU CTBOPEHHI 0aTHKiBCHKUX KOMIIOHEHTIB Ta TiOpU/IiB COHSIIHUKY.
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CEJIEKIIIS MIIEHAII M’SIKOI HA 35LJIBINEHHSI BMICTY ®EHOJIBHUX
CIIOJIYK TA AHTOLIAHIB

O. 10. JleoHnos, 3. B. Ycosa, K. IO. CyBopoBsa,
M. M. XyxpsaHcbka, O. O. 3y3a, O. 1. O003uuii

Incmumym pocaunnuymea im. B.A. IOp’esa HAAH Yxpainu, Xapkis, Ykpaina
e-mail: ppiwheat@ukr.net

CyuacHa ceJeKIis pOCiHH CIPSIMOBaHa Ha CTBOPEHHSI BUCOKOBPOKAWHUX, aAallTOBAHUX IS YMOB
BHPOIIYBaHHS COPTIB CLIBCHKOTOCMOAPCHKUX KYJBTYp, SIKI 3a0€3Medyl0Th BUCOKHH BMICT ITOKHBHHX
PEYOBUH Ta MPUAATHI AJIS1 BUTOTOBJICHHS MPOAYKTIB (PYyHKIIIOHATHHOTO Xap4YyBaHHS 3 BUCOKHM BMICTOM
MiKpOeJIeMEeHTIB Ta BiTaMiHiB. OCTaHHIMH POKaMH CTBOPEHI COPTH CLIBCHKOTOCIONAPCHKUX KYJIBTYP 3
HETHUITIOBUM 3a0apBIEHHSM IUIOIB, ITiIBUIIICHAM BMiCTOM (DEHOJILHUX CITONYK Ta aHTouiaHiB. [lomepen-
HIMHU JTOCTIDKEHHSIMY COPTIB Ta CENCKIIMHMUX JTIHIM MIIEHUI M’ SIKOT 03UMOI 3 Pi3HUM 3a0apBICHHIM 3€-
PHIBKH Y 3pa3KiB 3 OJIaKUTHUM Ta (Di0JIETOBUM 3a0apBIeHHSIM OYJIO BCTAHOBIIEHO BHUCOKI 3HAYEHHS 3ara-
JHFHOTO BMICTY ()€HOJBHUX CIIONYK Ta aHTOIIAHIB Ta 3arajibHOi aHTHOKCHUIAHTHOI akThBHOCTI. OmHAK 11l
TCHOTHUIIN XapaKTEpU3yBaJlCh HU3bKOIO MPOJYKTUBHICTIO Ta HEJOCTATHHOIO aJaTUBHICTIO JI0 MOTOJHHUX
ymoB Ykpainu (Leonov et al., 2022).

MeTow HamMX AOCTIKeHb OyJI0 BHBUCHHS CEJCKIIMHUX JIIHIM MINIEHWIN M'SKOi, CTBOPCHHX 3a
y4acTi MonepeHbO BUAICHUX IIHHUX 32 010XIMIYHUMH MOKa3HUKAMHU KOJICKIIIHHUX 3Pa3KiB Ta BUCOKO-
MPOAYKTUBHUX COPTIB YKPATHCHKOI CeNeKIlii, 32 BMicTOM (DEHOITiB, aHTOIliaHIB, piBHEM a/iamnTallii 10 yMOB
BUPOIILYBaHHS 1 MOKa3HUKAMH MPOTYKTUBHOCTI.

JIxepenaMu HETUITOBOTO 3a0apBiIeHHs 3€pHIBKH CTalH 3pa3ku 3 Koiekuil LIeHTpy reHeTnyHnx pe-
cypciB pociuH Ykpainu: HopHoOposa, HopHo3epHa Ta Blue x Red (3 hioneroBuM 3a0apBIICHHSM 3¢pHIB-
ku) Ta Scorpion, KM 186/2, Vavilovii 2004-87, Viridiferrugineum 2022-87, Tschermakianum 2005-87 (3
OyakuTHUM 3a0apBiieHHSM 3epHiBKH). [lonpoBi mocmiay mpoBoauiuch ympomaosxk 2023-2025 pokiB Ha
TOJISIX CeNEKLIHHUX CiBo3MiH [HeTUTYyTYy pocimuHunTBa iM.. B. 5. FOp’eBa HAAH 3a meToaukoro kBati-
¢ikaniiiHoi excriepTu3u copti pociud (Mertoguka ..., 2016). CtBopeno 6mu3pko 60 ridopuaHuX KOMOi-
HaIlili, OUTBINIe COTHI CENEKIIMHMUX JiHIM NMpoHIIIN NonepenHe BUIPOOyBaHHS Ta 3allydeHi 0 pobodoi
KoJekilii. JlabopaTopHUMH METOJIaMU BHU3HAYaJIM 3arajibHuil BMICT (eHOIbHUX cronyk (Bobo-Garciaet
al., 2015) ta Bmict anTomianiB (Nogués, Baker, 2000). /I aranizy mopoky BKIro4anock moHasn 50 3pasz-
kiB. OCKiNbKH Habip 3pa3kiB MIOPOKY JEI0 3MIHIOBABCS, Pa3oM 3 aOCOTIOTHUMH 3HAYCHHSMH KOXKHOTO
POKY PO3paxoBYBAJIHCh CTAHAAPTU30BAHI BEINYNHH.

VY pesynbrarti riOpuau3anii Ta MoJANBIINX J000PIB 32 KOMIUIEKCOM I[IHHHX TOCIIOJIaPCHKUX 03HAK
Oynu BUINIEH] CeNeKIilHi JIiHIT MIIeHNI M'SKOT 5K 3 (P10JIETOBUM Ta OJIAKUTHUM 3€PHOM, Tak 1 YepBOHO-
3epHi Ta Oino3epHi.

Cepenniii BMicT QeHONBHUX pPedoBUH (Y PO3PaxyHKY Ha Mr-eKB. TaloOBOi KUCIIOTH/T) 32 POKaMH
Maibke He 3MiHIOBaBcs 1 ckiaB 0,97 y 2023 pori ta 0,98 y 2024 ta 2025 pp., 3 po3MaxoM KOJIHUBaHb Bij
0,52 no 1,45. 3a BmicTOM aHTOILiaHiB (B YMOBHUX OJMHMIX) BUAIMUBCS HaOip 2023 poky, 3 cepeqHiM
3naueHHsM 0,228 mpu BapitoBanHi Bif 0,086 mo 0,414, snauenus 2024 i 2025 pokiB Oy/Iu HHKYUMHU:
0,135 Ta 0,110, BiamosigHo 3 po3maxoM Bix 0,026 mo 0,350. YV mizoMy po3max BapiroBaHHS BHBYECHOTO
HaOOpPy 3pa3KiB 3a BMICTOM aHTOIliaHiB OyB Ha0araTo OUIBIIMM HOPIBHSIHO 3 BMICTOM ()€HOJIBHUX PEdo-
BuH. CopTH, peKOMEHI0BaHi JUIsi BUpolyBaHHs B 30H1 Jlicocteny — Ilononsaka, 3n06Ha, ["aiiok, Many-
113, XapaKTePU3yBAJIMCS MEHIINM BiJl cCEpeJHHOT0 ado cepeHiM 3HaYeHHSIM BMICTy (PEHOJIBHHUX CIIONYK i
3HAYHO HM)KYHUM BiJl CEPEIHHOI0 BMICTOM aHTOILIIaHIB.

Cepen BUBYEHOTO HAOOPY CEJEKI[IHHUX JIiHIN cTaOUTFHO BUCOKHM 32 POKaMH BMICTOM (hEHOIBHUX
pedoBHH Bim3Havamucs JyiHil: Basinmosi 1111-22 (1,27-1,33 mr-ekB. ranoBoi KUCIOTH/T), ['epMakiaHym
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1076-22 (1,04-1,38), 'epmakianym 1190-22 (1,02—-1,19), Ypanikym 1467-21 (1,05-1,12), ane GuibIIicTh
TiHiH 3 OiakUTHEM a00 (ioJIEeTOBUM 3€pHOM HE BiAPi3HsUIACH BUCOKUM BMICTOM (DEHOJBHUX CIOIYK IO-
PIBHSIHO 3 YepBOHO3epHUMH. CTa01TFHO BUCOKHM 332 pOKaMH BMICTOM aHTOITiaHIB Bi3HAYaINCh JiHii Ba-
BijoBi 1111-22 (0,212-0,414 y.o.), Basinori 1184-22 (0,200-0,300), 'epmakianym 1076-22 (0,240—
0,260), I'epmaxianym 1183-22 (0,204-0,280), I'epmakianym 1228-24 (0,218-0,238), Ypanikym 1467-21
(0,192-0,262). Jlesixi miHii sSK 3 OJTaKATHUM a00 (Hi0JETOBUM 3€PHOM, TaK i 3 YSPBOHUM 3E€PHOM BUPI3HS-
JIUCSL BUCOKMM BMICTOM (DEHOJIB Ta aHTOIIIAHIB JIUIIEC OJHOTO 3 POKiB BUBYCHHsS. CIij BiA3HAYUTH, IO
yci HaBeJleHI OJIaKUTHO3EpHI JIiHIl MOXOIATh BiA copTy Scorpion, ioneToBo3epHa JiHiS Ma€ y CBOEMY
pomoBoai copt YoproOpora. Haszsani minii y 2025 p. xapakTepusyBairuch 3uMOCTiHKiCcTIO 9 6aniB, BHUCO-
Toro pocaun 80—115 cM, naToro konocinus Bix 27 10 30 TpaBHs, ypokalHicTIO Bix 756 10 993 r/m? npu
cepeHili ypoxKalHOCTI BUBUEHOTO MacuBy 830 /M2, TOOTO 3a HIHHUMH TOCHOAAPCHKMMH O3HAKAMH Ha-
OJIMXKAITMCh JT0 MOMMPEHKX Y 30Hi1 JlicocTeny KoMepiiHUX COPTIB.

CTBOpeHI LiHHI CENEKIIHI JIiHIT MIICHUI M'SKOI IIepeIaHo Il MOJANIBIIION0 BUBUCHHS Ta 3aKjal-
KH Ha JIOBrOCTPOKOBE 30epekeHHs 0 L[eHTpy reHeTHYHUX pecypciB pOCTHH YKpaiHu, a TAKOXK 3alyICHO
JI0 TIOpUaM3aIlil 3 METOK CTBOPSHHS KOHKYPEHTO3aTHOTO 3a PIBHAMHU IMPOIYKTUBHOCTI Ta aJallTUBHOCTI
COPTY 3 BUCOKHM BMIiCTOM (P€HOJIHHHX CIIOIYK Ta aHTOIIaHIB y 3epHi.
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PenponykTuBHA Hillla MOXiB JE€TEPMiHY€ETHCS PiBHEM BOJIOTOCTI AJIsi CTATEBOTO PO3MHOXKEHHS Ta
BHUCOKOAIaNITUBHUM MO€THAHHAM CTAaTEBHX Ta Oe3cTaTeBHX cTpaTeriii. Crocid po3MHOXKEHHs (CTaTeBHH,
Oe3cTaTeBHA M iX IMOETHAHHS) € TOJOBHOIO O3HAKOIO JKUTTEBOI CTpaTETii MOXOIOMIOHUX, SIKUI BIUIHBAE
Ha iX reorpadiyHuii apeal, YMCENBHICTh MOIMYJAMI] Ta CTIMKICTh A0 CTPECOBOTO BILUTUBY AHTPOIIOTECHHO
3MIHEHOTO cepenoBuia. JocmimKeHHs] penpoayKTHBHOI 6i0J0Tii MOXiB Ma€ BUpIlIabHE 3HAYEHHS IS
BU3HAYCHHS TUHAMIKHU TIOMYJIAIii Ta TEHETHYHUX MPOIIECiB, AKi (POPMYIOTH iX Pi3HOMAaHITHICTh. MeTor0
JocIiKeHHs OyIo 3°sCyBaTH, K BIUIMBAIOTH MIKPOKIIMAaTHYHI YMOBH CEpEAOBHUINA HA PEIPOIYKTHBHY
MO/IeJb, 3aKOHOMIPHOCTI MPOSIBY cTaTeld Ta Bapialii iX GEeHOTUITHOTO CMiBBiTHOMICHHS 1 TPOYKTUBHOCTI
y 6ararogomMHOTO MOXY Atrichum undulatum.

O06’exTOM nToCTiKEeHHST OYB JOMIHAHTHHIN eITeHNN BUA MOXY A undulatum 3 JOCTITHAX JIICOBUX
JUISHOK, IO BiPI3HSJIMCS 32 BOJHUM 1 TEMIIEpaTYpHUM pEXMMaMH Ta iIHTCHCHUBHICTIO OCBITJICHHS: Ha
TEpUTOPIi MOBHOTO 3aMOBiaHHS Y CTApOBIKOBOMY OyKOBOMY Jiici Bepeuuupkoro npupojooxXopoHHOTO
HayKoBO-nociigHoro BigaineHHs 113 “Po3rouus”, Bupyoku 40-pigHoro Biky CTpagadiBChKOTO HaBYaIbHO-
BUPOOHMYOTO JIiCOKOMOIHATy Ta crarioHapHoi pekpeanii “Bepemmuns” fABopiecekoro HIII. Ha koxHiit
JUJISHIN BigOip 3pa3KiB 3AIHCHIOBAIM HABECTHI, BIITKY 1 BOCCHH METOJIOM KOHBEpTA, 3arajioM HE MEHIIC
Hix 150 3emeHuX poCIuH i3 3aKPUTUME MOJIOANMH KopoOoukamu. CrouaTKy BUMIpIOBAIIN JOBXHHY POC-
JUH 3 KOpoOoUYKaMu Ta 6e3 HUX 3a JOMOMOTOI0 ctepeodiHokymsipa “Stemi 2000—C” (Carl Zeiss). Ilotim
MiPaxOBYyBAIH KiTBKICTh )KIHOYMX Ta YOJOBIYMX OCOOMH, BiJI3HAYAIOYM PO3MIIICHHS raMeTaHTiiB (apxe-
TOHIiB 1 aHTepUiiB) Ta iX KUTBbKICTh Ha MaroHi. J{s 3BaskyBaHHS BUAUTSIIH JTUIIE (POTOCHHTETHYHO aKTH-
BHY YaCTHHY POCIMHHU 0e3 cropodiTy Ta pu30inHOi KOpUYHEBOI YaCTHUHM, SIKA HE BIUIMBAE HA PO3MOALT
pecypciB 1Sl BITTBOPEHHS MOXY.

A. undulatum po3MHOXY€ETBCSI CTIOpaMH Ta KJIOHABHO MiJ3eMHAMHE CTOJIOHaMU. [ 'eHepaTHBHE PO3-
MHOCEHHS 3[IHICHIOETBCA 3a IOIIOMOI'0I0 I'aMET, SIKi yTBOPIOIOTHCS B TAMETAHT1sIX Ha CTaTeBiil crazii oH-
TOTreHe3y — rametodiTi. A. undulatum HaneXuth 10 0araToJOMHAX a00 OJHO-IABOJOMHUX MOXIB, Y SIKUX
JKIHOYI Ta YOJIOBIYl raMeTaHTil MiCTAThCS a00 Ha OJHIM 1 TI % POCIMHI (OJHOJAOMHI), a00 Ha Pi3HUX POC-
TUHAX (BOJAOMHI). YCTaHOBIEHO, IO HA BCIX JOCTIMHUX TUISTHKaX B AepHUHKaX A. undulatum mepeBa-
JKaJIM JKIHOY1 POCIIMHH 31 CIOPOTOHAaMU: BeCHOIO 1X HaiOinbme (73,1 %) Oyso Ha 3anoBigHil TepuTopii, a
BJITKY Ta BOCEHU — B 30Hi BUPYOKH (71,7 % Ta 69,5 % BinnoigHo). Bocenu Ha 3anoBigHii TepuTOpii BU-
COTa POCIUH 3 MOJIOAMMU KOpoOoukaMu Ta 0e3 Hux 30unblnyBaiacs Ha 73,4 % Tta 82,2 % BIANOBIIHO,
MOPIBHSHO 3 BECHSIHUMHU MTOKa3HUKAMHU, IO CBITYUTH PO HAUCTIPUATIIMBIII MIKPOKIIMATHYHI YMOBH JIJIS
pocTy Moxy. MeHII MOKa3HWKH 30UTBIICHHS BUCOTH 3aiKcoBaHI Ha JNISTHKaX peKpearii: BIITKY Ha
22,2 % nis narosiB 3 kopoboukamu i 30,0 % — 6e3 kopoOo4ok Ta BoceHu Ha 32,6 % 1 35,4 %, BianoBia-
Ho. HaiiMeHIIi TOKa3HMKU BUCOTH POCIIMH BHU3HA4YEHI HA TepUTOpii BUpyOKku. IIpoTsirom BecHH — jiTa Ho-
Ka3HUKH JKIHOYMX POCIHMH 301bIryBanucs B Mexax 18 %, a 6e3 kopobouok — e Ha 10 %. Bocenn (10
’KOBTHSI) BHCOTa POCJIMH iCTOTHO HE 301JIbITyBajacs, MO CBIJYUTh PO TaJbMyBaHHS POCTY B HECIIPHST-
JMBUHI TIepio]], HacaMIiepes 3a MOCYLIUTUBUX YMOB.

Pesynbpraty BU3HAaYEHHS! BUCOTH 1 CyXO1 MacH POCJIHH, HacamIiepe] )KiHOUMX 3a HasiBHOCTI CIIOPO-
TOHIB, CBIYaTh PO 3B’SI30K MIXK 1X BEreTaTMBHUM POCTOM Ta yTBOpeHHsM cropoditiB. Ha Bcix mocmi-
HUX JIUISTHKAX KIHOYl POCIMHW MalH OibIi po3MipH Ta Macy, MalOyTh, yepe3 nmoTpedy HarpoMajKeHHS
3HAaYHMX 3araciB 6ioMacu i eHepreTHYHUX PECYPCiB sl yTBOPEHHS raMeTaHTiiB Ta MiATPUMKH PO3BUTKY
cniopogiTiB. Hapnmumok GeHOTHITHUX KIHOYMX OCOOWH Yy TOMYJISIIii MOXY TOSICHIOEThCS OaraTthma (ak-
Topamu: audepeHIiiioBaHe BUKUBAHHS YOJIOBIYMX 1 )KIHOUUX criop abo iX MPOpPOCTKIB; MepeBaru >KiHO-
YiX 0COOWH 3aBISIKH KIOHAJBbHOMY PO3MHOKEHHIO; PIJIKICTh YOJIOBIUMX OCOOMH yHACHiJOK BHIOI CMep-
THOCTI Ha MEBHIN cTajii po3BUTKY a00 4Yepe3 BUIIMH MOPIr OAHOTO 3 YUHHUKIB HABKOJIHUIIHBOTO CEPeao-
Bumia. KoHkperHa koMOiHallis Takux (hakTOpiB MOXKE BIUIMBATH HA EKCIPECII0 cTaTi Ta il KOHKYPEHTHI
TiepeBary Ha Pi3HUX CTAJisX KUTTEBOI CTPATETii MOXY, CIPUYHHSIOYH YTBOPEHHS 37e01IbIIOTr0 HKIHOUYMX
MOy JISIIIIH.
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YcTaHOBNIEHO, 10 BECHOIO B IGPHIUHKAX MOXY I€pPEeBaXKalll POCIHHH, sIKi € QyHKIIOHATBHO ABOAO-
MHHMH: Ha BEPXiBIll OKPEMHX MOJIOANX POCIHH 3¢OLTHIIIOT0 PO3BUBAIACS YOJIOBIUI TaMeTaHTii (aHapo-
1el 3 aHTepHIisSMH), a Ha IHITNX POCITMHAX yTBOPIOBAIKCS XKIHOYI raMeTaHTii (TiHenel 3 apxeroHismMu). Y
KBiTHI Ha 3alOBigHIM TepuTOpil BUSABISLIM (EHOTUITHO oxHOocTareBi yosoBidi (90 %) Ta xinoui (10 %)
POCIHHY, TOII K HA AOCITIAHUX IUISTHKAaX BUPYOKH 1 pekpealii — JInIIe POCIUHH 3 YOJIOBIYMMHU TraMeTaH-
rismMu. BimoMo, 1o 9010Bidi pOCIWHN MPOTATOM TPUBAJIOrO Yacy M03pPiBaHHSA BKIAJAIOThH OINbIINE KATTE-
BUX PECYPCIiB B PO3BUTOK I'aMeT, HK Hecriopo(iTHI Ta criopodiTHi KiHOYI 0COOMHHU.

BriTky Ha BCiX JiJISHKaxX BU3HAYAU K YOJIOBIUi, TaK 1 )KIHOYI OJHOCTATEBI POCIMHHM, ITPOTE HA aH-
TPOIIOTEHHO MOPYIICHUX TEPUTOPIAX MepeBakaiy 3Ae01IbIIoro KiHo4ui ocobwnu. | nume Ha Tepurtopii
BHUPYOKH, OKpiM OHOCTaTeBUX XKiHOUHX (45 %) 1 wonmoBiunx (35 %) ocobun, Oymno BussieHo 20 % poc-
JIMH 3 IBOCTATEBUMH TaMETaHTisIMH 3 OJM3bKUM PO3TAlllyBaHHIM Pi3HOCTATEBHX raMeTaHrii, MaOyTb, sIK
nposiB ajmanTtauii Ao Hectayl Bogu. Ha 3amoBifHil TEpUTOPIi MPOTIroM BECHH 1 JiTa BU3HAUEHO Maiike
OJTHAKOBE CITiBBITHOIICHHS OJHOCTATEBHX JKIHOYMX 1 YOJIIOBIYMX POCIWH y JIEPHUHAX MOXY, IPOTE Kilb-
KiCTh aHTEpHU/iiB B aHAPOLEAX BIITKY 301IbIyBajiacs B 3,4 paza.

Bocenu Ha ojHINM POCIMHI 3aKJIagajivcs ABO- W OJHOCTATEBl (IMIEPEBaXKHO YOJIOBIYi) I'aMETaHTIi,
MIPUYOMY CTaTeBi OPTaHU MICTHIIHCA B Oe3mocepeHiil OJM3bKOCTI Ha Ma3yIIHUX TiTKaxX. Y 3pa3Kax MOXy
13 3anoBigHOI Teputopii nepeBaxanu (10 61,5 %) pocauHM 3 OJHOCTATEBUMM >KIHOYMMH T'aMETaHT1sIMU,
TOJII SIK YOJIOBIYMX POCIHH OyJio BusiBieHo jmie 23,1 % i He3HauHuit BifcoTok (15,4 %) pociuH 3 1BOC-
TaTEBUMH rameTaHrisMu. O4eBUIHO, B CTAOUTFHUX MIKPOKIIMATUYHAX YMOBAaX MEHIIUN PO3MOJIT KUT-
TEBUX PECypCiB HA YOIOBIUYy (PYHKIIIO MOXE BiOOpaXKaTH CTPATETIIO iX €eKOHOMIl, OCKLIBKH OJTHA YOJIO-
BiYa pPOCIMHA 31aTHA 3aIUTIAHATH KiJibKa XiHounX. Ha Teputopii BUpyOKH pOCIHHHU 3 JBOCTATEBUMH Ta-
METaHTIIMUA CTaHOBWIN OUIbIIICTE (67 %). OmHOCTATeBUX YOJOBIYMX POCIHH Oyiio 33 %, mpu TOMY OJI-
HOCTaTEeBHX JKIHOUMX — HE BUSBILUTH. X049a BOCEHH MPOIYKTHBHICTH aHAPOLEB 3MeHITyBanacs B 2,1 pa-
31 B OIHOCTaTEeBUX pOCiHHAaxX i 1,3 pasu B JBOCTaTEBUX, OPIBHSHO 3 JIITHIMH [TOKa3HUKAMH, IPOTE B OC-
HOBI JIBOCTAaTE€BUX POCIHMH BUSBISLIIM 1O 2—3 YOJIOBIYI T'JIKK 3 aHTEPUAISIMHU Ha PI3HUX CTaisfX PO3BHUTKY.
BceraHoBneHo pi3Hi Bapiallii po3TanryBaHHS CTATEBUX CTPYKTYP MOXY. OYEBHIHO, IS BiOOpY CTaTeBUX
(heHOTHUTIB, AKi 3MEHIIYIOTh aBTOHOMHE CaMO3aIUTiTHeHHA. BUInii piBeHb CTATEBOTO MPOSIBY YOIOBIUAX
raMeTaHrii 0e3nepedHo MOKpallyBaB PEMpPOILyKTHBHUH yCIiX, OCKUTBKU HAsSBHICTh YMCICHHUX aHTEPUIIiB
30UTBITYBaTA KiBKICTh 3aILTiTHEHUX raMeT. BioMo, 1110 MiHJIHMBICTh TaKMX IMOKA3HUKIB HABKOJIHUITHHOTO
CepelOBUINa, K IHTCHCHBHICTh OCBITJICHHS, TEMIIEpaTypa Ta HU3bKUI PiBEHb BOJIOTOCTI, CIPUSIOTH BH-
PaKEHHIO YOJIOBIYOi cTaTi y pocyuH. [liIBUIEHHS IHTEHCUBHOCTI OCBITJICHHS Ta TEMIIEPAaTYPHUX MOKa3-
HUKIB HA TEPUTOPii BUPYOKH CTBOPIOBAIM MOTEHIAN /Uil JOCTATHLOTO YTBOPEHHS CIIEPMAaTOo30i/iB 3a-
BIISIKHA 30UTBIIEHHIO KUTBKOCTI YOJOBIUMX TaMeTaHTiiB, MaOyTh, 4epe3 BUBLIBHEHHS PECYpCiB, 30Kpema
BHACIIIZIOK 3pYIICHHS BYTJIENIEBOro OanaHcy 1/ab0 3MiHM Kpyroo0iry HOKHMBHHUX PEYOBUH Ta iX JJOCTYITHO-
cti. Ha TepuTopii pekpeartrii Bu3HadeHo HalimeHmy (52,5 %) KijabKicTh pociul A. undulatum 31 cnopogi-
TaMH, MOJKJIMBO, YMOBH IPUPOJHOTO CepeloBUINA Oe3MOocepeHbO BIUIMBAIM HAa CTATEBHH HPOSB MOXY,
CTBOPIOIOYHM THUCK Ha T'€HH, sIKi KOHTPOIIOITH ()E€HOJIOTi0 pociuH. BIiTKy Ha 1ili TepUTOpii mepeBakaiu
onHocTtaresi xiHoul pociuuu (91,5 %), Toai sk Bocenu — qoiioBidi (90 %), 1BOCTaTeBUX POCIIMH HE OYII0
BUSIBIICHO. [IpOTATOM POKY MPOJIYKTHUBHICTH JKiHOYUX 1 YOJIOBIYMX TaMETaHTiiB Ha Wil AinsHI Oyna HU-
3bKOIO TA HEICTOTHO 301IbILIyBanacs BOCEHH. Y CTPECOBUX CEPEIOBUINAX MOXHU MOXKYTh HiATPUMYBaTH
JKUTTE3AATHICTD TIOMYJISIMIi, BUSBIISIOUH JIUIIE OJIHY 31 CTaTel 1 pO3MHOXKYIOYHCH BUKITIOUHO 0€3CTaTeBUM
crocob6oM. MalyTh, 32 HECITPUATIAMBUX YMOB JIiTa HA TEPUTOPIT pekpealrii xiHo4l ocodunu A. undulatum
KJIOHJIFHO HIBHJIIE TOMIMPIOBATIMCA, HK 4osIoBidi. Llg rinore3a Takok MOXe MOSCHUTH NMEpeBaKaHHS
YOJIOBIYMX OCOOMH BOCEHH, BBAXKAIOTh, 1[0 BOHW MOXYTb IIPOSIBIISATH MiJBUILEHY KIOHOBY 3aTHICTh TaM,
Jie MiJIBHIIEeHA MoTpeda B pecypcax Uit yTBOPEHHS COPOQITIB MPUTHIYYETHCS YMOBAMH HABKOJIHIITHHOTO
cepenoBuIa. TakuM YMHOM, OTPUMaHi Pe3ylbTaTH MOKYTh CBIAYMTH NPO criequ(iuHMiA 3B’ 30K MiKpPOK-
JTIMaTUYHUX YMOB HAaBKOJIMIIHBOTO CEPEJOBHUINA Y BU3HAUYEHHI 3MiH ()EHOTHITHOTO CITiBBiJHOIIEHHS CTa-
Tel 3 pI3HUMHU €KOJIOTIYHHUMHU ONTUMYMAaMH YOJIOBIYHX 1 )KiIHOUYUX POCIIHH.

Otxe, y A. undulatum crateBe pO3MHOXEHHS Ta YTBOPEHHS cIOpo(diTiB 3aekaiy BiJl )KUTTEBUX
pecypciB, KUIBKOCTI YOJOBIYMX raMeT Ta BIUIMBY €KOJIOTIYHMX YMOB HABKOJHIIHBOTO CEPEJOBHUINA, IO
MPOSIBIISUIOCS Y PI3HOMAHITHUX CTPYKTYPHUX, (PYHKITIOHABHUX Ta YaCOBUX BapiallisiX PernpoayKTHBHHUX
mojeneii. [Ipu oniHIi G10TOMIB y 3aMOBITHUX YH JIiICOTOCTIOAAPCHKHX JIicax HAasIBHICTH COPOQITIB y MO-
XiB € Ha0araTo TOYHIIIUM IHAMKATOPOM CTaOUTLHOCTI MIKPOKJIIMATy Ta SKOCTI CyOCTpaTy, HiX HMPOCTO
NPUCYTHICTD BEreTaTUBHUX JIEPHUH. SIKIIO MOX 3aceseThCsl, aje He iHBECTYyE B CTATEBE PO3MHOKEHHS,
e CBIIYMTH MPO Te, 110 TIOTOYHI YMOBH CEPElIOBHIIA iCHYBaHHS 1epeOyBaloTh 32 MEXKaMH HOT0 ONTHMA-
JILHOT peNpPOIYKTUBHOI HiIlIi.
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CIIEHU®DIKA I'PABIYYTJIMBOCTI MOXIB 3A YMOB ®OCPATHOI'O JEPIIUTY

O. B. Jlo6aueBcbka, H. S1. Kusik, 5. /I. XopkaBuiB

Inemumym exonocii Kapnam HAH Ykpainu, Jlvsis, Ykpaina,
e-mail: ecomorphogenesis@gmail.com

['pasirartitine mosne 3emiti Ji€ sIK TOCTIHHUI €KOJOTIYHUHN (hAaKTOP, IO PETYIIOE POCTOPOBY OPi€H-
Tarito pociarH. Ha opranisMoBoMy Ta KIIITHHHOMY PiBHSIX peakilis MOXIB Ha MPHUIIBUAMICHHS BUIHHOTO
najaiHHs pealizyeThesl yepe3 MoAn(DIKaLiio TPaBiTPOMi3My, CIeHU(iKy radyKeHHs KIIITHH 1 CHPSIMOBaHUH
PICT TiIOK IPOTOHEMH, SIK MOXiAHOI BiJl KyTiB iX HaXmiIy. YHACHIJOK KOPEISTUBHOTO 3B 3Ky MiXK TPOITi-
YHUM 3THHOM OIYHUX Taly30K 1 (JOPMOIO POCTY POCIMHHU BHIO3MIHIOETHCS 3arajlbHa CTPYKTypa Taiy-
*keHHs 1 Mopdomorist ramerodity B minomy (Lobachevska et al., 2022).

®docdaru (Pi) BUKOHYIOTH BaxJIMBY (Pi310JI0TI4HY PO Y PO3BUTKY MOXIB 1 BIUIMBAIOTh Ha iX ajar-
THBHI Ta pocTtoBi peakmii (Huang, et al., 2023; Jlo6aueBcrka Ta iH., 2024). MoX#u BUKOPUCTOBYIOTH Opra-
Hiyamid ocdop i3 cydberpary 3aBasku docdarasHiii aKTUBHOCTI PU30i/MiB Ta HASBHOCTI MO3AKIITHHHAX
docharas. YV moBepxHEBOMY IIIapi IPYHTY, A€ PO3POCTAETHCS PU30igHA MTPOTOHEMA MOXIiB, HecTaya (hoc-
¢dopy cnpuuMHSE BUIO3MIHU y TalXyKeHHI CTOJIOHIB Ta (JOpMyBaHHI MiJ3eMHUX BEreTaTHBHUX OpPTraHiB
(Bai et al., 2013). Bucoka TonepaHTHICTh 10 Aedinuty docdopy, m0 CympoOBOIKYETHCS iHTEHCU]IKAITi-
€10 POCTY, aKTHMBHUM TalTy>KCHHSIM MPOTOHEMH Ta ii CIIPSIMOBAHOIO Opi€HTAIi€0 0 Jukepen (ocdaris,
3a0e3redyye MOXaM CYTTEBY TepeBary y npuponnux ekocucremax (Turner et al., 2001; JlobaueBcbka Ta
iH., 2024).

3aBmgaHHAM poOOTH OyII0 BU3HAYMTH crienn(iKy BIDTUBY fedinuTy HeopraHidyHoro docdary (Pi) Ha
IPaBITPOITHUH PICT MIPOTOHEMH MOACIbLHUX MOXiB Ceratodon purpureus ta Physcomitrium patens. 3aBus-
KA KOMIUIEKCY (i310JIOTIYHUX 1 HUTOJNOTIYHUX METOJIB, 3aCTOCYBAHHIO KIMHOCTATYBaHHS 1 AOCIIAHUX
BapiaHTiB 3 gedimurom Qocdopy, TOCTiIKEHO POCTOBI peakmii W TpaBIYyTIMBICTE POCIHH 3a PI3HUX
YMOB €KOJIOT'YHOTO CTPECy.

VY mpupoAHOMY CepeZOBUIIl POCIMHHU pPearyroTh Ha BMICT Gochopy MOpdooriyHo0 Moandikari-
€10, @ MDKBUIOBI BiIMiHHOCTI rpaBiuyTiuBocti C. purpureus i P. patens MOXyTb OIOCEPEAKOBAHO BILIH-
BaTH Ha (i3ioyorivHi mpouecu B ymoBax Hectaui (ocdariB. Y TeMpsiBi i rpasitaniiiHoMy momi /g mpoTo-
Hema C. purpureus pocTe BEPTUKAILHO Bropy (HeraTUBHHI rpaBiTpOMi3M). P. patens BIAPI3HAETHCS CIIO-
BUTFHEHOIO TPABITPOITHOTO PeaKIli€ro. B OCHOBI BiIMIHHOCTEH TpaBidyTJIMBOCTI ABOX BUIIB MOXIB € OCO-
OJIMBOCTI CTPYKTYPH KIIITHH-CTATONMTIB. PONb CTaTOIMTIB Y MOXIB BUKOHYIOTh POCTYYl amiKanbHi KIITH-
HU MIPOTOHEMH, KOTPi OJJHOYACHO TOENHYIOTh (QYHKIIT CIPUHHATTS TPaBiCHTHAIY Ta MOTO peaji3aliioo y
POCTOBY peakilito-BianoBiae. ¥ C. purpureus 4iTKO BUPaKEHE 30HYBaHHS CTATOJITIB-aMUIOILIACTIB 1 OCi-
JTAaHHS TUIACTH]T y CyOamiKalbHiN 30Hi, y P. patens aMiJIOTIIaCTH BITHOCHO PIBHOMIPHO PO3IIOLJIEHI B ari-
KaJbHIW KIIITHHI, BOHM MEHIII, MOBUIBHIIIE OCIZAl0Th MO YCiil TOBXUHI KIiTHHH. EXCTIepIMEHTaIbHO BU-
3HAYCHO, 10 CTATOIUTH € MOP(HO-(PYHKIIOHAIHLHOK OCHOBOI Pi3HOI TPaBIiUyTIMBOCTI MOXOIOIIOHHX
(JIobaueBchKa Ta iH., 2024).

doctop (y popmi oprodocdariB) € BaXKINBUM YHHHIUKOM TPaBiTPOIi3My: HU3bKUI BMIcT Pi 3Mme-
HIIIy€ TPaBIvyTIUBICT MPOTOHEMH i CIIOBUTFHIOE PEBEPCIF0 POCTY IMiCisl KIIMHOCTATyBaHHs. [I[poTroHeMHa
nepuuna C. purpureus Ha cepenoBuili 3 BmictoM 50,0 MkM opTodocdary uacrimie ramy3uiacs i yTBo-
proBaJia TyCTilly I€PHUHY, HiX y KoHTpouai Ha 1,0 MM Pi, onHak rpaBiTponHHiA 3THH 1 BEpTUKAIbHA Opi€-
HTallisl pOCTY MPOSBIUTUCS TOBUIBHINIE. CIIOBIILHEHA peaKIlisi CBIMYUTE Mpo BILIMB aedinury Pi Ha iHi-
iariro rpaBiTporHoi Biamosimi. [licis KiMHOCTaTyBaHHS TPaBiTPOIHUN PICT CTOJIOHIB Ha CEPEIOBHILI 3
50 MxM P1i BimHOBIIOBaBCS 3HaYHO MOBLIBHIIIE, HIX y KoHTpoii Ha 1,0 MM Pi. Hecraua docdariB nocu-
JIAJIa CTPECOBY [0 KJIMHOCTATYBAHHS, BiJIIOBIJIHO MiJBHIUBCS MOPIT TPaBidyTIIMBOCTI MPOTOHEMH, IO
MPU3BENO JI0 BTPATH CKOOPAMHOBAHOTO TOJIIPHOTO POCTY MPOTOHEMH. TOOTO elleMEeHTH MiHepabHOTOo
CepeloBHILA BIUIMBAIOTH HA TPaBITPOIHI peakuii, KOTpi € ocHOBOI Mododizionoridynoi aganramii MOXiB
10 HazeMHOro >kuTTa. IlocmieHe ramyxeHHS Ta (OPMYBaHHSA TYCTIIIOl JEPHHMHHM HPOTOHEMH MOXY
Ceratodon purpureus Ha cepenoBuiii 3 aedimurom docdaris (50 MkM Pi, HOpIBHSIHO 3 ONTUMAILHUM
1,0 MM Pi) — me crpec-iHayKkoBaHHI MOPQOreHe3, M0 MaKCHMalbHO 301IbIIYE IUIOILY IOTJIMHAHHS
eJIeMEHTA.
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[IpoananizyBanu KyTH 3THHY JIaTepabHUX Taly30K IPaBiTPOMHOI npoToHeMu MOXiB C. purpureus i
P. patens, sxi pocin Ha cepemoButi 3 50 MkM i 1,0 MM Pi. ¥V xoHTpOIIi cepeHe 3HAaYEHHS KyTiB JaTepa-
nmeHUX Tinok C. purpureus 0yao =~ 64°, mix roctpimmM KyToM Bropy (50°) pocnu ramy3ky Ha CepeIOBHII
3 50 MmxM Pi. 3a pesynsraramu ananizy ANOVA BCTaHOBICHO CTATUCTUYHO 3HAUMMHI BIUIUB Ae(iluTy
dochopy Ha Benuuuny kytiB C. purpureus (F (= 36,29, p = 0,001). [cToTHUX BiIMIHHOCTEH 3HAYCHB KY-
TiB He BUSBIEHO 11 P. patens (F =2,31, p =0,137), a Takox miATBepIKeHO c1adkuii BIumB (ocdopy Ha
Bapia0enbHICTh POCTy Tamy3ok. Konu k BenMMUMHH KyTiB TpaBiTpomHOro 3runy B Mexax 10-90° po3momi-
JIMJTH 32 KJIACAMM, TO BCTAHOBWJIM Jliara3oH KyTiB, K1 TPAaIUBUTHCS HAalUacTille Ta KilbKicTh KOTpHUX Oyna
HallMeHIIor. Y Takhi crocid BU3HAYIIIM, IO BiA BILIHBY (Qochopy 3amexarb KyTH pOCTY JaTepaTbHUX
raimy30k oouaBox BuiiB. Bincotok xytiB 42-57° y C. purpureus Ha cepenosuii 50 MkM Pi mopiBHSHO 3
KOHTpOJIeM 301bInuBCs 3 46 10 75 %, 0 € CTATUCTUYHO 3HAYMMOIO pi3HHULEI0. Y P. patens 301mbpImnnacs
KUTBKICTP JIaTepallbHUX TUIOK, IO POCIW miJ KyTamu 58—73°, oco0nuBo 3HaunMmuii BIuB Pi Ha KyTH
74-89° 1 Maiie TOPH3OHTAIBHUH PIiCT 1O MOBepxHi cyOcTpaTty. KpiMm Toro, 30iipmmimiacs BapiabembHICTD
KyTiB Ha ofHi{ HUTLI poToHeMHu. CHiTBHOIO 11 000X BUIB peakuieio Ha aAedinut Pi Oyno 3MeHIIeHHS
BificoTka KyTiB 10-25° 1 26—41° Ha movaTtkoBiii crazii rpaBiiHaykmii. O4eBUAHO, 10 (GOPMYBAHHS TaKUX
KyTiB BiOyIoCcs yHacHiOK BIDIMBY HecTadi oprodocdary Ha aKTHBHICTH (DiTOTOPMOHIB (AyKCHHY 1 IIH-
TOKIHIHY), [0 3araTbMyBaJl0 YTBOPEHHS JIATEPATbHOI MEPUCTEMH i Ty KeHHS KIITHH MPOTOHEeMH (Sob-
ovlievi¢ et al., 2014). 3aknanaHHsl iHiiaIel raTy30K Ta X piCT 3yMOBJICHI B3a€EMOIIOB'SI3aHUMH (i310J10-
TIYHUMH 1 TOPMOHAITFHUMH MEXaHi3MaMH.

OtpruMaHi JaHi EKCIepUMEHTaIbHO IMiATBEP/PKYIOTh MIXBHUAOBI BiIIMIHHOCTI TPaBidyTIMBOCTI
C. purpureus i P. patens 3anexHo Bin Bmicty docdati. C. purpureus CTIHKINIMKA y 30€peKESHHI POCTO-
POBOI OpieHTalii POCTY Micis BILIUBY AedinuTy docdariB, a HaBITh KIMHOCTATyBaHHS, TOAL K P. patens
MIPOSIBIISIE CHITBHIIITY AE30PIEHTAIlII0 KyTiB JaTepaibHUX ramy3ok. Huspki koHnentparii 50 MxkM ¢ocda-
TiB, opiBHsHO 3 1,0 MM Pi y kouTpomi, ~ Ha 40 % cTHUMYIIIOBaIM IPaBITPONHUI PIiCT JaTepaibHUX T'IOK
C. purpureus. B ymMoBax HH3bKOTO BMicTy Pi y cepeloBHIIII TOPU3OHTAIBHHUNA PICT CTOJOHIB P. patens
JIOMiHYBaB HaJ] TPaBITPOITHUM BEepTHKAILHUM pocTOM. KUTBKICTh TaKMX JTaTepajbHUX rany3ok y P. patens
nocsirana 36 %, y C. purpureus IOKa3HUKHU Oy HabaraTo HIKYI — 5 %.

Y npupoJHOMY CEPEIOBHINI KyT HAXMWIY rajly30K (hOPMY€ETHCS 3aJIe)KHO BiJl BOJIOTOCTI, CBiT/Ia, pH,
OpraHiyHUX CHONyK i (ocdarTis, sKi POCIMHA MOXXE OTPUMATH BHACIHIJOK OLIBIIOI IIBHIKOCTI POCTY i
TpomizMy. MOKHA IPUITYCTUTH, IO 3aBISKH BUCOKIN TpaBidyTarBOCTI MpoToHeMu C. purpureus HecTadya
¢docharip cripusiiia BEpTUKAILHOMY POCTY HPOTOHEMH (42—57°) 1 CYyTTEBO HE BIUIMBAJIA HA JIC30PIE€HTAIIO
KyTiB pocTy Tijok. Hatomicte, st edpemepHOro Buay Moxy P. patens 3 6araTopiqHOI0 KayJIOHEMHOIO
MIPOTOHEMOIO TPABITPOIII3M HE € TOMUPEHO0 POPMOIO TPOITI3MY 1, OYEBHIHO BiH MEHIII 3aJIe)KHHM Bif Pi.
[Mpote mnariorponizm y Mop¢oJoriuHiil CTPYKTYpi JepHUHU P. patens 1 TIO3UTHBHUK BILUTUB HecTadi ¢o-
cdaTiB TIOCUIIOE TIEpEeBard TOPU3OHTAIBHOTO POCTY Ta MOXJIMBICTH OTPHUMATH TOXXHBHI PEUYOBHHHU 3
OinpImn BimmaneHux cyOcTpaTiB. BrumuB rpagiTamii Ha GopMy TaidyXeHHs Ta MPUPOJIHA TOJEPAHTHICTH JI0
nedinuty Pi MaroTh cuHepridanii eheKT, 3aBISIKH YoMy 30UTBIITY€ETHCS TYCTOTA 1 MUTBHICTh IEPHUHH, IO
ONTUMI3y€e (QYHKI[IOHAILHY IUIACTHYHICTh POCIHH. 3aranom, (opma TaidyKeHHS 1HTAKTHOI MPOTOHEMH
JOCTaTHLO CTa0iibHA 1 TEHETHYHO JETePMiHOBAaHA, MPOTE EKOJIOTIYHI (aKTOpH iHILIIOIOTH MOPQO-
¢izionoriuHi 3MiHM B OHTOreHe31 MOXiB. MopdooriyHa MiHJIMBICTh TAKOXK € BaXKIMBUM IPUCTOCYBaH-
HSM JUIS TIOTJIMHAHHS BOJIM ITiJ] Yac OMaiiB 1 yTpUMaHH 1i B Ma3yxax JiaTepalbHUX T'UJIOK Ta JIMCTKIB, Bi
YOro 3aJIeKUTh CTaH TijpaTallii opraniamy. [Ipu oMy 3ajeXHICTh KyTa rpaBi3THHY BiJ Pi MoxHa po3r-
JSIATH SIK IPosiB MOp¢oJoriuHoi Moaudikaiii AEpHUHA MOXIB.
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AJAIITUBHICTD COPTY KUTA O3UMOI'O «XJIIBHA HUBA»
A0 KIIIMATUYHHUX YMOB

3. O. Mazyp

Bepxuayvka docniono-cenexyitina cmanyis Incmumymy OioeHepeemuyHux Kyivmyp i yyKposux
oypaxie HAAH Ykpainu, cum. Bepxuauka, Yeprkacvka obracme, Yrpaiua,
e-mail: zoya.mazur777@gmail.com

Kuto ozume (Secale cereale L.) € omHi€I0 3 HAMBAKIUBIMINX 3€PHOBUX KYIbTYp YKpaiHH 3aBISKH
BUCOKIili 3UMOCTIMKOCTi, HEBUOATIUBOCTI 10 IPYHTOBHX YMOB, CTIHKOCTI 1O HECHPUATIMBUX (PaKTOPiB
CepeIoBHINA Ta CTAOUTBHIN ypokaiHOCTI. BomHouac cyyacHi KiliMaTHYHI 3MiHH, 3pOCTaHHS YaCTOTH IO~
CyX, BIUIMB BUCOKHX TEMIIEPATyp 1 MOMIMPEHHS XBOPOO MOTPEOYIOTh CTBOPEHHS HOBHX COPTIB i3 ITiJBH-
IICHOIO JANTHUBHICTIO Ta €KOJIOTTYHOIO IIACTUYHICTIO.

Mertoto poboTH Oysi0 CTBOPEHHS HOBOTO COPTY JKUTa O3UMOT0, SIKUH MOEAHY€E BUCOKUI TOTCHITIAN
YPOXKAMHOCTI, CTAOUTBHICTh MPOSIBY TOCIIOAAPCHKO IMIHHUX O3HAK, CTIHKICTh J0 HECIPUATIMBUX YMOB BH-
POLIYBaHHS Ta ypa)KEHHs] OCHOBHUMH XBOPOOaMHU.

Buxinnum matepianoM Oynu caMo3alwibHI iHOpeAHi JIiHil, CTBOPEHI IUISIXOM 0aratopa3oBoro iH-
JIUBITyaTbHOTO A000py i3 TiOpUAHUX MOMYJALINA PI3HOTO €KOJIoro-reorpadiyHoro MoxomkeHHs. s
CTBOpPEHHS HOBOTO COPTY 3aCTOCOBYBAaJIM MDXIIIHIHHY Ti0pHIn3allito, iIHINBIAyaTpHIH A00Ip, OIliHIOBaH-
HS 3arajibHOI KOMOIHAIIHOT 31aTHOCTI Ta 6araTopazoBe CTaHIifHE COPTOBUIIPOOYBAHHS.

[Tig yac cTBOpEeHHS HOBOTO CEJEKIIHHOTO Marepiady OCHOBHY yBary MPHIUISIHN MPOAYKTHBHOCTI
POCTHH, 3UMOCTIHKOCTI, CTIHKOCTI 10 BUJIATAHHS, MMOCYXH Ta KOMIUIEKCY OCHOBHHX XBOp00. ['eHeTndHe
PI3HOMAHITTA BUXiJHOTO MaTepiany 3a0e3MeumIo MIUPOKUH CIIEKTP MiHJIMBOCTI, IO Jaji0 MOJIHBICTh
BUIUTUTH TIEPCIIEKTUBHI JIiHIi 3 KOMIIEKCOM TOCHOAAPCHKO IIHHUX O3HaK. 3a pe3yibraTaMu Oaratopid-
HUX JIOCIi/KEeHb 10 ribpuau3amnii Oymno 3amydeno Jminii — 885, ABopenn, ABenb. Ha iX 0cCHOBI CTBOpPEHO
HOBHIA COpPT «XJ1i0HA HUBAY.

AHai3 ycrajKyBaHHS €IeMEHTIB CTPYKTYPH BPOKalHOCTI 1MOKa3as, 0 y TiIOpHIiB Meporo moko-
JHHA 32 O3HAaKaMH MPOAYKTHBHOI KYHIUCTOCTi, Macu 3epHa 3 pocinuHu Ta Macu 1000 3epeH mepeBaxas
e(heKT HaIOMIHYBaHHS, 1[0 CBITYUTH PO BUCOKHM CENIEKIIHHUHN MMOTEHIIia] BUKOPUCTAHUX KOMOIHAIii
CXpelryBaHHs. 3a BUCOTOIO POCIIMH, IOBKMUHOIO KOJIOCA Ta KUIBKICTIO KBITOK Y KOJIOCI IIepeBakajio HEMo-
BHE JIOMiHYBaHHSI, 110 3a0e3neuyBaio GOopMyBaHHS BUPIBHSIHIX BHCOKOIIPOAYKTUBHUX POCIUH.

VY KOHKYpPCHOMY COPTOBHIIPOOYBaHHI COPT «XJIiOHa HUBa» CTaOUIBHO NEPEBUIIYBaB CTAHAAPT 32
piBHEM ypOXaiHOCTI MPOTATOM LIECTH POKIB AOCHiKeHb. CepeqHs BpOKalHICTh HOBOTO COPTY CTaHO-
Buia 9,08 1/ra, mo Ha 1,33 1/ra Oinblie NOPiBHAHO 31 CTAHAAPTOM. MakcUMalbHy BpOKalHICTh OTpHMA-
HO y 2024 poui — 10,2 1/ra. HaBite y MeHm cripusmiuomy 2023 poii copT 3a0e3ednB ypOKaHHICTh
7,7 T/ra, 0 CBIAYUTH MPO HOro BUCOKY aJaliTUBHICTD 0 HECIIPUSTIMBUX HOTOJHUX YMOB.

[Tix yac nepxaBHOT HAYKOBO-TEXHIYHOI EKCIIEPTH3H COPT MPOXOAUB BUNIPOOYBAHHS Y ABOX IPYHTO-
BO-KJIIMaTHYHHX 30HaX Ykpainu — Jlicoctemy Ta Ilomicci. Cepeanst BpokaiiHicTh y 30Hi JlicocTemny cra-
HoBmia 7,6 1/ra, y Ilomcci — 6,0 T/ra, mo nepeBUIyBaio CEpeaHI0 BPOKAHHICTE COPTIB, 3apeecTpoBa-
HUX Yy NOTIEpEeHI POKH, BianoBiaHo Ha 1,5 Ta 0,6 T/ra. HaliBuii moka3HUKM NPOAYKTUBHOCTI OTPUMAHO Yy
¢umigx YKpaiHCHKOTO IHCTHTYTY €KCHEPTH3H COPTIB pOCIHH TepHOMiIbChKO1, XMeTbHUIBKOT, CyMCBHKOT
ta UepHiBenbkoi obmacTeii.

HoBuii copt xapakTepu3yeThCsi BACOKOIO 3UMOCTIHKICTIO, CTIHKICTIO 10 BHJISITAHHS, OOCHITaHHS 3€-
pHA, OOPOITHKUCTOI POCH, CHIMOBOT IDTICHSBU Ta IOCYXH. BHUCOTa pOCIINH 3alIeKHO BiJ] YMOB BUPOIIyBaHHS
cranoBmia 135-141 cm, maca 1000 3eper — 35-42 r, mo 3abe3nedye HOpMyBaHHS BUCOKOTO BPOXKAIO
JIo0pOi SKOCTI.

OtpumaHi pe3ybTaTH CBi4aTh, IO COPT «XIiOHA HUBA» MOETHYE BUCOKUI MOTEHLiJI IPOAYKTH-
BHOCTI, €KOJIOT1YHY IUTACTHYHICTh Ta CTAOLIBHICTh MPOSBY TOCIOAAPCHKO IIIHHUX O3HAaK. BiH mpuaaTHuUiA
[t BUpollyBaHHsI B yMoBax Jlicocreny i [lomiccs Ykpaiau ta Mmoxe OyTH e()eKTUBHO BUKOPUCTAHUH SIK
y TOBapHOMY BUPOOHHUITBI, TaK i B MOAAIBLINX CEJEKIIHHUX MporpaMax IJisi CTBOPEHHS HOBUX BHCOKOII-
POJYKTUBHHX COPTIB JKUTA O3UMOTO.
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OIITHKA JITHIV-BIJTHOBHUKIB ®EPTUJILHOCTI COHSIITHUKY
3A IOCYXOCTIMKICTIO B YMOBAX OCMOTHYHOI'O CTPECY

K. M. Makuask, /I. B. Kypuiauy, b. I1. Illenisios

Inemumym pocaunnuymea im. B.A. FOp’esa HAAH Yxpainu, Xapkis, Yrpaina,
e-mail: yurievl908sunflower@gmail.com

COHALIHMK HAJEXHUTh JO KYJIbTYp i3 BITHOCHO BUCOKOIO TIOCYXOCTIMKICTIO, SIKa MEPEBasKHO 3yMOB-
JeHa KoMIuieKkcoM Mopdooriuaux amantamii. [IpoTe B OHTOTEHE31 COHSIIHWKY BUIUIAIOTH NEKIJTbKa
eTamiB, HaJA3BUYAHHO YyTIMBUX NI0 BIUTUBY Ae(iuuTy Bosord. B ymoBax YkpaiHU Ba)KIMBUM € TIiJBHU-
IICHHSA CTIMKOCTI COHSIIIHUKY MO TOCYXW Ha paHHIX eTamax pPOCTy POCIWH — IiJl Yac MPOPOCTaHHS Ta
cxoniB. ToMy HeoOXiZJHO peTeNbHE BUBYCHHST HASBHOTO TeHO(MOHY ISl HOro e(heKTHBHOTO BUKOPHCTAH-
HS B CJICKILIMHIN PaKTHUIL.

Hapasi € akTyanbHUM pO3BUTOK CEJEKIIHUX HAMPSAMIB, SIKi CHPUSIOTH MOEIHAHHIO B OJTHOMY Te-
HOTHUI MaKCUMAaJIbHOT KiJIBKOCTI KOPUCHUX BIIACTHBOCTEH, 110 MOKIIMBO 3aBISKA BUKOPUCTAHHIO €(EKTY
TeTepO3UCY Ta 3ATYYCHHIO JI0 CXPEIlyBaHb JiHIH-JOHOPIB IIIHHUX TOCMOJAPChKUX O3HAaK. Bigkputum 3a-
JUIIAETHCS TATAHHS TOETHAHHS O3HAK IMOCYXOCTIMKOCTI Ta CTIHKOCTI JO POCIHMHHU-TIApAa3WTa BOBYKA
(Orobanche cumana Wallr.).

HayxoBmsimMu pisHEX KpaiH OOTpyHTOBAaHO METOAWYHI MiAXOIU O OI[iHKK COHSAIITHUKY Ha TOCYX0C-
TIAKICTh. Y CTaHOBJICHO, 10 IPOPOIIYBaHHS COHSIITHUKY B YMOBaX OCMOTHYHOTO CTPECY, CTBOPEHOTO PO-
34MHOM TONIETHJICHTITKOMIO 3 MojeKysipaoro Macoro 6000 (PEG 6000), cympoBomKyeThCs 3MiHAMHA
CXO0XOCTI HaCiHHS, OioMacH Ta JiHIHHUX PO3MIpiB MPOPOCTKIB, a TEHOTHUITH Pi3HATHCS 32 TUIIOM PEaKIIil
Ha cTpecoBuii BIUUB. [IpoTe Ha cydacHOMY BITUM3HSHOMY CENEKIIHHOMY Marepiani He BHBYCHO BILIHB
pi3HuX KoHUeHTpauiil po3unny PEG 6000 Ta He agantoBaHO METOAMKH HPOPOLIYBaHHS HACIHHSI.

MerToro Hammx AOCHiPKEHb OyNo IOCTIIUTH JIHIMHUI MaTepian COHSIIHUKY NUISIXOM MPOPOILY-
BaHHsI HACiHHS 3a pi3HHX KoHueHTpauii pozunHy PEG 6000. JocmimkyBanu 18 niHii-BiTHOBHHKIB (ep-
TWJIBHOCT] COHSIILIHUKY, 3 IKUX 12 ninil ctBopeHo B [HcTuTyTi pocauununTsa im. B.A. FOp ‘’eBa HAAH, a
UICTh JiHIN — 3pa3ku KoJnekii HamioHanpHOTo EHTPY TeHETHYHHX pecypciB pociuH Ykpainu. JIiHii Bu-
3HAUYEHO fK CTiHKi 10 pacu F BoBUKa, a CTymiHb ypaskeHHs 1X OLIbII BipyJIEHTHUMHU pacaMy BapiloBaB Bill
0,11 no 9 OyBEO0OUOK Mapa3urTa Ha OJHY JOCIIPKEHY POCIIHHY.

[IpopouryBanHs HACiHHA 3/IHCHIOBAJIH B PYJIOHAX i3 (QUIBTPYBaJIbHOrO Mamepy 3a TeMIlepaTypu
23 + 2°C. 3acrocoByBanu Tpu Bapiantu koHuenrtpauid PEG 6000: 0 % (xoxTpons), 10 % i 20 %. Yepes
' SITh 110 Ticisl 3aKiiaiaHHs HACIHHS Ha MPOPOIYBaHHS IipaXxoBYBalH KiJIbKICTh MPOPOCIUX HACIHWH,
BUMIPIOBAJIM JTOBKMHY KOPIHIS Ta TrinoKOTWIsL. CTaTHCTUYHO ONPAalbOBYBAJIM HE aOCOJIIOTHI 3HAYEHHS
03HAK, a CITiBBIJHOIIEHHSI KO>)KHOT'O JOCIIITHOTO BapiaHTy 10 KOHTPOJIIO, BUPAXKEHE Y BiICOTKAX.

3a CXOXICTIO HACiHHS, JBO(GAKTOPHUM AMCIEPCIMHUM aHAIi30M BiJICOTKA JOCIIAY IO KOHTPOJIIO
YCTaHOBJIEHO, III0 HA O3HAKy 3HaunMo BIumMHyJa KoHueHtpauis PEG 6000 (p < 0,01). Takox cratucTuy-
HO MIATBEP/HKEHO BIUIMB (haKTOpa «IiHis» Ta B3aEMOJIT (GaKTOPiB «IiHis X KoHIeHTpaiis» (p < 0,01), mo
CBIAYUTH NPO 3HAYMMI BIIMIHHOCTI MK JOCIIIXKYBaHHUMH JIIHISIMH 32 PEakIi€lo Ha 3MiHy KOHIEHTpalii
po3unHy. Haiibinpmuii BHECOK y MiHIMBicTh 03HakH MaB (akTop konueHtpauii PEG 6000 (30,7 %). Ya-
CTKa BHECKY (haKTOpa «ITiHis» B MIHIUBICT 03HaKHM cTaHOBWIA 29,2 %; yacTka BHECKY B3aeMOJIi1 (akTo-
PiB «IiHis X KOHLIEHTpauis» noscHioBana 23,5 % 3aranpHoi Bapiamii o3Hakd. JIiHI{ 3MEHIIWIN CX0XKiCTh
HacinHs y BapianTi 3 10 % PEG na 0,0-27,3 %; y BapianTi 3 20 % PEG Ha 5,0-65,8 %. Cepen gocmimke-
HUX JiHiH, 10 JiHIA NOKa3aIM CX0XICTh HA PiBHI KOHTpOIIO y BapiaHTi 3 10 % KOHIEHTpaLi€ro, 3 HUX YO-
THUPH JIiHIT MaJIK CXOXICTh Ha piBHI KOHTpoJIO y BapianTi 3 20 % PEG.

3a MOBKHMHOIO KOPIHIIA, ABO(AKTOPHUM AMCIICPCIHHUM aHaJIi30M BIJCOTKA JIOCIIAY 10 KOHTPOJIIO
YCTaHOBJIEHO, L0 Ha O3HAKy 3HaYMMO BIUIMHYNA sk kKoHUeHTpauiss PEG 6000 (p <0,01), Tak 1 ¢axrop
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«riHig (p <0,01). CrarucTidHa 3HAYNUMICTD B3aEMOZil (akTopiB «riHIA X KoHmeHTpamis» (p < 0,01)
CBIAYUTH MPO Pi3HY PEaKLil0 OKpeMHUX JiHii Ha BapiaHTH nociiny. HaiiOinpmimii BHECOK Y MiHJIHBICTb
o3Haku MaB QakTtop koHueHTparnii PEG 6000 (35,87 %). UacTtka BHeCKy (akTopa «IiHisD» B MIHIUBICTh
03HaKW craHoBmia 28,62 %; yacTKa BHECKY B3aeMomii (aKTOpiB «IiHis X KOHIIEHTpAIlis» IMOSICHIOBAA
12,64 % 3aranbpHoi Bapiamii o3Haku. Cepen AOCHiIKEHHX JIiHiH, y BapianTi 3 10 % KoHuIeHTpali€o IBi
JiHIT CTATUCTUYHO 3HAYMMO TEPEBHIYBaJH 1HIII JiHii. BifcoTok mocmixy 10 KOHTpoo ctaHoBHB 1245 1
123,1 %, BignosigHo. OTXKe, TOBKHUHA KOPIHIIB IMX JiHiM 3a mpopornryBanHs B po3uuHi PEG 6000 10 %
KOHIIEHTpALii T0CTOBIpHO 30ibIIMIacs. 3aMuIniacs Ha PiBHI KOHTPOIIO JOBKHUHA KOPIHIIB I ATHOX JIi-
Hiil. Y BapianTi 3 20 % PEG Bci niHiT 3HAYNMO 3MEHIITWIN TOBXHAHY KOpiHIl, Ha 37,6—77,2 %, ane Bumi-
JICHO TPH JIiHii, Kpalli BiJ| iHIIKX.

3a JOBKMHOIO TIMOKOTHIIIO TBO(GAKTOPHIM AMCIIEPCIHHAM aHATI30M BiFCOTKa JIOCITIAY 10 KOHTPO-
JII0 YCTaHOBJIEHO icTOTHMH BIIMB (hakTopa «iiHis» (p < 0,01), konuentpauii PEG 6000 (p < 0,01) Ta B3a-
emozii QakTopiB «iIiHisl X KoHHeHTpauis» (p < 0,05), Mo CBITYUTH MPO Pi3HY peakiilo OKpPEMHUX JiHIH Ha
BapianTu nocuixy. Ha o3Haky HaiOinpmum unHOM BIumHYNa KoHIeHTpalis PEG 6000 (55,8 %), Toxi sk
YyacTKa BHECKY (akTopa «IiHis» Oyna noMipHoro (16,4 %), a yacTka BHECKY B3a€MOJIi1 (PaKTOPIB «JTiHIS X
KOHLIEHTPALisl» — BITHOCHO HeBeJIUKOIO (8,2 %), aje CTaTUCTUYHO 3HAYMMOI0. 3arajaoM JiHii CKOPOTHIH
JOBXKHUHY TimoKoTwIo Ha 29,1-72,3 % y Bapianti 3 10 % koHueHnrpauieto, i Ha 74,8-96,2 % y BapiaHTi 3
20 % PEG. VY BapianTi 3 10 % KOHIIGHTpPALI€I0 YOTHUPH JIiHIi CTATUCTUYHO 3HAYMMO IMEPECBUILMINA 1HIII
ninii. Ti x cami JiHii Oysl0 BUAIIEHO 3a JOBXHHOIO KOpiHIS. Y BapiaHTi 3 20 % KOHLEHTpaLI€r0 Kpari
TiHi{ He BU3HAYEHO.

TakuM 9rHOM, TIPOPOIITYBAaHHS HACIHHA JIiHIH-BIAHOBHUKIB (DEPTHIIBHOCTI COHSIIHUKY PYJIOHHUM
MetoqoM y po3unHax PEG 6000 mano 3mory mudepeHiitoBaTa JiHii 32 peakii€lo Ha KOHIIEHTPAIIil0 po3-
ynHy. Kpami niHii 301bIIyBany TOBKUHY KOPIHIA MPOpocTKa abo 3aullaiy ii Ha piBHI KOHTPOIIIO Y Ba-
pianTi 3 10 % KOHLIEHTpaLi€I0 PO3UUHY.
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BIOXIMIUHI ATAIITUBHI PEAKIIII IIIIIEHAIII 3A IHO®IKYBAHHS BIPYCHOIO
IHOEKIICIO

JI. T. Mimenko!, O. O. MoaoxuenkosaZ, A. A. [lyniu!, I. I. Mounuii?, II. C. Tuxonos>4,
A. C. ®anin?, I0. I1. Tkayenko?, I. A. Mimenko3, A. B. lamenko?

'Kuiscoxuii nayionanvnuii ynicepcumem imeni Tapaca Illesuenxa, HHI] «Incmumym 6ionozii
ma meouyunuy, Kuis, Yxpaina, e-mail: Imishchenko@ukr.net

?Cenexyitino-eenemuunuii incmumym-HayionanbHutli yenmp HACIHHE3HABCMBA MA COPMOBUBHEHHS,
Ooeca, Ykpaina, e-mail: olgamolod@ukr.net

'Hayionansnuii ynisepcumem 6iopecypcis i npupodoxopucmyeanns Yxpainu, Kuis, Ykpaina

‘Oo0ecoruil deporcasnuii azpapuuii ynieepcumem, Odeca, Yrpaiua,
e-mail: pavth@ukr.net

[mennnus (Triticum aestivum L.), 1K OCHOBHA TIPOIOBOJIIFYA KYIbTypa B YKpaiHi, Ma€ BEIHUKE €KO-
HOMIYHE 3HAYEHHS, BOJHOYAC CIyTYIOUM KPUTHYHHM BHECKOM Yy TJIOOaNbHY MPOAOBOJBUY OE3IeKy.
CkaIoBUMH OCHOBHUX YHMHHHKIB, sIK1 JIMITYIOTh peaii3alilo NpOIyKTHBHOCTI MIIEHHUIII € BipyCHI XBO-
pobu. Tak, ocTaHHIME pokamMu B YKpaiHi KOHCTATyBaJl yYpa)keHHs MIIICHHULII BIpyCOM CMYTacToi MO3aiku
nmennni (BCMIT), Bipycom kapnukoBocti murenuni (BKIT) Ta Bipycom »0BTOi KapiIMKOBOCTI STUMEHIO
(BXK#), mo npuzBommno no 3HmKeHHs ypoxar Ha 30-50 % 1 i#oro skocti (Mimenko, 2009;
Mishchenko et al., 2021). 3acTocyBaHHS CTIHKUX IO BIpYCIB COPTIB MIICHUII € UM HE €AUHUM CIIOCOOOM
BUpIIIEHHS IIi€l mpoOiemMu.

BioxiMiuHi peakiii B pociMHAaX, CIIPUYMHIOBaHI BIpYCHOIO 1H(EKIi€l0, B OCHOBHOMY BKJIIOYAIOTh
perynAmio (OTOCHHTETUYHOTO anapary, 3MiHH Y CHCTEMi OKHCHIOBAJIbHOT'O TOMEOCTa3y, peakmiii ¢peHo-
JHFHOTO Ta BYTJIEBOAHOTO OOMiHY Ta iH. OHUM i3 BOXXJIMBUX KOMIIOHEHTIB 3aXHUCHOI peaKilii pociuH Ha
BipyCHE ypaKEHHS € CUCTeMa «IpoTea3u—iHrioiTopu». [IpoTeasu OepyTh ydacTb y jAerpajaarii qyxopij-
HUX OUIKIB 1 perysiii KIITHHHUX MPOIIECiB, TOJI SK IHT10ITOpH MpOoTea3 OOMEXYIOTh HaIMIpHUI TpoTe-
0J1i3 Ta MOXXYTh BUKOHYBaTH aHTHBIpycHY (yHkiro (Anikina et al., 2023). OnHuM 3 MEeXaHi3MiB 3aXUCTy
pociuH BiJ (iTOMAaTOreHiB € CHHTE3 MOXiAHUX (PeHiIponanoinis, GIaBoHOIIB Ta 1HIINX CIONYK, 31aT-
HUX MOPYUTYBaTH IUTICHICTh IIUTOMJIA3MaTUYHUX MeMOpaH (iTOMAaTOTeHHUX OpraHi3MiB, OpaTH y4acTh y
KacKaJax CKIQJHAX OlOXIMIYHHX MEpPEeTBOPEHb, IO CIPHUSAIOTH GopMyBaHHIO criiikocti (Rashad et al.,
2020). KirouoBuM eH3UMOM (EHOIBHOTO MeTabomi3mMy € (deHinanaHiH-amiak-miaza (KD 4.3.1.5), skuit
KaTallizye TMepury i JiMiTylouy peakiiro (eHiInmponanoinHoro nnisixy (ae3aMmiHyBaHHs (eHinanaHiHy).
Lleit en3um Oepe yyacTs y 6iocHHTE31 EHOTBHUX CIIONYK, 30KpeMa (pIIaBOHOI/IB, 1 CAIIIUIOBOT KUCIIOTH.
Ha nanwmii yac, caninmioBy KUCIOTY PO3IIISAAIOTE SIK (PEHOJBHY CIIONYKY 3 BIACTUBOCTSAMH (DiTOTOPMOHY,
sKa 37aTHA (PYHKIIIOHYBaTH B POCIHHI SK KOMIIOHEHT CUTHAJILHUX CHUCTEM KIITHH, IO OEpyTh y4acThb y
(dhopMyBaHHI TPOTEKTOPHUX peakiiiid pociuH (Pant et al., 2021). MeTow 1aHOro JOCIHIPKEHHS OyJIO BH-
BUYCHHSI 010XIMIYHHX aJIAITHBHAUX PEAKIii POCIIHMH MIIIEHUIII 32 BILTUBY BipyCHOI iH(EKITii.

Hocnimxennus Oynu npoBeeHi Ha 3pa3kax pociuH mmenudi (Triticum aestivum L.) coptiB ‘Mupo-
HiBcbka-10°, ‘Accopi’, ‘Bipnicts’, ‘Koponesa’, ‘Porakc’, inTporpecuBHol jiHil nmenuri ‘1273/25° 3 Ha-
SBHICTIO TeHiB BiJ Aegilops tauschi na crazii konocinus, BupomeHux B [lonrtascrkiii, KipoBorpancekiit
ta Opecekiil obnactsx, ypaxennx BCMII ta BXXKS. Inenrudikarnito BipyciB MpoBOAMIN 32 JOIOMOTOI0
iMmyHOdepMmeHnTHoro ananizy y moaucdikamii DAS-ELISA ta 3T-ITJIP. Metoan nociiikKeHHS — CIIEKTPO-
(doToMeTpuyHI, BUCOKOS(PEKTHBHA piarHHA XpoMaTtorpadis. CTaTHCTUYHUA aHAI3 pe3yNabTaTiB JIOCHi-
JOKEHBb MTPOBOJMIIH 3a JIoroMororo nporpaMu “Analysis of the Data of Electron Tables Microsoft Excel”
(2010), nporpamu aHani3y 300paxens “Imagel”.

[poBeneni nocmipkeHHs mMokazanu, 1o iHpikyBaHHs pociamH mmenui BCMIT ta BXKS
CYIIPOBODKYBAJIOCS MOPYLIEHHSIM (QYHKIIOHYBaHHS ()OTOCHHTETUYHOIO anapary pOciHH, 110 npo-
ABJISUIOCA y 3HIKEHHI BMicTy xnopodiny a B 1,2-2,1 pasa, xsnopodiny b — B 1,3-2,7 paza, BMicTy Ka-
porunoiniB — B 1,4—1,8 pasa, 3meHmenHsM Bmicty Oinka (B 1,3—1,7 pa3a) Ta miIBUINEHHSIM PIBHS PO3-
YMHHUX LYKpiB y 1,3—4,7 paza BiAHOCHO 310pOBHX pociuH. Taki peakuii MOKyTbh BBaXKaTUCSI OJHUM 13
JIiarHOCTUYHMX TMOKa3HUKIB BipycHoi iH(ekmii. [lokazaHo, 1Mo peakwisi CHCTEMH «IIPOTea3u—iHri0iTOpH»
3a iH(IKyBaHHS BipyCHOIO 1H(EKIIEI0 Maja IeHOTUI-CrenupiuHui Xapakrep. Y 1HTPOrpeCUBHOI JIiHIT
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mmeHnni ‘1273/25° 3a indikysanns BCMII criBBiAHOLICHHS! aKTUBHOCTI HEUTpaJIIbHOI POTEa3u 10 ak-
THUBHOCTI 1HTI0ITOPY TPHUIICHHY 3pocTano y 2,2 pa3u, ToAi Ak y copti ‘Bipaicts’, ‘KoponeBa’ BoHO 3HH-
KyBanocst y 4,4—6,3 pasu BiamoBigHO. JloCiKeHHS aKTHBHOCTI KITFOYOBOTO (pepMeHTy (heHOIBHOTO Me-
Taboi3My (peHIIaNaHIH-aMiaK-JIia3| JI03BOJIMJIO BCTAHOBUTH ITiBUINICHHS HOro akTMBHOCTI B 1,3—1,4 pa-
3u 3a BrmuBy BCMII-indexkuii Ta B 1,3 pasu 3a ingikysanns BXXKS BigHocHO 3m0poBUX pociuH. Y CTiid-
koro 10 BCMII copry ‘Porakc* miBUIIEHHS aKTHBHOCTI €H3UMY OyJo HaiOimbmmMm (y 2,5 pasu). Bera-
HOBJIEHO, 10 3a iHdikyBanHs i BCMII, i BXXKS BinOyBanocs 3pocTanHst piBHS BUIbHOT (OpMHU caiinu-
JIOBOT KUCJIOTH B MOPIBHSHHI 31 3M0pPOBMMHU pOCIUHaMU. BmicT BinbHOI opMu caminmiaoBoi KHCIOTH y
BCMII-ia¢dikoBarnx pocnuH 30inpmuBcesa y 1,5-2 paszu, ocobmmpo y crilikoro 7o BCMII copty ‘Portakc’
(B 2 pasm) BimHOCHO KOHTpOIIO. 3a iH}ixkyBarnas BXKKS BMicT BUTbHOT caiMiIOBOi KHCIOTH i IBHIITUBCS
y 1,3 pa3u. BmicT koH’toroBanoi ¢opmu caninmioBoi kuciotu y BCMII-iHdikoBaHUX pOCIHH MIIEHULI
3aJMIIaBcs Ha PiBHI 3I0POBUX POCIHH, a 3a iHdpikyBanHsI BXXKS OyB HecyTTeBO MiIBUIIEHUM, IO MOXE
BKa3yBaTH Ha 3aJy4eHICTh JO 3aXHMCHUX MEXaHI3MiB came BUTbHOI OpPMHE CaiIMIOBOi KHCIOTH. BMicT
¢naBonoiniB 3a iHdixyBanus BCMII 3pocraB y iHTporpecuBHoi niHii mmenunni ‘1273/25° B 1,2 pasu, a B
pociuHax copty ‘Accopi’ OyB HeaminHuM. Y BIKKS-indikoBanux pocnuHax copty ‘MuponiBcbka-10’
BMiCT (pJIaBOHOIIB 30ibITyBaBCS TAKOXK HECYTTEBO TMOPIBHSHO 31 3J0POBHMHU pocimHamu. HaitOinbiie
MiIBUIIEHHST BMicTy (uaBoHOINIB 3a iH(pikyBanas BCMII BcTaHoBIeHO y pocnuH cTiiikoro copty ‘Po-
takc’ (y 1,4 pasn).

Takum unHOM, OyIIM BHSIBIICHI TEHOTHI-CIeNU(idHI 3MiHH y O10XIMIYHHUX aJalTUBHUX PEaKIiIx
pOCIMH TIICHUII 3a iH(iKyBaHHS BipycHOr iH(ekieo. Jocmimkeni O0ioxiMidHI peakiii yTBOPIOIOTH
€1MHy 0araTopiBHEBY 3aXUCHY MEPEXKY, IO PETYIIOE SIK JIOKAIbHY CTIHKICTh (peakuilo HaadyTIHBOCTI),
TaK 1 cucTeMHy HaOyTy CTIHKIiCTh POCIWH MIICHMI OO BipyciB. 3aXMCT POCIHMH MIICHUI (OPMYETHCS
BHACITIIOK CKOOPJAMHOBAHOI B3a€MO/Iii CHTHAIIbHUX, METa0OMYHIX Ta (DePMEHTATHBHUX CHUCTEM KIIITHHHU.
CajrinuiioBa KHCJI0Ta BUKOHYE PEryJIATOPHY (PYHKIIIO, 3aIlyCKalOUu CUCTEMHY HAOyTY CTIHKICTh, TOJI SK
(eninananin-amiak-yiasza i GpuaBoHOIIM 3a0€3MEeUyIOTh AaHTHOKCUIAHTHUN 3aXKCT Ta 3MII[HCHHS KIIITHH-
HUX CTiHOK. PO3BHTOK iH(EKIIii CYyIPOBOMIKYETHCS PECTPYKTYpU3alicl0 (POTOCHHTETHYHOTO amapary Ta
MiJBUIIEHHSAM BMICTY HYKpiB, SIKi BHCTYHAIOTh y POJi OCMOIpPOTEKTOpiB. KoMmrmekcHuil aHami3 mux
napaMeTpiB J03BOJISIE 00'€KTUBHO OI[IHUTH CTYIECHb CTIHKOCTI TEHOTHUIIIB IIICHUI 33 O10XIMIYHUMHU  TO-
Ka3HUKaMH, 110 MOXKe OyTH BUKOPUCTAHO JUIS OIIIHKHU CENEKIIHHOTo MaTepialy Ha CTIHKICTb J0 Bipy-
CHUX XBOPOO.

Jocnioocenns suxonano 3a Qinancosoi niompumxu 6 pamxax npoekmy HOIAY Ne 2023.03/0244 «Mexanizmu
CMIUKOCMI eKOHOMIUHO 8ANCIUBUX KYJILIMYP 00 BIPYCHUX X8OPOO 8 YMOBAX BOEHHO20 CIMAHY MA 2100A1bH020 Nomen-
JHHAY 3a KOHKYpcom «Ilepedosa nayka 6 Yrpainin.
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JO303AJIEXKHI EOEKTH 2-OEHOKCHUETAHOJIY HA PICT, IUXAHHSA
TA MAPKEPH OKHUCHIOBAJIBHOI'O CTPECY Y MIKCOTPO®HHUX KYJIbBTYPAX
EUGLENA GRACILIS

B. M. Mokpocuon, O. K. 3o;0TapsoBa

Incmumym 6omanixu im. M.I'. Xonoonoeo HAH Ykpainu, Kuis, Yxpaina
e-mail: membrana@ukr.net

2-®enokcieranon (CsHi00z) (PE) — ue opraniuna cronyka, sSIKy CHHTE3YIOTH i3 (peHONy HIISXOM
rigpokcuerwmtoBanHs. [lpuponniit ®E takox Oyino 3HaWAEHO i BUALIEHO i3 ASSIKUX POCTHH (TperrdpyT,
3ejieHnH vaii Ta iH.). ®E mupoko BUKOPUCTOBYIOTH SIK KOHCEPBAHT 1 pO3UMHHUK Y KOCMETHYHHUX 3ac00ax,
(hapMaleBTUYHUX MpernapaTax Ta iHIIUX TOBapax, 10 MPU3BOIUTH JI0 MOCTIHHOTO MOTPAILISHHS i€l CUH-
TETUYHOI crionyku y BogHe cepenosuine (Akgiindiiz et al., 2020; Kilpinen et al., 2023; Trenholm et al.,
2008).

MerToro JaHoTO AOCHiPKEHHS OyJI0 BUBYEHHS TOKCHYHOTO BILMBY OF Ha mpicHOBOIHY (OTOCHH-
Te3ytody npotucty Euglena gracilis misixoM OIHKK IWHAMIKA POCTY KYJIBTYp, TUXaTbHOI aKTUBHOCTI,
3aKHCJICHHS TIOKMBHOTO CEPE/IOBHIIA Ta PEaKIlii Ha OKUCHIOBAaJbHUHN cTpec. s nporo mikcoTpodHi Ky-
neTypH E. gracilis, o KynbTUBYBAIUCS y PUCYTHOCTI eTanony (1 %), miaaaBaiy BIUIMBY KOHIICHTPAILIiH
®F Big 2 no 10 MM (2, 4, 6, 8 1 10 MM @E), sixi momaBanu oAHOPa30BO Ha MOYATKy KyJabTHBYyBaHHS. [1i-
JPaxXyHOK KOHIEHTpaIlil KIiTHH, BUMiproBaHHs pH Ta aHami3 BMicTy MOMi(EHONBHAX CIIONIYK ITPOBOIH-
mucsa Ha 0, 1, 3, 6 Ta 12 100u BUPOILYBaHHS YCiX KYJIbTyp. IHTCHCUBHICTh JMXaHHS OLIHIOBAIH Yepe3
24 nobwu iHkyOarii cycrensii kit 3 6 Ta § MM OE.

Hocnimxenns mokasano, mo OE BUKIHKae KOHIIEHTPAIIHO-3aIeKHY 3aTPHUMKY POCTY Ta YACTKOBY
3aru0enb KIITHH y KyJabTypax E. gracilis. 3aTpuMKa MPUPOCTY KIITHH Y KYJbTypaX CYIPOBOIKYBaJIacs
3HWKCHHSIM 1HTEHCUBHOCTI JIMXaHHS iX KJIITHH Ta 3aTPUMKOIO 3aKHCJICHHS MOXKUBHOTO cepenoBuina. L1i
e(eKkTH BimOoOpaXKaloTh YIIOBUIBHEHHS MeTa0olli3My €TaHOIy SK JpKepella KapOOHY B KHCI TPOIYKTH
(amerar) y KynbTypax 3 > 6 MM @®E npoTsarom no4aTkoBOro nepiojly KyJIbTHBYBaHHS TOPIBHSHO 3 KOHT-
POJIBHOIO TPYIOIO Ta KYJIBTYPaMH 3 HIKIUMHE J03aMu. Kynbtypu 3 2—4 MM OE BigHOBIIOBaNM picT mpo-
TATOM 3—6 IHIB, TOAI SK THM, 110 3a3HaBalM BILHBY 6-8 MM ®FE, moTpi6HO Oymo 6—12 mHiB AJs BiTHOB-
nenss. Konnenrparis 10 MM OF mana HalizryOHimid eeKT Ha KyIbTYPY, OCKUTBKH 3 6-1 100U 10 KiHIIA
JIOCITIY CIIOCTEPITray JIMIIEC HEBEJIUKY KUIbKICTh KUBUX KIITHH. [TiBHIIEHE HAKOTTMYSHHS TOTi(EHOIB
Ha TIepIINK IeHb KyJbTHBYBAHHS B YCIX KYJIBTYpax MOXe OyTH O3HAKOIO MOSIBH OKHCHIOBAJILHOTO CTpe-
cy. Bucoki xoHmeHTparii momidenoniB cnocrepirany y Kynprypax 3 > 6 MM ®OE no 6 1oy BuporryBas-
HSl, TOJII SIK Y KOHTpOJIi Ta BapianTax 3 2 i 4 MM @E 3 3-i 1o6u Bxe BiAOynocs 3HIKEHHS BMICTY IHX
CIIOJYK.

i pe3ymbTaTil 1eMOHCTPYIOTH, 10 OF B KOHIEHTpamiax > 2 MM Jie K a0iOTHYHHNA CTPECOBUI
tdakrop mns E. gracilis Ta cBiq4aTh MPO CTIMKICTh IOTO OpraHizMy. Xoda BUCOKI KoHmeHTpamii ®F
(6—8 MM) CpUYMHUIN CEPHO3HI MOMIKOKEHHS Ta 3aru0eb YaCTUHU KIIITUH, PEeIITa MomyJsiii 30eper-
Jla 3AaTHICTb JO PO3MHOXKEHHS, 110 CIPHUIO BIIHOBJICHHIO KyJbTYpH. MeXaHi3M HETaTHBHOTO BILJIMBY
®F nHa E. gracilis Ta npyu4rHU NPUNUHEHHS Horo aii He Oyau BH3HAYEHI, TOX MOJAJIBII JOCHTIHKEHHS
e(eKTiB, 1110 JIe)KaTh B OCHOBI TOKCHYHOCTI Ta TOJIEPAHTHOCTI BOJHUX MikpoopraHizMmiB o ®E, 3anumra-
IOTHCS aKTyaJIbHAMH.
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BIOXIMIYHI MAPKEPH CTIMKOCTI POCJIUH GLYCINE MAX 1O BIPYCY
MO3AIKH COi
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‘O0ecoruil depocasnuii azpapnuii ynieepcumem, Odeca, Ykpaina, e-mail: pavth@ukr.net

Bipyc mo3aiku coi, BMC (soybean mosaic virus) € oJHUM i3 HAHNOMIMPEHIMHUX 1 HAHOUTBII TIIKO-
JOYMHHUX 30yIHUKIB BipycHHX XBOpoO coi (Glycine max L.) B ycboMy cBiTi. BiH HanexuTs 10 poxy
Potyvirus, pomuan Potyviridae. Beranosieno, mo iHdikyBaHHs pocianH BMC HeratnBHO BIUIMBaE Ha
MPOAYKTHBHICTH CO1, CTPYKTYPY BpoKato Ta sikicTh HaciHHs (Mishchenko et al., 2018, 2022; Molodchen-
kova et al., 2025). Ha croroani inenTn(hikoBaHO YOTHPU OCHOBHI HE3aJIeXKHi JIOKYCH JOMIHAHTHUX TEHIB
ctifikocti 1o BMC, sKki mo3Hauatotecs sk Rsvi, Rsv3, Rsv4 ta Rsv5. I'en 3gG2 — 11e 0[IMH 13 KIIFOYOBUX
Ta HAaWOUIBII BHUBYCHHMX (PYHKIIOHAIBLHUX CJIEMEHTIB CKJIQJHOTO MYJbTHUIEHHOI'O CIMEHCTBA y JIOKYCI
Rsvl coi, mo BiamoBigae 3a po3nizHaBanHsa BMC Ta 3amyck kackany 3axucHux peakiiit (He et al., 2025).
BioxiMiuHI POTEKTOPHI peakiii B pOCIMHAX BKIOYAIOTh aKTHUBAIliI0 MEXaHi3My aHTHOKCHIIAHTHOTO 3a-
XHCTY HUISIXOM 3pOCTaHHS KiJIbKOCTI Pi3HUX aHTHOKCHJAHTIB, B TOMY YMCIi (DEHONBHUX CHOIYK, 3MiHH
aktuBHOCTI mepokcunasu (Kd.1.11.1.7) ta cynepokcummucmyrasu (KO 1.15.1.11). Lli eH3uMu BXOIATH
10 (hepMEHTAaTUBHOI aHTUOKCHAHTHOI CUCTEMH POCIIMH 1 MarOTh 3[IaTHICTh pearyBaTH Ha OyAb-sKi BILJIH-
BM JOBKLUISA 3MiHaMH HaOOpPiB i303uMiB Ta/ab0 EKCIPECHBHOCTI OKpeMHX i30opM IuX (epMeHTIB
(Mishchenko et al., 2026). [Tlepokcu BoHIO Bifirpae BUpIiIAIbHY POJIb Y CTIHKOCTI POCIUH 0 BipYCiB,
JIIOYM K CHTHAJbHA MOJIEKYJIa Ta MPSIMHIA 3aXMCHUN areHT. BiH MOXe 3amyckaTh Kackajl MOii, BKITO-
Yal04YM 3MIIIHEHHS KJIITHHHHX CTIHOK, CHHTE3 3aXHCHHX CIHOJIYK, TaKHX SK (ITOAJEKCHHH, Ta 3amporpa-
MOBaHy 3aru0elb KIITHH (peakilis rinepuyTinBocTi) Juist crpuMyBanHs iHdekuii (Widyasari et al., 2020).
Oeninananin-amiak-niasza (PAJl) Mae BaXXIUBY pOJIb Y IPOTUBIPYCHIM CTIMKOCTI POCIIHH, iHIIIIOIOYN CH-
Hte3 (henompHUX crionyk (Rashad et al., 2020). CanimuoBa kucnota (CK) € ogHuM 13 KITF090BUX (PiTOTO-
PMOHIB, SIKHMIA PETYJIIO€ iIMyHHY BiJNOBiAb pociuH. 3a iHdikyBanus Bipycamu CK Bigirpae poib rojJoBHO-
rO CUTHAJTy JUIsl 3aIlyCKY SIK JIOKaJIbHUX, TaK 1 CHCTEeMHHUX 3axucHUX MexaHi3miB (Pant et al., 2021). V pis-
HUX KpaiHaxX CBITYy B IporpaMax CeleKIii coi yCITIIHO MPOBOJATH A00ip BHXIIHOTO MaTepiany Ta BHIi-
JICHHS1 TIEPCIIEKTUBHUX T€HOTHINIB 32 JOTIOMOIOI0 TeHETUYHUX Ol0XIMIYHHMX Ta MOJIEKYJIIPHUX MapKepiB
criifkocTi. IX BIpOBaKEHHs 103BOJIAE CKOPOTUTH CTPOKM CTBOPEHHS CTiMKHMX COPTIB Ta, K HACIIiJIOK,
OTPUMYBATH BHCOKI BpOKal.

MeToro 1aHOTO JOCIiIKEHHSI OyJIO BUBUCHHS €JIEKTPOGOPETUYHUX CHEKTPiB MEPOKCHUIA3H Ta CY-
MEPOKCUUCMYTa3H, BMICTY MEPOKCHUIY BOJHIO Ta peakiiiii HeHoJIbHOro MeTabos1i3My B pOC/IMHAX COi B
3B’s13Ky 3i criiikicTio 0 BMC.

Hnst nocmimkenHst 6yno B3aTo 30 3pa3KiB pOCIMH cOi (COPTH Ta CeNEKLiiHI 3pa3KH), BiiOpaHux y
¢a3i usitinag Ha nosx KuiBekkoi Ta [TontaBebkoi obmacTsx. [nenTudikario BipyciB IpOBOAMIM 32 JIO-
noMoror iMmyHogepmentHoro aHamnizy y moaudikauii DAS-ELISA ta 3T-I1JIP. 3pa3ku coi BiapizHsumcs
3a HasBHICTIO—BIJCYTHICTIO reHa 3gG2 B yokyci RsvI. Meroau JOCITIIKEHHS O10XIMIYHUX peakiii —
CHeKTpohOTOMETPHUYHI, BUCOKOE(EKTHBHA piMHHA Xpomarorpadis, HATUBHHUH relib-elieKTpodopesy B
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ITAAT. CratucTiyanid aHaJi3 pe3yibTaTiB JOCHTIHKEHb MPOBOIWIMA 32 JIOTIOMOTOI0 Tporpamu Prism
Graph 8 (GraphPad Software, San Diego, CA, USA), nporpamu aHani3y 300paxens “Imagel”.

BusnauenHs BMICTY epOKCHAY BOJHIO, BUTbHOI Ta KOH foroBaHoi gopm ennorennoi CK i aktus-
HocTi PAJI B pocnmHAX TOCHIKEHUX TEHOTHIIB COi TTOKA3alo, Mo OLIBIIICTh COPTIB 3 HASIBHICTIO TCHA
3gG2 y nmokyci Rsvl xapakrepu3yBanucs miaBuiicHuMu akTUBHICTIO DAJI ta BMicToM enporenHoi CK,
ocobimBo coptu Emena, Binpmmanka, [liona, Amika. ¥ Aeskux cOpTiB 3 HasBHICTIO reHa 3gG2 y JOKyci
Rsv] BUABIICHO TaKOX MiABHIICHUH piBeHb Mepokcury BoaHto. Lle, Hanpuknaza, coptu Komanaop, Amika,
Apmika, Jliona.

Hamu Oyrno mpoBeneHO MoCTimKeHHS KOMIOHEHTHOTO CKIaay (€HOIBHUX CIIONYK, B TOMY YHCII
¢1aBOHOIAIB, y JUCTKAX POCIHH coi y ¢a3i uBitTiHHg. B pesynbraTi Oynu ineHTH(IKOBaHI TaKi CIIOMYKH:
XJIOPOT€HOBA KHUCIIOTa, CAJIIIIOBA KHUCIOTa, KAaBOBAa KUCJIOTA, JAl/I31H, TeHICTHH, HAPIHTIH, PYTHH, Aai-
J3€iH, KBepleTiH Ta renicteid. [lokasano, mo cTyneHs CTiMKOCTi pociuH coi 7o BMC 3ymoBieHmii BMic-
TOM KOHKPETHUX (PEHONIFHHX KHCJOT Ta ()IaBOHOIMIB, 30KpeMa CaJilMIOBOI Ta XJIOPOTE€HOBOI KHCIIOT,
PYTHHY.

Enexrpodopernunuil aHami3 mepokcuaasu Ta CynepoKCUATUCMYTa3H B JIMCTKaX POCIUH COi TMOKa-
3aB, MIO KUTBKICTh 130()0pM €H3MMIB Bapiroe 3aJeKHO Bif TeHoTHIy Bix 4 mo 13 i3odopm pi3HOi excrpe-
CHBHOCTI Ta BiTHOCHOI pyXJHMBOCTi. BCTaHOBJIEHO, 110 T€TEPOTEHHICTh Ta €KCIPECHBHICTH 130)OpM €H-
3MMIB 3aJIe3Kalli BiJl COPTOBOI (TeHOTHIHOT) cnenndiky, CTiHKocTi 1o ypaxkenHs BMC, a Takox Bin Has-
BHOCTI 4M BincyTHOCTI reHa 3¢G2 y mokyci RsvI. Y copriB coi 3 reHom 3¢gG2 y mokyci Rsv/ BusBIIeHa
HAsBHICTh Ta BUCOKA EKCIPECUBHICTh JIBOX BUCOKOPYXJIUBUX i30(opM mnepokcunasu (POX-12, POX-13)
Ta TPHOX MATOPYXIMBHUX i130¢opM cyneporcuaaucmyTasu (Sod-1, Sod-2, Sod-3).

[IpoBeneni mocmipKeHHS MATBEPIKYIOTh, IO OJHUAM 13 MEXaHi3MiB CTiiikocTi pociuH coi 10 BMC
€ aKTUBAIlis KOMIUICKCY 3aXMCHUX PEaKIlid, ki moB’s3aHi 3 reHoM 3¢G2 (Jokyc Rsvl) 1 peami3yeThes dye-
pe3 MiIBUIIEHHS aKTHBHOCTI (heHLTanaHiH-aMiak-Tia3d, HAKOMMYSHHS KOHKPETHUX (PEHONBHUX CIOIYK,
TeHEepAaIlil0 CHTHAJIBHUX MOJIEKYJ (IEPOKCHY BOJHIO Ta CAJIIMIOBOI KHCIOTH) Ta clienu(iuHy eKcrpe-
cito i30hopM TepoKcuaasu 1 cynepokcuaaucmyTasu. OTpuMaHi pe3ysibTaTd JOMOBHIOIOTH PE3yJIbTaTH
MOHITOPHHTY TOJiB Ta pe3ynbrati DA i [IJIP anamiziB Mo CKpHHIHTY COPTIB COi Ha CTIMKICTH IO ypa-
JKEHHSI BIPYCOM, a TaKOX MOXYTh CIYTYBaTH MapKePHHMH O3HAKaMH B MOJAJBININX JOCHTIPKEHHSIX, J10-
3BOJISIIOYH OiJIBII IETATHPHO BUBYATH CTIHKICTH cOpTiB coi 1o BMC.

Jocnioocennst suxonano 3a ginancosoi niompumxu 6 pamrax npoekmy HOIAY Ne 2023.03/0244 «Mexanizmu
CMIUKOCMI eKOHOMIYHO 8ANCIUBUX KYTIbIYP 00 BIPYCHUX X80POO 8 YMOBAX BOEHHO20 CIMAHY MA 2100AIbHO20 NOMmen-
JUHHAY 3a KoHKypcom «Ilepedosa nayka 6 Ykpainiy.
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OIBALIEHHS CTIAKOCTI O3UMOI IMIIEHMIII 10 XBOPOB TA IIOCYXH
LIJISIXOM 3AJYUYEHHS Y CEJIEKIIAHUI MMPOLEC IHTPOTPECUBHUX JITHIN
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e-mail: Imishchenko@ukr.net

3aBISKU IUPOKOMY 3alpOBA/KEHHIO MPUCTOCOBAHKUX /10 IHTEHCHBHUX TEXHOJIOTiH BHPOLIYBaHHS
coptiB o3umoi mmenuti (7riticum aestivum L.) Bgamocs CyTTEBO TepeBepIIUTH PyOiX ii MOTEHIIiIHOT
npoayktuHocTi 100 1/ra (JIutBunenko, 2016). Ha xanb, B cyBOpUX yMOBax ChOTOJCHHs (INI0OANIbHI
3MIiHU KIIiMaTy, IOCyXa, BOEHHUH CTaH KpaiHH) MPH roCTpOMY JAe(ilUTi Ta JOPOKHEYi BCiX TEXHOJOT1Y-
HUX 3ac00iB, ITEpeBaru Cy4YaCHUX BHCOKOMPOMYKTUBHUX COPTIB 3HAYHOIO MipOIO HIBEMOIOTHCS (Bacuib-
kiBcbkuit Ta in., 2017). Ha HE3pKHX aprodoHax (3a BiACyTHOCTI JO0OpWB, mecTUIWIIB 1 (hyHTIIUAIB), 3a
HEMOXKITUBOCTI TOTPUMAaHHSI )KOPCTKUX BUMOT arpOTEXHIKH (Y MOPYLICHHIX CHCTEM 3eMIIepoOCTBa, Ci-
BO3MIiH, TIOCIBI TCJII MaJIOMIHHUX TOTMEPETHUKIB), 1HO/I 32 TEXHOJOTIYHUX BiIXWUJICHb HE CIIOCTEPITaeTh-
Csl CYTTEBUX BIIMIHHOCTEH HOBMX T€HOTHITIB BiJl CTApPUX COPTIB; MiABUIIEHHS YPOXKAWHOCTI 1HOI CKIIa/1a€
BChOro 2-3 %.

Kpim Toro, BHacHiIoOK MPUCKOPEHOT Yepe3 M’ Kl 3MMH €BOJIONIT 30yTHUKIB MOCTII{HO yTBOPIOIOTh-
Cs1 HOBI OLTBINI arpecWBHI pacu XBOPOO, CIIPOMOXKHI JOJATH TeHU CTIHKOCTI cydacHuX coptiB (Miedaner,
Juroszek, 2021; Bouvet et al., 2022; Sadeghi et al., 2024). BusiBinenns HOBUX Jpkepen Ta HopMyBaHHS
JIOHOPIB CTIHKOCTI 710 a0lOTHYHMX i OIOTMYHMX CTPECOBMX UYMHHHUKIB MOXKE CTAaTH OCHOBOKO JJISI CTBO-
PEHHS COPTIB HOBOTO THILY, 34aTHUX €(eKTHBHO MPOTHIIATH LIMM BUKIHMKaM. Lle 103BOIMTE peanizyBaTu
CIMaIKOBHH TOTEHITia MPOIYKTHBHOCTI HaBIiTh 32 YMOB HU3BKHUX arpooHiB, 06e3 3acTocyBaHHS 3ac00iB
3aXHCTY Bijl MOIIMPEHUX XBOPOO, IIKITHUKIB Ta Oyp’sHIB, a TAKOX 33 HAsIBHOCTI TEXHOJOTIYHHUX BiJIXH-
JieHb. Y Cy4acHHX yMOBaX OCOOJIHMBO aKTyaJIbHUM € (OpMyBaHHS T€HOTHUIIIB, SIKi TapaHTYBaTUMYThb MiHi-
MaJIBHUH PiBEHb YPOXKaHHOCTI B CTPECOBUX CEPEAOBHUILAX, BOJHOYAC Yy CHPHUSTIMBHX YMOBAaX BHUCOKHX
arpo(oHiB 30epiraTUMyTh CBOI IlepeBary Io/10 BUCOKOT npoaykTuBHOCTI (JIudenko ta iH., 2021).

Bunpo0yBanns intporpecunux JiHid y CII-HIIHC npoBoasTheCs yxe mpoTsarom 0araTtbox poKiB.
[[loce3oHy B KOHTpOIBLHOMY po3camHuKy nepinoro poky (KP-1) omintoBanu 6:1m3pko 100 HOBOCTBOpEHHX
IHTPOTPECUBHUX JIiHIN SIK BUXITHUHA CENEKIIHHAN MaTepial, 3 AKUX 3a pe3yJibTaTaMH NEPBUHHOI OI[IHKH
JI0 KOHTPOJILHOTO po3cagHuka Apyroro poky (KP-2) Bizoupanu 15-20 Haiikpamux B JaHUX YMOBax re-
HotutiB. [loganemuii 706ip MaB xapakTep IMOCIHIJOBHOT 0araToCTyleHeBoi CeNeKIlii, BHACTIA0K YOTO JI0
NOrIMOJICHOTO BUBYEHHS y BHILMX JIAHKAX CEJIEKLIHHOTO MpoLecy 3alydainu Bckoro 1—2 minii, siki Bigno-
BiJJaJTM BCTAHOBJICHHM KPHUTEPIsIM 32 KOMILUIEKCOM CEJIEKIIHHO [IHHUX O3HAaK, IEPEBUIILYyBaI HAUOIMKYI
CTaHJAPTH 33 BPOXKAWHICTIO HA HU3bKOMY arpoQOHi Ta XapakTepu3yBaIHCs HasIBHICTIO Uy>KUHHUAX O3HAK,
HacamIepe/1 MiIBUIIEHO0 CTIHKICTIO 10 xBopoO (Mortawuit Ta iH., 2025). [{ist CTBOpEHHS COPTIB 3 TMiJIBH-
HIEHUMH Q/IalITUBHAMH BIACTUBOCTSIMH Ta KOMILIEKCOM IHIIMX BaXXIIMBUX O3HAK HEOOXimHO OyIo mepe-
BIPHTH IIi JIiHIT HA BUCOKOMY arpodoHi MiHEpaIbHUX JOOPHUB, 33 BUCOKOTO PiBHS arpOTEXHIKH, B ONTHMA-
JBHUX YMOBax /sl COPTiB-CTaHAapTiB. B 3B’s3Ky 3 MM, METOIO0 HALIOTO JOCTI/UKEHHS OYyJ0 BU3HAYUTH
PiBEHb CTIMKOCTI 10 MOCYXH 1 NOMIMPEHUX XBOPOO Ta CENeKLiiHy iHHICTh KpalluX YAOCKOHAICHUX iH-
TPOrPECUBHUX JIIHIN MIIEHUII M'IKOT 03UMOIi, MOXIAHUX BiJ CKJIaJHUX OaraToeTarHUX CXpPEeIlyBaHb, Ha
3aBepHIAIbHUX eTanax celieKiiiHoro nporecy — nonepeaasomy (IICB) ta korkypcaomy (KCB) copro-
BUIIPOOYBaHHI, a TAKOXX IXHi MMOTEHIia] K BUXiJHOTO MaTepiayly Uil CTBOPEHHS HOBHX COPTIB 3 KOM-
TUIEKCOM TIepeBar, aJanToBaHuX JI0 CyYaCHUX YMOB BUPOOHHIITBA.

IeneTnunmii MaTepias BKIIOYAB 15 Kpamux iHTPOTPECUBHUX JIiHIA 03UMOT IMIISHUII Pi3HUX TIOKO-
JiHb, CTYNEHIB HACUUEHHS Ta noxomkeHHs, BiniOpanux y KP-1 i KP-2 mpotsrom 2016-2021 pp. (Mou-
HUHU Ta iH., 2025), a TaKOXK TPU COPTHU-CTAHAAPTH IS MMOCYIIINBOI KIIIMaTHYHOI 30HH (AHTOHIBKA, Kys-
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neHUK 1 HacHara). [TonpoBi qocmiau Oy 3akiiajieHi y ciBo3MmiHax cenekmiaux miapos3ainie CI'T-HIIHC
3TiHO 13 3aralbHONPUHHATOI0 CXEMOIO CEJIEKIIHOTO MPOIeCy CaMO3alIbHUX KynbTyp. CHpHAHATIN-
BICTh POCIHH J0 XBOPOO AociipkyBanmu Ha ¢oHi GopomrHucTol pocu (Blumeria graminis (DC) Speer f.
sp. tritici March.), muctkoBoi (Puccinia triticina Erikss. & Henn.), xoBtoi (Puccinia striiformis West.) Ta
ctebnoBoi (Puccinia graminis sp. tritici Erikss. & Henn.) ipxi, cenrropio3y nucts (Septoria tritici Rob. ex
Desm.) Ta cymimi BipycHuX iHGeKkmii. Bimus maToreniB Ha JOPOCI POCIMHU OIiHIOBAIH 32 9-0aIbHOI0
IHTETPOBAHOIO IIKAJIOK, PO3pOOICHOI0 Ha OCHOBI MomudikoBanoi mkanu Caapi i1 Ilpeckorra (BabasHu,
BaGasuu, 2014). Bmict Oinka Bu3Hauanu 3a MetojgoM K’enbmans, a Macy THUCSYi 3€pHUH — 3a 3arajibHO-
npuitasaTor0 MeToaukoro (ACTY 4138-2002).

B KP kparmi minii BigOupamucs 3a MPOAYKTHBHICTIO Ta KOMIDIEKCOM CeNeKIIHHUX O3HAK Ha HU3b-
KoMy arpo¢oHi (Ipu MiHIMJIBHUX J03aX JOOPHUB), 32 BiICYTHOCTI XiMIYHOI'O 3aXHUCTY POCIIMH 1 HasBHOC-
Ti BU3HAYCHOTO TPEHAY Ha 3HW)KEHHS 3arajibHOi YpOKaHOCTI MaTepially IMiJ BIUIMBOM XOPCTKUX YMOB
cepenosuia. [Ipu ipoMy AucCHIepCiiHUN aHAai3 MiATBEPIUB BiPOTiIHICTE HETATUBHOTO BILTUBY CTPECO-
BUX YMHHHUKIB Ta 0OMexkeHoro arpodony (pakropa «Pik») Ha BapiaOGenbHICTh YPOKaHOCTI TOCTiIXKYyBa-
Horo Marepiaiy (F(4; 59)=293.8; p < 0,001), mo BigoOpakae BUCOKY MiHJIUBICTh arpOKJIIMaTHYHUX YMOB
MIPOTATOM TIEPiONy IOCIiIKEeHb. 3HMKEHHS BPOXKAHOCTI € CHCTEMAaTHYHUM 1, OT)KE, MOXKE BBaKATHUCS 3a-
TaJIbHOIO 3aKOHOMIPHICTIO 3HM)KEHHS YPO)KaHOCTI MIIEHMUIII, K2, B IIJIOMY, 30iraeThCs i3 CBITOBUMH Te-
H/ICHIISIMH 1 MMOSICHIOETHCS 3MiHAMHU KIIIMaTy Ta AeTepMiHOBAaHMMU HUMHU a0i0THYHUMH CTPECOBHUMHU YHH-
Hukamu. KpiM Toro, BOHa MiATBEPIKY€E 3araabHOBIIOMY TEHICHIIIIO A0 3MEHIIIEHHs aJaTUBHOCTI Ccelre-
KIIIIHHOTO MaTepialy B yMOBaxX MiHIMaJIbHOTO arpOTEXHIYHOTO 3a0e3MeYeHHSI.

Bukopucrtanuii HamM MiAXiZ J03BOJUB iACHTHU(]IKYBATH TEHOTUIH 3 MiJABHIICHOIO aJaNTHBHOIO
3[ATHICTIO Ta CTa0IIbHICTIO MPOILYKTHBHOCTI B yMOBaxX 0OMEXKEHOT0 pecypcHOro 3abesneveHHs. Bumine-
Hi, TakuM 9rnHOM B KP IiHIT Bifpi3HSITHCS MiIBUIIEHOK YPOXKaWHICTIO HA HU3bKOMY arpodoHi, B TIopiB-
HSHHI 31 CTaHIapTaMu, I TeHeHIis npoctexyBanacs i B [ICB, i B KCB-2. [Ipu 1ipomy crioctepiraioch
MOCJIIZIOBHE CKOPOYCHHS KiIbKOCTI reHoTuNiB Ha eramax KP-1 — KP-2 — TICB — KCB-2 — KCB-1,
IO MATBEPUKYE e(EeKTUBHICTh OaraTopiBHEBOTO J0OOPY 32 YMOB 3HIDKEHOTO arpo)OHy Ta MPUPOIHOTO
iH(pekmiitHOrO PoHy. Takoxk, OILIHIOBaHHS 0€3 XIMIYHOTO 3aXHCTy 3a0e3Meumio 00 €KTHBHY pealli3allito
TCeHETUYHO 3yMOBJICHOI CcTilikocTi. OKpeMi JIiHIi Mau nepeBary 3a KpyIHICTIO 3¢pHa a00 BMICTOM O1JIKa.

Onnak, B KCB-1, Ha nizBuineHoMy piBHI arpooHy, BUiJIEH] JIiHi1, HE3aJ€KHO BiJl METEOPOJIOTiY-
HHUX YMOB, TIOCTyTanucs a00 3HaXOAMWINCh Ha PiBHI CTAHJAPTIB 33 yPOXKAHHICTIO, [0 YHEMOMIIUBHIIO 1X-
HIO Tiepeiauy Ha Jlep>kaBHe COPTOBUIPOOYBaHHS Ha JJaHOMY eTari. 3 ypaXyBaHHSM aJJallTUBHOTO Ta Mpo-
JYKTUBHOT'O MOTEHIIIAIY KX JIiHINA, po00oTa MPOOBKEeHA IIIISIXOM JA0AaTKOBOTO BUBUCHHS B Pi3HUX YMO-
Bax BHUPOIIYBaHH:I, 30epe:keHHs X TeHOTHUITY 1 TOKpAIIeHHs 13 3allydeHHSIM B TiOpHIu3allito i3 HalKpa-
HIMMHU COPTaMU OJIECHKOI ceneKIlii. BHCIOBIEHO MPUITYIIEHHs, 10 TeHETHYHE TIIO OKPEMHUX IHTPOTpecH-
BHUX JIiHI{ CIIPUATIMBE JJIs pealti3allii Mo3UTHBHOTO BIUIMBY MIIEHUYHO-)KUTHBOT Tpanciokamii 1BL.1RS
Ha 1X aJanTHBHI 03HAKW Ta MOXKIIUBICTh KOMOIHYBaHHS 3 1HITUMH F€HAMH CTIHKOCTI, X04a MPU3BOIUTH JI0
CHJIBHOTO 3HIDKCHHS BUCOTU POCIIUH.

OTxe, y pe3ysbTaTi MPOBEACHOI pOOOTH BUIIICHO CEJICKIMHI JIiHIT-TOHOPU 3 03HAKAMU CTIMKOCTI
JIO0 IpIKacTUX XBOPOO, Taki, [0 MArOTh IIJBUIICHI 3HAYCHHS BMICTY OiJIKa, SIKi XapaKTepU3yIThCS BUCO-
KOIO TPOIYKTUBHICTIO, alalITHBHICTIO, TOJEPAHTHICTIO 10 HU3bKHUX arpodonis. JIinHii mo3daBneni Oara-
THOX HETaTUBHHX SIKOCTEU JMKOPOCIHX BHJIIB Ta 32 YMOBU 30€pEeKEHHS UY>KHHHHX T€HHUX KOMILIEKCIB
MO3KyTh CTAHOBHTH iHTEpec IS MOAANbIIOI CeNeKIiinoi po6oTn Ha miBaHI Ykpainu. Ix BUKOpHCcTaHHS
JI03BOJISIE€ PO3LIMPHUTU F€HETHYHY 0a3y pe3UCTEHTHOCTI 03UMOI MIICHUI, IPOTE JUIA MiIBUIIECHHS TOTEH-
iHHOT POAYKTUBHOCTI OLIBII OIUILHOKO € BHYTPIIIIHBOBUAOBA TiOpUIM3aIlisl 3 €KOJIOTIYHO BiIaIeHU-
MU COpPTaMHU.

Hocnioxcenns euxonano 3a Qinancosoi niompumku 6 pamxax npoexmy HOLY Ne 2023.03/0244 «Mexanizmu
CMIIKOCMI eKOHOMIYHO BANCIUBUX KYALIMYP 00 GIDYCHUX X80POO 8 YMOBAX BOEHHO20 CIAKY MA 2100AIbHO20 NOmen-
JMHHAY 3a KouKypcom «llepedosa nayka 6 Ykpainiy.
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MNJACTUYHICTh AHATOMIYHOI CTPYKTYPHU TA BMICTY KAJIO3U Y
JIMCTKAX I'EJITO®ITY TYPHA ANGUSTIFOLIA TPU 3MIHI BOJIOT'OCTITPYHTY

O. M. Henyxa

Incmumym 6omanixu im. M.I'. Xonoonoeo HAH Ykpainu,
Kuies, Yxpaina, e-mail: o.nedukha@hotmail.com

[Ipobnema cTifikoCTi Ta aganTauii poCIMH A0 HECTIPUATIMBUX 3MiH JTOBKULIS 3aJTUIIAETHCS OJTHIEIO
3 MEPIIOYEProBUX MPOOIEM TEOPETHIHOI Ta EKCIEPUMEHTAIbHOI 010JI0Til, i CyTTEBO 3arOCTPIOETHCS Y
3B 513Ky 3 MOCHJICHHSIM aHTPOIOTEHHOr0 HaBaHTaKEHHA Ha Oiocdepy Ta MpOrHO3aMH TI00aJbHHUX 3MiH
kimMaty. OIHUM 3 TakuX (aKTOPIB € 3aTOTUICHHS POCIUH Ta 3MiHM BOJIOTOCTI IPYHTY, OCOOJIMBICTIO SIKHX,
K CTpecoBHUX (DaKTOpIB, € MOETHAHHS 3MiH BOJHOTO OaNaHCy OpTaHiB POCIWH, MOPYIICHHS KHCHEBOTO
JIMXaHHS Y KOPEHEBIiH CHUCTeMi, 1 SIK HACIJIOK — 3MIHM Ha PIBHI pocTy Ta po3BUTKY pociuH (Jackson,
Armstrong, 1999; Takahashi et al., 2014). He3paxxatoun Ha 11e, pOCIMHU BUPOOISIOTH MEXaHI3MH afarTa-
i 70 HECTPUATIMBHX YMOB Ha PI3HUX PIBHAX oprasizamii (Big MOpoIOTigHOTO O TEHETUYHOTO), SKi
JIOTIOMAraroTh iM MPHUCTOCYBATHCS 10 3MIHEHOTO cepefoBHINA. BBaxkaeThcs, M0 (EeHOTUIIIUHA MIaCTHY-
HICTb € OCHOBOIO JJIsl BUKUBAHHS Ta 30€pPEKEHHS MOIMYJIALIH, a TAKOXK KIIOUYOBUM €JIEMEHTOM EKOJIOriy-
HUX 3B’s3KiB Mixk BuaaMu y 06ioromnax (Kordyum, Dubyna, 2019).

BcranoBneno, mo momicaxapua Kajao3a € OJHHUM i3 KOMITOHEHTIB KJIITHHHUX CTiHOK emifepMmicy,
KU Oepe akKTUBHY y4acTh Y (DEHOTHITIYHIH IIACTUIHOCTI POCIIMH TIPU €KOJOTIYHAX 3MiHAaX, BKIFOYAI0UN
y4YacTh Y 3MiHi IHTEHCHBHOCTI TPaHCIIOPTY BOAM Ta BOJAHUX PO3YMHIB MO CUMILIACTY, & TAKOX pearye Ha
IIit0 eK30TeHHUX (haKTOPIB. BIMOBITA€ 32 €ACTHYHICTD Ta THYUKICTh JIUCTS Ta CTe0E]I, OCMOTHYHUAN PO3-
Tar kmituH. KpiM Toro, kanosa Bizirpae Gap’epHy poib 3a il Ha POCIMHU BaXXKUX 10HIB Ta TOKCHHIB
(Chen, Kim, 2009; Nedukha, 2022). 3py4HOt0 IpUPOJTHOIO MOJIEIUTIO JUIsi BUBUCHHS aJanTUBHOI 3/]aTHOC-
Ti pOCITMH JI0 3MiHU BO/I03a0e3MNedeHHs € remiodiT — pori3 By3pkonuctul Typha angustifolia L. (poguna
Typhaceae), sikuii B IPUPOJHUX YMOBaX MPUCTOCYBABCS JIO 3POCTAHHS B KOHTPACTHHX YMOBAax cepesio-
BUIIA: Y BOJI Ta HA CYXOJOJi.

MerToro Hamioi poOOTH O0yJI0 MOPIBHJIbHE BUBYCHHSI aHATOMIYHUX O3HAK JIMCTKIB BOJHUX Ta CYXO-
JIUTBHUX POCIHMH POT03Y BY3bKOJHUCTOrO, JOCIIIKSHHS JIOKaJi3alii Ta BMICTYy KaJo3W y KIIITHHHUX CTiH-
kax. O0’€KTOM JOCIiIKeHHs OyJIy MepIli JMCTKOBI MJIACTUHKU POCIHH TeioiTy poro3y By3bKOJIUCTOrO
T. angustifolia, sixi 3poctanu y Boji Ha Oepe3i Benenianchkoi 3aToku (J1iBuit Oeper p. JHinpo, y 30ni Ku-
€Ba) Ta Ha CyXOJOJi, HA HAIBIIAHOMY TPYHTI, O1M3bK0 3—4 MeTpiB Bin Oepera. Marepian st mociti-
JUKeHB 30upanu y ($azi BereraTHBHOTO pocTy. JIiHiiHI po3MipH KJIITHH BH3HAYAIM Ha MOMEPEYHUX 3Pi3ax
3pa3KiB JUCTKIB BOJHOIO Ta CYXOJIIBHOTO porosy. [Jis T0CIiPKeHb BUKOPHUCTOBYBAIA METOJ CBITIIOBOT
MIKPOCKOIIii Ta JIa3epHO-KO(OKAIBHOT MIKpOCKOTii. BU3HaUeHHS HAsSBHOCTI KaJIO3H Y KIIITHHAX MTPOBOJIU-
T 33 KITACUYHUM IPOTOKOJIOM 13 BUKOPHUCTAHHSM (DIIyOpecIieHTHOro OapBHHKA aHUIIHOBOTO CHHLOTO, B
KOH(OKaIbHOMY JIa3€pHOMY CKaHyBaJbHOMY Mikpockorni LSM 5 Pascal; BinHOCHMIA BMiCT KaJlo31 BU3HA-
Yanu 3 BUKOPHCTaHHSAM mporpamHoro 3abesneuenHs Pascal. CratuctuuHy oOpoOKy po3MipiB KIITHH
MIPOBOJIVIIH 13 BUKOpUCTaHHIM niporpamu Origin 6.1, ta recty Ct’togenra (P < 0,05).

[TonpoBi JOCHIIKEHHST POro3y BY3bKOJIHMCTOrO MOKAa3alH, IO POCIMHU XapaKTEePU3YIOThCS Yepro-
BUM PO3MIILIEHHAM JIMCTKIB @K J10 BepxiBku cTtedsa. Ctedio poro3y npsMocTosiie, Kpyrie, TOBCTE, roJe,
rinajgeHbKe. JIMCTKY JIiHIHHO-TaHIIEeTHI, TUIecKaTi. ¥ BOJHUX POCIWH JUCTKH BUNPABICHI, TOI SK JIMCTKA
CYXOJIUTBHUX POCIMH MOXYTh OyTH SIK MPsIMi, TaK 1 TPOXU 3TOPHYTI BcepenuHy. BeTanoBneHo, Mo BoJo-
TICTh I'PYHTY, Ha SIKOMY 3pOCTaJIA BOJIHI POCIHHHU poro3y cranosmina 81 + 2,3 %, To/i sIK BOJOTICTh IPYyH-
Ty. Ha IKOMY 3pOCTaJId CYXO/AiJIbHI POCIUHH POro3y, Oyia 3Ha4YHO HIXKUOIO, 1 craHoBuia 57,3 + 1,9 %.

[MopiBHsITEHE HOCTIIKEHHS! MOPPO-CTPYKTYPHHX, AaHATOMIYHUX Ta IIUTOXIMIYHUX MOKAa3HHUKIB JIUC-
TKiB renmiodity 7. angustifolia, 1o 3pocTaB y BOJI Ta Ha CyXOJI0Ji, TOKa3aJ0 HAsSBHICTh CIUILHUX Ta BiJI-
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MIHHUX CTPYKTYpHHX O3HaK. CHIIbHAUMH O3HAKaMu OyJH: JiHiiHa ¢opMa JUCTKIB, TOB3OBXKHE KHUIIKY-
BaHHsI, PO3MIpHU KIITHH €MiIepMiCy Ta ManicafHoi mapeHXiMu, aMm(piCTOMaTHUIHUN THN IUIACTHHKH (TIPO-
IUXHA Ha 000X CTOpPOHAX JIMCTKA), TOP30BEHTPaIbHUNA THIT Me30diny. JIMCTKN XapaKTepu3yBaluCs HasB-
HICTIO KOJIATEpaTbHHUX MPOBIIHUX IYYKiB, SIKi Pa3oM i3 CKIEpEHXIMOIO Ta KIIITHHAMH I'y04acToro Me3o-
¢biny po3AiNsUIM TUCTKOBY IUTACTHHKY Ha JUISHKH, B LEHTPI SAKUX (HOpPMYyBaIUCS BEJUKi MOBITPSHI TOPO-
KHUHY (aepenxima). [IpoBigHI KomaTtepanbHi MyYKH PO3TAIIOBaHI B MapalelbHUX KIITHHHUAX TePEropo-
Kax, 5K 13 aJaKciaJbHOI, TaK 13 abakciaJbHOI CTOPOHH, IIi MyYKHW MAIOTh PO3IIUPEHHS CKICPEHXIMH, sKa
3B’s3y€ CyIMHHI ITydkH 3 emigepmicoM. ['yOuacTa mapeHxiMa po3MilIyeThCs 3a MANiCaIHOIO MAPSHXIMOIO
Ta y meperoponkax (i3 mMpoBITHUMH ITy9KaMmH), SKi pO3MEXOBYIOTh aepeHxiMy. BcTaHOBJIEHO, 0 aepeH-
xima (popMyBanacs 3a paxyHOK JI3UCY KITITHH ManicagHoi Ta ry0uacToi mapeHxiMu.

BinMiHHOCTI TIPOSBISUTACE Y 301MBIIEHH]I PO3MIPIB JIUCTKOBUX IIACTUHOK Y CYXOAUTBHUX POCIIHH,
Ta 3MiHi IJIOMII aePEHXIMH Y JIHCTKaX BOJHHUX POCIWH. PO3MipH JIMCTKIB CYXOAITBHOTO POro3y CTaHOBU-
mu: 54,3 = 3,7 cM 3a goBroro Biccro Ta 3,2 + 0,4 cM 3a KOPOTKOO. JIMCTKU pOro3y, 1o 3pocTaB y Boi Oy-
T MEHIINMH, iX cepenHii po3mip craHoBuB 43,7 + 5,9 cM 3a moBroro Biccio ta 2,1 + 0,3 cM 3a KOPOTKOIO.
3HMKEHHST PO3MIpIB JIMCTKIB Y pOro3y, IO 3pOCTaB Yy BOAi, MOXKYTb OyTH HACTiIKOM Aii €HIOTCHHUX Ta
eK30TeHHHUX (PAaKTOpiB. 3a JaHUMHU JiTepaTypH MOAIOHI BiIMIHHOCTI MOXKYTh OYTH ITOB’5I3aHi i3 3MiHAMHU
TPHUBAIIOCTI KIIITUHHOTO IUKITYy Ta TPUBAJIOCTI PO3TATY KIIITHH, 3MiHAMH Y BOJHOMY Ta T'a30BOMY OaJaHCI,
a TakoX 31 3MiHaMu y >kuBJieHHi pociuH (Takahashi et al., 2014).

HuToximMiuHe MOCITiIHKEHHS HASBHOCTI KAO3U B JIMCTKAX POTO3Y BY3BKOIUCTOTO i3 BUKOPHCTAHHSIM
Na3epHO-KOH(MOKATBHOT MIKPOCKOIIIT MOKa3aJl0 IHTEHCUBHY (UIyOPECHEHIII0 IIOTO MoJlicaxapuay y Kii-
THHHUX CTIHKaxX JOCTIIKYBaHHX 3pa3KiB HE3aJEKHO BiJ YMOB 3pocTaHHS pociuH. Kanmosa BusiBiIeHa y
CTIHKaxX KJIITHH BEPXHHOTO Ta HIKHBOTO EMifepMicCy, KIiTHHaX (HOTOCHHTE3yBaJIbHOI MAPEHXIMH, CKIIe-
PEeHXIMI Ta TKaHMHAX KoJaTepajbHUX MPOBiAHUX my4kiB (y ¢ioemi Ta kcuiemi). BctanoBneHo, oo Bij-
HOCHHYW BMICT KaJIO3H Yy JOCIIPKYBAaHUX 3pa3KaxX 3aJekaB BiJl yMOB 3pOCTaHHS remiodiTy, ToOTO BiJl BO-
JIOTOCTI TPYHTY, Ta Bijl TUIy TKaHWH JHCTKA. BiTHOCHMII BMICT Kal03u y KIITHHAX BOJHUX POCIHH OYyB
BHUIIHM, HIXK y CYXOJUIbHUX pOCIUH. TKaHHHHU 32 BMICTOM KaJlO3W MOXHA PO3MICTHTH y HACTYITHOMY T10O-
PAAKY: CKIIepeHximMa > (hjioeMa IpoBiJHOTO MydYKa > KCHIIeMa MPOBIIHOTO MTydKa > aJakciadbHuid Ta aba-
KClaJIbHUM emijiepMic > ry0ouara napenxima > najicajgHa napenxima. ToOTo, KIITUHHI CTIHKHA CKIICPEHXI-
MU, MTAPEHXIMHUX KIITHH OOKJIaIWHKA CYIMH Ta KCHIEMH € HAHOUTBIIUME aKyMyJISITOPaMH I[LOTO TOJIi-
caxapujy He3aJIeKHO BiJl BOJIOTOCTI IPYHTY, Ha IKOMY 3pOCTalll POCIHHHU pOro3y. Mu BBa)kaemo, 1o Ta-
Ka MJIACTUYHICTb I0JI0 BMICTY KaJ03U CHpUsE 30€pEeKEHHIO ONTHMAIBHOTO BOJHOTO CTAaTyCy POCIUH Ta
JI0TIOMarae poro3y HOPMAJILHO 3pOCTaTH Yy BOJHOMY CEPEOBHIL, 30UIBIIYIOYH IX €IaCTUYHICTh Ta JKUT-
TE3MATHICTh y BOJI i/ JI€H0 CHJILHUX TEYii Ta TUCKY Boau. OTpUMaHi pe3ysbTaTH CBIqYaTh HE TUIBKU
PO TPOSIB CTPYKTYPHO-(PYHKIIIOHATBHOI IUTACTUYHOCTI JIMCTKIB, @ i MOXKITMBE BUKOPHCTAHHS KAJIO3H SIK
ajlanTaniiHoro Mapkepa remxiogiTi 0 3pOCTaHHS Y Pi3HUX YMOBaX BOJIOTIOCTavYaHHS.
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BOJIOTOCTI IPYHTY
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BcraHoBiieHo, 1110 MiATPUMAHHS CTIMKOCTI pOCIUH y BapiaOelbHOMY PUPOIHOMY CEPEIOBHII 3a-
Oe3medyeThes MUITXOM TUIACTHYHOCTI MOpP(OTeHe3y Ta CTPYKTYPHO-(PYHKIIOHAIBHOI OpraHi3aril KIiTHH
(Kordyum, Dubyna, 2019). 3okpema, 3a TpyHTOBO1 YK HOBITpAHOI OCYXH, a00 K MpPHU 3aTOIUICHHI, poc-
JTUHA MOOLTI3ye BC1 MOXJIMBI JIaHKA MeTa0OJi3My IJIsl BIDKMBAaHHS Y HECTIPUATIMBAX yMOBax. B meprry
4epry e HeoOXiTHO IS 3HWKCHHS BTpAT BOJU JIMCTKAMU, 110 MPOSBISETHCS B iHrIOyBaHHI poOOTH MPO-
JUXiB Ta 3HIKCHHI KYyTUKYJSIpHOI TpaHcmipamii. [HriOyBaHHS KyTUKYISIpHOI TpaHCHipalii BiIOyBaeThCs
BHACIIJIOK aKyMYJISIil KPEMHIEBHX BKIIOUEHb B €MMiAEPMICi JHCTKIB, TIOTOBIIEHHS Ta 3MiHU CTPYKTYpPH
KIIITUHHHUX CTIHOK JIMCTKIB Ta creden (Kerstein, 2006; Liu et al., 2014). BctaHoBI€HO, 1110 10HH KPEMHIO
OB’ s13aHi 31 CTIHKICTIO POCIHMH 0 3MiHH BOAHOTO OallaHCY POCIHH, 30KpeMa, BOHH 3HIKYIOTh TOTIIH-
HaHHS COHAYHOTO CBITJIa, ONTHMI3yIOTh TETJIOBHIA Ta BOJAHUN OalaHC KIIITHH, IO CYNPOBOIKYETHCS €KC-
MIPECIE0 TeHIB, SIKi KOAYIOTh OUIKM AET1IPHHHM, ITiJ] Yac 3HEBOJAHEHHS POCIIMH 32 YMOB MTOCYXH Ta OCMOTH-
yHOro cTpecy (Manivannan, Ahn, 2017).

3py4HOIO MPUPOIHO MOJICILUTIO JUIsl BUBYCHHS aJJallTUBHOI 3IaTHOCTI POCIIUH J0 3MiHH IPYHTOBO-
ro Bo03a0e3edyeHHs € reniodit — pori3 By3skomucTii 1ypha angustifolia L. (ponuna Typhaceae), skuit
MPUCTOCYBABCS 10 3pOCTAaHHA B KOHTPACTHUX YMOBAaX CEPEIOBHUILA: Y BOII Ta Ha cyxonoii. JlocmimkeHHs
y4acTi 10HIB KpEMHIO B aJanTaiii 0 pocTy Y KOHTPacTHUX YMOBaX, HE MPOBOAMIOCE. ToMy MeTOl0 Ha-
moi po6oTH OyJ0 MOPIBHAIIFHE BUBYEHHS JIOKAII3aIlii Ta BMICTy KPEMHII0 Y JUCTKaX BOJHHUX Ta CyXO-
JUJIBHUX POCIHH POro3y BY3bKOJIUCTOrO. JIOCTIIXKYBaIH JUCTKH POro3y y ¢a3i BereTaTMBHOI'O POCTY Ha
nouaTtky depBHs. Pocnunu remiodiry 7. angustifolia 3poctanu y Boai Ha Oepesi BeHemiancbkoi 3aToku (y
30Hi KueBa) Ta Ha cyxo/011i, Ha HamiBIIMIAHOMY TPYHTI, Oist 6epera. HasBHICTh KpEeMHIIO Y TUCTKAX Po-
ro3y IPOBOAMIIM JIBOMa METOJAMHU: IIUTOXIMIYHHM METOZIOM (Ha KOH(OKaIbHOMY MIKPOCKOTIi) Ta €JIeKT-
POHHO-MIKPOCKOIYHUM. JlJIs1 I[bOTO JIMCTKOBI TUIACTHHKH POro3y (iKCyBaiH MpsAMO Ha Oepesi y cymimri
PO3UMHIB aJbJIETi/IiB, MOTIM (DiKCOBaHi 3pa3ku 3a CTAHAAPTHUMH METOJUKAMH TOTYBAIU JJIsi MIKPOCKOITi-
YHUX JOCIiKeHb. [[UTOXiMiuHE BUBYCHHS HAssBHOCTI, JIOKaJIi3allii Ta BMICTY KPEMHIIO Y JUCTKaX POrosy
MPOBOJMIIM Ha JIa3epHO-CKaHYBaJbHOMY KOH(oOKaipHOMY Mikpockoni LSM 5 (“Zeiss”, HimeuunHa) npu
JoBKuHI xBUT 30y mkeHHs 480 HM Ta emicii 500—530 um. BigHOCHHUI BMICT KpeMHII0 BU3HAYAIIH 3a TIPO-
rpamoro Pascal (“Zeiss”, Himeuunna). s npyroro metony pikcoBaHi Ta 3HEBOIHEHI 3pa3KH JINCTKIB PO-
ro3y BHBYAJIHM 3 BUKOPHCTAHHSAM CKaHYBaJIbHOTO €IEKTPOHHOTO Mikpockona JSM 6060 LA 3 peHtreHis-
cpkoro ycranoBkoro EX-S4175GMU (JEOL, Anowis) Ta mporpamoro ZAF. [yt cranaapTHOTO KiJIbKiCHO-
ro aHaji3y €JIeMEHTIB BMICT KPEMHII0 BH3HAYallll Y BiJICOTKax CKaHOBAHOI MACH JIMCTKOBUX IUIACTHHOK
(mass%).

BcranoBneHo, 1o BOJIOTiCTh IPYHTY, Ha SKOMY 3pOCTaJld BOAHI POCIMHHU POro3y, cTaHoBuia 81 +
2,3 %, ToAi SIK BOJIOTICTh IPYHTY. Ha SIKOMY 3pOCTaJIM CYXOAiJIbHI POCIMHHU pOro3y, Oyja 3HaA4YHO HUX-
4010, 1 cragoBuna 57,3 + 1,9 %.

HuToxiMidHe TOCTiIKEHHSI HABHOCTI KPEMHIIO B JIUCTKAX POro3y BY3BKOJIHCTOIO i3 BUKOPUCTAH-
HSM JIa3epHO-KOH(OKAIBHOI MIKPOCKOIIIi IMOKa3aj0 IHTEHCUBHY (DJIYOPECIICHIIII0 IIOI0 XIMIYHOTO elie-
MEHTa y KIITHHHHUX CTIHKax eIiZiepMicy AOCIHiIKyBaHUX 3pa3KiB HE3aIEXKHO BiJ YMOB 3pOCTaHHS pocC-
nuH. KpemHill y BUMIIsLIi aMOpHUX Ta KPUCTANIYHUX BKJIIOUEHb BUSBIECHO B YCIX KIITHHAX 000X CTPYyK-
TYpPHHX 30H, K1 XapaKTepHi JJIsl JIUCTKIB POro3y: B 30HI MaropOiB (Haj| )KMUIJIKaMH) Ta B 30HI IPOAMXIB. B
30H1 NPOJMXiB KPEMHiil BUSABICHO Ha IOBEPXHI 3aMHUKaJIbHUX KIITHH NPOJMXiB, B KIITHHAX, IIIO OTOYYyBa-
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JU IPOJANXH, Ta Y 3BUUAHHUX KIITHHAX emiaepMicy i€l 30au. BcTaHOBIEHO, 10 BIAHOCHUH BMICT KpeM-
Hit0 OyB HalWOUIBIIMI B 30HI marop6iB (Hax >kmiikamu) (154 + 14 BigH. oA.), BIpOTiAHO MEHIII BETUYNHH
OyJi BCTaHOBJICHI Y KIITHHAX MPOAMXOBOI 30HU (B 3aMHUKaIbHUX KIITHHAX mpoauxiB 135 + 13 BigH. of.,
ta 81 + 5 BigH. 0A1. — y KIITHHAX HABKOJIO MPOJIWXIB Ta Y 3BUYAWHUX KIITHHAX emiepmicy). BussieHo,
IO BiAHOCHUI BMICT KPEMHIIO B YCiX THIIaX KIITHH BEPXHBOTO €mifiepMicy OyB OLIbLINMA, HIK Takuid y
KIIITHHAX HIDKHBOTO emigepMicy. BeTaHOBIIEHO, IO BMICT KPEMHIIO y JOCTIKYBaHUX 3pa3Kax 3aliekaB
BiJl yMOB 3pOCTaHHS renioiTy, TOOTO BiJ BOJIOTOCTI IPyHTY. BiTHOCHUI BMICT KpEMHIIO Y KIIITHHAX CYy-
XOIUTBHUX pociuH OyB OinbmimM B 1,3—1,6 pa3u MopiBHSIHO i3 TaKUM y KIITHHAX €HiepMiCy BOAHUX PO-
ciH. BMICT KpeMHif0 MOKHA PO3MICTHTH Y HACTYITHOMY MOPSIKY: KIITHHH HA KUJIKAMHU > MPOIUXH >
KJIITHH, 10 OTOYYBaJM MPOJUXHU Ta 3BHYAMHI KINITHHU emijepmicy. ToOTo, KINITHHHI CTIHKMA HaJ MpPOBIiJI-
HUMH ITydKaMH (30Ha MaropOiB) € HAHOUTBIIIMME aKyMYJISITOPaMHU IBOTO €JIeMEHTa He3aJeKHO BiJ] BOJIO-
TOCTI IPYHTY, Ha SIKOMY 3pOCTaJIH POCIUHH POTO3Y.

Metonom X-ray aHamizy MH TaKOK BCTAHOBIJIM HasBHICTH 10HIB KpeMHE3eMy B €IliZiepMici JIMCTKIB
BOJIHUX 1 CYXOAUTEHUX POCIHH POT03Y BY3BKOJHCTOTO, BMICT SIKHX 3aJie)KaB Bijl EKOTHITY Ta MTOBEPXHi
emigepMicy JHUCTKiB. Po3citoBanbHUI peHTTeHOCTPYKTYPHHUH aHaNi3 XIMIYHUX €JIEMEHTIB Y JIUCTKAaX pOro-
3y, IO 3pOCTaB Yy BOJI, IOKa3aB HASIBHICTh KPEMHIIO B YCIX THIIAX KIITHH emigepmicy. BMmicT kpemHiro (B
% mass) y KIiTHHaX ajakcianbHoi noBepxHi craHoBUB ~0,09 % Macu y maropOKoBiii 30Hi (Haz *KHUJIKa-
Mmu), Ta 0,05-0,08 % y 3amMHUKaTpHUX KIITHHAX OPOIUXiB Ta Y 3BHYAHHUX KIITHHAX emijiepmicy. Y KIiTu-
Hax abakciaJdbHOI MMOBEPXHI eImmiiepMicy BeTMYNHU BMICTY KpeMHito Oyl MEHII Maixke yaBidi. Bukopu-
CTaHHsl X-Tay aHaji3y JUCTKIB CYXOJAIJTbHOTO POro3y MoKa3alo, 10 BMICT KPEMHIIO Yy JHCTKaxX OyB Oib-
WA y TIOPiBHSIHHI 13 TAaKUM B €MiIePMicCi JIHCTKIB poro3y, 1o 3pocTtaB y Bozi. Ha BepxHiil moBepxHi, y
KJIIiITMHAX maropOKkoBoi 30HM BiH BapitoBaB Bix 0,46 % mo 0,97 %. ¥V kimiTHHaX NpoauXOBOI 30HH HOTO
BMicT ckianas 0,15-0,19 %, y 3Buvaiinux kiituHax enigepmicy — 0,43-0,57 %, BignosigHo. Ha HmkHIl
MOBEPXHI JTUCTKA BMICT KPEMHIIO OyB TPOXW MEHIIIUM, Hi’K Ha BEPXHiH TIOBEPXHI.

Ha mincraBi ananmizy niTepaTypHHX 1 BIACHHX JIAHUX JIOKAJI3allii Ta BMICTYy KPEMHIIO B JIMCTKaX I0-
BITPSIHO-BOJTHHX 1 CYXOJIBHUX POCIHMH POrO3y MOKHA IMPHITYCTUTH, IO Came ITiJIBUIIEHA aKyMYJISIIis
KPEMHIIO B KIIITHHAX €MiIepMiCy CYXOIUTBHUX POCIHH CIIpHsie 30€peKeHHI0 ONTHMAaIbHOTO BOJHOTO CTa-
TyCy MPH 3HWKEHHI BOJIOTOCTI IPYHTY 1 € OJTHUM i3 ()aKTOPIB, SKi 3yMOBIIOIOThH TIOMIMPEHHS IHOTO BUIY B
PI3HOMaHITHUX 32 €KOJIOTIYHUMH YMOBaMH paiioHax Ykpainu Ta €Bponu. OTpuMaHi HAMM JaHI MOXYTh
CIIy’)KATH OCHOBOIO JIJIsSi BAKOPUCTAHHS POT0O3y B MPAKTHUII Ta PO3POOKH MPUPOJHUX KPEMHIEBUX JOOPHB
JUTSL CLITECBKOTOCTIONIAPCHKIX BH/IIB.

JITEPATYPA
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I'EHETUYHE PI3BHOMAHITTA HONYJSAIINA CRATONEUROPSIS CHILENSIS
3 MOPCBKOI AHTAPKTHUKHU AK OCHOBA JOCJIKEHHA AJTAIITALL
A0 EKCTPEMAJIBHUX YMOB

N. O. Hopoxuios!, A. M. Padokons', I. 0. Ilapnikosa?, B. I'. Caxaposa', T. C. IllyTs!,
P. 1. buom!, 1. A. Kozepeunka?, 5. B. Ilipko!, 51. B. Buarom!

"V «Incmumym xapuosoi 6iomexnonozii ma zenomixu Hayionanvnoi akademii nayx Ykpainuy,
Ykpaina, Kuis, Yxpaina, e-mail: novozhylovd@gmail.com, yarvpl@gmail.com

Tepacasna ycmanosa Hayionansnuti anmapkmuunutl HayKosuii yenmp
Minicmepcmea oceimu i nayku Yxpainu, Kuie, Yxpaina

Moxu € BaXJIUBUMHU MOJCIBHUMHU 00'€KTaMU JIsl BUBUCHHSI aanTallii poCIuH 10 a0l0THYHUX
CTpECOpiB, 30KpeMa HU3bKUX TEMIEPaTyp, HAAMIPHOTO 3BOJIOKEHHS Ta MiABUIEHOTO PiBHS yIbTpa-
¢bioseTOBOrO BUNPOMIHIOBAHHSA, XapaKTepHUX Al AHTApKTUKH. J[OCHiIKEHHS TEeHETHYHOTO Pi3HO-
MaHITTS PUPOIHUX TOMYJIAIINA TaKUX BUIIB Aa€ 3MOTY Kpalle 3p0o3yMiTH MeXaHI3MH iXHbOI ajanTa-
uii A0 eKcTpeMalbHUX YMOB iCHYBaHHS, OLIHUATH CTIMKiCTh aHTapKTHYHOI (pJIopu 10 KIIMaTHYHUX
3MiH 1 3pOCTalO40TO aHTPOIOTCHHOI'0 HAaBAHTAXKCHHA. 3 OTJSAY Ha OCTPIBHHH XapaKTep Ha3eMHUX
€KOCUCTEM MOPChKOT AHTapKTHKH, aHaNi3 IPOCTOPOBOI TEHETUYHOI CTPYKTYPH MOMYJISIIIN TaKOX Mae
BXKJIMBE 3HAYCHHS IS NOCTIIpKeHHs OioreorpadiyHuX 3aKOHOMIpHOCTEH (opMmyBaHHS (IOpH 130-
THOBaHUX TepuTOpiit (AHApeeB Ta iH., 2012). Y mopiBHSIHHI 31 3HAYHOO KIJIBKICTIO AOCIiKEHb, PU-
CBSIYCHUX CYAWHHUM pocnuHaMm AHTapkTuku (Parnikoza et al., 2011; Vera, 2011; Rabokon et al.,
2019; Rabokon et al., 2024), reHeTHYHE Pi3HOMAHITTS AHTAPKTHYHUX MOXIB 3aJIHIINAETHCS HEIOCTAT-
HbO BUBUYCHHM.

Y po6oTi OIiHWIM TEHETUYHE PI3HOMAHITTS MOMYJSALid CHOPaJUYHO TOIMUPEHOTO MOXY —
Cratoneuropsis chilensis i3 MOpcbKoi AHTApKTHKH Ta MOPIBHSAHO iX i3 momyusuismu 3 IliBaeHHOT
AwMepukwu, e BUJ € OUTBIN MOITUPEHUM, 3a JOTIOMOTOK MapKepiB, 3aCHOBAHUX Ha MoJiMopdi3Mi iH-
TPOHIB reHiB B-TyOyiHy.

3a JI0MOMOro METOIB OLIHKH MOJdiMOp(}i3My HOBXKHUHH iHTpOHIB reHiB PB-tyOyminy (TBP ta
hTBP) nocmimkeno 3pa3ku 3 37 nonynsuid C. chilensis 3 ocTpoBiB Mopchkoi AHTapkTHKU (Yy30€-
pexoks ['pesma) ta 6 3paskiB i3 miBjeHHOT yacTuHU [liBneHHoi AMepuku (perion Maranbesaec, Ywmii).
VYci 43 3pas3ku Oynu BigiOpani mig yac 28-1 Ta 29-1 YkpalHCbKUX aHTapKTUYHUX €KCIEeIULIH.

PesynbraTu anamizy cBiguate mpo icHyBaHHs tHnoBoro JIHK-mpodinto, npurtamanHoro 6iyib-
HIOCTI AOCTIKEHUX aHTAPKTUYHHMX MOMYJISALil, 30cepeKeHnX MEepeBakHO Ha ocTpoBax lamiHzes,
Hap6o, I'pin, Ykpaina, a Takox 4acTkoBO Ha octpoBax Ilerepman, Comepsinb, biek, muci Tykcen Ta
3 micra [lynra-Apenac (Ywnmi). Haii6inpm BiamMiHHI npodimi 3a 060Ma MapkepaMu BUSIBIEHO y I'eOr-
padiuHO KpaiHiX momymsuisx yz0epexxs I'pesima 3 octpoBiB byt Ta YaBes, a Takox y 3pas3ka 3 J0-
nuHY pidku Rio de las Minas nmo6nusy M. [lynra-Apenac. 3a TBP-mapkepom nosimophizm BUSBIICHO
B OKpeMHUX momyisanisx octpoBiB Comepsinb, biek i mucy Tykcen. 3a hTBP-mapkepom monimopd-
HUMU Takox Oynu momyiisuii octposa IlerepmanH, y sikux BctaHosieHo Tpu pizHi JHK-npodini. ITi-
BJIEHHOAMEPUKAHCHKI MOMYJIAIIi XapakTepu3yBalKcs BUIIUM piBHEM monimopdizmy 3a oboma map-
KepaMu, NMOEIHYIOUYH K TeHOTUIN 3 TUIOBUM JJIA aHTAPKTHYHUX NOMYJSILii mpodineM, Tak i BiacHi
BiJIMiHHI BapiaHTH.

OTpuMaHi pe3yJbTaTH CBiA4aTh MPO BUCOKY T'€HETUYHY MOAIOHICTH OINBIIOCTI aHTAPKTUYHHUX
nonyisuii C. chilensis, mo moxxe OyTH HacHiIKoOM e€IuHOI moxii KonoHizauii Mopcbkoi AHTapKTHKH
Ta MOPIBHAHO OJHAKOBHUM YacOM aJamTarliii 10 YyMOB MOPChbKOI AHTapKTHKH. BomHoYac joKaabHUN
noJiiMmopdi3M, BUABJICHUH Y MOMYJISLIAX 3 OKPEMHUX OCTPOBIB, MOXe OyTH MOB'A3aHUIl 3 0co0OIMBOC-
TsIMU icTopii popMyBaHHS TOMYJIAIIA a00 BINTMBOM JIOKAJTLHUX €KOJIOTIYHMX YWHHUKIB. Buia rene-
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THYHA PI3HOMAHITHICTh MiBACHHOAMEPUKAHCHKUX IOMYJSIA CBIAYATH MPO IMOBIpHHUN BUXITHUH
NYHKT KOJIOHI3alil i JOKEpeao TeHeTUYHOro pi3HOMaHITTA BUAY. OTpUMaHi JaHi pO3LINPIOIOTH YsIB-
JIEHHS TIPO MOMyJIsAiiay cTpykTypy C. chilensis Ta CTBOPIOIOTH OCHOBY JUISI TOJANBIINX JOCIIIKEHb
MPOIIECiB MOMTUPEHHS, KOJIOHI3aIii Ta aganTaiii MOXOMOAiOHUX MOPCHKOiI AHTAPKTHKH.

Hocnioocenna euxonano 3a niompumxu Hayionanrbnoeo anmapkmuunozo HAyKO8020 Yenmpy 6 MedHcax
npoexkmie Ne H/03-2024 «/{ocnioscenns eenemuunoi MiHaueocmi moxonodionux Mopcovkoi Anmaprxmuxu 3 6u-
KOPUCAHHAM MOJIeKYIApHO-2eHemuynux mapkepie» (2024 p.) (Ne depawcasnoi peecmpayii 0124U004087) ma
Ne H/17-2025 «{HK-npoginosanna nonyaayiu Cratoneuropsis relaxa Mopcovkoi Aumapxmuxu» (2025 p.) (Ne
deporcasnoi peecmpayii 0125U003076). Aemopu sucnosaroroms edsaunicms I. €8uyn 3a 3pazku 3 ocmposa Ha-
8apuHo.
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JOBIP I'IBPUAIB IIYKPOBOI'O COPI'O 3 BUCOKUM BIOEHEPTETUYHUM
MOTEHIIAJIOM B YMOBAX MNOCYIULJIMBOI'O CTEIY YKPATHU

M. TI'. Hocos, O. B. Slnancbkuii

AV «Inemumym 3epuosux kyaemyp HAAH Vkpainu, uinpo, Yrpaina,
e-mail: maksimnosov0102@gmail.com

[locunenHs mposBiB KJIIIMATUYHUX 3MiH, 30KpeMa 3pOCTAaHHS YaCTOTH Ta TPHUBAIOCTI MOCYX y CTe-
TOBi# 30HI YKpaiHH, 3yMOBIIO€ HEOOXiTHICTh MOMIYKY KYJIBTYpP 13 BUCOKOIO aIalTHBHICTIO IO BOJHOTO
nedinuty. OOHI€I0 3 TEPCHIEKTUBHUX KYJNbTYp IJISl TAKUX YMOB € IIyKPOBE COPIro, K€ XapaKTepU3y€eThCs
BHCOKOIO TIOCYXOCTIHKICTIO, 3HAYHOIO TTPOTYKTUBHICTIO 6i0MacH Ta 3/aTHICTIO HAKOIMYYBATH BETHUKY Ki-
JBKICTh PO3YMHHUX BYTJICBO/IIB.

Merta ociiKeHb — OLIHUTH CEJICKIIHHUI MaTepiai IyKpOBOro COpro Ta BUIUIUTH MEPCIIEKTUBHI
riOpuan 3 BHCOKOK TPOAYKTUBHICTIO i 0i0OCHEPreTHYHUM MOTEHIANIOM, alalTOBaHI 10 MOCYIUIHBHX
ymoB Creny YKpaiHu.

Hocnimxenass mposommauck mnpotsarom 2023-2025 pp. Ha CHHENBHUKIBCHKIN CENEKIiHHO-
mocmignii cranmii JY [HctuTyT 3epHOBUX KynsTyp HAAH. V cenexnifHux po3cagHuKax i KOHKYPCHOMY
COPTOBUNPOOYBaHHI BHUBUAIU TiOPHIN Ta COPTO3pa3Ku Pi3HOTO MOXOKEHHS. BH3Havanu BpOKaiHICTH
3eNeHO0i MacH, BMICT CyX0i peHOBHHH, KOHIIEHTPAIIIF0 PO3UNHHUX BYTJIEBOJIIB Y COKY cTeOel, BUXIJl TBEp-
Joro OiomanuBa Ta eHeprii.

BceranoBiieHo 3HauHy TE€HETHYHY MIHIUBICTH JOCHIMHKYBaHUX TiOpUIIB 3a BCIMa TOCIOJAPCHKO-
[IHHUMH O3HaKamu. HalBuiy BposKaiHICTh 3€JI€HOI MacH y pi3HI POKH JOCIHIHKEeHb chopMmyBanu ridpu-
mu Fi (Panne 776¢ x Kpacens) — 83,8 1/ra, Fi (Kadpcbke kopmose 186¢ x Kapnukore 45) — 81,3 1/ra, Fi
(Huswskopociie 81c x Kapmukose 45) — 78,1 1/ra Ta Fi (Husskopocne 93¢ x Kpacens) — 77,1 1/ra. Mak-
CUMAaJIbHUH BMICT PO3YMHHHUX BYTJIEBOIIB csraB 22,0 %, Buxin TBepaoro Oiomanuea — 27,6 T/ra, a eHep-
reTuunnii Buxig — 485,8 I'JIx/ra.

HagiTth 3a ekcTpemMalibHO TOCYIIUTMBUX YMOB OKpeMi TiOpuau 30epiraiu BUCOKI MTOKa3HUKH QOpMy-
BaHHsI OiOMacH Ta €HepreTHYHOI MPOIYKTUBHOCTI, IO CBITYUTH MPO IXHIO €KOJIOTIYHY IMJIACTUYHICTH Ta
aJIaNTUBHICTH JI0 CTPECOBUX (DAKTOPIB cepenoBHIIA.

OTtpumaHi pe3ynbTaTh MiATBEPIIKYIOTh MEPCIEKTHBHICTh BUKOPUCTAHHS iHTETpAIbHUX OioeHepre-
TUYHUX TOKA3HUKIB K KPUTEPIiiB J0OOpPY MPH CTBOPEHHI HOBHX BUCOKOTPOJIYKTUBHHX 1 TIOCYXOCTIMKHX
riOpuaiB IyKpOBOTO COPro AJsl yMOB Y KpaiHH.
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MEXAHI3MHU AJANTAIIL CHLAMYDOMONAS REINHARDTII 1O ABIOTHYHOT' O
CTPECY, IHAYKOBAHOT'O HAHOCTPYKTYPOBAHMUM IMUHKOM

B. P. lletasosanal, I1. M. Boarosenn?, C. O. Kpapuenko?

'HHI] «Incmumym 6ionozii ma meouyunuy, Kuiscoxuil nayionanerui ynigepcumem im. Tapaca
Llleguenka, Kuis, Ykpaina, e-mail: petlovana@knu.ua

2Inemumym ¢izuxu nanienposionuxie in. B.€. Jlawxapvosa HAH Ypainu, Kuis, Yxpaina

BypxnuBuii po3BUTOK HAHOTEXHOJIOTIH, 10 CIIOCTEPIraeThCS MPOTATOM OCTAHHIX JECATUPiUYb, 3pO-
OMB aKTyaJIbHUM JOCJIKEHHS BIUIMBY HAHOYACTHHOK Ha HABKOJMIIHE cepepoBuine. Hanoctpykryposa-
Hi MaTepiajy Bce aKTHBHIIle BUKOPUCTOBYIOTECS y Pi3HUX cepax JroAchKoi AisutbHOCTI. Lle mpu3BoauTh
JI0 HEKOHTPOJIbOBAHOT'O HAJAXOMKCHHsI 1X 70 MPHUPOJHUX €KOCHUCTEM 1 POOMTH HaHOMAaTEpiald OJHUM i3
¢akTopiB, MO BIUIMBAIOTH Ha kuBi opra”izmMu (Kumah et al., 2013). B upomy paxypci ocobmuBy yBary
MPUBEPTAIOTh HAHOYACTHHKY Ha OCHOBI OKCHIIB 1 CyNb(iiB METaNIB, 30KpeMa IUHKY.

HanoctpykrypoBaHi MaTepiaiy JIeTKO TPOHUKAIOTH B KIITHHHA POCIUH Ta aKTUBHO B3a€EMOJIIOTH i3
KIITUHHAMH CTPYKTYpaMH 3aBISKH CBOIM MaJMM PO3MipaM 1 BEUKIN IUIOINII MOoBepXHi. Takox BimoMmo,
10 HaHOYACTUHKU ZnO BUSIBJIAIOTH KOHIICHTPAIIMHO 3ayiexkHui BIuivB Ha pociuHHu (Ochoa-Chaparro et
al., 2026). Y HE3BKUX KOHIICHTPAIisIX BOHA MOXYTh IOCITA0NIOBATH Jif0 a0iOTHYHUX CTPECOBUX (pakTo-
piB 3aBJASKH TOCUJICHHIO aHTHOKCHJIAHTHOT'O 3aXUCTY KIITHHH. HaToMmicTh BHCOKI KOHIIEHTpAIli 31aTHI
CHPUYMHATH HaAMIPHUH OKHCHIOBIBHUM CTpeC 1 MOLIKOHKEHHS KIITUHHUX CTPYKTYp. BBakaerscs, 110
3a JIii HU3bKUX KOHIEHTpaiil ZnO aKTUBYIOTHCS MEXaHI3MH aHTUOKCUAAHTHOTO 3aXUCTY Ta 3MEHLIYEThb-
Csl HAKONMYEHHs akTUBHUX (opM kucHIO (ROS). V Bunmaaky HaUIMIIKOBOTO HAKOMTMYEHHS HAHOYACTHHOK
y KIIITHHAX, HaBIaKH, BiIOyBaeThcs nocuwiieHe yrBopeHHs: ROS, sike nepeBuiye npupoaHy aHTHOKCUAA-
HTHY 3JIaTHICTh KIITHHH. [1JI1 HaHOYacTHHOK ZnS TakoxK OyJio MOKa3aHo, IO B ONTUMAILHUX KOHICHT-
paiisx BOHA MOXKYTh IMiJIBUIYBaTH 3arajJbHAN BMICT aHTUOKCUAAHTIB 1 TAKUM YHMHOM 3MEHIIIYBaTH MPO-
sBH OKUCITIOBaIILHOTO cTpecy (Thapa, 2019).

VY 3B’3Ky 3 IUM aKTyaJIbHUM € JIOCII/DKCHHSI BIUIMBY HAHOCTPYKTYPOBAHOTO IUHKY (HaHOYACTH-
HOK ZnO Ta ZnS) Ha 3eJeHi BOAOPOCTI, 5IKi € THIIOBUM €JIEMEHTOM SIK IIPUPOJIHUX, TaK 1 IITYYHUX OioLe-
HO3iB, 30kpemMa Chlamydomonas reinhardtii, mo i crano Merorw aanoi podotu. OmHUM i3 MIAXOIIB JI0
OIIIHKH (pi310JIOTIYHOI BiJMOBIII KJIITHH Ha Jil0 HAHOYACTUHOK € aHali3 3MiH BMICTY ()OTOCHHTETUYHUX
MIrMEHTIB, 30KpeMa KapOTHHOIJIB Ta XJIopo(idy. 3pocTaHHs KOHUEHTPALil KAPOTHHOIIIB MOXE CBiTYNUTH
PO aKTHBAIK aHTHOKCHUIAHTHOTO 3aXUCTy KJIITHHHU y BianoBiae Ha Ait0 ROS, Toxi sk 3MiHU BMICTY
xJI0podiTy BiJoOpaxarTh 0COOIMBOCTI (PYHKIIOHYBaHHS (POTOCHHTETUYHOTO arapary B yMOBax CTPECY.

HaiiBuma koHnenTpauis xnopodiny crnocrepiraiack B IpucyTHOCTI HaHoyacTUHOK ZnO. BonHouac
JIOJIaBaHHS TIIYTATIOHY IO HAHOYACTUHOK ZnO CympoBOJKYBAIOCS 3MEHIIEHHSIM KOHIEHTpaIlii KapoTu-
HOIiJiB TIOPiBHSHO 3 BapiaHTOM, Y SIKOMY KJIITMHH 3a3HABAJIM BIUIMBY HAHOYACTHHOK ZnS. OxgHovacHe 30i-
TIbIIEHHS KOHIIEHTPAIIIT sIK KAPOTHHOIIIB, TaK 1 XJI0POoQ1iTy CrocTepiraiaocs B MPUCYTHOCTI HAHOYACTHHOK
ZnS y noeAHaHH] 3 TIIyTaTIOHOM.

OTtxe, y pe3yabTaTi MPOBEIEHUX JTOCIIPKEHb BCTAHOBIICHO BiJIMIHHOCTI Yy (pi3i0JIOTIUHIN BiAMOBIIL
Chlamydomonas reinhardtii na niro HanouactnHok ZnO Ta ZnS. OTpuMaHi pe3yibTaTH MOXYTh OyTH
BUKOPHUCTaH1 JJIs OAABIIOT0 JAOCIiIKEHHS BIUIMBY HAaHOMAaTepiasiB Ha (i3ionoriyauii craH MiKpoBOJO-
pocreli Ta MEXaHI3MH iX ajanTaiii 70 aOi0THYHOTO CTPECY.

JITEPATYPA
Kumah E.A. et al. BMC Public Health. 2023. 23: 1059.
Ochoa-Chaparro E.H. et al. Plants. 2026. 15: 147.
Thapa M. Plant Physiology and Biochemistry. 2019. 142: 73-83.
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CTABLUIBHICTh ®EHOTUIIIYHOI PEAKIIII TEHOTHIIIB KAPTOILII
HA ®Y3APIO3HE YPAKEHHSA BYJIbb 3A YMOB IIOBTOPHOI'O
THOKYJISILIMHOTO TECTYBAHHS

H. B. IIncapenxo!, H. A. 3axapuyk?, T. M. Ouilinuk?

'Monicvre docnione 6iodinenna Incmumymy xapmonasapcmea HAAH Ykpainu,
c. @eodopiera, Kumomupcorka ooa., Yrpaina, e-mail pisarenkonatalial978@gmail.com

2Incmumym xapmonnapcmeéa HAAH Yipainu, cen. Hemiwaeee, Kuiscvka o61., Yrpaina

Cyxa (Qy3apio3Ha THWIb, CIIPHYMHEHA KOMIUIEKCOM BUAIB poxy Fusarium Lk.: Fr., HanexuTs 10
HANOUTBII IIIKOTOYMHHIX XBOPOO KapTOILI B mepiof] 30epiraHHs Ta 3/aTHA CIPHUMHSITHA CYTTEBI BTPATH
HACIHHEBOTO MaTepiaily i ToBapHOi npoaykuii. EQeKTuBHICTh ceneKiifHOro 1000py TONEpaHTHUX T'eHO-
THUIIB 3HAYHOIO MipOK0 BU3HAYAETHCS BIATBOPIOBAHICTIO (PEHOTHUITIYHOT peakilii MiXK pOKaMH OILlIHIOBaHHSI.
3a mouireHHoi MPUPOIN O3HAKU Ta BUPAXKEHOI B3aeMoaii «reHotun X pik» (GXY) reHOTUIH MOXYTh Jie-
MOHCTPYBAaTH KOHTPACTHHUN PiBEHb PEaKllii B Pi3HUX LHUKJIAX TECTYBAaHHA. Y 3B 53Ky 3 UM JUISI IPaKTHY-
HOI CeJeKLii NPUHIMIIOBO BaXKJIMBUMHU € HE JIMILE BEJIMYMHA CEPEIHBOTO MOKA3HUKA TOJNIEPAHTHOCTI, a i
CTaOUIBHICTh HOTO TIPOSBY.

Merta poO0TH — OLIHUTH CTAOLIBHICTH (DEHOTUITIYHOT peakiii TeHOTUIIB KapToIut 10 (y3apio3HOro
ypakeHHs OyIIb0 Yy TOBTOPHHX IMKJIAX iHOKYJIALIHHOTO TECTYBaHHS, BUSBUTH MPOMLTl TOJIEPaHTHOCTI Ta
0OIpyHTYBAaTH KpUTEPii KOMIUIEKCHOTO 1000pY 32 MOETHAHHS PiBHS 1 CTa0IBHOCTI MPOSIBY O3HAKH.

HocnimkeHas npoeneHo BrpoaoBx 2024-2026 pp. Ha 6a3i mabopaTopii cenekmii i HaCiHHAIITBA
[Momicekoro mocnignoro BimmineHus IHctutyty kapromsipcrBa HAAH. Ouineno 31 renotun kaprori
PI3HUX TPYII CTUTIIOCTI IIISIXOM HITYYHOTO 3apaskeHHsS Oyib0 micist 30epiranHs JOKaTbHO MOMYJIISIIEI0
Fusarium spp. 13 I’ ITUpa30BOI0 NOBTOPHICTIO. 32 MOBHOT'O TPUPIYHOIO LUKy OLiHEHO 22 reHOTHIIH, SIKi
BUKOPHUCTAHO JUIS aHAITi3y cTa0UTBbHOCTI. Il KOXKHOTO TeHOTHITY BH3HAYAIM CepeHii piBeHb (EeHOTHUIII-
yHoi peakuii (M), koedimienT Mixpiuroi Bapiauii (CV), ammiityay MinnuBocTti (A) Ta gucnepcito crali-
npHOCTI Llykmu (621). Ixepena GpeHOTHIIIUHOT MIHIMBOCTI OIIHIOBAIM METOAOM JBO(MAKTOPHOTO JTUCTIC-
pciitHoro anamizy 3 moBTopeHHssMU (N = 325). Jlns iHTerpaipbHOTO paH)KyBaHHS MaTepialy 3aCTOCOBaHO
shrinkage-kopurosani cepenni renorunosi ouinku (M*) ta Selection Index. Ctatuctuuny oO6poOKy Bu-
KOHYBAJIH 13 3acTocyBaHHsM makeTiB SciPy ta Scikit-posthocs.

JBodakTopHMIA TUCTIEPCIHHUI aHAaJi3 MiITBEPIMB CTATUCTUYHO 3HAYMMUK BIUMB reHotumny (F =
2,835; p < 0,01; n2 = 25,9 %), poky omintoBanus (F = 10,603; p < 0,001; n2 = 9,2 %) Ta ix B3aemouii
GxY (F =2,427; p < 0,001; n2 = 18,3 %) na piBeHb QeHorumniunoi peakuii. Buecok GxY-B3aeMo/ii Bu-
SIBUBCSI CITIBCTABHHM 13 BILTMBOM T'€HOTHITY, IO MiATBEPKYE BUPAKEHY MIKPIUHY BapiabelIbHICTh peak-
il Ta 0OMeXXy€e TPOTHOCTHYHY I[IHHICTh OJIHOPa30BOTO TecTyBaHHs. KoedilieHT MOBTOPIOBAHOCTI TEHO-
Tuniy-aux cepennix (H2 = 0,647) cBiguuTh Npo MOMIpHO BUCOKY BiATBOPIOBAHICTH PE3YJIBTATIB 1 MiATBE-
PIKYE MPUIATHICTH TPUPIYHOTO IUKITY OLIHIOBAHHS JIIsl peHOTUTIYHOTO J1000pYy.

Kopensuiliauii aHaii3 BUSBUB BiJICYTHICTh JOCTOBIPHOTO 3B’ 3Ky MiXk CepeHIM piBHEM (EeHOTHUIII-
YHOI peakuii Ta ctabinpHicTIO 1T mposiBy: T (M, 621) = +0,126 (p = 0,578). Lle cBiAUUTh PO BiAHOCHY HE-
3aJIEKHICTD PIBHS TOJIEPAHTHOCTI Ta MKpPIUHOI cTabiibpHOCTI ii peamnizanii. Ha ocHoBi noennanns M, CV
1 621 BuaineHo 4otupu npodini ¢peHoTunivHo1 peakuii: cTabiabHO ToJepaHTHHH (n = 6), mOMipHO cTali-
npHMHA (n = 9), HecTtabinpHui (n = 5) Ta yyTnuBuil (n = 2). o cTabibHO ToJepaHTHOTO Mpodisito 3 Haid-
BUIIMMHM 3HadeHHsAMU Selection Index nanesxanu renorunu — [1.15.56-10 (SI = 6,309), [Taptaep (5,505),
[1.17.38/16 (4,856), [1.15.5/27 (4,575), 11.13.42/3 (4,568) 1 [1.17.29/21 (4,388). BogHouac copru Mupoc-
naBa (M = 6,40) ta JTusuna (M = 6,13), monpu BHCOKI cepe/iHi 3HaYeHHS MOKa3HUKA, XapaKTePH3yBAINCS
3HaYHOK MiXpiuHOIO HecTabimpHicTIO (CV = 28,6-31,7%; 62i = 11,84—11,95), mo 3HMXKyBano ix cenek-
iHUN pEeHTHHT 3a IHTEerpabHUM iHACKCOM.
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3a mokazaukamu CV (H = 10,23; p = 0,006; €2 = 0,442) Ta Selection Index (H = 12,22; p = 0,002;
€2 = 0,538) BCTaHOBIIEHO AOCTOBIPHI BIAMIHHOCTI Mi>X TpPyNaMH CTUTJIOCTi: CEpeHbOPAHHI TEHOTHIIN Xa-
paKTepHU3yBAIHCS HIDKIOIO0 MDKPITHOIO BapiaOeNbHICTIO Ta BUIIMMHU 3HAYSHHSAMH 1IHTETPAITBHOTO 1HAEKCY
MOPIBHSHO 3 paHHBOCTUTIUMH. Po3monain mpodiniB peakiiii Mk TpylaM# CTUTIIOCTI TaKOXK OYB CTaTHCTH-
yHO 3HauuMKM (2 = 13,09; permutation p = 0,006; Cramér’s V = 0,545): 62,5 % cepenHbOpaHHIX T€HO-
THUIIB HaJIeXKaIH 10 CTabiIbHO TOJIEPAHTHOTO MPOQiTto, TOMI SIK Cepe]l PAHHBOCTHTIINX Taki popmu Oymn
BiZCyTHI. JleCKpUNTHBHUI I'eHealoOTriYHNi aHalli3 BKa3aB Ha MEPCHEKTHBHICTh 0aThKiBChKUX (hopMm Bek-
tap i CaHTapka SIK KOMIIOHEHTIB CXpEIlyBaHb Ui (GOPMYBaHHS CTa0LIbHO TOJIEPAHTHUX PEKOMOIHAHTIB.

OTtprMaHi pe3yiabTaTH MOKA3aJIH, IO PIBEHB 1 CTAOUIBHICTh PEHOTUIIYHOT peakilii KapTornii Ha (y-
3apio3He ypaKeHHs 0yJb0 € BiTHOCHO HE3aICKHUMHU XapaKTEPUCTHKAMHU T€HOTHUILY, 110 3yMOBIIOE HEOO-
XIOHICTD iX mMapalienbHOTO BpaxyBaHHA mnpu AoOopi. 'emorumm I1.15.56-10, Ilaptmep, I1.17.38/16,
I1.15.5/27, 11.13.42/3 ta [1.17.29/21 inenTndikoBaHo SIK MEPCHEKTUBHI JKepeia cTabiibHOI TONepaHTHO-
CTi JuIa pekoMOiHaNiiHOT cenekiii. KoMIutekcHui miaxi, 1o noeanye anani3z GxY-B3aeMoii, mapamer-
pH cTabiTBPHOCTI Ta iIHTETpAIbHE pAaHXKyBaHHS, MOXe OyTH BUKOPHCTaHUH SK METOIOJIOTidHA OCHOBA (he-
HOTHUITYBaHHS CEJICKI[IHOTO MaTepiaiy 3a 03HaKaMH CTIHKOCTI O MAaTOTCHIB i3 MiHIMBHM iH(EKIIHHUM
¢dhoHOM.
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MICHEBI OIY.JISAUI YKPATHY — [IHHWI BUXIJTHAM MATEPIAJI
B AJATITUBHIN CEJIEKIIi HUBY.JI BAT'ATOSAPYCHOI
(Allium proliferum Schrad.)

O. B. Mo3usk!, C. I. Konaparenko?

"Mocniona cmanyis «Masky Incmumymy osouienuymea i 6awmannuymea HAAH Yxpainu,
c. Kpymu, Yepniciecoka oon., Yrpaina, e-mail: olpl8@meta.ua

Incmumym oeovienuymea i 6awmannuymea HAAH Yipainu,
cen. Cenexyitine, Xapkiecoka 00.1., Ykpaina, e-mail: konf-dsmayak@ukr.net

[IpoBeneHHs CHCTEMHUX CENIEKUIHHUX TOCITIIKEHDb 3 MaJONOUIMPEHUMH BHIAMH OBOUYEBHUX POCIHH
Ma€ Ha MeTi BHUpINICHHS KUTBKOX CYIyTHIX Ta B3a€MOIOB’SI3aHUX 3aBJaHb: PO3LUIMPEHHS NEPBHHHHX T'e-
HETHUYHUX KOJISKIIH Ta BUIICHHS Ha 1X OCHOBI I[IHHHX JPKEPEJ TOCIOIApPChKO-IIIHHUX 03HAK; CTBOPEHHS
BHCOKOIPOIYKTHBHUX COPTIB 3 IIHHMM KOMIIIEKCOM CHOXKHBYHX BIIACTUBOCTEH, IO XapaKTEPH3YIOTHCS
BHUCOKHUM aJaliTUBHUM IMOTEHIIAJIOM JIO 3MIH KJIiMary, MpUIATHUX JUIs OPTaHIYHUX TEXHOJIOTiH BUPOIILY-
BaHHS; CTaJa IHTPOAYKIIIS 1 3aIy4YCHHS Y CEJICKIIMHUN POIeC HOBUX BHUJIIB OBOUYECBHX POCIIMH IS 1X iM-
MOPTO3aMiIeHHs 1 He3aJeKHOCTI BiJI MMOCTadyaHHS HAaCiHHEBOTO MaTepiamy 3-3a xkopaoHy (Kondratenko,
Pozniak, 2025).

OCHOBOIO PO3IINPEHHS CENEeKIIHOI 0a3M PIAKICHUX 1 HETpaIuIiHHIX BUAIB POCIHH € aJalTHBHA
IHTPOAYKIIiS, B OCHOBI SKOI — HACIHHEBA PEMPOAYKIIiS, Aisl MPUPOJHOTO 1 IITyYHOTO TOOOPIB BiJl TTOKO-
JIHHS 10 MOKOJIIHHS TSl MIJBUINCHHS aJanTaiii pociuH i 3a0e3rneucHHs (OPMOYTBOPIOIOUYHX MPOILICCIB.
[aTpOMyKTIIis 320e3meuye 30araueHHs] TEHETHYHUX PECYPCiB, ii YCITiX 3aJeXUTh BiJ CTYIIEHS aKiliMaTH3a-
il POCINH, IO PO3TIANAETHCS K MPOLIEC MPUCTOCYBAHHS JKUBUX OPraHi3MiB JI0 KOMILJIEKCY YMOB cepe-
JTOBHIIA, SIKi IpUTaMaHHi HOBill micuieBocTi (Ps0uyH Ta iH., 2014; PaxmetoBs, 2017). Cenexist pociuH 6a-
3Y€ThCS HA J000OPi 3 TeTepOreHHUX TiOPUIHUX MOIYJIALIA HOBOTO MEPCIEKTUBHOTO BUXIJIHOTO MaTepia-
Ty, SIKid TIOCTIMHO OI[IHFOETHCS Ha BCIX €Tamax CBOI'O CTBOPEHHS 3a CTA0UIBHICTIO MPOSBY KOMILIEKCY T'O-
CHOAAPCHKO-IIIHHMX O3HAaK. OCKIIBKM CTBOPEHMH BUXIJHMU Marepiaj € FeHETHYHOI0 OCHOBOIO HOBHX
COpTiB, IpH 30MpaHHI KOJEKIiH HOBUX BHJIB POCIHH MOTPIOHO MiAOMpaTH 3pa3kud Pi3HOTO €KOJOro-
reorpaiyHOTO MOXO/KECHHS 3 SKHANUIINPIIMM MOEAHAHHIM TOCHOJAPCHKO-I[IHHUX MOKA3HHUKIB Ta MOp-
¢domoro-ineHTHIKAIHNX O03HAK. AJanTariifHa 3JaTHICTh BHAY € HAHBAXKIUBIIINM TTOKa3HAKOM MOX-
TUBOCTI (OpMYyBaHHS KYJIBTUTEHHOTO apealy 3a MeXaMu Horo mnpupoaHoro icHyBaHHs (Knnmenko,
2012). bararopiyHIMH JOCITIHKEHHSIMH, TPOBEICHUMH BITYU3HSIHUMHE 1 3aKOPIOHHUMH CEJIEKIIOHEPAMH,
MiATBEP/PKEHO, 1110 JI€EBUM IIISXOM IMOIIMPEHHS PIIKICHUX, HETPAJIUIIIMHAX BHUJIIB POCIIUH SIK CLIBCHKO-
TOCIOJIAPCHKUX KYJIBTYD € JIOTIYHE MPOJOBKEHHS IHTPOIYKIIIHOTO MPOIECy — aHANITUYHA 1 CHHTETUYHA
CeJIeKIIisl.

Jlo LIHHUX OBOYEBUX POCIMH HAJICKUTH IOy OaratospycHa (Allium proliferum Schrad.). 3a ii
BUPOILYBaHHS 1 BUKOPUCTAHHS MOXHA 3HAYHO 30araTuTh aCOPTUMEHT BiTaMiHHOI MPOAYKIii, 30KpeMa B
Hece30HHMH nepiog. COpTUMEHT 1bOro BUAY B YKpaiHi He mocratHiil. Tak, y Jlep:kaBHOMY peectpi cop-
TIB POCJIMH, MPUIATHHUX JJIS TOMIMPEHHS B YKpaiHi, 10 2026 p. coptiB uOyJIi OaratospycHoi He Oyiio. 3a
pe3yJbTaTaMH aHali3y BCTAHOBJICHO, IO 3asiBKM Ha COPTH LIOTO BUAY ISl peecTpalii B YKpaiHi He Ho-
nmaBanucs. Hacenenns B Ykpaini BUpoIlye HepeBakHO MicieBl nomyismii. Oke, podoTa 31 CTBOPEHHS
BITYM3HSHHUX COPTIB B Cy4aCHHX yMOBAaX € aKTyaJIbHOIO, OCKIJIbKH 3a0e3neuye 30araueHHs COPTOBHX pe-
cypciB uubyi 6araToapycHoi came BITYU3HSIHUMH PO3POOKaMH.

OcobnuBicTh 6araTosipycHOl IOy — GOPMYBaHHS 3aMiCTh CYIBITTS MOBITPSIHUX IIUOYJIHHOK, TO-
My i iHKOJIM Ha3UBaIOTh KUBOPOIHOI0. L[MOyTMHKM Ha CTPUIBLI YTBOPIOIOTHCA B JEKiNbKa APYCiB (3a Ha-
JISKHOTO PO3BUTKY POCIIMH 1 3aJIEKHO BiJ] COPTOBHX OCOOJIMBOCTEH iX MOoxke OyTH 70 4-5). Bararosipycha
Oyt — MOpPO30-, 3MMO- Ta XOJOAOCTiKa POCIMHA, Ha OHOMY MicLi pocTe A0 5 pokiB (pu OaraTopiu-
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Hiit KyneTypi). [Iprr mboMy mopigHO 301MBITYyETHCSA KITBKICTh IUOYIWH Y THIi3/1, a BIATaK 3MEHIITY€ETHCS
TUTOILA >KUBJICHHS OKPEMUX LIMOYJIMH 1 POCIMHU B LILIIOMY.

3 METOI0 CTBOPEHHS KOHKYPEHTOCIIPOMOXKHUX BITUYM3HSHHUX COPTIB IUOyIi GaraTospycHoi mpoBe-
JleHa cenekmiiHa poboTa 3 uuM BugoM. Cenekilis nuOymi OaratosipycHoi OazyBamacs Ha BHKOPHCTaHHI
KJIOHOBOTO A000pY 3 reTepOreHHUX riOpUAHUX MOMYJILiii HOBOTO MEPCIEKTUBHOIO BUXIHOTO Marepia-
Ty, AKi¥ TOCTIITHO OIIHFOBABCS HA BCiX €Talax CBOTO CTBOPEHHS 3a CTAOUTHHICTIO MPOSIBY KOMITIEKCY TO-
CHOAAPCHKO-IIIHHMX 03HAaK. OCKIIBKM CTBOPEHMH BUXIJHMH Marepiajl € TeHETHYHOI0 OCHOBOIO HOBHX
COpTiB, NpH 30MpaHHI KOJEKWUid HOBHMX BHIIB POCIMH HaMH MixiOpaHi 3pa3kh pPIi3HOTO EKOJOTo-
reorpadivHOr0 MOXOKEHHS 3 SKHANIIMPIITNM MOETHAHHSM TOCIOMAPCHKO-IIIHHUX MOKAa3HHUKIB Ta MOp-
¢onoro-ineHTudikaiitHuX 03HAaK.

3a pe3yibpTaTaMu MPOBEICHUX NOCTIHKEHh CTBOPEHI ABa HOBI COPTH MU0y OaraTosipycHoi, ajar-
ToBaHi 710 ymoB Jlicocteny i [lomiccst Ykpainu, siki 3a pe3yibTaTaMy MPOBEICHHS HAYKOBO-TEXHIYHOT €K-
CIEPTH3H 3 METOIO peecTpallii COPTIB Ta MpaB HA HUX BHeceHi 10 JlepikaBHOTO peecTpy COPTIB POCIHHH,
MPHUIATHUX I TOmHMpeHHs B Ykpaini: copt bopsenka (Ilatent Ha copt pocmuam No 260128 Big
16.02.2026 p.; CBimouTBo npo jAepkaBHy peectpaitito copty Ne 260153 Bix 16.02.2026 p.), copt ['oBepina
(ITarent Ha copT pociuaU Ne 260129 Bix 16.02.2026 p.; CBimONTBO MPO IEpKaBHY peecTpariiro copTy Ne
260154 Big 16.02.2026 p.).

VYposkaitHicTh 3e1eH0i MacH (32 OCIHHBOI CiBOM MOBITPSHHUX MUOYIMHOK) Y copTy bop3enka craHo-
BUTh 23,6 T/ra, copty ['oBepna — 22,4 T/ra. 3a paHHBOCTHUTIICTIO BUIiIEHUH copT bop3eHka: modaTox
30MpabHOI CTUTIIOCTI Hactae Ha 27 nmoOy micis BigpocTaHHs. Y copTy ['oBepna moyatok 30upaibHOL
CTHUTJIOCTI Bigmidanu Ha 34 moOy micis BiApoCTaHHS.

Mopdgonozo-biomempuuni nokaznuxu copmy bopsenxa. Pociuna: 3a BUCOTOIO Ha TIOYATKy CTEOIy-
BaHHS — 68,2 cM; KUIBKICTh JINCTKIB — 8 IITYK; IIMpUHA JUCTKa — 2,0 CM; MCEBIOCTEOI0: TOBKUHA €Ti-
OITbOBaHOI YacTHHH — 9.4 cM; mceBaoCcTe0I0: AiaMeTp eTHOIhOBaHOI YacTHHU — 2,1 cM; CTpijiKa: 3a JOB-
KUHOIO — 95,2 cM; CTpiiKa: BHCOTa 3aKJIaJJaHHs MEPIIOro spycy — 74 cM; CTpijiKa: KUIBKICTh SIPYCiB MOBi-
TPSIHUX LMOYJIMHOK — 2; CTpiNKa: CepelHs KUIBKICTh MOBITPSHHUX MHUOYJIMHOK Y TeEpIIOMYy spyci —
21 mTyka; CTpiNKa: giaMeTp y HaWImupmioMy Micti — 2,7 cM; IiameTp UMOYJIWHKH Yy IMEpIIoMy sSpyci —
2,0-2,2 cm; niaMeTp uOyIUHKH y Ipyromy spyci — 0,9 cm.

Mopdgonozo-biomempuuni noxkasnuxu copmy I oeepaa. PociuHa: 3a BUCOTOIO HA MOYATKy CTEOIy-
BaHHs — 60,0 cM; KUIBKICTB JIMCTKIB — 6 IITYK; IIUPUHA JUCTKA — 1,5 CM; IICEBIOCTEOIO: TOBKHUHA CTH-
0JILOBAHOI YacTUHH — 9,2 CM; ICeBIOCTE010: AiaMeTp €THOIBOBAaHOI YacTUHU — 1,6 CM; CTpijKa: 3a J0B-
JKUHOK — 93,8 cM; CcTpiika: BUCOTa 3aKJIaaHHs TIePIIOTo spyCcy — 73 CM; CTpiKa: KiJIbKICTh SPYCiB MOBI-
TPSIHUX MUOYITUHOK — 1; cTpisiKa: cepeliHs KUIbKICTh MOBITPSHUX UOYJIMHOK Y MEPIIOMY pYcCi — 4 ITYK;
CTpUTKa: AlaMeTp Y HAWIIUPIIOMY Miclli — 2,9 cM; miameTp NUOYIUHKH y riepmomMy spyci — 2,8-3,2 cum.

CrBOpeHi copTu nuOymi 06aratospycHOi € KOKYPEHTOCIPOMOKHIUMHU Ha BITUM3HSHOMY PHHKY 1 pe-
KOMEH/JIOBaHi /ISl OCBOEHHS B arpoopMyBaHHSX yCiX (hOpM BIACHOCTI Ta TOCIOIAPIOBaHHS Ta Y MpHUBa-
THOMY CEKTOPI.

Omxe, Ha Jocnianii cTanmii «Masik» [HCTHTYTY OBOuiBHMIITBA 1 OamTanHuiTBa HAAH 3a Buko-
PHUCTaHHA SIK BUXiZHOTO MaTepialy MiCLeBUX MOMYJISLiil CTBOpEHI KOHKYPEHTOCIIPOMOKHI COpPTH LU0y
OararosipycHoi bop3senka ta 'oBepna, agantoBani 10 ymoB Jlicocreny i Ilomiccst Ykpainu. Hosi coptu y
2026 p. BHeceHi Jio [lepKaBHOTO peecTpy COPTiB, MPUIATHUX JJIs TIOMIMPEHHS B YKpaiHi.
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®OTOCUHTETUYHHUMN ATIAPAT SALIX SP. 1 POPULUS SP. Y 3AIIIABHUX
EKOCHUCTEMAX KAXOBCBKOI'O BOJOCXOBHIIA 3A KOHTPACTHHUX
CE30HHUX YMOB

O. B. [Toaimyk, K. O. Pomanenko, I. B. KocakiBcbka

Tuemumym 6omanixu im. M.I'. Xonoonoeo HAH Yxpainu, Kuis, Ykpaina
e-mail: mrpolishchuk@gmail.com

Beryn. locmimkenHs: aganTanii pociInH 0 €KOJIOTIYHHUX CTpeciB HaOyBae KPUTUYHOTO 3HAYCHHS B
YMOBax TJI00ATPHUX KIIMAaTUIHHUX 3MiH Ta MacIITAOHUX aHTPONOTeHHUX KaTacTpod. PyitHyBanHs rpebii
Kaxoscekoi I'EC y uepsHi 2023 p. CHpUUHWHIIIO MOSIBY YHIKalIbHUX 32 MaciiTabOM TEXHOTEHHUX TEPUTO-
piii, ne copMyBaBcs piBHOBIKOBHI MOHEPHUH AEPEBOCTAH 3 IOMiHYBaHHSIM BepOu (Salix sp.) Ta Tomoi
(Populus sp.). BincyTHicTh BiKOBOI mudepeHIiarii Jo3BOsSE€ PO3MIISIaTH MIKBH/IOBI Ta JIOKAIidHI BiJl-
MIHHOCTI SIK TpsAMHIA TposiB ¢izionoriunoi mactTudHocTi. Cepen ¢i3ioNorivHux mnporeciB GOTOCHHTE3
Mocilae 0coOIMBE MicCIle, OCKITIBKHU € TOJIOBHUM JKEPENIOM HaIXOKEHHS OPraHivHIX PEUOBHH 1 €Heprii,
HEOOXIAHUX ISl JKUTTEASUIBHOCTI POCIMHHOTO opraHizMy. ®@otocunretrnynnii amapat (PCA) omxuMm i3
MEepUIMX 3a3HAE€ CTPECOBHX BIUIMBIB: 3MiHM y MIrMEHTHOMY KoMIUIeKci, ¢orocuctemax | i I, manmrory
TPAHCTIOPTY ENEKTPOHIB 3/aTHI 3HM3UTH (DOTOCHHTETUYHY AKTHUBHICTH 1 TMPOAYKTUBHICTH POCITHHHU
(Ashraf, Harris, 2013). HaToMicTh Mi»CE30HHI BiZIMIHHOCTI IIMX MMOKa3HUKIB BiJ00OpaKarOTh alall TUBHUI
MOTEHITian BUAY. BMIcCT i criBBimHOMIEHHS (D)OTOCHHTETUYHUX MITMEHTIB € iH)OpPMaTUBHUMH TTOKa3HUKA-
MU cTpecoBoi Binnosini pociud (Pomanenko Ta iH., 2023), a mapamerpu JIP-tecty xapakrepusyrots Qy-
ukuioHaneHui ctan ®C 11 y peanpHOMy yaci (Stirbet, Govindjee, 2011). CTpyKTypHi MOKa3HUKU JTUCTKA
(SLA), inpexcu pociamaaOoro mokpuBy (LAIL NDVI) Ta mokasHuku ra3oo0MiHy (A7) y KOMILIEKCI BiJo-
OpakaroTh aJaNTUBHUIN MMOTEHIIA POCIMHM Ha PiBHAX Bij jucTKa 70 yrpynosanus (Flexas et al., 2004;
Garnier et al., 2004).

Mera. OninuTti craH (JOTOCHHTETUYHOTO amnapaTry Ta BU3HAYUTH MOPQoQi3ionoriuni MoKa3HUKU
Salix sp. 1 Populus sp. Ha AOCTIIHUX JUISHKAX 3allJIABHUX JIICOBUX €KOCHCTeM JHuINa KaxoBChkoro Bo-
JIOCXOBHINA 32 KOHTPACTHUX MIKPOKJIIMATHYHUX YMOB BECHSHOTO 1 JIITHROTO ce30HIB 2025 p.

Marepiaam i metoam. JlocmipkyBaiuck pociinau poaunu Salicaceae: Populus sp. 1 Salix sp. Bin-
0ip POCIMHHOIO MaTepiajly MPOBOJIUBCS IIiJI Yac JBOX IMOJBOBUX BUi3/iB y TpaBHi Ta yiumHi 2025 p. Ha
teputopii JHinponeTpoBcbkoi Ta 3anopizbkoi obnacTel, Ha I’ SITH JOKALisSX JHULIA KOMHIIHBOro Kaxos-
ChKOT'0 BOJIOCXOBHIIA, SIKI OXOIUTFOBAIM TPAIIEHT BiJ OB 3BOJIOKECHHUX JIO MOCYIUIMBUX YMOB MIKpPO-
penbedy. Y KOKHIN JOKawil BiOMpany 3pa3ky HaHOLIBIINX PIBHOBIKOBHUX JiepeB y neHHu# 4ac (11:00—
17:30), ko GOTOCHHTETUYHA aKTHBHICTh € MAaKCUMAIILHO. BMicT X10podiniB a+b 1 KapoTHHOIiB BU-
3Havanu crekrpodoromerpuuro micis JJMCO-ekcrpakmii 3a meromom Wellburn (1994). [Tapametpwu in-
nykuii guryopecuenuii xmopoginy a (JIP-tect) peectpyBanu nopratuBHuM ¢uryopumerpom G-REP; pos-
paxoByBanu Fv/Fm, yo, pEo. Ilokaznuku razooominy (uucta acuMissiiss COz, An; nuxaHHS JIUCTKa, R;
IUXaHHA IPYHTY, Rs) BuMipioBanu razoanaiizatopom S-151 (Qubit Systems, Kanana). KoedinienT nurto-
Mol miomti yuctka (SLA) 004HMCIIOBaaM SIK BIJHOIICHHS IUIONI JIMCTKOBMX JHMCKIB JIO CYXOi Macu
(cm?-17). Inmexe nuctkoBoi noBepxHi (LAI) BusHadanu metogoMm mudporoi gap-poromerpii (Leblanc,
Fournier, 2017). NDVI orpumysanu in situ cnekrpomerpom STS-VIS Ta 3a ganumu cynytHuka Sentinel-
2. Craructuny 00poOKky BukoHaHo B Python 3.10 (pandas, scipy) i3 3acTocyBanusMm RDA -aHaiizy.

Pe3ysabTaTH Ta 00roBopeHHsl. MiKpOKIIiMaTH4Hi YMOBH CE€30HIB OyNM Pi3KO KOHTPACTHUMH: Y
TpaBHi nepeBaxkanu nomipHi remneparypu (16-22°C) ta Bonoricts rpyHty 18-58 %, Tonai sSiK y nuMmHI 3a-
¢ikcoBaHo crpecoBi ymoBH (Temreparypa 29-36°C, Bosoricts 1-10 %). [lirMeHTHUII KOMIUIEKC BUJIIB
BiZpi3HSABCS MK ce30HaMu. Y BepOM cymapHuil BMicT xyopodiniB a+b 3poctaB Bixg 20—58 MKr-cM 2 y
TpaBHI 70 64-69 MKr-cM? y JHIHI; BMICT KapOTHHOImNiB — Bix 5,85-9,35 Mkr-cM? y TpaBHi 70
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10,2 Mxr-cm 2 y numHI. 3pOCTaHHS BMICTY KapOTHHOIMIB Y JIUTHI HA MUISTHKAaX 13 BUCOKMM TEIUIOBUM Ha-
BAaHTAXCHHSAM CBIIYMTH MPO aKTHBaLil0 (OTO3aXUCHUX MeXaHi3MiB. BmicT xmopodiniB y BepOH BIITKY
CyTT€BO TIEPEBHIyBaB 3HaueHHs it Salix alba 3 6a3m manux TRY (Kattge et al., 2020), mo Bka3zye Ha
aKTUBHY MIATPUMKY aCUMUIALIHHOTO amapary. Y TOIOJI BMICT XJIOpodiTiB i KapOTHHOIAIB OyB cTabih-
HimwmM (= 48,5 Mkr-cM 21 8,17 MKr-cM 2 BiATIOBIAHO).

[Mapamerpu ¢uryopecueHiii JocaipKeHUX pOCIuH Y TpaBHi Bianosigamu HopMi (Fv/Fm 0,82—0,85).
VY numnHi BUsBIEHO AudepeHLiioBaHy BiINOBiAbL: Y BepOu FVv/Fm 3HMKYBaBCS Ha MOCYIUIMBHUX AIISTHKAX
o 0,68—0,76, Toxi sik Ha 3BOjOXkeHUX 3anuinarcs BucokuM (0,80). Y tononi 3uwkenns Fv/Fm no 0,75
BKa3ye Ha TIOMipHe purHiueHHs (poToximiuHOl akTHBHOCTI. [Ipn oMy 3Ha4YeHHS Yo Ta Eo B 000X BH-
niB 30epiranuck Ha piBHi 0,33—-0,55, 1m0 CBIAYUTD PO MiATPUMAaHHS TPAHCIIOPTY eneKTpoHiB. [lokazoBum
€ pO3pHB MiX 30epeKeHHAM MITMEHTIB 1 IPUTHIYEHHSIM Tra3000MiHy B JIHIHI: An y BepOM CKIIana JIHIIe
0,11-1,65 MkMosb M 2-c”! uepe3 3aKpUTTA MPOAUXIB. Y TOMOJI BaJloBa acUMIIALIS Majia Bil'€MHE 3Ha-
YeHHSI, 1[0 BKa3y€e Ha NepeBayKaHHS TUXaHHs. 30€peXeHHS eJIEKTPOHHOTO TPAHCIOPTY 332 YMOBH 3aKPHT-
TS IPOIMXIB Y3TO/IKY€ETHCS 3 aKTUBAIIIEI0 He(hOTOXIMITHOTO TaciHHA K (POTO3aXUCTY.

SLA y BepOu 3umxyBaBcs 3 88—136 cm? 17! y TpaBHi 10 68—107 cM* 17! y JIMTHI, IO CBIAYUTH PO
MOTOBIICHHS JIUCTKIB Y BiJIMOBiAb HAa MOCYXy. EMITipHYHi MOAENi BHSABHWIN 3HAYYIIMHA JIOrapuMidHuit
3B'5130K MiXK BMicToM xmopodimiB i NDVI (in sifu Ta Sentinel-2), mo n03Boisie MacmTaOyBaTH OILIHKY
®CA mertomamu qucTaHiifiHoro 3o0uayBanHs. [TosutuHa kopessitisa Mk NDVIXLAI Ta Rs cBimuuth mpo
3B'SI30K Mi’K PO3BUTKOM JIUCTKIB Ta KApOOHOBHM 0aaHCOM €KOCHCTEMH. 3arajioM BepOa AeMOHCTpyBala
O1ITBIITY MiXKCE30HHY CTa01IbHICTh MMOKA3HHUKIB IMOPIBHSIHO 3 TOMOJIEIO.

BucnoBku. PiBHOBiKOBUiI nepeBocTiii KaxoBchkoro BomocxoBmima € e(heKTHBHOIO MPUPOIHOIO
MOJIEJUTIO TOCIHI/pKeHHS (pizionoriyHoi miacTudHOCTi. OCHOBHUMH CTPATEeTisIMU aJamnTallii € 3aKpUTTI
npoauxiB npH 30epexkenHi QynkuioHansHocTi PC II, mocuneHHsT KapOTHHOITHOTO 3aXHUCTY Ta CTPYKTYP-
Ha nepebyaoBa JucTKkoBoro amapary (3HwkeHHd SLA). Salix sp. nemoHCTpye BumLy ¢i3ionoriyHy riac-
TUYHICTH MOPIBHSIHO 3 Populus sp., O € KIIFOUOBUM ISl IPOTHO3YBAHHS BIIHOBIICHHS 3aITABHUX €KOCH-
cteM. OTpuMaHi perpeciiiHi MOJEIi J03BOJISIOTh MacITa0yBaTH JaHi HA3eMHHUX JOCII/DKEeHb JUIS JUCTa-
HIIIHHOTO OLIHIOBAHHS BiJTHOBJICHHS 3aIIAaBHUX €KOCHCTEM.
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BY®EPHI BJIACTUBOCTI JIMCTKIB IPEACTABHUKIB BUJAY PRUNUS
SERRULATA LINDL. 3A YMOB YPBOTEXHOI'EHHOT'O HABAHTAKEHHA

O. B. ITouka, JI. A. Koapnap

Hayionanonuii oenoponociunuii napx « Cogiiskay HAH Yxpainu,
Ymans, Yepracoka obn., Yxpaina, e-mail: lenapockal I @gmail.com

B cyuacHmx ymoBax r700aibHIX €KOJIOTIYHHUX 3MiH Ta IHTEHCHBHOTO BUKOPHCTAHHS MPUPOTHAX PECY-
pciB GpopMyBaHHS €KOJIOTIYHO 30aTaHCOBAHOTO MICBKOTO cepeioBHIla HaOyBae 0cOOMMBOI akTyanbHOCTI. Of-
HUM 13 e(heKTHBHUX CIIOCO0IB MPUCTOCYBAaHHS MICHKOI IH(PPACTPYKTYPH JI0 KIIMAaTHYHAX 3MiH Ta MTOKPAIIEH-
HS SIKOCTI JKUTTS HACENEHHS € 30UIBIICHHSI KUTPKOCTI 3eJIeHNX 30H, SIKI 3MEHITYIOTh €(EeKT «MiChKOTO TEeITO-
BOTO OCTPOBa», MOTJIMHAIOTH BYIJICKUCIIMI T'a3, OYMILYIOTh MOBITPS, 3HWKYIOTh PiBEHb LIyMYy, CTaOLTI3yIOTh
BOJIOTICTb 1 CHPHSIOTH 30€peKeHHI0 0i0pi3HOMaHITTS. KpiM Toro, HassBHICTh 3eJICHUX 30H MIO3UTHBHO BILTUBAE
Ha TICUXOEMOITIHIIA CTaH HACENICHHS MiCTa, 3HIDKYE PIBEHb CTPECY, MOKpAIIye SKICTh CHY Ta 3arajbHe CaMo-
nouyTTs (Kumar et al., 2025; Lu et al., 2023).

Oco0nuBoi yBaru, Ipu 1LOMY, 3aCJIyTOBYIOTh MPEACTaBHUKU Bumy Prunus serrulata Lindl. (Burins
JipiOHOIMMITRFYATA 200 CaKypa), siKi He JIUIIe TPUKPAIIAIOTh MiCHKHUIT MTPOCTIp, a i MarOTh 3HAYHUH TTOTEHITIAN Y
TIOKpAIeHHI YPOOSKOIOTIYHINX YMOB HACENICHUX MiCIlh. 3aBSIKH CBOIM €KOJIOTO-0i0JIOTTYHUM BIACTHBOCTSIM
cakypa 31aTHa e(peKTHBHO OUMIIYBaTH MOBITPS, OTJIMHATH T 1 TOKCUYHI PEYOBHHH, & TAKOXK CTBOPIOBATH
KOM(OPTHUI MiKpOKTIMAT y MIiCHKHMX yMOBAX. Ii IBiTiHHS Ma€ 3HAYHMH eCTETHYHHMH i KyIbTypHHUIl BILTUB,
Crpusitoun (JOPMYBaHHIO IO3UTUBHOTO IMIJKY MICTa Ta PO3BUTKY EKOTYPH3MY.

OyHKIIOHATFHO aKTHBHUM OPraHOM POCIIMHY, KU IIBUIIKO pearye Ha HeCTIPUSTINBI IPUPO/IHI Ta Te-
XHOT€HHi (paKTOpH JOBKULIS € JIMCTOK. [HTEHCHBHICTH BHYTPIIIHIX 3MiH 1 TOIIKO/IKEHb JIUCTKOBOI IUIACTHHU
3yMOBIIEHa BUIOBUMH 200 COPTOBHMH OCOOMBOCTSIMU POCIIHH Ta X 3/ATHICTIO MiATPAMYBATH 1 YPiBHOBaXKY-
BaTH KUCJIOTHO-ITY>KHHI OallaHC TIPOTOILIACTY KITITHH TP Oe3repepBHOMY HaIXO/PKEHH] 010reHHHX Ta THIITNX
XiMigHHX eneMeHTiB. L1006 mpoTHCTOATH MiBUILIEHOMY XIMIYHOMY HaBaHTa)KEHHIO, KITITHHH MatoTh OydepHi
CHCTEMH, sIKi peryioroTh pH cepenosuia. Binxunenns pH Big onTuManbHUX 3Ha4€Hb HETaTUBHO BILIMBA€E HA
0OMiH pe4OBHH Ta poOOTYy OLTKOBO-(hepPMEHTATHBHIUX KOMILIEKCIB Y TUCTKaX. ToMy, 32 BETMIMHOIO TIOKA3HH-
ka OydepHOi €MHOCTI MPOTOIUIACTY JMCTKIB MOYKHA BHM3HAUaTH CTIHKICTh POCIHMH JIO TEXHOTCHHHX YMOB
(Hnativ et al., 2009; Mazepa et al., 2000). Mera Hairoi po00oTH noysraia y 3’ CyBaHHI 3aJISKHOCTI OyhepHOT
CTIHKOCTI IIPOTOIIACTIB NpeACTaBHUKIB BULY P. serrulata (P. serrulata "Kanzan', P. serrulata 'Kiky-Shidare',
P. serrulata ' Acolade') Bif IHTEHCUBHOCTI YPOOTEXHHOTO HABAHTAYKCHHSI.

JIjist bOro TEPUTOPIr0 MicTa YMaHb Ha sIKi POCTYTh NpeACcTaBHUKU Buay P. Serrulata, ymoBHO OyJio
TMIO/ILIEHO Ha /1Bl 30HM: 4KcTa (POCIMHY, SKi POCTYTh Ha TepuTopii fenaponapky «CodiiBka») Ta 3a0pynHeHa
(Bynuii M. YMaHb 31 3HAUHUM TPAHCIIOPTHUM HaBaHTaXEHHSIM). Binbip 3paskiB pocIMHHOIO MaTepiaty mpo-
BOJIWJIM 3 MIIBITPSIHOTO OOKY JiepeBa i3 cepeHbol YaCTHHHU KPOHH Y IepioJl 3aBEpILICHHs TIOBHOTO PO3BUTKY
ACUMUTAIIIHOI CUCTEMH JIHCTKA (JIMIeHb-ceprieHb). Jlms mocmimkerHs: OydepHol 31aTHOCTI MTPeACTaBHUKIB
Buny P. serrulata Oyno 3acrocoBaHe criBBijHOIIEeHHS pH mpoTtormiacTy mics mry4Horo miakucieHss (pH’)
1o pH moyatkoBoro, sike BijoOpaXkaio eeKTHBHICTh BHYTPIITHHOTO CEPEOBHINA KIIITHH MPOTUCTOSTH 30B-
HimuboMy miakucierHio (Hlibovytska, 2013).

Haii6inbima 6ydepHa CTIMKICTD U1l KOXKHOTO 3 JIOCTDKYBaHHX COPTIB CHOCTEpiraigacst y YMCTid 30Hi.
[pore i3 miIBUIIEHHSIM piBHS 320py/AHEHHS MOBITPs Oy(epHa CTIHKICTh 3MEHIITyBalach. Y 3a0pyIHEHIH 30Hi
HaliBunny Oy(epHy CTIMKICTh JI0 HECTIPUSTIMBHX (DAKTOPIB HABKOIMIITHLOTO cepe/loBHINa MaB P. serrulata
'Kiku-Shidare' (pH = 4,67 + 0,02; ApH = 1,98 + 0,03; pH' = 57,61 £ 0,03 %), Toxi sik HaiiHWKYYy — P. serrulata
'Kanzan' (pH = 5,46 + 0,03; ApH = 2,91 + 0,01; pH' = 46,7 = 0,07 %), 1ie CBi{YUTh MPO BHIIY CTIHKICTH
P. serrulata 'Kiku-Shidare' mo 3ara3oBaHoCTi MOBITpst, MOPIBHSIHO 13 P. serrulata "Kanzan'.
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CHIBKYJIbTUBYBAHHS IIETIT MYTAHTIB APTK/7KIB SACCHAROMYCES
CEREVISIAE TA S. PARADOXUS 3 NICOTIANA TABACUM JJI51 MOAEJTIOBAHHS
POC/IMHHO-I'PUBHUX B3AEMOIIN

O. B. Ilponina, 0. 10. Pumap, b. B. Mopryn

Inemumym kaimunnoi 6ionozii ma eenemuunoi inoicenepii HAH Yxpainu, Kuis, Yxpaina
e-mail: olpronina@gmail.com

Bzaemogist pociuH 3 TpuOHIME KIITUHAMH € HaJA3BUYAMHO CKJIATHUM MPOLECOM, BRKIMBUH BIUIMB Ha
PE3YIIBTATH SIKOTO Ma€ CTaH MITOXOH/PiN rprbHOI KimiTiHH (Johnson, 2025; Eduardo, 2024). 3natHicTs mpix-
IDKIB Saccharomyces cerevisiae Ta NeIKnX ONM3PKOCTIOPIAHEHUXK BHUIIB JI0 ICHYBAHHS TPU 3HAYHOMY TIOIIIKO-
JokenHi MitoxonapianeHoi JIHK (metiT MyTaltis) HaaroTh MOXKITHBICTh BUBUCHHS BIUIMBY TIPUTHIYSHHS MIiTO-
xonapiansaoi JJTHK Ha indekmifini o3Haku rpudiB, TaKUX K YTBOPEHHS MICEBAOTH(AIBHOTO POCTY, 31aTHICTb
JI0 YTBOPEHHS CKJIAJIHUX KOJIOHIHM Ta OlOTUTIBOK, (MIOKYIIAIIIO KIITHH Ta iX 1HBA3iI0 y TIOKUBHE CEPETOBHIIIE.
Taka iHopMmaris Moxke OyTH I[IHHOIO TIPH BUBUEHHI POCIMHHO-TPHOHUX B3aemomiit. [1pu npoMy BTpaTa Kiii-
TUHAMM 3JaTHOCTI J0 JuxaHHS BHacKinok Brpatu MTIHK 103BoJIsIe 3MOzemoBaTH CTaH KIIITUH IpUOIB, sKi
Oy 00poOIeHi (yHTIIUIaMH, 0 TPUTHITYFOTH MITOXOH/IpiaIbHE TUXaHHSI.

Bymo mpoBeneHo CIiBKyIBTHBYBAaHHS POCIHH TIOTIOHY Nicotiana tabacum copTy BiCKOHCIH 3 mpixk-
JOKOBUMHU KIIITHHAMU CIIOPIIHEHUX BUIIB S. cerevisiae Ta S. paradoxus. JIyis1 CIIIBKYJIBTUBYBaHHS BUKOPUCTO-
ByBaJIM JUIUIOiAHI mpotoTpodHi mramMu Y55 (S. cerevisiae) Ta Y6.5 S. paradoxus Ta iX TeTIT MyTaHTH.
OcranHi Oy0 BUALIEHO 3aB/SIKH JTBOKpATHIN 00pOOIIl KIIITHH BUXIAHOTO IITaMy B PIIKOMY MOXXHBHOMY Ce-
penoBuii 3 nofaBaHHsIM Opomuctoro eruaito (10 mMkr/mi). Bigbip meTiT MyTaHTiB TPOBOAWIIN 332 BTPATOIO
31aTHOCTI 10 pocTy Ha YPG cepenoBuii, sike MicTHIIO HehepMEHTOBaHE KEpeTio KapOoHy TiinepuH. Brpaty
MITOXOH/IPiaJIbHOTO TEHOMY BHU3HAYAJIM 332 3HUKHEHHSIM MITOXOHpIaIbHAX HYKJICOTHIIB IIPH aHaji3i modap-
6oBarnx DAPI apixmkoBHX KITITHH 32 JIOTIOMOT OO JTFOMIHECIIEHTHOI MiKpocKorttii (Mikpockor Jlromam-4).

JpiKIKOBI KyJIBTYPH BiJJHOBJIIOBAITM MiCTIsl 30€piraHHsl Ta BUPOIYBAIH 2 OOU B PiIKOMY TIOBHOMY
cepenosuiii Y PD, miciist 11boro KITiTHHN 30Upany EeHTPUYTYBaHHSM Ta BiJIMUBAJIH JUCTHIHOBAHOIO BOJIOIO.
BusHayanm KOHIEHTpalilo KIITHH Ta HAHOCHIN JPDKIDKOBY KyJIBTYPY CMYTOI HAa YalllKy B PO3PAXyHKY
30 MK cycrensii B kornenTpaii 10% ki/mu.

JIBOTMKHEBI CisHIII TIOTIOHY, IO POCIIH Ha CTEPUIILHOMY MOJIOBUHHOMY cepeioBHIl MS, BucamKyBa-
JIM Ha TaKe caMe CePeIOBHIIE 3 BUCISTHUMH JPKIPKOBUMHE KIIITHHAMU 110 4 CisHII Ha Yamky [leTpi, mpu 1160-
MY CISIHII Opi€HTYBaJIM KOPIHISIMU Y HalpsIMKY A0 Apikmkoux kit (Fernandez-San Millan, 2020). Bu-
KOPHCTOBYBAJIM 110 4 Yalllki Ha BapiaHT JPKIKOBOI KYJIBTYPH, SIK KOHTPOJIb BUKOPHCTOBYBAIN YAIIIKH 3 JIO-
JTABaHHSM JUCTWIATY 3aMiCTh APLKMKIB. [Ticns 3 TikHEBOTO CHiBKYJILTHBYBAaHHS CisHIII TIEpecaKyBald B
Top’STHUI TPYHT, TICIs THKHEBOTO BUPOIIYBaHHS OIIHIOBAIIM CTAaH POCIHH CTYIIHb PO3BHUTKY HAJI- 1 MiJIIO-
BEPXHEBOI YaCTHH CIsSHIIIB.

BusiBiieHo, 110 Ha BCiX eTarax JOCIiy ONTHMAILHUM OyB PO3BHUTOK POCIHH 0€3 J0JaBaHHS JIPLKIKO-
BUX KJIITHH, BOHH BiJ[3HAYAJIHCS HAHKPAIIMMH PO3MipaMH TiJl- Ta HaJA3eMHOI YaCTUHH POCITHH, KUIBKICTIO KO-
PEHIB Ta iX JIOBXHHOIO, SCKPABO 3€JICHIMM KOJIBOPOM JICTKIB Ta 1X KUTbKICTIO. Takox 1i pocivHK HalKparie
BUTPUMAIHN TIEPECA/DKYBAaHHS B IPYHT 3 MOXKUBHOTO CEPEIOBHINA Ta AKTUBHO PO3BHBAIUCS B IMOJAJBIIOMY.
Pocnunn, siKi CIIIBKYJIBTUBYBAJIM 3 TIETIT MyTaHTaMH 000X BUJIIB IPDKIKIB, Ml O3HAKM IPUTHIYEHHS POCTY
y TIOpIBHSHHI 3 KOHTPOJIBHUMH POCIMHAMM, BiI3HAYANOCs OMITHE CKOPOUCHHSI KOPEHEBOI CUCTEMH Ta 3Me-
HILICHHsI CTYTIeHs 11 po3raiy>KeHHsI, TIPH I[bOMY 3MEHIITyBaJlacsi 1 Ha/[IIOBEPXHEBA YacTHHA. binbia yacTiHHA
CISIHIIIB BUTpHUMaJIa MepecapKyBaHHs B IPYHTOBY CYMIIl, aie iX PICT MicCisl IBOTrO TaKOX OYyB CIIOBLTEHEHHM.
Haiiripmmm OyB po3BHTOK POCIHH, SIKi CHIBKYJIBTUBYBAJIM 3 BUXIIHUMH METIT IIO3UTHBHUMH KIIITUHAMHU APi-
KJDKIB. BoHM Manu HaliMeHIHI po3Mip MOPIBHSHO 3 1HIIMMH 3pa3KaMy, BiJ[3HAYAIUCS JKOBTHM JIHCTSIM Ta
TIOBHICTIO 3aTUHYJH ICHs Mepecagki. TakuM YMHOM, METIT MYTaHTH JIPIK/DKIB Mald TPHTHIYYBATBHUHA
BIUTUB Ha CisHIII TEOTIOHY, aJie BiH OyB clIaOIIMM BiJIHOCHO BIUTUBY METIT MO3UTUBHUX BUXITHUX IITAMIB JIpi-
KIDKIB Saccharomyces cerevisiae ta S. paradoxus.

JITEPATYPA
Eduardo J.P. Pritsch Processes 2024, 12, 2555.

Johnson Z. Microorganisms 2025, 13, 99.
Fernandez-San Millan A. Microbiological Research 2020, 237, 126480.
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OIIHKA TEHETUYHOI'O PI3HOMAHITTS IIPUPOTHUAX MO JIALIA
AEGILOPS BIUNCIALIS KPUMCBKOI'O IIBOCTPOBA 3A TIOJIMOP®I3MOM
IHEPIIOI'O IHTPOHY I'EHIB B-TYBYJIIHY

A. M. Pabokonn', B. I'. Caxapogsal, P. 5I. Barom!, O. 1. Cosinosa'?, A. B. Kapesios!,
C. L. CuiBak!, H. O.Ko3y6" 2, £1. B. Ilipko!, 51. b. Birom!

"V «Incmumym xapuosoi 6iomexmnonozii ma zenomixu Hayionanvnoi axademii nayk Yxpainuy,
Kuis, Yxpaina, e-mail: rabokonnastya@gmail.
2 Inemumym 3axucmy pocaun HAAH Vrpainu, Kuis, Yrpaina

Aegilops biuncialis Vis. € ITUKUM aJllOTETPAIUIOITHUM BUAOM, OJU3BKOCIOPIAHEHHUM i3 KYJIBTY-
PHOIO TIIEHHIICIO, Ta OJHUM 13 HAWOUIBII MEPCIIEKTUBHUX MTOHOPIB TCHETHYHHUX JCTCPMIHAHT amar-
Tamil 0 HeCnpUATIUBUX yMOB noBkimig (Schneider et al., 2010; Kishii et al., 2019; Ivanizs et al.,
2019). et Bug xapakTepu3y€eTbCs BUCOKUM IMOTEHIIAIOM CTIHKOCTI 0 KOMIUIEKCY abioTnaHuX (T1o-
cyXa, 3aCOJICHHsI, TeMIIEpaTypHi eKCTpeMyMH) Ta Oi0THYHHX (30yIHUKH 1pXKi) CTpecoBUX (AKTOPIB,
110 poOUTH HOTO BXKIMBUM JKEPEJIOM ajelliB JJisi CTBOPEHHS HOBUX CTPECOCTIMKUX COPTIB MINIEHUII
(Kishii et al., 2019). EexTrBHE BUKOPUCTAaHHS TAKOT'0 TEHETUYHOTO Pecypcy MOTpedye MOCTiKeH-
HSl BHYTPIITHHOBHIOBOTO T'€HETUYHOTO Pi3HOMAHITTS MPUPOAHHUX TOIMYJAIIA Ta OUIHKH iXHBOI reHe-
THYHOI CTPYKTYpH. JlOCTiKEHHS TeHETUYHOTO PI3HOMAaHITTS MPUPOIHUX MOMYISAid Ae. biuncialis €
BA)XXJIMBOIO TIEPETyMOBOIO 30€peKeHHs ajleabHOro GoHmy, SIKUil MOke OyTH BUKOPHCTAHHUH JUIsI CTBO-
PEHHS COPTIB MIICHHUIII 3 MiIBUIICHOI aallTUBHICTIO JI0 HECTIPUATINBUX YMOB JOBKIJLISA.

Homymsmii Ae. biuncialis Kpumcbkoro miBocTpoBa cOpMyBalIiCs B YMOBaxX 3HAYHOI €KOJIOT14-
HOT HEOIHOPIJHOCTI, M0 MOTJIO CHPHUATH HAKOTMYCHHIO aJalTUBHOIO I'€HETHYHOrO PI3HOMAHITTS,
MOB'SI3aHOTO 31 CTIWKICTIO M0 pi3HUX CTpecoBuX (paktopiB. Came TOMY BOHH CTAHOBIATH OCOOJUBUI
iHTEepec SK MOTEHIlIHE JKepell0 HOBHUX allelliB aJalTHUBHOCTI. AHalli3 TeHETUYHOTO MOJiMOpQizMy
TaKUX MOMYJIALINA JO3BOJISE OIHUTH IXHIO T€HETHYHY PiI3HOMAHITHICTh 1 BUSBHTH T€HOTHIIH, 11O MO-
KYTh OyTH TEPCHEKTHBHUMH [UJIsl MOJANBINHUX CeNeKIiiHux pocnimkeHb (Rabokon et al., 2017,
Farkas et al., 2023).

MeTtor po60oTH OYyJI0 OLIHUTH TC€HETHYHE PI3HOMAHITTS MPUPOJTHUX MONynsni Ae. biuncialis
Kpumcrkoro miBocTpoBa K HepenyMoBy iAeHTU(IKaIli] MepCcleKTUBHIX JOHOPIB TeHiB ajanTailii Ta
CTIHKOCTI /10 a0iOTHYHHX 1 OIOTHYHUX CTpPECIiB 3a JOMOMOTOI0 OLIHKH MOJIMOP(i3My Mepuioro iH-
TpoHy TeHiB B-TyOyniny (TBP-ananiz). Lle#i miaxin paHime ycCIilIHO 3aCTOCOBYBABCS ISl PO3Pi3HEH-
Hs IPEJICTaBHUKIB poay Aegilops (Rabokon et al., 2017).

VY JociKeHHI BUKOPUCTOBYBAIM 3pa3ku Ae. biuncialis, 3i0pani g0 2014 p. y pi3HHX JOKai-
terax Kpumcekoro miBoctposa. ['enomnuy JIHK Buminsim 3a nonomororo Habopy DNeasy Plant Mini
Kit (QITAGEN, HimeyunHa) BimoBigHO 10 ipoTokony BupoOHuKa. [Ticns ITJIP-ammigikanii 3 BUKo-
PUCTaHHIM MpaiiMepiB A0 mepuioro iHTpoHy reHiB B-tyOyminy (TBP-meron) npoaykru amrutidikarii
po3aisin B 6 %-My HeJEHAaTypylUyOMY IMONiaKkpujiaMiTHOMY reii. AHami3 eneKTpodOpeTHIHHX
npodiaiB 3aificHIOBaIM 3a qonoMoroto mporpam GelAnalyzer ta iTOL v7.

3a pesynbpraramu TBP-ananizy BusBieHo moiimMop@izMm IOCHiKEHHX 3pa3KiB, xoda Horo pi-
BeHb OYB BITHOCHO HEBHCOKHM. Y OUIBLIOCTI BUIMAJKIB eaeKTpodopeTHuHI npodisii XapaKTepusyBa-
JIUCS HAsIBHICTIO CIUJIBHUX aMIUIIKOHIB, IO CBiIJYHMTH MPO 3HAUYHY I'€HETHYHY MOAIOHICTH TOCIHIIXKe-
HUX reHoTuIiB. BogHouac ogHakoBi ¢pparMeHTH YacTille TPaIuIsIMCS Y 3pasKiB i3 pi3HHUX JIOKaJiTe-
TiB, HIJK CepeJl POCIMH OJHIET MOMyJIsIii, M0 MOKe OyTH IOB'SA3aHO SAK 31 CHIJIBHUM HOXOKCHHSIM
OKpPEeMHX F'€HOTHIIIB, TaK i 3 MOXJIMBUM T'€HETHUYHUM OOMIHOM MiX momyssigisiMu. Tak, nuie y JBoX
3pa3kiB OyB BIZICYTHIH aMILUIIKOH AOBXHHOIW 880 I1.H.; BOHU MMOXOIWJIH 13 3amoBigHuka Xepconec Ta-
Bpilickkuii Ta okonuIh ¢. beperose. BogHouac y jeskux BUMaAKax MPOCTEXKYBaBCs 3B'I30K MiXk Has-
BHICTIO OKpeMHUX NoJiMOp(HHUX PparMeHTiB i Miciiem 300py 3pa3kiB. 30KkpeMa, OUIBIIICTE POCIHH 13
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cenumia YThOC XapaKTEepU3yBaINCA HASBHICTIO aMILTiIKOHY MoBXuHOIO 1190 m.H. Bussneni BiaMiHHO-
CTi MOXYTh BifoOpa)kaTH JIOKaJbHY aJalTallil0 OKPEMHUX MOMYJISIiN M0 crenu(ivHuX eKONIOTIYHUX
YMOB iXHBOTO ICHYBaHHS, IIO0 POOUTH Ii TEHOTHIIH MEPCIEKTUBHUMU IS MOAANBIINX JOCIIIKEHb
MEXaHI3MiB CTPECOCTIHKOCTI.

TakuM unHOM, BUSBICHHUH MONMIMOP}i3M MiATBEPAXKYE FCHETHUYHY HEOAHOPIAHICTH MPUPOTHUX
nomnyJisiiit Ae. biuncialis Ta CBITYATH MPO HASBHICTH 3HAYHOTO AJAaNTUBHOTO MOTEHIIANY I[LOTO BU-
ny. OTpumaHi pe3yNnbTaT CTBOPIOIOTH MIATPYHTS AJIA MoAanbuioi izenTudikamii reHoTHIIB, acouiio-
BaHHX 31 CTIMKICTIO 10 abiOTHYHHMX 1 OIOTMYHUX CTPECcOBUX (PaKTOPiB, i MOKYTh OyTH BHUKOpPHUCTaHI
MiJl 9ac IMOIIYKy JOHOPIB aJalTHBHO LIHHUX aJeNiB IS CeJeKIil BUCOKOMPOIYKTHBHUX 1 CTpeco-
CTIHKHMX COPTiB MIICHUIIl B YMOBax IiI00aJbHUX KIIMaTUYHUX 3MiH.

Poboma euxonana 6 pamkax npoexkmy H®IY 2025.07/0348 «/Jocniooxcenns ma 36epedicenHs pizHOMA-
HimHocmi ykpaincokux nonyaayiu Aegilops biuncialis ax easciueozo dicepena KopucHux 2eHig 0 30azayeHus
2eHoghonoy nuwenuyiy (2026-2028).

JITEPATYPA
Schneider A., Molnar 1., Molnar-Lang M. Euphytica. 2010. 175:357-364.
Rabokon A., Demkovych A., Sozinov A. et al. Cell Biol. Int. 2017. 43:1031-1039.
Kishii M. Front. Plant Sci. 2019. 10: 585—-603.
Ivanizs L., Monostori I., Farkas A. et al. Front. Plant Sci. 2019. 10:1531.
Farkas A., Gaal E., Ivanizs L. et al. Sci. Rep. 2023. 13: 20499.
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BIIJINB IUXPOMATY KAJIIO (K:Cr207) HA PISUM SATIVUM L.
Y ' APOIIOHHOMY CEPEJJOBHUIII

0. P. Pebexesmal, O. B. Ioaimyk?

THHIT «Incmumym 6ionozii ma meouyuruy Kuiscbko2o HayioHanbHoO20 YHigepcumenmy
im. Tapaca llleguenka, m. Kuis, Yrpaina, e -mail: rebekevshayulia24@gmail.com

2IHcmumym oomanixu im. M.I'. Xonoonoeo HAH YVkpainu, Kuie, Yxpaina

AHTpomoreHHe 3a0pyJHEHHs TOBKUUIS BXXKHMMU METalTaMHU € OJHIEI0 3 aKTyaJlbHUX E€KOJOTIYHUX
npobiieM cydacHocTi. Cepes; Takux 3a0pyAHIOBAYiB — XPOM, IO HAIXOANUTh Y HABKOJUIIHE CEPETOBHIIE
BHACIIIOK POOOTH METATYPriiiHUX, XIMIYHUX Ta TiPHUYOJO0YBHHX MIAMPUEMCTB 1 3JaTHANA HaKOTUIyBa-
TUCS Y TPYHTaX 1 POCIMHHUX OpraHi3mMax. 3a OI[IHKaM¥ JOCHiIHUKIB, Oau3bK0 14—17 % CBITOBUX OPHHUX
3eMeIb MICTSTh ITiIBUIICHI KOHIIEHTpAIlil TOKCHYHUX MeTaliB, 30kpemMa xpomy (Hou et al., 2025). ®opma
Cr® € CUIbHUM OKHCHHKOM i3 BUCOKOKO PYXJIMBICTIO Ta TOKCHYHICTIO: BOHA JIETKO TPOHMKAE B KIITHHH
4yepe3 aHiOHHI TPAHCIIOPTEPH, J€ BiTHOBIIIOETHCS JO HUKUUX CTYIICHIB OKUCHEHHS 3 YTBOPSHHSIM aKTHB-
HUX (OPM KHCHIO Ta PO3BUTKOM OKHCHIOBAIIBHOTO cTpecy (Al et al., 2025). doTtocuHTETHUHUI anapar €
OJIHIEIO 3 HAHOUIBIN YYTJIMBUX JO Jii BaXKKHUX METaJIB CHUCTEM, MPOTE MEXaHI3MHU HOTO IMOMIKOIKEHHS
XPOMOM 3aJHINAI0THCS HeOCTaTHRO BUBUeHNMH (Sharma et al., 2023).

Merta pobOTH — JOCHITUTH PaHHI MPOSBU TOKCUYHOI Jii AUXpOMATy Kallilo Ha (OTOCHHTETHYHHN
amapar JHCTKiB Pisum sativum 3a yMOB TIOMIPHOTO CTpeCy B T'IPONOHHIN KyJIbTYPi.

Pocnuau ropoxy mociBHOTO BHUPOIIyBail Ha MOKUBHOMY cepenoBuii Kroma. Ilicnmsa 10 mi6 Bupo-
HryBaHHs ix nepeHocw y cepenosuile 3 KoCr,0O7 y konnentpanii 100 abo 500 mxM Ha 7 116 (18-23°C,
¢doronepion 12 rox, 100 Mxmons M 2-¢c'). CTaH pOCIMH OIIHIOBATN 32 MOP(OIOTIYHUMHU TTOKa3HHUKAMH
(mOBXKHMHA MAroHIB 1 KOPEHIB, IUIOIIA XJIOPO3Yy), BMICTOM MaJIoHOBOTO Aianbaeriay (MJIA), KijabKiCHUM
CKJIaJOoM (OTOCMHTETHYHHMX IMIrMEHTIB Ta mapaMeTpamu ¢uryopecternii xiopodiny a (PAM-
¢nyopecuenuis ta OJIP-tecr).

OO6po0OKa pociIuH TUXPOMATOM Kajlio CIIPHYHHSIIA IPUTHIYCHHS POCTY TMAaroHiB i KOPEHIB Ta po3-
BUTOK XJIOpO3y JIMCTKiB, BUPAXKEHICTh SKHUX 3ajekana Bij KoHIeHTpamii meramy. lligBuimeHHs piBHS
MJA cBiumiio mpo MOCHIIEHHS TIEPOKCHIHOTO OKMCHEHHS JiniaiB. OpHO4acHO (hiKCyBajocs 3HWKEHHS
BMICTY XJIOpOQUIIB @ 1 b, 1110 MOXe OyTH IMOB'sI3aHE SK 3 MOPYIICHHSIM iX Ol0CHHTE3y, TaK 1 3 MPUCKOpe-
HOIO JIETPAJIAIli€I0 B YMOBax cTpecy. AHali3 mapameTpiB (iyopecueHIlii XaIopodiry a BUSBUB 3HIKEHHS
edexTrBHOCTI POTOXIMIYHMX TIporeciB y ¢orocuctemi II, Mo CBiqUUTH PO MOIIKOMKECHHS €IEKTPOH-
TPaHCHOPTHOTO JIAHLIIOTA Ta MPUTHIYEHHS CBITJIOBUX peakuiid goTocunre3y. CyKynHICTh OTPUMAHHX Aa-
HUX BKa3ye Ha Te, [0 HaBiTh BiIHOCHO MOMIipHI KOHIeHTpalii guxpomaty (100 MmxM) cipuanHstoTh (y-
HKI[IOHANBHI 3MiHH y (DOTOCHHTETHYHOMY amapaTi paHilie, HiK 3'SBISIOTHCS BHpaskeHI MOpQOJIOTiuHi
o3Haku TokcnyHocTi (Hasanuzzaman et al., 2020).

TakuM 9MHOM, TUXPOMAT KaJIil0 y TiAPONOHHOMY CEPEIOBUII CIIPUUNHSE Y POCIUH Pisum sativum
KOMIUIEKC BIJMOBIiJIeH Ha cTpec: MOPQOJIOrivyHI 3MiHH, OCUICHHS MEPOKCHIHOTO OKHUCHEHHS JIIMIIIB i
nopyIIeHHsT (GYHKUIOHYBaHHS (POTOCHHTETHUHOro anapaTy. OTpuMaHi pe3ysbTaTd MOXKYTh OYTH BHKO-
pHCTaHi JUTS MOJIANIBIIOr0 BUBYCHHST MEXaHI3MIB aJlalTaIlil pOCIHH 0 TOKCUYHOTO BIUIMBY BaXKKUX METa-
JiB.

JITEPATYPA
Ali S. et al. Plants. 2023. 12(7): 1502.
Hasanuzzaman M. et al. Antioxidants. 2020. 9(8): 681.
Hou D. et al. Science. 2025. 388(6744): 316-321.
Sharma P. et al. Environmental Pollution. 2023. 121049.
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BUKOPUCTAHHS LI Y POCTAUHHUITBI: BIBJAIOMETPUYHU AHAJII3

JI. L. Peaina, H. FO. €roposa, /I. K. Kosomanbkuii, O. O. ®areena, O. I'. Haymos

Inemumym pocrunnuymea im. B.A. FOp’eea HAAH Vxpainu, Xapkis, Yrpaina,
e-mail: lianaskovna@gmail.com

CyuacHa ekcrepuMeHTalbHa 010JI0Tisl pOCIHMH NepexkuBae nupoBy TpaHCHOpMAILilo, JIe BOPOBaA-
mxeras iHcTpyMmeHTIiB LI crae Bu3HawanmpHUM (PaKTOpPOM y TIEPEXOi MO0 METOMIB JOCHTIIKEHh HOBOTO
MoKoJIiHHA. B pe3ynbprati cTpiMKOi KOHBepreHiii 6i0JOTiYHAX HAayK Ta MUPPOBUX TEXHOJOTINA KiJTBKICTH
nyOmikamiii y cdepi poCaIuHHHIITBA TOoYayia 30UTBIIYBATUCH BEIIMKMMH TEMITAMHU, a 3pDOCTAHHS MAaCHUBY
nyOuikalii moTpedye cucTeMaTH3alii, 1o poOUTh 6i0IIOMETPUYHMI aHANIi3 HE3aMiHHUM iHCTPYMEHTOM
JUTSI OIIHKH 1HTEJIEKTYaIbHOTO JIaHAmAa Ty ramysi. Metoro qaHoi podotu Oyra oriHka myOiKamiitHoi ak-
TUBHOCTI y chepi mudpoBizanii eKCriepuMEeHTaTIbHUX JOCTIHKEHb POCIIHH.

Momyk 1 amHami3 jiTepaTypu  3OilicHIOBanM B HaykoMmeTpuuHii  ©a3i  Lens.org
(https://www.lens.org/). i1 momryKy B 3aroioBKax, KIFOUOBHX CIIOBaX Ta PE3OME BHUKOPUCTAIU TaKy
KoMOiHamiro KmrodoBuX ciiB: (title: (plants OR crops) OR abstract: (plants OR crops) OR keyword:
(plants OR crops)) AND (title: ("artificial intelligence" OR "machine learning" OR "deep learning") OR
abstract: ("artificial intelligence" OR "machine learning" OR "deep learning") OR keyword: ("artificial
intelligence"” OR "machine learning" OR "deep learning")) NOT (title: (taxonomy OR floristics OR
paleobotany OR archaebotany OR medicine) OR abstract: (taxonomy OR floristics OR paleobotany OR
archaebotany OR medicine) OR keyword: (taxonomy OR floristics OR paleobotany OR archaebotany OR
medicine)). Mu Bupimmim 30cepeIuTHCS caMe Ha eKCIIEpUMEHTaIbHIH 610J10T1i POCIIMH, TOMY BUKITIOUH-
JU 3 TMOMIyKy poOOTH, TOB’S3aHiI 3 BUKIIOYHO CHUCTEMAaTHKOIO, MOHITOPHHTOM (iTOIEHO3IB, Maneo0o-
TaHIKOIO, TOIIO. TakoX 3 METOKH MiHIMi3alii «XMOHOMO3UTUBHUX 3HAXIJOK» 3 Taly3eil 3HaHb OyJo
BUKITIOUEHI BCi cepH, 0 CTOCYIOThCS METUITMHA. B anami3 Oyiu BKIFOYEHI eKCIIEPUMEHTaIbHI Ta OTJIs-
JTOB1 CTaTTi, BUITyCKH JKypHAIIB, KHATH Ta TJIAaBU KHUT, MaTepiaiii KOH(epeHIliil Ta rucepraii.

3aranom Oyno 3Haiineno 52 602 podotu, omyOnikoBanux 3a nepioxa 3 1970 p. mo 2026 p. Yactka
KOH(epeHIlii B 3arajbHiil KibKOCTi myOuikaiiii csrae 25,2 %. Lle He3BHYaiHO BHCOKHI BIJICOTOK JIJIsI
po3noiny TUmiB myOmikamiid B 6ionoriuaux Haykax (Pemina Ta iH., 2025), mo Bka3ye Ha iHTEHCUBHUI
BiumB IT-cinbroTH. Y cdepi IT ta LI kondepenuii pias Computer Vision and Pattern Recognition um
International Conference on Computer Vision BBa)aroThCsl IPECTIKHIIIMMHU 3a 0arato »XypHasiB, a my0-
JIKaIis BUXOIUTh MIBHIMIE 32 OyAb-sIKHI *KypHal. LMK OHOBICHHS HEWPOMEPEX MOXKE CTAHOBUTHU JIH-
1ie Micsii. BueHi mochimaroTs «3aCTOBIUTHY MPIOPUTET HA HOBUH METOJ] aHAITI3Y JaHWX caMe 4Yepe3 Te-
3u gonosigei. Kpim toro, Tema LI 3apa3 akTBHO (QiHAHCYEThCS Yepe3 CTapTalH Ta KOPOTKOCTPOKOBI
HPOEKTH, PE3YJIBTATOM SIKHX 4acTO € caMe BHCTYNH Ha KoHpepeHUisx. [Ipu 1boMy y CTPYKTypi MacuBy
NPOaHai30BaHOI JIiTepaTypu AOMiHyIOTh cTatTi (64,9 %), mo cBiguuTh npo e, mo BukopuctaHus 111 B
POCIIMHHHMIITBI BXK€ BUUIIIO 32 MEXi MPOCTO «iJiei Ha KOH(EpEeHIisX» 1 CTalio CONiIHOI HAyKOBOIO Oa-
3010 3 pelieH30BaHuMHU pe3ysbratamu. Cepenubopiunnii Temn 3poctanus (CAGR) 3a nepiog 1970-2025
pp. ctanoBuTh 14,5 %. Y OinpIocTi cydyacHUX cTaiux HaykoBux ramyzeid CAGR myOmikaniii ctaHOBUTS
8-9 % (Bornmann et al., 2014). IToka3uuk y 14,5 % — 11e crpaBXHs «aHOMalis», BJacTUBa TEXHOJIOTI-
SIM, 110 TepeOyBaroTh y CTajIii BUOYXOBOTO po3BUTKY. Ha BiZiMiHY BiJ OUTBIIOCTI HANPsIMiB HAYKOBOT JTisi-
JILHOCTI, JIe 3pOCTaHHs MyOJiKaliifHOI aKTUBHOCTI OMUCYETHCS EKCIIOHEHIIaNbHUMH MoJensimu (Zhou et
al., 2024), nuramika myOikaniiHo1 AISUILHOCTI B IbOMY HaOOpi MeTaJgaHuX HalKpallle ONUCYEThCS MOTi-
HOMOM 3-TO MOPAAKY, PO MIO CBIAYNTL BUCOKE 3Ha4eHHs Koedimienty merepminanii (R?) (puc. 1A). 1le
MIOSICHIOETHCSI HAsIBHICTIO YiTKUX «TOYOK IEeperuHy» Ha rpadiky, sSKi BiIMOBiAalOTH TPHOM Pi3HHM €MO-
xam: 1) 1970-1984. Tlepion «3apomxkenns» (o 1-8 crareit). TyT ekcroHeHTa Maibke HE MpaLioe; 2)
1985-2014. Enoxa knacuunoro "machine learning". Pict noBinsHwuiA, miHiHu# (Bix 14 mo 165 crareit); 3)
2015-2025. Enoxa "deep learning". Ile TyT MOXHa 100a4uTH KJIACHUHY €KCIOHEHTY, J¢ rpadik ixe Bep-
tukanbHo Bropy. CAGR 3a octanni 10 pokiB gocsr HeiiMOBipHO BHCOKOTo 3HaueHHs — 53,8 %. Taki Tem-
MU 3pOCTAHHS MOXKYTh MOSCHIOBATHCS IIEPEXOI0M Tajly3i BiJj HAKOMMUYEHHS TEOPii O MPUKIIaIHUX 3aCTO-
cyBaHb iHCcTpyMmeHTiB 111
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EBomrontis qociikeHp B eKCIIEpUMEHTaNbHIN Oiojorii 3 3actocyBanasaM 1. A — kinbkicTs my0Omi-
Kariif; b — KinbkicTh uTyBaHb. CTOBMUMKHN — (DaKTUYHI JaHi; ITyHKTUP — JIHIS TPEHY.

SKumo st aHamizy JUHAMIKK MyOJiKamii BAKOPUCTAHO MOBHUH PETPOCTIEKTUBHUM TEPiof, TO JUIS
aHaJizy [UTyBaHb 00paHo yacoBe BikHO 3 1992 poky. Lle 103BOIHMIO yCYHYTH CTATHCTUYHUM IIIyM HU3b-
KHX 3HAYEHb PAaHHIX MEpioJiB Ta 3a0e3MeunTH OibIly TOYHICTH anmpokcuMarlii. ExcrioneHmianpaa JTiHis
TPEH/Iy 3 BUCOKMM 3HaueHHAM R? 100pe omucye Te, K 3a3BMYaii PO3BMBAETHCSA HAYKOBHMH iHTEPEC 0 Ia-
pAYMX TEM: CIOYATKY JOBTUH Mepio]] «HAKOMMMYCHHS», a MOTiM CTpiMKui 31t (puc. 1B). Makcumym nu-
TyBaHHS MU 0aunMo y ctaredr 2021 p., mpoTe 1e He 03HA4Ya€ BTPATy iHTEpPECY MO i€l TEMaTHKH, IPOCTO
Mi3HINN poOOTH HE BCTHUIIIM HaOpaTH IUTYBAaHHS, CTBOPIOIOYN TaK 3BAaHUM LUTAIIMHUN JIar, M0 € THUTIO-
BUM ]I HayKoBoi JitepaTypu (Nakamura et al., 2011).

Cepen kpaiH B 1iHt ramy3i migupye tpiisa: KHP (5181), CILIA (4497) Ta Ianis (4315). 3a mokasHu-
KOM IIMTYyBaHHsS BOHH po3sramnryBanucs Tpoxu iHakme: CIIA (136489), KHP (117729) Ta Iuxis (54496).
Cepen ycTaHOB Oe33alepeyHuM JIiZIepoM 3a KUIbKICTIO myOuikarii € Kuraiicbka akazemis Hayk (728), a
1HIII YCTAaHOBH CIIIyIOTH 32 HEO 3 BEJMKHUM BiJJpuBOM (Ha 2-My Ta 3-My Micisix CillbCbKOTOCIIONAPCHKHUIA
yHiBepcuteT Kurato Ta KuTaiicbka akagemisi CiTbChKOTOCTIONAPChKUX HayK (3 339 myOmikarisMu y Kox-
Hil1)). Kuraiicbka akajeMist Hayk Takox € Oe33arepedHiM JIiIepoM 3a MoKazHUKoM 1uTyBaHHs (19085), a
IHII YCTAaHOBM 3HAYHO BIJCTAIOTh BiJ Hel: 3-Te Micie HanexuTh Wxel3sHcbkoMy yHiBepcuteTy (9139;
KHP), 3-te VmuiBepcuretry Ilepasio (8566; CILIA). Haiibinpi npogyKTUBHMMH aBTOpaMHu € Vinay
Kukreja (160 po0it; YuiBepcuret Uitkapa, [anis) Ta Rishabh Sharma (108; YuiBepcureTr BickoHcuHy B
Meniconi, CIIIA). Vinay Kukreja Takoe € HaliOubI niuToBaHuM aBTopoM (2917), a Ha 2-My MicIii 3a 110-
Ka3HWKOM LuTyBaHHsA Baskar Ganapathysubramanian (2379; YHiBepcuTeT mt-y AifoBa), Xo4a 3a KiIbKic-
TIO ITyOmiKkariit BiH Ha 15-my micni (24 po6oTn).

Taxum YMHOM, TIPOBEJICHUI aHaji3 JO3BOJIMB BUSIBUTH YacOBI Ta perioHalbHI nMaTepHH B cepi BU-
kopuctanus LI B ekcriepuMenTanbHil Oiosnorii pocnuH. Excionenmiansue 3poctanss micist 2015 p. cBi-
JUUTH MIPO Mepexil BiJ crazii GopMyBaHHS HayKOBOIO HampsMy IO €Taly CTPIMKOI ekcraHcii. 3 mokas-
HHKa [JUTYBaHHS MO>KHA 3pOOHMTH BUCHOBOK, 110 HaykoBa mikousa CILIA 30epirae skicHy nepesary. [HcTH-
TYHiHHWHA JJaHAmadT xapakTepu3yeTbess BUCOKO0 TeHTpanizamiero B KHP ta Ginbir auBepcndpikoBaHoo
ctpykryporo B CIIA, ne xio4oBy poib BifirpaioTe yHiBepcuTeTd mratiB. [pyre micue Baskar
Ganapathysubramanian cepen aBTOpPiB 3a HUTYBaHHSAM IIPH MEHIIIH KUIBKOCTI POOIT MiIKpPECTIOE HOTO
cTaTyc TpeHjceTTepa ranysi. B cBitii iHTerpamii YkpaiHu B CBITOBY HayKOBY CIIJIBHOTY KPUTHYHO BaXK-
JIMBO 1HTErpyBaTH CBITOBUH NocBi BukopucTanHs 11 y BiTYu3HsHI iporpaMu.
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COPTH O3UMHUX 3JIAKIB, CTIMKI 1O IIOCYXHU

O. 1. Pubanka'?, C. C. Ioaimyk!, M. B. Uepsonic!

!Cenexyinino-eenemuunuii incmumym — Hayionanonuii yeump HaCiHHE3HABCMEA | COPMOBUBUEHHS,
Ooeca, Ykpaina

Inemumym ¢izionoeii pocaun i ecenemuxu HAH Yxpainu, Kuis, Yxpaina

VY 3B's3Ky 31 3MiHaMU KJIIMaTy Ta 3pOCTaHHAM nedinuTy Boioru B ymoBax lliBmHs Ykpainn oco0-
JIMBOT aKTyaJbHOCTI Ha0yBa€ CTBOPEHHS MOCYXOCTIHKUX COPTiB 36pHOBUX KyJbTYp. Jlo HalOinbI mocy-
XOCTIMKHUX 03UMUX 3JIaKiB HajexaTh Tputukane ( x Triticosecale Wittmack) Ta suminb (Hordeum vulgare
L.), oo 3yMOBII€eHO 10Ope PO3BUHEHOI KOPEHEBOK) CHCTEMOIO, 3AATHOI0 e€(eKTHBHO BHKOPHUCTOBYBATH
BOJIOTY 3 TJIMOOKHUX IIapiB IPYHTY.

Tputukane ycrnaakyBalo Bifl )KHUTa MOTY>KHY KOPEHEBY CHCTEMY Ta M€HETHYHO 3yMOBJCHY CTili-
KiCTh JI0 MOCYXU. BaxMBUM MeXaHi3MOM alanTaiii KyJabTypu A0 BOJHOTO CTPECY € HAKOMMYEHHS OCMO-
MPOTEKTOPIB, 30KpeMa MpOJIiHY, K CIPUS€E MiATPUMAHHIO BOAHOTO OalaHCy KIITHUH 1 ()OTOCHHTETHY-
HOI aKTHBHOCTI 32 yMOB Ie(iIuTy BOJOTH. 3aBISKH IIbOMY TPUTHKaNE 37aTHE (popMyBaTH Bpoxail Ha
MaJIOTIPOAYKTUBHHX 3€MJISIX, MIIIAHUX IPYHTAX Ta B YMOBaX KOPCTKOI MOCYXH, TIEPEBHIYIOUYH 32 TIOCY-
XOCTIHKICTIO OUIBIIICTh Cy9aCHUX COPTIB IMIIEHUIII.

SdaMiHb TaKOX XapaKTepU3YETHCS BHCOKOIO MOCYXOCTIMKICTIO 3aBISKH TOTYXHii KOPEHEBil cuc-
TEMi, IIBHJIKOMY IPOPOCTAHHIO HACIHHA Ta 37aTHOCTI €eKOHOMHO BHKOPHCTOBYBaTH BoJjory. Kpim Toro,
KyJIbTypa BiJI3HAYAETHCS 3HAYHOIO aJalTHBHICTIO IO Pi3HOMAaHITHHUX I'PYHTOBO-KIIMaTHYHUX YMOB, IO
3abe3neuye i MHUpOoKe MOMUPEHHS — BiJl BUCOKOTIPHUX PaliOHIB JI0 MOCYIIJIMBUX CTEMOBUX 30H.

CenekuiliHy poOOTY 3 03UMUM TpUTHKaJe po3noyaro y 1995 pori, a 3 03UMHUM TOJI03EpHUM sTUMeE-
HeM — y 2002 pori. BuxingHuii Marepian cTBOPIOBAIH MUIIXOM MIXXCOPTOBUX CXPEIIYBaHb i3 TOIATBIITUM
1HAMBITyaTbHUM JOOOPOM IMEPCHEKTUBHUX TeHOTUMIB. OiHIOBaHHS CEJEeKIIHOr0 Marepiaily MpOBOIHU-
JIM 32 KOMIIJIEKCOM TOCIOJapChKO IHHUX 03HAK, 30KpeMa BPOsKaiiHiCTIO, BUIIOBHEHICTIO 3€pHA, HATYPOIO,
macoro 1000 3epeH, BMicTOM OijKa Ta CTIHKICTIO JO TIOCYXH.

VY pe3ynbTati cxpertyBanHs coptiB nmennui cenekuii CI'T 3 copramu xuTa pi3HOTO MOXOAKEHHS
OyJ10 OTpUMaHO JIIHIIO TPUTHKAJE, fKa CTaja OCHOBOIO JUIA MOJAJIBIIOI CEeJeKUiHHOI poOOTH. 3HAYHOTO
nporpecy BIAIOCS JOCSTTH Icisl 3aiydeHHs A0 cxpelryBaHb JiHii ozumoro tputukaine CCT(5B)SD,
OTPUMAaHOI BiJl amepuKkaHcbkoro nuroreHetuka Adam Lukaszewski (University California, Riverside). ¥
i€l JiHIT BiACYTHA XpoMocoMa miieHuii SB, mo Mictuth reH ph (pairing homoeology), skuit 0j10Kye
KOHFOTaIli}0 MiDK XpOMOCOMAaMH IIICHHUIII 1 )KuTa. BiICyTHICTh 1IOTO T€HA IHAYKYE OOMIH MK XpOMOCO-
MaMU TIICHHUIII 1 )KUTa He JIHIIe 32 THIIOM PoOepTCOHIBCHKUX TpaHCIIOKAIliH, a i 32 THIIOM peKoMOiHaii
y Meiio3i. B pesynbraTi cxpeuryBanns JiHil borgan 3 CCT(5B)SD mMu oTpuManu momysisiiiio 3 HaJ3BH-
YaifHO OaraTuM MOP(OJIOTIYHUM PiZHOMAHITTAM. Y pe3yibTati 00opy 3 wiel momyssuii MU OTpUMau
Cepilo NMEPCIEKTUBHUX CENEKI[IHNUX JIHIM TPUTHKAIIE 3 IPAKTHYHO i7iealbHUM BUMOJIOTOM KOJIOCa, BUCO-
KOIO IMIOCYXOCTIHKICTIO 1 J0OpEe BUITOBHEHUM 3€PHOM.

BugineHo nmepcrieKTUBHY JiHIIO TPUTHKAJE 3 HE3BUYAHHUM JJIsl TPUTHKaNE OlnnM KosocoMm. JliHis
Oyna nepeaana y JepcopToBUnpoOyBaHHs IiJ Ha3Bow AbOiHa 1 3aHeceHa 1o Jepxkpeectpy y 2021
poui. 3a poku BUIIPOOYyBaHb MakCHMallbHa BpOXKaiHicTh copTy AnbOina craHoBmia 107,4 w/ra. vV 2021-
2025 pp. copT CTabUIBHO NEPEBHIIYBaB 32 BPOXKAWHICTIO COPT MIUEHMLI AJMipall (CECTPHHCBKA JIiHis
copty Kysuenuk) Ha 7,9-21,0 %. Cepennst HaTypa 3epHa 3a I'SITh POKIB CTaHOBMIIA 746 1/, BMICT Oijka
— 9,0 % Ha HeynmoOpeHoMy (oOHI, a BMICT Kpoxmamo gocsara 79 %. Buxin abcomoTHOTo eTaHoIy 3 Of1-
Hiel TOHM 3epHa CTaHOBUB Oyn3bko 410 1, M0 CBITYUTH MPO TMEPCIEKTUBHICTh BUKOPUCTAHHS COPTY B
CHHUPTO-TUCTUWIATHOMY BUPOOHHUIITBI.
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Bararopiuni IOCTIUKEHHS! 03MMOT0 T'OJIO3EPHOTIO SYMEHIO MOKa3aJly MEepeBaru IBOPSIHOIO TUILY
KOJIOCA Ha/l IECTUPSAHUM 32 KOMIIEKCOM TOCIIOIApChKO MiHHUX 03HaK. CeNeKiiHui MaTepian roiose-
PHOTO STYMEHIO 3 JBOPSITHUM KOJIOCOM JIa€ MOMUIMBICTH OTPUMATH BiJIMIHHO BHPIBHSIHE 332 PO3MipaMH 3¢-
PHO, 1 IPaKTUYHO 1/IeaTbHAI BUMOJIOT 3epHa y Koyioci. ToMy BCi HaIm mporpamul 3 03UMHAM TOJIO3EPHUAM
STYMEHEM OPIEHTOBAHI BUKIIOYHO HA OTPUMAaHHS CEJICKIIMHOTO MaTepiany 3 ABOPSIHUM KoiocoM. Ocob-
JUBY yBary Iij 4yac A000py MPHUIUTUINA CTIHKOCTI pOCITUH A0 BHISTaHHS. Y pe3yiIbTaTi peamisamii cenek-
[iitHOT porpamu 3 MOMyJISALIT CKIaAHOro MoXopKeHHs: Mackapa X [(Anamo x OcHoBa) X ApTeMiBChKHUH |
OyJ10 BUIIICHO MEPCIIEKTUBHY JIIHII0 03UMOTO T'OJI03EPHOT0 SUYMEHIO, Nepenany y 2025 porti Ha JepkaBHe
COpTOBHIIPOOYBaHHS il Ha3BOIO ben-I'ypioH.

MaxkcumanbHa yposkaliHIiCTb 1€l JiHil ctaHoBmiIa 96,3 1/ra. Maca 1000 3epen gocsrana 50 T, KiJib-
KicTh 3epeH y kosoci — o 40 mrT., HaTypa 3epHa nepeBumnyBaita 800 r/1, a BMicT OiTka BapiroBaB Bif
13,2 no 14,1 %. BaximBoro 0COOIUBICTIO JIiHIT Oyia cTabiIbHO MaKCUMalIbHA OIliIHKA BUIIOBHEHOCTI 3€p-
Ha (5 6aniB) MpOTIroM yciX pokiB BUIPOOyBaHb, BKIFOYAIOYH MOCYILUINBI POKH, IO CBIAYUTH MpO ii BU-
COKY aJalTUBHICTh 10 YMOB BOAHOTO Ae(DilUTY.

TakuM YMHOM, Yy Pe3yNbTaTi MPOBEACHOI CeNeKIiiHOI pOOOTH CTBOPEHO BUCOKOMPOIYKTUBHHUIA I10-
CYXOCTIWKHIA COPT O3MMOTO TpUTHKaje ANbOiHA Ta MEPCIEKTUBHUN COPT 03UMOTO TOJIO3EPHOTO STIMEHIO
ben-I'ypion. OTpuMaHi TEHOTHUIH aKTyali3yIOTh TUTAHHS YaCTKOBOI 3aMiHH KYKYPY/I3H SIK OCHOBHOI KO-
PMOBOI KyJIbTypH B ymoBax [liBaHs Ykpainu. Bigomo, 1110 BHACTIAOK KIIMAaTHYHUX 3MiH Ta 3MCHIICHHS
KUTBKOCTI aTMOC(epHUX OmaliB e(heKTHBHICTH BUPOIIYBAaHHS KyKypyI3H B CTEIMOBIH 30HI YKpaiHu CyTTe-
BO 3HM3WJIACS. 3a HAIIMMM JIaHMMHU, piuHa cyMma omaiiB craHoBuia: y 2021 p. — 475 mm, y 2022 p. —
390 mmM, y 2023 p. — 403 mm, y 2024 p. — 401 mm, y 2025 p. — 370 mm. Bogrouac mist popmyBanHs cTadi-
JBHOTO BPO’Karo KyKypyasa norpedye ne mexme 400 MM omaniB Ha pik 32 YMOBH JOCTaTHBOT'O BOJIOr03a-
Oe3MeyeHHs POCIMH Y KPUTHUYHI (a3u pO3BUTKY — LIBITIHHS, ()OPMYBaHHS Ta HAJIMBY 3€pHA.

3a Bech mepiof; COPTOBUIIPOOYBaHHS COPTH O3UMOTO TPUTHKANIE AJTKOiHA Ta 03UMOTO TOJIO3EPHOTO
sumeHto ben-I'ypioH 3a0e3neuyBanu cTabijlbHO BUCOKUI PiBeHb yPOXKAWHOCTI HABITh 32 YMOB HEJOCTAT-
HBOT'O 3BOJIOYKEHHS. 3 OTJISIy Ha IXHIO BUCOKY MPOAYKTHBHICTB, TIOCYXOCTIHKICTh Ta KOPMOBY I[IHHICTb
3epHa, 3a3HAa4Y€Hi COPTU MOXYTh PO3TJISIIATHCS SIK IEPCHEKTHBHA aJIbTEpPHATUBA KYKYpyA3l IsI KOPMOBO-
T'O BUKOPHCTAaHHS B CTEMOBIH 30H1 YKpaiHH.
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BHYTPIINHBOBUJIOBI OCOBJIMBOCTI ITPOJIUXOBOI'O AITAPATY
COPTIB IIIEHUII M’SIKO1

10. 0. Pumap, O. B. IIponina, B. II. Aynuii, b. B. Mopryn

Tnemumym knimunnoi 6ionoeii ma eenemuunoi inocenepii HAH Ykpainu, Kuis, Ykpaina,
e-mail: yurymar@nas.gov.ua

[Mmennns — HaliBaXK/IMBIlIA CUTBCHKOTOCHIOAAPCHKA KYJIbTYPA, SIKY JIIOJUHA BUPOLIYE Ta CIIOKUBAE
Y BUTJISIAL PI3HHUX XapuOBHX MPOMYKTIB THCAYOMITTSAMH. [IpoTe mocyxa mpu3BOANTH A0 3MEHIIEHHS BPO-
JKaHOCTI ¥ 3HIKEHHS SIKOCTI 3€pHa 1€l KyIbTypH. B IboMy KOHTEKCTI TOTPiIOHO 3BEpHYTH yBary Ha Ta-
Ki JINCTKOBI CTPYKTYpH, SIK Mpoauxu. [Ipoanxu — KIITHHHI CTPYKTYPH, SIKi BiIIrparoTh KIFOUYOBY POJb Yy
ra3000MiHI MIXX POCIMHHHAM OpraHi3MOM Ta HaBKOIMWIIHIM cepemoBuiieM. [lim gac Tpancmipamii depe3
MPOJMXH JIO POCIIMHHUX KIIITHH HAJXOAUTh BYTJICKUCIUH ra3, SKUid € HEOOXiTHUM KOMITIOHEHTOM Jyist (o-
TOCHHTETUYHUX peakiiii. BomHouac depe3 mpoauxoBi MIMHN BUMApOBYeThCs Oamu3pko 80—90 % Bosoru
BiJ] 3araJbHUX BUTPAT POCIMHU. 3BaXKAIOUW HA 1€, BUBYCHHS MOP(OIIOrii NpoJUXOBOTo anapaTy € Bax-
JMBHUM acCHEeKTOM JJIsl MMPLIOTO Ta ACTATBHIMIOrN0 PO3YMIHHS 3aKOHOMIPHOCTEH CTpecocTiHKOCTI Ta ede-
KTUBHOT'O BUKOPHCTAHHS POCIMHOIO BOJIOTH.

Mertoto Hamoi poboTu Oyno BUBYHUTH 0cOOIHMBOCTI MOp(OJIOrii MPOJUXOBOTO amapary W 3HalTH
BiIMiHHI (DEHOTHITH CepeJl COPTIB 1 CENCKIIMHUX JTIHIM MIIEHUIT M’ SIKOT Pi3HOTO €KOJIoro-reorpadiyHoro
MOXOPKEHHS.

JIJis OIIIHKY MPOIUXOBOTO arapary 03uMOI M'SIKOT MINCHMIII BUKOPUCTOBYBAIU 17 3pa3KiB POCIHMH
menntli (14 copri 1 3 cenexmiiHi JiHiT), SKi BUPI3HAIOTHCSA €KOJIOTO-reorpadpivHIM MOXOKEeHHIM. Po-
CJIMHU BUPOIIYBAIH y TIONHOBHX yMoBax KuiBchkoi oOmacti (cenmmie I'meBaxa) 3a TpaaHIiifHOIO TEXHO-
JioTi€er0. 3pa3Ku BiAOUpAIM Ha CTAiAX BiJl LBITIHHS O PaHHBOI MOJIO4HOI cturiiocti 3epHa (BBCH-kox
59-73). OuiHKy IpOIUXOBOTO armapaTy MPOBOAMIN METOIOM BiAOWTKIB 13 CepefiHN aJaKciabHOT Ta aba-
KCi1aJIbHOI CTOPOHH MPAITOPIIEBOro JUCTKA. [ITiBKM 3 BiIOUTKAMK TOBEPXHI JINCTKOBOI MIACTUHU BUBYAJIH
nizg cBiTioBUM MikpockonoM Carl Zeiss Jena Amplival nix 100-200-kpaTHUM 3arajJbHUM 301JIBIICHHSM 3
nojansiuM QGoTtorpadyBaHHIM Ta 00paxyHKOM 3a jgornomororo nporpamu Imagel (Media Cybernetics).
Cratuctuuny 00poOKy JIaHuX 3IIHCHIOBAJIM 3a TonoMoror nporpamu Microsoft Excel 2007, mopiBHSHHS
OTPUMAaHMX JaHUX MPOBOAMIHN 3 BUKOPUCTaHHIM KoedinieHTa CThroieHTa (U1 OPIBHSAHHS JBOX BHOI-
pok) abo metogoMm ANOVA 3 mojaibIiiM BUKOPUCTaHHSIM TecTy ThIOKi.

Cepen DOCTIDKYBaHUX COPTIB Ta CEJICKIIMHMX JIIHIA POCIIMH MIICHUIII M'SKOT 3HalHICHO JOCTOBIpHI
BiIMIHHOCTI JJIs1 BCIX BUBYEHUX 7 MOP(OJIOTIYHUX O3HAK MPOIUXOBOTO arapary, ajie HaiOiabIill KOHTpac-
THI BIIMIHHOCTI BiJI3HA4Y€HI 3a KIJIbKICTIO MTPOJMXIB HA OJMHUIIIO IO ¥ 3arajbHOI0 IJIOUICO IPOAMXO-
BUX IIUTMH HA OJMHUIIIO TUIOMII JINCTKOBOI ITacTUHU. KiNbKICTh MPOMXiB HA OJUHMIIIO TLIOMI Ha aJaKci-
aJIbHIM TIOBEPXHI JIMCTKOBOI IJIACTHHU Y POCIMH cOpTy (hpaHiy3bkoi cenekiiii Kosonia Oyia HaiOiIb-
moro (74+1,26 mr/mMmM?), a y TiBHIYHOAMEPHMKAHCHKOI cenekuiinoi Jinii  «KopoTkoocTucray
(45 + 1,07 mrr/mMm?) — HaliMenmow. Ha aGakcianbHiil MOBEpXHi HAWOLIBIIY KiIBKICTH NPOJUXIB MaJIH JIU-
CTKM POCJIMH COPTiB (paHiy3bKoi cenekiii Pedopm — 54 + 1,69 mr/mm?, Kononia — 54 + 0,69 mr/mm?, a
HallMeHIIa KUIbKICTh Oyna XapakTepHa M POCIMH YKpaiHChkoro coprty 3moba KwuiBckka —
37 £ 1,9 wr/mm? it Gonrapeskoro copry Jporana — 40 + 1,38 mrr/mm?. Kpim toro, Ha abakciaibHill noBe-
PXHI JINCTKA POCIIMHU YKPaiHCHKOTO BHCOKOBpOXKaiHOTO copTy 3mob6a KuiBchka MicTHiacs JOCTOBIPHO
MEHIIA KUTbKICTh IPOJMXiB, HIXK y IHIIMX TOCIIKYBAaHUX COPTIB yKpaiHcbkoi cenekuii (bormana, Mupo-
HiBChKa 61, 3umospka, [logossiHka). AHANOTIYHA CTATUCTUYHA PI3HUIL 32 KUTBKICTIO MPOJINXIB CIIOCTEPi-
rajacsi ¥ Ha aJakciadbpHIM MOBEPXHI JIMCTKAa y TOPIBHSAHHI 13 copramu bormana, MuponiBcbka 61 Ta
TTomonsgnka.

[IupuHa 3aMUKaIBHUX KIITHH Ha aJaKciaibHINA MOBEPXHI JINCTKA y POCIKH copTiB JIporaHa ta 3u-
Mosipka Oyia HaiOinbimoro (4,80 + 0,16 mxMm Ta 4,77 £ 0,13 MkM, BianosigHo). HaliMeHIie 3HaYCHHS 1IH-
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PUHH 3aMHUKAIBHUAX KIITHH OyJ0 MpHTaMaHHe POCIMHAM COPTY HIMENbKOi cenekmii EtaHa i cTaHOBMIIO
3,58 £ 0,15 mxm. Ha abakcianbHili TOBEpXHI JMCTKA POCIHMHY CENEKUiHHOI JiHiT « KopoTkoocTrCTay Mau
HaWOiIpIIe 3HAYCHHSI IMAPUHN 3aMUKTBHUX KITiTHH (5,06 + 0,13 MKM) cepen mpoaHali30BaHUX 3pa3KiB
pocnuH. Pocmuuu aBctpiiicekoro copry IlaHHOHIKYC XapakTepwu3yBajucs HaWMEHIINMH 3HAYEHHSIMU
HIMPHHYU 3aMHUKaJIbHUX KIITHH Ha abakcianbHii cropoHi nuctka (3,91 + 0,12 mMxm).

JloBxknHa 3aMHUKaNBbHOI KIITHHU y pociuH (paHiy3pkoro copty Komonia Oyma HaliMEHIIOIO Ha
000X MOBEepXHsIX JHCTKA (Ha amakcianbHid — 42,34 £ 0,62 MkM, Ha abakcianbHin — 40,5 £ 0,75 MkMm).
Haiibinpma gomknHa 3aMUKIBHUX KIITHH Ha aJakciadbHiM MOBEpXHi JIMCTKA Oylia MpuTaMaHHa POCIIH-
Ham 3po00a KwuiBcpka (52,12 + 0,93 mMxM), a Ha abakciampHii MOBepxHI JUCTKa — copty Jporana
(52,73 £ 0,7 MEMm).

3a IIMPUHOIO MTPOIUXOBOI IMIIJTHHA MiHIMaJIbHI 3HAUYECHHS Ha 000X MOBEPXHAX JTUCTKOBOI INIACTHHH
€ XapaKTepHUM [T YKpaiHChbKoro copry bornmana (Ha amakcianbHiii — 2,8 = 0,09 MM, Ha abakcianbHil —
2,8 £ 0,13 mMxm). HaiiGinpni 3Ha4eHHs 1i€i 03HaKW Ha alaKkciadbHiM MOBEPXHI JIMCTKOBOI IUIACTHHU MaB
copt Pedopm (4,8 £ 0,18 MkM), a Ha abakcialbHIA CTOPOHI JINCTKA HaWOUIBIY mupuHy Manu coptu Ko-
nonia ta Kopemi. JloBkuHa NpoauXoBOi IIIJIMHM BapiloBalia Ha aJaKCialibHIN MOBEPXHI JIMCTKA BiJ
28,42 + 0,63 MM 10 36,56 £ 0,69 MxM Ha abakcianbHil moBepxHi — 28,29 + 0,54 mxMm g0 35,17 £ 0,63
MKM. MiHIMaJbHI 3HAYeHHS TOBXMHU MPOJUXOBOI MIUTMHN Ha aJaKCiallbHIN MOBEPXHI XapakTepHi IS
pociuH copty Koperi, a MakcuMalbHi — Jist pociivH copTy [laHHOHIKYC.

Haiimenma momia mpoanxoBoi MIUIMHE Ha aJaKcialibHill CTOPOHI IMCTKOBOI IMMOBEPXHI XapakTepHa
s pocnuH  (Qpaniysskoro copry Hopaika (78,52 £2,8 Mkm?), a HaliGimema y copry Pedopm
(155,26 + 7,52 mxm?). Ha abGakcianbHiil IoBepXHi HalOiIbIIA TJI0MIA OKPEMOI IIPOJMXOBOI IILIMHY 3adi-
kcoBana y nurenuii copry Kopemi (141,12 +£4,3 mMxm?), a HaliMenma y copry Bormama (81,53 + 4,39
MKM?). Haif6iab1 ikaBuM MapaMeTpoM € 3arajibHa ILIOMA IMPOJMXOBUX MIUIMH Ha OJMHUIO ILIOI JIKC-
TKOBOT TUIACTHHHM, OCKUIBKH BiH BPAXOBYE€ K KUTBKICTh ITPOUXIB, TaK 1 PO3MIp IIIJIHHH, SKi € BaKINBAMHA
CTpyKTypamu s (iziosioriuHoro (yHKI[IOHYBaHHS MPOJMXOBOTO amapaTy. 3arajbHa IUIoa MpOJaUX0-
BUX IIUIMHU Ha OJMHMIIIO TUIOIII aJaKcialbHOT MTOBEPXHI JIMCTKA y pociinH copTy Pedopm Oyia HaiiGiib-
II0K0 Cepe]] IOCHipKyBaHuX 3paskis (10247 + 525 Mxm?), a y mmeHuni cenekuiinoi minii «Ocrucra, Ko-
pOTKOCTEOIOBay Masia HalMeHIni 3HauenHs (4184 + 217 mxm?). Ha abakcianbHili moBepxHi HaiiMeHIna
3arajbHa IUIONIA IIJIMH CIocTepiranacs y pocaun copry Bormana (3587 + 209 mMkm?), a MakcUMasbHe
3HAueHHs - y copTy Pedopm (6436 + 257 mxm?).

VY migcyMKy, KOHTPacTHUMH (DEHOTHIIAMH 32 XapaKTEPHCTHUKOIO MPOJMXOBOTO anapary cepel] mpo-
aHaJIi30BaHUX 3pa3KiB muueHui M'akoi € coptu Komonia, Pedgopm, 3n106a KuiBceka i cenekuiiHi iHii
«KopoTkooctucra» ta «OcTHCcTa, KOPOTKOCTEOIOBa». 3HaleHI MOP(OJIOTiyHO BiAMiHHI ()EHOTHNHU 3a
napamMeTpaMy IPOJUXOBOIO anapary € IIHHUM JOCTiIHUM MaTepialloM Ui NOTJHOJICHOro MOJIEKYJIsp-
HO-TeHETUYHOTO BUBYCHHS OiOTeHe3y MPOAMXiB MIICHHUII.

ABTOpH BUCIIOBIIOIOTH BJASYHICTH [HCTUTYTY (hizionorii pocnuH i reHetnkn HAH VYkpainu 3a Ha-
JaHWN POCTMHHUM MaTepia.

Poboma ¢hinancysanacs é pamkax memamuxu Hayionanvnoi axademii nayk Yxpainu, nomep oepacpeecmpa-

yii 0125U001842.
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PEI'YJ/iSIIIS HITMEHTHOI'O KOMILIEKCY NITEHAII 3A JIIi CBUHIIEBOT' O
SABPYJHEHHS IIJIAXOM ITPAUMYBAHHA 3EPHIBOK CAJIIIIMJIOBOIO
KHNCJOTOIO TA AIIWVITOMOCEPUHJIIAKTOHOM

K. O. Pomanenko, JI. B. Boiitenko, JI. M. ba6enko, I. B. KocakiBcbka

Inemumym 6omaniku im. M.I'. Xonoonoeo HAH Ykpainu, Kuis, Ykpaina,
e-mail: katerynaromanenko4@gmail.com

Beryn. 3a0pynHeHHS IPYHTIB BXKKHMHU METallaMH € OJHUM 13 aHTPOIOTEHHUX YHHHHKIB, IO CYT-
TE€BO 0OMEXY€E MPOAYKTHBHICTH CIIIHCHKOTOCIIONAPChKIX KyIbTyp. CBuHEND (Pb) erko Hakomu9IyeThes y
POCIMHHHX TKaHWHAX, MPUTHIYYE CHHTE3 POTOCHHTETHYHUX IMIrMEHTIB, MOPYIITye poOOTy (POTOCHHTETH-
YHOTO amapary Ta iHayKye okucHioBanbHUI cTpec (Kosakivska et al., 2025). [IpaiiMmyBaHHS 3epHIBOK
HNPUPOAHUMH PETYIATOPAMH POCTY 103BOJISIE aKTUBYBATH 3aXUCHI peakiii poCIMHU 0 MOYaTKy Hii cTpe-
coBoro unHHMKa (Moshynets et al., 2019; Illep6aTiok Ta iH., 2026). Camninunosa kuciora (CK), ditorop-
MOH CTPECOBHUX BIAIOBiZIEH POCINH, MOIYJIIOE 3aXMCHI CHCTEMH, PETYJIIOE€ MOTJIMHAHHS Ta TPaHCIOPT
€JIEMEHTIB 1 MATPUMY€E TPOIECH POCTY 1 PO3BUTKY 3a nii Bakkux metaniB (LllepOatiok Ta iH., 2026).
Aumnromocepunnaktonu (AI'J]) e Monekynamu-meaiaTopaMu OakTepialbHOTO MOXO/HKEHHS, 0 OepyTh
y4acTh y mepenadi CUTHaJIIB MK Oaktepisimu ¢itochepu Ta pocinuHOO-TocniofgapeM. Al'JI ctumymoroTs
picT poCirH, BIUTMBAIOTH HAa apXiTEKTYpy KOPEHEBOI CHCTEMH, MiJIBHIIYIOTh CTIHKICTh O MAaTOTCHIB Ta
MOKPAIIYIOTh (POTOCHHTETHYHY akTHBHICTH (Shrestha et al., 2020). 3okpema, N-rekcanoin-L-romocepun
nakToH (Ce-1'TJI) mpu mepenmnociBHOMY MpaiiMyBaHHI O3MMO1 MIISHHUI[I TO3UTHBHO BILUINBAB HA CXOXKICTbh,
PO3BUTOK MPOPOCTKIB Ta BpoxkaitHicTh (Moshynets et al., 2019). [Toka3zano, 1mo Ce-I'TJI mom’sikirye Hera-
TUBHUH BIUTMB KUCJIOTHHX JOIIIB Ha MIIEHUIIO Yepe3 3MiHH MOP(OIOTiuHNX Ta (PYHKIIOHATFHUX Xapak-
TEPUCTHK JTUCTKOBOTO anapary (Babenko et al., 2024), onnak pons Al'JI-npaliMmyBaHHS y TiIBUIIEHHI TO-
JIEPAaHTHOCTI POCIIMH CaMe JI0 BaXKKMX METalliB 3aIUIIAETHCS HEJJOCTATHRO BUBUCHOIO.

Mera. Ouinuti BiiuB npaiiMyBaHHs 3epHiBOK pozunHamu CK ta Cs-I'TJI Ha mirMeHTHHH KOM-
wiekc 14-n06oBux pociul Triticum aestivum L. copty IlomonsiHka 3a Ail pi3HUX KOHIEHTPAIIH CBUHIIIO.

Marepianau i meTtoau. O6'ekToM noCiiKeHHS OyiH pociHu mneHnii M'sikoi (Triticum aestivum
L.) copry Ilomonsuka. 3epHiBku cTepuiizyBain y 70 % po3uuHi €THIOBOrO CIMPTY, IPOMUBAIN TUCTHU-
JTHOBAHOIO BOJIOIO Ta 3aMOYYBalK Ha 3 roJ 3a Temmeparypu +22°C.

[IpaiimyBaHHs TPOBOAMIM TPHOMA CHOCOOAMHU: BOAOIO (KOHTPOJIb), PO3UYMHOM CAIILIMIIOBOT KUCIIO-
1 (CK, 10~ M) a6o N-rekcanoin-L-romocepun naktony (Ce-I'TJI, 100 MxM) Bopogosx 21 rox. ITicns
MPOPOILIYBaHHs Y TEMPSIBI IPOPOCTKH MIEPEHOCHIIN Y TUIACTUKOBI HOCYJMHHU 3 MOJU(IKOBAHUM PO3ZUYMHOM
Knona. Y BapiaHTax i3 BaXKHM METAJIOM IO YKHBHIBLHOTO po3unHy nojaBamu Pb(NO:): mo KiHIEBHUX
koHIneHrpariit Pb* 0,05 i 0,5 MmM. Pocnuuu BuporniyBanu 14 ni0 y BererarifiHiii kamepi: TemmnepaTtypa
22°C, ocitienicts 190 Mkmounb/(M?-¢), horomnepion 16/8 rox, Bonoricts 70 + 5 %. Bmict xsopodiiis a,
b Ta xapoTuHOiniB Bu3Hauyaiu crekrpodoromerpuyno y JIMCO-ekctpaktax 3a merogoMm Wellburn
(1994) y po3paxyHKy Ha cupy Macy JHcTs. J1ociaiau NpOBOAMIN Y TPhOX O10JIOTTYHHUX 1 TPhOX aHAIITHY-
HUX TOBTOpax. Pesymbratn ompaupoByBanmu y Microsoft Excel: po3paxoByBanu cepenHi 3HaueHHS Ta
CTaHJAPTHI BIIXWICHHS, JOCTOBIPHICTh PI3HMIII MiX BapiaHTaMH OIIHIOBaNH 3a t-kputepieM CThIOJIeHTa
(p <0,09).

Pe3yabTaTu Ta 00roBopeHHs. 3a HU3bKOI KoHIeHTpalii Pb (0,05 MM) y HenpaiiMOBaHUX POCIHH
BMICT xJsopodiny a 3pocraB Ha 17 %, xsnopodiny b — Ha 20 %, kapoTuHOiNiB — Ha 21 % MOpIBHSIHO 3
KOHTPOJIEM; CyMapHHUH BMicT XJopodiniB 301bIIyBaBCcsl 32 HE3MIHHOTO ciiBBigHOMmIEHHs a/b. [Ipaiimy-
BaHHS JI0JIATKOBO IMOCHJIIOBAJIO 110 BiAMOBiAh: y BapianTax CK+Pb i Ce-I'TJI+Pb cyma xnopodiiis nepe-
BHUIITyBaja KOHTPoJb Ha 26 % i 16 % BiamoBigHO, a criBBigHOEHHS a/b 3pocTano. 3a BUCOKOT KOHIICHT-
pauii Pb (0,5 MM) xapTuHa 3MiHIOBanacsi Ha MPOTHJICKHY: BMICT XJopodiny a 3MeHuryBaBcs Ha 28 %,
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xsopodiny b — Ha 21 %, kapoTuHOiniB — Ha 29 %, chiBBIAHOIIEHHS a/b 3HMKYBajoCs, 110 BKa3ye Ha
Jierpaiaiito xja0podiay a Ta qecTadiii3alliio CBITI030MpaIbHIX KOMIUICKCIB. Y TpaliMOBaHUX POCIIUH I
3MiHN Oynu MeHI BupaxkeHumHu: y BapianTi CK+Pb cyma xmopodinis 3HmwkyBanacs aume Ha 5 % BigHO-
cHO KOHTpoto, V¥ Ce-I'TJI+Pb — Ha 14 %, Toxi gk y HenpaiiMoBarux pocinH — Ha 26 %. CK ta Ce-I'TJI
0e3 CBUHIIIO HE 3MIHIOBaJI BMICT MIrMEHTIB MOPIBHSIHO 3 KOHTPOJIEM, 110 CBIAYUTH MPO BIICYTHICTH He-
TaTUBHOTO BIUIMBY LIUX CIIOYK Ha MIrMEHTHUH KOMILIEKC.

30UTBIICHHS. BMICTY MIrMEHTIB 32 HU3bKOI KOHIICHTPAIIl CBUHITIO Y3TO/DKYETHCS 3 KOHIICIIIIE) TO-
pMe3ncy — SIBUILA, NIPH SKOMY HHM3bKi O3H CTPECOBOTO YMHHHUKA CTUMYIIOIOTH ()i3i0JI0T1UHI MpoLecH,
TOJI SIK BHCOKI MPHUTHIYYIOTH iX. CTUMYISAIiS CHHTE3y XJIOpO(DiaiB HU3BKIMH 103aMHU BaXKHX METaJiB
MoKa3aHa Jis iHmuX BuIiB pociauH (Agathokleous et al., 2020). Tak, Hu3bKI KoHIIeHTpalii Pb cTumyro-
10Th ()OTOCHHTETHIHI TTOKA3HUKH 3aBJSKH ITOMIpHIN aKTHBAIil IPOTEKTOPHUX CHCTEM, a 3a BHUIIUX J03
el edekT 3MiHIOEThCs Ha iHriOyrounii (Matkowski et al., 2020). CK-npalimyBaHHS JOJJATKOBO ITiJICHITIO-
BaJO BIJNOBIMb Ha cJaOKe CBHMHIICBE HABaHTAKEHHs, IO MOXE CBIIUMTH Ipo B3aemomito CK-
OTIOCEPEIKOBAaHNX CHUTHAJBHHUX MUIAXIB 13 MeXaHi3MaMU afanTallii 1o clabKoro cTpecy, CHpUIHHEHOTO
niero Bakkoro metany. 3axucHa Aist CK npu TokcnuHiii KoHneHTpanii Pb y3romkyerbest 3 taHuMu npo ii
3IaTHICTh MIATPAUMYBATH BMICT XJOpPO(DITiB y 371aKOBHX 32 Jil BAKKUX METANIB Yepe3 aKTHUBAIliI0 aHTHOK-
cunpaatHux cucteM (Colak et al., 2025). 3axucny airo Ce-I'TJI momo GoToCHHTETHYHOTO amapaTy Tie-
HUIII 32 CBUHIIEBOTO CTpECY MOKa3aHo BIIEpIIle; MMOBIPHUI MeXaHi3M NOB's3aHui 3i 3maTHicTio Al'JT ak-
TUBYBaTH (PEpPMEHTH aHTHOKCHIAHTHOTO 3aXUCTY Ta IIBUIIYBATH CTIHKICTh KIITHH JO OKUCHIOBATHHOTO
MOLITKOPKEHHS.

BucnoBku. CBUHENb CIIPUYUHSE JT0303AEKHI 3MIHU MITMEHTHOTO KOMIUIEKCY POCIUH TIICHHUII:
Hu3bka KoHIreHtpamis (0,05 MM) cTuMysroe HaKOMHYEHHS XJIOPOQiNiB 1 KApOTHHOIMIB 32 MEXaHI3MOM
ropmesucy, Bucoka (0,5 MM) mpu3BoAnTh 0 Aerpajaliii mrMeHTiB i mopyimeHHs opraHizaumii ¢orocuc-
TeM. AZJaITHBHA BiAMIOBiAh (POTOCHHTETUIHOTO amapaTy 3aJIeKUTh He JIMIIE BiJl KOHIEHTpAIll MeTay, a
| BiJl IonepeIHbOro MpaiiMyBaHHS: 32 CIAOKOTO CTpecy BOHO TOCHIIIOE CTUMYIIOIOUHi edekT, 3a TOKcHU-
YHOTO 3a0e3neuye 30epekeHHs mrMeHTHoro komriekcy. CK BusiBuiacs eQekTUBHIIINM TPOTEKTOPOM
nopiBHsHO 3 Ce-I'TJI, mpoTe 00MABI CHOMYKM MiABHILYIOTH CTIHKICTh (POTOCMHTETUYHOTO arapary Iiie-
HUIII JI0 CBHUHIIEBOTO CTPECY, IO MiATBEPIKYE MEPCIEKTUBHICTD 1X 3aCTOCYBaHHS ISl MPalMIHTYy TpH
BUPOLIYBaHHI POCIHH y 3a0pyTHEHUX BaKKMMH METaJIaMH YMOBaX.
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Beryn. XBocTocxoBuia TipHHU0100YBHUX MiJIPUEMCTB € MACIITAOHUMHE JDKEpETaMHi TEXHOTEH-
HOTO 3a0pyIHEHHS JOBKULII. B YkpaiHi 3HaUHa yacTHHA yCIaJKOBaHUX 3 PAITHCHKHAX YaciB XBOCTOCXO-
BUII pO3TalIOBaHa MOOIN3Y HACEIeHUX MTyHKTIB 1 XapaKTePU3y€EThCSI BACOKUM BMICTOM Ba)KKHUX METAIIB,
a micist 2022 poKy AOAaTKOBUM YHHHUKOM PH3HUKY CTalIH BOEHHI il HA TPOMHCIOBHX TEPUTOPIAX. Biak-
PUTI IOBEPXHI TaKUX O0'€KTIB MiJ Ai€0 BITPY TEHEPYIOTh 3HAYHY KUTBKICTh MUY, IO 3a0pyIHIOE aTMOC-
(epHe TOBITPs, IKOAUTH 3/I0POB'I0 HACEIICHHSI Ta 3HIKYE MPOAYKTHBHICTh MPHIETINX CUTBCHKOTOCIIO-
JApChKUX yTifb. OMHUM i3 Halie()eKTHBHIIINX METOJIB 3aKPIIUICHHS MOBEPXHI XBOCTOCXOBHIIL 1 3a1ro0i-
TaHHS NWJIOBUM BHKHIAM € (iTOpEeKyJIbTHBALIS 13 3aIy4eHHSM 371aKOBUX KYJIBTYD, 30aTHUX A0 MIBUAKOTO
(hopMyBaHHS PO3TaTyKCHOI MHUUYKYBaTOi KOpeHeBOi cuctemMu. [IpoTe yMOBH XBOCTOCXOBHII] € CTPECOBH-
MU JIJs1 pOCTHMH 4epe3 Ae(DilUT MOKUBHUX PEUOBHH, HECTIPUSTIMBHU TiIPOJIOTIYHUN PEXHUM, BHCOKY
IIUTBHICTE CyOCTpaTy Ta MPUCYTHICTh TOKCHYHUX €JIEMEHTIB, IO 3HAYHO YCKIIAIHIOE MPOPOCTAHHS 1 YKO-
PiHEHHS POCIVH, IPUTHIYYE iXHIH PICT B MPOIIECi OHTOTeHEY.

I'pyHTOBI a30TdikcyBaabHi iaHOOAKTEPIT MO3UTHBHO BILIMBAOTH HA KUTTEMISUIBHICTH BUIMX POC-
JIUH Ha BCIX CTaisIX PO3BHUTKY Ta MiABUIIYIOTHh IXHIO CCTIHKICTH 0 a0iOTHYHMX 1 OI0THYHUX (QakKTOpiB
(Roque et al., 2023). Bonu 31aTHi (ikcyBaTi aTMochepHH a30T, MiBUIIYBATH JOCTYIHICTh ITOKUBHUAX
PEUOBHH, TOKPAIyBaTH CTPYKTYPY CyOCTpary, yTpUMYBaTH BOJAY, a TAKOX CTHMYIIOBATH PICT POCIVH
4yepe3 BUBUIbHEHHS 010JI0TTYHO aKTUBHHUX CIIOJYK — aMIiHOKHCJIOT, BITaMIHIB, BYIJICBOIB Ta (hiTOrOPMO-
HiB (Santini et al., 2021). 3aBasgku HpOMy HiaHOOAKTEPil AKTUBHO BUKOPUCTOBYIOTECS Y CIIIbCBKOMY TI'OC-
nojapcTBi Ta Giopemenianii (Garlapati et al., 2019). Bukopucranns GionpenapariB Ha iXHId OCHOBI JUIs
MiIBUIICHHS CTPECOCTIHKOCTI POCIUH MPH PITOPEKyIHTUBAIIT XBOCTOCXOBHUIIL € HOBUM 1 IEPCIIEKTUBHUM
MIXOOOM.

Mera. [locniautn BmuB OiompenapaTiB Ha OCHOBI Nostoc commune Ha TIOCIBHI SIKOCTI HaCiHHS,
POCTOBI TpoIriecH Ta craH ()OTOCHMHTETUYHOTO amapaty xuta (Secale cereale 1.) ta copro (Sorghum
bicolor (L.) Moench) nipu BupoIiyBaHHI Ha 3a1i30pyIHOMY IILJIaMi.

Marepiaau i metoau. JlocmipkeHHS MPOBOIMIN 3 JBOMa Oiompemnaparamu BupoOHmITBa TOB
«Hoctok Texnonmomki» (KuiB): Nostoc-M (pifike NOKHUBHE CEPEJOBHINE INCHAsA KyJIbTHBYBaHHS N.
commune, HaCUYCHE MPOAYKTaMHU KHUTTEAISUILHOCTI 1iaHOOAKTEPii) Yy YOTUPHhOX KOHIEHTpalisax (25 %,
50 %, 75 %, 100 %) Ta Nostoc-L (:xuBa Oiomaca N. commune Ge3 po3BeleHHs). 3aTi30pyAHUN LUIAM
BinOupanum 3 xBocrocxouina [lonarasecekoro I'3K (M. [Nopimni [Tnassi); cy6erpar mictus 66,7 % SiO: Ta
19,4 % Fe npu xputrnuHOMY jaedinuTi 6i0QiTbHIX eJIeMEeHTIB 1 BiICYTHOCTI TyMycy. [lociBHi sikocTi Ha-
CiHHS (€HEeprilo MPOPOCTaHHS, J1a00PATOPHY CXOXKICTb, IPY>KHICTH 1 MIBUAKICTH IPOPOCTAHHS) OLIIHIOBAJIH
BignosigHo 1o JCTY 4138:2002 (n = 100). MophomeTpryHi MOKa3HUKH Ta BMICT (POTOCUHTETUYHUX ITi-
TMEHTIB BU3HauYalM y 14-1000BUX IPOPOCTKIB, BUPOIICHUX Y KOHTelHepax Ha 1niami (n = 30 pocnuH; -
rMEeHTH — n = 6). Bmict xsopodiniB @, b Ta kapoTHHOINIB BU3Ha4amu crnektpodoromerpuuno y JIMCO-
ekcTpakTax 3a MetogoM Wellburn (1994) y po3paxyHKy Ha cupy macy JucTKiB. CTaTUCTUUHUI aHai3
BKJItOUYaB ofHOGaKkTopHui nucnepciiinuii anamiz (ANOVA) 3 post-hoc Tecrom Teroki (P < 0,05) Ta po3-
paxyHok BeauunHu edekty 1?2 (Cohen, 1988).

Pe3ysabTaTu Ta 00ropopeHHsi. BcraHoBieHO, 1110 eeKTUBHICTD OionpenapariB CyTTEBO BiApi3HI-
Jacs 3aJIeXHO BiJl yMOB BUPOIIYBaHHS, 1[0 CBIAYUTH PO BIAMIHHOCTI y XapakTepi iXHbOI [1ii Ha POCIUHH.
3a onTuMansHUX yMOB npopocTtanHs (damku [letpi) 25 % po3umn Nostoc-M BHUSBHB HaWBHILY CTUMY-
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JIOI0YY aKTHUBHICTB: €HEPris MPOPOCTaHHS Ta J1abopaTopHa CXOXKICTh copro 3pociu Oinbm Hix B 1,6 pa-
3H, IpYXKHICTD popocTadHs — Ha 40 % MOpiBHIHO 3 KOHTposIeM. Y jkuTa edekT OyB MEHII BUPAKESHHIM,
10 TIOSICHIOETHCS MOTO BUINOIO 0a30BOI0 eHeprieto mpopocTanHa. 50 % KOHIIEHTpallis Tpernapary Mmpur-
HidyBaJsia IPOPOCTAaHHS (€HEprisi MpopoCcTaHHs 3HU3MIAcs Ha 6 % y >kuta Ta Ha 19 % y copro), a KOHIIeH-
Tpauii 75 % ta 100 % He BUSBISUIM CTATUCTHYHO 3Hadymoro egekry. Nostoc-L y mux ymMoBax BUSBUB
HEHTpaNbHy JIif0 Ha BCl TOKa3HUKH ITOCIBHUX SIKOCTEH.

B ymoBax cTpecoBoro muiamMoBOro cyocTpaTy CHOCTEpiranud mpoTuiexkHy KapTuHy. Nostoc-M He
3a0e3reyyBaB MMOKpAIIEHHsS] POCTOBHX IMOKa3HUKIB XHUTa Ta cOpro. ¥Yci MoppomeTpuyHi mapameTpu 3a-
JUIIAICS Ha PiBHI KOHTPOIIO abo Oymu memio HmwkduMu. Hatomicte Nostoc-L cyTTeBO cTrMyImtoBaB po-
3BUTOK 000X KynbTyp. HaiiBupasHimmii egexT 3adikcoBaHO IJIsI KOPEHEBOI CHCTEMH: JIOBXKHHA KOPEHS
30inmpmmnaca y 1,9 pasu y xura ta 'y 3,3 pasu y copro, cyxa Maca Kopeis — y 1,5 Ta 4,2 pasu BiamnoBia-
HO TIOPIBHSIHO 3 KOHTpoJieM. J[oBkrHA Ha3eMHOT YacTHHHM 3pociia Ha 19 % y skurta Ta Ha 18 % y copro, a
cyxa Maca marosiB copro — Ha 61 %. 3Hadenns 1> it AOBXKUHHU KopeHs craHoBwiam (0,708 y >kmrta Ta
0,899 y copro, 110 BiJIMIOBiIa€ BEIUKOMY €(peKTy YMHHUKA MTEPEAIOCIBHOI 00POOKH Ha PO3BUTOK KOpEHE-
BOI CUCTEMH.

XapakTepHOo ocoOnuBicTiO BimmoBimi Ha Nostoc-L crama amanTuBHa 3MiHA po3moaury OGiomacu
Mix opraHamu. CHiBBiHOIIIEHHS TaTriH/KOpiHb 3HU3MIOCS 3 2,96 mo 1,87 y xwura ta 3 3,76 mo 1,35 y cop-
r0, a YaCTKa KOpPEHs y 3arajibHiil JOBXKUHI poCcIuHU 3pocia 3 25 % 1m0 35 % y xutata321 % 1043 %y
copro. Taki 3MiHU CBiYaTh MPO AKTUBHUHA PO3BUTOK KOPEHEBOI CUCTEMH, IO € aIalITHBHOIO CTPATETIEIO,
sKa 3a0e3meuye eQeKTUBHIIIE TIOTIMHAHHS BOIU Ta MiHEpaIbHHUX €JIEMEHTIB y 301JTHEHOMY Ha TOKHBHI
PEUOBHMHH IIAMOBOMY CyOCTpati. |HTEHCHBHUMIA PO3BHTOK MHYKYBaTOi KOPEHEBOI CHCTEMH 3JIaKiB Ha
paHHIX eTanax OHTOTEHE3y Ma€ BaXKJIMBE MPUKJIaJHE 3HAUCHHS: BiH 3a0e3Meuye MexaHiuHy cTabiuTi3alimo
JMpiOHOMMCIIEPCHUX YaCTOK IUTaMy Ta 3aKpilIeHHs TOBEpXHiI XxBocTocxopwiia. Nostoc-L Takok cTumy-
nroBaB (OTOCHHTETHYHHH anapar 000X KyJIbTyp, X04a CTYIiHb BiAMOBiAlI OyB BupocnenudiuHuM. Y mpo-
POCTKIB kHTa BMICT XJiopodiny a 30inbmmBes Ha 53%, xnopodiny b — Ha 38 %, KapoTHHOIAIB — Ha
26 %. Y copro npupict mirMeHTiB OyB MeHIIKM: XJopodin a 30inemuBcs Ha 19 %, xnopodin b — Ha
6 %, xaporuHoimu — Ha 11 %. Cyma xnopodinis (a+b) 3pocia Ha 49 % y xwurta Ta Ha 16 % y copro; mpu
IbOMY 3Ha4eHHs M? ctaHoBwiIM 0,793 Ta 0,218 BiAMOBiAHO, 110 B 000X BHUITaKaX BiIMOBIAA€ PIBHIO BEJIU-
KOTro e(eKTy YMHHHUKA MpaiiMyBaHHS, NIPOTE BKa3y€ HA 3HAYHO BUILY YYTJIMBICTH (POTOCHHTETHYHOIO
amapary JKuTa 10 ipaiimyBaHHs. [ligBUIIEHHS BMICTY XJIOpOQiTiB MOXKe CBIIYUTH MPO aJalTHBHY BiJIO-
BiJlb Ha JIePIIUT TOKUBHUX PEUOBHH y NUIaMi: MOCHICHHS 0l0CHHTE3y MIrMeHTIB 3a0e3neuye edeKkTus-
Hillle IOTJIMHAHHS CBITJIOBOI €Heprii B yMoBax crpecy. 3MiHa criBBigHOmeHHs a/b (3poctanus Ha 10 % y
xwuta Ta Ha 13 % y copro 3a xaii Nostoc-L) Bka3ye Ha nepeOy10By MIrMEHTHOTO KOMIUIEKCY (POTOCHUCTEM
31 30UIBIIEHHSAM YaCTKU XJiopodiny a.

Crumymorounii eekt xuBoi 6iomacu Nostoc-L B yMoBax cTpecy MOSICHIOETBCS 11 3/1aTHICTIO aKTH-
BHO (pYHKIIIOHYBaTH B cyOcTpari: (pikcyBaTtu atMochepHUi a30T (IeilUTOM SKOTO XapaKTepU3YIOThCS
[IJIaMH), TPOAYKYBaTH ayKCHHU Oe3mocepeIHh0 B pru3ocdepi y BiAMOBIAb Ha CTPECOBI CUTHAIIN, CHHTE3Y-
BaTH €K30M0JIicaxapu/id, 0 MOKPAIYIOTh CTPYKTYPY CyOCTpaTy Ta YTPUMAaHHS BOJIOTH, a TAaKOXK 3B'S3y-
BaTH Baxkki Metanu (Garlapati et al., 2019; Santini et al., 2021). Hatomicts Nostoc-M € piiKuM MOXHB-
HUM CEpEJIOBHUIIEM, 110 MiCTUTh TIPOIYKTH METa00Ii3My IliaHoOaKTepii — GiTOrOPMOHH, aMiHOKUCIIOTH Ta
BiTaMiHH, SIKi e()eKTUBHO aKTUBYIOTh MPOPOCTAHHS HACIHHA 32 ONTHMAILHUX YMOB. OJHaK 32 MHOXKHH-
HOTI'0 TEXHOT'CHHOTO CTPECY IIMX METa0OIITIB BUSBISETHCS HEJAOCTATHHO JIISI KOMIIEHCAIIT HeCTTPUSTIIN-
BUX BJIACTHUBOCTEH IIJIaMy SIK CyOcTpary.

BucnoBku. bionpenapat Nostoc-L Ha ocHOBI uB01 Oiomacu N. commune BUSBUB BUCOKY e(eKTu-
BHICTh SIK CTUMYJISITOpP POCTY JKHTa Ta COPro Ha 3ali30pyHOMY IIIaMi, 3a0e3MeUy0qn MOTYKHIH PO3BHU-
TOK KOPEHEBOI CHCTEeMM Ta IMiJBUILEHHS BMIiCTy (DOTOCHMHTETHYHHX MirMeHTiB. OTpuMaHi pe3yabTaTh
MiATBEPHKYIOTh NEPCHEKTUBHICTh HOTO BUKOPHUCTAHHS SIK €KOJIOTIYHO O€3MEeYHOro METOY MiJIBUILIECHHS
CTPECOCTIMKOCTI 3J1aKiB IIpU (hiTOPEKYJIbTHUBALIIl XBOCTOCXOBHIIL 1 3a1100iraHHI BITPOBIH epo3ii TeXHOTEH-
HUX JaHamadTis.
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®OPMYBAHHS KOJIEKIIIT O3UMOI M’HKOi MIIEHUIII 3A CTIMKICTIO
0 3HEBOJHEHHSA HA CTAAII TPOPOCTAHHSA 3EPHIBOK

H. I. Pa6uyn, B. B. [lo3nnskos, O. B. Auuugeposa

Inemumym pocaunnuymsa im. B.A. FOp’esa HAAH Yxpainu, Xapkis, Yrpaina,
e-mail: zima012012@gmail.com

[ligBuieHHs1 cepeJHBOPIYHOT TEMIIePaTypH MOBITPS Ta 3HIKEHHS KiTBKOCTI OMajAiB B OCTaHHI Je-
CATUPIYYSL, IO MPU3BOIUTH 10 apUAM3AIlil KITIMaTy SIK y CBITi, Tak i B YKpaiHi, 30KpeMa B OCiHHIH mTepiof
(Tadesse, 2019; Polevoy, 2024; Vozhehova, 2026), cTaBuTh Hiepea AOCHITHUKAMU BUMOTY BUSBUTH Ta
CTBOPHUTH reHO(OH]] 03UMHX KOJIOCOBUX KYJBTYP 3 BUCOKUM PiBHEM aJamTallii 10 OCMOTHYHOTO CTPECY B
niepiog mpopoctannas HaciHHA (Kolupaev et al., 2023). OgauM i3 KPpUTHYHUX YHHHHUKIB, II0 OOMEXYIOTh
picT, pO3BUTOK, 3arapTyBaHHsI POCIIUH 1, B Pe3yJIbTaTi, MPOJYKTUBHICTh O3MMOT MIICHUIII € Te(ilUT BOJIO-
TH B TPYHTI Ha mo4aTtkoBuX eramax oHTorenesy (Nykytiuk et al., 2025), ockimbku B mepio yTBOpEHHS
MPOPOCTKIB (hOPMYIOTHCSI OCHOBHI MEXaHI3MHU MPUCTOCYBAHHS 10 OCMOTHYHOTO CTPECY Ta 3aKJIaJTa€ThCs
OCHOBA BCiX MalOyTHIX CKJIaJIOBUX ypOKalHOCTI. Pi3HI COPTH iHIUBIAyalbHO pEaryroTh Ha BILTUB BO/I-
HOTO NeiUTy Ha [BOMY €Tari PO3BUTKY, TOMY Ba)KJIMBO MPOBOJUTH CKPHHIHT IIUPOKOTO CIIEKTpa CY-
YaCHUX COPTIB IUIIXOM OLIHKH BMKMBAHOCTI NMPOPOCTKIB Ta iX POCTOBOI aKTUBHOCTI 32 YMOB BOJHOTO
nedinuty. EdexTuBHE OIiHIOBAaHHS COPTOBOTO Pi3HOMAHITTS A€ MOMUIMBICTh BUIITUTH TUIACTHYHI (hop-
MH, SIKi CIIyTyBaTUMYTh CKJIaJOBOIO YaCTHHOIO O3HAKOBOI KOJIEKLIl Ta JKepesiaMH BHUCOKOI IOCYXOCTil-
KOCTI JiUIsl BAKOPUCTAHHS B CEJICKIIHHOMY MPOILIECI.

MeTtor poboTu OyII0 BCTAHOBUTH OCOONHMBOCTI MudepeHItiarii 3pa3kiB TeHO(OHTy 03UMOi M’ SKOT
TMIIEHUII 33 CTIMKICTIO 10 Ae(ilUTy BOJIOTH B IEPiOA MPOPOCTaHHS HACIHHS, BUSBUTH COPTH-ETAJIOHU Di-
BHIB CTIMKOCTI Ta C)OPMYBATH KOJIEKI[iII0 COPTIB 3a CTIMKICTIO O 3HEBOTHEHHS. J[s OIIHKM CTIHKOCTI
3epHiBKH npopoirysainu Ha 14 % po3zuuni [1EI" 6000.

s hopMyBaHHS 03HAKOBOI KOJISKIIT 03UMOI M’SIKOI TIIIEHHUI[l 33 BUTPUBAIICTIO IO JIe(IIIUTY BO-
JIOTH BCTaHOBJIIEHO CTiHKicTh 72 copTiB mmenHuni y (aszi mpopocTkiB. [dudepentiaris reHodoHmy 3a
03HAKOIO CTIHKOCTI 10 JIeiluTy BOJIOTH Y (pa3i MpopoCTKiB MPOSIBHIACH B IIUPOKOMY Jliara3oHi, 30KpemMa
3a BiJICOTKOM Tpopociioro HaciHHg Ha pozunHi [IEI'6000 BigHOCHO KOHTpOIO — Bif 22,8 % y copTy AB-
ryctina 1o 77,2 % y copty AnTtoHiBKa. HaliBuInii piBeHb BU’KUBAHOCTI IIPOPOCTKIB BCTAHOBJIEHO y COp-
TiB AHTOHIBKA (77,2 %), Tobak (76,1 %), 3anamna (75,9 %), Jockonaiicts onechka (74,8 %), Menamika
(74,4 %), Anbsaac (74,1 %), lpons (73,7 %), 3enennti rait (72,0 %). CopToM-eTaIIOHOM BHCOKOTO PiBHS
nposBy 1i€i o3Haku (7 6aniB) Bu3HaueHo copT Tobak (76,1 %), Bumie Bix cepenHboro piBHs (6 6aniB) —
3no6Ha (68,0 %), cepenuboro (5 6ani) — 3emiepod (51,0 %), Hkue Bix cepenuboro (4 6amu) — Aliot
(42,4 %), anzpkoro (3 6amm) — Altigo (32,3 %), myxe auszbkoro (1 6an) — JIuGias (20,5 %).

BaxJIMBOIO XapaKkTEepUCTHKOIO CTIMKOCTI COPTIB, 3aIy4E€HUX JI0 KOJEKIIii, € aKTUBHICTh POCTY IPO-
POCTKIB Ta HOro CKIagoBHUX (IIAPOCTKIB 1 MEPBUHHHUX KOPEHIB) 32 MOPPOMETPUYHUMHU Ta IrPaBIMETPUY-
HUMHM ToKa3HuKamMu. CopTaMHU-€TaJOHaMH Pi3HUX PiBHIB MPOSIBY aKTHBHOCTI POCTY MapOCTKIB y JOBXKU-
HY BCTaHOBJICHO: JIy’Ke BHCOKHI piBeHb (8 OaniB) — AHTOHIBKa, BUcokuii (7 6amiB) — Tobak, Bumecepen-
Hi#t (6 6amiB) — [lomonsiHka, cepenniit (5 6aniB) — Altigo, cnmabkwuii (3 6anu) — Asrycrina. [lo rpymnu 3 ny-
’Ke BUCOKUM piBHEM cTilikocTi (8 OaiiB) BijHECEHO TakoK copTd Menainka, 3ananiHa, AnbsHc, Maibo-
BaHka, [Ipons, 3100Ha, AHTOHIBKa, MaHepa oniechka, JJockoHamiCTh o/lechka, YKpaiHKa ojiechka Ta iH.
Copramu-eTaioHaMy pi3HUX PiBHIB NPOSIBY aKTUBHOCTI POCTY NEPBUHHUX KOPEHIB Y JIOBKMHY BCTaHOB-
JIEHO: JTy’Ke BHCOKHIA piBeHb (8 OaniB) — Tobak, Bucokuii (7 6aniB) — AHTOHIBKa, BUIllecepeIHil (6 OaiB)
— Ilomonsnka, cepeaniii (5 6aniB) — ABrycrina, cnadkuii (3 Oanm) — Altigo. lo rpynu 3 1y’e BHCOKHM
piBHEM CTIHKOCTI 32 03HAKOK aKTHBHOCTI POCTY NMEPBUHHKUX KOPEHIB Yy A0BXKHUHY (8 0aJliB) BiTHECEHO CO-
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pTH Ta miHil YKpaiHka oneceka, miHis JI13-430-21, Memnamka, bynuayk, minigs EP 1698-23, [IpuBaGnusa,
AnpsHc, Buranka.

dopmyBaHHS BHCOKOT MacH MaroHiB Ta IMEPBUHHOI KOPEHEBOI CHCTEMH B YMOBaX 3HEBOIHEHHS CBi-
YATH TPO aKTHUBHE HAKOMWYCHHS METa0OIITiB B MPOPOCTKaxX, 0 3abe3meuye Kpall HepeayMOBH IS
OTPUMaHHSI CXOJIB 03UMO] MIICHUIII B OCYIUIMBUX YMOBax. Jlo Konek1ii BKIIOYEHO COPTH-ETaJIOHU PiB-
HiB (OPMYBaHHS MacH MaroHiB y BiJICOTKax A0 KOHTPOJIO (TIPOPOIIyBaHHS HA TUCTIIILOBAHIN BOMI): Y-
JKe BUCOKHH piBeHb (8 OaniB) — Manepa onecbka (73,3 %), Bucokwuii (7 6aniB) — Ilogonsuka (65,9 %),
BulMiA Bif cepenuboro (6 6aniB) — NE 10507 (58,3 %), cepenniii (5 6aniB) — Myciit (49,5 %), cnabkuit
(3 6amm) — Altigo (40,1 %). Hdyxe Bucoky cTiikicTh (8 OaniB) mamu coptu Manepa omecbka (73,3 %),
Tobak (72,9 %), Anbsiac (72,7 %), 3amamna (72,3 %), MansoBanka (71,8 %), Karpycs oneceka (71,5 %),
Memnamxka (71,4 %). Copramu-eTaloHaMH aKTHBHOCTI ()OPMYBaHHA MacH MEPBHHHUX KOPEHIB BCTAHOB-
JICHO: Jy’Ke BHCOKHMH piBeHb (8 OaniB) — 3amamHa (72,3 %), Bucokuii (7 6aniB) — Anronieka (70,2 %),
BuIIecepenHii (6 6amis) — Malibu (59,7 %), cepenniii (5 6aniB) — Asrycrina (49,2 %), cnabkuii (3 Ganm)
— Altigo (38,4 %).

BusiBieHo copTH, SIKi MOETHYIOTh BUCOKY CTIHKICTh JI0 Ae(iUTy BOJIOTH Y IOBEHIIBHOMY IEpioji
PO3BHUTKY 3a KUTbKOMa MOKa3HUKAMH: BIKHUBAHICTIO MPOPOCTKIB, aKTUBHICTIO POCTY MAapPOCTKiB, MAaCOIO
MapoCTKiB Ta MAacOI KOPEHEBOi CHCTeMH — 3amamrHa, ManmsoBanka, [Ipons, Manepa omecrka, Karpycs
0JIeChKa; BIDKUBAHICTIO MPOPOCTKIB, aKTHBHICTIO POCTY MapoCTKIB Ta Macol MapocTkiB — Menaiika,
ATBSTHC; BIKMBAHICTIO, MAacOIO MTAPOCTKIB Ta KOPEHEBOi cucTeMu — Tobak; 3a JOBXKIHOIO Ta Macoro BCix
YaCTHH MPOPOCTKIB — 3M00HA; 38 BHKMBAHICTIO, aKTUBHICTIO POCTY BCIX YAaCTHH MPOPOCTKIB Ta MAacor0
KOPEHEBOI CUCTEMH — Y KpaiHKa OJEChKa.

BapiatuBHicTh MacuBy JaHuX 3a MOKa3HUKaMH Oyna B Mexax Bix 19,5 % 3a o3Hakoro «maca mnaro-
HIB y BIJICOTKax 10 KOHTPOJo» 110 24,3 % 3a 03HaKOI «BHKMBAHICTh MPOPOCTKIB Y BiJICOTKAX J0 KOHT-
POIIO», IO CBIAYUTH PO iX MOMIpHY OMHOPiAHICTE. HalOUIbII TiCHA KOPESIisl CIIOCTEPIracThbCs MiXK
03HaKaMHU «Maca MapoCTKiB» Ta «Maca KOPEHEBOI cucTteMu», koedimieHT kopesuii (r) gopisHioe 0,954,
JIEI0 HIDKYMN PIBEHb KOPENsIii MiXK BUKMBAHICTIO TIPOPOCTKIB Ta aKTUBHICTIO POCTY KOPEHEBOI CHCTE-
mu, r=0,723.

TaxuMm yrHOM, C(HOPMOBAHO 03HAKOBY KOJICKI[IFO 03UMOI M’SKOT MIIICHHUII 33 CTIHKICTIO IO 3HEBOJI-
HEHHS, SKa BKJIIOYae 72 3pa3ku, y ToMy 4ucii 64 coptH i 8 miHiH, Ta BigoOpaxae reHeTUYHE PI3HOMAaHITTS
3a 14 o3HakaMu. 3airyueHi 10 KOJEKIIii TeHOTUIN MTOXOIATh 3 14 kpain €Bponu, AMepuku Ta A3ii. Busis-
JIEHO COPTH, SIKi TIOETHYIOTh BUCOKY CTIHKICTH JI0 JISIIIUTY BOJIOTH Y FOBEHIIBHOMY TEPio/li PO3BHUTKY 32
KiTbKOMa TMOKa3HWKAaMU: 32 BIDKWBAHICTIO MPOPOCTKIB, aKTUBHICTIO POCTY IaroHiB, MacolO TaroHiB Ta
Macol0 KOpeHeBOi cucTtemMu — 3amamntHa, ManwoBanka, [Ipons, Manepa ozxecpka, Katpycs omechbka; 3a
BIDKUBAHICTIO MTPOPOCTKIB, aKTHBHICTIO POCTY TIAarOHIB Ta X Macow — Menarika, AJbSIHC; 32 BIKHBaHIC-
TIO, MacOIO MAaroHiB Ta KOpeHeBoi cucreMu — Tobak; 3a TOBXHHOIO Ta MAacOI0 BCIX YaCTHH MPOPOCTKIB —
3m00Ha; 32 BIKMBAHICTIO, aKTUBHICTIO POCTY BCIX YAaCTHH MPOPOCTKIB Ta MAcCOI0 KOPEHEBOI CHCTEMH —
VYkpaiHka ojiecbka. BCTaHOBJICHO HOBI COPTH-ETAJIOHH 32 O3HAKOI CTIMKOCTI 10 AedinuTy Bosoru y (asi
MPOPOCTKIB, SIKI BKJIIOYEHI J0 CKJIaly O3HAKOBOI Koyekiii. ['eHOTHIIN 3 Jy’Ke BUCOKHUM Ta BUCOKHM PiB-
HEM MPOsIBY BHUBYCHHX O3HAK € JDKepeJaMH BHUCOKOI CTIHKOCTI A0 AediluTy BOJOTM B IPYHTI Ha cTamii
NpOpOCTaHHs HAaciHHA. BoHM pexomMeHmoBaHi AJs 3aIyueHHs B CeNEKIiHUI mpolec 31 CTBOPEHHS IOCy-
XOCTIMKHMX COPTIB.
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IFEHETUYHE PI3BHOMAHITTA BACIWIBKIB CIIPABJKHIX )
OCIMUM BASILICUM L. B KOJIEKIIII YCTUMIBCBKOI JOCJILIHOI
CTAHIIII POCJIMHHUIITBA

0. C. Cuienko

Yemumiscorka docniona cmanyis pocaunnuymea Incmumymy pociunnuymea im. B.A. FOp'esa
HAAH Ykpainu, c. Yemumisxa, [lonmascoka o0ba., Yrpaina, e-mail udsr@ukr.net

OpHa 3 MAJIOBUBYEHHX KYJBTYp — BACHIJIBKH CIIPaBXXHi a00 0a3wiIik 3BUYaiHUM, sIKa IIMPOKO BHKO-
PHUCTOBYIOThCS y OINBIIOCTI KpaiH CBiTy, HaOyBae MOMyIApHOCTI B YKpaiHi. Bacunbku cripaBxHi MaioTh
Oarato cdep 3acTocyBaHHS 3aBISKH CBOEMY YHIKATBPHOMY XiMIYHOMY CKJIAy Ta IIIHHAM BIIACTHBOCTSM.

B Ycrumiscrkiit mochigniid cranmii pocnuHHHNTBa y 2005 pori CTBOPEHO KOJEKINiI0 BaCHIIBKIB
CIpaBXHiX, sIKa Ha JaHWK Yac Hamidye 15 3pas3KiB pi3HOTO €KOJOTiuHO-reorpadpiqHoro MOXoHKEHHS (3
VYkpainn, ['py3ii, Azepbaitmxany, Himeuunnu, Ipaky, [lopryrauii, Pocii).

3pasku npezacrapieHo BugoM Ocimum basilicum L. (popmu 0e3 aHTOomiany — 12 3pa3kiB, (ioiaeTosi
¢dopmu — 3 3paszku). 3a OIOJOTIYHUM CTATYCOM KOJICKIIIIO PO3IMOIITICHO Ha CENEKIIHI COpTH — 6 3pa3KiB,
13 HUX 4 MMOXOMKEHHIM 3 YKpaiHu, COPTH Ta (OpMHU HAPOAHOI CeNeKIii — § 3pa3kiB, Mixk HHUX 3 3 YKpai-
HH, OJHA CeleKIiTHA JIiHisS 1IHO3EMHOI CEIeKIIil.

VY 2024-2025 pp. B KOJIEKIIHHOMY PO3CaIHHUKY MPOBEACHO BUBYCHHS 3pa3KiB BACHIBKIB CITPaBK-
HiX, SIKi OLIHEHO 32 HACTYNTHUMH NapameTpaMu: ()eHONOTIYHI CIIOCTEPEIKEHHS 38 TEPMiHAMH MTPOXOKEH-
Hs (a3 Bereranii pociuHamMH, O10METPUYHI BUMIPIOBaHHS, BU3HAUCHHS JHMHAMIKK YPOXKaHHOCTI 3eJIeHOT
MacH, BUXO/Iy CTaHIAPTHOI MPOAYKIIii, 3pa3Ku OIiHEHO 3TiTHO 3 METOJUKAMH JOCIHITHOI CIIpaBH B OBOYi-
BHUIITBI Ta OamTaHHUITBI. ONUC KOJIEKIIHHUX 3pa3KiB MPOBOAUBCSA 3a "METOIMKOI0 IPOBEICHHS EKCIIe-
PTU3U COPTIB POCIMH KapTOILTi Ta ITPYN OBOYEBUX, OAIITAHHHX, MPSHO-CMAKOBUX Ha MPHIATHICTH JIO T10-
HIMpeHHs B YKpaiHi'".

JocnimpkyBaHi 3pa3ky 3rpyIoOBaHO 332 TPUBAIICTIO MK(a3HUX TepiojiB. Bacuiibku cripaBkHi — Te-
IUIO- 1 CBiTIIOIIOOMBA POCIMHA, HACIHHS MpopocTae 3a Temiepatypu 15-20°C, cxonu 3’ SBIAIOTECS Ha 7—
14 100y, 3pa3ku OlliHEHO B MOPiBHSIHHI 3 copToM-cTanaapTom UG8500018 Pyran (UKR).

[lepion po3BUTKY pOCIHH TPUBAB Y CEPENHBOMY: Bij MOCIBY 70 MacoBux cxoniB 7—10 mi6. Kopot-
kuM (7 ni6) ueit mepiog Oy y 3paskiB: UG8500014, UG8500079, UG8500018 Pyran (UKR);
UG8500009, UG8500011 (GEO); UG8500010 (AZE); UG8500002 (DEU). Haiinosme (10 1i6) ouikyBa-
71 1osIBy MacoBHX cxofiB y copty: UG8500044 dionerosuii oman (UKR).

YTBOpeHHs nepuioi napu JUcTKiB y 3paskiB UG8500003 baapopwuii, UG8500036 INepexorumnose
(UKR); UG8500033 I'ozmuunsiii (RUS); UG8500008 (IRQ); UG8500012 Mangerico verde folha (PRT)
BiI0yBaJoCs MOBLIbHIIIE, TOPIBHAHO 3 IHIMUMH 3pa3kamu. HaltBuaine ¢hopMyBaHHS TEPIIOT MapH JIHC-
TKiB Bi10ys10ch y copry-cranaapty UG8500018 Pyran (UKR).

Haiinosummii nepios; yTBOpeHHs TPeThOI NMapy JHUCTKIB crioctepirases y copty UG8500044 dione-
touid ornan (UKR) — 56 ni6, mo Ha 14 ni6 moBimre, Hix y cranaapty copty UG8500018 Pyran (UKR) —
42 noou. HaitmBuammuii y 3paskis: UG8500079 (UKR) ta UG8500010 (AZE) — 45 ni0. 3araiiom, nepio
BiJl CXO/iB J10 OyTOHI3aIlii OOKOBHX CYIBITh TpHUBaB 75—92 n00wu 3aliexHO Bif 3pa3ka. Tak, HAWKOPOTIIIUM
ued mepion O0yB y copry-crangapty UG8500018 Pyran (UKR) — 75 ni6, a HaWTpuBagiliuM Y:
UG8500014 (UKR) — 90 ni6; UG8500044 dionerosuii onan (UKR) — 92 nobwu.

3a ozmepKaHUMH pe3yJbTaTaMH MiHJIMBICTh TPUBAIOCTI MEPIONIB )KUTTEBOTO LIMKITY POCIHH BacH-
JIBKIB CIIPAaBXKHIX 3yMOBIICHA BApiIOBAHHIM TEMIIEpATypH 1 PeXUMY 3BOJIOKEeHHS. HenocTaTHsl KUTbKIiCTh
OMajiB Ha PaHHIX eTamnax pocTy i PO3BUTKY POCIIMH CIIPUSE TIOAOBKEHHIO X TPUBAJIOCTI, a MiABUILEH] JIi-
THI TeMIepaTypy 1 HecTaya BOJIOTH 3MEHIIYIOTh TPHBAIICTh MepioJy GOpPMYBaHHS T€HEPATHBHUX Opra-
HiB. 3arajloM TPUBAJICTh BETETALiHOIO MEpioAy y OOCITIKYBaHMUX 3pas3KiB BapitoBasia Bix 115 mid y
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copry-ctaamapty UG8500018 Pyran (UKR) no 140 ni6 UG8500044 dioneroswmii onan (UKR). B pe-
3yJbTaTI OIIHKK BUILICHO paHHbOCTUTI copTu: UG8500003 banwopuit (UKR), UG8500036 IlepexoTu-
noste (UKR) (120 xi6 Bix cxomiB A0 J03piBaHHS HACIHHS).

[Tix wac mpoBeneHHs 010METPUYHOTO aHANI3y OyJI0 BUBYEHO HACTYIHI MOP(OIOTIYHI O3HAKH BaCH-
JIbKIB CHPaBKHIX: BUCOTA POCIIHH, AiaMeTp KyIa, KUMbKICTh JUCTKIB HA POCIUHI, KUIBKICTh TTarOHIB mep-
Ioro MopsAnKy. Taki Mop(osIoTiuHI O3HAKH, SIK BUCOTA POCIHHH, JAiaMETp POCIUH, KUIBKICTh JUCTKIB Ha
POCIHHI HE TUIbKM MaroTh Oe3mocepe/iHii BIUIMB Ha NPOAYKTUBHICTD KYJNbTYpH, ajle i BUKOPUCTOBYIOTh-
Csl y CeJIeKUil Al CTBOPEHHS COPTiB, MPUAATHUX AJISI MEXaHi130BaHOTO 30MpaHHs. Sk moka3anu pe3ysbTa-
TH TIPOBEIEHUX JOCIHIHKeHb, BUCOTA POCIHH OyJa JOCHUTh MIiHJIMBOIO O3HAKOK. Y MOCTIHKYBaHHX 3pa3-
KiB MOKa3HUK OyB Ha piBHi 38,6—58,0 cM, BucoTa pociuH y copty-cranaapty Pyran (UKR) B cepennbomy
CTaHOBHUTH 42,5 cM, JBa 3pa3Kd Majid HIDKYl TTOKA3HHWKH, BC1 1HII BUIINI. BBakaeThCs, M0 MM BHUIIHH 1
MIUTBHIMIMKA KyIl, THM Oiibllla HOro MPHAATHICTH A0 SKICHOro MexaHizoBaHoro 30upanHs. Huzpkopocni
POCIIMHU BAaCWJIBKIB CIIPAaBXHIX MOXYTh OYTH BHKOPHUCTaHI y CENEKLii JJISi CTBOPEHHS ICKOPATUBHHX
coptiB. CepeHbOPOCITi Ta HU3HKOPOCIi COPTH BaCHIIBKIB CIIPaBXHIX MAIOTh TaK0X OUIBITY CTIHKICTh IO
BWJIATAHHS, 1[0 MOKE OYTH BUKOPUCTAHE B CENIEKIil Ha IF0 O3HAKY.

Haii6inpmy kinpkicTs mucTkiB BigzHaueHo y UG8500044 dionerosuii oman, (UKR) mokxazHukn
sxoro Oymu Ha piBHI 285,9 mt./pocn. Y crarmapty Pyran (UKR) — 244,5 mt./poci., HOTO TIepeBHIIIIIN
3pasku UG8500003 bagwopuit (UKR) — 251,7 wr./poci.; UG8500012 Mangerico verde folha (PRT) —
266,4 mr./pocn.; UG8500009 (GEO) — 267,2 mr./poc.

Cepen KONEKIIHOTO Martepiady BUIINEHO 3pa3Kd BAaCWIBKIB CIPaBXKHIX, sIKi MEPEBHIIYIOTH 32
yposkaifHicTio 3eneHoi Macu copt-ctanaapT UG8500018 Pyran, (UKR) 3 o3nakoro 12,0 1/ra. Tak, Bumry
ypoKaifHIiCTh 3emeHoi Macu Bim3HaueHo y 3paskiB: UG8500003 banmeopuii, (UKR) — 12,4 T/ra,
UGS8500014 (UKR) — 12,3 1/ra, UG8500009 (GEO) — 12,5 1/ra, UG8500012 Mangerico verde folha,
(PRT) — 12,1 1/ra. 3a noka3nukom maca 1000 maciamH Bumineno 7 3paskiB: UG8500003 banpopwuid,
(UKR) — 2,1 r; UG8500008, (IRQ) — 2,1 r; UG8500009, (GEO) — 2,0 r; UG8500010, (AZE) — 2,0 ;
UG8500012 Mangerico verde folha, (PRT) — 2,0 r; UG8500011, (GEO) — 1,9 r; UG8500033 I'Bo3nuy-
weiid, (RUS) — 1,9 1, sxi nepesumryrots ctanaapt UG8500018 Pyran, (UKR) 3 mokasaukom 1,8 .

TakuMm YMHOM, 110 BHBYCHHSI TEHETUYHOTO PI3HOMAHITTS KOJEKIIii BaCHIIBKIB CIIPaBKHIX Ta BHJIi-
JICHHSI JDKEpeJT TOCTIOapChKO IIHHUX O3HAK BKA3ye Ha Te, IO 3pa3KH KOJEKIii MOXYTh CIIyTYBaTH, SIK
JOKepeia BUX1IHOTO MaTepiany 3a Oy/b SIKUM HaIPsIMKOM CEJICKIIil.
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CEJIEKIIIMHA IITHHICTH JITHII I COPTIB I'OJIO3EPHOT'O BIBCA
(AVENA NUDA L.)

B. I1. Coronymko

Y «Ilncmumym 3eprnosux kynemyp HAAH Yxpainuy, /[ninpo, Yrpaina,
e-mail: solodushko.nv@gmail.com

CyTTeBUM pe3epBOM Y BHpillIeHHI MPoOIeMrd BUPOOHHULITBA JIETUYHUX XapUOBHUX MPOAYKTIB € BH-
POILIYBaHHS FOJI03EPHUX COPTIB BiBCa, SIKi BUKOPUCTOBYIOTHCS SIK JJIS1 XapUOBHX, TAK 1 TSI KOPMOBHUX Lli-
neit 6e3 monepeaAHHOro 0OpOOIIEHHS, IO 3HIKYE BUTPATH 1 coOiBapTiCTh mpoaykiii. ['omozepHi dhopmu
BiBca 3a MOKa3HUKAaMU KiTBKOCTI 1 SIKOCTi OiJKa mepeBepLIyioTh OyIb-sKY 371aKOBY KyJnbTypy. B 3epHi miel
¢dopmu HakonmuyeThes 16,6—18 % pocnuHHOTO OiTKa, IO MEPEBUIIYE HOro BMICT y 3epHi BiBca IJIiBYac-
toro Ha 38—60 %. ['on03epHi cOpTH BiAPI3HAIOTHCS BiJ IUTIBYACTUX MEHLIOK KUIBKICTIO CHUPTOPO3UMH-
HUX OLNKiB, 10 BKa3ye Ha KpaIly 30aJlaHCOBaHICTh iX 32 aMiHOKHCIIOTHUM CKJIAJIOM.

JlocimkeHHs 13 CeNeKINii ToJ03epHOro BiBCa YCHIIIHO MPOBOAAThCA B AHrIii, ®panmii, Kanani,
UYexii Ta iHmMMX KpaiHax, aje yepe3 HU3bKY BPOXKAWHICTH 3€pHA, HEBHPIBHAHICTH HOTO 3a pO3Mipamu,
OTIYIIEHICTh 3epHIBKH BiH HE OTPHMAaB IIMPOKOTO PO3MOBCIOKEHHS AK B HAIIIH KpaiHi, Tak i 3a ii Mexa-
Mu. Jlo TOro X, MOCTifiHE BUINEIUICHHS Y CyYacHHX ToJIo3epHUX copTiB 5—10 % rmiiBuacTUX 3epHIBOK
YCKJIaJIHIOE BUKOPUCTAHHS 1X 3¢pHA Ha XapuoBi 1iii. J[aHa 03HaKa JOMiHAHTHA 1 KOHTPOJIFOETHCS OJHUM
OCHOBHUM T'€HOM 1 JBOMa-TPhOMAa F'eHaMU — MOIH(iKaTopaMu.

OCHOBHHMH HampsiMaMy CENEKIiHHO-TEeHETUYHOTO TOJIMIICHHS BUXiAHOTO MaTepiany ToJ03epHUX
¢dopm BiBca OyiH MiABHIICHHS YPOKalHOCTI 3epHa 1 MOKpamanHs Horo sikocTi (O1I0K, JKUP, KPOXMab
To1I0), 30inbmenHs Macu 1000 HaciHWH, 3HIKEHHSI OIYIICHOCTI 3€PHIBKH, IMOABIMHMX 1 TOPOXKHIX HACi-
HUH, KITPKOCTI BHIIEIUICHUX IUTIBYACTUX 3€PHIBOK. Takok 3HaYHA yBara MpHUILISAIACS BUPIBHSHOCTI 3ep-
Ha 3a KPYIHICTIO, YCYHEHHs MPOPOCTAaHHS HAa KOPEHI, CeNieKIlii Ha CTIWKICTh JO XBOPOO, ONTHMI3allis
MOP(}OJIOTIYHOTO THITY POCIUHH.

MeTor0 mocHiKeHb cTana OIiHKa TeHOTHUIIB TOJI03EPHOTO BiBCa 32 YPOXKAMHICTIO 1 TOKa3HUKAMHU
SIKOCTI 3epHa, 1110 HeOOXI1THO IS CTBOPEHHS I0JI03ePHUX COPTIB BiBca y 30H1 Cremy. JlocmimpkeHHs mpo-
Boauiu B /1Y «lactutyT 3epHOBHX KyIasTyp HAAH» Bpomosx 2023-2025 pp.

Sk BUXiZHMH Marepial BUKOPHCTOBYBAJIM BHMCOKONPOIYKTHBHI, KPYHMHO3EPHI TOJIO3€pHI COPTH
Ballion, Byas, Neon, A6ens, Rhea, Nuprime, Plater, Adam, [lietnunnii, CrionTano, CHHEIHHUKIBCHKUH
211, JuinpoBcekuit 316, Anpiana Ta iHmI, a TAKOX OTpUMaHi TiOpuaHi KoMmOiHarii, Maca 1000 HaciHuH
SKUX cTaHoBWIIA 23,6-29,4 1.

VY poscagHuKax BOPOJOBXK BEreTaliifHOro mepiofy mpoBoAMIM (DEHOJIOTIYHI CIIOCTEPEKEHHS, aHa-
JI3yBaJIM TPUBAIICTh MDK(pA3HUX TMEPIOMIB Ta 3arajibHOrO MEpiofy Bererallii BiBca, CTIHKICTh /10 BUIIS-
TaHHs, 0OCHTIaHHS, MTOCYXH, YpaxeHHs! XBopoOamu. CTaTUCTHYHHUI aHaJi3 JIaHUX MPOBEJCHO CTaHIApT-
HUMH METOJaMH.

JloBXXHMHA BOJIOTI TOJIOBHOTO CTeOJia HaHOUIbIl MPOAYKTUBHUX T'€HOTHUIIB I'OJ03E€pHUX (OPM BU-
sBujiacs B jaianasoni 21,9-23,8 ¢M, MiHIMBICTh qaHOl 03Haku Oyia He3HauHow (V = 7,4-9,3 %). Kinb-
KiCTh KOJIOCKIB 3 POCIMHH B Pi3HUX COpTO3pa3kax Oyna B Mexax 53,4—61,6 wr., BapiaOenbHICTh JaHOI
O3HaKH B ycCix TiOpuanux komOiHamisx cepenns (V = 15,4—-17,8 %). KinbkicTs HACIHMH 3 POCJIIMHH B COP-
To3paskax Oyna Big 121,2 mo 142,2 mr. (V = 20,5-25,0 %). Cepen riOpuaHUX KOMOIHAIIN HHXKIOKO MiH-
JIMBICTIO LLOTO MOKa3HMUKA XapakTepusyBaiucs Rhea X A6ens, Fs— Fg (V = 20,5 %), Plater x AGeinsp, Fs—
Fes (V =21,7 %) i (CunensuukiBcbkwmii 211 x Rhea) X A6enb, F4 —F¢ (V = 21,7 %). 3a macoro 3epHa 3 po-
CJIMHYU HaWOUTBII TPOAYKTUBHUMHE OyIu Ti0puaHi koMOiHanii Plater x AGens, Fs— Fg, HimpoBCchKHiA 316
x (Rhea x Ballion), F4—F¢, Anpiana x Byas, F4— Fg, B sikux nanuii noka3HuK BUSIBUBCS Ha piBHi 4,05; 3,99
1 3,94 r BignoBigHO. MiHJMBICTE MacH 3epHa 3 POCIMHH 32 BUHATKOM riOpuIHOI KOMOiHawii AnpiaHa X
Byas, F4—F¢ Oyna 3naunoro (V = 22,6-25,7 %).

Maca 1000 HaciHMH 1€ BITHOCHO cTa01JIbHA TEHETUYHO 00YMOBJICHA 03HAKa, B 3B S3KY 3 YUM CeJle-
KLiliHa po0OTa Ma€e MO3UTUBHI pe3yJbTaTH. Y BHUIIEHaBeJeHUX reHoTumiB Maca 1000 HaciHMH cTaHOBHJIA
27,9-29,4 r, xoedinient Bapiamii 0y HesHaunuM (7,1-9,1 %).
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3a IpOIYKTUBHICTIO TOJIOHACIHHI ()OPMH BiBca 3a3BMYal MOCTyNANUCs IuTiBYacTuM Ha 35-45 %, a
OKpeMi COpPTO3pa3Ku HaBiTh Ha 55 %, ane BpaXOBYIOUH HETIOXUBHY YaCTHHY BPOXKaro (TUTIBKY), PI3HUIIL
MiX muMu hopMaMu cTaHoBIIIA Jnne 5—15 %.

VY KOHKYpcHOMY cOpTOBUIPOOYBaHHI B cepennboMy 3a 2023-2025 pp. Buaimiaocs 6 JiHil ronose-
pHoro BiBca Ck 1024/10, Cc 732/10, Pc 72/09, Cc 1136/09, Cn 547/10, Cn 234/10, ypokaliHiCTh 3epHa
AKX B CEpeIHbOMY 3a 3 poku cTaHoBwia 2,16-2,32 1/ra. Bonn mamm icrotHe mepesumeHHs (0,21—
0,37 1/ra) nag cranpaptHuM coptoMm Ckap6 Ykpainu. Bererauiiinuii nepios HOBOCTBOPEHHUX JIiHIH CcKiia-
naB 86—92 nobu. OcobnuBa yBara B JOCIHIIKEHHI CEJEKIIMHOTO MaTrepiany MpUAISIacs BU3HAYCHHIO
Takux (PI3MIHUX TTOKA3HUKIB SKOCTI 3€pHA SK BUIIOBHEHICTh, HATypa 1 HasBHICTH IUTIBYACTHX 3€PHIBOK B
renorunax. [Tokasamk «maca 1000 HaCiHUH) CBIIYHTH PO 3amac MOKUBHUX PEIOBHH, CXOXKICTh 1 KUTTE-
3aaTHiCTh HaciHHA. Maca 1000 HaciHMH HaOIBII NEPCIEKTUBHUX JiHiH roJ03epHUX (HOPM KOHKYPCHOTO
BUNIpOoOYBaHHS BUsIBUJIacs Ha piBHI 28,6—29,5 T, 1m0 nepeBHIyBaia MOKa3HUKHA COPTY-CTaHAApTy Ha 2,4—
3,3 1. 3a niero o3nakoro suaummamkcs JiHii CC 1136/09, Cuo 547/10 1 Cm 234/10.

3epHO 3 BHCOKOIO HAaTYpOIO Mae N00pYy BUIIOBHEHICTh, BEIIMKWHU BiACOTOK sifpa. 3HAUEHHS LIHOTO
MOKa3HHUKA y KpallluX JiHid KOHKYpCHOTO BUIIpoOyBaHHs Oynu Ha piBHI 650—685 /1. Haitbinbiry HaTypy
3epHa Maiu 3pa3ku Cr 547/10, Cc 1136/09, Pc 72/09 ta Cx 1024/10. HasBHICTH TUTIBYACTHX 3€pHIBOK Y
rojo3epHux (GopMax He MOBHHHA MepeBULTYBAaTH 4 %, OCKIIBKY OiIBLINHA TX YMICT YCKJIaIHIOE BUKOPHC-
TaHHA 3epHa Ha Xap4oBsi 1imi. JIiHii 3a CTIHKICTIO TPOTH OOPOIITHUCTOI POCH 1 KOPOHYACTOT ipKi OILiHEH] B
8—9 OaniB, 3a CTIMKICTIO MTPOTH JIETIOUOI CaXXKH — B 7-9 OaniB. 3a BMicToMm Oinka (16,9-17,5 %) Bumginu-
mucs renotunu Crr 547/10, Cx 1024/10, Cr 234/10 1 Ce 732/10. YMicT KIITKOBHHA B HOBOCTBOPEHHUX ITi-
HisIX craHoBUB 3,8—4,2 %, yMicT kpoxmaito — 45,9-49,0 %.

Copro3zpaszok Ck 1024/10, sixkuii BOpOJOBK OCTAHHIX POKIB 3a YPOXKaHHICTIO 3epHa Ta 1HIIMMH IO-
Ka3HUKaMH MaB iCTOTHE TepeBUIICHHS Haja cTaHmaprom, B 2025 p. mix Ha3Boro bpemm 3anecennit o
JepkaBHOTO peecTpy COPTIB POCIHH, MPUIATHUX JAJsl MOMMPEeHHsT B YKpaiHi. CopT oTpumaHuii B pe-
3yJIbTaTi CKJIQAHOI Ti0puAN3allii 3 BUKOPUCTAHHAM 0araTopa3oBOro iHIUBIAyaTbHOTO J000OpPY 3 HEraTHB-
HUM BHOpaKyBaHHSM POCIHH 32 TOJIO3EpPHICTIO, BUPIBHAHICTIO i KPYIHICTIO 3€pHA i3 3aCTOCYBaHHSM B
SKOCTI BUXITHOTO Matepianmy 3pas3kiB Nuprime (Dpantis) i Plater (Ilompma). 3a pesynpratamMu KOHKypC-
HOT'O COPTOBUNPOOYBaHHS B cepenaboMy 3a 2023-2025 pp. copt Bpemni 3a ypoxkaitHicTIo 3epHa nepeBu-
IIMB HalioHaNbHUNA copT—craHaapT Ckap0O Ykpainu Ha 0,32 1/ra, abo Ha 16,4 %. B exojoriuHomy Bu-
npoOyBaHHI ypOKalfHICTb 3€pHa COpTy cTaHOBMJIA 2,96 T/ra 1 nepeBuinyBana crangapt Ha 0,44 1/ra. Copt
Bpemni maB minBuieHy HaTypy 3epHa — 678 1/, Mmacy 1000 HaciHuH — 28,6 T, TOAl SIK y CTaHAAPTY 3HAa-
YEHHSI JaHMX TMOKa3HUKIB CKJIaJaliu, BinoBigHo 595 r/m Ta 26,2 r. CopT CTIWKMI 10 BWISATaHHS 1 00CH-
TaHHS, BMICT Oifka B 3epHi 3HaX0uBCs Ha piBHI 16,9 %, kpoxmamo — 49,0 %, xxupy — 5,7 %, BMICT TUTi-
BYACTHUX 3€PHIBOK B COPTI CTAaHOBUB 2,6 %, TOJI MK y cTaHIApTy JaHWH MoKa3HHUK OyB Ha piBHi 3,8 %. Be-
reramiiani nepiox copty bpemi Ha miicTh A0 TOBIINIA B IOPIBHSAHHI 31 CTaHIAPTOM 1 CTAHOBUB 92 100H.

3a poku nepxaBHOro BunpoOyBaHHs (2024-2025) ypokaiiHicTs 3epHa copTy bpeani B 301 Jlico-
creny cranosuia 4,98 1/ra, B 30Hi [lomicest —3,52 1/ra. 3a ganumu Cymcekoi ¢inii YIECP ypoxaiiHicTb
3epHa BUsIBWIIACS Ha PiBHI 5,92 T/ra, 3a janumu TepeOoBISHCHKOTO CEKTOpa MOJILOBUX JOCTiIXEeHb Tep-
Homnuibehkol (inii YIECP yposkaiinicTh 3epHa copTy bpemmi cranosuna 5,85 1/ra. Maca 1000 HacinuH B
30Hi Jlicocteny Oyna 40,5 r, y 30Hi [lomiccs —29,9 r. Coprt cridikuii 10 010THYHUX i a010THYHUX YMHHUKIB
JIOBKIIUISA, Ma€ XapuoBHid HarpsiM BukopucTanHs. Copt bpeti pekoMeHJ0BaHU JJ1si BUPOIYBaHHS B 30-
Hax Jlicocteny i [Tomicest.

Ho Peectpy copTiB pociuH, NpuIaTHUX Ui nomupeHHs B Ykpaini B 2020 poui 3aHeceHuil copt
rojo3epHoro BiBca PomoHiT 1 pekomenaoBanuii 1o BupoiryBaHHs B 30Hax [lomices i1 Jlicocrenmy. Copt 3a
pe3yJbTaTaMH Jep>KaBHOTO BUIIPOOYBaHHS MEPEBUIINB yCEPETHEHY BPOXKAWHICTH COPTIB, IO MPOUILIA
JIEp’KaBHY PEECTpaIlito 3a I1'ATh MOIEepPeHIX POKiB B JlicocTenosiit 30H1 Ha 0,35 T/ra, B MOMICHKii 30HI —
Ha 0,24 1/ra. B 30Hi Jlicocteny copt Pogonit 3a nanumu Cymcbkoi ¢inii YIECP chopmyBas ypoxaii-
HicTh 3,86 T/ra, 3a nanumu binonepkisebkoi ¢inii YIECP —3,64 1/ra, 110 BUIIe BiJl CTAaHAAPTY BiAMOBIIHO
Ha 1,12 1 0,90 1/ra. MakcumanbHy BpoKaitHicTh (3,95 T/ra) Oyno orpumano B 30Hi [lomicesi, B ymMoBax
Yepniriseokoi ¢inii YIECP, ne npupict 1o1aTKOBO 0IepKaHOTO 3€pHA B MOPIBHAHHI 31 CTAaHAApTOM CSi-
ras 1,06 1/ra.

TaxuM 4YMHOM, IPOBEICHI OI[IHKA Ta MiA0Ip TeHOTHITIB 3 KOMIUIEKCOM T'OCIOIAPChKO-I[IHHUX O3HAK
JUISL CTBOPEHHSI TOJIO3EPHUX COPTIiB BiBca AJs PI3HUX MPUPOAHO-KIIMATUYHUX 30H BUpouryBaHHS. CTBO-
peHi JiHii ronozepuux ¢opm Bisca Ck 1024/10, Pc 72/09, Cc 732/10, CC 1136/09, Cn 547/10, Cn 234/10
3alUTAHOBAHO B MOJAIBIIOMY 3JyYUTH J0 MPOTPAMH 3 CENEKIlii HOBUX BHCOKOMPOJIYKTHBHUX T0JIO3Ep-
HUX COPTIB i3 33JaHUMH TapaMeTPaMH Pi3HUX TOCIONAPCHKO-LIHHUX O3HaK.
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OIIHKA AJAIITUBHOI'O ITIOTEHIIAJIY COPTIB SAPOI'O AYMEHIO

II. M. Coaoneunnii, H. 1. Bacsko, O. B. 3umorasa, O. B. Cosioneuna

Inemumym pocaunnuymea im. B.A. IOp’eea HAAH Yxpainu, Xapkis, Yxpaina
e-mail: pashabarley86@gmail.com

3a ocranHi 20 pokiB B YkpaiHi chopMyBanucs 1Ba CTIHKI KIIMaTHIHI TPEHIN — 3POCTAHHS CEepe/-
HBOI TEMIepaTypH Ta 3HIKEHHS PIYHOI KUTBKOCTI OMafiB, O CBIUYUTH MPO MOCTYIIOBY apUIAU3amilo Kili-
MaTy. BinOyBaeThcsi cucTeMHe 3pymIeHHs TEPMiHIB CiBOM: 03UMi KyJIbTYPH BHCIBAIOTH Mi3HIIIE, Spi — pa-
Hillle, 100 YHUKHYTU TOCYIIJIUBOTO MEPioay.

Cenexisi AYMEHIO, 5K 1 IHIIMX CUTBCHKOTOCTIONAPCHKUX KYJIBTYP, € OMHHUM 13 TOJIOBHHUX 301JIbIIICH-
HSl BpPO’KaHOCTI Ta BaJIOBHX 300piB. 3amopyka mbOrO — MiABHUINEHHS T€HETHYHOTO MOTEHIAy HOBHX
COPTIB Ta IXHBOI T'€HETHYHOI CTIHKOCTI JI0 OCHOBHHMX 0i0- Ta a0iOTMYHMX YMHHUKIB. BaKIMBOI0O 4yacTh-
HOIO CENEKUIHHUX IporpaM € BU3HAYECHHS aJallTUBHUX OCOOJIMBOCTEH BUXITHOTO Ta MEPCIEKTHUBHOTO Ce-
JEKIIIHOTO MaTepialy A0 MOXIMBUX 3MiH KiiMary. Jjist 1boro TpaanuiiiHo BUKOPUCTOBYIOTH €KOJIOT1Y-
He BUNPOOYBaHHS B Pi3HUX KIIIMAaTHUYHHMX 30HAX a00 B OZHIN 30HI, aje 3a KOHTPACTHHUX MOTOJAHHUX YMOB
MiJ 9yac Mmepiofy BereTarii KyJabTypH. 3pyYHUM IHCTPYMEHTOM JUIsl aHATI3y OJIepyKaHUX Pe3ybTaTiB BU-
npoOyBanHns € GGE biplot ta AMMI ananis.

MeTtor nociimkeHs Oylo JOCTIAUTHA OCOOIHMBOCTI aJanTHBHOTO MOTeHIiamy 20 COpTIB sSIMEHIO
Aporo B ymoBax cxigHoi yactunu Jlicocteny YkpaiHu Ta BUAIIUTH HAHOIBII NEpCIIEKTUBHUA BUX1THUH
MaTepiaj Uil CeICKIIHUX Mporpam Mo il KyJIbTypi.

[TonmboBi mOCHiHKEHHS BUKOHYBAM B CENEKIIIHHIN CiBO3MIiHI eKCIIepUMEHTaNbHOT 0a3u [HCTHTYTY
pociuaHunTBa iM. B.S. FOp’eBa HAAH y 2023-2025 p. Sk Buxignuii Matepian Bukopuctano 20 copTiB
saporo staMeHro cenekilii ycranoB HAAH — Asryp, Arpapiit, Amin, bans3zam, Basunmii, Bicauk, ['epky-
nec, Jlesi3, Excriepr, Enbd, 3axuchuk, lnep, Kpeuer, Mupocnas, Ilogus, Citou, Tposia, Xopc, [lapm,
[enerp. Poku mociiipkeHb 3HAYHO PI3HUWIKCH 32 MMOTOHUMH YMOBAMH ITiJT 4aC BEreTallii Sporo suYMeHro,
110 JO3BOJIHJIO OI[IHWTH aIalITUBHICTH Ta CTA0UIBHICTh JOCHTIHKEHUX COPTIB B PI3HUX YMOBaX.

AMMI mozens TucnepciiHOro aHaji3y mokasaia, 10 ICHyBaJId JOCTOBIPHI BIJIMIHHOCTI JIJIS cepe-
JTOBHIIA, TEHOTHITY Ta IXHBOT B3aeMoii. OCOOMUBICTIO Ii€l MOJIENI AUCTIEPCIHHOTO aHAJI3Y € Te, IO B3a-
€MOJIisl TEHOTHII-CEPEIOBHIIIE PO3KIAAAETHCS HA MEPLIY Ta APYTY BiCh FOJOBHUX KOMIIOHEHTIB B3a€MOZI{
(IPCA1 ta IPCA2), 3 10MOMOTOI0 SIKHX MOKHAQ BH3HAYUTH CTAOUIbHICTH T€HOTHUINIB. Y HAIIOMY JOCITi-
JOKEHHI BpOXKalHICTB 3epHa SPOro SUMEHIO 3HAYHO 3aiexaia BiJ (akTopy CepeloBHILE, SIKUH CTAaHOBHB
94,1 % Bin 3araneHoi Bapianii (G + E + GE), Toi sik reHOTHI Ta B3aEMO/Iisl TCHOTUII-CEPEAOBHUIIEC CTAHO-
Buin 3,1 % Tta 2,6 % BignosigHo. Benukuii BiICOTOK BIUIMBY (haKTOPY CEPEIOBUINE CBITYUTH PO TE, 110
MOTOJTHI YMOBH POKiB JTOCIiPKEHb OYJIM Pi3HOMAaHITHUMH, IO CTIPUYMHWIIO 3HAYHY Bapiallito BpoxKaitHO-
CTi 32 pOKaMH.

3Ha4yHa MIHJIMBICTh 32 BPOXKAaWHICTIO criocTepiraiacs sK 3a poKaMH, TaK i MiX AOCIiIKEHUMHU COp-
TaM# KO)KHOTO POKY Ta B CEPEJHLOMY 3a TPU POKH. Tak, pi3HUIS cepeHbOT BPOIKAHOCTI COPTIB TYMEHIO
MiX HalOimbm HecripusaTUBUM 2024 p. 1 HalOLIbI cipusiTiauBuM 2025 p. cCTaHOBMIIA CITIBBIAHOIICHHS 1
10 4 (1,66 1/ra ta 6,60 T/ra BinnoBigHO). Pi3HMIM Mk copramu TakoX Oyjia 3HAUHOIO — TaK, iX cepeaHs
BpOXKaWHICTB 3a TPU pOKU Mama po3max Bif 2,80 1/ra o 4,29 1/ra, To6TO aktruano 1,50 T/ra.

MiHnuBiCTh BPOKaHOCTI B 3aJIE)KHOCTI BiJl yMOB POKY HaliHI 4010 Oyia y coptiB Xopc, Arpapiii,
[apm, Awmin, ane 1i > copTu Oynu 1 HaliMeHIn Bpoxkaitaumu (2,80-3,58 1/ra); HABHUIIOIO BPOXKAHHICTD
Oymna y copriB Enbd, TposH, CsiTou, 3axucHuk, [aep, [Togus (4,00—4,29 1/ra), ane Takox HaWOUIBIIONO
Oymna i pizHuLs MK HecnpusTauBuM 2024 p. Ta cpusimeuM 2025 p. Tomy i Ginbln 1eTaabHOTO aHa-
Ji3y JaHMX BPOXKAHHOCTI OYJI0 MPOBEACHO OIIIHKY CTa0lIbHOCTI TE€HOTHINIB 3a JoroMororo AMMI anami-
3y Ta Bizyalli3aliio BpoXaiHOCTi 1 cTabiIbHOCTI, a TaKOX iX moeaHaHHs 3a rpadikamu GGE biplot.
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Ha ocHoBi moka3nukiB Bici 1 Ta 2 romoBaux kommoHeHTIB B3aemoxii (IPCA1 ta IPCA2) koxHOTO
COPTY PO3paxoBaHO MoKa3HHK cTadinmpHOCTI ASV (AMMI Stability Value) Ta BianmoBigHO — paHXyBaHHS
COpTIB 32 MM TOKa3HUKOM. Tak, HalOUIbIIHA piBeHb cTablTbHOCTI MaB copt lloauBs, Ha apyromy mici
copt IHep, Ha TpeTbOMy cOpT 3aXHCHUK 1 T.[. 32 TaHWUM MMOKA3HUKOM HaHOIIbII CTAa0LTBHUMH 32 pOKaMHU
Oymu coptu [lonus, Inep, 3axucHuk, ABryp, banszam Ta AMin. 3a moeJHAHHSIM BHCOKOi BPOXKAMHOCTI Ta
crabimpHOCTI (iHIeKkc cenekuii reHoTury — GSI) Buninmimcs coptu 3axucHuk, [aep ta [lonus.

st BizyalbHOTO aHali3y AaHUX eKoJioriuHoro BunpoOyBanHs Oyno Bukopuctano GGE biplot ana-
JIi3, sIKa CKJIQJAEThCs 3 JBOX KoHueniit: biplot Ta GGE, mo BUKOPUCTOBYIOThCS IS Bi3yamizallil JaHUX
ekosorigHoro BunpoOyBaHHs. Lst MmeTomonoris BukopuctoBye rpadiku biplot s BimoOpakeHHs (hakTo-
PiB T€HOTHII Ta B3a€MOJIsI TEHOTUII-CEPEOBUIIIE, K1 € BaXKIMBUMH ISl OLIHKH T€HOTHUITY.

GGE biplot «BporkaiiHiCTh Ta CTaOUTHFHICTE» BUKOPUCTOBYETHCS IS Bi3yaIbHOTO PAH)KyBaHHS Te-
HOTHIIIB 32 iX CepeAHBOI0 BPOXKANHICTIO Ta CTaOLIBHICTIO B Pl cepenoBuil (pokiB). CepeiHs KOOpauHa-
Ta cepenopuia (Bich X) paH)Kye FeHOTHUIIH 3a X BpoxkakiHicTiO. Bick Y, a00 BiCh CTa0IIBHOCTI € MEPICH-
IuKyIspHOto 10 oci X. CepefHsi BpOXKaHICTh TEHOTHITIB OIIIHFOETHCS 32 TIPOEKITIEI0 CBOIX MapKepiB Ha
Bick X. Coptu Enbd, TposiH, [Hep Ta 3aXucHUK Maiu HAMBHILY CEpEeIHIO BPOXKaKHICTh, a copTH Lllapm Ta
Bpsunnit — Haitamkay. BposkaiiHicTs copTiB Xopce, Arpapiii Ta JleBi3 Oyna HaitOinbim BapiaOenpHOIO
(HaiimeHm ctabinbpHO0), Tofi sik copTH loanB, bamszam, Ened, [Hep Ta 3axnucHUK XapakTepu3yBaBCs BU-
cokoto crabinbhicTio. Takum unHOM, GGE biplot gomomir BUIUIATH COPTH SPOTO SUMEHIO, SIKi TOETHY-
BaJI BUCOKY BPOXKalWHICTh Ta CTPECOCTIHKICTB, IO € BAKIIUBUM JIJISl arpapHOTO BUPOOHUIITBA.

GGE biplot Takox Jae 3MOr'y paH)KyBaTH T'€HOTHIIN 32 «CEJICKIIHOIO MiHHICTIO». UM OibIe re-
HOTHUIT HAONMKEHHUH 10 «11€aTbHOT0Y», TUM IIHHIIINM BiH €, a/Ke MMOETHYE BUCOKY BPOXAWHICTh Ta CTa-
OiNBHICTE. Y HANIMX JOCIHIHKEHHAX HAHOUTBIN HAONMKEHUMH 10 «iI€aThbHOT0» T€HOTHITY OyIH COPTH
Enb¢, TposH, 3axucHuk Ta [Hep, mo poOHUTh iX MIHHUMHU I BUPOOHHUKIB 3epHa Ta SK BUX1THUHA MaTepi-
aJl AJIsl CeJeKUii TYMEHIO.

Takum unHOM, 3 BUKOpucTanHsaM Mmozeii AMMI ta GGE biplot mist ananizy Bpoxaiiocti 20 cop-
TiB staMeHto siporo 3a 20232025 pp., Oyno BuiieHo Haiibinbn BpoxkaiiHi (Eneg, Tposh, [Hep, 3axucHuk
—4,29-4,06 1/ra) Ta HaiOinem crabinbHi ([logus, banszam, Enbd, [nep, 3axucHuk) copTh, a Takox cop-
TH, SIKI MOENHYBaIM 00uBa Moka3HUKH — Enbd, [Hep Ta 3axucHuk, mo Oyyio miaTBepmaKeHo rpadikoM
GGE biplot «ineansHuit reHoTHm». OOMABI MOAETI OIIHKK alalTUBHUX OCOOJIMBOCTEH T€HOTHUIIIB ITOKa-
3aJIU JIy’K€ BUCOKY KOPEJIAIiI0, aJie IIPH OIiHIN ¢Ta0lIbHOCTI OyJiu okpemi BiaMmiHHOCTI. Li 1Ba BUaM aHa-
JIi3y MOKHA BUKOPHCTOBYBATHU SIK B3a€MOJIOTIOBHIOIOYI.

Bugineni coptu siporo sumenro (3a piBHeM BposkaitHocTi Enbd, TposH, [Hep, 3axucHuk; 3a crabi-
neHicTiO — [logus, Banksam, Enbg, [Hep, 3axucHUK) € IIIHHUM BHXIJHUM MaTepiaioM JJIsl CeNEKIiHHIX
nporpam 3 sipoMro stuMeHto. CopTy, sIKi Pi3HATHCS 3@ PEaKLi€r0 Ha KOHTPACTHI YMOBH POKIB JIOCHI/KEHB,
y BUPOOHUYHMX YMOBAaX JIOMIOBHIOBATUMYTh OJIH OJTHOTO NIpU (hOPMYBaHHI COPTOBOTO CKJIaAy. [ eHOTHIH,
1o € Onu3bKkuMU 0 «igeansHoro» (Enbd, TposiH, 3axucHuk, [Hep), MOEAHYIOTh BUCOKY BPOXKaHHICTS i3
CTPECOCTIMKICTIO Ta MOXKYTh OYTH PEKOMEHJIOBAHUMH ISl CTaOLIBHOTO OTPUMAHHS BPOXKAIO SIPOT0 sSUMe-
HIO.
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[UTOTEHETUYHI OCOBJIMBOCTI CTIMKUX IO ABIOTHYHUX CTPECIB
POCJIMH DESCHAMPSIA ANTARCTICA TA SECALE CEREALE

M. O. TBapaoBcbka, O. I'. AnximoBa, B. A. Kynax

Incmumym monexkynapuoi 6ionoeii i cenemuxu HAH Ykpainu, Kuis, Ykpaina,
e-mail: maryana.tvardovska@gmail.com

3pocTaHHs 4acTOTH Ta iHTEHCHUBHOCTI a0iOTHYHHUX CTPECiB, 3yMOBIEHUX TI00ATBHUMH KiliMa-
TUYHUMH 3MiHAMH, 30KpeMa MOCYX0I0, 3aCOJIEHHSM, Pi3KUMH 3MiHAMH TeMIlepaTypH, poOUTh JOCi-
JOUKEHHS MEXaHI3MiB ajanTarlii poCiIuH 0 HECHPHUATIUBHX YMOB CEPEIOBHINA OJHUM i3 MPIOPUTET-
HUX HampsAMiB cydacHoi OioJiorii pociMH Ta arpapHoOi HayKW. 3HaUHYy yBary OPHIISAIOTH 31aKOBUM
KyJbTYpaM, SKi CKJIaJaloTh OCHOBY MPOAOBOIBYOI OE3MEKH Ta BOAHOYAC 3a3HAIOTH 3HAYHUX BTPaT
YPOKaK BHACHIOK Jii CTPECOBUX YMHHUKIB. Secale cereale € peepeHTHOI MOJCILUIIO cepel KyJb-
TYpPHUX 3JIaKiB, TOAl sik Deschampsia antarctica Cayrye MOJE/UTIO BUBUYEHHS aJamTallii pOCIHH 0
eKCTpeMalbHUX YMOB cepenoBuiia. lle poOuTs 00uaABa BUAN NEPCIEKTUBHUMHU 00'€KTaMH JJIsI TIOPiB-
HSJILHOTO aHaJli3y TEHOMHUX 3MiH, NOB'SI3aHUX 13 (OpPMYBaHHAM MEXaHi3MiB CTPECOCTIHKOCTI.

Meroro Hamoi poOOTH OylIO TPOBENCHHS LHUTOTCHETUYHOTO aHalli3y pI3HUX TEHOTHITIB
D. antarctica ta peskux coptTiB S. cereale. lluToreHeTUYHUIN aHAIi3 KOJICKIII POCIUH in Vitro
D. antarctica Binainy reHeTUKW KIITHHHUAX TNOMYJSANiN [HCTUTYTY MonekysipHOi 6i0JIOTi] i TeHEeTHKU
HAH Vxkpainu, mokaszaB, mo Oinmpmiicte reHOTHNiB Oynu ammioigaumu (2n=26) (Kunakh et al.,
2021). ITopsim 3 uM, BUSBIEHO TPH HOBI XPOMOCOMHI (pOpMHU: TinmoTpurioin 3 PoOepTcoHiBChKOO
TpaHchokanier Y66 (2n=36-39), mikcormnoix Y67 (3 uncnamu xpomocom Bix 13 mo 38 i MogansHUM
kiracoM 2n=26) ta gumioinu 3 B xpomocomamu DAR12 (2n=26+0-3B) ta BE1 (2n=26+1-4B). FISH
aHaJjii3 1mokasas, 10 JUIUIOIIHI reHOTUIHU MicTATh 10 caiitiB 5S Ta 4 caiitu 45S p/IHK, Toxi sk y ri-
noTpuIuioifa Buseineno 14 ta 6 curnanis 5S ta 45S p/lHK, Bignosigao (Amosova et al., 2015). Ilpu
MPOBEJCHHI MUTOMEHETUYHOTO aHai3y aumuioina 3 B xpomocomamu DARI12 3Haiineno nBa tunu B
xpomocoM, ski Manu pizHi DAPI/C-6enan, a caiitu 5S p/IHK BusiBneHo y cyOTenomepHiil AinsHIi
omniei B xpomocomu. Y pocnuHax reHotuny BE1, mopsiy i3 3HaAEHUME TOAATKOBUMH XPOMOCOMa-
MU, BIIEpIIIC BUSBJICHO SIBHIIE MICEBJOBIBIMapii, sKe BBAXKAIOTh aJalTHBHOIO PEAKIIi€l0, a TAKOX Iepe-
Baror CTPECOCTIMKUX POCIHH 32 HECHPHUATIMBUX YMOB iCHyBaHHA. Bigomo, 110 HasBHICTH JOJATKO-
BHUX XPOMOCOM Y KapioTHIIi MiJBUIIY€ CTIHKICTh POCIWH 10 YMOB a0iOTHUHOTO cTpecy. Sk mpaBuiio,
BOHHU HEUTpabHI 32 CBOIMU (PEHOTHUIIOBUMH MPOSBAMHU, IPOTE IX MiJBHIIEHA KiJIbKICTh MOXE BILIHU-
BAaTH Ha MIUPOKUH CIEKTp PEeHOTUIIOBUX 03HaK Ta heprunbHicTh Buy (Kynax, 2010; Houben, 2017).
BusiBnieHni B-xpoMocomu i siBuIlle TCeBIOBIBINApii y NesKUX reHoTurax D. antarctica € CBIJIYSHHIM
PI3HOMaHITHUX MEXaHi3MiB, SKi MOXKYTh CHPUSATH IMiATPUMAHHIO XUTTE3MATHOCTI POCINH B €KCTpe-
MaJTbHUX yMOBaX AHTapKTHKH.

[Ipu npoBeeHHI MOJIEKYIISIPHO-TEHETHIHOTO aHaii3zy S. cereale (2n=2x=14) sik MapKkepu BUKO-
pucroByBanu cyotesnoMepHi mociigoBHocTi pSc200 Ta pSc250, ki € HEKOAYIOUYHMH Ta KUTOCIEIIH-
¢GiYHMMH TIOBTOpPAMHM 1 CKJIagaloTh OJIM3bKO 5 % reHomy BuAy. Y OuIbmiocTi copTiB moBTop pSc200
pO3TalIoOBaHMH Ha KIHISIX 000X miiedell ycix XxpoMocoM. Y pociuH copty KuTTenaline mokasaHo Bijl-
cyTHicTh pSc200 Ha noBromy rwiedi xpomocomu SR. ¥V copty Imperial curnan pSc200 3Haiizeno Ha
BCIX IJIeYax CEMH Map XPOMOCOM, OKpiM JIOBroro mie4a xpomocomu 4R. CatenitHuii moBTop pSc250
HasBHUN Ha Xxpomocomax 1R ta 3R B ycix nocnimxenux coprtis. Mix Selgo, Imperial ta Petkus noxa-
3aHO BIJMIHHOCTI y PO3MOAUII curHany mnociigoBHocTi pSc250. ¥ copry Petkus mocnigoBHOCTI
pSc200 MicTATBCS Ha KIHISX yCiX XpoMocoM, a pSc250 — Ha KiHISIX KOPOTKHUX IUIeYeH yCix XpoMo-
coM, a Ha goBrux — jumre Ha 1R Ta 3R (Alkhimova et al., 2004).
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VY nocmimxenux coprax S. cereale 45S p/IHK mokanizoBaHa Ha KOPOTKOMY IUI€Yi XPOMOCOMH
IR, toxi sx 5S p/IHK — Ha xopoTkux miedax Tprox xpomocoM (1R, 3R, 5R). IlpoBeaenuii Hamu
FISH anamni3 pi3HEX cOpTiB S. cereale BUSBUB Mi>KCOPTOBUH ToNiMOp(hi3M y po3moAini cyoremomep-
HuX TOBTOPIB pSc200 i pSc250, Toxi sk mokamizaris 5S Ta 45S p/IHK 3anumanacs mepeBaxHO KOH-
CepBaTUBHOW. BcTaHOBIEHI BIAMIHHOCTI y JOKali3alii MOBTOPIOBAHUX MOCIiJOBHOCTEH Ta Bapiamii
komitHOCTi p/IHK cBig4ath mpo cTpyKTypHY MIHIHBICTh TeHOMY XuTa. OCKiNbKH CyOTeIoMepHi fi-
JISTHKH XpPOMOCOM XapaKTepU3YIOThCsI BUCOKOIO IMHAMIYHICTIO Ta 3alydeHi J0 MpOIeciB nepedyaoBu
reHOMY, BUABIICHUH MOJIMOP(i3M, KMOBIpHO, MOB'A3aHUI 13 MeXaHi3MaMH T'€HOMHOI MJIACTUYHOCTI,
AKi 320€3MeUyI0Th aIalTaIliio POCIHUH 10 Aii a0iOTUIHUX CTPECOBUX YNHHHUKIB.

OTpumMaHi pe3yabTaTH LUTOTEHETUYHOTO aHanizy D. antarctica Ta S. cereale po3MIUPIOIOTH Y-
BIICHHSI TIPO OPTaHi3allif0 TeHOMY IIUX BUIIB Ta CTBOPIOIOTH MIATPYHTS IS TOJMANBITUX IOCTIIKEHBb
B32€MO3B'3KY MK CTPYKTYPHHUMH OCOOJIMBOCTSIMH XpPOMOCOM, aJaliTUBHUM MOTEHIIIANIOM i CTpeco-
CTiHKicTIO. BuKopHcTaHHS CydyacHMX METOMIB MOJEKYJSIpHOI HUTOreHeTHKH, 30kpema FISH, moxe
3a0€3Me4YUTH MOKJIMBICTh AETAJBLHOTO KapTyBaHHS OKPEMHX AUISHOK I'€HOMY, y HAIIOMY BHIAIKY
TEJIOMEpPHUX Ta CyOTeIOMEpPHHUX MOCIiJOBHOCTEH, Ta T03BOJUTH BCTAHOBUTHU iX pOJIb y (OpMyBaHHI
aJanTUBHUX O3HaK. Takok OTpMMaHi pe3yiIbTaTH MOXKYTh OYTH BUKOPUCTAHI IJIS OLIHKYA T€HETHIHO-
ro pi3HOMAHITTS, 1IeHTH}IKAII] TeHOTUTIIB 13 MiJBUIICHAM aJallTHBHAM ITOTEHI1aJIOM Ta BJOCKOHA-
JICHHS CEJIeKUIMHUX MPOorpaM, CIPSIMOBAHUX Ha CTBOPEHHS COPTIB JKUTA, CTIHKUX 10 HECHIPHSITIUBUX
YMOB JTOBKIJIIA.
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BILIUB NOCYXU HA MITMEHTHUM ATIAPAT ITPEJICTABHUKIB
POJAUHU AIZOACEAE (TETRAGONIA TETRAGONIOIDES
I DOROTHEANTHUS APETALUS)

H. M. Tomuiii, B. B. Jaguka, O. B. Iloaimyk, FO. M. AkimoB, O. K. 3o10TapboBa

Inemumym 6omanixu im. M.I". Xonoonoeo HAH Ykpainu, Kuis, Yxpaina,
e-mail: ntopchiy@ukr.net

Pocnunm ponnan Ai3oBi (Aizoaceae, Caryophyllales), siki mpupomHo amanToBaHi 10 TOCYXH, CIIEKH
Ta OITHMX, KaM SHUCTUX abo MIMaHWX TPYHTIB, IPHUBAOIIOIOTH JOCHTITHUKIB HA3BUYAIHOIO 31aTHICTIO
BUKUBATH B EKCTPEMATLHUX YMOBAX. IX BMBYAIOTH 3 METOI PO3POOKHM METOJIB ajanTallii CilbChbKOroc-
MOAPCHKUX KYIBTYp 10 TII00aJhbHOTO TOTEIUTIHHS Ta TMONIYKY HOBHX Ol0TEXHONOTiUHUX pimeHsb. [Ipen-
CTaBHUKU POAMHU Aizoaceae MOIIUPEHI MEPEBaXKHO y TPOMIUYHUX Ta CyOTPOMIYHHMX perioHax city, Oi-
JBIICTh BU/IB € TUCTKOBUMH MOCYXOCTIMKUME CyKyJIeHTaMH abo HamiBcykyieHTamMu. OO0’ eKTaMu JT0CITi-
JOKeHHA B LiH poboTi Oy Tetragonia tetragonioides (Pall.) Kuntze Ta Dorotheanthus apetalus (Bimomuit
sk Cleretum apetalum).

T. tetragonioides — conecrilika OJJHOpiYHA BUTKA JliaHa 3 HEBEIMKUMH TPUKYTHUMU JrcTKamu. [1o-
xoauTh 13 HoBoi 3enanmii, Mae BeJIMKHUI TOTEHITAN IS KCTPAKILil COJI i3 3aCOJICHUX IPYHTIB. 3aBASKH
BHCOKIH COJNECTIHKOCTI 1151 pOCITMHA € KJIIFOUYOBUM 00’ €KTOM JOCII/DKEHD y Tally3l CTAlIoro 3eMiIepoOCcTBa
Ha 3aCOJICHUX IPYHTAX Ta FiAPOIIOHHOTO BUPOILYBaHHSI.

D. apetalus — HEeBeMUKWUI CYKYJICHTHUH OJHOPIYHHUM BUA, KUK moxoauTh i3 [liBneHHoi Adpuku.
HanexwnTs 10 Tak 3BaHWX “KprmxkaHux pociuH’ (ice plants), moBepXHS AKX BKpUTa IPIOHUMH OIUCKY-
YUMH KIIITHHAMH, 10 HAraayloTh Kparui J604y. PocnrHa aganToBaHa /1o MpsIMOTO iHTEHCHBHOT'O COHSY-
HOT'O CBITJIA 1 MOXE BUTPUMYBATH TPUBAI MEPIOIU MOCYXH.

®otocunrernunuid anapat (PCA) i nirmeHTHU# KoMIuteke D. apetalus nociimxeHi auue ¢gparme-
HtapHo. ®CA T. tetragonioides BUBYaBCS TIEpEBaKHO Y KOHTEKCTI peakilii Ha coiboBuii cTpec. [lokaza-
HO, TII0 TIPY JIETKOMY Ta ITOMipHOMY 3aCOJIEHHI 30epiraeThCsi BACOKUH piBeHb ()OTOCHHTE3Y 3 €(eKTUBHUM
3aXMCTOM XJIOPOIUIACTIB BiJl POTOIHTIOyBaHHA. 3a YMOB IOMIPHOT COJIOHOCTI CHHTE3 Xjopodiny (Xr) ta
KapoTHHOINIB (Kap) MoOXe J0AaTKOBO CTHMYJIOBATHCS, IO JIO3BOJISIE POCIMHI aKTUBHO BETreTYBaTH B
YMOBaXx, TOKCHYHUX I OUTBIIOCTI 3BUYaiHUX KyIbTyp (Atzori, 2020). Meroro po6oTu Oyii0 BUBUEHHS
3MiH y mirMmeHTHOMY ckiani T. tetragonioides Ta D. apetalus 3a yMOB mOCyXH.

Pocnuay BupoIyBany y ropiidkax y IpyHTi NPOTSIroM 8 THXKHIB 32 YMOB HOPMaJIBHOTO MOJIMBY,
temneparypu 16-20°C, Bosxorocti 40—60 %, ¢ortonepiony (cBitino/rempsisa) 14/10 rox, micist 4oro mo-
nuB npunuHsi. Brpara typropy y T. tetragonioides criocrepiranacst Ha 5-uii aeHs, y D. apetalus — Ha 9-
ui neHpb nocyxu. [licns BTpaTu Typropy JMCTKH BiIOMpaNH I aHAITI3Y.

Binnocuwmii BmicT Bogau (RWC) y nuctkax BusHauanu 3a popmyior: RWC = (FW — DW)/(TW —
DW)] x 100, ne FW i DW — cupa Ta cyxa Macu JMCTKIB BianosigHo, TW (TypropHa maca) — MaKCUMaJlb-
Ha Maca JIMCTKIB Miciisl TOBHOT'O HACHYEHHS BOJOIO BIPOAOBXK 4 roguH. @OTOCHHTETHYHI MIr'MEHTH €KCT-
paryBanu gumetuicyiabpokcuaom (IMCO), nonaroun 7 mut IMCO no 20 mMr apiOHO Hapi3aHUX JIUCTKIB.
Excrpakiiro mpoBoaunu 3a temmeparypu 35°C npotsrom 17 Toj A0 MOBHOTO 3HEOAPBICHHS JIUCTKIB, SIK
ormcano y Tait (2003). Konnenrpatito xmopodiniB a, b Ta Kap BU3HA4YamM CrieKTpopOTOMETPUYHO 32
Wellburn (1994). BmicT mirMeHTiB po3paxoByBajy B MT Ha | T cyxoi pedyoBuHH. J{J1s1 CKaHyBaIBbHOT eJleK-
TPOHHOT MIKPOCKOII BUCIYKH JIUCTKIB AiaMeTpoM 2 MM (hikcyBasu npoTsarom 4 roa y 2,5 % po3uuHi riry-
TapoBOTo anbaeriay Ha pocharnomy oydepi (pH 7,2) i3 3acTocyBaHHIM BaKyyMHOI iH(IIbTpALl, BIAMH-
BaJIM AUCTHIILOBAHOIO BOJIOIO Ta JIiodiTizyBaiy mpoTsroM 4 ro. 3pa3ku Micisi HAUJISHHS apoM 30J10Ta
JIOCITIKYBAJIM 3a JIONIOMOT 010 Mikpockona JSM-6060 LA.

[Ipu BizyansHOMY criocTepexeHHi pocnuHu D. apetalus BUSBHIVCS OUTBII CTIHKUMU JIO TIOCYXH 1
3HAa4YHO JOBILE 30epiranu Typrop, Hix T. tetragonioides. RWC, mo xapakTtepusye BOAHHUI cTaTyc poc-
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TUHHUX TKaHWH, ckinaxas st 1. tetragonioides 91,09 + 1,34 B xoHTpomi 1 52,62 + 1,21 micns mocyxwu.
Hns D. apetalus RWC B xonTpoi ~87,94 + 1,99 i micns mocyxu ~72,53 £ 4,61. ToOTo, HE3BaXKar0uu Ha
JOBIINH cTpec, D. apetalus 3Ha4HO Kpallle yTpUMYBaB BOJIOTY, Hidc 1. tetragonioides. Pe3ynpTatn aHami-

3y MITMEHTHOTO CKIIa/1y JINCTKIB HABEACHO Y TaOJIHIIi.

Bwict (Mr/r cyxoi MacH) Ta CIiBBiIHOIMIEHHS (JOTOCUHTETHYHHUX MITMEHTIB y JTUCTKAaX

T. tetragonioides ta D. apetalus

Xna Xnb Xna+Xnb Kap Kap/Xn Xn a/b
D. apetalus, KOHTPOIH 8,24 +£1,28 1,51 £0,53 9,37 £ 1,81 2,08 +0,22 0,22 +£0,02 5,84 +£1,49
D. apetalus, nocyxa 15,11 +0,82 5,17 +0,31 20,28 + 1,11 3,17+0,31 0,15+0,01 2,92 +0,07
T. tetragonioides, KOHTPOIJb 16,01 £3,9 4,86 +0,99 20,87 £4,89 3,01 £0,59 0,14 +£0,01 3,27+0,14
T. tetragonioides, mocyxa 13,71 £ 1,69 4,12+£0,41 17,84 £2,11 2,85+0,25 0,16 +0,03 3,32 +0,09

Bunno, mo nirmenTHuit cknan 7. tetragonioides nemio 3MiHIOBaBCS MiCis S-AeHHOI mocyxu. Bmict
Xn a, Xn b i Kap 3HmKyBaBCs HE3HAYHO, B MEKaX CTATUCTUYHOI MOXUOKH, CriBBiAHOIICHHS Kap/Xn ta Xn
a/b NpakTU4YHO HE 3MiHIOBasocs. [lirMmenTHuiA ckian D. apetalus micis 9-1€HHOT MOCYXH, HaBIAKH, 3Mi-
HIOBaBCS JIpaMaTu4HO. BMmicT X7 a, Xn b ta Kap y D. apetalus cyTTeBO 3pocTaB, TOI K CITiBBiTHOIIEHHS
Kap/Xn ta Xn a/b noctoBipHO 3HWKYyBanucsa. Taki pe3ynbTaTH MPUHLIMIIOBO BiIPI3HSIIOTHCS Bill O0aratbox
CIIOCTEPEIKEHb 111010 BIUTMBY MOCyXH Ha mirMeHTHuil cknan C3-, C4 i CAM pociuH, 3TifHO 3 SKUMH PU
MOMIpPHOMY Ta CHJIFHOMY BOJHOMY CTpeCi MIPUCKOPIOETHCS JAeTpajallis XJIopodiry Ta TaJbMy€eThCs HOTO
CUHTE3, 10 IPU3BOIUTH IO 3HUKCHHS BMIicTy X a, X b Ta 3aramenoro Xi (Tuba, 1984; Monteoliva et
al., 2021; Wang et al., 2025). CuiBBigHOIeHHs X7 a/b TIpu IbOMY 3HHXKYETHCA. BMiCT 3aXHUCHUX IITMEH-
TiB (TaK¥X SIK KAPOTUHOINN) MIPH CTpeci 4acTo 30UThIIyeThes. Lle mie sk 3aXUCHUI MeXaHi3M, 10 J03BO-
JIsi€ 3HEITKOJLKYBATH akTHBHI GopMu KucHIO. CyTTEBI po301KHOCTI MiXK JITEPaTypHUMH JAaHHMH i peak-
uiero D. apetalus Ha OCYyXy MOXYTb OYTH MOSICHEHI aHATOMIYHUMH OCOOIHMBOCTSAMH LIMX BUAIB. 3a pe-
3yJIbTaTaMU CKaHYBaJbHOI MIKPOCKOIIIi emijiepMic ai30BHX PSCHO BKPUTHH iio0nacTaMu (MiXypLEeBUMH
KJIITUHAMHK). 3TiHO 3 JIITepaTypHUMH JaHUMHU BOHH JIFOTh SIK JIIH3U, 3aJIOMJIIOIOYH CBITJIO Ta HiATPUMY-
10un cTaliinbHE (PYHKIIOHYBaHHS XJIOPOQLITy BCEPEINHI JIMCTKA HABITh 32 €KCTPEMAIbHUX TEMIEpPaTyp.
Panimie nmoaiOHa 10 D. apetalus peaxiiis Ha ocyxy Oyiia BUsIBJICHA y 1HILIOTO MpeACTaBHUKA Aizoaceae —
Mesembryanthemum crystallinum (He et al., 2020). Takum ynHOM, HasIBHI JJaHi TO3BOJISIOTH MTPHITYCKATH,
IO 11100IacTH eniiepMicy “KpHKaHUX POCIUH~ BUKOHYIOTH (DYHKIIIIO CHEiali30BaHUX ONTUYHUX eJie-
MEHTIB, 110 3aXUIIAIOTH 3€JeH] TKAHUHH, K1 JIOKATi30BaH1 111 HUMH.
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I30®EPMEHTHMIT AHAJIT3 ECTEPA3 ITPH AJIATITALIi IPOPOCTKIB TOPOXY
JIO BOJTHOT' O IE®IUATY

H. M. Tonuiii, O. b. Onoiiko, O. K. 3o10TaproBa

Incmumym 6omanixu im. M.I'. Xonoonoeo HAH Ykpainu, Kuis, Ykpaina,
e-mail: elena_onoiko@ukr.net

Ectepasu B pocnuHax BifirpaioTh KIIOYOBY POJIb Yy MeTabomi3Mi CKIagHuX e(ipiB, BKIIOUAIOYN
JKUPH, BOCKH, KyTHH 1 TIEKTHH, 1 0EpyTh y4acTh Y pOCTi, pO3BUTKY Ta 3aXHCTi BiJl cTpeciB. Born (Hampu-
KJIaJ1, IEKTUHECTepa3n) HeoOXiaHi 11t popMyBaHHS Ta Jerpajallii KIITHHHUX CTIHOK, MOOLTi3allii 3amac-
HUX JIMIAIB Y HACIHHI, CHHTE3y BTOPHHHUX METa0OJITIB, a TAKOXK Y PEAKIisIX HA CTPEC Ta B3aEMOJII 3 Ta-
torenamu. PociunHi ectepasn, 3okpema GDSL-ecrepasu/minaszu (GELP), € kimtodoBrmMu Oinkamu, sIKi ak-
TUBYIOTHCS Y BIJINOBiJL Ha a0ioTHUHMIA cTpec. BoHM mepenporpaMyloTh CTPYKTYpY KIITHHHUX CTiHOK,
MPUYETHI 0 PETyIsIii TPaHCIIOPTYBAHHS BOM, Iepenadi TOPMOHAIBHUX CHTHAJIB, 3a0€3MeTyloud BU-
JKUBaHHS Ta afanTaiito pocauH. Ectepasu ta ninasu (ocobmuso cimericteo GDSL) min yac mocyxu Bifir-
paroTh KIFOYOBY pOJb B mepedynoBi kimiTuHHHX MeMmOpan (Dong et al., 2026), po3memmooTs edipHi
3B’SI3KM MEMOpaHHUX JII/iB POCIHH BiI0YBAa€ThCS, IO CYNPOBOIKYETHCA PYHHYBAHHSAM MOJSPHUX JTi-
MiiB Ta HAKOIMMYEHHSIM BUIHUX dKHUPHUX KHCJIOT.

I'opox — BaxknuBa 6000Ba KyIbTypa MPOXOJIOIHOIO CE30HY, SIKa BUKOPHCTOBYETHCS SIK XapyoBa Ta
KOpPMOBa KyJIbTypa 3aBISKH BUCOKOMY BMicTy Oinka. [loTeHmiiiHa BpOXaifHICTh POCIUH TOPOXY 4YacTo
00MeXyeThCs Uuepe3 pi3Hi adiOTHYHI CTPECH, TaKi SK CIeKa, I0cyXa, 3aCOoeHiCcTh Ta Mopo3. Lli cTpecu xa-
PaKTEpHU3YIOTHCSA CKIAIHUM KiJBKICHUM YCIAJKYBaHHSM, IO POOUTH TPAAMINIHHY CENEKIliI0 MOBLIEHOIO
Ta TPYJOMICTKOIO Yepe3 TPUBAJII [IMKIIM MMOKOJiHb. L{e miakpecaroe HeoOXiqHICTh 3aCTOCYBAHHS MiIXOIIB
JIO TIPUCKOPEHO] CeleKIii Ta po3po0KH (PyHKIIOHATFHIX MapKEPiB, SKi JTO3BOJIAIOTH 3a0IaJAUTH Yac TpU
pO3po0IIl HOBUX (PEHOTHIIIB TOPOXY, CTIMKKX J0 abiotuuHoro ctpecy (Verma et al., 2026). [ToTyxaum
010XIMIYHHM Ta T€HETUYHUM MapKepoM cTpecy € i3odepMeHTHHH npodinb aeskux GpepmeHTiB. OCKiIbKH
BHCOKOTIONIMOP(HI ecTepa3n KUTTEBO BAXKIMBI IS IETOKCHKAIl Ta MeTaboIi3My, KUIBKICHI 1 AKiCHI
3MiHU iX 130)€pMEHTHOTO CIEKTPY MOXKYTh CIYT'YBaTH IIBUAKHMH iHAMKAaTOpaMu crpecy. MeToro pobo-
TH OyJIO BUBYEHHS KOPEJNAIii MiX piBHEM (Pi3i0IOTIYHOTO CTPECY, BUKIMKAHOTO BOJHUM Je(illUTOM, Ta
PIBHEM 1 PO3MOJIJIOM ecTepa3Hol akKTUBHOCTI O1IKOBOI (pakiiii, 130Jb0BaHOI 3 JIMCTKIB POPOCTKIB rOpO-
Xy

O06’exTOM mOCHiIKEHHSI OYy/IM POCIMHHU TOPOXY NMOCIBHOTO Pisum sativum, siIKi BUPOILYBaJIH MPOTS-
rom 10 1i6 ipu doronepioni 12 roaun Ta ryctuni notoky ¢poronis AP 200 MkMObM ¢! Ha KUBUIIb-
HoMy cepenoBuili Knona. Ha 11 1o0y y yacTuHM MpOpPOCTKIB iMiTyBajM BOJHHUM CTPEC LUIAXOM JA01a-
BaHH 110 cepenosuna 10 % ITEI" 6000. Ha 14—15 no0y BupoLIyBaHHs 1OCTiAHI POCIMHM BTpadaiu Typ-
rop. ITiciis bOro JUCTKH KOHTPOJIBHUX 1 TOCIIAHUX POCIIMH BiAOMpay Ui aHaii3y. Bu3sHauanu BiHOC-
Huit BMicT Boau (RWC), BMicT Ta CITiBBiTHOIIEHHS (POTOCHHTETUYHUX MIrMeHTIiB 32 Wellburn (1994) BMicT
po3unHHUX OiKiB 3a Bradford (1976), ecrepasHy akTHBHICTH 0iTKOBOT (hpaKIiii JUCTKIB, a TAKOX i1 po3-
MOJIUT B TeJIAX MICHA eIEKTPOPOPETUIHOTO PO3AITICHHS.

Jist owiHKK (QyHKIIOHATIBHOTO CTaHy (POTOCHHTETHYHOTO arnapary BU3HaYald MakCHUMalbHUH KBa-
HTOBU Buxin ¢orocuctemu Il (Fv/Fm), noyarkoBy duryopecneniito Fo nucTkiB 1 piBeHb HeOTOXIMIU-
Horo TymeHHs (NPQ) nuctkis.

Po3unnHi Oinky JUCTKIB 130im0Basi 32 Makino et al. (1992). HatuHuit enexrpodopes OLIKIB Mpo-
Bonwin B [TAAT 3a meronom (Ornstein, Davis, 1964). AKTUBHICTb ecTepa3d y pO3UMHI BU3HAYAIN LIS
XOM BiICTE)XEHHSI 3MiHM ONTUYHOI rycTuHu | MM n-HiTpodenon auerary (4-NPA) npu 1oBxuHi XBUII
348 HM TpoTATOM 3 XBHJIMH ITpH Temrieparypi 25°C mijg yac HOro nepeTBOPeHHs Ha 10H n-HiTpodeHiary
3rigHo 3 Verpoorte Ta iH. (1967). Bisyamizaliito ectepa3Hoi akTUBHOCI B TeJISIX BU3HAYAIN 32 METOIOM
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Kumar et al. (2022) ITicis enexrpodopesy remni inkyOyBamu npotsarom Hodi B Oydepi Tpic-HCI (pH 7,4),
o mictuB cyocrpar B-nadrunanerar (75 MM y eranoni) Ta a300apBHUK Fast-Blue-BB. Businsaenuit
B-madTon BcTymaB y peakuito 3 FB-BB, Hagaroun ¢ioneroBoro 3abapBieHHS JUITHKAM 3 €CTEPa3HOI0 aK-
TUBHICTIO.

VY Mipy po3BUTKY MOCYXH B IPOPOCTKAX TOPOXY 3HM)KYBaBCsI 3arajlbHUH BMICT HIrMEHTIB y JIHCT-
kax. Crnoyatky piBeHb XJI0po(diny a 1 b Moke 4acTKOBO 30epiraTucst abo HaBiTh TPOXH 3POCTATH YEpe3
3HEBOJHEHHS (3MeHIIEeHHS 00'eMy kiiTiH). CHiBBigHOmEHHS X1 a/b y TOCTiTHOMY BapiaHTi 3HIKYBaJIO-
cs 10 2,55 mopiBHSHO 3 KOHTpoieM (2,94), mo CBiAYMTH Mpo 301MbIICHHS BiIHOCHOTO BMICTY XI b 3a
yMmoB cTpecy. Lle BinOyBaeTbes ToMy, mo X1 @ (IrMeHT OCHOBHOTO PEaKIiiHOTO HEHTPY) € OLIbII JyT-
JIMBUM JI0 OKHCHIOBAJBHOTO MOLIKOPKEHHS, CIIPHYUHEHOTO TIOCYXO010, HiX XJopodin b. 3 iHmoro 60Ky,
aKTHUBHICTH (pepMEHTIB, 5Ki OepyTh y4dacTb y neperBoptoBanHi Chl b Hazag va Chl a, 3a qannMu neskwx
JOCHIDKEeHB, 32 YMOB IMOCYXH 3MEHIIYETHCS, BHACTIIOK 4Oro 3pocTae BigHocHa yactka Chl b. Bmicrt 3a-
XMCHUX MITMEHTIB (TaKUX K KapOTWHOIAM) MPU PO3BUTKY MOCYXU 3aKOHOMIpHO 3pocTaB. [lapamerpu iH-
IyKmii duryopecterii xiopodiny, CBIAYMIH PO 3pocTatode MopyIIeHHs (PYHKIIOHATEHOTO CTaHy (oTo-
CHUHTETHYHOTO amapary. MakcumanbHuii kBantoBuil Buxia ¢orocucremu Il (Fv/Fm), sx 6a3oBuii mapa-
METp CTpecy, 3aJUIIABCs CTAOUTFHUM Tij] 9ac cabKoro CTpecy, 3aXUIAI0Y PEeaKiiiHI EHTPH POCITUHI
BiJl HETaifHOTO HEOOOPOTHOTO TOIIKO/HKEHHS, a TPU 3pOCTaHHI BOAHOTO Ae(PilHUTy 3HMKYBaBCA, IO BKa-
3ye Ha QOTOIHTIOYBaHHS 1 TOMIKOIKEHHS peakmiiHuX neHTpiB. KBaHToBMiA BuXia GoToxiMii GoTocucre-
MU I (@oc 11) TOMITHO 3HIKYETHCS B yMOBax Je(illUTy BOIM, IO CBIIYUTH PO 3MEHIICHHS MIBUIKOCTI
CBITJIO3JIC)KHOTO TPAHCIIOPTY €JIEKTPOHIB. PeanbHuii KBaHTOBUI BUXiJ TpaHCHoOpTy enekTpoHiB (Yr),
CyTT€BO 3HIKYBaBCs, a HehoToximiuHe TaciHHsa (ayopecuenmii (NPQ) 3pocrano depes3 po3cisHHS Hal-
JUIIIKOBOT CBITJIOBY €HEPTil0 y BUIJISI TEIUIA, MI00 3aXUCTUTH (DOTOCHHTETUYHHI anapar. 3a yMOB MTOCH-
JICHHSI BOJHEBOTO JIeQiIIUTy ecTepa3Ha akTHBHICTh CyMapHOi pakiii TMcTKiB 3pocrana. [Ipu Bizyamizamii
ectepasHoi aktuBHOCTI B [IAAI" Oyio BUSBIEHO JEKiIbKa CMYT, SIKi BiIITOBiAaIM BUCOKO- 1 HU3PKOMOJIE-
KyJISIpHAM 130hopMam o- i B-ectepas. KinbKicTh 1 IHTEHCUBHICTh BUSIBICHHX CMYT 3MiHIOBAJIHCS Y MIpy
MIOCWJICHHS BOJHOTO cTpecy. OTpuMaHi JaHi JO3BOJISIOTH BHSBUTH KOPEJISIIII0 MK CTIHKICTIO POCIH JI0
MOCYXH 1 HAKOTIMYEHHSIM eCTepa3HUX 130(hepMeHTiIB.
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OIIHKA 3PA3KIB I'PEYKH 3A HIIHHUMU I'OCIIOJAPCBKNMH O3HAKAMMU

O. B. Tpuryo6

Yemumiscoka oocniona cmanyin pociunnuymea lnemumymy pociunnuymea im. B.A. FOp'eea HAAH
Yrpainu, c. Yemumiska, [lonmascvka obnacme, e-mail: trygub oleg@ukr.net

DopMyBaHHS KOJEKLIH CIIbCHKOrOCIOAAPChKUX KYJIbTYP Ma€ He Jiuie (pyHAaMeHTalIbHEe 3HAUeHHS
JUTs 30€peKeHHS TEHETUYHOTO Pi3HOMAaHITTS HasiBHOI (piiopu 3emiti, BOHO Ma€ Ba)KJIMBE MPHKIIAJHE 3HA-
YeHHSI JUTA JOCTITHUIBKAX, 1 0COOIHMBO CeNeKIiHHUX, IPorpaM SIK JpKepelo BUXimHoTo Marepianmy (Ps6-
4yH Ta iH., 2022). L{iHHiCTb 3pa3KiB KOJEKIil BU3HAYAETHCS HASBHOIO iH(opMali€eo mpo reHodoHx, cTy-
TIeHeM HOro BHBYEHHS Ta OI[IHKM B KOHTPAaCTHUX yMoBax cepenosuia (Psa6uyn Ta iH., 2014). Ykpaina
Ma€ OJIMH 13 HalOaraTmmx OAHKIB TEHETHYHUX PECYPCIB POCIHH oOcsiroM moHan 154 tuc. 3paskis. yo-
JIeTHA KOJIEKI[isl HaciHHs HamioHanbHOT KOJIEeKIiT TeHEeTHYHHUX PECypCiB pOCIHH 30epiracThcs B Y CTUMIB-
CBKIH mOCHiHi# cTanmii pocnuHHUNTBA [HCTHTYTY pocnuuHMNTBa iM. B.S, FOp'eBa HAAH (IlonTaBchka
00:1.). Ilopsin 3 HakOMUYEHHSM 1 30€peKEeHHSIM HaciHHEBOTO (DOHIY MPOBOJUTHCS IIMPOKE BUBYCHHS Ma-
Tepiay KOJICKIIIT 328 KOMIUIEKCOM TOCIIOAAPChKUX 1 CENIEKIIMHO IIIHHUX 03HAaK. YaCTHMHOIO KOJEKIl CTaH-
1ii € 310paHHA TEHETHYHOTO PI3HOMAHITTS TPEYKH 3BUYaHOI (Fagopyrum esculentum Moench.) Ta i nu-
kux cnopigHenux BuaiB (Tpury6, 2016). HopiuHo npoBoaAnThCS KOMILIEKCHE BUBYeHHS 110 100 3paskiB
KOJIEKLIT 3 TOTPUMAaHHSIM BUMOI METOIUYHHUX CTAaHAAPTiB. JOCHiDKEHHS TPOBOISATHCS ATl OUCY Mate-
piany — piBHIB MposBY O10MOTiYHMX (TPUBANICTh BeTeTallii Ta il mepiofiB, peakilis Ha YMOBH CEpeIOBHILA
To1o) Ta Mopdonoriyaux (OyAoBa POCIUHHU Ta ii OpraHiB) XapaKTEPHUCTHK, SIKi CIIYTYIOTh ieHTU(IKATO-
paMu KoJeKUiiHOro Matepiainy. Takox MpoBOANTHCS BUBYEHHS MOCHOAAPCHKUX MOKA3HUKIB Ta TEXHOJIO-
TIYHUX BJIACTHBOCTEH.

BuB4eHHs nocainHOrO Marepiany MpOBOJUTHCS 32 O3HAKAMHU: YPOXKaHHICTh, POAYKTHUBHICTH POC-
JTUHY (KUTBKICTH 3€peH, Bara 3epHa), KUTBKICTh CYIBITh Ta TUIOK Ha POCIWHI, BUCOTA POCIHHHU, KPYITHICTh
3epHa (Maca 1000 3epen) Ta iH. Bu3HaueHO iHIECKCHI XapaKTEPUCTHKH — O3€PHEHICTh CYLBITh Ta 1HJEKC
HAaCiHHEBOI NPOAYKTUBHOCTI. OTpUMaHi pe3ylbTaTH MIPOaHai30BaHi 13 3aCTOCYBaHHSAM BapialiliHOI cTa-
TUCTHKH (cepeHe 3HaueHHs, TPAHWYHI PiBHI BapitoBaHHS, KoeillieHT Bapiarii) Ta iH.

PiBeHb NposiBY 03HaKM ypO)KaHOCTI Ma€ 3HaYHE BAapilOBaHHS B 3MiHHMX YMOBAaX CEpelOBHIIA, Ye-
pe3 cBOIO 0araTOKOMITOHEHTHICTh, aJie I03BOJISAE MIPOBECTH AU(epeHIlialliro MaTepialy KOJeKIlii 3 BU3Ha-
YEHHSAM MOTEHIIany o3Haku. 3a nepion 2021-2025 pokiB, BUCOKOW yposkainicTio (monan 250 r/m? i Ba-
pitoBanHsaM He Hukde 200 /M%) BUpi3HAIAcCh rpyIa 3paskiB Konekiii. Ile B 0cHOBHOMY CyYacHHI cOpTO-
Buil — [lokpoBcbka (KwuiBchka 00:1.), Amo (Kanana), Cimka, Oxcana, FOBineiina 100 Ta SpocnaBHa
(Cymcbka 00:1.) Ta cenekmiauit — KJIM-9-16, KJIC-22-23, K/IC-20-23, K/IC-19-23 (Cymchka 06i1.), I1-
470, I1-609 (ITonraBchka 0611.), 3eneHokBiTa 8/19 (KuiBchka 00:1.) Ta iHmMi Marepian. Coptu cTaHIapTH
BHDI3HSIMCS CEPEHIM, ajle CTaOLILHUM piBHEM ypokaiiHocTi: ¢. Vkpainka — 217 1/m* ta ¢. Codis —
226 r/™m?,

3Bakaro4M Ha 3HAYHY 3aJISKHICTh PIBHS YPOXKaWHOCTI BiJi MPOAYKTHUBHOCTI pociuHu, Macu 1000
3epeH Ta 03E€PHEHOCTI CYIIBITh, Ili XapaKTEPUCTUKH € 00OB'I3KOBUMH TIPO JIOCIIDKEHHI KOJIeKITii. Y rpe-
YKM MPOAYKTHBHICTH POCIMHM MOXKE BapilOBaTH B 3HAYHHMX MexaxX (0COOJIMBO y Marepialy MiCLEBOTO
TIOXOJKEHHS) 1 MPUHHATHOIO BOHA BXKe € TounHarouu 3 3,0 T/pocinHa. 3a poKH BUBYCHHS CEpe/IHil 1 BU-
COKHI piBEeHb NPOAYKTUBHOCTI Bi3HaueHo y 3pa3kiB [lokpoBcbka ta 3enenoksita 8/19 (KuiBckka 00:1.),
KJC-22-23, KIC-20-23, KJIC-19-23, Oxcana, Cimka (Cymcrka 06i1.), UC0101183 (3akapmarcrka 00i1.),
11-470, I1-383, 11-192, I1-375, TI-158, I1-332, I1-609 (IlontaBckka 001.), M H®-84b (XMenmpHHUIIEKA
001.), Co6o (Kanama), UC0100607 (XapkiBcbka o6i1.), UC0100361 (Ilombmia) ta iH. JloCHTh BUCOKUM
piBHEM IPOJYKTUBHOCTI BUPI3HSUIUCS COPTH cTaHapTH — Ykpainka — 2,10 r ta Codis — 1,90 r.
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O3Haka KiIBKOCTI CYLBITh HA POCIHHI Ma€ 3HAYHY 3aJI€KHICTh BiJl THITY pOCTY POCIIMHU — 1HAETEP-
MiHAHT 4 JeTepMiHaHT. [HIeTepMiHaHTH MarOTh Ok TOIOBKEHI BereTaTUBHUHN 1 TeHEPaTUBHUN TIepioau
1 GopMyIOTh 3a3BHYail OLIBITY KiTBKICTh CYIBITh. bilbIl 00'€KTHBHOIO XapaKTEPUCTUKOIO € 03EPHEHICTh
CynBiTTA (Bara chopMOBaHUX 3€peH Ha CYIBITTI). Y 3pa3KiB IPyNH BUBYCHHS BapilOBaHHA PIBHS O3HAKH
Oyno 3naunum. [lonan 3,0 r/cyusitTs mamu 3pa3ku Hanexna (XmenpHuibka 0011.), [lokpoBchka, Bos,
UepronokgiTa, 3emeHokBita 8/19 (KuiBcbka 0611.), UC0101896 (PiBHenchka 00:1), UC0101892 (Omechka
00m.), [1-192 (ITontaBceka 06:1), Ao (Kanaga) Ta iH., BACOKUM piBHEM 03€pHEHOCTI BUPI3HSUIHCS COPTH
cranmapt — Ykpainka (2,6 ) Ta Codis (2,8 T).

Jo BaxxmBHX T TepepoOHOT IPOMICIOBOCTI MTOKa3HUKIB HaJeKaTh KPYIHICTh 3€pHA, HOTO BUPI-
BHSIHICTB, TTiBYacTicTh Tomo. Maca 1000 3epeH (KpyIHICTB) € JOCUTh CHIIBHO 0O0YMOBJICHOIO T€HOTHIIOM
03HaKo10. /{0 3pa3KiB i3 TEXHOIOTIYHO AOMUTHHOIO KPYIHICTIO (B Mexax 28—31 /1000 3epeH) HanexaTh —
[1-353, 11-441, 11-426, 11-365, T1-169, 11-383, I1-192, [1-190 (ITontaBceka 061.), K3C-24-23, K3C-22-23,
Censnouka, PC-10-13, PC-9-13, Oxkcana, Cimka, 3opsina (Cymceka o0i1.), I'nopis (JIeiBchka 0011.), [le-
tepminanaT 1/19, 3enenoksita 8/19, Ilokposceka (KuiBcrka 0601.), Arno (Kanama), UC0101174 (3akap-
narcbka 0011.), UC0100352 (XmenbpHumpKa 061.) Ta in. Coptu ctangapta Manu macy 1000 3epen Ha piBHI
—28,1 ryc. Ykpaiaka ta 27,6 Ty c. Codist.

BucoTa pociauHU € TakoXK TEXHOIOTIYHOIO XapaKTePUCTHKOIO [UIs Ipedky. BoHa BU3Havae Tum poc-
Ty POCIHUHH 1 € AJisi OUIBIIOCTI COPTIB 03HAKOIO CTIHKOCTI /10 abi0OTHYHUX YMHHUKIB cepenosuiia. Ocoo-
JUBO IIHHOIO JUTA CEJEKIIIHOI MPaKTUKU € TIOETHAHHS HU3bKOPOCIOCTI Ta MPOMyKTHUBHOCTI. Jlo Tpymm
3pa3KiB i3 BEUCOTOI0 pociuHu 10 100 cM i mpoaykTUBHOCTI moHaxa 1,5 r/pociuua Hanexats — [1-441, I1-
358, I1-450, I1-156, I1-371, 11-169, [1-383, 11-192, [1-597, 11-194 (ITontaBceka 061.), PC-10-13, PC-9-13,
3opsna, Kpynuaka (Cymcrka o6i1.), Hagexma (Xmensanmbka 0071.), UC0102238 (I3pains), Onbra, Yep-
BoHOKBITa (KuiBcbka 00:1.), UC0100808 (PKutomupcrka o0i1.) Ta iH. Y COpTIB CTaHAApTIB piBEHb BHpa-
JKeHHS o3Haku OyB 126 cM y c¢. Ykpainka ta 84 cMm y c. Codis.

Jlo TEXHOJIOTIYHUX XapaKTEPUCTHK POCIHMHU HAICKHTh PO3MIp MEpHIOro (HUKHBOTO) MIKBY3JI,
110 BU3HAYAE MOTEHIIIHY CTIHKICTh 10 BUJISTaHHS POCIHHU. MiXBY3JIsl TOBUHHE OYTH KOPOTKUM 1 TOBC-
tiuM. Cepen IOCIHiPKyBaHOTO Marepially BHAUIEHI 3pa3kd i3 KOPOTKUM (10 6 cM) i ToBCTUM (TTOHAT
1,0 cm) HwkHIM MiKBY3IsiM — [letepminant 1/19, UepBonokBiTa, Ykpainka, CUH 3/02, Onbra, Pyra, Ha-
nirtna (KuiBceka 0611.), Okcana, Cymuanka (Cymceka 0011.), I1-169, 11-445, 11-614 (ITontaBchka 00iI.),
UC0100808 (>Kutomupcbka 061.), Arno, (Kanana) ta iH.

Bechb nepeniueHuii Buille MaTepial € JPKepeIaMi OKPEMHUX UM KOMIUICKCY O3HAK, 110 BiKE 3HAWIILTH
CBOE BUKOPHCTAHHS B celeKlil. YacTHHA 3 HUX € COpTaMU NPHUIATHUMHU ISl BUPOIYBaHHS Y BUPOOHMYHMX
MOBaX.

JITEPATYPA
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®EHOJIbHI CIIOJIYKH EXTHAIIEI TYPITYPOBOI ITPU KA JIMI-
IHAYKOBAHOMY I'OPME3HUCI TA OKUCHIOBAJIBHOMY CTPECI

B. C. ®eaenko

Hninposcokuil nayionanerui ynisepcumem imeni Oneca I'onuapa, /[Hinpo, Ykpaiua,
e-mail: opticlab.fedenko@gmail.com

[HTerpoBaHicTh peakiiil pOCIWH Ha JiI0 METAJIB BKIIOYAE 3aXUCHY POJIb CIELiali30BaHUX MeTabo-
JITIB 3 aHTUOKCUAAHTHUMH Ta X€JIaTyBaJbHUMHU BIACTUBOCTSMH, SKi 3yMOBIIIOIOTh I€TOKCHKAIIIIO Ta Ii-
BUILIEHHS ToJepaHTHOCTI (Asiminicesei et al., 2024). Cepea meTabomiTiB i3 3aXUCHUMH (QYHKIISIMH PO3T-
TSAA0Th (DEHONBHI CHOMYKH, JJIS SIKWX BCTAHOBIICHA 3aJIEKHICTh aKyMYJIAIN] 3aJIe)KHO Bifl 03U METaIy
(Wang et al., 2023). Jlo30Ba 3aJIeKHICTh MPOSBY (hi3i0JIOTIYHOI BiIOBIII POCIMH Ha JIIF0 METATy BKJIFOYAE
CTaJlil0 TOpME3UCy (CTUMYIIOBAHHS MPU MAJIMX KOHIIEHTPAI[SX) 1 CTaH OKHCHIOBAILHOT'O CTpECY, SIKUH
XapaKTepPU3y€eThCS MIPUTHIYEHHSM POCTOBHX IMPOIECIB Ta aKyMyJIsMii 3axucHuX MetabomiTiB (Carvalho et
al., 2020). Y KOHTEKCTI PO3BUTKY KOHIIEIIIT HEMIHIHHUX €(EeKTIB BiANOBI/II HE 3’ICOBAaHO BILIUB METAJIiB
Ha 3MiHU (heHONFHUX MeTaOOIITIB IPH Pi3HUX (YHKIIIOHANBHAX CTaHAX POCTHH. SIKIIO TiABHUIEHEe HAKO-
MUYeHHS (PEHONBHHUX CHOJYK 3a il MEeTalliB pO3MAfaroTh SK MapKEepHY O3HAKy aJalTUBHUX 3MiH
(Carvalho et al., 2020), To ogHUM i3 MapKepiB cTpecy MOke OyTH OKMCHIOBaJibHA MoauQikailist (eHOb-
HUX METa0OJIITiB, IO MPOSBISETHCS B MOOYPIHHI TKAHIMH KOPEHS K HecnenudidHa peaxilisi pOCIHHHOTO
OprasizaMy Ha TOKCHYHY Air0. [jig Oyporo mirMeHTy mifTBeppKeHa MOJiMEepHA CTPYKTYPA, 10 BKJIFOYAE
OKHCHEHi (OpMHU KOPUYHHX KHCIIOT, SKi 3B’s13aHi 3 JIrHIHOM i cyOepuHOM y KiniTmHHUX cTiHkax (Franke,
Schreiber, 2007). V pa3i MeTan-iHayKoBaHOI TOKCHYHOCTI (DYyHKIIisI CyOepuHy Mmolsirae B OJIOKyBaHHI Ha-
IxomkeHHs: Metany B nutoruiazmy (Chen et al., 2022). OckiabKH BHIUICHHS LHOTO MITMEHTY MOXKE MIPU3-
BECTH JIO pyHHaIlii 10ro HaTHBHOI CTPYKTYPH, s ieHTU(IKALIl in vivo TOIIIIEHO BUKOPUCTOBYBATH HE-
pPYHHIBHI METOAHM, TaKi K TBepaodazHa crnekTpodoromerpist y Buaumomy nianazoHi (Fedenko, Shemet,
2012).

Cepen TecT-00’€KTiB i3 MiIBUIIICHUM HAKOITMYCHHAM (PEHOIBHUX METaOOIITIB pO3TIIAIa0Th eXiHa-
et mypnypoBy Echinacea purpurea (L.) Moench 3 ypaxyBaHHSM NEpCIIEKTUBHOCTI [Tt piTOpeMeiarii
TEPUTOPIiA, 3a0pyaHEeHUX crioykamMu MeTaiiB (Pretorius et al., 2018) Sk penpe3eHTaTUBHUIA IMONOTAHT
cepell BAXKKUX METAIIB MPUBEPTAE yBary KaaMmil, 3Bakar0uu Ha HOro TOKCHYHICTH Jiis 6i0TH. Kpim Toro,
10HM KaJIMil0 MOKYTh OyTH OJTHUMH 3 €K30I'€HHUX a0l0THYHHX €TiCUTOPIB HAKOIUYEHHS O10JIOTIYHO aK-
TUBHUX CIOJYK y CyCHeH3ilHill KynbTypi kimituH E. purpurea (Agikgoz et al., 2018). Pazom 3 Tum 11030-
Buii edexr Cd** Ha pOCTOBI NMPOIECH Ta HAKONIMYEHHS CIIEI[iali30BaHNX META0OIITIB E. purpurea na cra-
JSIX TOPME3HUCY Ta OKHCHIOBAJIBHOTO CTPECY HE JIOCIHIKEHO.

Merta — TOCHIZUTH T030Bi 3aJI€)KHOCTI MOKa3HUKIB POCTY Ta HAKOIIMYEHHS (PeHOJIBHUX CITOJIYK POC-
JIMH eXiHarlei mypIypoBoi 32 yMOB Jiii HOHIB KaJIMit0 pi3HUX KOHIIEHTPAIIiH.

BrmB ioHiB KaaMito y Aianazoni kKoHueHTpauiin 0—1 MM mocnimKyBanyd B MOJAEIBHOMY €KCIIepH-
MEHTI Ha MPOPOCTKax exinauei mypmyposoi. Edpext Cd** oninroBany 3a DiHIHHUM PO3MipOM KOpEHIB Ta
Ha/i3eMHoi yacTuHH. [lapanensHo BUMIpIOBaIM JOBXHUHY 30HM KOPEHs i3 OypoIo MIrMEeHTaIi€l0 SK MOKa3-
HUK OKHCHIOBAIILHOTO cTpecy. Edexr Tokcnunoi aii Cd*" Bu3Hauanu 3a iHIEKCOM TOJEPAHTHOCTI, a Ta-
KOX 32 BIJIHOCHUM YHCIIOM TECT-POCIIMH 13 HAsSBHICTIO Oypoi MirMeHTarlii KOpeHiB Ta BiJIHOCHOIO JIOBXKU-
Hoto 11i€i 30U (Fedenko, Shemet, 2012). 3aranbHuii BMIiCT i APOKCUKOPUYHUX KHCIOT (OCHOBHOTO KOM-
MOHEHTa ()EHONILHUX CIIONYK E. purpurea) BU3HAYaIH CIIEKTPOPOTOMETPUIHUM METOJOM y PO3PAXYHKY
Ha BIIHOCHUI BMICT LIMKOPi€BOI KUCIOTH (y BIICOTKaX Ha Cyxy Macy). CeKTpH BiIOMTTS KOPEHIB OTpH-
MyBaju B riana3oHi 350-800 uM Ha criektpodoTomeTpi Specord M40, nogatkoBo 001agHaHOMY IPUCTA-
BKOIO 3 (hoToMeTpHyHOIO KyJero 1 kaceToro «Data Handling I» ans maTtemMaTiuHOT 0OpOOKHM pe3yibTaTiB
BUMIpPIOBaHHSI, 110 JO3BOJIMIIO IPOBOAMTH 3MJIAIKyBaHHS CHEKTPAIBHUX KPUBHUX 13 BUKIIOUEHHSIM BHIIA-
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JIKOBUX IIYMOBHX ITiKiB. [HTEHCHBHICTh CIIEKTPIB BIIOWTTS HABOAWIHN B OMWHUILIX abcopOrii. s BcTa-
HOBJICHHS JIO30BUX 3aJI©KHOCTEH MOKAa3HUKIB BUKOPUCTOBYBAJIM PErPeCUBHUM aHaIli3. AJIEKBAaTHICTH PiB-
HSHB perpecii BU3HAYAIN 332 BETHIMHOO KoedirieHTa merepMiHartii.

BceranoBiieHo cyTTeBile MPUTHIYEHHS POCTY KOpPEHS MOPIBHSIHO i3 Haa3eMHOIO dacTuHOo (3,1-
68,2 % ta 10,0-37,1 % BiANOBiAHO), IO 3yMOBJIEHO 3HMKEHHAM TpaHciaokauii Cd*" B TKaHMHAX 3aBIAKM
Oap’epHilt GyHKINI KOpeHeBOi cucTemMu. BusBieHO HeNmiHIMHWMIA M030BHH e()eKT PI3HWX KOHIIEHTpAIliit
Cd*" Ha HaKOIMYEHHS TiJIPOKCUKOPUYHUX KHCIOT Y KOPEHSX Ta HaJ3eMHill yacThHi TecT-pociauu. Taka
TEHJIeHIIisI posBIsIack y popmi obeprenoi U-moaiOHoi KpuBoi, sSika BiAMOBiNaNa piBHAHHIO perpecii mo-
JiHOMa JPYTOro CTYIEHs, Ta CIIOCTEPIranach 10 MeBHOi rpaHu4HOI KoHueHTpanii Cd?* 3amexHo Bix cTy-
TI€Hs1 TOKCUYHOTO BILIMBY Ha OpraHu pociuH. J{iist KopeHiB y pasi cyTTeBimoro tokcuynoro sy Cd?*
e(heKT ropMe3nCcy B HAKONTMICHHI (PEHOIBHUX METa0OITIB CrIoCTEpiraBes Mpyu MEHIIii KOHIIEHTpaIii io-
Ha MeTally IOPiBHAHO i3 Hax3eMHO0 YacTuHo (Bix 0,025 1o 0,25 MM Cd*" na 17,6-49,4 % Ta Bix 0,025
10 0,5 MM Cd*" na 30,6-104,1 % BiZHOCHO KOHTPOJIIO BiAOBinHO). PO3paxoBaHO 3a/IeKHOCTI OKa3HHU-
KiB pOCTYy BEreTaTUBHHUX OPTaHiB sSIK MapadoiiuHa (YHKINS BiJ BMICTy B HUX 3aXHCHHX METa0OMITIB Ha
(oHI pi3HUX KOHICHTpAIill 10HIB METaTy, IO MiATBEPAUIO KOOPJUHOBAHICTh POCTOBHX MPOIECIB Ta a/1a-
OTUBHHUX MeTaOOJIYHHUX 3MiH. ¥ TakOMy BHIAJKy /1032 TOKCHKAaHTY BHKOPHCTaHA OIIOCEPEAKOBAHO SIK
(hakTop, 110 CIPUINHUB IHAYKOBaHI MeTaOOIIYHI 3MiHH, HA BiIMiHY BiJl BIJOMOTO MiAXOTy IOJ0 aHATI3Y
OKpEMHX JIO30BHX 3aJIe)KHOCTEH MapaMeTpiB pocTy abo wmapkepiB amantuBHux 3MiH (Calabrese,
Agathokleous, 2021).

[Ipu 3HWKEHHI iHIEKCY TONEpaHTHOCTI Ha (oHi 36inbmenns konuentpanii Cd** BinOysaack moc-
TyTOBa 3MiHA TEHICHIIN: 3HIKEHHS eEeKTy TOPME3NCY Ta MiJCHICHHS OKHCHIOBAIILHOTO cTpecy. Sk ma-
PKepH MiICHICHHS OKHCHIOBATHHOTO CTPECY BUABJICHO MiABUIIEHHS KUTHKOCTI TECT-POCIHH 13 OYpOIO IIi-
I'MEHTALII€I0 KOPEHS Ta BiHOCHOI JOBKMHM wi€i 30Hu. Ockinbku y pasi Cd**-ingykoBanoi GiToToKCHYHO-
CTi POJIb I[FOTO MONIMEPHOTO MIrMEHTY TMOJIATAE Y OJIOKYyBaHHI HaIXOPKEHHS METally B IUTOIIa3My, MO-
JKHA CTBEP/PKYBATH MPO HASABHICTh KOOPJAMHOBAHOI METa0O0JIIYHOI aJanTallii 3aJIeKHO B 103U TOKCUKAH-
Ty.

Inentudikamis 6yporo mirMeHTy, KU YTBOPIOETHCSA B KOPEHSX de novo BHACIIIOK OKHUCHIOBAJIb-
Hoi Mosudikanii peHoTbHUX MeTaboMITIB, MPOBEICHA 13 BAKOPHCTAHHSIM TBEPA0(Aa3HOI CrieKTpodoToMe-
Tpii y BuAMMOMY niama3oHi. Y CHEKTpi BiZOUTTSI KOPEHIB KOHTPOJIBHOIO BapiaHTa CIOCTEPIraJiuch Makx-
cumymu 1ipu 416 ta 470 HM. YTBOpeHHS Oyporo MirMEeHTY B KOPEHSX JIOCIITHOTO BapiaHTa (KOHIIEHTpa-
uis 1 MM Cd*") cipuumanino 6aToxpoMmHe 3MilieHHst MakcuMyMmiB 10 419 Ta 540 um Bianosiaxo. lpu
[IbOMY BiZI3HaY€HO PO3IMIMPEHHS JOBIOXBHIBOBOI CMYTH, IO XapaKTEPHO caMe JUIS CYNPSDKEHUX XPOMO-
(bOopHHX cUCTEM TOIMEPHOT MPUPOIH.

OtpumaHi pe3ysbTaTH PO3LUIMPIOIOTH YSBICHHS MO0 SBHIIA FOPME3HUCY TPH aTanTamii pOCIHH 10
CTpecopHOi 11ii MeTaiB, KOOPJUHOBAHOI 3MiHHU aIalITUBHUX CTPATETii Ta 3aXUCHUX MEXaHI3MiB METaJoC-
TIHKOCTI. 3amporoHOBaHI METOJWYHI MiAXOId MOXYTh OYTH 3aCTOCOBaHI y MOAAJBIINAX JOCHIIKSHHSIX
¢iziomnorii cTpecy Al CTUMYJIOBaHHS PO3BUTKY POCIIMH 32 YMOB NPaiiMiHI'y €K30T€HHUMH €JTiCiTOPaMHu.
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EKOJIOI'TYHA IINIACTUYHICTD CEJIEKIIMHOT' O MATEPIAJTY COI K
KPUTEPIN JOBOPY I'EHOTHUIIIB, AJAIITOBAHUX 1O ABIOTUYHUX CTPECIB

I1. B. Yepnumenko, A. O. Bacunenko, B. O. Ckuaan, O. M. I'ny6okuii

Incmumym pocaunnuymea im. B.A. IOp’esa HAAH Yxpainu, Xapkis Ykpaina,
e-mail: chernko83@gmail.com

CyuacHi TeHACHLI1 3MiHU KIIIMaTy, IO CYHNPOBOXKYIOTHCS 301IbIICHHSIM TPUBAJIOCTI MOCYIUINBUX
NepioiB, HEPIBHOMIPHUM PO3MOIIIOM aTMOC(HEPHHUX OMaiB Ta 3pOCTAaHHIM YaCTOTH eKCTPEMaIbHUX TO-
TOJTHUX SIBHII, iICTOTHO BIUIMBAIOTh Ha MPOAYKTHBHICTH coi. J{ms Ykpainu mpoOiema amanTaiii copTiB 10
MIHJIMBUX yMOB HaOyBa€ OCOOIHMBOTO 3HAYEHHS, OCKIIbKH HECTaOIMbHICTh MOTOMHUX (PaKTOPiB MPHU3BO-
JIUTH IO 3HAYHOT'O BapifOBaHHS YPOKAMHOCTI Ta IOKa3HHUKIB SKOCTI HACIHHSL.

[IpiopuTeTHUM HaTPSAMOM CeJIEeKIIii cOi € CTBOPEHHS COPTIB, 3AaTHUX 3a0e3nedyBaTH CTaOlIbHUI
piBeHB MPOAYKTUBHOCTI Ta SKOCTI HACIHHS 3a MiHJIMBHX YMOB BHUpPOIyBaHHsA. OIHUM i3 HailiHpopMaTuB-
HIIINX KPUTEPIiB OLIHKH TAKOTO TMOTEHINATy € eKOJIOTIYHA TUIACTHYHICTh, M0 XapaKTepPHU3ye 3IaTHICThH
TEeHOTUIYy THYYKO pearyBaTH Ha 3MiHy (pakTOpiB CEepeqoBHINA Ta 3a0e3medyBaTH CTaOLIbHY peai3alliro
LIHHUX FOCHOAAPCHKHUX O3HAK.

Mertoro mocmipkeHHs Oylio OMIHATH CENEKIIIHHNNA MaTepiall coi 3a MOKa3HWKAMH €KOJIOTI9HO]I Ti1a-
CTHUYHOCTI Ta CTa0IIBHOCTI BPOXKaHOCTI, BMiCTy Oiyika i oJii Ta BHIITUTH TEHOTUIH 3 BUCOKUM aJarTH-
BHUM IIOTEHII1aJIOM.

Hocnimxenns nposoaumucs y 2021 p. ta 2023—2025 pp. Ha monsx HAyKoBOi ciBo3MiHM [HCTHTYTY
pocnuaHHnTBa iM. B.Sl. FOp’eBa HAAH, B ymoBax TumoBux ans cximHoi yactuHU Jlicoctemy YkpaiHu.
ExcniepuMeHTannbHUME 00’ €KTaMu OyJIM CeNEKIiiHI HOMepH KOHKypcHoro coptoBumnpoOyBanHs (KCB)
Ta MMEePCIIeKTHBHI CEeKIliiHi JiHii. Peakiiro TeHOTHITIB Ha MIHJIMBICTF YMOB BHPOIIyBaHHS BU3HAYAIH 32
koedinieHTOM MIacTuuHOCTI (bi), BapiaHcoro cTabinpHOCTI (Si%) Ta iHIeKcoM yMoB poky (Ij).

BcranoBneno, mo HalcnpusTIUBIII YMOBH Aisi ()OPMYBaHHS MPOAYKTHBHOCTI COi CKIJIAJIUCS Y
2023 p., KOIM cepeaHs BpOXKaWHICTh CTaHOBWIA 2,55 1/ra, a iHgekc ymoB poky (1) — 1,17. Haitamx4ay
BpoxaitHicts (0,88 T/ra) oTpuMano y 2024 p. 3a 3HaueHHS iHIEeKcy yMOB poky — 0,56. BogHouac 2024 pix
BUSIBUBCS HAWOUIBII CIIPUATIMBUM JIJIsi HAKOTIMUCHHS O1JIKa Ta OJIii B HACIHHI: Cepe/IHii yMIcT Olika cra-
HoBuB 40,1 % (I; = 3,34), onii — 18,7 % (I; = 0,75), a cymapuwmii ymict Ginka i omi — 58,8 % (I; = 1,59).
Haiimenmi 3HavenHs Bmicty Oinka (36,4 %, I; = -0,50) 1 cymapHoro Bmicty 6inka i omii (55,7 %, I =
-0,86) BigzHaueno y 2023 p., Toai sik HaiHWk4miA ymict omii (18,4 %, [; = 0,64) —y 2025 p. Otpumasi pe-
3yJILTaTH CBiJ4aTh, 10 TIOTOJIHI YMOBH MO-Pi3HOMY BIUIMBalOTh Ha (hOpMYBaHHS BPOKAaHHOCTI Ta MOKa3-
HUKIB SIKOCTI HACIHHSA COi.

AHami3 OTpUMaHUX pe3yJbTaTiB CBIIYMTH MPO HAsBHICTH ICTOTHOI AudepeHIialii 3a cTyneHeM
MPOSIBY 03HAK YPOXKAWHOCTI Ta MOKA3HUKIB SKOCTI HACIHHS 3aJIe)KHO BiJI YMOB POKY BUpOIIlyBaHHs. Haii-
OLNBII MEpCIEKTUBHUM TeHOTHNOM BusBuBcS KCB 55-18, skuii moenHyBaB BHCOKY IUIACTHYHICTH 3a
BpOKalHICTIO, BMicTOM Oisika Ta ojii. Jlinis JI 149 xapakrepu3yBanacsi BUCOKOKO IIACTUYHICTIO 3a BPO-
*aitHicTio 1 BMicToM Ounka. Jlinii JI 18-17, JI 721-23, JI 732-23, J1 778-21 ta JI 795-23 nposiBuiM BUCO-
KMH piBeHb IJIACTHYHOCTI 3a MOKa3HUKaMu sKocTi Haciuus, toai sk KCB 17-19, KCB 35-19 Ta JI 2-21
TIOEIHYBAIT BUCOKY TUIACTUYHICTD 32 BPOXKAHHICTIO 13 MMiJIBUIIEHUM CYMapHUM YMiCTOM OiJIKa i OJIii.

[IpakTr4HA IHHICTH TOCTIJHKEHHS TOJISATAE y BUJICHHI TEHOTHIIIB, SIKI MOXKYTh OYTH BUKOPHCTaHI
SK 0aTHKIBChKI KOMIIOHEHTH B CEJIEKI[IHHUX Tporpamax. 3acTOCyBaHHs TOKAa3HUKIB €KOJIOTIYHOT TIacTH-
YHOCTI Ta CTaOLIBHOCTI JTO3BOJISIE MIABUIIUTH €()EKTUBHICTh A00OPY Ta MPOTHO3YBAaTH IOBEIIHKY I€HO-
THUIIB B yMOBaX 3pOCTal0Y0r0 BILTHBY a0i0OTHYHUX CTPECIB.

OTtpuMaHi pe3ynbTaTd MiATBEPUKYIOTh €PEKTUBHICTh KOMIUIEKCHOT OI[IHKH CEJICKIIHHOTO MaTepi-
aiy coi 3a MOKa3HUKaMH MPOJYKTHUBHOCTI Ta SIKOCTI HACIHHS W OOIPYHTOBYIOTH BUKOPUCTAHHS MOKA3HU-
KIB €KOJIOrYHOI MIACTUYHOCTI Ta CTaOLIBHOCTI i 1000pY FeHOTHIIB Y CEJIeKIli Ha CTIHKICTh /10 adio-
TUYHHUX CTPECIB.
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®OPMYBAHHSA EJIEMEHTIB CTPYKTYPHU BPOXKAIO APOI'O TPUTUKAJIE
3A BECHAHOI'O TA OCIHHBOI'O ITOCIBY

C. B. Uepnooaii, B. C. MeabHuk, B. K. Psaouyn, T. b. Kanycrina,
0. €. llleuyenko

Inemumym pocrunnuymea im. B. A. FOp’eea HAAH Vkpainu, Xapxie, Ykpaina,
e-mail: melnik.triticale@gmail.com

B ocranni necatuiniTTs B YKpaiHi Bij3HaYa€ThCsl HEOE3MeUHa TSHACHIIIS 10 30UTBIIICHHS IIOBTOPIOBAHO-
cti mocyX. KinbKicTb BOJIOTH, 110 HAJXOAWTH Ha TEPUTOPI0 YKpaiHu, HE 3MEHIIMIAcs, ajle 3MIHUBCS Xapak-
Tep aTMocdepHuX omaaiB. J{omi BUIMagaoTh iICTOTHO PiAIe W 9acTo MArOTh 3IMBOBHI XapakTtep. KiTbKicTh
BOJIH, III0 HAJIXOJUTH Ha TIOJIA y JTyXe KOPOTKHI MPOMIKOK Jacy, (pi3mdHO HEe MOKe OyTH TIOTITIHYTa OPHUM
1I1apoM i crikae, 30ibInytoun eposito 1pyHTy (IIncapenko Ta iH., 2019). Ykpaina 3a3Hae CHIBHHUX TTOCYILTH-
BUX YMOB KOXKHHUX JIBa-40TUpH poku. [locyxa siBisie o000 HalOLIBII XapakTepHy HeOe3MNeKy JUisl CUTbChKO-
rocrionapcbkoro cekropy (Walz et al., 2018). Ha cranii mpopocTanHst Tocyxa CIpHYHHSE HEPIBHOMIPHY TOSI-
BY CXOJiB, MOTIpIIy€e MiHEpaJIbHE KUBJICHHS, PUTHIYY€E PICT HaA3eMHUX YacThH. Ha cranii kymiinas hopmy-
€THCS MEHIIIEC TIPOJAYKTHBHUX IMAroHiB, 3HWKYEThCS IHTCHCHBHICTh (DOTOCHHTE3Y, CKOPOUYYETHCS TIEPIio Ipo-
xomKkeHHs GeHoorivanx ¢a3. [locyxa i yac KOIOCIHHS PU3BOANUTH IO 3MEHIIICHHS KUTBKOCTI 3epeH y KO-
noci. Ilix gac 1BiTIHAA HeCTa4ya BOJIOTH HETaTHBHO BILTHUBAE HA (PEPTUIILHICTH Ta KHUTTE3NATHICTh TAMET, a Tl
Yac J03piBaHHS 3€pHA, MPUTHIYYE TOIUT KIITHH €HIOCIEepMY Ta MOTipiIye sKicTh 3epHa (CumopeHko Ta iH.,
2020). Tomy BaxXJTBIM 3aBJIaHHSIM 3€MIISKOPHUCTYBAYIB € TOIITYK Ta BIPOBA/HKEHHS €(PEKTUBHIX TIPUIHOMIB 13
HAKOMHMYEHHS ¥ PallioOHATbHOTO BUKOPUCTAHHS HAasBHUX 3aI1aciB BOJIOTH Y IPYHTI.

OmHUM 13 TaKKX arpoIpUIOMIB € 3MILIIEHHSI CTPOKIB CiBOM 3 METOIO 3aro0iraHHs 30iry KpUTHYHUX (a3
PO3BUTKY POCJIHMH 3 MOCYXOI0 Ta JUIsS KPalioro BoyiorozadesneuycHHs. [li3HROOCIHHHS CiBOa SpHX 3epHOBUX
(mia3uMHIN TIOCIB) TO3BOIISIE POCIMHAM BHKOPHCTATH 3UMOBI Ta PAHHBOBECHSHI 3aITacyl BOJIOTH, SIKi BTpada-
I0TBCS 10 oYaTKy BecHsHOI mociBHOi (Hall, 2013). Ciba spux 3epHOBHX BOCEHH TAaKOXX BUKOPUCTOBYETHCSI
3a HECTIPUATIIMBUX TIOTOJAHUX YMOB JUTSI CHBOW O3MMOI IIIIEHUII], 00 30eperTd CTPYKTYpy MOCIBHUX ILIOL]
3€pHOBHX KyJbTYp. 151 BUKOpHCTaHHS 3MMOBOI Bojiory Ha IliBHi YKpaiHu MpakTUKYEThCA CiBOA Y «JIFOTHEBI
BiKHa» — ITi/1 Yac BIJUIMIH y JIFOTOMY, IlepeBakHO 1 Tputukaie (UepHoOaii, 2019). Cepen siporo TpuTHKaie
JUTSL [IAX arpo3axojiB peKOMeHyeThest copT bopuBitep xapkiBebkuii (JIeoHOB Ta iH., 2025).

Slpe TpuTHKane € BUCOKOAJANTHBHOIO KYJbTYPOIO, IO 3yMOBIIOETHCS il BUCOKOIO XOJIOAOCTIHKICTIO,
HEBHUOATITIMBICTIO JI0 TPYHTIB, TOJIEPAHTHICTIO 0 HeOakaHWX IONEPENHUKIB Ta KOHKYPEHTHOIO 37aTHICTIO
o0 Oyp’stHiB. LIst KynbTypa BHPOIIYEThCS B YCIX arpOKIiMaTHYHUX 30HAX YKpaiHH, 32 Pi3HUX arpoTeXHO-
noriuanx ymoB (Rozhkov, 2014; Klima et al., 2015). BpaxoByrouu 6io0riuHi Ta TOCIOJAPCHKI BIACTHBOCTI,
JIOIUTHHAM € BUBUEHHSI MOITUBOCTI TI3HBOOCIHHBOI (IT[3MMHBOT) CIBOH SPOTO TPUTHKAJE. Y 3B'S3KY 3 UM,
MIOpIBHSIbHA OIliHKa ()OPMYBaHHSI BPOXKaHHOCTI Ta €JIEMEHTIB CTPYKTYPH BPOXKal0 COPTIB SIPOT0 TPUTHKAJIE 32
BECHSHOI Ta OCIHHBOI CIBOM € aKTyaTbHUM HaYKOBO-TIPAKTHYHUM 3aBJAHHSIM JUTSl ONTHUMI3allii eJIEMEHTIB TeX-
HOJIOT1i BUPOLIYBaHHSI.

Mertoto ociipkeHb Oyi10 MOPIBHAHHS BPOXKalHOCTI Ta OCHOBHHX €JIEMEHTIB CTPYKTYPH BPOXKaro y Cy-
YaCHUX COPTIB SPOTO TPUTHKAJIE 32 BECHSHOI Ta Mi3HROOCIHHBOT CIBOM B YMOBAaX cXifiHOi yacTunU JlicocTemny
VYkpainu.

HocnimpkenHs npoBoauu y ce3oH 2024/25 pp. Ha cenekuiiiHiil 0a3i [HetuTyTy pocnunaunTa iM. B.S.
FOp’eBa HAAH, po3ramoBaoi y cxianiii yactuni Jlicocterny Ykpainu. I[pyHT — HOTy»KHHUI ¢11a00 BHITYKEHUI
YOpPHO3EM Ha MMUJIOBATO-CYTIIMHUCTOMY Jieci. OOpOOITOK IPYHTY — IUCKYBaHHS, 3aKPUTTS BOJIOTH Ta ITEPEJIIo-
ciBHa KynbTuBawis. JJobpusa ne BHocunu. [lonepennuk — yopHuii nmap. CiOy copTiB siporo Tputukaie bopu-
BiTep XapKiBchbKuii (cTannapt), bynat xapkiscekuii, CBoOoza xapkiscbka Ta [P JleriT npoBoawiu y aBa cTpo-
KW: OCIHHIN — Jipyra Jiekaja >koBTHS 2024 p. Ta BeCHSAHUI — TpeTs jaekana kBitHs 2025 p. Ha JisHKax IUIo-
mer 5 M* y aBopasosiil moproprocti. Hopma BHUCiBY 4,5 MIIH. CX0KHMX HaciHuB/ra. BusHauamu BUCOTY poc-
JIMH, YPOXXalHICTB Ta eJIEMEHTH i1 CTPYKTYpH (POAYKTUBHA KYLLIUCTICTh, JOBKHHA KOJIOCY, KIJIBKICTh Ta Maca
3epeH 3 KOJIOCy 32 METOJIMKOO MPOoBe/IeHHs! KBauidikariiiHoi excrieptnsu (Kuis, 2016). Macy 1000 3epeH Bu-
sHavam 3a JJICTY 4138-2002.

[oroani ymoBu cezony 2024/25 pp. Oyiu 3aJ0BUIbBHUMU /IS OCIHHIX MOCIBIB TPUTHKAIE Ta BKpail He-
CHPHUATIMBUMU — JUIS BECHSIHUX. [[pyra mooBuHa jiita ta Bes ociib 2024 p. IpoHiiuia B yMOBaX KOPCTKOT I10-
CyXH, TOMYy OCIHHS CiBOa IIPOBOIIIACS Y CyXHH IPYHT. Y JIUCTOMAl TeMiiepaTypa moBitps (+2,7°C) Oyma Ha
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1,1°C BuIIOIO Bif HOPMH, a KUIBKICTh omaiB (48 MM) — OJIM3BKOIO 10 cepelHiX 0araTopiyHMX MOKAa3HHKIB.
3umoBHii Tiepio; OYB aHOMAIBHO TETUTMM (CepeHbOMICSIYHA TeMIieparypa mosiTps Ha 2,0-2,5°C Buria 3a HO-
pMy) 31 3Ha9HUM AedirmroM BosorH (55 % Big Hopmu). HaitHmxdi HivHI TemiepaTypy ikcyBanucs y ciaHi i
nocsrany -12 — -14°C. CHiroBuii oKpuB nepeBakHO OyB TOHKWI 3 YaCTUMH Ta TPHBATUMH BiJIUTaMu. Y Tie-
PioJI BECHSHOT Ta JIITHBOT BEreTallil TPUTHKAJIE CIOCTEPITaINCh ITiIBUIIICHA TEMITEpaTypa MOBITPs Ta HEPIBHO-
MipHi onau. 3a riepiof 3 6epesHs o yumerb 2025 p. cymMa akTHBHMX TemriepaTyp ctaHoBmia 1957,8°C, mo
Ha 352,8°C 6inblue Big cepeaHboi OaraTopiuHoi kiiMatuuHoi Hopmu. CyMa omajiB 3a el yac ctaHoBiia 194
MM, 10 HA 55 MM MeHIIe Big HopMu. [Ipu 1iboMy onaam Oysy HepiBHOMIPHUMH, 3TUBH YEpPTyBAITUCh 3 TPUBA-
JIFIMU TIEPI0JIaMy TIOCYXH TIiJ] Yac KPUTHYHMX €TaIliB OpraHOre€He3y SIPOro TPUTHKAIE 332 BECHSIHOTO BHCIBY.
CunpHa miocyxa crniocrepiranach y | gexani Tpasas (I'TK = 0,34) y nepiox kyminas, y 11 nexami gepsas (I'TK
=0,35) y nepion xonocinus Ta y I nexani nmunus (I'TK = 0,36) y nepiox HanuBy 3epHa.

VY cepenHROMY 3a COPTaMH Y BapiaHTi OCIHHBOI'O BHCIBY CIIOCTEPITraBCsl iCTOTHO BUILUI NPOSIB ypOXKaki-
HOCTI Ta OumbmrocTi 11 enemenTiB. Brucorta pocima cranoBmia 110-120 cm. ['ycroTta nmpomyKkTuBHOTO credec-
1010 434623 1it./M%, HaliBuILOI0 BoHA Oyna y copty IP Jlerit, a HallHMKUOK0 — y copTy Bysar XapKiBChbKHiA.
Cepenns noBxuHa Kojoca craHoBmwna 12,6 cm. Haiigommii konoc manmu coptu IP Jlerit (13,2 cm) ta Bynat
xapkiBcbkuit (13,1 cm). 3anexHo Big copty konoc popmysaB 3035 korockiB. KinmbkicTs 3epeH i3 komoca cra-
HoBmIa 58—105 miT., a Maca 3epHa 3 KoJ0oca 3aJIeKHO Bijl COpPTy BapitoBana Bif 3,24 mo 5,50 r. Kpamim 3a xi-
JIBKICTIO T2 Macor0 3epHa 3 Kosioca OyB copt CB0oOO/Ia XapKiBChKa. Y BCIX COPTIB criocTepiraiocs GopMyBaH-
Hs Brcokoi macu 1000 3epen: Bix 52,5 r'y copty CBobosa xapkiBcbka 10 58,0 Ty copTy Bymart xapkiBChKHI.
Haiiurry BpoxkaiiHicTh 3epHa MaB copT bynat xapkiBcekuii — 8,10 1/ra. Y crarmapry bopuBitep xapkiBChbKuid
ypoxatinicth craHoBmwia 7,00 T/ra. Copt CBoOoma xapkiBchbka Ta IP Jlerit mocTynanuchk cranmapry, ix ypo-
JKalHICTh cTaHOBMIIA BimmoBigHo 6,50 Ta 5,80 1/ra.

Y BapiaHTi BeCHSTHOI ciBOM BrcOTa POCIHH cTaHOBIIA Bif 81 cM y copTy CBOOOMA XapKiBchka 10 91 cMm
y copTy Bopusitep xapkiBchkuii. ['ycToTa IIPOIYKTHBHOIO cTe0I€CTON BapiroBana Bix 350 no 574 mir./m2,
HAWBUINOI BOHA Oyna y copty bopuBitep xapkiBchkuit. Haiinosmmii konoc maB copt Bynmar xapkiBcbkuit
(10,0 cm), a HaiikopoTmmii — copt CBoOOAa XapkiBehKa (8,5 cm). IIpu pomy komoc copty CB0oOOIa XapKiBCh-
Ka Bi/Ipi3HSABCS BICOKOIO IMILTBHICTIO Ta (JOPMyBaB HaHOLIBIITY KiTBKICTh KOJOCKIB Y KoJOCi (26 IIT.) Ta Kiib-
KICTB 3epeH y Komoci (59 mr). V iHINX AOCHiIKYBaHHX COPTIB KUTBKICTh KOJIOCKIB Y KOJIOCI, SIKa CTAaHOBHUIIA
24-25 i, a o3epHeHicTh 40—44 mt. Maca 3epHa 3 koioca BapitoBana Bix 1,84 mo 2,34 r. HaiiBummoro BoHa
Oyna y coprti bynat xapkiBcekuii (2,34 1) Ta CBoOona xapkiBebka (2,33 r). CepenHst 3a copTaMu BpOXKaii-
HICTB 3epHa cTaHOBWIA 3,14 T/ra. HaliBuiy BpokaiHicTh opMyBaB copT CBoOona xapkiBchka (3,40 T/ra).
VYpoxaiinicts copty Bynar xapkiscekuii cranosuna 3,20 1/ra, copry IP Jlerit — 3,10 1/ra, copty bopusitep
XapKiBcbkui — 2,85 T/ra.

TaknuM 4MHOM, B yMOBaxX JKOPCTKOI BECHSHOI Ta JIITHHOT IOCYXH 1 TEIIIO1 3UMH, Ti3HS OCIHHS CiBOa sIpo-
TO TPUTHKAJIE 3a0e3reumia Kpalli yMOBH Juisi ()OPMYBaHHsI IIHHUX TOCHOIAPCHKUX O3HAK. Y CepeHbOMY 3a
COpTaMH ypo>KaliHICTb MiZBHIITyBanack Ha 3,21 1/ra. EneMeHTH CTpyKTYpH BpOXKaro MaJii iCTOTHO BHILII TOKa-
3HUKH 32 OCIHHBOI ciBOM. HalOinbIn nmpuaatHuM 1St I3HEOOCIHHBOI CiBOM € copT bynar xapKiBCbKUH, SIKHi
3a IIbOT0 CTPOKY (hOPMyBaB BUCOKY BpOXKaiHICTh (8,10 T/ra), NepeBUIIyIOUN PaHIIIe BIIOMUMN I JaHOT'O ar-
pozaxoay copT bopusitep xapkiBcbkuii Ha 1,10 1/ra. [TopiBHSHO 3 BeCHSIHO CiBOOIO copT Bynar XapkiBch-
KUH TIiIBUIIyBaB yposkaitHICTh Ha 4,90 T/Ta.

Bunineno copru CBobosa xapkiBcbka Ta bynaTt XapKiBChKHH, sIKi 32 BECHSIHOTO TTOCIBY B IOCYIIUTHBUX
yMOBax (hOpMyBaJId BUILKI PIBEHb BpOXKaMHOCTI — BiAmoBiaHo 3,40 Ta 3,20 T/ra, 32 BpO)KalHOCTI CTaHIapTy
Bopusitep xapkiBcbkuii 2,85 T/ra.
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THHOBAIIIMHA CUCTEMA «CMAPT CEJIEKIII» 3EPHOBUX
I 3BEPHOBOBOBUX KYJIBTYP

B. B. YUepnycbkuii

Incmumymi bioenepeemuunux Kyromyp i yykposux oypaxie HAAH Ykpainu, m. Kuis, Yxpaina,
e-mail: vadimchernuskiy 58@ukr.net

B Incturyti Oio€HEpreTHYHUX KyJbTYp 1 IYKPOBUX OypsKiB IiJ KEPIBHULTBOM aKaJeMiKa
M.B. Poika po3po0iieHa mapagurma «CMapT-CeIeKITii», SKka HacaMIlepea BiIpi3HAETHCS THM, 110 IEMOHC-
TPY€E Mepexia Bia KIACHYHOTO aHaJi3y JaHUX J0 CHUCTEM, SIKi MPALIOIOTh i3 0araTOBUMIpHUMH IIPOCTOPA-
MU CTaHiB, TUHAMIYHUMU rpadamu 3B’ sI3KiB Ta CAMOAAANITUBHUMH MOJEIAMHU. J[J1s1 cydacHOT cenexitii po-
CJIMH 1I€ 03HaYa€ MOXJIUBICTh MEPEHTH BiJl POCTOTO MOPIBHAHHS MapaMeTpiB BEIUYMH KOMIIOHEHTHHX
03HaK JI0 MOOYZ0BU IUPPOBUX (a30BUX MPOCTOPIB «TCHOTHII—(hEHOTUII—CEPEIOBHUIIIC—CITITrEHOMY. Y Ta-
Kilf crcTeMi KOJKEH CEeNeKIIHNHN 3pa3oK Topoxy, Mpoca, MIIeHHIl YU OypIKy Moke OyTH Tpe/ICTaBICHUI
HE OKpeMHUM HabOpOM O3HaK, a TPAEKTOPIEI0 Yy 0araTOBUMIPHOMY MpOCTOpi aganTuBHOCTI. Toxi cenek-
LifiHUH TpoLec NEepeTBOPIOETHCS Ha 3aBAAHHS 3 MOIIYKY ONTUMAJIbHHUX aTpakTopiB ¢eHorumy. Popma-
JHHO II€ MOXHA OIrcaTH depe3 BekTtop crany: X(t) = [G, E, P, Epi, T], ne G — reHeru4nuii 610K mapa-
MmeTpiB, E — mapamerpu cepenosuiia, P — ¢genorunosi xapakrepuctuku, Epi — enirenetnuni moandi-
kanii, T — 4gacoBuil oHTOreHeTHuHMI pakrop. Toal eBoIONis CelIeKIiHHOrO 3pa3Ka B Yaci MOxke OyTH
ommcana cucremoro: dX/dt = F(X.t), ne F — neniniitra ¢yHkiis agantuBHOi quaaMiku. CaMme Taka Mo-
JIEJTb BiIKPUBAE MUIAX 10 CTBOPEHHS MU(PPOBUX ABIHHUKIB COPTIB Ta CENEKIIHHNX MTOMYIIIIIH.

[ToniOHy OaratoBUMipHY MyJbTHKOJiHeapHY 00 enHany cucreMy AMMI ta GGE biplot anamiziB
Ut 00pOOKH Pe3ysbTaTiB €KOJIOTTYHOTO BUIIPOOYBaHHS TOPOXY, IO HE BUKJIIOYAIOTh OJWH OJIHOTO, a Ha-
BITaKH, HA/IAIOTH ORI PO3TOPHYTY 1 MOBHY iH(OPMAIIiIO TIPO pe3yIbTaTH JOCHIHKEHHS HABEACHO B My0-
nikanii (Bacunenko ta iH., 2025).

VY npaktuuHOMY acniekTi Taka ¢inocodist GopMye HOBY apXiTEKTypy CeNeKLiHHOro npouecy: nud-
poBe (eHOTHITyBaHHS — (OPMYBaHHS TillepMaTpUIlb — M00Y/0Ba (Ha30BUX MOPTPETIB — MOJIETIOBAHHS
aJanTUBHUX JaHAMAPTIB — MPOTHO3 TPAEKTOPIN MOMyIISIIii — ONTUMI3aIlis J000pY Yepe3 aaropuTMu
LITYYHOTO iHTENEKTy. TakuM YMHOM, CEJNIEKILisl IIEPETBOPIOETHCS 3 EMITIPUYHOI0 MUCTELTBA Ha BUCOKO-
TOYHY CHCTEMY KepyBaHHS 010JIOT1YHOIO €BOJIIOMIEI0 KYIBTYPHUX POCIIHH.

3okpemMa Ha Hamumil miatdpopmi CTPYyKTypa iHHOBALiiHOI cesieKlil BKJIIOYAa€ AEKIJIbKA B3aEMO-
1o’ si3aHux 0JiokiB. [lepmuii 6510k — TOuHE peHOTUIYBaHHS, ¢ U(POBE 300paKEHHS POCIIMHU IIEPET-
BOPIOETHCSI HA MAaTEeMaTHYHY MaTpPUIIO MapaMeTpiB. Y bOMY BHIAJIKY POCIMHA OMUCYETHCS YHCIOBUMH
BEKTOpPaMHU O3HAK:

X =[x1, X2, X3 ... Xa],
J€ X1 ... Xn — MOpP(OMETPHYHI, KOJIPHI, TEKCTypHI, CIIEKTpaJbHi Ta 4acoBi XapakrepucThku. Jaii ¢op-
myeThes rinepmarpuns: H(i,j,k,t), ne 1 — renorumn, j — o3Haka, k — yMoBHU cepenoBuIla, t — yac po3Bu-
TKy. CaMe Taka CTpYKTypa JIO3BOJISIE IEPEUTH BiJI JTIOKAILHOTO aHalli3y 0 HU(POBOro NBITHUKA MOITYJIsi-
ii abo copry. Y cydacHii heHOMINi Ta IUPOBIH arpobioorii MoKiOHI MiX0IU BKE BBAKAIOTHCS OCHO-
BOIO MailOyTHBOI CEJIeKIIi.

Hpyruii 010k — MaTeMaTUdHe MOJIEIIOBAaHHS aJJAlITUBHOTO MPOCTOpY. Y Takii CUCTEMi celeKIfiii-

Ha TMOMYJISALIS PO3IIIAJAETHCS K JUHAMIYHUI MOTIK y (ha30BOMY IMPOCTOPi:

dX/dt = F(X,E.t),
ne F — ¢dynkmist epomromii cuctemu. TyT BUHHUKAE MOHSATTS aTpakTopa cellekiii — obmacti (hazoBoro
POCTOPY, J0 SKOI MparHe MOIYJISIis il BIUIMBOM J000py. SKIIo KiacuyHa cenekiis (GakTHIHO Mpa-
I[F0Bajia €MITIPUYHO, TO iIHHOBAIliiHA CEJIEKIlisT HAMAaraeThCsl MPOTHO3YBATH TPAEKTOPIi PyXy MOMYJIAIII 10
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ONTHMAIBHOTO aanTUBHOTO cTaHy. Came TOMy OCOOJMBOTO 3HA4YeHHS HAaOyBalOTh HeWpoMepexi, TeHe-
TUYHI alTOPUTMH, MAPKOBCHKI NIPOLIECH, aHaji3 JIsmyHoBa Ta iHIII METOIU IITYYHOTO 1HTETEKTY.

BinmoBigHO 10 X METOMIB y MPAaKTUYHHUX CEIEKIIHNX MOJETSX HaMH 3aCTOCOBaHA areHTHA ap-
XITEKTypa, sIka MOXKe TIEPETBOPUTH CENEKIIHHUI TpoIiec Ha 0araTopiBHEBY CHCTEMY IHU(PPOBUX aCHCTEH-
TiB. OnuH areHt ananizye RGB-300pakeHHs pociuH 1 GopMye TilepMaTpHINO 03HAK; Apyruii Oyaye da-
30BO-TIAPAaMETPUYHUN TIOPTPET; TPETiil MPOTHO3YE peakilio Ha CTpPEeC; YETBEPTUi IepeBipse BiAMMOBiA-
HICTh MOIET MoboBUM naHuM. Lle BiamoBigae inei «uudpoBoro ABiiiHUKa» MOP(OTUIY TOPOXY, Mpoca
YU MIICHHMIII.

Ille GinpII IEPCTICKTUBHUM € TTOENHAHHS TaKUX CHCTEM 13 aJalTUBHUMHU TOBEPXHAMHU Y OJIIHTTO-
Ha. Y KJIaCUYHOMY BUIJISAI TaHAMAPT YOANIHITOHA OMUCYE PyX OPraHi3mMy MO «IOJWHAX» PO3BUTKY. Y
CEJICKIIIi I1e MOYKHA ITePETBOPUTH Ha TIOBEPXHIO CEICKITIHHOT ONTHMI3aIlii:

W(x,y,z)=f(G,E,Epi),
Jie KOOPJMHATH TIOBEPXHI OMHCYIOTh CTaHH (eHOTHITy. TOJi JIOKaIbHI MiHIMyMH CTalOTh aTpakTOpaMu
CTaOUTPHUX aIanTUBHUX COpTiB. llpn BukopucTaHHI U(POBHUX ABIMHHUKIB 1 HEUPOMEPEIK MONKIMBO MO-
JICITFOBATH MIEPEX0IU MK IUMH aTpaKTOpaMHM IIiJ| i€l cTpecoBux (akropiB. Came 1€ BIIKPUBAE MUISIX
JI0 CMIreHETHYHOI CEJEKIIil, ¢ CTPEC BUKOPUCTOBYETHCS HE SIK BUIAJKOBHN HEraTUBHUN YMHHUK, a SIK
MEXaHi3M CIIPSIMOBaHOTO IePEeBEICHHS TOIYIIALIT B HOBUM aIallTUBHUI CTaH.

Tak B Mekax MPaKTUYHOI CEJICKIN HaMH MpoBecHa audepeHiianis CeeKIiHHUX 3pa3KiB Ha Hillli
IHTEHCHBHHUX 1 TUIACTUYHUX COPTIiB, KEPYIOUUCH PO3YMIHHSM, III0 Y TTAPATUTMI «CMapT CENEKIli» — IIe He
MPOCTO arpoOHOMIYHI KaTeropii, a pi3Hi 00macTi B (ha30BO-MapaMeTpUIHOMY IIPOCTOPI aTalITUBHOCTI, SIKi
BiJIMOBIAAI0Th PI3HUM THUIIAM PEaKIii CUCTEMH «TCHOTUN — MOp(oreHe3 — MPOJYKTHBHICTH» Ha €KO-
rpamaieHT. @OpMaIbHO 1€ MOYKHA OTHCATH Yepe3 (PyHKIIiF0 MPOAYKTUBHOCTI K (PYHKIIIFO CEPETOBHIIA;

Y(G,E) = n(G) + B(G)E + v(G)-E* + &,

ne Y — BpoxaitHicTh, W(G) — moTenmian copty (genetic yield potential), B(G) — xoedimieHT mmacTud-
HocTi (slope of reaction norm), y(G) — crabinizaniiiauii mapameTp (curvature), € — BUTIAJIKOBA CKJIAJ0-
Ba. Y 1IbOMY NPEJACTABJICHHI IHTEHCHBHI COpPTH MaroTh Bucokuit (W(G), ane takoxk Bucokuid B(G), ToOTO
Pi3KO pearyroTh Ha MOKPAILEHHS YMOB, TOJI SIK IJIACTUYHI COPTH XapaKkTepu3yroThes nomipauM [(G), ane
HU3bKUM B(G) 1 MiniManbHEM Y(QG), 10 3a0e3mneuye cTabiIbHICTh Y ITUPOKOMY JAiala30Hi eKOTPaIi€HTIB.

30kpeMa y CydacHil CBITOBIM CeJIeKIlii MOI0HI MiIX0AU BXKE MEPexXoaTh y KoHueniito Al-driven
breeding — cenexiiii, kepoBaHOT IITYYHUM IHTEIEKTOM, J€ HEHPOMEPEKi aHaJI3yIOTh BEIMYE3HI MaCUBU
()eHOTUIIOBHMX Ta TCHOMHHMX JIAHUX JIJIS TIPOTHO3Y CEJICKI[IHHOI IHHOCTI 1 aJaTUBHOCTI TEHOTHITY B YMO-
Bax nii crpecoBux (akropiB (Hiei et al., 2014; Fahad S. et al., 2017; Seleiman M.F. et al. 2021;
Grossman, 2023).

TakuM YMHOM, TEOPETUYHO OOIPYHTOBAaHA 1 HEOJIHOPA30BO arnpoOOBaHA Ha MPAKTHIIN HapajurMa
«CMapT-CEJIEKIIi» 3epHOBHX 1 36pHOOOOOBHUX KYJBTYp 3aCIIyTOBY€E Ha IMOAAJbIIE 3aCTOCYBaHHS Y IIUPO-
Ki¥ CeNEKIIIMHIM MPAaKTHII B T.4. VIS MPHUIIBHIIICHHS IPOIECY J000py B celekilii pocyivH Ha 10—15 %.
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HNPAUMIHI MEJJATOHIHOM MIIBUIY€ NPOAYKTUBHICTH POCJINH
ININEHXALI ITPU BUKOPUCTAHHI HACIHHA 31 3BHUKEHOIO CXOXICTIO

M. B. llleBuenko’, JI. A. Tapa6an'?, 3. O. Konnakosal, I'. A. JIyrosa',
10. B. Kapneus', 10. €. Koaxynaes??
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[IpopocTaHHst HACIHHS — MEPIINHA €Tam y KUTTI POCIUHH, 110 Ma€ OCOOJIMBE 3HAUCHHS IS 1X MMoja-
JBIIOTO PO3BUTKY 1 (hOPMyBaHHS MPOTYKTUBHOCTI CLTBCHKOTOCIOIAPCHKUX KynbTyp. Lleit nponec uyTin-
BUH 710 pi3HUX YMHHHUKIB, BKIIIOYHO 3 piBHEM (iTOTOPMOHIB, BMiCTOM BOJAM Y HACiHHI, HOTO BiKOM, a Ta-
KOoX 1ii pisHOMaHiTHHX cTpecopiB (Ali, Elozeiri, 2017). AGioTHYHI CTpecH 3HWKYIOTh MIUTOMY HIUTHHICT
HACiHHS, 3MIHIOIOYH Mpoliec BOUPaHHS BOJU Ta CIPUUMHSIIOUN (Hi3UYHI YIIKOKEHHS HaCiHHEBOT 000710~
HKU. Hu3bka 1 HepiBHOMIpHA CXOKICTh HACIHHS, 11 BapilOBaHHS 3aJIeKHO Bifl MOTOJHUX YMOB Ta aHTPOIIO-
TeHHUX YHHHUKIB MOXE KPUTHYHO JIMITYBaTH ypOXKaWHICTh KyNbTYpHHX pociuH. KiimMaTwdHi 3MiHK
3HW)KYIOTh CXOXKICTh HACIHHS SIPUX 1 03UMHX KyJNbTyp B YKpaiHi. OCTaHHIMH poKamu 3’SIBHUIIMCS W 1HII
BUKITMKH, IO CTAaBIIATH Mif 3arpo3y (GopmyBaHHs nociBiB. Yepe3 akTuBHI BoeHHI fii 3 2022 poky B Ykpa-
HI yCKIIaTHIOETHCS TTPO0IIEMa HaJIS)KHOTO 30€piraHHs 3epHa, M0 3HIKYE HOTO MOCIBHI SKOCTI.

JJis i IBUIIICHHS IIBUKOCTI W OJHOPIHOCTI MPOPOCTAHHS HACIHHS Ta 1HAYKYBaHHS CTIHKOCTI Po-
CIMH Ha paHHIX (azax PO3BUTKY y CBIiTi AeNaii IIHPIIE BUKOPHCTOBYIOTHCS TEXHOIOTII MpaiMiHTy
(Paparella et al., 2015; Ibrahim, 2019). 3a3Buuaii tuM TEpMIHOM BH3HAYAIOTh METOJ KOHTPOJIBOBAHOTO
3BOJIOKEHHSI Ta BUCYIIIYBaHHSI 3€pHIBOK /JIsl IIOCHJICHHS y HUX MEepearepMiHaTUBHUX MeTaOO0iYHUX Mpo-
neciB (Komynaes Ta iH., 2023). [loemHaHHS 3BOJOXKEHHS 3 €0 (PITOTOPMOHIB 200 CTPECOBUX METa0OITi-
TiB MO’KE MiJIBUIYBaTH HE JIMIIC MBUIKICTh i pIBHOMIPHICTh IPOPOCTAHHS 3€pHA, a i CTIMKICTh POCIUH
JI0 CTPECOBUX YMHHUKIB pizHOMaHiTHOI npupoan (Hasanuzzaman, Fotopoulos, 2019).

Menatonin (N-ameTui-5-MeTOKCHTPUIITAMIH) HaJIeKUTh /IO 1HAOJIAMIHIB 1 BUKOHYE Pi3HOMaHITHI
GYHKIIT B pOCTMHAX, BKJIIOYAIOUN PETYIISIIIi0 pU30TeHe3y, BU3PiBaHHS TUIONIB, GOTOCHHTE3, META00i3M
JMiiB, BYTJIEBOIB Ta a30THUX CIIONYK, Iepelady CUTHANIB iHmuX (itroropMoHiB. Ha ximiTuHHOMY piBHI
MEJIATOHIH PETYJIOE€ 3HEIIKO/KEHHS aKTUBHUX (POPM OKCHUTeHy, Oepe y4acTh B MiATPUMaHHI [[UTICHOCTI
KIITUHHAX MEMOpaH, PEeryJisilii HAKOMUYEHHS OCMOJITIB Ta IHIIHMX MPOIecax, BAXKIUBUX JUIS CTIHKOCTI
JI0 HECTIPUATIMBUX YAHHUKIB CEpelloBHINA. Y YUCENbHUX JOCIHIPKEHHAX MOKa3aHWH MO3UTUBHHUN BILIHB
NpaiMiHTy HACIHHS MEJIATOHIHOM DPi3HHUX BHJIIB KyJITYPHUX POCIIHH Ha HOTO MPOPOCTAHHS 1 IOAAIBIIHNIA
pict pociuH 3a ctpecoBux ymoB (Wang et al., 2024). MeHII AOCTiIKEHUM 3aJIHIIAE€THCS BIUIUB MENATO-
HiHY Ha TIPOPOCTAHHS HACIHHS 31 3HIDKEHHMH MOCIBHUMH SKOCTSIMUA. OTPUMAaHO JiaHi PO MO3UTHBHUMA
BIUIMB MEJIaTOHIHY Ha MpPOLIECH MPOPOCTAaHHS cTapiroyoro HaciHHs BiBca (Yan et al., 2020), kykypyazu
(Deng et al., 2017; Su et al., 2018), >xuta i Tputnkaie (Kolupaev et al., 2024) Ta pi3HuX BUIiB 6000BHX
(Yuetal., 2021). Oanak i JOCTIIXKSHHsI IPOBE/ICHI MEPEBaXKHO B MOJICIbHIX YMOBAX.

MerToto Haioi poOOTH CTajo JOCHTIHKEHHsI BIUIUBY NMPAaHMIHTy MEJIATOHIHOM Ha MOJIBOBY CXOXKICTh
HaciHHs o3uMoi mnenutti (Triticum aestivum), pOCTOBI XapaKTEPUCTUKH 1 POJYKTUBHICTH POCIIHH 33 BHU-
KOPUCTaHHS JUIs CiBOM 3€pHIBOK 31 3HIKECHUMH [TOCIBHUMH SKOCTSMHU.

JpiOHOAUISIHKOBUI MOJILOBUH eKcHepuMeHT nposoamwtn y 2024-2025 pp. na HocnigHomy momi
Jep>kaBHOTO 010TEXHOJIOTIYHOTO YHIBEpCHTETY. Y PoOOTI BUKOPUCTOBYBAIM HACiHHS copTy JlaprHKa Ku-
iBCbKa, sIKE MPOTATOM TPHOX POKIB 30epiranocs 3a yMOB HecTal1IbHOI BOJIOTOCTI 1 TeMIepaTypH, i Majo
BUXIJTHY J1a00paToOpHY cXOXKIiCTh O1m3bko 60 %. 3epriBku npaiimysanu 20 i 50 MkM po3unHaMu MenaTo-
HiHY IPOTATOM 3 TOJ, MiC/IA YOro BUCYLIYBAJIM MPOTAroM a06u 3a temmnepatypu 24°C 10 BUXiAHOI BOJIO-
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rocTi. SIk KOHTPOJBHI BapiaHTH BHKOPHCTOBYBAIM 1IEHTHYHY OOpOOKY HACIHHS ITUCTHIIHOBAHOKO BOJOIO
(rigpompaiiMiHr) Ta HaciHHS 03 0OPOOKH.

lNppomnpaiiMiHT TiABUIYBaB MOJBOBY CXOXKICTh HACIHHA, AKY BH3HAYaIH depe3 | Micsip micis BH-
ciBy HaciHHA, Ha 5 % BiTHOCHO BapiaHTa 6e3 00poOkH HaciHHA, BogHOo4ac mpaimMidr 20 1 50 MkM po3un-
HaMU MEJIATOHIHY MiBUIYBAB IIeH moka3Huk Ha 25 % i 17 %, BiAmoBiaHO.

Bucora pocnyH Ha OYaTKy BECHSHOI BereTallii y BapiaHTi 3 TiIpONMpaiMiHIOM IepPEeBHIIyBasia KO-
HTpoJb Ha 9 %, a y BapianTax 3 20 1 50 MmxkM menaroninoMm — Ha 17 % i 8 %, BigmoBigHO. Y mepion MoJo-
YHO-BOCKOBOI CTHUTJIOCTI BUCOTA POCIIMH y BapiaHTax 3 TiIponpaiiMiHroM Ta 0OpoOKOI0 MeTaTOHIHOM Ta-
KO TTepeBHIITyBasla KOHTPOJIb, ajie juire Ha 3—5 %. [lnoma npanoprieBux JIMCTKIB Y POCIIHH, BUPOIIEHUX
3 HACiHHS, 1110 MiJAaBaJIOCs TiIPONPaUMIHTy, Maja JIMIIE TEHACHIIII0 10 30UTBIICHHS MTOPIBHSIHO 3 KOHT-
ponem (minBuineHHs Ha 5 %). BogHouac mpaiitmiar Hacigasg 20 1 50 MkM MenatoHiHOM 30iTbITyBaB IIi
rmokasHuky Ha 37 % 1 28 %, BiAIOBIIHO.

Ha mMomeHT 30MpaHHs yposkaro 3araibHa OioMaca poCiIHH y BapiaHTi 3 TiApONpaiMiHTOM 3HAYHMO
HE BiJIpi3HSIIACS Bil KOHTPOJIO, a y BapiadTax 3 20 i 50 MkM MenaToHIHOM IepeBHIIyBaia KOHTPOJIb Ha
10 % i 7 %, BignosigHO. BogHOUac Maca HaCiHHS 3 KOXKHOI POCIMHM y BapiaHTi 3 TiApONpPaiMiHIOM Iie-
peBHIIyBana KOHTPOJb Ha 4 %, a y BapianTax 3 00poOkoro HaciHHs 20 1 50 MKkM po3unHaMu MeNaTOHIHY
—Ha 39 % 1 19 %, BignoBinHo. Takox mix BummBoM 20 MKM MenaTOHIHY Big3Haudanacsi TEHIACHLISA 10
30inbenHs macu 1000 HaciHUH.

TakuM uynHOM, TIpalMIHT 3epHIBOK MIICHHUII 31 3HKEHUMH TIOCiBHUMU sKocTsMu 20 MKM menaTo-
HIHOM iCTOTHO IIi/IBHII[yBaB ITOKa3HUKH ITOJIbOBOI CXOXOCTI HACIHHS, MOCHUIIOBAB PICT POCIHMH B MEPioj
TIOHOBJICHHS BECHSHOI BereTarii Ta iX 3epHOBY MPOAYKTUBHICTh. OTXe, MIJIOTHUN €KCIIEPUMEHT 3aCBi/l-
YUB MOXKJIMBICTh TIOM SIKIIIEHHS HACIIAKIB BUKOPUCTAHHS TIPH CiBO1 HACIHHS MIIEHUIII 31 3HIKEHUMH TI0-
CIBHUMH SKOCTSIMHU 32 JIOTIOMOTOO MPaiiMiHT'y PO3YMHAMH MeNaToHiHy. J{is Oinbl 0JJHO3HAYHUX BHUCHO-
BKiB He0OXiIHE MacmTabyBaHHS €KCIIEPUMEHTY 1 PO3IIUPEHHS CIIEKTpa JOCTIIKYBaHUX TOKa3HUKIB, AKi
BIUIMBAIOTh HA BIJKUBAHICTB 1 MPOAYKTHUBHICTH POCIIHH.

Jocnidoicenns sukonane 8 pamkax npoekmy «Pospobaenns 3axodie 0na 3abe3neuents cmanoi npooyKmueHo-
cmi  azpogimoyenosie 3a enaugy abiomuyHux I OlomuuHux cmpecogux @akmopigy (Ne Oepocpeecmpayii
0124U000457) 3a niompumxu Minicmepcmea oceimu i hayku Yxpainu.
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THE ROLE OF MICROBIOME IN PLANT DROUGHT TOLERANCE
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Drought stress is one of the major problems in the world. The underlying mechanisms and conse-
quences of plant-microbiome interactions under water stress remain unclear, although it is known that
drought alters the composition and diversity of soil and plant microbiomes. Plant response to drought in-
volves metabolomic manifestations through root escudates in agricultural plants and their microbiomes.
The negative impact of drought is reduced water use efficiency, production of free radicals, impaired
plant growth and yield, and changes in the photosynthetic apparatus. Advances in genomics, tran-
scriptomics, proteomics, and metabolomics have revealed complex interactions between plants and mi-
crobes, identifying microbial metabolites and signaling pathways that activate drought-responsive genes
and osmoprotective mechanisms. Key aspects include the mutual exchange of metabolites (oxaloacetic
acid, flavonoids, triterpenoids, phytoalexin, coumarin and pyruvic acid), osmoprotectants (proline, sugars,
amino acids), antioxidant enzymes (peroxidase, catalase, superoxide dismutase) and phytohormones (sali-
cylic acid, jasmonic acid and abscisic acid), as well as the activation of stress-responsive pathways, the
importance of metabolic and chemical exchange between coexisting microorganisms for effective control
of increasing drought problems (Sharma et al., 2025).

The main groups of beneficial bacteria involved in drought stress mitigation include PGPR (plant
growth promoting rhizobacteria), endophytic bacteria and cyanobacteria. These microorganisms enhance
drought tolerance through numerous additional pathways, such as modulation of abscisic acid and auxin
signaling, deaminase activity, osmotic regulation, antioxidant defense, improved nutrient uptake, and im-
proved soil structure and water retention. Practical application strategies include seed inoculation, soil and
root application, foliar spraying, use of individual strains against microbial consortia, and advances in
bioformulations and carriers that improve microbial survival and efficacy in the field (Zhakypbek et al.,
2026). Drought significantly reduced both alpha and beta diversity, indicating a loss of microbial richness
and evenness, as well as community homogenization. Taxonomic shifts revealed enrichment of Cyano-
bacteriota, Cyanophyceae and Marileptolyngbya sina under drought conditions. Forty-seven endophytic
isolates were identified and characterized, including Enterobacter sp., Bacillus sp., Leclercia adecarbox-
yvlata and Stenotrophomonas sp. The isolated strains demonstrated traits that promote plant growth in
vitro. Drought selectively enriches certain taxa, which may enhance plant stress tolerance through special-
ized metabolic functions (Halo et al., 2026). Microbial activity leads to the formation of soil aggregates
that improve soil porosity and water infiltration, thereby reducing water stress. Additionally, microorgan-
isms aid in the decomposition of organic matter, releasing essential nutrients such as nitrogen, phospho-
rus, and potassium in bioavailable forms, thereby reducing soil stress. Symbiotic relationships, such as
mycorrhiza associations, expand the surface area of roots, improving water and nutrient uptake. PGPRs
directly contribute to soil fertility through processes such as nitrogen fixation and phosphate solubilisa-
tion. Some soil microorganisms produce extracellular polysaccharides and other biofilms that help retain
water and protect against soil erosion. These microbial exudates improve soil moisture content, protecting
plants from drought. Resident rhizosphere bacteria, including genera such as Bacillus, Pseudomonas, and
Azospirillum, enhance plant drought tolerance through several mechanisms: improving soil structure and
water retention, modulating phytohormone levels, promoting nutrient uptake, and activating antioxidant
and genetic defence pathways in plants (Etesami et al., 2026). Although microbial inoculants offer poten-
tial for drought tolerance, their low adaptability remains insufficient for environments with extreme water
scarcity. Desert plants are home to unique drought-adapted microbiomes, the main taxon of which has
been identified as Pseudomonas. Guided by interstrain interactions during biofilm assembly, a consortium
of five-member synthetic communities was obtained, where QS (quorum sensing) signals promoted bio-
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film formation on a community-wide scale. SynCom (synthetic communities) derived from these strains
were shown to significantly improve wheat growth under drought conditions. Metagenomic analysis
showed an increase in microbial functions related to biofilm formation, QS, and carbon metabolism.
Community biofilm production improved strain colonization and provided greater drought tolerance
compared to monocultures (Hao et al., 2026).

PGPR inoculation of the drought-stressed Egyptian wheat variety Gimmeza-9 showed significant
improvement in growth parameters and stress tolerance compared to uninoculated control plants under a
10-day drought period, while Bacillus rugosus (MMH101) inoculation resulted in increased fresh and dry
biomass, shoot and root length. PGPR treatment also increased chlorophyll and proline content (Salem et
al., 2024).

Interactions between plants and microbiomes are crucial for maintaining plant health and productiv-
ity under stress, yet little is known about this interaction under drought conditions. Using wheat as a
model, by combining genomics and crop-specific methods to study the interaction between soil and root
microbiomes, with rhizosphere metabolomes and plant phenotypes, it was shown that under drought con-
ditions, microbial colonization is enriched with Streptomyces coeruleorubidus and Leifsonia shinshuensis.
Accordingly, genes contributing to microbial responses to drought, including N-terminal acetyltransfer-
ase, are upregulated, while reintroduction of S. coeruleorubidus and L. shinshuensis promotes host
drought tolerance. Drought-induced enrichment of microbes and metabolites improves plant adaptation to
abiotic stresses, potentially impacting the development of biological tools for drought mitigation (Li et
al., 2025).

The effects of a PGPR consortium of five strains (4zotobacter spp., Bacillus sp., Paenibacillus sp.,
Pantoea sp., and Pseudomonas sp.) on maize (Zea mays L.) productivity and soil nutrient dynamics in
semi-arid regions of Turkey were evaluated. PGPR application significantly improved soil organic matter
content, phosphorus availability and cation exchange capacity, especially at the tassel formation stage,
and provided the highest grain productivity, indicating optimized biological nitrogen fixation and water
use efficiency (Kurt, 2025). The root-associated bacterial community adapts to water deficit conditions,
leading to compositional and functional changes throughout the plant's life cycle. A steady decrease in the
number of Pseudomonas sp. in the endophytic compartment was observed under conditions of no irriga-
tion in both the vegetative and reproductive phases. Similarly, a decrease in the abundance of Pseudomo-
nas sp. in the rhizoplane was observed over time, while drought stress resulted in an increase in the abun-
dance of Enterobacter sp., highlighting the influence of irrigation level on the composition of bacterial
communities. This shows the value of isolating bacteria directly from highly stressed environments, as
such isolates are more likely to retain their beneficial properties under similar challenging conditions.
Therefore, these stress-adapted bacterial strains have potential as bioinoculants to enhance plant produc-
tivity in water-limited systems (S4 et al., 2026).

The above highlights the potential of plant-microbiome interactions in adapting to water stress,
suggesting that microbiome selection may be a promising strategy for developing drought-tolerant crops
and improving sustainable agriculture. Having a way to tune the soil microbiome could allow crops to ig-
nore heat, but this requires strategies to harness the microbiome, as well as strains that enhance drought
tolerance (Sidik, 2026).
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Climate variability has significantly affected the productivity of major agricultural crops and food
security due to increasing climatic instability, including frequent periods of drought, sharp temperature
fluctuations, soil salinization in intensively irrigated areas, and the development of extreme weather
events. According to projections, the impact of abiotic stresses in the coming decades will become one of
the main factors reducing the yield of cereals and grain legumes, which necessitates the development of
varieties with enhanced complex resistance. Wheat (Triticum aestivum L.) is one of the world’s key food
crops and a major component of Ukraine’s agro-industrial complex, providing a significant share of the
grain balance and contributing to national food security. Soybean (Glycine max (L.) Merr.) is a legumi-
nous plant cultivated worldwide and in Ukraine for human consumption, feed production, and industrial
purposes. Soybean seeds are characterized by the highest protein content among legume crops. One of the
most important adaptive traits of plants is photoperiod sensitivity.

Photoperiodic response determines the timing of flowering and the length of the growing season,
which directly affects plant adaptation to regional climatic conditions and the duration of vegetation. Re-
cent studies indicate that key loci of photoperiodic regulation — genes of the PPD system (Ppd-A1, Ppd-
Bl1, Ppd-DI) in wheat (Ning et al., 2023) and genes of the E system (E/-E4) in soybean (Zheng et al.,
2023) — not only control phenology (the transition from vegetative to reproductive development) but also
indirectly or directly influence plant responses to abiotic stresses such as drought, high temperatures, sa-
linity, and low temperatures. Since photoperiod is the most stable environmental factor affecting plant or-
ganisms (Roeber et al., 2022), studying the relationship between ontogenetic developmental features,
metabolic mechanisms of plant adaptation under abiotic stress conditions, and genetic systems controlling
photoperiodic response is important both theoretically and practically. Despite accumulated data on
mechanisms of resistance to individual abiotic factors (Zheng et al., 2025; Staniak et al., 2023; Du et al.,
2024), the role of genetic systems regulating development in forming resistance at early ontogenetic stag-
es remains insufficiently studied. The lack of integrated models and clear phenotypic and molecular
markers limits the effectiveness of breeding selection for resistant genotypes.

The aim of the study was to investigate the role of genetic systems of photoperiod sensitivity in ma-
jor agricultural crops — wheat and soybean — in the formation of resistance to abiotic stresses, namely
drought and hyperthermia. The objects of the study were near-isogenic lines (NILs) carrying photoperiod
sensitivity genes of the PPD system in wheat cultivar Mercia: Ppd-Ala, Ppd-Bla, and Ppd-Dla. The
Mercia cultivar, in the genetic background of which the isogenic lines were developed, is a UK-bred vari-
ety characterized as short-stemmed, disease-resistant, and high-yielding.

The study also used soybean (Glycine max (L.) Merr.) cultivars and isolines from the plant collec-
tion of the Department of Plant Physiology and Biochemistry and Microorganisms at Karazin Kharkiv
National University with defined photoperiodic responses. These included the short-day cultivar Smoli-
anka, characterized by black seeds, and the day-neutral cultivar Ambella, both listed in the State Register
of Plant Varieties of Ukraine, as well as soybean near-isogenic lines (NILs) from the Yuriev plant produc-
tion institute of the National Academy of Agrarian Sciences of Ukraine: the short-day line IR-903 and the
day-neutral line IR-907, developed in the genetic background of the Harosoy cultivar, and NILs devel-
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oped in the genetic background of the Clark cultivar, which differ in the state of specific loci of the E-
series genes and in photoperiodic response (Agricultural Research Service, www.ars.usda.gov). The level
of resistance of wheat to drought and hyperthermia was assessed using several methods, including rapid
germination assays, inhibition of biomass accumulation, suppression of growth response, and determina-
tion of the temperature threshold of protein coagulation (PCT). Screening of soybean cultivars and iso-
lines for drought and heat resistance was conducted using rapid germination assays, analysis of seedling
biomass, and PCT determination. Under in vivo vegetation experiments, drought resistance was analyzed
by assessing morphometric parameters (linear growth and biomass of aboveground and root systems) as
well as free proline content in leaves and roots of experimental plants. The experiments were conducted
in three biological replicates, and the obtained results were statistically processed using pairwise compari-
son methods, with significance of differences evaluated at p < 0,05.

According to the experimental results, all wheat near-isogenic lines (NILs) exhibited greater re-
sistance to extremely high temperatures than to drought. When studying the effect of artificial drought on
seed germination, it was found that among the NILs of the PPD gene system, the Ppd-Dla isoline
showed the highest resistance. In the analysis of the effect of artificial drought on growth processes, it
was demonstrated that in the Ppd-A/a isoline, the stress response of both aboveground and belowground
parts are less pronounced than in the other isolines. Growth inhibition is an integral indicator of stress re-
sponses in plant organisms, which was observed in our experiments under hypothermia. Differences in
responses among the studied isolines were identified and may be indirectly associated with genetic de-
termination by PPD genes. The degree of growth inhibition was minimal in the Ppd-Ala isoline com-
pared to other isolines and the cultivar, which may indicate a reduced sensitivity of this genotype to stress
factors. Thus, wheat isolines characterized by rapid developmental rates and low photoperiod sensitivity
(photoperiod insensitivity) exhibit higher levels of drought and heat tolerance. Consequently, the results
of the integrated study suggest that the genetic system controlling photoperiod sensitivity in wheat — the
PPD gene system — may indirectly regulate the expression of quantitative traits such as drought and heat
tolerance in seedlings of Mercia NILs.

The analysis of drought and heat tolerance in soybean cultivars and isogenic lines with contrasting
photoperiodic responses showed that rapid screening revealed differences in drought tolerance levels be-
tween cultivars and NILs of the E-gene system. Under conditions of artificial and soil drought, it was es-
tablished that stress-tolerant soybean genotypes were characterized by higher values of drought resistance
parameters, including seed germination, biomass accumulation, enhanced root system growth, and in-
creased proline content in both aboveground and belowground plant parts. Analysis of drought resistance
in cultivars and isolines using different methods showed that the effect of genotype on stress tolerance is
independent of the plant’s ontogenetic stage. The highest levels of drought and heat tolerance were ob-
served in photoperiodically neutral cultivars and isolines, while the lowest were recorded in short-day cul-
tivars and lines. It is suggested that genes controlling photoperiod sensitivity may indirectly influence the
expression of drought resistance genes in soybean.

Thus, photoperiodically neutral (insensitive) plants demonstrate a higher degree of adaptability and
resistance to drought and hyperthermia compared to photoperiod-sensitive plants, regardless of whether
they are short-day or long-day types. It was established that photoperiodically neutral genotypes of wheat
and soybean are characterized by enhanced combined resistance to drought and hyperthermia, indicating
the potential of using PPD and E loci as breeding markers of adaptability.
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N-HEXANOYL-L-HOMOSERINE LACTONE MODULATES MORPHOGENESIS AND
ENHANCES PROLIFERATIVE CAPACITY IN WHEAT IN VITRO CULTURES
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Introduction. N-acyl homoserine lactones (AHLs) are quorum sensing signaling molecules of
Gram-negative bacteria. They regulate biofilm formation, rhizosphere colonization, synthesis of virulence
factors, and microbial adaptation to environmental conditions (Babenko et al., 2022). At the same time,
AHLs have been shown to participate in interkingdom communication, influencing physiological pro-
cesses in plants, including root growth and development, morphogenesis, and stress tolerance (Babenko et
al., 2024). Plant responses to AHLs depend on molecular structure, acyl chain length, signal concentra-
tion, and plant genotype, indicating the specificity and complexity of this interaction (Duan et al., 2024).
In plants, AHLs can activate signaling cascades associated with calcium signaling, secondary messengers,
phytohormonal regulation, and changes in the expression of genes controlling growth and defense re-
sponses (Schenk, Schikora, 2015). For several species, low concentrations of AHLs have been shown to
stimulate germination, root elongation, biomass accumulation, and increased tolerance to biotic and abiot-
ic factors. In contrast, higher doses may inhibit growth or alter the direction of morphogenesis (Palmer et
al., 2014).

In wheat, interest in AHLs has increased particularly after reports of their ability to enhance prim-
ing and increase resistance to leaf rust, which opens perspectives for their use in biotechnology and cereal
physiology (Soleimani et al., 2024). For wheat in vitro culture, AHLs are especially important as potential
low-molecular-weight modifiers of morphogenetic competence, since regeneration in this species is often
genotype-dependent and inefficient (Parmar et al., 2012; Kowalik et al., 2022; Wijerathna-Yapa et al,
2022). In this context, studying the effects of AHLs may help optimize callus induction, organogenesis,
and shoot regeneration, as well as clarify the mechanisms of interaction between bacterial signaling mole-
cules and plant cells.

Aim. To investigate the effect of N-hexanoyl-L-homoserine lactone (Cs-HSL) on wheat develop-
ment in vitro and to evaluate its potential as a biologically active factor that stimulates growth and regen-
erative processes.

Materials and Methods. Mature embryos of the Triticum aestivum L. cultivar Podolyanka were
used as primary explants. After surface sterilisation, the explants were cultured in Petri dishes (10—12 per
dish) on Murashige and Skoog (MS) agar medium at 25 + 2°C in darkness for 3—4 days. For callus induc-
tion, fragments of the meristem from the central part of the embryonic axis were transferred to MS medi-
um supplemented with 2,4-dichlorophenoxyacetic acid (2,4-D) at 2 mg/L. The resulting callus tissue was
subcultured onto fresh MS agar medium containing 2,4-D and supplemented with Cs-HSL at concentra-
tions of 50, 100, 200, 300, and 400 ng/mL. Cultivation was carried out at 25 &+ 2°C in darkness.

Results and Interpretation. A clear dose-dependent response of wheat callus cultures to Cs-HSL
was observed, reflected in changes in growth intensity and morphogenetic characteristics. The most pro-
nounced stimulatory effect was recorded at 300 ng/mL, whereas increasing to 400 ng/mL reduced the re-
sponse, consistent with the known concentration-dependent effects of AHLs. Analysis of fresh callus bi-
omass showed a strong stimulatory effect of C¢-HSL (300 ng/mL) compared with the control. An increase
in biomass was already observed at early cultivation stages (day 3) and progressively intensified through-
out the growth period. By day 12, the callus mass in the experimental variant exceeded that in the control
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by approximately 7—8-fold. These results indicate intensification of proliferative processes under Cs-HSL
treatment and a pronounced morphogenetic effect in vitro culture.

At the cytological level, the control callus exhibited pronounced morphological heterogeneity,
comprising cells of various shapes (rounded, isodiametric, and slightly elongated) with sizes of approxi-
mately 40—120 pum. Under C¢-HSL treatment (300 ng/mL), increased morphological uniformity was ob-
served, with a predominance of significantly elongated cells reaching 300-400 pm in length. These
changes indicate intensive cell elongation, likely accompanied by a relative decrease in cell division fre-
quency and a shift in the balance between proliferation and differentiation. In the Cs-HSL variant, cell
wall thickening was also observed: its thickness increased from approximately 1.5-3 um in the control to
3—6 um in treated variants, representing a twofold increase. These changes may indicate intensified syn-
thesis and accumulation of structural cell wall components, including cellulose, hemicelluloses, and pec-
tins, as well as possible activation of remodelling processes, including early stages of lignification.

The observed morphophysiological effects are consistent with current understanding of the role of
AHLs in interkingdom signalling and the regulation of plant cellular metabolism. In particular, AHLs
may influence the cellular redox state and activate stress-associated signalling cascades, accompanied by
cell wall remodelling. At the same time, many effects are likely mediated by modulation of auxin-
dependent signalling, which plays a key role in regulating cell elongation, growth polarity, and cellular
organisation (Schenk, Schikora, 2015; Babenko et al., 2025).

The results suggest that Cs-HSL can act as an effective low-molecular-weight modifier of wheat
callus morphogenesis, influencing both growth intensity and tissue cellular organisation.

Conclusion. Cs-HSL exhibits high biological activity in wheat in vitro culture, stimulating callus
formation, growth, and cell elongation. Its action is accompanied by increased morphological homogenei-
ty of the callus and thickening of the cell wall, which may reflect remodelling of its components. The ob-
served effects are likely mediated through auxin-dependent signalling and stress-associated pathways.
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Marginal land such as reclaimed post mining lands, unused, degraded, underutilized low-quality
pastures and forest strips damaged or destroyed completely by military action caused by Russian invasion
to Ukraine, can become a "solution" for cultivation of the fast-growing plants in urban and/or rural areas
as raw materials for bioenergy and high-value bioproducts. Although some urban trees may tolerate or
avoid current dry periods, ongoing climate change may push certain species beyond their safe operating
range, making species selection for urban planning increasingly important (Vasquez et al., 2025). Howev-
er, the response of trees to increasingly frequent droughts and their intensity in urban settings remains un-
clear.

The frequency and severity of droughts are expected to increase due to climate change (Bhusal et
al., 2021). Therefore, drought tolerance should be a key criterion when selecting tree species for forest
plantings to ensure maximum survival and preserve natural habitats. That is why the choice of the direc-
tion of growing fast-growing poplar clones on marginal lands is promising from the point of view of cre-
ating forest plantations that would improve the microclimate for growing crops in drought conditions.
Two strategies for growing fast-growing trees are distinguished: with dense planting and short rotation of
logging, 25 years, and with wider row spacing and longer rotation (Kutsokon et al., 2015). Typically, the
short rotation strategy is used to create bioenergy plantations, while wider row spacing is practiced to cre-
ate protective forest strips.

Data on annual precipitation estimates indicate that the territory of the Dnipropetrovsk region is un-
der the influence of arid conditions year by year. The daily air temperature increased in 2021-2023 from
26-26.9°C to 28-29°C in 2024 and 2025. At the same time, the amount of precipitation decreased from
473-536 mm to 359 and 345 mm. The amount of precipitation in the Nikopol district (in the southern
Dnipropetrovsk region) in the summer of 2025 was 6 mm, five times less than in 2021. This is clearly re-
lated to the disappearance of the Kakhovka Reservoir following the collapse of the Dnipro River hydroe-
lectric dam in June 2023 (Pichura et al., 2025).

Restoring forest plantations damaged by military action appears promising due to the ability of pop-
lars to undergo phytovolatilization in vegetation systems that prevent vertical water flow to pollutants un-
derground (Yesilyurt et al., 2024). At the same time, the application of organo-mineral fertilizers is an
additional factor enhancing the removal of toxicants with aboveground biomass. The 100 % N treatment
in the form of sewage sludge was found to be the most effective compared to the other two options (50 %
N and 150 % N) when growing eucalyptus and cedar under semi-arid conditions on marginal land (Singh
et al., 2025). Water availability plays a greater role in poplar productivity than temperature (Pearson et al.,
2010). Poplar clones ‘Gulliver’, ‘Novoberlinska-3’, and ‘Slava Ukrainy’ coped with stress faster than
others, while ‘Volosystoplidna’ was the most drought-sensitive (Kutsokon, Khoma, 2025). Meanwhile,
the clone of the Canadian poplar variety "Pannonia" (Populus * canadensis Moench) demonstrated great-
er resistance to air temperatures of about 40°C, having a smaller specific leaf area than the clone "Giant"
(Ferus et al., 2020).

One of the promising non-traditional organo-mineral fertilizers for improving the nutrient regime of
marginal lands is sewage sludge. A field experiment with male cuttings of the Robusta clone was initiated
to test the effectiveness of the action of sludge treated with a flocculant in the conditions of the Dniprope-
trovsk State Agrarian and Economic University (DSAEU) Land Reclamation Research Station in the
south of the Dnipropetrovsk region, in the city of Pokrov, Nikopol district. This clone seedlings were tak-
en for new micro field experiment since we saw a high level of survival after planting a number of cut-
tings of different poplar clones in loess-like loam at the DSAEU research station in 2016 (Kharytonov et
al., 2017). These cuttings were obtained from the Boyar Research Station of the National University of
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Life Resources and Environmental Management of Ukraine. Clones Robusta, Ijzer-5 and Tardif de
Champagne showed a high level of survival (95, 80, and 70 %). Poplar (Populus spp.) is a famous natural
pollen trapper from the air thanks to its seed hairs (Rasool, Shafi, 2025). Meanwhile, male cuttings of the
three clones were not sources of poplar down.

The main goal in our case study was to see selected poplar clone adaptive reaction to the difficult
local soil and climate conditions after six year grown. In this connection two-year-old cuttings of the Ro-
busta clone were planted in the spring of 2020 in the form of a two-row alley with a distance between
trees of 1.0x1.0 m. Sewage sludge treated with a flocculant based on polyethylene oxide polymer was ap-
plied as fertilizer in an amount of 20, 40 and 60 tons of dry matter (d. m.) per 1 ha in a soil pit 0.5 m deep
and mixed with technosol. The type of technosol was phytoremediated loess-like loam from a reclaimed
dump created on lands disturbed by manganese ore mining. The humus content was 1.5 %.

Analysis of data on height and trunk diameter shows two trends. The first is associated with an in-
crease in the values of height and diameter with the introduction of a larger amount of sewage sludge. The
second trend is associated with a greater effect from the use of flocculated sewage sludge as a soil addi-
tive. The use of flocculated sewage sludge allowed to obtain an increase in the values of height and diam-
eter for three options on average by 11 and 19.5 %. The value of the specific leaf area in the options with
the initial introduction of flocculated sewage sludge (20, 40 and 60 teha™') was lower in comparison with
the one where untreated sludge was introduced by 13, 18.4, and 23 %, respectively. The obtained data in-
dicate that a smaller specific leaf area provided greater resistance of plants to increased air temperature in
the study area, which affected the increase in their height and trunk diameter. The obtained result con-
firmed the statement that Populus species are generally adapted to a range of climatic conditions in which
they are planted (Kutsokon et al., 2015). Determination of heavy metal content in poplar leaves showed
that the addition of untreated sewage sludge with flocculant contributes to an increase in the concentration
of manganese, zinc, copper and nickel in leaf biomass compared to the control. In relation to manganese,
an increase in its content was observed compared to the control by 8.0—18.0 % at sludge application doses
of 20-60 teha™!. The application of flocculated sewage sludge at doses of 40 and 60 teha™ led to a decrease
in the manganese content in the leaves, respectively, in the variant without flocculant treatment by 5 %.
The application of flocculated sewage sludge led to a decrease in the zinc content compared to the variant
without flocculant treatment by 7-18 %. A decrease in the copper content in poplar leaves by 8 % after
treatment with flocculated sludge, compared to the control, was recorded at a sludge application dose of
60 teha!. A significant decrease in the nickel content in poplar leaves by 12-34 % was recorded in the
variants with the application of flocculated sewage sludge at doses of 40 and 60 tha™!. The use of floccu-
lated as a soil amendment led to a decrease in the copper content by 6—9 %, manganese by 9-16 %, zinc
by 20-23 %, and nickel by 17-40 %, compared to the variants without treatment of flocculated sewage
sludge.

Thus, taking into account the known effect of the total toxicity of heavy metals, it can be argued
that the increase in such biometric indicators as the height and diameter of the trunk and ensuring adapta-
bility to arid conditions by reducing the specific area of leaves are due to the reduction of the negative
cumulative effect of heavy metals on the growth of poplar seedlings. The use of flocculated sewage
sludge at a dose of 60 teha™! as soil amendment is the most effective way to achieve an increase in bio-
metric indicators, a decrease in the content of heavy metals in leaves and wood, and an increase in
drought resistance of poplar seedlings. Therefore, creation of the poplar plantations adapted to local soil
and climate conditions requires testing clones for survival and identifying the optimal biosolid dosage de-
pending on their subsequent use in short- or long-term rotation systems.
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Wild relatives of cultivated plants are known to be sources of numerous valuable genes which play
an important role in adaptation to biotic and abiotic stresses. Many crops have lost these genes during
long period of breeding aimed at development of varieties and hybrids combining high yield with im-
proved grain quality.

Hordeum spontaneum C. Koch. is a progenitor of cultivated barley which originated from arid and
semi-arid regions of Mediterranean basin and Fertile Crescent. Therefore, this species (subspecies accord-
ing to some taxonomies), including diverse local populations, is considered to be promising for improve-
ment of Hordeum vulgare and production of new varieties highly adapted to global warming. It should be
noted that crosses between H. spontaneum and H. vulgare result, as a rule, in fertile hybrids genetic re-
combination=based segregation in subsequent generations promotes producing introgressive vulgare-type
lines possessing small fragments of wild genome and free from such unfavorable characters of H. sponta-
neum as brittle rachis, late flowering, and specific vernalization requirement (Matus et al., 2003). At the
same time, these lines have been proved to be carriers of resistance to drought, diseases and salinity. They
may be characterized by increased grain sizes, higher protein contents as well as by other important agro-
nomic traits. Contrary, it is possible to improve H. spontaneum accessions by selection of plants with un-
brittle rachis and with typical spring growth habit in segregating populations.

Studies on the physiological mechanisms of adaptability have shown that responses of plants to di-
verse stresses can be realized at different levels, including formation of specific morphological structures
augmenting viability of plants and their capability for seed progeny production. Among them, coleoptile
length is of great interest as adaptive trait for enhancing yields of Poaceae crops in arid environments. As
coleoptile covers the leaf and protects the seedling during seed germination in soil, longer coleoptile al-
lows deeper sowing and more efficient water utilization in arid conditions, especially in the case of late
sowing (Radford, 1987).

In the 1990s, major efforts in studying the impact of coleoptile length on resistance of barley plants
to drought were naturally focused in the International Center for Agricultural Research in the Dry Areas
(ICARDA) (Grando, Ceccarelli, 1995). However, global climate changers have led to broadening the ge-
ography of these investigations and resulted in increasing interest for assessment of the diversity in cole-
optile length both in cultivated barley and in its relatives (Ergiin, 2025).

It should be noted that despite the simplicity of coleoptile length determining by laboratory germi-
nation test, some methodological aspects remain unclear. In particular, temperature and duration of incu-
bation are debatable: whether these parameters should be close to native ones under field conditions or
germination may be carried out at higher or lower temperatures in order to differentiate genotypes as
quickly as possible and reveal the upper level of the trait performance. Obviously, when experiments are
designed, data that coleoptile growth is restricted by sunlight and the first leaf emergence as well as geno-
type sensitivity to sub-physiological and elevated temperatures should be taken into consideration.

The objectives of this work were to study the genetic diversity in coleoptile length in cultivated bar-
ley H. vulgare, H. spontaneum and to determine inheritance of this trait in doubled haploid lines (DH-
lines) derived from hybrids between these species. Eleven H. spontaneum accessions originating from Is-
rael, Syria, Azerbaijan, twelve H. vulgare varieties of different geographic origins and twenty four DH-
lines produced via anther culture in vitro on the basis of interspecific hybrids were investigated. Seeds
were germinated in darkness, in moistened filter paper rolls at 15°C for 13 days (Paynter, Clarke, 2010)
and at 25°C for 10 and 15 days. Seeds of one H. spontaneum genotype and one H. vulgare genotype were
germinated at 10°C for 14 days (Kyrdoglo et al., 2014).

The results have demonstrated that the seed germination and coleoptile growth were severely sup-
pressed at 10°C in both accessions. Coleoptiles length could be only measured after 20 days of incuba-
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tion. Higher temperatures were more suitable for screening all genotypes for coleoptile length. Elevation
of temperature from 15°C to 25°C has resulted in an increase in the mean coleoptile lengths by 25 % and
35 % in cultivated and wild barley, respectively. However, no influence of temperature on genotype dis-
tribution was detected. No significant differences were observed between coleoptiles lengths measured af-
ter 10- and 15-day incubations at 25°C, either. Moreover, no visible elongations of coleoptiles were ob-
served after the first leaf emergence (1-3 cm) within 5—7 days, and only seedlings continued their growth.
This led to conclusion that incubation may be significantly shorter than 15 and even 10 days.

Coleoptile lengths in H. spontaneum accessions of varied from 6.3 cm in ‘IU 067214’ to 8.3 in
*599/18’, ‘1U0788’, and ‘IR30009’. The mean length was 7.6 cm. In cultivated barley accessions, the col-
eoptile lengths measured after incubation at 25°C ranged from 4.8 cm in hullless variety ‘Mebere’ to 7.3
cm in collection accession ‘DD21°, which is a source of high protein content. In variety ‘Velikan’, the
coleoptile was also longer than 7 cm. The corresponding length measured after seed germination at 15°C
ranged from 3.5 to 6.0 cm.

DH-lines were generated from 8 F; crosses between H. spontaneum accessions ‘IR06712’,
‘IR06714°, ‘IR 046086-1°, ‘IR30009°, ‘599/18’, hybrid population F3 ‘DH00-126xIR30009°, and spring
barley varieties ‘Yavir’ and ‘Velikan’ as well as from androgenetic line ‘DHO00-126’. The latter three
genotypes are characterized by high androgenetic capacities in contrast to all H. spontaneum accessions
(Bilynska, Bohuslavskyi, 2018; Bilynska, Shelyakina, 2023). Introgressive DH-lines differed in their
morphological traits. Among them, there are vulgare-like plants with brittle and unbrittle rachises, plants
of spontaneum-type with brittle and unbrittle rachis as well as plants with intermediate morphology pos-
sessing long spikes and large caryopses. Most of DH-lines under investigation inherited spring growth
habit from cultivated barley. Only three DH-lines exhibited late heading and inherited vernalization re-
quirement from H. spontaneum.

Screening DH-lines for coleoptile length has revealed significant variation in the inheritance of this
character reflecting diversity of parental forms. In particular, the coleoptile lengths in DH-lines varied
from 5.3 cm in ‘DH18-13’ to 8.7cm in ‘DH23-146’. The mean length was 6.7 cm. Fifteen DH-lines with
different morphotypes were found to have long coleoptiles measured after 10-day incubation at 25°C.

All lines under investigation were produced via biotechnological approach — anther culture in vitro
using seven F; and one F, hybrids. This approach has advantage in accelerating breeding over traditional
one based on backcrosses and selection in segregating hybrid populations. At the same time, additional
experiments may be carried out for screening F, generations and subsequent planting seedlings with long
coleoptiles for production their progenies.

From these results, we can conclude that relatively high temperature (25°C) allows better differen-
tiation of wild and cultivated barley in coleoptile length in comparison with 10°C and 15°C, revealing the
maximum levels of the trait performance and shortening incubation. Selected genotypes with long coleop-
tiles may be screened in the laboratory at lower temperatures in order to evaluate cold tolerance of seed-
lings, if necessary. H. spontaneum accessions ‘IR3009’ and ‘599/18°, commercial variety of cultivated
barley ‘Velikan’, and accession ‘DD21°, as well as at least 15 androgenetic introgressive DH-lines of both
vulgare- and spontaneum-types are recommended for usage in breeding programs as sources of the “long
coleoptile” trait. Regardless of plant morphology, DH-lines inheriting spring growth habit from H. vul-
gare and long coleoptile from H. spontaneum are of great value for further studies of barley genetics and
breeding. This plant material can also be used for enrichment of collections of barley genetic resources
and for molecular and genetic investigations.
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Drought in the seedling phase is a critical stress factor that limits production of high-quality seed-
lings of agricultural crops and, therefore, harvesting high yields. An effective way to increase drought re-
sistance of cultivated plants in the juvenile phase is the selection of resistant genotypes against a provoca-
tive background, in particular by germination on solutions of substances — osmotics that simulate mois-
ture deficiency (Saliy, Ryabchun, 2022; Pykalo et al., 2020; Altaf et al., 2021). Polyethylene glycol
(PEG) with a molecular weight of 6,000 (PEG 6000) is successfully used as an osmotic substance, which
has an advantage over the traditionally used sucrose (Sharma et al., 2022). Potential genetic sources of
drought resistance in wheat breeding are synthetic forms — amphidiploids or synthetics, created by com-
bining the genomes of various wild and cultivated wheat species and related species — Aegilops L., Dasy-
pyrum (Coss. & Durieu) T. Durand, and others, which are naturally adapted to growth in arid conditions
(Sammer et al., 2014). Selection of such forms is possible due to the collection of synthetics concentrated
in the National Plant Gene Bank of Ukraine.

The aim of the study was to compare the resistance of synthetic wheat forms to water deficit in the
seedling phase by germination on a PEG 6000 solution and to select the most resistant accessions. Thirty
synthetics with different genomic structures from the collection of the National Plant Genebank of
Ukraine, with both spring and winter growth habits, were used in the experiments. The following varieties
were compared: bread winter wheat ‘Bunchuk’ (PBGI); bread spring wheat ‘Elehiia Myronivska’ (MIW)
and ‘Kharkivska 30’ (YPPI); durum winter wheat ‘Kontynent’ (PBGI), durum spring wheat ‘Spad-
shchyna’ (YPPI). ‘Bunchuk’ and ‘Kontynent’ are adapted to the conditions of the Ukrainian steppe;
‘Kharkivska 30’ and ‘Spadshchyna’ — to the eastern forest-steppe of Ukraine; ‘Elehiia Myronivska’ — to
the central forest-steppe of Ukraine. Droughts are typical for all these regions during the germination of
wheat, with both winter and spring growth habits.

Three concentrations of PEG 6000 were tested: 10 %, 12 %, and 15 %. Germination on distilled
water was the control. Germination was carried out in plastic pots on filter paper. The experiments were
repeated twice. The following parameters were determined: germination, number of primary roots, prima-
ry root length, sprout length and weight, and root weight. These parameters, with the exception of the last
two, were determined on days 3 and 7 of germination. For each experimental variant, 20 germinated seeds
were analysed; thus 20 values of each morphological characteristic were obtained. The mass of fresh and
dry sprouts and roots was determined in total for 10 seedlings in each replication (two replications in to-
tal). Sprouts and roots were dried at 130°C for 60 minutes. The significance of differences between mean
values was assessed using the Student’s #-test at a probability level of 95 %.

The degree of change in the trait expression under the influence of the osmotic agent was assessed
by the factor influence index, which was calculated by the formula: I = [(x-x2)/x2/%100 %.

where: I — factor influence index;

x1— mean value in the experimental variant (germination on 10 %, 12 %, or 15 % PEG 6000);

x> — mean value in the control (germination of seeds of the same accession on distilled water).

A positive value of the index means an increase in the parameter, i.e. a beneficial influence of the
studied factor; a negative value means a decrease in the parameter, i.e. a harmful influence of the factor.
The criterion of drought resistance was considered when the index of influence of factor / was equal to
zero or to deviate minimally from it, within the confidence interval. Such indices were coded with the
number 1. For each accession, the codes of the characteristics were summed up and the total rating of the
accession was determined. The synthetics, the ratings of which exceeded the ratings of the control wheat
varieties, were considered more drought-resistant.

Our results demonstrate that a single PEG concentration (15 %) is sufficient to evaluate drought re-
sistance across wheat cultivars and related accessions. Of the traits characterizing seedlings drought re-
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sistance, germination and the mean number of roots on 7 day 7 of germination appeared to be the most in-
formative ones. The fresh weight of roots and sprouts, the number of roots on day 3 of germination, root
lengths on days 3 and 7 of germination, and sprout length on day 3 of germination are less informative.

Among the tested control wheat varieties, durum winter wheat ‘Kontynent” turned out to be the
most drought-resistant variety, with a rating of 43. Significantly lower resistance was observed in durum
spring wheat ‘Spadshchyna’ (32), bread winter wheat ‘Bunchuk’ (26), bread spring wheat ‘Elehiia My-
ronivska’ (23)’ and ‘Kharkivska 30’ (16).

Of the synthetics, the highest rating (47 and 46, respectively) was recorded for ‘PAG 7’
(‘UA0500044°, spring growth habit) and ‘UA0500064’ (winter growth habit), which were superior to
winter durum wheat ‘Kontynent’. Synthetic [U070452 (winter) (43) was similar to this variety. These ac-
cessions can be considered the most promising sources of drought resistance in the germination phase.
One of the two most drought-resistant synthetics — ‘PAG 7’ — combines the genomes of two cultivated
wheat species: free-threshiing 7. durum Desf. and hulled 7. monococcum L. The second resistant acces-
sion — ‘UA0500064’ includes the genome of a wild wheat relative — medium wheatgrass Thynopyrum in-
termedium (Host) Barkworth & D.R. Dewey. The tolerance of this species to a complex of abiotic and bi-
otic factors is well known (Cui et al., 2018). The presence of the common wheat genome in this synthetic
facilitates cross-breeding with bread wheat cultivars to transfer drought resistance.

Four synthetics with lower ratings — from 34 to 38, but still higher than that of another tested varie-
ty of spring durum wheat (‘Spadshchyna’) — deserve attention: ‘UA0500004°, ‘UA0500025° (spring);
‘UA0500055°, “‘UA0500106° (winter). These accessions are also advisable to use in breeding for drought
resistance. Of these four accessions, ‘UA0500025° combines the genomes of 7. timopheevii (Zhuk.)
Zhuk. and T. monococcum — two hulled wheat species that carry a complex of genes for diseases and
pests resistance. Along with 7. monococcum, synthetic ‘UA0500004° incorporates the genome of 7. per-
sicum, which carries the Q gene. This gene promotes free-threshing grains — a trait typically lacking in
wheat synthetics (Matsuoka, 2011). Synthetics ‘UA0500055” and ‘UA0500106° were developed using
wild goatgrass species: Aegilops mutica Boiss. and Ae. tauschii Coss., respectively. Both species possess
broad ecological adaptability (Kishii, 2019). Neither synthetics nor control varieties exhibited a clear rela-
tionship between growth habits and overall seedling drought resistance rating.

Along with synthetics, which in terms of seedling drought resistance were superior or equal to the
control varieties ("’Kontynent’ and ‘Spadshchyna’), accessions with a total rating of 28 to 31, which were
better than ‘Bunchuk’, may be of some interest. Accessions ‘UA0500029° (7. persicum Vav. —
Ae. tauschii, spring) and ‘1U070471 (T. durum — Ae. tauschii, winter) have a D subgenome inherited
from Ae. tauschii, which confers wide adaptability. These two accessions have an ABD genome homolo-
gous to common wheat, which ensures easy crossing with common wheat, therefore facilitating the trans-
fer of drought resistance, high grain protein content and other valuable traits [Charmet G. 2011].

Two synthetics — ‘UA0500008 (T .dicoccum Schrank ex Schiibl. — T.monococcum, spring) and
‘UA0500061” (T. dicoccoides (Korn. ex Asch. & Graebn.) Schweinf. — T. boeoticum Boiss., spring) — in-
corporate the 4“4A°B genome, i.e. a double dose of subgenome A in two modifications. The third synthetic
— ‘UA0500026° (T. sinskajae A. Filat. et Kurk. — T. urartu Thum. ex Gandil., spring) — carries the 4“4°
genome homologous to the subgenomes of the previous two accessions, but no B subgenome (Charmet,
2011). These genomic features determine facilitated crossbreeding with durum wheat varieties aimed at
transferring drought resistance.

Thus, the wheat synthetics with high drought resistance at the initial stage of plant development —
the seedling phase — have been identified. They are sources of this trait in combination with other valua-
ble traits for wheat breeding.
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SYNTHESIS OF BIOGENIC ZnS NANOPARTICLES USING BACILLUS SPP.
AND THEIR ACTIVITY AGAINST PHYTOPATHOGENIC BACTERIA
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Green synthesis of zinc sulfide nanoparticles (ZnS-NPs) using microbial metabolites represents
an environmentally friendly alternative to conventional chemical methods and enables the production
of nanomaterials with certain properties. In this study, ZnS-NPs were synthesized using matrices de-
rived from bacterial strains Bacillus subtilis B-7099, Bacillus amyloliquefaciens B-7101, and Bacil-
lus subtilis B-7445. All strains were cultivated on a solid Nutrient broth (NB) medium (15 g/L of NB
medium, 15 g/L agar; Pharmactiv, Ukraine) at +37°C. Extracellular synthesis of nanoparticles was
carried out using two approaches. The first method was adapted from Alijani et al. (2019). Briefly,
zinc sulphide was synthesized by separately dissolving 100 mM of Na,S x 9H,O (Sigma-Aldrich,
Germany) and 100 mM Zn(NOs3), x 6H,O (ThermoFisher Scientific, USA) in 100 mL of distilled wa-
ter at room temperature on a magnetic stirrer. The Zn(NO3), solution was then added to Na,S solution
under constant stirring. For biogenic synthesis of nanoparticles, 20 mL of the ZnS solution was add-
ed in 20 mL of the sterile bacterial matrices that contained bacterial metabolites. The reaction mix-
ture was then incubated for 24 h at +37°C on a SkyLine S-3M shaker at 135 rpm.

The second approach for ZnS-NPs synthesis was adapted from Al-Hammadi et al. (2023). In
this method, 200 mM of sodium sulphide (Na>S x 9H>0) and 200 mM of zinc nitrate (Zn(NO3), x
6H,0) were each added to separate 7.5 mL aliquots of sterile bacterial matrices. Then, supernatant
with zinc nitrate was added into the sterile bacterial matrices with sodium sulphide under continuous
stirring. The resulting ZnS-NPs solution was incubated on a SkyLine S-3M shaker at +37°C for 24 h
at 135 rpm.

The obtained nanoparticles were characterized by UV-Vis spectroscopy, transmission electron
microscopy (TEM), and photoluminescence analysis, while their antibacterial activity was evaluated
against phytopathogenic and non-pathogenic soil bacteria.

UV-Vis spectroscopy revealed a characteristic absorption maximum at 320 nm, particularly
pronounced in ZnS-NPs synthesized with B. subtilis B-7099 at 200 mM, suggesting the formation of
stable colloidal nanoparticles. The position of this absorption peak agrees with previous reports de-
scribing biologically synthesized ZnS-NPs and confirms successful nanoparticle formation.

TEM analysis demonstrated that nanoparticle morphology strongly depended on both the bacte-
rial strain and precursor concentration. ZnS-NPs synthesized by B. subtilis B-7099 were predomi-
nantly spherical, cubic, hexagonal, and amorphous, with average particle sizes ranging from approx-
imately 30 to 50 nm. Nanoparticles produced by B. amyloliquefaciens B-7101 exhibited greater mor-
phological diversity, including spherical, cubic, and amorphous structures ranging from 90 to 325
nm. The highest structural variability was observed for B. subtilis B-7445, producing spherical, cu-
bic, rod-shaped, dendritic nanoparticles and ring-like aggregates. These findings demonstrate that
bacterial metabolites significantly influence nanoparticle nucleation, crystal growth, and final mor-
phology, providing opportunities to tailor nanoparticle properties through biological synthesis.

The antibacterial activity of biogenic ZnS-NPs was investigated against the phytopathogenic
bacteria Clavibacter michiganensis subsp. michiganensis and Ralstonia solanacearum, as well as
non-pathogenic soil bacteria Rhizobium leguminosarum and Bacillus thuringiensis. It was found that
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ZnS-NPs exhibit enhanced antibacterial activity against phytopathogens while showing weak inhibi-
tory effects on R. leguminosarum and B. thuringiensis. The strongest antibacterial activity was ob-
served for ZnS-NPs synthesized by B. subtilis B-7099. In contrast, the inhibitory effects toward R.
leguminosarum and B. thuringiensis were substantially lower than those of the precursor solution,
indicating improved selectivity of the biosynthesized nanoparticles.

Overall, the results demonstrate that bacterial-mediated green synthesis enables the production
of ZnS nanoparticles with diverse morphologies, stable optical properties, and selective antibacterial
activity. The synthesis conditions, particularly bacterial strain and precursor concentration, strongly
influence nanoparticle characteristics. The ability of these ZnS-NPs to effectively suppress harmful
phytopathogenic bacteria while exerting relatively low toxicity toward beneficial soil microorgan-
isms highlights their potential as environmentally friendly antimicrobial nanomaterials for sustaina-
ble agricultural applications. Further studies should investigate the specific roles of bacterial metabo-
lites in nanoparticle formation and evaluate the performance of these nanomaterials under green-
house conditions.

The work was carried out with the financial support of the Ministry of Education and Science of Ukraine (bi-
lateral Ukrainian-Slovak project "Seed nanopriming with biofabricated nanoparticles to improve plant growth and
stress tolerance", 2026-2027) for BA and AY.
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Contamination of the environment with plastics is raising concerns. Although initially these com-
pounds were studied mainly in aquatic environments, it is now evidenced that significant areas of land are
also polluted with plastic particles (He et al., 2018). The accumulation of plastic particles in soil could af-
fect the growth and physiological status of plants, including crops. Indeed, laboratory experiments show
that exposure to plastic micro- and nanoparticles can hamper plant growth and photosynthesis efficiency,
alter mineral homeostasis, induce oxidative stress, and exhibit genotoxic effects (reviewed in Ekner-
Grzyb, 2022).

Data on the toxic effects of plastics in plants are gradually increasing. However, still little is known
about one of the crucial processes in a plant’s lifespan — the process of seed germination. In the present
study, we assessed the influence of seed imbibition in the suspension of polystyrene micro- and nanoplas-
tics (MNPs) on the process of germination and seedling growth in soybean (Glycine max). In addition, we
evaluated the levels of proteins, free amino acids, phenolic compounds, and flavonoids in the germinated
seedlings.

The results reveal limited effects of imbibition in the plastic suspension on the process of germina-
tion. The germination rate and the growth of seedlings were not affected by the treatment. Exposure to
MNPs also did not influence the levels of proteins and total phenolics. On the other hand, a small de-
crease in the level of free amino acids was noted following treatment with MNPs at concentrations of 25
and 50 mg/L. In addition, an accumulation of flavonoids was observed in seedlings exposed to MNPs at
the highest concentration (100 mg/L), although this result was not statistically significant.

The study was financed by National Science Centre, Poland, in frame of project 2022/45/B/ST5/00604 “Syn-
thesis of nano- and microplastics labeled with up-converting nanoparticles for its visualization and monitoring in bi-
ological materials”.
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SUCROSE-INDUCED OSMOTIC STRESS AS A TOOL FOR IN VITRO SCREENING
OF DROUGHT TOLERANCE IN SAAZ HOP CULTIVARS
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Increasing drought frequency associated with climate change requires rapid approaches for identifying
stress-tolerant crop genotypes (Eriksen et al., 2021; Gloser et al., 2024). In vitro culture systems provide a re-
producible platform for studying plant responses to osmotic stress under controlled conditions (Martinez-
Santos et al., 2021; Wellpott, 2024). Sucrose has also been used to induce osmotic stress in vitro, although it
may exert dual effects by acting both as an osmotic agent and as a metabolic signal regulating stress responses
(Ahmad et al., 2020; Qi et al., 2025). Characterizing genotype-specific responses to elevated sucrose concen-
trations may therefore contribute to the development of reliable screening methods for drought tolerance in
hops (Humulus lupulus L.) (Olsovska et al., 2023; Morcol et al., 2020).

The present study evaluated the influence of increasing sucrose concentrations (0.005-0.15 M) on
growth inhibition and tissue water content of two hop cultivars, ‘Saaz Brilliant’ and ‘Saaz Late’, cultured in
vitro. Plants were cultivated on modified Murashige and Skoog medium supplemented with elevated sucrose
concentrations, while standard medium served as the control. After six weeks of cultivation, shoot growth and
tissue water content were determined.

Sucrose supplementation caused a concentration-dependent reduction in shoot growth in both cultivars.
However, clear genotype-dependent differences were observed. At 0.03 M sucrose, ‘Saaz Brilliant’ maintained
approximately 43 % of the growth observed in the control, whereas ‘Saaz Late’ retained less than 10 %, indi-
cating considerably higher sensitivity during the initial stress response. Further increases in sucrose concentra-
tion progressively reduced shoot growth, reaching only about 2 % of the control at 0.15 M in both cultivars.
Tissue water content also declined with increasing sucrose concentration. Water content decreased from
86.4 % to 66.0 % in ‘Saaz Brilliant” and from 87.9 % to 57.5 % in ‘Saaz Late’, demonstrating stronger dehy-
dration in the latter genotype. Across treatments, growth reduction closely corresponded with decreasing tissue
water content, suggesting that maintenance of cellular hydration plays a central role in sustaining growth under
osmotic stress (Ghouili et al., 2021).

The contrasting responses of the two cultivars suggest differences in their capacity to cope with osmotic
stress. ‘Saaz Brilliant’ consistently maintained higher tissue water content and exhibited greater growth under
moderate sucrose concentrations, suggesting superior tolerance to osmotic stress. Conversely, ‘Saaz Late’
showed a more pronounced decline in both water status and growth, reflecting lower adaptive capacity.

These findings demonstrate that elevated sucrose concentrations effectively induce osmotic stress in
vitro while simultaneously revealing genotype-specific adaptive responses. The relationship between tissue
water status and growth inhibition highlights water retention as an important physiological indicator of stress
tolerance. The proposed in vitro assay represents a simple, reproducible, and cost-effective approach for pre-
liminary screening of hop germplasm for drought tolerance and may support breeding programs aimed at im-
proving climate resilience.
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BY MOLECULAR MARKERS OF RESISTANCE TO LATE BLIGHT
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Infectious diseases are one of the main causes of potato yield losses throughout the cultivation
area. Potato late blight, caused by the oomycete Phytophthora infestans, plays a significant role in this
regard. An effective method for controlling this pathogen and containing its spread is the breeding of
resistant genotypes. However, P. infestans is characterized by rapid variability and adaptive flexibility,
allowing it to overcome the genetically determined resistance of known potato varieties. Therefore, to
obtain potato genotypes with broad resistance to various races of this pathogen, breeders must pyramid
various R genes in the plant genome.

In this study, we screened Moldovan potato collection accessions from the Gene Bank of the In-
stitute of Genetics, Physiology and Plant Protection using markers for late blight resistance. Markers
corresponding to several P. infestans resistance genes were used for evaluation: R/, Rpi-phul, R3, Rpi-
vntl.1. Potatoes were collected from subsidiary plots of local farmers, which reproduced for no less
than a decade.

The results showed that molecular markers linked to R3 gene (specifically, R3al/R3a2) were
abundant in collection accessions. At the same time, R3b4 was identified only in one accession. R3a
and R3b genes confer strong race-specific resistance to P. infestans in potato when stacked together.
Markers were identified via end-point PCR protocol with amplicon separation in 2 % agarose gel elec-
trophoresis and further visualization under UV-light.

Marker phu6 linked to Rpi-phul was also presented in several local genotypes. This gene is re-
ported to induce broad-spectrum resistance to late blight and was introgressed in S. fuberosum from a
S. phureja % S. stenotomum hybrid.

Another R gene sequence used for breeding resistance to late blight in potato is Rpi-vntl.1 origi-
nating from S. venturii. This gene confers broad-spectrum resistance to different races of P. infestans,
shared with its allele Rpi-vnti.3, which differs by several nucleotide insertions (Pel et al., 2009). The
Rpi-vntl.3 is mapped on chromosome IX and found in many resistant S. venturii accessions in
SolRgene database. This sequence was also identified in several local genotypes, which did not develop
distinct late blight symptoms during reproduction on experimental fields.

The 45/X1 marker did not reveal the prominent 1000 bp product that correlates with resistance to
late blight in potato.

Molecular screening revealed that several potato landraces acquired from Moldovan smallhold-
ings carry several Rpi genes associated with resistance to late blight. Therefore, they present a practical
interest due to their potential use in breeding programs focused on resistance to P. infestans.

This research was funded by National Agency for Research and Development, grant number
25.80012.7007.31SE.
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ROOT STRUCTURAL AND PHYSIOLOGICAL ADAPTATIONS IN HALOPHYTIC
BARLEY RELATIVES UNDER SALINITY STRESS
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Salinity combined with waterlogging represents a major abiotic constraint that markedly reduces
crop growth and productivity. In this study, we investigated species-specific adaptive mechanisms to
these stresses in the wild halophytic barleys Hordeum marinum and Hordeum glaucum, and compared
them with cultivated barley, Hordeum vulgare. By integrating magnetic resonance imaging, fluores-
cence scanning microscopy, '*C-based carbon fixation analysis, and detailed ionomic and metabolomic
profiling, we identified key anatomical and physiological traits underlying differences in salinity toler-
ance.

Among the evaluated species, H. marinum displayed the greatest tolerance to saline waterlogging
by maintaining tissue hydration, metabolic function, and high carbon fixation rates. It also accumulated
the lowest levels of Na* and Cl- while preserving the highest K* concentrations in both roots and
shoots. H. glaucum exhibited moderate tolerance, characterized by lower tissue water content and par-
tial metabolic disruption, whereas H. vulgare did not survive under these stress conditions.

The results indicate that salinity tolerance in H. marinum depends on a coordinated root-based
adaptive system. Well-developed root aerenchyma facilitates internal oxygen transport during water-
logging, while salinity-triggered lateral root formation promotes sequestration of excess Na* within the
lateral root cortex, thereby restricting ion movement to photosynthetically active tissues. This integrat-
ed aeration—sequestration mechanism maintains root functionality under combined salinity and water-
logging stress and enhances overall plant resilience in wild barley species, whereas it is only weakly
expressed in cultivated barley (H. vulgare).
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STUDY OF TOLERANCE OF CHRYSANTHEMUMS AND SILVER RAGWORT
TO IRRIGATION WITH NaCl SALINED WATER
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The need to use sub-standard irrigation water for growing flowers in greenhouses for sale or creat-
ing green roofs is explained by economic conditions and limited freshwater supplies, especially in arid
and semi-arid regions. Chrysanthemum morifolium Ramat. is one of the most cultivated flowers world-
wide. This plant is a halophyte and is known to thrive in moderately saline environments. Salt stress sig-
nificantly affects the productivity and quality of chrysanthemums. Studying the reactions of different
chrysanthemum cultivars to irrigation water salinity is important from both fundamental and applied
points of view (Guan et al., 2012). It is known that even very low concentrations of NaCl (10 mM) signif-
icantly affected the chrysanthemum variety "Amiko Red" (Paraskevapoulu et al., 2020). Salt tolerance of
22 chrysanthemum (C. morifolium Ramat.) varieties was studied at five different salinity levels, including
(0, 50, 100, 150, 200 mM/L (Rai et al., 2021). The greatest decrease in dry mass was observed with
treatment at 200 mmol/L NaCl. Effect of four salinity levels NaCl/CaCl, (2, 4, 6, and 8 dC-m™") on the
growth and quality of chrysanthemums C. morifolium L., grown on two different substrates was assessed
(Amarin et al., 2021). Increased salinity levels resulted in a significant reduction in plant productivity and
quality indicators, relative moisture content, and chlorophyll content. Transgenic chrysanthemum plants
overexpressing the CmDOF18 gene were more tolerant of salt stress than wild-type plants (Li et al.,
2024).

The malondialdehyde content and leaf electrical conductivity of transgenic plants under salt stress
were lower than those of wild-type plants, while the proline and chlorophyll content were higher than
those of wild-type plants. Ten chrysanthemum varieties were studied to understand their response to salt
stress (150 mM NaCl) (Vanlalruati et al., 2023). Salt stress significantly affected osmolyte accumulation
and the physico-biochemical characteristics of chrysanthemum varieties compared to the control. Salt
stress significantly affected plant growth, assimilation pigment content, and proline concentration with
increasing salinity. Reduced shoot growth, root growth, leaf area, leaf count, shoot dry weight, and chlo-
rophyll content were observed with the use of 150 mM NaCl. Water stress in semi-arid and arid regions
creates challenges in maintaining moisture in turfgrass lawns and green roofs. Green roofs made from turf
grasses can reduce runoff more than green roofs made from sedum and moss but are more sensitive to in-
creased drought and irrigation (Vanuytrecht et al., 2014). However, the increased risk of drought and sali-
nization due to irrigation with unsuitable water requires vegetation selection to achieve optimal runoff re-
duction and plant survival under heat and salt stress. Freshwater shortages have generated interest in us-
ing alternative water sources, including saltwater or recycled water, for use in greenhouses, lawn irriga-
tion, and maintaining optimal moisture conditions on green roofs (Marcum, 2006). Since the introduction
of green roofs, succulent species of the Crassulaceae family (genera Sedum and Phedimus) and Cy4 grasses
have become dominant (Mandel et al., 2016). Halophyte Arthrocnemum macrostachyum (Moric.)
K. Koch and Portulaca oleracea can be good choices as salt tolerant plants. Jacobaea maritima plants
were grown in 10 cm deep green roof modules and subjected to six irrigation regimes (tap water, sea wa-
ter, or alternating tap and sea water) at 4- or 8-day intervals, with an irrigation volume equal to 60 % of
the total evapotranspiration (Ntoulas et al., 2025). The study of mixed irrigation regimes using fresh and
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sea water, in which fresh water predominates, is recommended to reduce overall freshwater consumption
while maintaining plant survival.

The main objective of our case study was to estimate the physiological and biochemical responses
of flowering plants (Chrysanthemums and Jacobaea maritima) to varying concentrations of NaCl in irri-
gation water. The main tasks included a) assessing the pigment, MDA, and proline content in leaves de-
pending on five salinity levels; b) studying the effect of using Kelpak® seaweed extract at 50 and 100mM
NaCl. Two types of flowering plants — chrysanthemum with white flowers and silver ragwort were tested
follow first task regarding to watering with NaCl salt (0, 5, 10, 20 u 40g/L) in the greenhouse of the Insti-
tute of Bioscience of TUBAF regarding to DAAD-“Ostpartnerschaften 2025 project. These two plants
showed similar adaptive responses to salt stress. The chlorophyll a, b, and carotenoid contents in silver
ragwort leaves decreased from 0.44 to 0.36 pg/g, from 0.15 to 0.11 pg/g, and from 0.16 to 0.12. The chlo-
rophyll a, b, and carotenoid contents in chrysanthemum leaves decreased from 0.48 to 0.35 ug/g, from
0.134 to 0.1 pg/g, and from 0.13 to 0.1 ug/g. At the same time, the MDA and proline content in the leaves
of these plants increased with increasing water salinity: in silver ragwort, from 4.6 to 8.27 mM/g and
from 0.3 to 3.83 mM/g, while in chrysanthemum, from 5.0 to 6.7 mM/g and from 1.0 to 1.7 mM/g. The
EC in silver ragwort leaves varied from 0.715 to 5.07 mS/cm, while in chrysanthemum, from 0.22 to 1.15
mS/cm. The effect of the Kelpak® seaweed extract biostimulant (BS) on watering yellow-flowered chry-
santhemum plants was studied in a pot experiment at two levels of water salinity: 50 and 100 mM NaCl.
Application of the biostimulant began after planting with foliar spraying (0.3 %) and then plants in each
experimental variant were treated with seaweed extract (1 %) by watering under the roots. The content of
total chlorophyll and carotenoids decreased by 15—40 % and 3045 % after watering with saline water of
50 and 100 mM NaCl. Application of the Kelpak® biostimulant led to the restoration of the total chloro-
phyll and carotenoid content in the 50 mM NaCl BS variant, while in the 100 mM NaCl BS variant the
decrease was 7-16 % compared to the control. MDA levels increased up to two-fold when irrigated with
saline water. Treatment with the biostimulant Kelpak® reduced MDA production in chrysanthemum
leaves.

The case study of the reactions of halophytic crops to irrigation with saline water has potential in
terms of their phytoremediation role when grown on salt-affected soils. The case under consideration
gives also rise to the search for effective halophyte plants capable of remediating soils salined by irriga-
tion in the urban and rural areas as well. The use of derived from seaweed extract Kelpak® biostimulant
seems to be a more acceptable alternative to the application of nitrate-containing fertilizers as mitigation
to salt stress measure due to the absence of the risk of nitrate accumulation in plant biomass.
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COMBINED EFFECT OF DROUGHT AND HIGH TEMPERATURE
ON THE PHOTOSYNTHETIC APPARATUS OF WINTER WHEAT
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Wheat, one of the world's major food crops, is particularly vulnerable to the damaging effects of the
combined action of drought and heat during the reproductive stage of ontogenesis, highlighting the need
for further research and the development of approaches to enhance crop tolerance to these stresses (Pe-
queno et al., 2021; Neupane et al., 2022). The aim of this study was to investigate the responses of the
wheat leaf photosynthetic apparatus to the combined effects of soil drought and high temperature during
short-term and prolonged water deficit, and after the restoration of optimal soil moisture.

The responses of the photosynthetic apparatus of the flag leaves of two winter bread wheat ( 7riti-
cum aestivum L.) varieties, Yednist and Darunok Podillya, to soil drought, high temperature, and their
combined effects, as well as after to resumption of normal watering were studied in a pot experiment.
Drought treatment was imposed by reducing soil moisture content to 30 % of field capacity (FC) for sev-
en days at the earing—flowering stage. Thereafter, watering of the experimental plants was resumed to the
control level (70 % FC). Measurements of relative water content (RWC), photosynthetic pigment content,
gas exchange parameters, and the activities of chloroplast antioxidant enzymes in the flag leaves of both
control and treated plants were performed on the first and seventh days of exposure to 30 % FC, as well
as one week after soil moisture had been restored to the control level. After the measurement of gas ex-
change rates at 25°C, the flag leaves of both control and drought-treated plants were heated at 42°C for
40 min, after which the gas exchange rates were measured immediately.

On the first day of drought at 30 % FC, a significant decrease in RWC, CO; assimilation rate, and
transpiration rate was observed in both varieties, along with a tendency toward reduced chlorophyll con-
tent in the Darunok Podillya variety. On the seventh day of drought, RWC declined further and chloro-
phyll content decreased significantly in both varieties. Nevertheless, the degree of CO» assimilation and
transpiration inhibition was reduced in Yednist variety, whereas in Darunok Podillya it remained at the
same level. On the seventh day after the resumption of optimal watering, the CO, assimilation rate in
treated plants of both varieties recovered to the control level despite the significantly lower chlorophyll
content. An increase in leaf temperature to 42°C markedly reduced the CO; assimilation rate in both con-
trol and drought-treated plants. At the onset of drought, the degree of photosynthesis inhibition in
drought-treated plants was much greater than in the control. However, after seven days of water deficit,
the heat-tolerance of photosynthesis in drought-stressed plants of both varieties did not differ from that of
the control. Furthermore, on the seventh day after the resumption of optimal watering, it was even higher
than in the control plants, indicating the development of cross-tolerance of the photosynthetic apparatus to
high temperature under drought conditions. An increase in the activity of the chloroplast antioxidant en-
zymes superoxide dismutase and ascorbate peroxidase was detected in the leaves of stressed plants. Ob-
tained results indicate that indices of photosynthetic activity in treated plants in the relative values com-
paring to the control can be used as informative parameters for phenotyping wheat varieties for drought
and heat tolerances.
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"TRYPTOPHAN-SEROTONIN-MELATONIN" AS A POSSIBLE HUB
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The modulation of metabolic processes allows plants to survive in diverse environments and facili-
tates complex functional interactions with other organisms. The proteinogenic amino acid L-tryptophan
occupies a special position among plant metabolites. This is primarily due to its function as a precursor of
auxin, one of the main growth-stimulating phytohormones, as well as compounds considered "new" phy-
tohormones—serotonin and melatonin. Tryptophan metabolism in plants can occur via five main path-
ways: the 5-hydroxytryptophan pathway, the tryptamine pathway, the indole-3-pyruvic acid pathway, the
indole-3-acetamide pathway, and the indole-3-acetaldoxime pathway. This creates a wide diversity of
tryptophan-derived metabolites. The first two pathways, which provide the serotonin and melatonin syn-
theses, involve the enzymes tryptophan decarboxylase, tryptamine 5-hydroxylase, and tryptophan 5-
hydroxylase. Tryptophan decarboxylase converts tryptophan into tryptamine, which is subsequently con-
verted into 5-hydroxytryptamine (serotonin) by tryptamine 5-hydroxylase. In the alternative pathway,
tryptophan is first hydroxylated to 5-hydroxytryptophan by tryptophan 5-hydroxylase, and then 5-
hydroxytryptophan is decarboxylated to form serotonin. The synthesized serotonin can be converted into
melatonin. For this purpose, it undergoes N-acetylation catalyzed by serotonin N-acetyl transferase
(SNAT) to form N-acetylserotonin, which is further converted into melatonin by acetylserotonin O-
methyltransferase (ASMT) and/or caffeic acid O-methyltransferase (COMT). Melatonin can also be syn-
thesized from serotonin via another reaction sequence: the synthesis of 5-methoxytryptophan involving
ASMT and COMT, followed by its conversion by SNAT (Wang et al., 2024).

Melatonin is considered one of the molecules involved in regulating seed germination, especially
under stress conditions. Melatonin in seeds is thought to be primarily required to protect embryonic and
reproductive tissues from oxidative damage (Manchester et al., 2000). Consequently, exogenous melato-
nin has recently been considered a means to increase the germination rate of seeds with low sowing quali-
ty (Yan et al., 2020; Yu et al., 2021). In our studies, a positive effect of a 3-hour priming with melatonin
solutions at concentrations of 20 and 50 uM on the germination of aged seeds of rye and triticale—cereal
species characterized by accelerated aging, especially when stored under fluctuating temperature and hu-
midity—was established for the first time (Kolupaev et al., 2024). Melatonin treatment was shown to sig-
nificantly decrease superoxide anion radical generation by seedlings of both crops, stabilizing hydrogen
peroxide levels and lipid peroxidation products. Under melatonin exposure, an increase in superoxide
dismutase and catalase activities was observed in both crops, alongside increased peroxidase activity in
triticale. Anthocyanin content also increased in the seedlings of both cereals following melatonin treat-
ment.

Using various plant species as models, the positive effect of seed priming with melatonin on germi-
nation under abiotic stressors of different natures (drought, salinity, extreme temperatures, etc.) has been
demonstrated (Wang et al., 2024). Most studies used long-term (12-24 h) seed treatment with melatonin
solutions. Our research demonstrated the possibility of shortening the duration of wheat caryopsis treat-
ment with 20 uM melatonin to 3 hours, yielding a noticeable protective effect under osmotic stress (15 %
PEG 6000 or 150 mM NaCl) (Taraban et al., 2024). Caryopsis priming with a melatonin solution mitigat-
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ed stress-induced reduction in seed germination capacity and seedling growth inhibition. Stress factors
decreased amylase activity in caryopses and lowered sugar content in shoots, whereas melatonin seed
treatment eliminated these effects. Furthermore, melatonin priming reduced manifestations of oxidative
stress. Strong positive correlations between caryopsis germination/shoot growth parameters and amylase
activity, sugar content, and catalase activity indicate the contributions of carbohydrate metabolism chang-
es and antioxidant system functioning to the implementation of melatonin's stress-protective action.

Serotonin, which, like melatonin, belongs to the indoleamines, has recently been viewed not only as
a melatonin precursor but also as a compound performing regulatory functions in plant cells (Amiri et al.,
2026). Our pilot studies showed that wheat seed priming with serotonin solutions increased seed germina-
tion rate and seedling biomass accumulation under simulated drought (exposure to 12 % PEG 6000) (Ko-
nymaeB Ta iH., 2026). Serotonin significantly increased soluble carbohydrate content in shoots, preserved
the anthocyanin pool under stress conditions, and reduced manifestations of oxidative stress. Overall, the
stress-protective effects of serotonin, including its role during seed germination under adverse conditions,
remain poorly investigated. It is hypothesized that the effect of exogenous serotonin on plants is associat-
ed with its rapid conversion to melatonin. However, in our experiments conducted on identical model,
significant differences were detected in the effective concentrations of both compounds as seed germina-
tion enhancers. For melatonin, these concentrations were 10—-50 pM, whereas for serotonin, they were an
order of magnitude lower at 1-5 uM. This suggests that serotonin possesses its own intrinsic stress-
protective activity. At the same time, unlike melatonin, serotonin's mechanisms of action remain poorly
understood. Hypothetical serotonin receptors are unknown, and the involvement of other signaling mole-
cules in mediating serotonin's action in plants has received little study (Sun et al., 2025; Wang et al.,
2025).

As noted above, L-tryptophan serves as the precursor for both serotonin and melatonin syntheses.
This amino acid, when applied exogenously, like serotonin and melatonin, can enhance the germination
of cereal caryopses (specifically wheat) under stress conditions. In our pilot experiments, a significant in-
crease in amylase activity in caryopses and sugar content in shoots was recorded under the influence of L-
tryptophan. Simultaneously, as observed with melatonin and serotonin, priming wheat caryopses with
tryptophan reduced oxidative stress markers in shoots under simulated drought (Kosynaes Ta iH., 2026).
The mechanisms of tryptophan's influence on seed germination and seedling tolerance to abiotic stressors
remain under-researched. However, effective working concentrations of tryptophan (50-200 uM) signifi-
cantly exceed those for melatonin and especially serotonin, indicating that its effects are mediated by en-
hancing the syntheses of these indoleamines. At the same time, the question remains open regarding the
potential role of other diverse compounds formed during tryptophan metabolism, including auxin. More-
over, in other plant species, enhanced seed germination was observed following tryptophan priming at
lower concentrations — 10> M and even 10° M (Mustafa et al., 2018) — indirectly indicating the existence
of mode-of-action mechanisms independent of conversion into melatonin, serotonin, or auxin.

Overall, tryptophan and its downstream metabolites serotonin and melatonin can be viewed as a
unique hub for regulating seed germination under stress conditions and likely for activating plant stress-
protective systems. However, practical applications of these compounds are hindered by a lack of re-
search into their metabolic fates following exogenous administration, as well as by scarce information on
the involvement of signaling intermediates in mediating their physiological effects. Further in-depth in-
vestigation into the mechanisms of action of these compounds is expected to accelerate the implementa-
tion of novel, cost-effective, efficient, and environmentally safe approaches to regulating seed germina-
tion and crop stress tolerance during early ontogeny.
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EFFECT OF ORGANIC NITRO COMPOUNDS ON THE INITIAL GROWTH
OF TRITICUM AESTIVUM L. UNDER A MODEL EXPERIMENT
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Common wheat (Triticum aestivum L.) is one of the major food crops worldwide and plays an
important role in ensuring food security in many countries. The productivity of this crop largely de-
pends on soil conditions, nutrient availability, and the absence of toxic contaminants (Wahsha et al.,
2014). Under increasing anthropogenic pressure on agroecosystems, particularly in regions affected by
technogenic disturbances or military activities, the risk of accumulation of various groups of organic
pollutants in soils increases, potentially affecting plant physiological status and crop productivity.

Among organic contaminants, nitroaromatic compounds pose a particular ecotoxicological con-
cern, as they may enter the environment through industrial processes, combustion of organic materials,
the use of explosives, fuels and lubricants, and destruction of military equipment (Ju, Parales, 2010;
Tiwari et al., 2019). These compounds are characterized by high environmental persistence, the ability
to remain in soil for long periods, and toxic effects on different groups of organisms (Huang et al.,
2021). In addition, nitroaromatic compounds may accumulate in soil and alter its biological properties,
affecting both soil microorganisms and plants.

It is known that the impact of nitroaromatic compounds on plants may manifest as inhibition of
seed germination, alterations in morphometric parameters, disruption of root development, and reduced
growth intensity (McFarlane et al., 1990). Early stages of plant ontogenesis are particularly sensitive to
toxicants because fundamental physiological mechanisms of adaptation to environmental stress factors
are established during this period. Recent studies have also demonstrated that certain nitrophenolic
compounds may induce pronounced phytotoxic effects even at low concentrations, causing changes in
growth parameters and physiological status of plants (Adamek et al., 2024).

Considering the need to assess the ecological status of lands disturbed by military activities, stud-
ies on the effects of organic nitro compounds on agricultural crops are becoming increasingly im-
portant. Investigating plant responses to such pollutants is essential for environmental risk assessment,
prediction of agroecosystem conditions, and the development of approaches for the restoration of dis-
turbed areas.

Seeds of T. aestivum were used in the experiment. The effects of three organic nitro compounds
were investigated: 5-nitrosalicylaldehyde, 4-nitrophenol, and 4-nitroaniline. Solutions with concentra-
tions of 0.1, 1, 10, and 100 mg/kg were prepared for each compound. Seeds in the control treatment
were germinated in distilled water. Seeds were sown in sectional plastic trays and germinated under la-
boratory conditions under a phytolamp with a light regime of 12 h light / 12 h dark. On the 10th day,
shoot and root lengths of seedlings were measured.

In the control treatment, the average shoot length of 7. aestivum seedlings was 10.01 = 3.24 cm,
whereas the average root length was 5.76 + 2.85 cm. These values were used as baseline parameters for
comparison of the effects of the studied compounds.

The results demonstrated that 5-nitrosalicylaldehyde exerted concentration-dependent effects on
the growth of 7. aestivum. At a concentration of 0.1 mg/kg, stimulation of shoot growth was observed,
reaching 11.18 + 0.64 cm (111.72 % of the control). At 1 mg/kg, the stimulatory effect increased and
shoot length reached 12.68 £ 0.86 cm (126.67 % of the control). At the same time, root length gradual-
ly decreased to 5.14 = 0.17 cm at 0.1 mg/kg and to 4.93 + 0.91 cm at 1 mg/kg. At 10 mg/kg, inhibition
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of shoot growth (8.41 = 0.21 cm) and root growth (4.88 + 0.84 cm) was observed. At 100 mg/kg, seed
germination did not occur, indicating complete toxicity of the compound at high concentrations.

Among the tested compounds, 4-nitrophenol exhibited the strongest toxic effect. Even at the low-
est concentration (0.1 mg/kg), shoot length decreased almost twofold to 5.60 £ 0.24 cm. At 1 mg/kg,
shoot length remained at a similar level (5.54 + 0.36 cm). The root system appeared even more sensi-
tive to 4-nitrophenol exposure: root length reached only 2.30 £ 0.07 cm at 0.1 mg/kg and 1.93 +
0.01 cm at 1 mg/kg. At 10 mg/kg, partial recovery of growth was observed; however, the values re-
mained lower than those of the control treatment. At 100 mg/kg, seed germination was completely in-
hibited.

The effect of 4-nitroaniline was characterized by moderate inhibition of growth processes. Shoot
length reached 7.52 + 2.15 cm at 0.1 mg/kg, 8.20 £ 2.24 cm at 1 mg/kg, and 6.71 £ 1.98 cm at
10 mg/kg. The root system was more resistant to the effects of this compound, with root length varying
between 4.96 and 5.12 cm, corresponding to 86—90 % of the control values. However, at the highest
concentration (100 mg/kg), seed germination was also completely inhibited.

The results obtained indicate that organic nitro compounds affect the initial growth of T. aestivum
differently. Among the tested compounds, 4-nitrophenol was the most toxic, significantly inhibiting the
development of both shoots and roots even at low concentrations. In contrast, 5-nitrosalicylaldehyde
exhibited a stimulatory effect on shoot growth at low concentrations, whereas high concentrations
caused toxicity. 4-Nitroaniline induced moderate growth inhibition, while the root system of 7. aes-
tivum appeared more resistant to its effects.

Thus, the results confirm the sensitivity of 7. aestivum to soil contamination with nitroaromatic
compounds. The observed changes in morphometric parameters may be used for bioindication of or-
ganic contamination and assessment of the ecological condition of agroecosystems. The obtained data
are important for further studies on the effects of organic pollutants on agricultural crops and for the
development of approaches to the restoration of contaminated soils.

REFERENCES
Adamek M. Scientific Reports. 2024. 14:2198.
Huang T. International Journal of Molecular Sciences. 2021. 22(16): 8557.
Ju K.-S. Microbiology and Molecular Biology Reviews. 2010. 74(2):250-272.
McFarlane C. Environmental Toxicology and Chemistry. 1990. 9(4):513-520.
Tiwari J. Environmental Science and Pollution Research. 2019. 26:28650-28667.
Wahsha M. Journal of Geochemical Exploration. 2014. 147: 189-199.

143



THIRD INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

REGULATION OF CELL WALL COMPOSITION OF FLAX FIBRE UNDER
CHANGING ENVIRONMENTAL CONDITIONS USING BIOSTIMULANTS:
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Common flax (Linum usitatissimum L.) is a traditional bast crop in Ukraine and Lithuania. Fiber
flax is a high-quality fibre source, important for textile production and various technical purposes. The
quality of the fibre depends on the composition of the cell wall, mainly on the cellulose content, which in
flax is 65-90 %. In addition, the high demands on growing conditions make flax sensitive to climate
change and anthropogenic factors. Until now, the main approaches to increasing fibre production and
quality have been the development of new varieties and improving agricultural technology, which re-
quires quite a long period of time. A promising approach to increasing the productivity and resilience of
crops is the use of biostimulants. Increasing cellulose production using natural biologically active sub-
stances makes it possible to increase the efficiency of the existing flax varieties at the expense of the
plant's internal reserves (Paparella et al., 2015; Lee, Kasote, 2024). At the initial stage of the research,
screening of Ukrainian and Lithuanian flax varieties is currently underway to identify the most promising
ones. Ukrainan varieties ‘Gladiator’, ‘Hetman’, ‘Siversky’, ‘Esman’, ‘Usivsky’ and Lithuanian varieties
‘Kastytis’ and ‘Rasa’ have been analysed. The selection of a biostimulant is carried out by screening bio-
logically active substances of different classes, which may affect cell wall composition and improve stress
tolerance, including phytohormones, amino acids, and polyamines. Seed priming and foliar treatment of
juvenile plants are applied. Morphometric, biochemical and microscopic features are used to characterize
changes in the quality of flax fibre. The results of the screening will be shown (Joint Ukrainian-
Lithuanian R&D Program of the Ministry of Education and Science of Ukraine (projects M/85-2026) and
the Research Council of Lithuania (projects S-LU-26-7)).
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MICROMORPHOLOGY AND ULTRASTRUCTURE OF RAPESEED LEAVES
UNDER DROUGHT AFTER PROLINE AND GABA TREATMENT
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Foliar treatment of plants with biologically active molecules is considered a promising approach to
increasing plant drought resistance. Amino acids proline and y-aminobutyric acid (GABA) accumulate in
plant cells under stressful conditions and play different roles in cellular protection. In addition, GABA
downregulates anion uptake by guard cells and reduces the stomatal opening and transpirational water
loss (Xu et al., 2021). In our preliminary studies, foliar application of proline and GABA enhanced toler-
ance of plants to progressive soil drying (Jurkoniené et al., 2023; Kozeko et al., 2025). They stimulated
plant growth and survival after severe drought, had positive effects on water status of plants, chlorophysll
content, stress-induced endogenous proline accumulation etc.

Here, we investigated effects of exogenous proline and GABA on leaf micromorphology and mes-
ophyll cell ultrastructure in rapeseed (Brassica napus L., cv. ‘Visby’) under normal and drought condi-
tions. Two-week-old plants grown under normal conditions were sprayed with 0.1 mM proline, 0.1 mM
GABA or their combination, and then half of the plants in each treatment group were subjected to gradual
soil drying for 7 days. Control plants were well-watered and sprayed with dH,O. The upper mature leaves
were analysed. The micromorphology of the epidermal surface of leaves was studied using scanning elec-
tron microscopy (JFC-1100, Jeol, Japan). The epidermal surface of the leaves had cuticular wax, the
amount of which increased under drought, especially on the adaxial surface. All variants of amino acid
treatments were found to reduce the stomatal aperture width on both leaf surfaces under drought, which
apparently leads to a decrease in stomatal conductance. It is noteworthy that under normal conditions the
action of amino acids was different: proline, both alone and in combination with GABA, increased aper-
ture opening on both leaf surfaces, whereas GABA increased it on the adaxial side and decreased it on the
abaxial side. This demonstrates the specificity of GABA function in stomata depending on the leaf sur-
face. Ultrastructure of palisade parenchyma cells of leaves was studied using transmission electron mi-
croscopy (JSM-1230, Jeol, Japan). Changes in cell ultrastructure under drought after application of amino
acids were characterized. It was found that the most significant changes were induced by GABA under
drought, mainly in chloroplasts. GABA application caused a significant reduction in size of starch gran-
ule, indicating its role in regulating starch and sucrose metabolism under drought conditions. These data
showed that cellular and molecular mechanisms of exogenous proline and GABA include a reduction of
stomatal aperture and specific ultrastructural changes in leaf mesophyll cells, indicating alterations in car-
bohydrate metabolism.

The work was carried out with the support of the Joint Ukrainian-Lithuanian R&D project of the Ministry of
Education and Science of Ukraine (M/49-2023) and the Research Council of Lithuania (S-LU-22-4).
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FROM MEDICINAL PLANTS TO MACROMYCETES: ESTABLISHING
A PLATFORM FOR STUDYING STRESS-RESPONSIVE EXOSOME-LIKE
NANOVESICLES AS EMERGING BIOACTIVE NANOCARRIERS
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Institute of Food Biotechnology and Genomics of the NAS of Ukraine, Kyiv, Ukraine
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Exosome-like nanovesicles (ELNVs), a specialized group of extracellular vesicles, have emerged as im-
portant mediators of intercellular communication and stress adaptation in plants and fungi. These nanosized
vesicles are produced by a wide range of organisms and transport diverse molecular cargo, including proteins,
lipids, polysaccharides, metabolites, mRNAs, miRNAs, and regulatory molecules that influence cellular ho-
meostasis and interactions with surrounding organisms. Recent advances in plant and fungal biology indicate
that environmental stresses, including oxidative stress, heat, drought, salinity, osmotic imbalance, nutrient de-
ficiency, pathogen attack, and mechanical or cell wall damage, strongly regulate ELNV biogenesis, secretion,
and cargo composition. Stress-induced ELNV function as adaptive signaling systems by transferring protective
proteins, antioxidant enzymes, defense-related molecules, and regulatory RNAs that contribute to cellular sur-
vival and systemic responses.

In plants, extracellular vesicles participate in defense signaling, stress adaptation, and communication
between plant tissues, while also carrying biologically active compounds with antioxidant, anti-inflammatory,
immunomodulatory, and therapeutic potentials, when it comes to medicinal plants. Plant-derived ELNVs have
attracted increasing interest as natural nanocarriers due to their biocompatibility, low toxicity, and potential
applications in drug delivery, and regenerative medicine. Similarly, edible and medicinal macromycetes are al-
so promising sources of ELNVs because they can be cultivated under controlled conditions and produce a
wide range of biologically active metabolites.

The aim of our study was to investigate the influence of cultivation conditions and to establish optimized
protocols for the isolation and characterization of ELNVs from selected edible and medicinal macromycetes.
For this purpose, Crinipellis schevczenkoi, Cyclocybe cylindracea, Ganoderma lucidum, Fomitopsis betulina,
Hypsizygus marmoreus, and Pleurotus eryngii were cultivated under solid and submerged culture conditions.
The effects of cultivation approaches, nutrient composition, and carbon and nitrogen sources on radial myceli-
al growth and biomass accumulation were evaluated. The studied fungi exhibited distinct growth responses
depending on cultivation conditions and nutrient composition. Glucose—peptone—yeast medium promoted
higher biomass accumulation and more stable growth than membrane-based cultivation, demonstrating the
importance of nutrient availability for fungal development. Under the optimized cultivation conditions, all
three fungal species produced sufficient biomass for subsequent ELNV isolation. It was established, that culti-
vation conditions associated with certain stress factors influenced fungal growth patterns and may be important
regulatory factors affecting the biosynthesis and final yield of ELNVs.

ELNVs were isolated from fungal mycelium using differential centrifugation and ultracentrifugation fol-
lowing optimization of homogenization procedures. Dynamic light scattering and transmission electron mi-
croscopy confirmed the presence of nanosized vesicles in all fungal preparations, with particle sizes ranging
from 20 to 700 nm. The predominant population consisted of small vesicles averaging 45-50 nm, while larger
vesicles ranged from 450-700 nm. As a result of a series of studies, it was confirmed that growth conditions
have a significant impact on the quantitative yield of ELNVs from the studied macromycetes.

Thus, the findings demonstrate that cultivation conditions and nutrient availability are critical factors in-
fluencing medicinal macromycete growth and ELNV formation. The developed cultivation and isolation plat-
form provides a reproducible approach for obtaining ELNVs from macromycetes and supports future compar-
ative studies of stress-associated ELNV biogenesis, cargo composition, and biological functions. Our next re-
search objective is to analyze and compare the protein, lipid, RNA, and DNA composition of ELNVs isolated
from the studied macromycetes and to evaluate how cultivation conditions associated with fungal stress influ-
ence vesicle composition and biological functions. These findings highlight the potential of medicinal macro-
mycetes as sustainable sources of bioactive ELNVs for applications in biotechnology and biomedicine.

The work was carried out with the financial support of the National Research Foundation of Ukraine (project
#2025.07/0306 "Preparation and biological activity of exosome-like nanovesicles of macromycetes and prospects for their

practical application", 2026-2028).
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THE USE OF ROBINIA PSEUDOACACIA AS A PIONEER SPECIES
IN THE REMEDIATION OF SOILS CONTAMINATED WITH DINITROTOLUENE
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Robinia pseudoacacia is a widely recognized pioneer species that contributes to the restoration of
degraded and anthropogenically contaminated soils through its symbiotic association with nitrogen-fixing
bacteria (Vitkova et al., 2017). Its extensive root system supports the development of an active rhizo-
sphere, where root exudates stimulate microbial communities capable of degrading toxic nitrogen-
containing compounds, including dinitrotoluene (Thijs et al., 2014; Spanggord et al., 1991). Enhanced
microbial activity promotes more efficient biodegradation of contaminants and accelerates ecosystem re-
covery (Spanggord et al., 1991; Podlipna et al., 2015). However, 2,4-dinitrotoluene (2,4-DNT) is toxic to
terrestrial plants, highlighting the need to identify tolerant species suitable for phytoremediation (Roche-
leau et al., 2010). Therefore, investigating the role of R. pseudoacacia in bioremediation is important for
improving environmental safety and supporting the reclamation of contaminated sites.

The ability of Pseudomonas bacteria to aerobically degrade 2,4-DNT under laboratory conditions
has also been investigated. Efficient transformation of 2,4-DNT into less toxic metabolites was demon-
strated, and the major enzymatic pathways involved in its degradation were identified. These findings
highlight the potential of microorganisms for the bioremediation of nitroaromatic compounds (Spanggord
etal., 1991).

The aim of this study was to evaluate the potential of R. pseudoacacia as a pioneer tree species for
the phytoremediation and reclamation of 2,4-DNT-contaminated soils. This was achieved by assessing
shoot growth under exposure to different concentrations of 2,4-DNT, both with and without the applica-
tion of mineral and organic fertilizers. To our knowledge, this is the first forestry-oriented study to exam-
ine the shoot growth of R. pseudoacacia in the context of phytoremediation and the reclamation of 2,4-
DNT-contaminated soils.

R. pseudoacacia seedlings with a height of 15-18 cm were transplanted from their natural habitat to
laboratory conditions. For the control treatment, 1 kg of relatively uncontaminated soil was evenly dis-
tributed on a glass plate in a layer 0.6—1 cm thick and moistened with 50-60 mL of water using a spray
bottle. For the experimental treatments with 2,4-DNT at concentrations of 1.6, 8, and 40 mg/kg (2,4-DNT
was first dissolved in 30 mL of acetone). The resulting solutions were then applied using a spray bottle to
50 g portions of soil, which were evenly spread over the glass surface to ensure uniform distribution.
Each treatment included five replicates of R. pseudoacacia seedlings. Shoot length was measured on days
14, 28, and 42 after transplanting. On day 42, additional measurements of both the aboveground biomass
length and root length were conducted.

In the control group, shoot growth followed the expected pattern of normal development, increasing
from the initial value (100 %) to approximately 157 % by day 42 in the absence of toxicant exposure. At a
concentration of 1.6 mg/kg, shoot length was initially lower than in the control (93.7 % on day 0); how-
ever, by day 42 it exceeded the control (111.9 %), indicating a low-dose stimulatory (hormetic) effect. At
8 mg/kg, shoot growth was initially stimulated, reaching 119.8 % of the control on day 0. This effect pro-
gressively diminished during the experiment, and by day 42 shoot length had declined to 93.2 % of the
control, indicating a transition from stimulation to growth inhibition. At the highest concentration (40
mg/kg), shoot length was initially comparable to or slightly exceeded the control (approximately 105—
106 %). However, growth was progressively suppressed, reaching only 67.0 % of the control by day 42,
demonstrating the pronounced phytotoxic effect of the highest DNT concentration.
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In the control group, shoot growth was gradual and consistent, increasing from the initial value
(100%) to approximately 157 % by day 42, reflecting normal growth under unfertilized conditions. In the
NPK treatment, shoot length was comparable to the control at the beginning of the experiment (approxi-
mately 99 %). By day 42, it reached approximately 112 % of the control, indicating a moderate stimulato-
ry effect on shoot growth. In the biohumus treatment, initial shoot length was similar to that of the control
(approximately 100 %). However, by day 42 it increased to approximately 121-122 % of the control, in-
dicating the strongest growth-promoting effect among the fertilizers tested.

The greatest increase in shoot length during the first 14 days with 1.6 mg/kg was observed in the
biohumus treatment, where shoot length increased from 16.14 + 2.00 to 18.70 + 1.08 cm. Between days
14 and 28, the highest growth rate was recorded in the NPK treatment, with shoot length increasing from
16.34 = 1.13 to 23.58 + 1.87 cm. During the final experimental period (days 28—42), the greatest increase
was again observed in the biohumus treatment, with shoot length rising from 25.38 + 0.94 to 32.26 +
1.43 cm. These results indicate a more persistent growth-promoting effect of biohumus compared with
mineral fertilization in R. pseudoacacia.

At a 2,4-DNT concentration of 8 mg/kg, the greatest increase in shoot length during the first
14 days was observed in the NPK treatment, where shoot length increased from 17.34 + 2.04 to 17.70 +
2.15 cm. Between days 14 and 28, the highest growth rate was again recorded in the NPK treatment, with
shoot length increasing from 17.70 + 2.15 to 21.20 £ 2.35 cm. During the final experimental period (days
28-42), the greatest increase was observed in the biohumus treatment, with shoot length rising from 20.12
+ 1.09 to 23.78 + 0.64 cm. These results suggest that, under exposure to 8 mg/kg 2,4-dinitrotoluene, bio-
humus exerted a more persistent growth-promoting effect than mineral fertilization during the later stage
of plant development.

At a 2,4-DNT concentration of 40 mg/kg, during the first 14 days the greatest increase in shoot
length was observed in the biohumus treatment, where length increased from 19.26 + 1.20 to 19.44 +
1.19 cm. Between days 14 and 28, the most pronounced growth was also recorded in the biohumus treat-
ment, with shoot length increasing from 19.44 + 1.19 to 20.34 = 1.21 cm. During the final experimental
period (days 28-42), the highest increase was again observed under biohumus application, with shoot
length rising from 20.34 £ 1.21 to 21.36 = 1.11 cm. These results indicate a more pronounced compensa-
tory effect of organic fertilization on the growth of R. pseudoacacia under conditions of high 2,4-DNT
exposure.

The most pronounced negative effect was observed at a concentration of 40 mg/kg, where shoot
growth was minimal. In the final stages of the experiment, plants exhibited leaf loss and progressive wilt-
ing, indicating a strong phytotoxic effect of the compound.

It was demonstrated that the application of fertilizers (NPK and biohumus) in combination with
2,4-DNT partially mitigated the adverse effects of the toxicant. Among the tested treatments, biohumus
produced the most stable and long-term positive effect on shoot growth, resulting in more uniform growth
dynamics compared with mineral fertilization.

The obtained results suggest the potential of R. pseudoacacia for use in bioremediation systems on
soils with low to moderate levels of military-related contamination. They also highlight the potential ben-
efits of organic fertilization in reducing the negative impact of xenobiotics on plant development.
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STABILITY OF GRAIN QUALITY TRAITS OF DURUM WHEAT UNDER
CONTRASTING AGROECOLOGICAL CONDITIONS OF THE WESTERN
FOREST-STEPPE OF UKRAINE
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The stability of grain quality traits in durum wheat (7riticum durum Dest.) is one of the key criteria
for cultivar selection under conditions of increasing climatic variability. High temperature fluctuations, ir-
regular precipitation distribution, and unstable moisture supply during grain filling significantly affect
protein accumulation, gluten properties, vitreousness, and overall technological suitability of grain for
pasta production.

The aim of the study was to evaluate the stability of major grain quality traits of durum wheat culti-
vars under contrasting agroecological conditions of the Western Forest-Steppe of Ukraine and to identify
genotypes with the highest technological suitability and adaptive stability.

Field experiments were conducted during 2023—-2025 in three agroecologically distinct locations:
Chornyi Ostriv, Zastavna, and Shymkivtsi. In combination with years, six environments were formed for
genotype x environment interaction analysis. Ten European durum wheat cultivars were evaluated: Sam-
badur, Durofinus, Diadur, Tennodur, Wintergold, Winterstern, Tetida, Metis, Flexadur, and Duriamo.

The following grain quality traits were determined: protein content, grain vitreousness, yellow pig-
ment content, wet gluten content, gluten index, and test weight. Statistical analysis included combined
ANOVA, principal component analysis (PCA), AMMI analysis, GGE biplot, WAASB, and MTSI indi-
ces.

The results showed that genotype was the dominant source of variability for gluten index
(96.44 %), wet gluten content (94.29 %), and yellow pigment content (92.98 %), indicating strong genetic
control of these traits. For protein content, grain vitreousness, and test weight, the effects of environment
and genotype x environment interaction were also significant.

The cultivar Durofinus demonstrated the best combination of technological quality traits, character-
ized by the highest protein content (14.06 %), wet gluten content (34.44 %), gluten index (83.78), yellow
pigment content (9.48 ppm), and high grain vitreousness (92.39 %). Sambadur and Diadur also showed
high integrated grain quality.

AMMI and GGE analyses confirmed structured genotype x environment interaction, while
WAASB and MTSI indices identified Durofinus as the most balanced cultivar combining high grain qual-
ity and stability across environments. Wintergold showed high stability but lower absolute quality param-
eters.

The obtained results confirm that cultivar recommendation for durum wheat should be based not
only on maximum grain quality but also on the stability of trait expression across environments. Integrat-
ed multi-trait evaluation allows the identification of genotypes with high adaptive potential and techno-
logical suitability for sustainable pasta production under climate variability.
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PHYSIOLOGICAL AND BIOCHEMICAL MECHANISMS OF PANICUM
VIRGATUM L. ADAPTATION TO ENVIRONMENTAL STRESS FACTORS
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Monitoring plant responses to abiotic and biotic stresses has revealed insufficient resistance of
many genotypes developed through conventional breeding programs. Therefore, modern breeding ap-
proaches should incorporate advanced strategies for analyzing physiological, biochemical, and molecular
plant responses to environmental changes (Dos Santos et al., 2022). Ongoing climate change and increas-
ing anthropogenic pressure on natural ecosystems necessitate the search for highly productive crops capa-
ble of adapting to unfavorable environmental conditions. One such species is switchgrass (Panicum vir-
gatum L.), a perennial herbaceous grass of the family Poaceae with a C4 photosynthetic pathway. The
species is characterized by high ecological plasticity, the ability to produce substantial biomass even on
marginal soils, and considerable genetic diversity, which contributes to its adaptation to a wide range of
climatic conditions (Vogel, 2004).

P. virgatum plants are exposed to various abiotic and biotic stressors, including drought, tempera-
ture fluctuations, salinity, industrial pollution, and heavy metal contamination of soils. In response to
stress, antioxidant defense mechanisms are activated, water balance regulation is enhanced, and photosyn-
thetic activity is maintained, ensuring the preservation of plant productivity (Liu et al., 2015).

An important component of adaptation is the accumulation of phenolic compounds, flavonoids, and
other secondary metabolites that perform antioxidant functions and increase plant tolerance to adverse
environmental conditions. Studies have demonstrated the presence of significant amounts of flavonoids in
switchgrass biomass, including rutin and quercetin derivatives, which may participate in plant defense re-
sponses (Ho et al., 2022).

P. virgatum also exhibits the ability to accumulate heavy metals and organic pollutants, highlight-
ing its potential application in phytoremediation technologies for soil restoration (Ma et al., 2011). Its ex-
tensive root system contributes to improving soil structure and enhancing ecosystem stability.

Integrated analyses of transcriptomic, metabolomic, and physiological responses of P. virgatum to
drought and subsequent rehydration have demonstrated a complex, dynamic, and diurnally regulated
stress response. Drought significantly reduced leaf water potential, gas exchange, and chlorophyll
fluorescence while inducing substantial changes in gene expression. Distinct differences were observed
between predawn and midday responses. Simultaneously, decreased expression of genes associated with
C4 photosynthesis was accompanied by the accumulation of stress-related metabolites (Meyer et al.,
2014).

Biomass accumulation in P. virgatum has been shown to be closely associated with enhanced
photosynthetic activity and high photosynthetic rates (Cui et al., 2024). Furthermore, significant starch
accumulation in the root system indicates its role in regulating photosynthetic activity during the later
stages of plant development (Tejera-Nieves et al., 2023).

Moderate nitrogen limitation affects photosynthetic performance, carbon fixation, root-to-shoot
ratio, and root architecture in P. virgatum (Huertas et al., 2024). Studies evaluating nitrogen fertilization
rates of 0, 60, 120, and 240 kg ha™' demonstrated positive effects on chlorophyll fluorescence parameters
and dry matter accumulation. Maximum dry matter production (378.13 g gallon™) was observed at
240 kg ha™ after flowering and exceeded the values obtained at 0, 60, and 120 kg ha™' by 24.33 %,
20.09 %, and 7.24 %, respectively. The highest chlorophyll fluorescence values were recorded at
120 kg ha™, whereas the greatest biomass accumulation occurred at 240 kg ha™'. Multifactor analysis
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confirmed that 240 kg ha™ provided the optimal balance between photochemical efficiency and biomass
production under saline-alkaline soil conditions.

Switchgrass plants have demonstrated high tolerance to variations in precipitation patterns, which is
associated with their adaptive mechanisms and may contribute to improved modeling of crop
ecophysiology and productivity under climate change scenarios (Kieffer et al., 2024).

Under nitrogen deficiency, P. virgatum exhibits adaptive remodeling of membrane lipid composi-
tion. Nitrogen-containing phospholipids are partially replaced by nitrogen-free galactolipids, allowing
plants to conserve nitrogen and redirect it toward other essential cellular functions. Simultaneously, in-
creased accumulation of triacylglycerols occurs in both shoots and roots (Huertas et al., 2024). The accu-
mulation of osmoprotectants, particularly proline, soluble proteins, and soluble sugars, plays a crucial role
in maintaining plant growth and enhancing tolerance to alkaline salt stress (Garcia et al., 1997).

Research conducted at the M.M. Gryshko National Botanical Garden of the NAS of Ukraine con-
firms the successful introduction and complete acclimatization of P. virgatum under Ukrainian environ-
mental conditions, with prospects for further naturalization. Owing to its C4 photosynthetic pathway,
switchgrass demonstrates efficient solar energy utilization and high tolerance to drought, low tempera-
tures, frost, flooding, and overwintering conditions. The Department of Cultural Flora of the Botanical
Garden has established a valuable germplasm collection comprising approximately 40 taxa developed
through long-term introduction, breeding, and biotechnological programs. Comprehensive investigations
have included biological, morphological, ecological, and biochemical characteristics, biomass and seed
productivity, concentrations of target compounds, and the energy value of plant biomass. High-yielding
forms with optimized productivity, sugar content, biofuel output, and overall energy efficiency have been
developed. Further studies of biochemical and metabolic processes, as well as the role of P. virgatum in
phytoremediation and carbon sequestration, remain highly relevant. The practical applications of this crop
in green energy production, bioeconomy, soil improvement, and ornamental horticulture have been out-
lined.
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INFLUENCE OF ARBUSCULAR MYCORRHYZAL FUNGI ON THE FATTY ACID
PROFILE OF OILCROP SEEDS AS A MECHANISM OF INCREASING PLANT
RESISTANCE
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Introduction. Abiotic and biotic stresses are the main factors limiting the productivity of oilseed
crops in modern agroecosystems. Arbuscular mycorrhizal fungi (AMFs) play a key role in increasing
plant tolerance to stress factors, activating systemic defense mechanisms, improving water and mineral
metabolism (Samanta et al., 2025). One of the promising but insufficiently studied aspects is the influ-
ence of AMFs on the biochemical composition of seeds, in particular the fatty acid profile, which de-
termines not only the nutritional value of oils, but also the resistance of the plant itself to oxidative
stress through the modulation of membrane lipid metabolism (Ansari et al., 2026).

Purpose. To investigate the effects of different strains of AMH (Rhizophagus irregularis, Fun-
neliformis mosseae, and Gigaspora margarita) on the chemical composition and fatty acid profile of
sunflower and hemp seeds as a fundamental basis for biotechnological management of stress resistance
and quality of oilseeds.

Materials and methods. Sunflower (Helianthus annuus L.) and hemp (Cannabis sativa L.) seeds
grown under controlled conditions and inoculated with AMH strains R. irregularis, F. mosseae, or
G. margarita were studied in comparison with the uninoculated control. The chemical composition
(protein, lipid, dietary fiber content) and fatty acid profile of extracted seed lipids were determined by
standard methods.

Results and discussion. It was established that AMF inoculation significantly affects the macro-
nutrient profile of seeds in both crops. For sunflower, an increase in crude protein content by 6.2—8.7 %
was recorded when using the R. irregularis strain, which is consistent with known data on enhanced ni-
trogen nutrition under mycorrhizal symbiosis (Samanta et al., 2025). In hemp samples, an increase in
the proportion of dietary fiber (up to 12.3 % for G. margarita) was revealed, indicating a redistribution
of carbon metabolites toward the synthesis of structural polysaccharides — a mechanism that enhances
the mechanical resistance of tissues to stress.

The most significant changes were found for the fatty acid composition. The application of
F. mosseae to sunflower increased the oleic acid content (C18:1, ®-9) by 4.6 % with a concomitant de-
crease in linoleic acid (C18:2, -6), which improves the oxidative stability of the oil. For hemp, inocu-
lation with G. margarita stimulated the accumulation of a-linolenic acid (C18:3, ®-3) to 21.4 % (com-
pared to 17.2 % in the control), resulting in a decrease in the ®-6/®w-3 ratio from 4.2:1.0 to 3.1:1.0,
which corresponds to dietary recommendations for balanced nutrition. Furthermore, a decrease in the
content of saturated fatty acids (palmitic and stearic) by an average of 8—11 % was observed.

These results are directly relevant to the stress-adaptive potential of plants. It is known that AMF
are capable of reducing lipid peroxidation level in tissues under stress conditions, as evidenced by a de-
crease in malondialdehyde (MDA) content in mycorrhized plants (Huang et al., 2026). The modifica-
tion of the membrane fatty acid composition toward an increased proportion of long-chain unsaturated
fatty acids is likely a key adaptive mechanism that ensures the preservation of membrane fluidity and
functionality under temperature and osmotic stress. The increase in the proportion of oleic acid (mono-
unsaturated) in F. mosseae-inoculated sunflower oil can be considered an additional protective factor
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that reduces oxidative degradation of lipids induced by reactive oxygen species produced under stress
conditions (Samanta et al., 2025).

Conclusions. Inoculation of sunflower and hemp seeds with AMF strains is an effective biotech-
nological approach for the targeted modification of the chemical composition and fatty acid profile of
the seeds. The revealed changes, in particular the increase in oleic acid content in sunflower and the
improvement of the m-6/w-3 ratio in hemp, have a dual significance: they enhance the plant resistance
to oxidative stress through optimization of the membrane lipid composition and improve the nutritional
value and technological stability of the derived foods. These data provide a fundamental basis for the
development of biotechnological strategies for managing the quality of oilseed raw materials under
climate change.
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NOVEL CYTOKININ-LIKE LIGANDS ENHANCE SALT STRESS TOLERANCE
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Salinity represents one of the major abiotic constraints limiting crop productivity by inhibiting seed
germination, suppressing root development, and disturbing hormonal homeostasis. Plant hormones cyto-
kinins regulate plant growth, development, and stress adaptation through the multistep phosphorelay
(MSP) signaling pathway. Although cytokinin-mediated stress responses have been extensively studied in
model species, their role in the industrial oilseed crop Crambe abyssinica remains largely unexplored.

The aim of this study was to evaluate whether newly identified cytokinin-like ligands can modulate
cytokinin signaling and improve salinity tolerance in C. abyssinica.

Seed germination, root elongation, and molecular reporter assays were performed under control
conditions and under salt stress induced by 100 mM and 150 mM NaCl. Synthetic cytokinin-like ligands
MU2225, MU2239, and MU2240 were tested at 500 nM together with trans-zeatin as a natural cytokinin
control. Cytokinin signaling dynamics were monitored in transgenic hairy roots carrying the
TCSv2:3xVENUS. The pattern of VENUS expression was detected by a confocal laser scanning micro-
scope (Leica Stellaris-8 Falcon), with the solid-state laser set at 514 nm for excitation and 530 nm for
emission.

Salt stress significantly delayed seed germination, with both 100 mM and 150 mM NaCl reducing
early germination compared with untreated controls. However, under 100 mM NacCl, treatment with lig-
and MU2239 resulted in faster recovery and improved germination rate compared with salt-only controls.
Under 150 mM NaCl, MU2239 exhibited the strongest positive effect among the tested compounds.

Root elongation assays showed that 150 mM NaCl caused a strong and statistically significant re-
duction in root length, whereas 100 mM NacCl produced only minor effects. Treatment with trans-zeatin
significantly inhibited root growth even in the absence of stress, while MU2239 exhibited substantially
lower inhibitory activity. Importantly, under combined salt treatment, MU2239 preserved root growth
significantly better than trans-zeatin, particularly under moderate salinity.

Reporter analysis demonstrated that MU2239 induced the strongest activation of TCSv2-driven
fluorescence among tested ligands. Under 150 mM NaCl, salt stress itself transiently increased cytokinin
reporter activity; importantly, the combination of salt stress and MU2239 maintained sustained reporter
activation throughout the measurement period, confirming biological activity of the ligand under adverse
conditions.

These results demonstrate that the synthetic cytokinin-like ligand MU2239 effectively activates cy-
tokinin signaling and partially mitigates the inhibitory effects of salinity on germination and root devel-
opment in Crambe abyssinica. Our findings identify MU2239 as a promising candidate for cytokinin-
based biostimulant development for stress-resilient industrial Brassicaceae crops.
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ATGS proteins are central regulators of selective autophagy, mediating cargo recognition through
interaction with ATGS8-interacting motifs (AIMs) (Nieto-Torres et al., 2021). Post-translational acetyla-
tion of lysine residues adjacent to the AIM-binding site alters the structural dynamics of ATGS8 and
may affect ligand recognition (Huang et al., 2015). In this study, we employed molecular dynamics
simulations, structural clustering and structure-based virtual screening to identify compounds capable
of selectively blocking acetylation-dependent ATG8—AIM interactions in plants. Comparative analyses
of Arabidopsis ATG8A, ATG8H and ATGSI in acetylated and deacetylated states revealed distinct
conformational ensembles suitable for selective ligand binding (Rayevsky et al., 2025). Pharmacophore
models were generated from representative structures and used for high-throughput docking of com-
mercial compound libraries. Candidate molecules were prioritized according to docking score, interac-
tion pattern and strain energy. Selected complexes are currently undergoing Random Accelerated Mo-
lecular Dynamics simulations to estimate ligand residence time and binding stability. The identified
lead compounds will be validated experimentally as potential chemical modulators of plant autophagy.
These results provide a framework for developing isoform-selective ATGS8 inhibitors and new molecu-
lar tools for investigating stress-induced autophagy in plants, consistent with recent studies demonstrat-
ing the ligandability of LC3/GABARAP proteins (Schwalm et al., 2024).
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RUBISCO ACTIVASE UNDER HEAT STRESS: A KEY REGULATOR
OF PHOTOSYNTHETIC THERMOTOLERANCE
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Molecular oxygen plays a dual role in photosynthesis. On the one hand, it is indispensable for aero-
bic metabolism and cellular energy production. On the other hand, O, competes with CO; for the active
site of ribulose 1,5-bisphosphate carboxylase/oxygenase (Rubisco), thereby reducing photosynthetic car-
bon fixation and crop productivity. Because atmospheric oxygen concentration (~21 %) greatly exceeds
that of CO; (~0.04 %), the oxygenase activity of Rubisco is unavoidable, particularly under elevated tem-
peratures when CO; solubility decreases more rapidly than O, solubility (Mohan et al., 2023; Stainbrook
et al., 2024; Sakhno et al., 2026).

Unlike most biological substrates, molecular oxygen exists in its ground state as triplet dioxygen
(?0»), containing two unpaired electrons with parallel spins. This unique electronic configuration imposes
spin restrictions on many oxidation reactions and largely determines enzymatic oxygen reactivity in bio-
logical systems (Minaev, 2021). Consequently, efficient oxygen activation requires specialized catalytic
mechanisms capable of overcoming spin constraints while maintaining reaction specificity.

Recent studies of cofactor-independent oxygenases provide new insight into these mechanisms.
These enzymes activate molecular oxygen without transition metals or organic cofactors, suggesting that
precise substrate positioning, electron transfer pathways, and protein architecture can control oxygen re-
activity despite its spin-forbidden ground state (Minaev et al., 2024). Such findings provide a conceptual
framework for understanding oxygen activation in biological catalysis and raise important questions re-
garding the oxygenation reaction catalyzed by Rubisco, where the enzyme and reaction products are sin-
glet molecules.

The oxygenase activity of Rubisco initiates photorespiration, which consumes ATP and reducing
power while releasing previously fixed CO, and NH3. Although photorespiration fulfills essential photo-
protective and metabolic functions, it substantially decreases photosynthetic efficiency, particularly under
elevated temperatures when oxygenation is favored (Minaev et al., 2021)

Therefore, increasing photosynthetic productivity requires not only understanding the biochemical
properties of molecular oxygen and the factors governing Rubisco oxygenation, but also identifying regu-
latory mechanisms capable of maintaining Rubisco in its catalytically active state under environmental
stress. Among these, Rubisco activase (RCA) has emerged as the central regulator of Rubisco function
during heat stress.

The review (Sakhno et al., 2026) further integrates current knowledge on Rubisco assembly, chap-
erone-assisted folding, intracellular organization, and the regulatory role of RCA under heat and abiotic
stress. Rising global temperatures associated with climate change increasingly constrain photosynthetic
carbon assimilation and crop productivity, making the molecular mechanisms of heat tolerance a major
focus of modern plant biology. Wheat, one of the world's most important food crops, loses approximately
6 % of its yield for every 1°C increase in temperature (Mohan et al., 2023). Heat stress disrupts mem-
brane integrity, enzyme activity, redox homeostasis, and grain filling, while the beneficial effects of ele-
vated atmospheric CO, on C; photosynthesis are largely offset by thermal damage. Because these re-
sponses are strongly genotype- and environment-dependent, improving heat tolerance requires an inte-
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grated understanding of physiological, biochemical, and genetic mechanisms, supported by functional ge-
nomics, multi-omics approaches, and molecular breeding (Mohan et al., 2023).

Rubisco is often described as a two-faced Janus because it catalyzes two competing reactions: the
carboxylation (addition of CO, and H,O) as well as oxygenation (addition of O, and H»>O) to enolized
ribulose 1,5-bisphosphate (RuBP). Both reactions are followed by C>—Cs bond cleavage, producing either
two molecules of 3-phosphoglycerate (PGA) during carboxylation or one molecule each of PGA and 2-
phosphoglycolate (PG) during oxygenation.

Rubisco's ability to activate the triplet molecular oxygen for production of two diamagnetic prod-
ucts clearly violates spin conservation rule. For a long time, this remained a major puzzle in quantum bio-
chemistry: Rubisco (1]) + O2 (11) # PGA (1])+ PG (1))

In 2019, Minaev proposed a mechanism of O, activation in glucose oxidase (Minaev, 2002) to ex-
plain how spin prohibition is overcome in cofactor-free dioxygenases (Minaev, 2019). Rubisco is the first
known cofactor-free dioxygenase and fits pretty-well to the spin-orbit coupling (SOC) induced mecha-
nism inside superoxide ion, which is the ultimate intermediate product of electron transfer from the
enolized RuBP to oxygen molecule. In the triplet radical pair RuBP*...O; there is a high probability of
the spin-flip transition to the singlet state (Minaev, 2002; 2019).

At the physiological level, RCA has emerged as the principal regulator of photosynthetic thermo-
tolerance. Under elevated temperatures, RCA progressively loses its ability to remove inhibitory sugar
phosphates from the Rubisco active site, resulting in Rubisco deactivation and reduced CO> assimilation.
Studies in C4 crops demonstrate that thermal limitation of photosynthesis is associated primarily with im-
paired Rubisco activation rather than decreased Rubisco abundance. Thermal acclimation depends not on-
ly on RCA abundance but also on isoform composition, post-translational modifications, oligomerization,
and stromal factors such as Mg?" and the ADP/ATP ratio, highlighting the importance of biochemical
regulation for maintaining photosynthetic performance under heat stress (Stainbrook et al., 2024).

Recent studies further show that evolutionary diversification of the Rca gene and the presence of
heat-responsive RCA isoforms contribute to plant thermotolerance. Accordingly, engineering thermosta-
ble RCA variants through gene editing or exploitation of natural diversity has emerged as a promising
strategy for sustaining Rubisco activation, photosynthetic efficiency, biomass production, and grain yield
under elevated temperatures. Because heat tolerance is a complex trait, optimization of RCA should be in-
tegrated with modern breeding, genomics, and systems biology approaches (Wijewardene et al., 2021).

Overall, Rubisco activity under heat stress is determined by the coordinated regulation of RCA,
post-translational modifications, stromal metabolism, Mg?" availability, and cellular energy status. Future
efforts should focus on identifying thermostable RCA variants and improving coordinated regulation of
the Rubisco—RCA system to enhance photosynthetic efficiency and crop productivity under future climate
warming scenarios (Amaral et al., 2024).
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PHYTOTOXICITY ASSESSMENT OF 2,4-DINITROTOLUENE
ON VICIA SATIVA L.
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Vicia sativa L. or common vetch or garden vetch is an annual plant species of the genus Vicia and
family Fabaceae, which was widely distributed in Europe, West Asia, and Northern Africa but it is culti-
vated throughout the Northern Hemisphere (Hollings et al., 1978). V. sativa is used as green manure to
increase soil water content or reduce soil erosion, as a forage crop, and for the extraction of essential oils
and ecological restoration of contaminated soils (Sattell et al., 1998). This plant is frequently incorporated
into pharmaceutical formulations because of its high therapeutic potential, including anticonvulsant, an-
timicrobial, antioxidant, and anti-inflammatory activities, among other properties (Akpinar et al., 2001).
Also, this species is tolerant to shade and can be cultivated across a wide range of soil types; however, it
is sensitive to waterlogging. V. sativa is a leguminous crop and is capable of nitrogen fixation. In warm
regions, it can accumulate up to 179 kg N/ha, which significantly exceeds the capacity of other members
of the Fabaceae family (Pal, Zsombik, 2024; Salehi et al., 2021).

2,4-Dinitrotoluene (DNT) is a highly toxic organic compound used in military practices as a plasti-
cizer in different types of propellants and rocket propellants (Riefler, Medina, 2006). DNT typically en-
ters the environment due to military activities. It enters, accumulates in the soil easily, and dissolves ef-
fectively under high soil moisture conditions. This characteristic makes DNT hazardous because of its
ability to passively migrate and be taken up by plants (Pennington, Brannon, 2002). The biodegradation
rate of DNT was the same as that of 2,4,6-trinitrotoluene. This compound exhibits high phytotoxicity and
resistance to phytotransformation in most plant species. The search for plants that are tolerant to pollu-
tants and can phytoremediate continues (Thijs et al., 2014). This method is considered more cost-effective
and practical than incineration because vegetation can be cultivated in areas of active military conflict and
military training grounds (Riefler, Guruswamy, 2006). However, there is limited information on the im-
pact of DNT on higher plants.

For the experiment, a concentration of 8 mg/kg was used. In previous studies, this concentration
typically marked the threshold at which growth inhibition began in plants such as Medicago sativa L.,
which also belongs to the Fabaceae family (Rocheleau et al., 2010).

DNT (4 mg) was dissolved in acetone (50 mL) and sprayed onto dry soil (50 g) evenly distributed
on a glass surface.

Contaminated soil (50 g) was added to uncontaminated soil (450 g) and mixed thoroughly. A pre-
measured amount of pure water (50 mL) was gradually added to the resulting mixture using a liquid at-
omizer. The mixture was placed on a clean glass plate, two long foam spacers were placed along the
sides, and one short spacer was positioned at the bottom before being covered with another glass plate. In
this way, one rhizotron was constructed. Immediately after this, five pre-germinated seeds of V. sativa
were planted in the moistened soil at small intervals. Simultaneously, a few rhizotrons with 500 g of un-
contaminated soil were prepared to serve as a control group.

Two weeks after planting the seeds, morphometric data, including shoot length, root length, and
leaf dimensions (width and length), were recorded for both treated and control plants. Thereafter, graphs
based on all obtained results were generated to determine the effect of DNT on the chosen plant.

The effect of DNT on V. sativa demonstrated that this compound has a negative impact on the
growth and development of plants. The growth of the shoot system was inhibited by DNT toxicity. This
result indicates a reduction in the overall plant viability under toxic stress conditions. The root system was
also suppressed, but the response of individual plants was heterogeneous. Alongside growth inhibition,

158



THIRD INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

some individuals demonstrated signs of an adaptive response, which manifested as relatively better root
development.

The analysis of the shoot-to-root ratio showed an increase in the corresponding index from 2.86 +
0.80 in the control to 3.21 = 1.18 under DNT exposure (112 % of the control; P = 0.350). This indicates a
more pronounced inhibition of root system development than that of the shoot system. For V. sativa, a
slight decrease in the leaf length-to-width ratio was also observed (90.41 % of control) under DNT expo-
sure, with a statistically significant difference (P = 0.039), which may indicate a reduction in relative leaf
length.

The obtained results demonstrate the high sensitivity of V. sativa to the DNT effect and demon-
strate the ability to use this species for the phytoremediation of contaminated soils.
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THE INFLUENCE OF STREPTOMYCES BACTERIA ON GROWTH PARAMETERS
AND PROLINE CONTENT IN SPRING WHEAT SEEDLINGS UNDER SALINITY
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In the context of global climate change and necessity of sustaining world food security, optimizing
the cultivation of spring wheat (7riticum aestivum L.) remains a priority task for agrobiology. However,
the yield potential of this crop is significantly limited by adverse environmental factors (Khalid, 2023;
Nyaupane, 2024). In particular, progressive water deficit and excessive soil salinity negatively affect
morphological parameters and the functional state of plants, resulting in the inhibition of growth process-
es and a decline in overall productivity (Neupane, 2022; Igbal, 2023).

An environmentally friendly and highly effective alternative to chemical stimulants in modern crop
production is the use of plant growth-promoting bacteria (PGPB). These microorganisms are capable not
only of improving the availability of mineral nutrients but also of activating endogenous protective sys-
tems of the plant organism (Romano, 2020; Chieb, 2023; Fang, 2023). One of the key biochemical mark-
ers of stress development and, simultaneously, a mechanism of osmoregulation is the accumulation of
free proline. Research on how beneficial microorganisms modify plant metabolism allows for a deeper
understanding of the mechanisms underlying induced tolerance formation.

Given this, the aim of our work was to evaluate the regulatory impact of PGPB on morphometric
parameters and the characteristics of proline accumulation in soft spring wheat seedlings under salt stress.
The studies were conducted on two cultivars contrasting in terms of ecological and genetic characteristics
— Dubravka and Myronivskyi Oksamyt (bred by the V.M. Remeslo Myronivka Institute of Wheat,
Ukraine). Bacteria of the genus Streptomyces, known for their capacity to synthesize phytohormones, an-
tioxidant compounds, etc., were utilized in this study (Trda, 2015; Schillaci, 2019).

The study was carried out in vitro on agarized Murashige and Skoog (MS) nutrient medium sup-
plemented with 100 mM NaCl to model osmotic stress and nystatin (25 mg/L) to prevent fungal contami-
nation. Before sowing, wheat seeds were subjected to sequential sterilization in 96 % ethanol and a sodi-
um hypochlorite (NaClO) solution in distilled water (1:1), followed by inoculation with the PGPB sus-
pension. The experimental design included four treatments: 1) Control (C); 2) Salinity (NaCl); 3) Control
+ bacteria (C+B); 4) Salinity + bacteria (NaCl+B). The objects were cultivated in sterile jars under a con-
trolled photoperiod (16/8 h) and temperature of 22-25°C. At the end of the cultivation period, the length
of the organs (shoot and root) was measured, and the free proline content was determined using the Bates
method.

Analysis of morphometric parameters revealed a significant negative effect of Na* and CI™ ions on
the growth processes of both wheat cultivars. In the salt stress control variant, a sharp inhibition of growth
was observed: the shoot length of cv. Myronivskyi Oksamyt decreased by 72 % compared to the control
(from 177.5 mm to 49.8 mm), while that of cv. Dubravka decreased by 25 % (from 118.5 mm to
88.3 mm). The growth of the root system was also substantially inhibited — root length declined to
21.6 mm and 26.7 mm for Myronivskyi Oksamyt and Dubravka, respectively.

Presowing inoculation with bacteria of the genus Streptomyces demonstrated a pronounced protec-
tive and growth-stimulating effect. Under optimal moisture conditions (C+B variant), the microorganisms
stimulated shoot growth of cv. Myronivskyi Oksamyt by 25.5 % (up to 222.8 mm) and cv. Dubravka by
28.4 % (up to 152.1 mm). The effect of streptomycetes was most prominent under salinity (NaCl+B vari-
ant): the shoot length of cv. Myronivskyi Oksamyt increased 3.4-fold compared to the salt stress control
and reached 170.0 mm, almost neutralizing the adverse impact of the stressor. For cv. Dubravka in the
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NaCl+B variant, the shoot length was 163.7 mm, which even exceeded the values of the absolute control.
A similar positive trend was noted for the growth of the root system (up to 43.4 mm and 38.3 mm, respec-
tively).

Biochemical analysis confirmed that the development of salt stress is accompanied by the activa-
tion of endogenous plant defense systems. Under NaCl exposure, the content of free proline in the shoots
of Myronivskyi Oksamyt increased 4.4-fold compared to the control (from 19.04 to 83.76 pg/g of fresh
weight). In cv. Dubravka, proline accumulation under stress was less pronounced in shoots (a 2.6-fold in-
crease to 42.77 ng/g); however, a significant spike in its content was recorded in the root system — nearly
4-fold compared to the control (up to 143.05 pg/g), indicating high sensitivity of the underground organs
of this cultivar to osmotic shock. A vital scientific result is the fact that under the combined action of the
stressor and bacterization (NaCl+B variant), the level of proline accumulation in plant tissues decreased
substantially compared to pure salinity. In the shoots of Myronivskyi Oksamyt, the proline content
dropped from 83.76 ug/g to control values (18.71 ug/g). In cv. Dubravka under NaCl+B conditions, the
proline level in shoots decreased to 28.40 pg/g, and in roots, it was reduced by more than a half (from
143.05 to 62.54 pg/g).

Thus, such dynamics of metabolic processes indicate that inoculation with bacteria of the genus
Streptomyces effectively maintains the physiological state of the plant and serves as a primary protective
barrier. Consequently, the level of stress load on the plant's metabolism is significantly reduced, which
minimizes the expenditure of energetic and plastic resources on the synthesis of endogenous osmoprotec-
tors, ensuring the possibility of their redirection toward sustaining growth processes.
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OF WINTER WHEAT UNDER SOIL DROUGHT
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Under unfavorable growth conditions associated with the development of stress, the production of
reactive oxygen species (ROS) increases at the cellular level. Photosynthesis is also impaired under these
conditions, primarily due to the imbalance between the photosynthetic electron transport chain (ETC) and
the Calvin cycle, resulting in excessive ROS generation within chloroplasts. At the same time, elevated
ROS levels play an essential signaling role by activating regulatory pathways involved in stress adapta-
tion, plant development, and senescence. Therefore, the antioxidant defense system of chloroplasts be-
comes critically important under stress conditions. Superoxide dismutase (SOD) and ascorbate peroxidase
(APX), which regulate intracellular ROS levels, are key components of this defense system. The aim of
this study was to investigate the activities of SOD and APX in chloroplasts isolated from flag leaf of dif-
ferent winter wheat cultivars under soil drought and after rewatering.

The study was conducted on winter bread wheat (7riticum aestivum L.) cultivars Yednist, Podilska
Nyva, and Darunok Podillia under pot-grown conditions. Throughout the growing season, soil moisture in
the control treatment was maintained at 70 % of field capacity (FC). At the heading stage (BBCH 55), ir-
rigation of the drought treatment was withheld, and soil moisture gradually reduced to 30 % FC over
three days. This moisture level was maintained for the following seven days. Thereafter, irrigation was
resumed to restore soil moisture to 70 % FC, which was maintained until the end of the growing season.

Enzyme activities were determined in isolated chloroplasts. SOD activity was determined by the ni-
troblue tetrazolium photoreduction method at 560 nm, whereas APX activity was measured spectropho-
tometrically at 290 nm according to the method of Chen and Asada.

SOD activity in chloroplasts isolated from flag leaf slightly decreased on the first day of drought in
cultivars Yednist and Podilska Nyva compared with the control, whereas no significant changes were ob-
served in Darunok Podillia. After seven days of drought, SOD activity increased significantly in cultivar
Yednist relative to the control, while only a slight upward trend was observed in the other two cultivars.
One week after rewatering, elevated SOD activity remained evident only in cultivar Yednist, whereas no
significant differences between the control and drought-treated plants were detected in Podilska Nyva or
Darunok Podillia.

APX activity did not differ significantly from the control in any cultivar on the first day of drought.
Similar to SOD, a significant increase in APX activity after seven days of drought was observed only in
cultivar Yednist, whereas APX activity in Podilska Nyva and Darunok Podillia remained close to the con-
trol level. One week after rewatering, APX activity in drought-treated plants of cultivars Yednist and
Podilska Nyva exceeded that of the respective controls, while no significant differences were found be-
tween treatments in Darunok Podillia.

It should also be noted that under prolonged drought, APX activity in chloroplasts of cultivar Da-
runok Podillia increased to a greater extent than SOD activity, whereas cultivars Yednist and Podilska
Nyva exhibited higher stability of the photosynthetic apparatus. This response may reflect adaptive mech-
anisms aimed at tighter regulation of H,O> levels in chloroplasts. Previous studies have shown that under
stress conditions and during the recovery period, H>O, accumulation is positively correlated with the ex-
pression of genes involved in programmed cell death, whereas excessive H,O» accumulation adversely af-
fects leaf function.

In conclusion, the antioxidant defense system of chloroplasts in the flag leaf of cultivars Yednist
and Podilska Nyva exhibited a stronger and more sustained response to soil drought than that of cultivar
Darunok Podillia. These findings suggest that activation of antioxidant enzymes contributed to enhanced
stability of the photosynthetic apparatus, thereby supporting higher photosynthetic performance both dur-
ing drought stress and after rewatering.
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PHYSIOLOGICAL AND BIOCHEMICAL PROFILE OF SORGHUM (SORGHUM
SACCHARATUM (L.) MOENCH) UNDER PROLONGED ABIOTIC STRESS

L. L. Storozhyk!. S. V. Zavhorodnia?

!Institute of Bioenergy Crops and Sugar Beet of the NAAS of Ukraine, Kyiv, Ukraine,
e-mail: larisastorozhykl501@gmail.com
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Global increases in atmospheric carbon dioxide concentration intensify the greenhouse effect, lead-
ing to more frequent and severe droughts. At present, moisture deficit is the main limiting factor for the
sustainable development of global agriculture, posing significant threats to food security. Drought stress
induces complex physiological and biochemical changes in plants, often resulting in wilting and, subse-
quently, death (Ma et al., 2026). Prolonged drought stress disrupts a range of physiological processes,
causing intensive formation of reactive oxygen species (ROS), degradation of cell membranes, alterations
in phytochemical concentrations, and depletion of photosynthetic pigments. To minimise damage, plants
enhance the activity of antioxidant enzymes and accumulate compounds such as proline (PRO), phenols,
flavonoids, and glutathione. Previous studies have established that plant adaptation to adverse conditions
is achieved through complex regulation of components, involving modulation of degradation processes
and accumulation of key metabolites (Storozhyk et al., 2025). In this study, a time-resolved drought stress
model was applied to comprehensively analyse adaptation mechanisms in sorghum, despite the crop is
drought-tolerant. The aim was to investigate physiological responses and changes in the phytochemical
profile of sorghum plants depending on the duration of drought stress. The sugar sorghum hybrids ‘Sugar-
graze ARG’ (Argentina), ‘Medovyi’(Ukraine) agro-phytocoenosis was established at the Ivanivska Ex-
perimental Breeding Station (Sumy region, Okhtyrka district) of the Institute of Bioenergy Crops and
Sugar Beet NAAS, located in the insufficiently moist zone of the Eastern Forest Steppe of Ukraine, under
combined long-term drought and heat stress during organogenesis (HTC of 0.4).

Phytochemical profiles and physiological changes were identified in the laboratory using special-
ised scientific protocols (State Pharmacopoeia ..., 2008). The analysis revealed no significant differences
among the hybrids regarding the traits studied. The results showed that drought stress lasting 10 days in-
duced specific changes in the physio-biochemical parameters of sorghum leaves. Water loss intensified,
reaching 82 % after 48 hours, 97 % after 4 days, and slowing to 25 % by day 7. Increasing moisture defi-
cit was accompanied by a decline in photosynthetic pigments: total chlorophyll content decreased from
4 mg/g before drought to 3.2 mg/g after 48 hours, and to 2.1 mg/g after 7 days of continuous drought.
This trend likely resulted from chloroplast damage and pigment degradation. Proline content (a key amino
acid for osmotic balance) rose sharply: from 51-55 ng/g at early drought stages to 320 pg/g by day 7 (a
six-fold increase), before declining to 147 pg/g by day 10. This process mitigates drought-induced chlo-
roplast damage, maintaining chlorophyll levels essential for photosynthesis and energy metabolism. A
similar trend was observed in enzymatic activity: peroxidase content increased to 250 units/g fresh mass
after the beginning of stress, 371 units/g after 5 days, 413 units/g after 7 days, and decreased to
354 units/g by day 10. Thus, sorghum activates energy regulation mechanisms (photosynthesis) under
short drought (<5 days), while after two days it engages membrane-support mechanisms (enzyme activity
linked to amino acids), shifting from stress response to long-term tolerance and recovery, closing stomata
to halt gas exchange and photosynthesis, entering anabiosis. Sorghum plants also produce phytochemicals
acting as osmoprotectants and antioxidants to counter oxidative stress. Phenolic acids, naturally synthe-
sised in high concentrations under fluctuating environmental conditions, were identified in sorghum
leaves: glycosides 6-9 %, ferulic and p-coumaric acids 20-22 %, syringic, vanillic, and p-hydroxybenzoic
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acids 2.4-3 %. After two days, glycosides and ferulic/p-coumaric acids rose to 25-33 %, syrin-
gic/vanillic/p-hydroxybenzoic acids to 2.7-3.6 %. By day 5, these components increased by 5 %, reflect-
ing a protective response aimed at strengthening cell walls. Sorghum plants absorb atmospheric CO, and
convert it into carbohydrates (sugars). A significant portion (10 %—15 % of total fixed carbon) of these
sugars is transported through the phloem to the root system.

Carbohydrates (starch, sucrose, glucose, and fructose), which are energy substances, also varied:
rising to 18 % after 2 days, 27% after 5 days, 35 % after 7 days, with no change by day 10, reflecting
stomatal closure. Starch content declined slightly (2—3 %) due to breakdown into simple sugars, helping
maintain osmotic balance and reduce water loss. The epidermal complex of sorghum leaves is character-
ized by pronounced xeromorphic features, which indicates a high level of plant adaptation to moisture de-
ficiency. Epidermal cells have a linear-elongated shape in parallel rows. The structural organization of the
epidermis involves the alternation of stomatogenic rows (containing the stomatal apparatus) with inter-
costal epidermal rows. The morphometric parameters of sorghum stomata are characterized by small siz-
es, this anatomical feature is compensated by a higher stomatal density: per unit area (1 cm?) of the epi-
dermis, their number is twice as high as in corn. Such a structure of the stomatal apparatus — a decrease
in the size of individual stomata while increasing their total number — is a key xeromorphic adaptation
that effectively regulates the transpiration flow. It is worth noting that the closing cells of sorghum stoma-
ta are characterized by thickened cell walls, which ensures the stability of the tissues of the structure. Un-
der conditions of severe water deficit, these cells retain functional stability, without losing the ability to
restore turgor and normalize stomatal conductivity after restoration of the water regime. This confirms the
high physiological plasticity of sorghum and its ability to rapidly regenerate metabolic processes.

Noteworthy, prolonged drought also altered sorghum root metabolite profiles, crucial for nutrient
mobilisation during organogenesis. Roots exude phytochemicals into the rhizosphere in response to biotic
stress. These compounds fall into two classes: low-molecular-weight (amino acids, organic acids, sugars,
and phenolic acids) and high-molecular-weight (secondary metabolites such as mucilage and proteins).
During early drought (up to 5 days), the leading zone and vascular cylinder of roots contained polyphe-
nols (5.7 %), hydroxycinnamic acids (3.2 %), glycosides (2.3 %), starch (1.5 %), carbohydrates (1.7 %),
and protein (1.2 %). In the absorption zone/root hairs, polyphenols fell to 4.6 %, acids to 3.5 %, and gly-
cosides to 1.7 %, with starch, carbohydrates, and protein decreasing by 0.2—0.4 %. In the distal root zone
(elongation/root cap), glycosides dropped by 0.9 %, hydroxycinnamic acids by 0.2 %, and polyphenols by
2.6 %. High-molecular-weight compounds also decreased 2-3 fold. Extending drought to 10 days halted
this decline, as phytochemicals were needed to preserve antioxidant properties and protein binding. Pro-
teins and enzymes act as chemical modifiers of toxic compounds, becoming beneficial under prolonged
stress. A similar function is performed by various organic acids secreted by plant roots, the composition
and quantity of which depends on the genotype. At the same time, phenolic compounds of root exudates
can affect the availability of iron, forming complexes with it, and, therefore, increase the availability of
phosphorus.

Thus, sorghum adjusted quantitative phytochemical profiles to sustain drought tolerance by slowing
growth intensity. These findings are significant for implementing smart farming approaches based on pre-
cise monitoring of physiological and biochemical plant responses, optimising agronomic strategies, adapt-
ing cropping systems to stress factors, and enhancing yields through targeted risk management. Integrat-
ing physio-biochemical monitoring into smart farming strategies contributes to more resilient food sys-
tems.
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High temperatures disrupt tomato reproduction, particularly anther and pollen development, yet the
contribution of cytokinins (CKs) to reproductive heat responses remains poorly understood. Here, we in-
tegrated light and confocal microscopy, hormone profiling, tissue-specific transcriptomics, reporter-line
analysis, and functional genetics to characterize CK metabolism, transport, and signaling across tomato
floral organs and to identify factors contributing to reproductive heat-stress responses.

CK metabolites displayed strong organ- and developmental-stage specificity. Isoprenoid CKs, in-
cluding isopentenyladenine (IP)-type metabolites and glycosylated CK forms, were particularly abundant
in developing stamens at the 3—7 mm floral-bud stages. This pattern was consistent with the enhanced
stamen-specific CK response observed in 7CS::Neon-N7 reporter lines. The metabolic profiles were ac-
companied by coordinated expression of genes involved in CK biosynthesis, degradation, transport, and
signaling. Members of the CYTOKININ OXIDASE/DEHYDROGENASE (CKX), ATP-BINDING
CASSETTE G-TYPE TRANSPORTER (ABCG), and PURINE PERMEASE (PUP) families emerged as
prominent candidate regulators of CK homeostasis in developing stamens and pollen.

Functional characterization of these candidates led to the generation of CRISPR-mediated tomato
mutant lines targeting CKX3, CKX6, ABCG20, ABCG29, and PUP14. The ckx3 and ckx6 mutants accu-
mulated higher levels of isopentenyladenine-type and glycosylated CKs, whereas the abcg20, abcg29,
and pup 14 transporter mutants generally showed reduced CK accumulation. These mutations also altered
the accumulation of hormones from other classes, indicating that disruption of CK homeostasis affects
broader hormonal networks in reproductive tissues.

Prolonged heat stress for 10 days at 34/28°C reduced the CK response in pollen of TCS::Neon-N7
reporter plants. Hormone profiling at the end of the treatment confirmed a significant reduction in CK
concentrations, together with changes in several other hormone classes. In contrast, CK levels remained
substantially higher in the ckx mutants under heat stress. Pollen-viability assays further showed that ckx3
and ckx6 mutants maintained higher pollen viability after heat treatment than the wild type, whereas the
abcg20, abcg?29, and pup 14 mutants tended to exhibit reduced viability.

Together, these results demonstrate that CK homeostasis is tightly regulated during tomato stamen
and pollen development and is strongly disrupted by prolonged heat stress. Maintenance of elevated CK
levels through reduced CK degradation was associated with improved pollen viability under high temper-
ature, whereas impaired CK transport was associated with greater reproductive sensitivity. These findings
identify CK degradation and transport pathways as potential targets for improving tomato reproductive
thermotolerance, although the molecular mechanisms underlying the observed mutant phenotypes and
their interactions with other hormonal pathways remain to be elucidated.
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Introduction. Climate change necessitates innovations in agriculture, particularly crop rotation.
Key strategies include adjusting sowing dates, diversifying crops with legumes, and shifting cultivation
zones. Common beans (Phaseolus vulgaris L.) are important in European rotations but, due to large
seeds, are vulnerable to drought during germination. Early-stage evaluation of genetic resources is thus
essential, with PEG 6000 assays providing an effective screening tool. Drought tolerance differs across
Phaseolus species. The secondary gene pool is a valuable source of traits: Ph. coccineus L. accumulates
biomass rapidly, develops a strong root system, and can cross with Ph. vulgaris L., making it promising
for breeding. Ph. lunatus L. cannot form productive hybrids yet harbors useful genes. Studies confirm
drought tolerance in lima beans under Mediterranean conditions, with germination negatively correlated
with PEG concentration (Martinez-Nieto et al., 2022). Given genetic divergence between dry and snap
beans (Wallace et al., 2018), our study analyzed these groups separately.

Materials and Methods. The study involved 23 Phaseolus accessions from the National Center for
Plant Genetic Resources of Ukraine. Ph. vulgaris L. cultivars included dry beans (UD0300227,
UDO0303351, UDO0304171, UDO0304280, UDO0304281, UDO0305128, UD0305129, UD0304283,
UDO0305126, UD0304482, UD0303884, UD0303917, UD0302272, UD0301043, UD0304427) and snap
beans (UD0301032, UD0303805, UD0304010, UD0304466). Ph. coccineus L. was represented by
UDO0303446, and Ph. lunatus L. by UD0303348, UD0302583, UD0301530. Reference standards were
UDO0300227 (drought-resistant), UDO0301043 and UD0304283 (susceptible), UD0304280 and
UDO0304281 (tolerant), UD0303351 (dry bean standard), and UD0301032 (snap bean standard). Experi-
ments were conducted in the Laboratory of Plant Physiology and Biochemistry, Plant Production Institute
na V. Ya. Yuriev, NAAS (Kharkiv, Ukraine), using seeds harvested in 2023. Germination was tested in
PEG 6000 solutions at 5 % (PEG 5), 7.5 % (PEG 7.5), and 10 % (PEG 10), with distilled water as control.
On day 7, shoot and root lengths were measured. Drought tolerance was evaluated by growth depression
(D =100 — seedling length under stress/control x 100).

Results and Discussion. Dry bean cultivars showed the highest drought resistance: depression val-
ues were 7.74 %, 11.14 %, and 26.73 % at PEG 5, PEG 7.5, and PEG 10, respectively. Ph. lunatus L. and
Ph. coccineus L. were more susceptible, with depressions of 18.04 % and 40.0 % already at PEGS.
ANOVA and Tukey’s test confirmed significant differences in total seedling length among accessions and
species. Interestingly, some accessions increased growth under stress: UD0304171, UD0304280,
UDO0304283 at PEGS; UD0304280, UD0304281, UD0304427 at PEG7.5; UD0303805 at PEG10. Com-
paring responses of Phaseolus accessions with the drought resistant standard UD0300227 (PEG10), eight
dry beans (UD0303351, UD0304171, UD0304427, UD0304280, UD0304281, UD0304283, UD0305128,
UDO0305129) and one snap bean (UD0303805) were identified as potentially drought tolerant. Conclu-
sions The study demonstrated inter- and intra-species differences in drought tolerance of Phaseolus under
PEG 6000 stress. Ph. vulgaris L. (dry beans) showed higher resilience than other species. Several acces-
sions were identified as potential sources of drought tolerance at the seedling stage.

REFERENCES
Martinez-Nieto M.I., Gonzalez-Orenga S., Soriano P. et al. Agronomy. 2022, 12, 1715.
Lyle Wallace L., Arkwazee H., Vining K., Myers J.R. Genes. 2018, 9, 587.

166



THIRD INTERNATIONAL SCIENTIFIC CONFERENCE
"PLANT STRESS AND ADAPTATION"

THE EFFECT OF SOIL CONTAMINATION WITH HEAVY METALS
ON THE GROWTH AND CYTOKININ BALANCE OF TRITICALE PLANTS
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Introduction. Soil contamination with heavy metals as a result of anthropogenic activities poses a
severe problem for agriculture. In Ukraine, the problem of this type of pollution has become extremely
acute through the military operations (Leal et al., 2024). Disruption of key physiological processes such
as photosynthesis, respiration, protein metabolism etc. because of heavy metal stress leads to substantial
yield losses. The impact of heavy metals on the growth and development of cereal crops has been inten-
sively explored in recent years. Particular attention is paid to the problems of improvement plant adapta-
bility to pollutants (Vasilachi et al., 2023). Plants’ protective mechanisms against heavy metals are regu-
lated by the phytohormonal system, which includes cytokinins (Biswas, Pal, 2025). Application of exog-
enous cytokinins was shown to alleviate heavy metal toxicity, improve growth and photosynthesis, reduce
metal uptake and oxidative stress (Hajam et al., 2024). Several investigations have demonstrated the
changes in cytokinin status under heavy metal stress in various plants (Rahman et al., 2023). Transfor-
mations in endogenous cytokinin balance are thought to be the part of the signaling and defense mecha-
nism that coordinates growth and productivity of cereals under metal pollution (Kolhi et al., 2026). Nev-
ertheless, information about protective role of cytokinins in cereal crops confronted to heavy metal con-
tamination is scarce.

Objective. This study aimed to elucidate the effect of soil contamination with various heavy metals
on the cytokinin balance in triticale plants, in order to understand the regulation of adaptive processes in
cereals.

Material and Methods. Triticale plants (xTriticosecale Wittmack, cv. ADM 9 Synthetic) are an
amphidiploid hybrid of rye (Secale cereale L.) and wheat (Triticum spp.), combining the best biological
and economic traits of those two species. The experiments were carried out in a vegetation laboratory
with an air temperature of +16°C, a photoperiod of 16/8 h, day/night (light intensity 190 pmol/m?-s) and a
humidity of 60 %. Triticale plants were grown in containers filled with a mixture of calcined river sand
and vermiculite (10:1) soaked in Knop's solution (control) and with addition of manganese sulphate (Mn),
cobalt nitrate (Co), and cadmium chloride (Cd) in concentration of 500 uM (experiment). 14-day-old
plants were divided into aerial parts and roots. Cytokinin content in plant samples was analyzed by
HPLC-MS method in the Agilent 1200 system using gradient elution.

Results and Discussion. The addition of heavy metal salts to the soil mixture affected the linear
and growth parameters of triticale plants. Mn slightly reduced the height of the aerial parts of the plants
(within the margin of error), while it had an insignificant positive effect on the root length. In roots, in-
crease in fresh and especially dry weight was found. Co and Cd solutions exerted the pronounced nega-
tive effect, inhibiting the aerial part height by 28 % and 33 %, respectively. The roots were most severely
impaired by these compounds, with their size being 33 % smaller than in the control group. Adverse ef-
fect of Co and Cd led to reduction in fresh and dry weight of both aerial parts and roots of triticale plants.
Notably, root dry weight declined by 50 % under Cd contamination. Moderate degree of seedling lodging
was noted. This study uncovered significant changes in cytokinin levels in 14-day-old triticale plants un-
der heavy metal contamination. In aerial part, addition of Mn to soil induced a sharp rise in the content of
all cytokinins, except isopentenyladenosine. The levels of trans-zeatin (Z), isopentenyladenine (iP) and
trans-zeatin-O-glucoside (ZOG) elevated approximately fourfold. In roots, the most impressive increase
(more than twice) was observed for trans-zeatin riboside (ZR) and ZOG. Co contamination of soil caused
decline in the level of ZR in aerial part of plants, whereas the content of Z and iP remained almost un-
changed and the content of isopentenyladenosine (iPA) and ZOG enhanced by 4 and 2.9 times, respec-
tively. Reduction in free cytokinin concentrations occurred in roots under Co influence, although ZOG
level was 2.8 times higher compared to control. Cd availability in soil suppressed accumulation of Z and
ZR in aerial part of triticale plants (by 1.7 and 2.8 times, respectively), slightly elevated the content of iP
(by 1.5 times), while iPA and ZOG levels increased sharply (by 13 and 5.8 times, respectively). In roots,
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Co caused notable changes only in the levels of zeatin-type cytokinins: the content of Z and ZOG in-
creased by 1.6 and 3.7 times, respectively, whereas concentration of ZR diminished by 2.8 times against
control. Triticale plants are known to be characterized by an advanced level of resistance to abiotic stress-
es compared to other cereal crops due to more efficient antioxidant system (Kolupaev et al., 2020). Mini-
mal phenotype changes were found previously in triticale plants under lead contamination, they possessed
higher photosynthetic capacity and lower oxidative damage than parental species wheat and rye (Din et
al., 2023). In our experiments, triticale plants demonstrated moderate morphophysiological alterations,
maintaining growth at a sufficiently high concentration of pollutants. Changes in their growth parameters
in response to various heavy metals were differentiated. Previously, different extent of various heavy
metal uptake by triticale plants was reported. The uptake and accumulation of these metal in triticale pre-
vailed in roots (Michas et al., 2020). Consequently, one possible reason for the different response of triti-
cale plants to Mn, Co, and Cd was distinct ability of these metals to penetrate plant tissues and compart-
mentalize there. Nevertheless, the varying degrees of toxicity of these metals seem to be a more likely ex-
planation for their differing effects on plant growth. All three metals affected significantly the balance of
endogenous cytokinins both in the aerial part and in the roots. Under Mn contamination, the maintenance
of aerial part growth activity and slight delay of root elongation coincided with increase in Z, ZR, and iP
content throughout the plant. This finding may actually reflect a divergent cytokinin function in shoots
and roots (Hussain et al., 2025). The high levels of cytokinin active forms in the aerial parts are likely
necessary to keep the development of meristems and the stomatal conductance whereas in the roots it
caused growth inhibition to avoid the contact with pollutant. Compounds of Co and Cd exerted signifi-
cantly stronger effect on growth parameters of triticale plants versus Mn. The overall reduction in free cy-
tokinins in triticale roots occurred whereas in aerial parts only ZR level declined under Co contamination.
Plants accumulate cobalt mainly in roots through its low mobility (Khalid et al., 2026), which explains its
predominant effect on root cytokinins. ZR are thought to be main form of cytokinins transported over
long distances and transmitted signals from root to shoot (Nedvéd et al., 2025). It is possible that the de-
crease in the ZR content in the aerial part of triticale plants serves as such a signal about unfavorable situ-
ation in the roots caused by Co. Under Cd contamination, changes in growth parameters were accompa-
nied by specific fluctuation of Z content. In particular, the growth inhibition of aerial part coincided with
a decrease in Z level, whereas the slowdown of the root elongation — with an increase in the content of
this cytokinin. This observation aligns with the current concepts of cytokinin functions in plant shoots and
roots (positive and negative regulation of growth, respectively). It is possible that this cytokinin, which
regulates the formation of plant architecture, is the target of the toxicant, since it controls the switch of
metabolism from growth to adaptation in adverse environment. The excessive increase in ZOG levels in
triticale plants in response to exposure to all three metals studied indicates the transition of plants to a
strategy of adaptation to conditions of heavy metal pollution. Stored cytokinin could probably be em-
ployed to continue regulating plant growth and development in contaminated soil.

Conclusion. Soil contamination with heavy metals induced growth modifications as well as trans-
formations in cytokinin profile of triticale plants. Specificity of these changes is strongly associated with
a metal nature. Cytokinins are obviously involved in regulation of plant response to Mn, Co, and Cd in-
fluence. Cytokinins should be considered as a possible tool for mitigation of the detrimental effects of
heavy metals, taking into account the status of endogenous phytohormones.
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THE PRIMING OF SEEDS WITH NATURAL GROWTH REGULATORS INDUCES
CHANGES IN THE HOMEOSTASIS OF ENDOGENOUS PHYTOHORMONES
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Introduction. Lead (Pb), one of the most hazardous heavy metals (HMs), renders soils unsuitable for
agricultural use, disrupts natural ecosystems, reduces biodiversity, and destabilizes food chains. Although Pb
ions are not involved in cellular metabolism, they are readily absorbed and accumulated in various plant or-
gans. In Ukraine, soil contamination with lead has intensified due to large-scale military activities associated
with the ongoing russian’s armed aggression.

Natural growth regulators, including phytohormones and N-acyl homoserine lactones (AHLs), play a
crucial role in mitigating HM toxicity and stabilizing plant growth and developmental processes under stress
conditions. Exogenous application and modulation of endogenous phytohormone levels represent effective
strategies for protecting plants from HM-induced damage (Kosakivska et al., 2025). Salicylic acid (SA), a
phenolic phytohormone, plays a key role in regulating numerous physiological processes, including growth
and development, photosynthesis, respiration, and transpiration. It also contributes to the activation of defense
responses, enhancing plant resistance to a wide range of abiotic and biotic stressors (Kosakivska, Shcherba-
tiuk, 2025; Rahman et al., 2023).

Soil microorganisms are also essential for plant adaptation to heavy metal contamination. They influ-
ence nitrogen fixation, phosphate solubilization, phytohormone and siderophore synthesis, pH regulation, and
metal chelation (Etesami, 2018). AHLSs are bacterial signaling molecules involved in quorum sensing in Gram-
negative rhizosphere bacteria and in plant-microbe interactions. Although the effects of AHLs on plants have
been studied for a long time, the mechanisms underlying their perception by plants remain poorly understood
(Babenko et al., 2022). We hypothesized that seed priming with SA and AHL would differentially regulate the
balance of abscisic acid (ABA) and indole-3-acetic acid (IAA), thereby contributing to plant adaptation to Pb
stress.

Aim. To investigate the effects of seed priming with SA and AHL solutions on the homeostasis of en-
dogenous IAA and ABA in Triticum aestivum L. cv. ‘Podolyanka’ under lead stress.

Materials and Methods. Experiments were conducted in 2025 at the Department of Phytohormonolo-
gy, M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine. The study involved 14-
day-old plants of soft wheat (Triticum aestivum L.) cv. ‘Podolyanka’. Seeds were obtained from the Institute of
Plant Physiology and Genetics, NAS of Ukraine.

Calibrated seeds were surface-sterilized in 70 % ethanol for 3 min, rinsed with distilled water, and
soaked in water for 3 h. Subsequently, seeds were incubated for 21 h at +20°C under three conditions: distilled
water (control), 10° M SA solution, and 100 uM N-hexanoyl-L-homoserine (Cs-AHL) solution. Ce-AHL was
synthesized according to the method described by (Babenko et al., 2025).

Germinated seeds were transferred (50 per treatment) into 1 L plastic containers with a mesh (2 x 2 mm)
containing modified Knop’s solution (control) or Knop’s solution supplemented with Pb(NOs), (0.05 mM
Pb*"). Plants were grown in a controlled growth chamber at +22°C, light intensity of 190 pmol m= s™, photo-
period of 16/8 h (light/dark), and relative humidity of 70 £ 5 % for 14 days. The nutrient solution (15 mL) was
replenished daily.

IAA and ABA contents were determined using HPLC-MS (Agilent 1200 LC/MS system, USA)
equipped with a G1315B diode array detector and an Agilent G6120A single-quadrupole mass spectrometer
(Shcherbatiuk et al., 2020). Each treatment included three biological and three analytical replicates. Data were
analyzed using standard statistical methods (mean = SD), and significance was assessed using Student’s #-test
at p<0.05.

Results and Discussion

Effect of Lead Stress and Seed Priming with SA and Cs-AHL on Endogenous ABA and IAA Homeosta-
sis. The exposure of 14-day-old wheat plants to lead stress (0.05 mM Pb?") induced a profound shift in the
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hormonal balance, characterized by a typical stress response: the accumulation of ABA and a concomitant de-
crease in IAA levels.

Impact of Lead Stress (Pb-only treatment, control). Lead ions significantly disrupted the hormonal status
in both organs. In shoots, ABA content increased by 138.5 %, while the most dramatic response was observed
in roots, where ABA levels surged 5.9-fold compared to the control. This root-specific accumulation highlights
the activation of the primary defense barrier at the site of heavy metal entry. Simultaneously, lead exposure
suppressed growth processes, evidenced by a 50.6 % reduction of IAA in shoots. Interestingly, IAA levels in
roots remained relatively stable (within 5.6 % of control), leading to a shift in IAA distribution where root
concentrations exceeded shoot levels by 1.5-fold, potentially inhibiting primary root elongation.

Modulatory Effects of SA and Cs-AHL Priming under Lead Stress. Seed priming with SA and Cs-AHL
effectively mitigated the hormonal imbalances caused by lead ABA Dynamics: Both regulators acted as
"stress-limiters," reducing the excessive accumulation of ABA. In the SA + Pb variant, ABA levels in shoots
and roots decreased by 54.3 % and 75.3 %, respectively, compared to the Pb-only treatment. SA priming was
particularly effective in roots, maintaining ABA levels close to the control values (10.6 ng/g FW). The Ce-
AHL + Pb treatment also reduced ABA accumulation (by 8.5 % in shoots and 38.4 % in roots relative to Pb-
only), though its effect was less pronounced than that of SA. Despite these reductions, ABA levels in all
primed plants remained slightly higher than absolute control, indicating a maintained state of physiological
readiness. IAA Distribution: Priming significantly restored the growth potential by stimulating IAA accumula-
tion in the shoots. Compared to the Pb-only treatment, IAA content in shoots increased by 47.9 % (SA) and
67.8% (AHL). A crucial finding was the spatial redistribution of [AA. Under combined treatment (Regulator +
Pb), IAA localization shifted back toward the shoots, resembling the control pattern. In the Cs-AHL + Pb vari-
ant, shoot IAA levels exceeded root levels by 2.1-fold, suggesting that AHL signaling specifically promotes
the restoration of the "shoot-ward" auxin flow, which is typically disrupted by heavy metal toxicity.

The observed changes suggest distinct but complementary pathways of adaptation. SA, as a regulator of
antioxidant defense systems (Rahman et al., 2023), plays a key role in enhancing cereal resistance to HM
stress and improving growth and productivity (Zulfigar et al., 2024). SA appears to act primarily as an antioxi-
dant stabilizer and signaling modulator that prevents the "over-response" of the ABA pathway, thereby pro-
tecting the photosynthetic apparatus in shoots. In contrast, Ce-AHL, acting as a bacterial signaling molecule
(quorum sensing mimic) (Ortiz et al., 2024), likely enhances tolerance by modulating the IAA-driven devel-
opmental program, allowing the plant to maintain biomass production even under chemical stress. Overall,
seed priming induces a shift from a "survival-only" hormonal profile (high root ABA, low shoot IAA) to an
"adaptive growth" profile, which is essential for maintaining wheat productivity in Pb-contaminated environ-
ments.

Conclusions. Seed priming with plant-derived (SA) and bacteria-derived (Cs-AHL) growth regulators
induces significant changes in the dynamics and distribution of endogenous ABA and IAA in 14-day-old Trit-
icum aestivum plants under lead stress. These changes are associated with the activation of adaptive mecha-
nisms. Further research should focus on optimizing application protocols for SA and Cs-AHL and elucidating
their interactions with other signaling compounds, which is essential for developing biotechnological ap-
proaches to plant protection in contaminated environments.
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EXOGENOUS GIBBERELLIC ACID MODULATES ENDOGENOUS
PHYTOHORMONE HOMEOSTASIS IN THE WATER FERN
SALVINIA NATANS (L.) ALL. UNDER ZINC STRESS
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M.G. Kholodny Institute of Botany of the NAS of Ukraine,
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Introduction. The development of environmentally sustainable approaches for mitigating pollution
in aquatic ecosystems has gained increasing attention in the context of intensified anthropogenic pressure
and prolonged military impacts. Phytoremediation, based on the capacity of plants to remove, detoxify, or
immobilize pollutants, represents an effective eco-technological strategy (Kosakivska et al., 2022). The
aquatic fern Salvinia natans (L.) All., native to Central and Southeastern Europe, is characterized by rapid
growth, broad ecological plasticity, and high propagation potential (Babenko et al., 2019). This species
exhibits considerable tolerance to zinc, copper, nickel, and chromium and effectively reduces concentra-
tions of heavy metals and metalloids in contaminated water (Dhir, Srivastava, 2013; Kosakivska et al.,
2024).

Understanding the mechanisms underlying plant growth and stress adaptation requires detailed
analysis of hormonal regulation. However, the phytohormonal system of hydrophytic ferns, particularly
those of the Salviniaceae family, remains insufficiently explored (Kosakivska et al., 2023). Gibberellins, a
large group of diterpenoid tetracyclic compounds, regulate numerous physiological processes in plants
(Roopa et al., 2024). Under stress conditions, these molecules function as signaling regulators, promoting
growth, enhancing stress tolerance, and stabilizing ontogenetic processes (Saijo, Loo, 2020).

Zinc is an essential micronutrient involved in enzyme activation and the metabolism of proteins, li-
pids, nucleic acids, and carbohydrates. However, excessive zinc disrupts photosynthesis, induces chloro-
sis and necrosis, and suppresses plant growth (Nowicka, 2022). We previously demonstrated that exoge-
nous gibberellic acid (GA3, 10° M) mitigates zinc-induced inhibition of growth and the pigment system
in S. natans sporophytes at key developmental stages, while simultaneously enhancing zinc biosorption
by approximately 10 % (Vasyuk et al., 2025).

Aim. To investigate the effect of exogenous gibberellic acid on endogenous phytohormone homeo-
stasis in S. natans under zinc stress.

Materials and Methods. Sporophytes of S. natans were collected in June 2024 from the Prorva
River (near Gnidyn village, Boryspil District, Kyiv Region). Groups of 4-5 plants were cultivated in 250
mL glass vessels containing purified tap water supplemented with: (i) ZnSO4:7H,0O (10 mg/L Zn), (ii)
GA; (10°° M), or (iii) Zn + GA;. Plants were maintained for seven days in a growth chamber (VOTSCH
GmbH, Germany) under controlled conditions: +22°C, 190 umol-m-s™* light intensity, 16/8 h photoper-
iod, and 65 =5 % relative humidity. Phytohormones were extracted, purified, and quantified by HPLC-
MS (Agilent 1200 LC/MS, USA) following Shcherbatiuk et al. (2020). Statistical significance between
control and treatments was evaluated using Student’s ¢-test at P < 0.05.

Results and Discussion. Zinc exposure induced a pronounced increase in abscisic acid (ABA) con-
tent (by 89.2 %), accompanied by a decrease in GA3 and GA4 levels (by 39.3 % and 40.0 %, respective-
ly). Application of exogenous GA; resulted in the accumulation of gibberellins, with GA3 predominating
(+19.1 %) and a concurrent reduction in ABA (—10.9 %).

Under combined Zn + GAj treatment, endogenous ABA decreased by 16.4 %, while total GAs+
GA. content increased by 41.1 % relative to zinc-only exposure. Nevertheless, ABA levels remained
above control values, and gibberellin concentrations did not fully recover to baseline levels. The zinc-
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induced depletion of gibberellins coincided with suppressed growth, consistent with previous findings
(Kosakivska et al., 2024).

The GA/ABA ratio was used as an integrative indicator of the balance between growth and stress-
response pathways. Gibberellins and ABA act antagonistically, with DELLA proteins serving as key reg-
ulators linking GA and ABA signaling. Under abiotic stress, reduced gibberellin levels stabilize DELLA
proteins, restricting growth as an adaptive survival response (Colebrook et al., 2014).

In GAs-treated plants, the GA3/ABA and GA4/ABA ratios reached 0.9 and 0.7, respectively, ex-
ceeding control values and indicating active growth. Zinc stress reduced these ratios to 0.2, reflecting a
state of growth arrest or “deep dormancy.” Combined Zn + GAj; treatment partially restored these ratios,
doubling them relative to zinc-only conditions, which indicates partial recovery of hormonal balance.

Overall, zinc-induced ABA accumulation reflects activation of stress responses, whereas exogenous
GA; counteracts this shift by promoting growth-associated hormonal pathways. These findings demon-
strate that GAs supports maintenance of a functional hormonal balance sufficient for plant survival under
toxic conditions. The GA/ABA ratio showed a strong correlation with the physiological state of S. natans
sporophytes.

Conclusions. Exogenous GA; (10° M) enhances the accumulation of endogenous gibberellins and
exerts a pronounced protective effect under zinc stress. The reciprocal relationship between gibberellins
and ABA reflects a metabolic shift from growth to survival programs under toxicity. Exogenous gibberel-
lins modulate stress responses at the level of phytohormonal regulation, highlighting their potential for
application in phytoremediation technologies.

Future research should address dose-dependent effects of GA3 across a range of zinc concentrations
and evaluate the persistence of its protective role under prolonged exposure and in the presence of other
heavy metals.
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MODELING WINTERING CONDITIONS FOR THE FORMATION
OF WINTER BARLEY PRODUCTIVITY
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The ever-increasing global demand for food necessitates the intensification of crop production. In
conditions exacerbated by global climate change, mathematical modeling can be an effective tool for op-
timizing land use systems. In the organism-environment interaction system, the autumn growing season
of winter barley plants is one of the most important preparatory stages responsible for realizing their bio-
logical potential. The condition of winter crops after the end of the autumn growing season is crucial for
their overwintering. One of the key processes that determines the future yield of winter barley is harden-
ing off to adverse weather conditions during the winter period.

Climate change has significantly impacted the geography of winter barley overwintering modeling
in Ukraine. The model must account for three main types of winter stress:

1. Freezing (South and Central). In the Odesa, Mykolaiv, and Kherson regions, winters have be-
come snow-poor. Models often predict crop death due to sharp, short-term temperature fluctuations when
frost falls on unprotected soil.

2. Snow accumulation (West and North). In Poliesia and Western Ukraine, heavy snowfalls on un-
frozen soil have become more frequent. Plants remain dormant, expending sugars on respiration, becom-
ing depleted, and dying from snow mold. In this case, the model calculates the carbohydrate balance: if
Csug 1s below 60 days under snow, then death from exhaustion is recorded.

3. Ice crust (East and Central). During thaws and subsequent frosts, a ground-in ice crust forms.
The model simulates anaerobiosis: ice blocks oxygen supply, and the barley dies from toxic alcohol poi-
soning within 15-20 days.

For Ukraine, modeling wintering of winter barley is of critical importance, since barley is the least
frost-resistant crop among all winter grains (its tillering node dies when the temperature drops to —11...
—12°C, whereas winter can withstand up to —16... —18°C. The methodology of modeling wintering ac-
cording to A. Polevoy (Odesa State University) describes this process through the dynamics of carbohy-
drate accumulation (hardening) in the fall and modeling of damage in winter (ITonsoBuii, 2007; ITonbo-
BuH Ta iH., 2017). Frost resistance of winter barley is directly proportional to the concentration of sugars
(Csye) in the tillering node, this process is divided into two phases:

- Phase I (light): Occurs in the light at temperatures from +10°C to 0°C. Intensive photosynthesis
occurs, but growth by cell elongation is inhibited, and sugars accumulate in the tillering node;

- Phase II (light-free): Occurs at Temperatures from 0°C to —5°C. Cell dehydration and the conver-
sion of complex sugars into monosaccharides (cryoprotectants) occur.

The dynamics of sugar concentration (Csyg) (% of dry mass) is modeled by an equation depending
on net carbon assimilation, respiration costs (during prolonged warm autumns, sugars are consumed by
respiration, which impairs hardening), and the attraction coefficient (the proportion of sugars flowing
specifically to the tillering node). If the barley goes into winter overgrown (in the boot stage due to sow-
ing too early), sugars are used to build the stem and Cy,s drops to critically dangerous levels.

Facultative winter barley varieties occupy a special place in modeling. Their biological uniqueness
lies in their weak requirement for vernalization (exposure to low temperatures to initiate flowering). Dou-
ble-sided varieties can be sown either in the fall (they develop like winter varieties) or in the spring (they
produce a full harvest like spring varieties). From the perspective of mathematical modeling by
A.N. Polevoy, this biological flexibility dramatically alters carbohydrate accumulation parameters and
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frost resistance curves. The main predictor of barley winter mortality is soil temperature at the tillering
node depth (3 cm). It is modeled using thermal conductivity, considering the depth of snow cover. With-
out snow, it is practically equal to the minimum air temperature. In Ukraine (especially in the southern
and central), a frost of —15°C on bare soil guarantees 100 % barley freezing. With snow: Snow acts as an
insulator. Even at —25°C under snow, the temperature rarely drops below —4°C, which is comfortable for
barley (IlomboBwuii Ta iu., 2017).

Overwintering modeling is the process of predicting the survival of winter crops based on a math-
ematical analysis of weather factors. The method relies on hydrothermal parameters of soil and air to as-
sess plant stress resistance (IloasoBuit, boxxko, 2007; [TonpoBwii Ta iH., 2017).

Modern mathematical models are based on the calculation of the following key parameters:

* Hardening index: Considers the autumn temperature regime. Sugar accumulation in tillering
nodes occurs with a gradual decrease in average daily temperature to +8...+15°C and below.

* Soil freezing depth: Calculated based on the sum of negative temperatures, soil density, and snow
depth.

* Critical freezing temperature: A dynamic indicator dependent on crop variety, development stage,
and soil moisture (ITonpoBuii, boxko, 2007; [TonpoBwii Ta iH., 2017).

To analyze risks and assess the condition of crops in Ukraine (in particular, in the Odesa region),
specialized software packages and methods are used developed. A dynamic model of spring barley over-
wintering was also developed in collaboration between Odesa State University and the Institute of Plant
Breeding and Genetics. It describes the processes of plant growth, development, and the two phases of au-
tumn hardening under the influence of agrometeorological conditions in autumn. The influence of photo-
synthetically active radiation (PAR) intensity, illumination level, air temperature, and soil moisture on the
growth of photosynthetic product reserves and readily soluble carbohydrates in winter wheat plants is de-
scribed. The results of numerical experiments demonstrated a significant influence of illumination intensi-
ty and air temperature on the two phases of hardening during the autumn growing season of winter wheat
plants.

Model of winter barley plant overwintering describes the processes of plant growth and develop-
ment, as well as the passage of two phases of autumn hardening under the influence of agrometeorologi-
cal conditions of the autumn growing season. An assessment of the adequacy of the model showed that
the average error in calculating the model values for the dynamics of dry biomass accumulation in the
aboveground part of winter barley plants is 10 %. The average error in calculating the model values for
sugar accumulation in the aboveground part and tillering nodes of plants is 18 % and 15 %, respectively.
A dependence of the increase in the reserves of photosynthetic products on the PAR intensity and air
temperature was established: the maximum increase is observed with a combination of high PAR intensi-
ty (0.85 cal/cm? min) and an air temperature of +14°C. The maximum increase in soluble carbohydrates is
observed under high illumination and a high air temperature amplitude. During the plant hardening peri-
od, as the air temperature passes 0°C towards negative temperatures, the ratio of bound to free water in-
creases due to the transition of free water to bound water.

The practical use of the developed dynamic model for the formation of winter hardiness in winter
barley plants will facilitate the decision-making process regarding the application of agrotechnical
measures in the cultivation of winter barley, the optimization of the structure of crop areas, and the ob-
taining of high and stable yields.
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Dehydrins belong to Group II of the LEA (late embryogenesis abundant) protein family. They are
classic intrinsically disordered proteins characterized by high hydrophilicity (Sun et al., 2021). A charac-
teristic feature of these proteins is the presence of a conserved lysine-rich domain (the so-called K-
segment) (Kosova et al., 2021; Szlachtowska, Rurek, 2023). Such a segment can form an amphipathic a-
helix that binds to negatively charged membrane phospholipid groups on one side and hydrophobic resi-
dues on the other, with positive charges in between (Hara et al., 2017; Ambroise et al., 2024). These ef-
fects help maintain the fluidity of the membrane’s lipid bilayer and prevent membrane fusion under low-
temperature conditions (Hao et al., 2022). Dehydrins also act as molecular chaperones, preventing the ag-
gregation of other proteins during cellular dehydration (Hara et al., 2017). A wide range of adverse envi-
ronmental conditions, including low temperatures, drought, and salt stress, stimulates dehydrin synthesis
(Sun et al., 2021). Numerous studies have demonstrated the protective role of dehydrins in plants subject-
ed to abiotic stresses associated with dehydration. Interactions identified between dehydrins and other
proteins suggest the diversity of their physiological functions (Hernandez-Sanchez et al., 2017; 2019).

Dehydrin synthesis has been observed in wheat plants (7riticum aestivum L.) at various stages of
development, including in seedlings and in plants during the tillering, booting, and flowering stages
(Zhang et al., 2013). In these studies, specific features of the dehydrin electrophoretic profile were ob-
served that are characteristic of certain plant developmental stages. Conversely, efforts are underway to
establish a link between total or individual dehydrin content and resistance to specific stress factors in dif-
ferent genotypes. For instance, various wheat cultivars demonstrated cold-induced accumulation of signif-
icant amounts of dehydrins with molecular weights of 40, 50, and 66 kDa at the three-leaf stage in re-
sponse to temperatures of 4°C and 9°C (Vitamvas et al., 2021). However, only the accumulation of dehy-
drin WCS120 (molecular weight 50 kDa) appeared to be closely associated with the cultivars' frost toler-
ance.

Etiolated seedlings are a model system used to assess the frost and drought tolerance of cereal vari-
eties and to study their adaptation strategies to stress factors (Kolupaev et al., 2022; Yastreb et al., 2023).
However, the synthesis of dehydrins in these seedlings remained poorly studied until recently.

Our goal was to compare the accumulation of dehydrins in response to cold hardening (six days of
exposure to 3°C) or two days of exposure to simulated drought (15 % PEG 8000) in the shoots of etiolat-
ed wheat seedlings of various genotypes. These included the Antonivka and Bohemia cultivars, which are
distinguished by increased resistance to both frost and drought; the Nordika cultivar, which is highly re-
sistant to frost but less resistant to drought; the Tonnage cultivar, which is sensitive to both stress factors;
and the Conditor cultivar, which is sensitive to low temperatures but resistant to drought.

The control etiolated seedlings of all genotypes were found to contain virtually no dehydrins. In re-
sponse to cold hardening, all cultivars developed 9-11 dehydrin bands, which had molecular weights
ranging from 14 to 68 kDa. A protein with a molecular weight of approximately 50 kDa was accumulated
in the greatest amount in all cultivars. Additionally, a significant accumulation of a protein with a mo-
lecular weight of approximately 68 kDa was observed in all cultivars. Low-molecular-weight dehydrins
were present in smaller quantities, but these proteins had a diverse spectrum. The dehydrin with the low-
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est molecular weight (14.6 kDa) was only detected in the frost-resistant cultivars: Antonivka, Bohemia,
and Nordika. Bands corresponding to dehydrins with molecular weights of 15.2 and 15.8 kDa were de-
tected in the shoots of hardened seedlings of all cultivars studied, but they were significantly more abun-
dant in the frost-resistant Antonivka, Bohemia, and Nordika.

Changes in the electrophoretic profile in response to osmotic stress were different. Five to seven
dehydrin bands appeared in all cultivars in response to dehydration. Dehydrins with a molecular weight of
25 kDa were dominant in all cultivars under these conditions. Dehydrins with molecular weights of 17
and 19 kDa also accumulated in significant quantities. A 50 kDa dehydrin was also induced, but to a
much lesser extent than during cold hardening. The 68 kDa protein was practically absent. Among the
cultivars studied, the more drought-tolerant genotypes Antonivka and Conditor were found to be charac-
terized by the induction of the fewest dehydrin proteins and the lowest overall dehydrin accumulation in
response to moderate osmotic stress. Another drought-tolerant cultivar, Bohemia, synthesized a unique
23 kDa protein and outperformed the much less drought-tolerant Nordika in terms of total dehydrin ac-
cumulation. Nordika synthesized a unique 28 kDa protein. The non-tolerant cultivar Tonnage induced the
highest total synthesis of six dehydrin proteins and had the highest accumulation of the 25 kDa protein.
Overall, a statistically significant inverse correlation was found between the cultivars’ tolerance index and
dehydrin content, though it was less pronounced than in the case of cold tolerance.

Thus, the results show that, unlike green plant organs, etiolated wheat seedlings do not contain de-
hydrins under normal conditions. However, they are capable of inducing their synthesis in response to
osmotic stress and exposure to low hardening temperatures. Meanwhile, the electrophoretic profile of
these dehydrins varies significantly depending on the type of stress. Differences were also observed in the
composition and quantity of dehydrins synthesized by genotypes with varying levels of frost and drought
tolerance. Overall, there is a fairly pronounced positive correlation between the frost tolerance of cultivars
and the accumulation of dehydrins, particularly low-molecular-weight dehydrins, during cold hardening.
At the same time, in response to moderate osmotic stress, a greater amount of dehydrins was synthesized
in the shoots of sensitive cultivars. Regardless, dehydrins are involved in the adaptation of etiolated wheat
seedlings to various abiotic stressors, and etiolated seedlings are a convenient model system for studying
them.
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ANTAGONISTIC REDUCTION OF THE PHYTOTOXIC EFFECT OF HERBICIDE
ACLONIFEN ON SUNFLOWER BY HERBICIDE HALAUXIFEN-METHYL

V.V.Yuhymuk, Y. Y. Morderer

Institute of Plant Physiology and Genetics of the NAS of Ukraine,
Kyiv, Ukraine, e-mail: yuhymuk. vi@ukr.net

One way to reduce the phytotoxic effect of herbicides on cultivated plants is the use of herbicide
compositions characterized by antagonistic interaction of the components, provided that this antagonism
is directed exclusively toward the cultivated plants and does not affect the efficacy of weed control. A
common mechanism of such antagonism is a stress response of cultivated plants to the action of one of
the components of the herbicide composition, which contributes to an increase in the tolerance of these
plants to the action of the second component of the composition (Radchenko et al., 2021).

Increasing herbicide selectivity is highly relevant for protecting sunflower crops, as the assortment
of active ingredients of herbicides selective to this crop for post-emergence application is very limited.
Specifically, the herbicide aclonifen (product Challenge 600, SC) can be applied post-emergence in sun-
flowers. However, for a certain period after aclonifen treatment, a negative effect of this herbicide on sun-
flowers is observed, manifesting as the appearance of chlorotic spots on the leaves. Since aclonifen is an
inhibitor of carotenoid synthesis (which protects chlorophyll from oxidation), the degree of aclonifen’s
negative effect may depend on the activity of the antioxidant systems of the sunflower plants. The genera-
tion of reactive oxygen species (ROS) and, consequently, an increase in the activity of antioxidant de-
fense systems is observed when tolerant plants are treated with herbicides from the class of synthetic aux-
ins (Traxler et al., 2023). Among the herbicides of this class, halauxifen-methyl (product Heliantex, SC)
is selective to sunflower. Therefore, evaluating the effect of halauxifen-methyl on the selectivity of aclon-
ifen toward sunflower, as well as the weed control efficacy of a mixture of these herbicides, is an im-
portant and timely task.

Field experiments to determine weed control efficacy and crop selectivity were established in a
crop of the sunflower hybrid Suliko 777 (preceding crop: winter wheat) on the fields of the Experimental
Agricultural Production Unit of the Institute of Plant Physiology and Genetics of the National Academy
of Sciences of Ukraine (Glevakha village (50°16" N, 30°18" E), Fastiv district, Kyiv region). Herbicides
were applied in the 4 true leaf phases of sunflower (BBCH 14) using a compressed-air backpack sprayer.
The experimental plot area was 15 m?, with four replications arranged in a randomized design. The phyto-
toxic effect of the herbicides on sunflower was expressed as a percentage (0 % = no effect, 100 % = com-
plete plant death) based on the percentage of damaged plants and a visual assessment of the severity of
this damage. Weed control efficacy was determined for individual weed species by counting their num-
bers in the treated plots compared to the control, combined with a visual assessment of the degree of
damage.

The herbicide aclonifen was applied at rates of 0.48, 0.60, 0.72, and 1.2 kg/ha; the herbicide ha-
lauxifen-methyl was applied at a rate of 0.003 kg/ha with the addition of the surfactant Vivolt at a rate of
0.3 L/ha.

Crop monitoring at 7 and 21 days after herbicide treatment (DAT) showed that halauxifen-methyl,
when applied alone, did not affect sunflower plants. 7 DAT, the phytotoxic effect of aclonifen applied
alone was 3.8 %, 6.0 %, 8.5 %, and 15.5 % at application rates of 0.48, 0.60, 0.72, and 1.2 kg/ha, respec-
tively. When halauxifen-methyl was added, the phytotoxic effect of aclonifen at the corresponding appli-
cation rates were 3.3 %, 4.5 %, 5.8 %, and 9.3 %. Thus, a statistically significant reduction in the phyto-
toxic effect due to the addition of halauxifen-methyl was observed at aclonifen application rates greater
than 0.48 kg/ha. 21 DAT, the phytotoxic effect of aclonifen applied alone had decreased significantly, and
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at rates of 0.48, 0.60, and 0.72 kg/ha, it did not exceed 1 % and did not differ significantly from the effect
of the mixture. When aclonifen was applied alone at a rate of 1.2 kg/ha, the phytotoxic effect also de-
creased but remained substantial at 5.3 %, whereas under the action of the mixture, the phytotoxic effect
did not exceed 1 %.

Weed assessments showed that the sunflower crop was infested primarily with weeds from the
Brassicaceae family: wild mustard (Sinapis arvensis L.) and wild radish (Raphanus raphanistrum L.).
With this type of weed infestation and in the absence of weed species sensitive to halauxifen-methyl, the
efficacy of weed control by the mixture did not differ from the action of aclonifen alone.

The results obtained confirmed the working hypothesis regarding the possibility of reducing the
phytotoxic effect of the herbicide aclonifen on sunflower plants through join application with the herbi-
cide halauxifen-methyl. Since the addition of halauxifen-methyl did not lead to a reduction in aclonifen’s
control efficacy against sensitive weed species, it can be concluded that the use of a tank mixture of ha-
lauxifen-methyl and aclonifen is promising for protecting sunflower crops.
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