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Baryesa €./1. PoJib ceJIEeKTUBHOIO CBIiTJIAa B peryJsilii Mop(oreHeTHYHUX
Ta OIOCMHTETHYHMX IPOUECIB POCIMH Pi3HMX (OoTOonmEepiogMYHHMX Ipyn HaA
paHHiX eramax oHToreHe3y. — KgsamigikamniliHa HaykoBa IMpals Ha IpaBax
PYKOITHCY.

HucepTariisg Ha 3100y TTs cTyneHs AokTopa ¢utocodii 3a cnenianbHicTio 091
— bionoris (Ianmy3p 3Hanp 09 — bionoris). — XapKIBCbKUW Hal[lOHATbHUAN
yuiBepcuteT iMeHi B.H. Kapa3zina MinictepcTBa ocBITH 1 HayKu YKpaiHu, XapKiB,
2023.

JlucepTailirto MPUCBIYCHO JIOCIIPKCHHIO CBITJIIOBOTO CHUTHAJIHTY Yepe3
aKTUBAIl0 (OTOPEIEHTOPHUX CHCTEM MUISXOM OINPOMIHEHHS CEICKTUBHHUM
citiioM TphoX crekTpiB (UC A = 660 um, 3C A = 530 am, CC A =450 uM) y TiposiBi
POCTOBUX, MOP(POTCHETHYHUX Ta OIOCMHTETUYHUX pEakiliii OChOBUX OpPraHiB
IIPOPOCTKIB O0OOBUX POCIHH Pi3HUX GOTONEPIOIUIHUX TPyH (MoBrogeHHux - /1P,
KopoTkojeHHux - KJIP ta HeittpansHogenuux - HIP).

CBITJIIO B POCIMHHOMY OpraHi3Mi € HE TUIBKH JDKEpEeJIOM €Heprii, aie
BUCTYIIA€ K 1HOOPMAILIMHUN CUTHAN, IO PETYIIOE MPOIECH POCTY, MOPOTeHE3Y
Ta PO3BUTKY POCIHWH. Bigomo, 110 pOCIMHU CHPHHMAIOTh CBITJIOBHN CHUTHAJ 3a
JIOTIOMOTOI0 I'SITH  (DOTOPEIENTOPHUX CHUCTEM: CHCTEMH (PiTOXpOMIB, IO €
cencopamu yepBoHOro (UC) 1 maneko-uepBoHoro ([{UC) cBiTia; KpUNTOXpOMiB Ta
dorotpominis, 6unkiB cimeiictBa ZEITLUPE, sxi pearytots Ha cune (CC) cBitIo;
peuenropiB UV-B cnekrpy. OgauM 3 OCHOBHUX (HOTOPEIICHTOPHUX KOMILICKCIB
pociuH € cuctemMa (HITOXpoMmiB, KA CIOpHIIMae CUTHANI B 00sacti yepBoHOTO (660
HM) 1 ganexo-uepBoHoro cBiTia (730 HM). DiroxpomMHa cHCTEeMa KOHTPOIIOE
MPAKTUYHO BECh XiJl IHAWBINYaJTbHOTO PO3BUTKY DPOCIMH — BiJ MPOPOCTAHHS
HaciHHS JIO0 3alBiTaHHSA 1 IUIOJOHOIICHHS, a camMe — MpolecH (HOTOCHUHTE3Y,
YTBOPEHHSI MPOJYKTIB aCUMUIAIIi, O10JOT1YHO AaKTUBHHMX PEUOBUH, MEPEXiJl N0
UBITIHHS, CIIOKOIO, MPOJYKTUBHICTh POCIUH Ta 1H. PenentopHuMu cucreMamu, 1o

CIIpUIMAIOTh CHUHE CBITJIO, € KPUIITOXPOMH, KOMILUIEKCH (DOTOTPOIIHIB Ta OUIKIB



cimerictea ZEITLUPE. loBruit yac BBaxasnocs, 110 3eJIeHe CBITIO € (1310JI0TTIHO
HEaKTUBHOIO dYacTWHOIO cmekTpa. OnHak 3a CydYacHHX JOCTIKEHb OyJo
B1JI3HAYEHO, 1[0 TIEBHUI 0ajaHC 3€JEHOT0 1 CUHBOTO CBITIIA € AYXKE BAXIUBUM JIJIS
edexTy yHukHeHHs TiHl. Ha maHuii yac perenTop 3€JI€HOTO CBITIA HEBITOMUI,
MpOTE€ MPUIYCKAETHCS, IO B pEIeNniii I[i€l YacTUHMU CcHeKTpa Oepe ydacThb
(1TOXpOMHA Ta KPUNITOXPOMHA CUCTEMHU.

[HTErparliss mUX CHCTEM JIO3BOJISIE POCIMHHOMY OpraHi3My OTPHUMYBaTH
iHpOpMaIlil0 TMPO I1HTEHCUBHICTh OCBITJICHHS, HOr0  CHEKTpPaldbHUM CKJaj,
TPUBAJICTh CBITJIOBOTO [THS, a TaKOXX TEMIIEPAaTypy OTOYYIOUOTO CEpEeIOBHIIA,
NPUCYTHICTh MATOTEHIB, CYCIIIB-KOHKYPEHTIB Ta IHIIY I1H(OpMAaIil0 CTOCOBHO
dakTopiB oToueHHS. PocimHa, cnpuiiMaroud CBITIO MNUIAXOM (hOTOpElerIlii,
CUHXPOHI3ye (akTopu JOBKULIS 3 BHYTPIHIMU  (i310J10T0-010XIMIYHUMU
nmpoliiecamu, 1o MPU3BOJIUTH JI0 3MIHM Iepediry mporeciB pocty, Mopdorenesy ta
PO3BUTKY POCITHH.

doTOpeenTOpHU CHUTHAJIIHT B POCIMHHOMY OpraHi3Mi peai3yeThcs y
B3a€MO3B’SI3Ky 3 IHIIUMU  CHUTHAJIBHUMHU  [UISIXaMH  —  TpOoIYHUM,
(biTOropMOHAJIFHUM Ta Yepe3 KOMIIOHEHTH aHTHOKCHIAHTHOI cucteMu. Kpim toro
¢iziosioriyHa BIAMOBiIb POCIMHHU 3aJICKUTh Bl B3a€EMOJI OpPraHiB ILIICHOTO
POCIIMHHOTO OpTraHi3My.

Tparcaykitis ¢GoTONEpioJUUYHOTO CUTHATY B POCIMHHOMY OpPraHi3Mi TaKOX
3MIACHIOETHCS 3a y4YacTIO (ITOXpOMIB Ta KPUITOXPOMIB, SIKI KOOPAWHYIOTH
[UPKAIHY PUTMIKY POCIMHH 1 PETYJIOIOTH MPOIEC MEepPeXoay A0 HBITIHHA. Ane
BUBYCHHA crenudiuHoi BIAMOBIAI (POTOPENENTOPHUX CHUCTEM HA OMPOMIHEHHS
CEJICKTUBHUM CBITJIOM Ta iX 3B’SI3Ky 3 (hOTOMEPIONUYHOIO PEAKIII0 POCIMHHOTO
OpraHi3My Ha ChOTOJ/IHI € MaJIOIOCIIIPKEHUM.

SAx mpaBuiao, TepeBakKHA OUIBIIICTh JOCTIIKEHb €(QeKTIB aKTUBaIlii
doToperienTopiB mpoBeAcHa 3 MozeibHHM 00’ektom Arabidopsis thaliana Ta
IHITUMHU pOCIMHAMU 0e3 ypaxyBaHHS iX oTonepioguyHoi peakuii. Takui miaxia,

70 TIEBHOI MIpH, 3BY)KYE YSABJICHHS IOJ0 MOXJIMBOTO IMPOSBY CHEIU(IIHOCTI



e(eKTiB akTuBalli (POTOPELEenTOPIB y POCIUH PI3HUX €KOJOTIUHUX TPYIl 3 PI3HUM
TUIIOM (POTONEPIOAUYHOT peaKIlii.

B cydacHux ymoBax rioOalbHMX 3MiH KIIMaTy Ta HECTaOUIbHUX 1
HECTIPUSATIMBUX TOTOJAHUX YMOB BC€ OUIBIIOTO PO3MOBCIOMKEHHS HAOYBarOTh
TEXHOJIOT1i KyJIbTUBYBAaHHS POCIUH Yy KOHTPOJIbOBaHUX YMOBax. [lomupeni HOBITH1
TEXHOJIOT1i CBITJIOKYJIBTYPH, IO BHUKOPUCTOBYIOTHCS 3a PO3BHUTKY «MICBKOTO
ClTbChbKOro TrocmojapctBa (Urban agriculture)», kynbTUBYBaHHS MIKpPOTPUHY,
TEXHOJOT1i TpOyOOKCiB, TIIPOMOHIKM Ta 1H. TOTPEOYIOTh TEOPETUUHOIO
OOrpyHTYBaHHSI BUKOPUCTAHHS CBITJIOBOTO (PaKkTOpy 3 ypaxyBaHHSAM CHEUiPIYHOT
peakiii pOCIMH B 3al€XKHOCTI BIJ IX €KOJIOTIYHOI Tpynu B TOMY YHCHL 1
doTonepiouyHOT peakilii, 0 € TAKOK MaJOJIOCTIPKEHUM Ha Hall yac.

Orxe BUBYCHHS e(EKTIB CBITJIOBOTO CHUTHAJIIHTY Yepe3 aKTUBAIlIO
doToperenTopHUX CHUCTEM NUIAXOM (OTOONPOMIHEHHS CEJICKTHUBHHM CBITIOM Ta
nposiB (Hi310710T1UHOT BIAMOBIAI OpPraHi3aMy B 3aJIEKHOCTI Bif (oTornepiogundHol
peaxiiii poCJIMH Ma€ BKJIMBE TEOPETUYHE Ta MPAKTHUUYHE 3HAUCHHS.

ToMmy MeTO JaHOTO JOCHIIKEHHS OyJ0 TPOBECTH KOMIUIEKCHE
JOCITIJKeHHsI €(peKTiB i1 POTOONPOMIHEHHS CEIEKTUBHUM CBITJIOM TPhOX CIIEKTPIB
—yepBoHoro (UC A = 660 um), 3enenoro (3C A = 530 um) ta cunboro (CC A =450
HM) Ha pOCTOBi, Mop(doreHeTHMuHi Ta OIOCMHTETHYHI MPOIECH B MPOPOCTKAX
0000BHUX POCIHH 3 PI3HOI (POTONMEPIOAMIHOIO PEaKIlio 3a YMOB (OTOIHAYKITIT Ta
CBITJIOKYJIBTYPH.

3aBmaHHs poOOTH

- IIPOBECTHU JOCIKCHHS dboToOnmpOMIHEHHS y  perynsmii
mpomiepaTUBHOI aKTUBHOCTI KOPEHEBHX MEpUCTEM 3a (POTOIHAYKTUBHOI il

CEJICKTUBHOTO CBITJIa TPhOX CIIEKTPIB;

BUBUYHWTH BIUTUB ONPOMIHEHHS CEJIEKTUBHUM CBITJIOM Ha MTPOIIECH POCTY
ta (oromopdoreHesy B OCHROBHX OpraHax ©OO0OOBHX POCIHH PIi3HUX
dboTonepioUuUHUX TPy 3a GOTOIHAYKII TA YMOB CBITJIOKYJIBTYPH;

- JNOCHIIUTH POJIb akTHUBallii (OTOPElenToOpiB Ta KyJIbTUBYBaHHS B

yMOBax CBITJIOKYJIBTYpPU B peryysiiii OIOCMHTETHYHHUX IMIPOLIECIB - BMICTY



PO3YMHHUX BYTJIEBOJIB Ta OUIKIB Y MPOPOCTKIB OOOOBUX POCIHMH 3 KOHTPACTHOIO
b oTONEepiOIUUHOIO PEAKITIEI0

- JOCIIAUTH 3MIHU (PITOrOPMOHAIBHOrO OanaHCy B OCHOBUX OpraHax
MPOPOCTKIB PI3HUX (OTONEPIOJAUYHUX TPYI 3a Jii CEIEKTUBHOIO CBITIA TPbOX
crektpiB (HC A = 660 um, 3C A = 530 am, CC A = 450 um).

- IPOAaHATI3yBaTU MPOJIOHTOBAHY BiMOB1IbF AHTUOKCUJAHTHOI CUCTEMU
(AOC) nocaimxyBaHUX MPOPOCTKIB 3@ IHAYKTUBHOT'O BIUIUBY (DOTOONTPOMIHEHHS Ta
YMOB CBITJIOKYJIBTYPH Ha JiF0 MOHOXPOMAaTHYHOTO CBITJIa Pi3HOTO CHEKTPY.

VY nepmioMy po3auii poOOTH MPEACTABICHO aHATITUYHUN OTJIS] Cy4acHOi
HAYKOBOI MEPIOJUKH MIOJ0 CTPYKTYpPH Ta MeXaHI3MIB ¢oTopeneniii GiToXpomis,
KPUIITOXPOMIB, CHUTHAJIBHUX HUISXIB (DOTOPELENTOpPiB Ta iX 3B 430K 3 IHIIMMHU
CUTHAJIbBHUMU UUIIXaMH, y TOMYy uyucial ¢itoropmoHanbHuM. [IpoananizoBani
BIJTOMOCT1 CTOCOBHO MOP(OT€HETUYHOT I1i CBITJIa PI3HOTO CIEKTPY Ta MOro BIUIMB
Ha OlocuHTEeTHYHI Tpoliecu. [IpoBeneHO aHami3 poJii CBITIIOBOIO CHUTHAJIHTY Ta
dboTomepioguuHOi peakiii pociauH B IHIMIAIii IBITIHHA, HaBEACHO JaHi Mpo
TeHEeTUYHUNU KOHTPOJIb (POTONEPIONU3MY y OKpeMHUX MpeacTaBHUKIB boOoBux —
ropoxXy MOCIBHOTO Ta COi KyJIbTYPHOI.

Y apyroMy po3aini MmpeAacTaBieHO Bl MOJAENl JU3aiiHy Ta METOIHU
JOCJTIJIPKEHb, sIKI BAKOPUCTOBYBAJIM B pOOOTI.

Mogensl — AOCHDKEHHsS TPOBEJAEHI Ha €THOJHLOBAHMX TPOPOCTKAX 3a
(OTOIHIYKTUBHOTO BIUIUBY TEBHOTO CIEKTPY, J€ peamizailisi (GOTOpPEHenTOPHOrO
CUTHAITY 31HCHIOETBCS Yepe3 akTuBaIlito GporonabiapHUX GopM (hoToperenTopin

Mopenb 2 — MOCHIDKEHHS B yMOBaxX CBITIOKYJIBTYPH, J€ IMPOSB peakilii
¢bi3i070T19HOT BIAMOBIII MPOPOCTKA Yepe3 3MIHU POCTOBUX, MOPHOTCHETUYHUX Ta
O10CHHTETUYHUX TPOIIECIB BiAOYBAEThCA Yepe3 aKTUBaIlii0 (PoToCTa0LILHUX (hopm
dboTopenenTopis.

[IpencraBineHo JeTaqbHUNA OMUC LUTOTEHETHMYHHUX, MIKPOCKOMIYHHUX,
O10XIMIYHMX Ta CTATUCTUYHUX METOJIIB IOCTIIKEHHs, 110 BUKOPHUCTaHI B poOOTI
JUISl OL[IHKM BIUIMBY CEJEKTUBHOTO CBITJIa HAa POCTOBY PEAKIIiI0, 3MIHU BMICTY

BOJIOPO3UYMHHUX BYTJIEBOJIIB, OUIKY, akTUBHOCTI (pitoropmoHniB-antaroHictiB (IOK



ta ABK), cTany nesikux KOMIOHEHTIB aHTUOKCUAaHTHOI cucteMu (AOC) — BMicTy
MEPEKUCY BOJHIO Ta AKTUBHOCTI ()epMEHTIB ii KaTa®odi3My - MEpPOKCUAAa3u Ta
KaTajasu.

VY pozninax 3-5 HaBelIeH1 pe3yIbTaTH €KCIIEPUMEHTIB 32 MOJIEI1 JOCTIKEHHS
(GOTOIHAYKTUBHOTO BILIUBY CEJIEKTUBHOIO cBitia. [TokazaHo, 110 pocToBa peaxilis,
npoiiepaTUBHA aKTUBHICTh KOPEHEBUX MEPHUCTEM Ta OIOCHUHTETUYHI MPOILECH Y
BIJMOBIAb HA (POTOONPOMIHEHHS €THOJILOBAHUX MPOPOCTKIB O0O0BUX 3aJ1€KaTh Bij
ix ¢oronepionnynoi peakuii. Ilpopoctkun JJIP ropoxy copty Meuenar
MaKCUMaJIbHO pearyrTh Ha Ji0 celnekTuBHOro cBiTia 3C A = 530 HM HIUIsIXOM
aKTUBAIlll POCTOBOI peakilii — 30UIbIIeHHsT OioMacH 000X OCHOBUX OpraHiB Ta
CTUMYJIAIIT TIpoJiipepaTUBHOI aKTUBHOCTI KOPEHEBUX MEPHUCTEM. BiOCHHTETHYHI
IPOLIECH TAKOXK aKTUBYIOTHCS 32 POTOBIIINBY 3C — 30UTBIIY€ETHCA BMICT PO3UMHHUX
BYTJIEBO/IIB 32 PAXyHOK 1X OCHOBHOI TPaHCTIOPTHOI (JOPMHU — CaxaposH, siKa TaKOK
BUCTYTA€ B POJII CUTHAJIBbHOI MOJIeKysH, akTuByeThcsi IOK B kopeHeBiil cucremi
IIPOPOCTKIB Ta 3OUIBIIYETHCS BMICT MEPEKUCY BOJHIO 1 3pOCTAa€ AKTHUBHICTH
(dbepMeHTIB aHTHOKCUIAHTHOT CUCTEMH — KaTalla3u Ta MEePOKCUIA3H.

Bceranorneno, mo y etnonboBanux npopoctkax KJIP copry Xamxubeit coi
KyJIbTYpHOI HaWOLIBIN BHUpaxkeH1 peakiii crnoctepiranucs 3a aii YC ta CC. 3a
onpominenHss CC cnocrepirasocsi 30UIBIICHHS JTOBXHHH OCHOBHUX OpraHiB
IIPOPOCTKIB, Y TOM Yac KOJIM Ha GioMacy MPOPOCTKiB MaJio BILIUB onpoMiHeHHs UC.
BcTaHOBNIEHO YYTIMBICTH KOPEHEBUX MEPUCTEMATUYHUX KIITHH J0 OMPOMIHECHHS
YC ta CC. 3a aii uux cuexTpiB BiIOYBAa€TbCS PO3KPUTTS CiM’si10NIeH, 301TbIIIEHHS
JiaMeTpy KOpPEHEBOi HIMUKH Ta 30UTBIICHHS KUIBKOCTI O1YHHMX KOPEHiB, TOOTO
dotoperientopu YUC ta CC mpuilMaroTh y4acTh y perynsiii MOp(OreHeTHIHUX
nporieciB mpopoctkiB K/IP coi kymprypHOi.

Ha BwmicT nykpiB y mpopoctkax K/IP coi kynbTypHOi, sik 1 Ha mpopocTtku JIJP
ropoxy, BIUIMBajio omnpoMiHeHHss 3C, aje MNPOTWICKHUM YUHOM - CIPHSIIO
3HMKEHHIO iX BMICTy. OnpomineHHst YC ta CC cyTTEBO CTUMYIIOBAIO 30UTBIIICHHS
KUIBKOCTI PO3UYMHHOTO OUIKY B ochoBUX opraHax. Ha aktuBnicts [OK Ta ABK y

MPOPOCTKaX MaKCUMallbHUM BIUIUB BiOyBaBcs 3a onpoMiHeHHs: CC. AKTHUBHICTb



ABK B 000x yacTuHax mpopocTkiB 3HMKyBajiacs 3a 1ii CC. Ha BmicT nepekucy
BOJIHIO TAKOK BILJIMBAJIO B OCHOBHOMY onpoMiHeHHs1 CC, Xxoua y niA3eMHIi YaCTHHI1
TaKOX crocTepiraiocs 30UIbIIeHHs BMICTY 3a onpoMineHHs UC.

VY mpopoctkie HJ/IP Oyna npogeMoHCTpoBaHa BiICYTHICTh YYTJIMBOCTI
KOPCHEBUX MEPHCTEMATHYHHUX KIITHH IO ONPOMIHEHHS CCJICKTHBHUM CBITIIOM.
Bwmict po3unnHux ByrieBoiB y npopoctkax HJIP coi kyiabTypHOi 3MeHITyBaBcs 3a
OTIPOMIHEHHSI CEJICKTHBHUM CBITJIOM Y Ha/I3€MHiil 4aCTHHI MPOPOCTKY Ta BOJHOYAC
30UTBIIIYBAaBCA Y KOpeHEBi 4YacThHi. OCKUIBKM TpPU 1bOMY 3arajJibHUM BMICT
BYTJICBO/IIB 3MiHIOBABCSI HEICTOTHO, MU MPUITYCKAEMO, 1110 3MIHU BMICTY B OCBOBUX
OpraHax TpPOPOCTKIB TOB’s3aHi JHINE 3 TEPEepO3NMOAiIOM BYTJIEBOMAIB, a HE iX
J0/IaTKOBUM cuHTe30M. Ha Biaminy Bin iHIIMX mpoiieciB y mpopoctkax HIP coi
KyJIbTYPHO1, HA BMICT PO3YHHHOI'0 OUIKY HaWOUTbIINUN €deKT Majio ONMPOMIHEHHS
3C, xoua BB 3a onpomineHHs UC ta CC Takox cnoctepiraBcs. Ha akTUBHICTD
IOK Takox BruBasio onpoMmineHHsi CC, xomu Ha akTuBHICTH ABK B ochoBHX
opraHax OIPOMIHEHHS CEJIEKTMBHUM CBITJIIOM HE BIUIMBajgo0. Takox He
CIIOCTEPITraJiocss 3MIHUM BMICTY IMEPEKUCY BOAHIO 3a JIii celeKTHUBHOIro cBiTiia. Ha
aKTUBHICTH NepoKcHIa3u BIUuBaio onpomiHeHHss CC — y HaA3eMHIN 4acTUHI, Ta
YC - y mig3emHid, y TOW Yac KOJM Ha aKTHBHICTh KaTajla3u OIPOMIHEHHS
CEJICKTUBHUM CBITJIOM HE BIUTMBAJI0. TaKUM YMHOM, OKpEMi acleKTH Ol0XIMIYHUX
npoiieciB y npopoctkax HJIP He mignsrarors (OTOpEHenTOPHOMY KOHTPOIIO 3a
(OTOIHYKTUBHOTO BILUIUBY, 1[0 MOKJIMBO OB’ s3aHE CaMe 3 aBTOHOMHHM IILISIXOM
PO3BUTKY (DOTOMEPIOANIHO HEUTPAITHHUX POCITUH.

VY moctoMy po3nuli MpOAEMOHCTPOBAHI pe3yibTaTH AOCHIIIB 3a MOJAEINI
JOCTIDKCHHS] BIUTMBY CEJIEKTHBHOTO CBITIA B YMOBaX CBITIOKYIBTYpH. 3a
BUPOIIYBaHHA B YMOBax CBITJIOKYJbTYpH POCTOBA pEakilis MPOPOCTKIB Oyia
OJTHaKOBOIO, HE3aJIEKHO BiJl (OTOMEPIOAUIHOI peakilii pociauH. 3a onpomineHHs 3C
ta CC cnioctepiranocst BUIOBKEHHS IPOPOCTKIB, KOJIH peakirisi Ha onpomineHHS YC
OyJa 1mo1I0HOI0 /10 KOHTPOJIIO0 — BUPOITyBaHHs 3a il BC, 1110 MU MOXeMO OB’ A3aTH
3 PeryisaTOpHOIO i€ came (itoxpomHoi cuctemu. Cyxa Giomaca MpOPOCTKIB 3

pizHoto DIIP 3a ompomMiHEHHSI CEJIIEKTUBHUM CBITJIOM Oylia Pi3HOI, Xoua Oynu



BCTAHOBJIEHI €(QeKTH (POTONEpIOJAUYHO-UYYTIIMBUX IMPOPOCTKIB 10 OMNPOMIHEHHS
CBITJIOM YCIX JOCHIJUKYBaHUX CHEKTpiB Ta HeuyTiuBicTe HJIP mpopocTkiB 10
onpomineHHs 3C.

OCKiTbKM 32 BHPOINYBaHHS B YMOBaX CBITIOKYJIbTYPH TPOPOCTKH
MepexXo/ Ui Ha aBTOTPO(HE MKHUBIEHHS, CHOCTEpirajgocs 30UIbLICHHS YacTKU
MOHOIIYKPIB Y MPOPOCTKAaX. 3MIHM BMICTY PO3YMHHHMX BYTJIEBOIB BiIOyBaiuCs 3a
Iii CEJIeKTUBHOIO CBITJIa Y BCIX JOCHIIPKYBAaHUX MPOPOCTKIB, HE3AJEKHO BIJ iX
OIIP. [Ipu upomy, sIK 1 y IOCHIIKEHHSAX IHAYKTUBHOI Jii CBITJa, y MaroHax
npopoctkiB JIJIP ropoxy mnociBHoro ta KJIP coi KynbTypHOi peakiiss Ha
onpomiHeHHs1 3C Oyna MpOTUIIEKHOIO. 3a KYJbTUBYBAHHS MPOPOCTKIB B YMOBAX
CBITJIOKYJIBTYPH CIIOCTEPIranocsl TaKoK 30UTbIICHHS] YACTKH PO3UMHHHUX OLIKIB Y
HAJ36MHIN YaCTHHI, 110 MOXJIMBO IOB’S3aHO 3 30UIBIICHHSIM BMICTY OCHOBHOTO
dbepmenty dotocuntesy PYBICKO, a omke, i mnepexoaoM MPOPOCTKIB 0
dboTocuHTE3y. AKTUBHICTh (DITOTOPMOHIB y HaJ3€MHIM YacCTHHI JOCIIKYBaHUX
IPOPOCTKIB 3MiHIOBaJIach 3a Jii OMPOMIHEHHS CBITJIIOM YCIX TOCHIIKYBaHUX
CIIEKTPIB, a Y MiI3eMHI} YaCTHHI CIIOCTEPITaBCs BIUIMB CBIT/Ia KOHKPETHOTO CIIEKTpa
Ha aktuBHICTH IOK Ta ABK: Ha mpopoctku JIJIP ropoxy BIIMBaio ONIPOMIHEHHS
CC, na npopoctku KJIP coi kynerypHoi — 3C Ta CC, a Ha npopoctku H/IP coi
kynbTypHOi — numie YC Tta nume Ha aktuBHICTH [OK. BMmicT mepekucy BomHIO y
IIPOPOCTKAX 3MIHIOBABCA Y (POTOTNEPIOHMIHO-UYYTIIMBUX POCIIMHAX 32 OIMPOMIHCHHS
CEJICKTUBHUM CBITJIOM OKPEMOTO CIIEKTPY, Koiu y mpopoctkax HJIP coi KiTbKicTh
MEPEKUCY BOJHIO 32 OMPOMIHEHHS CEJIEKTMBHUM CBITIOM Oylia OJZHAKOBOIO,
3MIHIOBABCS JIMIIE PO3MOAII MK OChOBUMH OpraHaMu. AKTUBHICTH (DEpPMEHTIB
AOC npu 11,0MYy TaKOXX 3a3HaBaJia 3MiH 3a JIii CEJICKTUBHOTO CBITJIA, ajie SCKPaBoO-
BupaxeHoro BBy OIIP gocnimxyBanux nmpopoctkiB Ha ctaH AOC He BUSBIICHO.

BcranoBneHo, 110 3a KyIbTUBYBaHHS IMTPOPOCTKIB B YMOBAX CBITIOKYJIBTYPH,
doTomepiomuyHa peakilisi POCAWH HE Tpa€e 3HAYHOI POJiI Yy POCTOBHX Ta
MOpPGOreHETUYHUX MPOoliecax Ha paHHIX eTanax OHTOTCHE3Y.

Takum uynMHOM, y poOOTI BIepUIE€ MPOBEACHO KOMIUIEKCHE TOCIIIKEHHS

dboroonpomineHHs Tpbox crekTpiB (HC A = 660 am, 3C L = 530 um, CC A =450 u™m)



Ha B3a€MO3B’SI30K POCTOBUX, MOP(OreHETUUHUX Ta OIOCUMHTETHYHHUX MNPOLECIB B
OCbOBHX OpraHax €THOJIbOBaHUX IPOPOCTKIB OOOOBUX PpOCIMH 3 pPI3ZHOIO
doTonepioguuHOI0 peakiiiero. BectaHoBIEHO, 110 010J10T14HI €()EeKTH POCTOBUX Ta
Ol0OCHMHTETUYHUX MPOLECIB Ha (OTOIHAYKTUBHUMA BIUIMB CEJIEKTUBHOIO CBITJIA
3anexaTh Bl (OTONEPIOAUYHOT PEAKIIi POCIUH Ta MPOSABIAIOTHCS BXXE HA PAHHIX
eTamax iX OHTOTEHETHYHOTO pO3BHTKY. Bmepine moka3aHo, IO aKTHUBAIis
dboTOpeenTOpHUX CUCTEM Yy TMPOPOCTKIB OOOOBUX POCIUH 3 KOHTPACTHOIO
bOTONEepPIOUYHOI0 PEAKIIIEI0 3IIMCHIOETHCA CEJICKTUBHUM CBITJIOM TEBHOTO
cnextpy — [P ropox nociBuuii copt Menenart pearye Ha onpominenns 3C A =530
oM, KJIP cos kynbrypHa copt Xamkubedt — Ha QoroBmm YC A = 660 HM.
[IpoBeneno aHaii3 peaxiiiii BiMOBiIeH HA OMPOMIHEHHSI CEJICKTUBHUM CBITIIOM Y
OCBhOBHX OpraHax MpPOPOCTKIB (HaI3eMHIHM Ta MiA3€MHINA YaCTUHAX) Ta BCTAHOBJICHO
opraHocnenu@iuHiCTh CKJIaAy Ta aKTUBHOCTI (DOTOPELENTOPiB HE3aJEHKHO BiJ
dboTonepioUUHOIT peakilii pOCIUH — y TIMOKOTHJIAX MEepeBaXarTh PITOXPOMH, a Y
KOpEHEeBill cucTeMi KpUNTOXpoMH Ta (oroTpomiau. [IpoaHamizoBaHO 3B’S30K
CBITJIOBOTO CHHTHAJIY MPOPOCTKIB O000BUX PI3HHX (POTONMEPIOUIHUX TPYI 3
IHIIUMH CHUTHAJbHUMHU NUIAXaMU PETYJSIii pOCTy Ta PO3BUTKY POCIMHHOTO
opranismy — TpodiuyHUM, (PITOTOPMOHAIBLHUM CHTHAJIHTOM Ta KOMIIOHCHTaMU
AHTHUOKCUAAHTHOI cuctemH. [lokazaHa mepeBa)kHa poib CBITIOTO CUTHATY MEBHOTO
CIIEKTPY SIK JPKepella €Heprii, a He PerysITOpHOro (paKkTopy MpU KyJIbTHBYBaHHHI
MPOPOCTKIB 32 YMOB CBITJIOKYJIBTYPH.

KawuoBi caoBa: Pisum sativum L., Glycine max (L.) Merr,
doToonpominenHs, cenektupHe cBiTiI0 UHC A = 660 aM, 3C A = 530 am, CC A =450
HM, (oromepioguuHa peakilis, pPOCTOBI MPOIECH, MITOTHYHHA 1HIEKC,
dboTomopdorene3, po3urHHI BYIJICBOAM, OUIOK, (hiTOTOPMOHH, AaHTHOKCHJAHTHA

CUCTEMA, CBITJIIOKYJIBTYpA.



ABSTRACT

Batuieva Y.D. The role of selective light in regulation of morphogenetic
and biosynthetic processes of plants of different photoperiodic groups at the
early stages of ontogenesis. — Qualifying scientific work: a manuscript..

The dissertation for the Doctor of Philosophy’s degree, the specialty 091 —
Biology (field of knowledge 09 — Biology). - V. N. Karazin Kharkiv National
University, Ministry of Education and Science of Ukraine, Kharkiv, 2023.

The dissertation is devoted to the study of light signaling through the
activation of photoreceptor systems by selective light irradiation of three spectra (RL
A =660 nm, GL A = 530 nm, BL A = 450 nm) in the manifestation of growth,
morphogenetic and biosynthetic reactions of the axial organs of legume seedlings of
different photoperiodic groups (long-day plant LDP, short-day plant SDP and
neutral-day plant NDP).

Light for a plant organism is not only a source of energy, but also acts as an
information signal that regulates the processes of growth, morphogenesis and
development. It is known that plants perceive a light signal with the help of five
photoreceptor systems: the phytochrome system, which is a sensor of red (RL) and
far-red (FRL) light; cryptochromes and phototropins, proteins of the ZEITLUPE
family, that react to blue (SS) light; receptors of the UV-B spectrum. One of the
main photoreceptor complexes of plants is the phytochrome system, which perceives
a signal in the region of red (660 nm) and far-red light (730 nm). The phytochrome
system controls almost the whole course of individual plant development - from seed
germination to flowering and fruiting: the processes of photosynthesis, the formation
of assimilation products, biologically active substances, transition to flowering,
dormancy, plant productivity, etc. Receptor systems that perceive blue light are
cryptochromes, complexes of phototropins and proteins of the ZEITLUPE family.
For a long time, it was considered that green light is a physiologically inactive part
of the spectrum. However, according to modern studies, a certain balance of green

and blue light is very important for the shadow avoidance effect. Currently, the



receptor for green light is unknown, but it is assumed that the phytochrome and
cryptochrome systems are involved in the reception of this part of the spectrum.

The integration of these systems allows the plant organism to receive
information about the intensity of light, its spectral composition, the duration of the
daylight hours, as well as the temperature of the surrounding environment, the
presence of pathogens, competing neighbors and other information about
environmental factors. The plant perceiving light through photoreception,
synchronizes environmental factors with internal physiological and biochemical
processes, that leads to changes in the course of growth processes, morphogenesis
and plant development.

Photoreceptor signaling in plants is realized in connection with other signaling
pathways — trophic, phytohormonal, and through the components of the antioxidant
system. In addition, the physiological response of the plant depends on the
interactions of the organs of the whole plant organism.

Transduction of the photoperiodic signal in the plant organism is also carried
out with the participation of phytochromes and cryptochromes, which coordinate the
plant's circadian rhythm and regulate the transition to flowering. But the study of the
specific response of photoreceptor systems to irradiation with selective light and
their connection with the photoperiodic response of the plant organism is currently
poorly researched.

The vast majority of studies of photoreceptor’s activation effects have been
conducted with the model object Arabidopsis thaliana and other plants without
counting their photoperiodic response. This approach, to a certain extent, narrows
the idea of the possible manifestation of specificity of photoreceptor activation's
effects in plants of different ecological groups with different photoperiodic response.

In today's conditions of global climate changes and unstable and adverse
weather conditions, technologies for cultivating plants in controlled conditions are
becoming increasingly widespread. The latest technologies of light culture, which
are used for the development of "urban agriculture”, cultivation of microgreens,

technologies of «grow boxes», hydroponics, etc., are widespread. need a theoretical



justification for the use of the light factor, taking into account the specific reaction
of plants depending on their ecological group, including the photoperiodic reaction,
which is also poorly researched at the moment.

So, the study of the effects of light signaling through the activation of
photoreceptor systems by photoirradiation with selective light and the manifestation
of the physiological response of the organism depending on the photoperiodic
response of plants has important theoretical and practical significance.

Therefore, the purpose of this study was to conduct a comprehensive study of
the effects of photoirradiation with selective light of three spectra - red (RL A = 660
nm), green (GL A = 530 nm) and blue (BL A = 450 nm) on growth, morphogenetic
and biosynthetic processes in seedlings of leguminous plants with different
photoperiodic response under conditions of photoinduction and light culture.

Research tasks:

- conduct research of role of photoirradiation in the regulation of the
proliferative activity of root meristems under the photoinductive effect of selective
light of three spectra;

- to study the influence of selective light irradiation on growth processes
and photomorphogenesis in the axial organs of legums with different photoperiodic
responce under photoinduction and light culture conditions;

- to investigate the role of photoreceptor activation and cultivation under
light culture conditions in the regulation of biosynthetic processes - the content of
soluble carbohydrates and proteins in the seedlings of leguminous plants with a
contrasting photoperiodic response

- to investigate changes in the phytohormonal balance in the axial organs
of seedlings of different photoperiodic groups under the action of selective light of
three spectra (RL A = 660 nm, GL A = 530 nm, BL A = 450 nm).

- to analyze the prolonged response of the antioxidant system (AOS) of
the studied seedlings on the action of monochromatic light of different spectrum

under inductive influence of photoirradiation and light culture conditions.



In the first chapter the work presents an analytical review of modern scientific
periodicals on the structure and mechanisms of photoreception of phytochromes,
cryptochromes, signaling pathways of photoreceptors and their connection with
other signaling pathways, including phytohormonal signaling pathways.
Information about the morphogenetic effect of light of different spectrum and its
influence on biosynthetic processes is analyzed. The analysis of the role of light
signaling and the photoperiodic reaction of plants in the initiation of flowering is
carried out, data on the genetic control of photoperiodism in certain representatives
of Legumes - pea and soybean - were provided.

In the second chapter two design models and methods, that were used in the
work, are presented.

Model 1 - studies were conducted on etiolated seedlings under the
photoinductive influence of a certain spectrum, where the photoreceptor signal is
implemented through the activation of photolabile forms of photoreceptors

Model 2 — research in the conditions of light culture, where the manifestation
of the reactions of the seedling's physiological response due to changes in growth,
morphogenetic and biosynthetic processes occurs through the activation of
photostable forms of photoreceptors.

A detailed description of the cytogenetic, microscopic, biochemical and
statistical research methods used in the work to assess the effect of selective light on
the growth response, changes in the content of soluble carbohydrates, proteins, the
activity of phytohormones-antagonists (IAA and ABA), the state of some
components of the antioxidant system (AOS) — the content of hydrogen peroxide
and the activity of its catabolism enzymes - peroxidase and catalase.

In chapters 3-5 the results of experiments based on research models of the
photoinductive effect of selective light are given. It was shown that the growth
response, proliferative activity of root meristems and biosynthetic processes in
response to photoirradiation of etiolated legume seedlings depend on their
photoperiodic response. LDP pea seedlings of the Mecenat variety maximally

respond to the action of selective light of GL A = 530 nm by activating the growth



reaction - increasing the biomass of both axial organs and stimulating the
proliferative activity of root meristems. Biosynthetic processes are also activated
under the photo-influence of GL - the content of soluble carbohydrates increases due
to their main transport form - sucrose, which also acts signal role.

It was established that the most pronounced reactions were observed in the
etiolated SDP seedlings of the Hajibey variety of soybean under the effects of RL
and BL. An increase in the length of the axial organs of seedlings was observed
during BL irradiation, while the biomass of seedlings was not affected by RL
irradiation. The sensitivity of root meristematic cells to RL and BL irradiation was
established. Under the action of these spectra, the cotyledons open, the diameter of
the root neck increases, and the number of lateral roots increases, that is,
photoreceptors RL and BL participate in the regulation of morphogenetic processes
of SDP seedlings of soybean.

The content of sugars in the seedlings of SDP of soybean, as well as the
seedlings of LDP of pea, was affected by the irradiation of GL, but in the opposite
way - it contributed to a decrease in their content. Irradiation of RL and BL
significantly stimulated an increase in the amount of soluble protein in axial organs.
The maximum effect on the activity of IAA and ABA in seedlings occurred during
BLirradiation. The activity of ABA in both parts of seedlings decreased under the
influence of BL. The content of hydrogen peroxide was also mainly affected by BL
exposure, although an increase in the content was also observed in the underground
part due to exposure to RL.

The lack of sensitivity of root meristematic cells to irradiation with selective
light was demonstrated in NDP seedlings. The content of soluble carbohydrates in
the NDP seedlings of soybean decreased under exposure to selective light in the
aerial part of the seedling and at the same time increased in the root part. Since at
the same time the total content of carbohydrates changed insignificantly, we assume
that the changes in the content in the axial organs of the seedlings are related only to
the redistribution of carbohydrates, and not to their additional synthesis. In contrast

to other processes in the seedlings of soybean, the soluble protein content had the



greatest effect of exposure to GL, although the effect of exposure to RL and BL was
also observed. IAA activity was also affected by BL irradiation, while ABA activity
in axial organs was not affected by selective light irradiation. Also, there was no
change in the content of hydrogen peroxide under the influence of selective light.
The activity of peroxidase was affected by irradiation of BL - in the above-ground
part of seedlings, and RL - in the underground part, while the activity of catalase
was not affected by irradiation with selective light. Thus, certain aspects of
biochemical processes in the seedlings of the NDP are not subject to photoreceptor
control under photoinductive influence, which is possibly related to the autonomous
development path of photoperiodically neutral plants.

In the sixth chapter the results of experiments based on research models of the
influence of selective light in conditions of light culture are demonstrated. During
growing in light culture, the growth response of seedlings was the same, regardless
of the photoperiodic response of the plants. Elongation of seedlings was observed
under GL and BL irradiation, when the reaction to RL irradiation was similar to the
control - growing under the action of white light, which we can associate with the
regulatory action of the phytochrome system itself. The dry biomass of seedlings
with different PPR under selective light irradiation was different, although the
effects of photoperiodically sensitive seedlings to light irradiation of all studied
spectra and the insensitivity of NDP seedlings to GL irradiation were established.

Since as the seedlings switched to autotrophic nutrition during cultivation in
light culture, an increase in the proportion of monosaccharides in the seedlings was
observed. Changes in the content of soluble carbohydrates occurred under the
influence of selective light in all studied seedlings, regardless of their PPR. At the
same time, as in the studies of the inductive effect of light, in the shoots of the
seedlings of the LDP of pea and the SDP of soybean, the cultural reaction to the
irradiation of GL was the opposite. An increase in the proportion of soluble proteins
in the above-ground part was also observed during the cultivation of seedlings in
light culture, which may be associated with an increase in the content of the main

enzyme of photosynthesis RUBISCO, and therefore, the transition of seedlings to



photosynthesis. The activity of phytohormones in the above-ground part of the
studied plants changed under the action of light irradiation of all studied spectra, and
in the underground part, the influence of light of a specific spectrum on the activity
of IAA and ABA was observed: the LDP seedlings of pea were affected by BL
irradiation, the SDP seedlings of soybean were affected by GL and BL, and the
seedlings of NDP of soybean were affected only by RL and only on the activity of
IAA. The content of hydrogen peroxide in seedlings changed in photoperiodically
sensitive plants under selective light irradiation of different spectrum, when in NDP
soybean seedlings the amount of hydrogen peroxide under selective light irradiation
was the same, only the distribution between axial organs changed. At the same time,
the activity of AOS enzymes also underwent changes under the influence of selective
light, but no pronounced influence of PPR of the studied seedlings on the state of
AOS was found.

It was established that during the cultivation of seedlings in light culture, the
photoperiodic reaction of plants does not play a significant role in growth and
morphogenetic processes at the early stages of ontogenesis.

Thus, for the first time, the work carried out a comprehensive study of
photoirradiation of three spectra (RL A = 660 nm, GL A = 530 nm, BL A = 450 nm)
on the relationship of growth, morphogenetic and biosynthetic processes in the axial
organs of etiolated seedlings of legumes with different photoperiodic reaction. It has
been established that the biological effects of growth and biosynthetic processes on
the photoinductive effect of selective light depend on the photoperiodic response of
plants and are manifested already at the early stages of their ontogenetic
development. It was shown for the first time that the activation of photoreceptor
systems in the seedlings of leguminous plants with a contrasting photoperiodic
reaction is carried out by selective light of a certain spectrum - the LDP of pea
Maecenat variety reacts to the irradiation of GL A = 530 nm, the SDP soybean of
Hajibey variety reacts to the photoinfluence of the RL A = 660 nm. An analysis of
responses to selective light irradiation in the axial organs of seedlings (aboveground

and underground parts) was carried out, and the organ specificity of the composition



and activity of photoreceptors was established, regardless of the photoperiodic
response of plants - phytochromes prevail in hypocotyls, and cryptochromes and
phototropins prevail in the root system. The connection of the light signal of
leguminous seedlings of different photoperiodic groups with other signaling
pathways regulating the growth and development of the plant organism - trophic,
phytohormonal signaling and components of the antioxidant system - was analyzed.
The predominant role of a light signal of a certain spectrum as a source of energy,
rather than a regulatory factor in the cultivation of seedlings in light culture
conditions, is shown.

Keywords: Pisum sativum L., Glycine max (L.) Merr., photoirradiation,
selective light RL A = 660 nm, GL A = 530 nm, BL A = 450 nm, photoperiodic
response, growth processes, mitotic index, photomorphogenesis, soluble

carbohydrates , protein, phytohormones, antioxidant system, light culture.
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