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Ha cporomHi 3aralbHOBU3HAaHUM CTPECOBUM TOPMOHOM € abCIM30Ba KHUCIOTa
(ABK), sixa 3amisiHa B peryJisiilii CTiIKOCTi pOCIVH 10 BIUIMBY HM3KM a0iOTMYHUX
CTPECOpiB — MOCYXU, 3aCOJICHHSI, BUCOKMX Ta HU3BKUX TEMIIEpATyp, BaXKUX Me-
taniB. HadToBe 3a0pymHeHHST I'PYyHTY, SIKE JOCUTH IIIMPOKO PO3IMOBCIOMKEHE, €
KOMIUIEKCHUM TIOJIiIKOMITOHEHTHUM CTPECOM UISI pOCIWH. PociuHu, 1110 poCTyTh
Ha 3a0pynmHeHOMY Ha(TOI0 I'PYHTI, TOTEPITAIOTh Bill TTOCYXU, TilTOKCIil i IigBuUIIe-
Hoi TemmepaTypu. HesBakarounm Ha IMIMPOKWI creKTp peryiasaropHoi pomi ABK
YIIPOJOBX POCTY Ta PO3BUTKY POCJIMH, ME€XaHi3M ii il HacaMmepen 3yMOBJICHUI
PETyJISILi€0 BOAHOIO OajlaHCy B POCIMH 32 CTPECOBOTO HaBaHTAXKEHHS. MeTolo
Halloro JocaimkeHHs Oyno cxapakrepudyBaTu posib ABK y 36epexkeHHi BogHOIO
banaHcy pociauH-gitopeMenianTiB Carex hirta L. 3a BIUIMBY TIoJicTpecy — Had-
TOBOrO 3a0pyaHEHHS IPYHTYy. BcTaHOBIEHO, IO 3a YMOB ITOJiKOMIIOHEHTHOIO
crpecy enmoreHHmit BMicT ABK mimBuinuBcst B HamsemHux opraHax C. hirta
OinpIIIO0 Mipolo, HiX y migzeMHux. 3poctanHs BMicTy ABK y KopeHsx cripusiio
30UTBIIICHHIO 3araJlbHOTO 00’€My KOpPEHEBOI CHUCTeMHU. BUSIBICHO 30LTBIIICHHS
KUJIBKOCTi HaMiBBiIKPUTUX MPOAUXiB i 3MEHILEHHS TTOBHICTIO BiIKPUTUX MPOAUXIiB
Ta 30UIBIIEHHS TOBIIMHMW KYTHUKYJIM BEPXHBOI i HWXKHBOI €MiAepMU BHACIIIOK
MMIBUIIIEHHS BMICTY ITyJTy BUJIBHOI Ta 3B’si3aHOi (hopm eHmoreHHoi ABK. Ile mae
CTIPUSTA 3MEHIIIEHHIO BTpPAaT BOIM POCIMHOIO 4Yepe3 TpaHCIHipallilo. 3arajioM
30impmenas koHueHTpamii ABK y pisaux opranax C. hirfa 3a TIOJiKOMIIOHEHTHO-
ro ctpecy (HadTOBOro 3a0pymHEHHS I'PYHTY) CIIPUYMHMIO 3aITyCK KacKaay Mop-
doddizionoriyHnx 3MiH, sKi CIIPUSIM 30€peXEeHHIO BOAHOTO OajlaHCy POCIMH Ta
MiABUILIEHHIO 1X CTPECOCTiMKOCTI.

Karouosi caoea: Carex hirta L., abcum3oBa KHCIOTa, BOOHHWII OaylaHc, CTpe-
COCTIiliKiCTh, HahTOBE 3a0pPYIHEHHS TPYHTY.

JlocnimkeHHsI OCTaHHIX POKiB 31e0ilbIIOro 30cepeakeHi Ha BUBYEHHI
peaxiiii pocavH Ha okpeMi abioTuyHi crpecu [1]. OgHak y mpupomi poc-
JIMHU 4YaCTO 3a3HAl0Th OJHOYACHOTO BIUIMBY KiJIbKOX aOiOTMYHUX CTpe-
copiB. Peaxilis pociMH Ha KOMOIHOBaHI CTPECH BiIpi3HAETHCS Bill peaxilii
Ha okpemi ctpecu [2, 3]. Lo peakiiito Ha IoJlicTpeC HEMOXIUBO TIEPE-
0aunTH Ha OCHOBI peakiliii Ha OKpeMuil cTpec [4], OCKiIbKM 3amyCKaloTh-

LlutyBanus: Bynbso JI.B., LsinuHiok O.M., Boiirerko JI.B. Poab ABK y migtpumii BogHoro 6Ganancy Carex hirta L. 3a ymoB
HaTOBOrO 3a0pynHeHHsI IpyHTY. Dizionoeis pocaun i eewemuka. 2025. 57, Ne 2. C. 167—180. https://doi.org/10.15407/
rg2025.02.167

167



J.B. BYHBO, O.M. LIBIIMHIOK, JI.B. BOMTEHKO

cs cneumMdivyHi cucTeMHi peakilii, sKi BaxyiuBi miasd aganrartii [2]. dote-
rep He3po3yMiJio, sIKMi eeKT Oylae MaTh OMHOYACHA Misl KiJIBKOX CTPECiB
Ha pOCIWHY — QHTArOHICTUYHWMN, CUHEPTIYHUIA Y4 agfuTUBHUM [J].

HuHi mponoHyeThCcsA KOMOIHALIIIO CTPECIB PO3IJISIATH SIK HOBUM BUJIL
abiotmyHoro crpecy [6]. TakuM KOMIUIEKCHUM TOJIiIKOMITIOHEHTHUM CTpe-
COM ISl POCJIMH € HadTOBe 3a0pyAHEHHS TPYHTY, SIKe HAOYJIO IIMPOKOIO
posnoBciomkeHHs [7, 8, 9]. Ilpu norpamisgHHi B IpyHT HadTa MOXE MpPU-
3BECTH JIO KiJIbKOX IPOOJIEM: TOKCUYHOCTI TPYHTY, 3HWKEHHSI BOJOYTPH-
MYBaJIbHOI 3JaTHOCTIi, BMICTY BOJIOTH, TiITOKCii Ta IMiABUILIEHOI TeMIIEpaTy-
pu [8, 10]. Taki rpyHTH MOTPeOYIOTh BiTHOBJICHHSI.

OnyH 3 HAaWeKOHOMIYHIIIMX ¥ €KOJIOTiYHO YMCTUX METOHIB BiITHOB-
JIeHHS 3a0pyIHEeHOro HadTO0 IPYHTY € MeTox ditopeMeniauii. Moro me-
peBaraMu TMOPIBHSIHO 3 TPAOMIIIMHUMU pPEMEMialliiHUMM TEXHOJIOTIIMUA €
BiACYTHICTh 200 HEBeJMKA KiJIbKiCTb BUHMKAIOUYMX BTOPMHHMX BiIXOMIiB,
MiHiMaJIbHi TOPYIIEHHS MPUPOTHUX €KOCUCTEM, MOXKJIMBICTD 3aCTOCYBaH-
HS 9K HAa MaJvX, TaK i Ha BEJIMKUX TEPUTOPIisIX, €CTETUYHICTh, BiTHOCHA
MpocToTa peatizauii, ekoHoMiuHicTh [11]. Pocnuau mnst diropemeniarii
MaloTh Oytu MmicueBumu [12, 13], npuaaTHUMM A0 KJIIMaTUYHUX i TPYHTO-
BUX YMOB 3a0pyAHEHMX IiUISIHOK [14] Ta BUTpMBaJMMU 10 YMOB CTpeECy
[15]. HaiimoBHilra peajizaliisi BiTHOBIIOBAIbHOTO MTOTEHIIIATY POCIUH-PE-
MEMiaHTiB MOXJIMBA 3a PO3KPUTTS MEXaHi3MiB iXHBOI amamnTallil 10 yMOB
3a0pyAHEHOTO IPYHTY.

®ditoropmon abcuuszoBa kuciaora (ABK) — ximiouoBuii peryiasTop
peakirii pocauH Ha abiotmyHi crpecu [16]. ABK € HaiimocmimkeHilmm
CTPECOBMM TOpMOHOM [17], TipoTe ii poiab 3a KOMOIHOBAaHMX CTPECIB IIE
Majio BUMBYeHa. JledKki JoCIiIKeHHS MoKa3au, 110 3a BIULIMBY KOMOiHOBa-
HOTO cTpecy (BMCOKa TeMIiepaTrypa i IMocyxa) B POCAMHAaX YTBOPIOEThCS
oinbiie ABK, Hix 3a mii okpemux ckinanoBux [4, 18]. ITonpu Te, mo ABK
BUKOHYE IIUPOKUM CHEKTp (PYHKIIH y POCTi Ta PO3BUTKY POCIWH, ii OC-
HOBHOIO (DYHKIII€IO € PeryJisiisl BOAHOro OajlaHCy POCJIMH i CTiMKOCTI A0
OCMOTHYHOrO cTpecy [19].

Haire mocmimkeHHST Majio Ha MeTi cxapakTtepusyBatu poinb ABK y pe-
TYJISILIT BOJHOTO PEXUMY B POCIMH-(ITOpeMeniaHTiB OCOKM IIOPCTKOBO-
nocucroi (Carex hirta L.) 3a BIuImBy KOMOiHOBaHOTO a0iOTMYHOTO CTpe-
cy — HaTOBOro 3a0pyJaHEHHS TPYHTY.

Metoauka

JlocaigKeHHs TPOBOAWIM 32 YMOB APiOHOAIISTHKOBOTO MOJAbOBOIO AOCIIAY
B MiBIEHHO-CXimMHi# yacTuHI M. bopuciasa 3 Takumu reorpadivHIMHA KO-
opauHataMu: 49°28'0971" mH. mr., 23°42'6862" cx. n. Bukonanu nBa poBu
3aBrm6Iky 0,25 M i twroweo 4 M2, JIHO poBY BUCTEIMIIN TOTiETUIEHO-
BOIO IIIIBKOIO 3 niepdopaliissMi. B onuH i3 HuX, 1110 CJIyryBaB KOHTPOJBHUM,
BHEC/IM MICLIEBUI JAEPHOBO-MIA30JIUCTHI TPYHT i3 (DOHOBUM, MPUPOIHUM
Ha(TOBUM 3a0pyIHEHHSIM, y IPYTUid — MOAEJbHUI, MICLIEBUI AEPHOBO-
MiA30JIMCTUI TPYHT 3 AoAaBaHHSM HaTH B po3paxyHKy 50 r Ha 1 KT rpyH-
Ty (BUKOPMCTOBYBaji cupy HadTy 3 bopuciaBcbkoro Ha(pTOBOro poaoBu-
ma ryctuHoro 0,86 r/mn).

Yepes 20 mi6 Ha KOXHY IOiSIHKY BHcagwid 1o 150 KJIOHIB pociimH
C. hirta BipriHibHOTO BiKy, SKi 3pOCTaji Ha YUCTUX TEPUTOPISIX B OJI-
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HOPITHUX €KOJIOTIYHMX YMOBaX. BucaIXyBajiM iX B IIIaXOBOMY TOPSIKY B
JIyHKM 3aBrmOIKy 10—15 cM, Bimctanp Mixk pocimHamu 15—25 cm. Ilin
yac BCbOTO MEPIoay POCTY POCIMH BOJIOTICTh I'PYHTY MiATPUMYBAI B Me-
xkax 60 % moBHOI BojioroeMHocTi. Binbip 3paskiB 3miticHioBanu Ha 30-Ty
no0y pocty pociauH C. hirta, sxi tiepeOyBaim y ¢asi poserku (7—9
JINCTKIB).

Hns ananizy BMicty ropmoHy ABK y 30-1000Bux pociuH BinOupanu
JINCTKU i3 CePeaHbOrO SIPYCy Ta KOpeHi i (pikcyBaiu B pinkomy a3oTi. Jdai
POCIMHHMIA MaTepiaj TOMOIeHi3yBanu Ta eKcrparyBayiv 80 %-HUM eTaHO-
qoM 3 1—2 kparusimu antuokcumanty (0,02 % mietmnauriokapbamarty
HaTpito). ExcrparyBaim eTaHONIOM [Bi4i IO IBi TOOIMHW W OOWH pa3s
YIPOIOBX IBanusaATu roguH 3a +4 °C. 'oMoreHat (ibTpyBaJiv i KOHIIEH-
TpyBaiu 1m0 BomHOi ¢asu 3a temrmeparypu +40...45 °C. Tpm anikBotm i3
BOJHOTO 3aJIMIIKY 3aMOPOXYBAJIM 1 BUTpMMYBaiu 3a teMmneparypu 18 °C
yIIpodoBxX 12 rom mis BUAajeHHS OUIKiB i mirMeHTiB. s BUIOUJIGHHS Cy-
MapHoi ¢pakuii ABK anikBoTy po3aMOpoKeHOTro BOAHOIO 3aJUIIKY J0BO-
mumm posunHoM 2 H HCl mo pH 2,5 i uenrpudyryBaiu 20 xB 3a
15000 o6/xB. BinbHi ¢opmu ABK Tpuui excrparyBaim maieTuaoBuM edi-
poM (cmiBBigHOIeHH 1 : 1) i3 HagocamoBoi piauHU. KiabKicTh 3B’ SI3aHUX
¢dopm ABK BusHavanm micas rinponizy BogHoro 3aiuinky B 1 H NaOH y
30 %-HOMy eTaHOIi.

®pakuionyBamm ABK metomom ToHKomapoBoi xpomartorpadii (TLLIX)
Ha mactuHkax Silufol UV-254 («Kavalier», Yexist) y cucteMi po3UMHHMKIB
xyopodopM : eTunanetaT : ouroBa kucyoTa (70 : 30 : 5). s imenTrdikarrii
ropmoHy BukopuctoByBaim ABK ¢dipmu «Sigma» (CILA). AxamituyHe
BMU3HAUYCHHS (DITOTOPMOHY 3IiMICHIOBAIM METOAOM BHCOKOE(MEKTUBHOL
pinuHHOI XpomaTorpadii Ha xpomartorpadi Agillent 1200 LC 3 niogHo-ma-
TpuuHuM aetekropoM G 1315 B (CIIIA) na xononui Eclipse XDB-C 18
4,5x150 MM i3 3epHUCTICTIO YacTOK 5 MKM. Enioliiio mpoBoauiu B cucTeMi
pPO3YMHHUKIB MeTaHox : Boma (37 : 63). AHamizyBaau mpoOu y pexkuMi
online, oOpaxoByBajiu XpoMaTrorpamud 3a ITPOTpaMHUM 3a0e3IeyeHHsIM
Chem Station (Bepcis B.03.01) y pexxumi offline. Bmict ABK Bupaxanu y
Hr/T cupoi peyoBuHu [20].

BumMiproBaHHS 00’€My KOPEHEBOI CHCTEMU 3IiMCHIOBAIU 3a METOJOM
H.A. Cabinina # I.1. Konocona [21]. [loOpe mpomuTi i1 mpocyiieHi (inbT-
pyBaJbHMM T1ariepoM KOpeHi 3 omHoro KioHy C. hirfa 3aHyploBaju B Mip-
YU TUIIHAP i3 IMCTUIROBAHOIO Bomol. O6’eM KOpeHEeBOiI CHCTeMU 00-
YUCIIOBIM 3a 00’€MOM BOAM, sSKa BUTICHSUIACS KOPEHSMU Y Mipyomy
LWTiHIpI.

1T OOUYMCIIEHHS KiJIBKOCTI Ta alepTypd MPOAMXiB Ha abakCiaabHY
MOBEPXHIO CEPEAHBOI YACTUHU JIMCTKA HAHOCWUJIM TOHKHUI Ma30K ITPO30Po-
ro naky. IImiBKy 3HiMaaM NpenapyBajbHOIO TOJKOIO i MiHUETOM, KJCiIN
Ha TIpeAMEeTHE CKJIO Ta aHaji3yBaju 3a JOMOMOrolo Mikpockomna XS-5520
MICROMED pa3om i3 Moayiem 11n¢ppoBoi KoJbOpoBOi Kamepu 5 Mpix
(CCD). Bigburku Oyim 3po0JyieHi Ha 7-MHM JIMCTKaxX KOXXHOTO BapiaHTa.
ATlepTypy NpOAMXiB MiIpaxoByBajay 3a 30iUIbIIeHHS x600, a KiJbKiCTh —
3a 30inbieHHs x150. KigbKicTh MpoAMXiB i CTYIiHb 1X BIAKPUTOCTI Migpa-
XOBYBAIM B 15-TM TOJISIX 30py B MeXax BimOWTKa B KOXHOMY BapiaHTI
nociny. s 3a0e3ne4eHHs OMHOPITHOCTI BUOIPOK, TTPOAVXU PO3TIISIaIn
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MDK JpPYTOI0 Ta TPEThOIO XKUJIKOIO, SIKIIO JIUUTH Bil LHEHTPAJIbHOI KUIKUA
JINCTKOBOI TIJIaCTUHKU [22].

ToBLIMHY KYTHMKYJIM OOYMCIIOBAJM Ha IONEPEYHMX 3pi3ax JMCTKIB,
OTPUMaHUX i3 CepeaHbOl YaCTUHU JIMCTKOBOI MJACTUHKU. 3pi3u 3MiMCHIO-
BaJIM JIe30M Big pyku [23].

MopdomeTpryHi TOKa3HMKM KIITHH, SKi BUMIpIOBaJIM 3 MiKPOCKO-
MiYHUX 300paXkeHb, 3MIMCHIOBAIM 3a MTPOrpaMHUM 3a0e3redyeHHsIM Micro
Capture (Bepcis 9.3).

OTrpuMaHi KilbKiCHi 3HauYe€HHS OyJIM CTaTUCTUYHO OOpPOOJeHi 3a
Microsoft Excel 2016. JIocTOBipHiCTh pi3HUIII MiX €KCIIEpUMEHTATbHUMU
MaHMMU OlLliHIOBaau 3a KputepieM CTbloIeHTa 3 BUKOPUCTAHHSIM PiBHSI
sHauymocti p < 0,05 ta 0,01 i 0,001.

Pe3yibTaT T2 00rOoBOpeHHs

EHpgoreHHi mporpamuy CTiMKOCTI pOCIMH MOIMQIKYIOTbCS TAaKUM YMHOM,
1100 CTPYKTYpPHi Ta MeTabOJiuHi 3MiHU JOMOMOTJIM MOAO0JATA HECIPUSIT-
JIMBI YMOBHM HaBKOJIMIITHLOTO cepenoBuina. OgHIEI0 3 OCHOBHUX OioxiMiu-
HUX 3MiH Yy BillOBigb Ha cTtpec € migBuineHHs piBHI ABK [17]. 3a mii
Ha(TH B OCOKM IIOPCTKOBOJIOCHUCTOI, (piTopeMeniaHTa 3a0pymHeHUX Had-
TOIO IPYHTIB [24], criocrepiranock mimBuiieHHsS BMicTy ABK y amcrkax i
KOpeHsX, BimmoBigHo, Ha 52 % i 19 % BimHocHO KoHTpomo (puc. 1).

ExcrniepyMeHTabHI JaHi AEMOHCTPYIOTh, 110 3HayHa 4yacTuHa ABK,
sKa HasiBHA B KOPEHSX, MOXE MaTu JIMCTKOBE IMOXOJXEHHsS. 3AaTHiCTh
ADBK mepemilnyBaTuCh Ha BeJMKi BiICTaHi 3a JOIOMOIOI0 OiJIKOBHUX
TPaHCTIOPTEPIB Y aKpONETAIbHOMY Ta 0a3WMeTaIbHOMY HaIlpsIMKaxX CYIM-
HaMM KCWJieMH Ta (JioeMu B yCi OpraHu poCAMHU Ja€ 3MOTy TOPMOHY BU-
KOHYBAaTH POJIb KPUTMYHOTO MECEHIIXEpPa CTPECOBOTO CTaHy M 3MiACHIOBa-
TH 3B’SI30K MiXK KOpEHEeM i IaroHOM, peryjloBaTW TPaHCIOPT BOAM Ta
KOHTPOJIIOBaTH KOMYHiKallito Mixk opranamu [17, 25, 26]. Bimomo, 1110 mist
cuHTe3y ABK y KOpeHsIX BUKOPHCTOBYIOTHCS MOIEPEIHUKHM, SIKi TPaHC-
MOPTYIOThCS 3 JUCTKIB [27].

Puc. 1. Bmict ABK B opranax pociun C. hirta Ha 30-Ty 100y pocTy 3a yMOB Ha(hTOBOIO 3a-
opynHeHHsT TpyHTY (5 %) (*pi3HMIS MiX KOHTPOJEM i JOoCHimoM BiporigHa 3a p < 0,001)
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ADBK cuHTe3yeThCs B JIMCTKax, KOpeHi, cTeOii, miogax, ogHaK rojo-
BHUM CAalTOM YTBOPEHHS TOPMOHY € XJIOPOILIACTH, CYIMHHA CHCTEMa Ta
3aMUKaJIbHI KJIITUHW NPOAMXiB, a HaKonnuyeTbcs ABK 3mebinpinoro y Ba-
Kyossix [28, 29]. BMicT aObcuim30B0i KUCJIOTH B JIMCTKAX 3a3BUYail BUIIWIMA,
Hix y kopeHsax [30]. Hamu BcTtaHOBNEHO, 110 3a Aii HagTOBOrO 3a0pyad-
HeHHs y gucTtkax C. hirta cymapHMii piBeHb BUIBHOI i 3B’S3aHOi (hopM
ABK 0yB Bummii y 1,5 pa3a mopiBHSIHO 3 KOHTPOJIBHUMHU POCIMHAMM Ta
YIBiUi MOPiBHSAHO 3 KOpeHIMHU. BimomMo, 1o eHporeHHuit BMict AbK y -
CTKaX i KOPEHSIX BU3HAYAETHCS CHiBBIAHOLICHHSIM MK IpolecaMmu 0io-
CHHTEe3y, KOH Iorallii, Jerpafallii, a TaKoxX ITOB’SI3aHMM i3 MOXJIMBICTIO ii
tpaHcrioptyBaHHs [30, 31]. Xoua ocHoBHUM MiclieM OiocuHTe3y ABK €
JMCTKH, a He KopeHi [30, 32, 33], ogHaK MEepBMHHUM MicleM ii GiocrH-
Te3y Oyae Toil opraH, SIKWMil 3a3HA€ OiBLIOTO CTPECOBOTO HABAHTAXKEHHS
[34, 35]. 3HmKeHHS BOAHOIO TMOTeHIliany I'pyHTY iHaykKye cuHTe3 ABK y
KOpPEHSIX, SIKa TPaHCIIOPTYEThCS MO KcuiaeMi a0 auctkiB [34]. Takox mep-
BuHHe Micie 6iocuHTe3dy ABK y pociuH 3a aedinuTy Boau MoXe 3MiHIO-
BaTHCS 3aJIeXKHO Binm crafmiii ix po3BuTKy. Hampukian, B apaxicy (Arachis
hypogaea 1..) 3a yMOB MOCYXM Ha CTail po3caau Micuem GiocuHTesy ABK
Oy KOpeHi, a Ha CTafii TIOMOHOIIEHHSI — JTUCTKU [35].

BcTraHOBIIEHO, 1110 iIHTEHCUBHICTh POCTY OKPEMMX OPTaHiB POCINH 3a-
JIEXXUTH Bif KoHUeHTpalii eagoreHHol ABK. 3okpema, 3MiHM piBHS 1IBO-
TO TOPMOHY 3alisiHi y PEeryJjsiii pOo3BUTKY Ta POCTY KOPEHEBOI CUCTEMU
KYJIbTYpHUX 37aKiB [17, 26, 36]. Kopeni pocimu C. hirta 3a nii HadTOBO-
ro 3a0pyaHeHHs Maau Bului BMicT ABK mopiBHSIHO 3 KOHTpoJeM (IuB.
puc. 1) i, BianoBinHo, Oynu AOBLIMMU ¥ TOBIMMM [24]. Taki 3miHu mpu-
3BeJIM /10 30iJblIeHHS y 3,6 pa3a 3araIbHOrO 00’€My KOPEHEBOI CHCTEMU
MOPIiBHSHO 3 KOHTPOJBHUM BapiaHTOM (puc. 2). O6’eM KOpeHEeBOi CHUCTe-
MU, SIK iHTeTPpaJIbHUI MOKA3HUK, 3aJIEXKUTh BiJ KiJbKOCTi OiYHMX KOpPEHIB,
IXHbOI TOBIUMHM i HAsIBHOCTI KOPEHEBMX BOJIOCKIB i XapaKTEpU3YE ii IO-
Ty>HicTb. JloBri Ta ToBCTI KOpeHi C. hirfa CIIpUSIOTH POCTY POCIUH B YMO-
BaxX BOJHOTO CTpeCy, CIPUYMHEHOro HA(TOBUM 3a0pyAHEHHSM IPYHTY
[26].

Ilim yac mocyxy IIBMAKICTb BTpaTX BOAW YE€pPe3 TPaHCITipallilo MOXe
TMEPEBUIYBATU IIBUIKICTh TOTIMHAHHS BOAM KOpeHIMM. ToMy BimOyBa-

Puc. 2. O6’em kopeHeBoi cucremu pociiuH C. hirta (omHa 30Ha KyIIiHHSI) 32 YMOB pPOCTY
Ha 3a0pyaHeHOMY HaGhTOIO IPYHTi (*pi3HUILIA MiX KOHTPOJBHUMU Ta TOCTITHUMU POCIUHA-
MU BiporigHa 3a p < 0,05)
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€THCS TIEPEPO3NOILA PECYPCiB B OpraHiamMi pocinHu. 30UIbIIYETBCS 00’€EM
KOpPEHEBOI CUCTEMH, SIKa € BOAOIIOIIMHAIBHUM opraHoMm [37, 38]. I'iopo-
TPOIIi3M € OCHOBHUM MEXaHi3MOM, IO CIIPSIMOBYE PIiCT KOPEHiB IJisl IO-
yky Boau, 1 ABK € BaXMBUM UYMHHMKOM, KW BIJIMBA€E Ha Tigpo-
TPONHi peakiii kKopeHs. KopeHi pocivMH abo TMMOOKO IMPOHUKAIOTh Y
ITPYHT, YTBOPIOIOYM MHOXWHY OiYHMX KOpEHIB NMpU HAOIVKEHHI MO Mil-
3EMHOIO JIKepeJsia BoJoru, adbo Bimpa3y 30UIbLIYIOThCS B AiaMeTpi, YTBOPIO-
IOTh OiTbIlIe OIYHMX KOPIHIIIB i3 OUTBIIO0 KiTBKICTIO KOPEHEBUX BOJIOCKIB,
Yy TaKMi CIOCIO 30UTbIIYIOYM 3arajbHy ILJIOILY ITONIMHAIBHOI MOBEPXHI,
1[0 CHpUSE MAKCMMyMy BWJIYYEHHSI BOJIOTM Ta IIOXMBHMX PEYOBHUH i3
rpyHaty [31, 39].

[TinBuiennii BMicT ABK y KopeHsx pociavH 3a yMOB AeiuuTy Boau
Billirpa€e BaXJIMBY pOJIb Y TIepeIaBaHHiI CUTHAJIIB Bill KOPEHIB, Ki mepedy-
BalOTh 34 CTPECOBUX YMOB, IO TIaroHiB, 1[0, 3PEIITOI0, TPU3BOINUTH A0 BO-
030€epiraJibHOI aHTUTPAHCHiIPAaHTHOI AKTWUBHOCTI, 30KpeMa MO0 3a-
kpuBaHHs npoauxiB [31, 40]. IlpoauxoBuii amapaT BUKOHYE OCHOBHY
poOJib Y BUITAPOBYBAHHI BOAW POCAMHAMM, TOMY IUBUAKICTh TpaHCITipalil
3HAYHOIO MipOI0 3aJIEXKUTh Bim CTyreHs ix Bimkputocti [41]. Ameprypa
MPOJINXIB PETYIIOETHCS TYPropiHAYKOBAHUMU 3MiHaMU PO3MIpiB IIPOIUXO0-
BUX 3aMUKAJbHUX KIITWH 1 Biflirpa€ 3HA4YHY POJIb Yy PETYJsLii BOTHOIO
crarycy pocinuau [40, 42]. Hamm Oyso BUSIBIIEHO, IO KiJIBKiCTh ITPOIVXiB
Ha abakciajbHili TOBEpXHi JIMCTKA 3a Aii HA)TOBOrO 3a0pyIHEHHS MaiiKe
He BiIpi3HsUIach Bim KoHTpomo (puc. 3).

B emigepMmi C. hirta Ha a®akciaabHill TTOBEPXHi JINCTKIB IIepeBaKalin
HaIIBBIIKPUTI MPOINXA CTaHOM Ha 12 rom moou (puc. 4). Y pocinH, 10
pociau Ha 3a0pynHEHOMY Ha(TOIO TPYHTI, KiJIBKICTh HAIiBBIAKPUTUX TPO-
IUXiB 30UIbIIMIACH, & IIOBHICTIO BiAKPUTHUX IIPOJMXiB 3MEHIIMWIACD,
BimnosinHo Ha 15 Ta 14 % BigHOCHO KOHTpOJI0. HaToMicTh KiJbKiCTh 3a-
KPUTHUX TIPOAMXiB OyJa MpaKTAUYHO Ha PiBHI KOHTpoto. JocmimKkeHHIMHA
I'. KopoBeupkoi 3i cmiBaBT. [43] BCTaHOBJIEHO, IIO MJIsS IIPOJMXIB
quctkiB C. hirta xapakTepHa Tak 3BaHa MPOAMXOBa TUISIMUCTICTh — Pi3HUM
CTYMiHb BiAKPUTOCTI MPOAMXiB Y MEBHUI MOMEHT 4yacy 3a YMOB Ha(pTOBO-
ro 3a0pyaHeHHs. ITikv BiZKpUTOCTI MPOAMXiB Yy JUCTKAaX OyJIM 3MilllEHi y
yaci Ha 2 roji TOPiBHSIHO 3 KOHTPOJbHUMM 3pa3KaMH.

Konrpon Ipynt + nadra (5 %)

Puc 3. Binbutku abakciaJbHOI MOBEPXHi JUCTKIB KOHTPOJIbHUX pocauH C. hirta Ta Ha 30-Ty
o0y pocTy Ha 3abpymnHeHOMY HadToio IpyHTI (5 % HadTH) (><150)
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Puc. 4. Cran nponuxiB (% 3arajbHOI KiJIbKOCTi) JJUCTKIB KOHTPOJIbHUX pociuH C. hirta Ta
Ha 30-Ty 10Oy pocTy 3a YMOB Ha(TOBOro 3a0pymaHeHHS IPYHTY (5 %)

3a yMOB cTpecy INpOAuXyW MOXYTb MaTW HETIOBHUM CTYMiHb BiIKpH-
TOCTi ab0 3aKpMBaTHCh MOBHICTIO [44]. AnepTypa NPOAMXiB 3MEHILIYETHCS
3a TPMBAJIOl HeCcTadi BOJIOTY B IpyHTi [27, 40, 45], 110 y3roIXKy€eTbCS 3 OTPU-
MaHMMU HaMM pe3yjbTaTaMu. MOXJIMBO, Take 3HWXKEHHS arepTypu Ipo-
JIMXiB JIUCTKIB, IIIO 3pOCTAJIM 32 YMOB BOJHOTO Ie(ilIUTy, CIIPUIMHEHOTO
Ha(hTOBUM 3a0pYIHEHHSIM, I0TIOMara€ pocjavHi 3HU3UTU BTpaTy BOIM.

LleHTpanbHy poJb y peryisilii pyxy nponuxiB Bimirpae ABK [40, 46].
3a yMOB Opaky BOIM CUTHaJ MPO HEOOXiAHICTh 3aKPMUTTS MPOAMXIiB Ham-
XOAWUTh A0 JIMCTKIB Bim kKopeHiB [33]. BomHouac mocuieHa akyMyJsilis
ABK y nucTkax mMoxe 306epiraTuch YMpOIOBX KilbKOX THXHIiB. Tak, y
muctkax Fagus sylvatica L. minBumenuii pisenb ABK 306epiraBcs Bmpo-
noBxX 30 gHiB mocyxu [33].

B ymoBax 6paky Bosiorn ABK iHIyKye TakoX MOTOBIIEHHS KYyTUKY-
JIM emigepMu JUCTKIB [47]. SKilo mpoauxu € emiaepMaJlbHUMU TOpaMu,
SIKi KOHTPOJIIOIOTh BOJOOOMiH, TO KYTMKYJa € TiApoOoOHMM 30BHIllIHIM
IIapoOM KJITUHHOI CTiHKM €IliJEpMH, SKHWH 3arofirae Mno3ampOauXOBii
Brpati Boau [47]. 3a ymoB HadToBOro 3adpyaHeHHs y pocauH C. hirta
chopMyBayiach MaiKe YTpUUi TOBIA KyTHKYJIa Ha €IaepMi agaKciabHOI
TMOBEPXHi JIUCTKIB Ta yIBivi Ha emimepmi abaKCialbHOI MOBEPXHI MOPiBHS-
HO 3 KOoHTposieM (Tabnuis). KyTukyia, 3MiHIOI0YM CBOIO TOBIIWHY, (Op-
MYE IIUIBHIIIMKA Oap’ep Ha LIJISXY TpaHCIipallil BOAU.

ToBila Ta MeHII IPOHMKHA KYTMKYJa 3a Ae(pilluTy BOAM YTBO-
PIOETHCSI BHACTIIOK HaKOMUUYeHHS KyTUHY 1 BocKy [48]. ABK omocepen-
KOBAaHO PETYIIIOE BiIKJIANACHHS KyTUHY U 0€3MOCEPENHBO PETYIIIOE CUHTE3
BOCKY Ta 301IBIIYy€E HOTrO BMIiCT Yy KyTUKYJi. KyTWH TakoxX omocepeakoBa-
Ho perymoe 6iocuHTe3 ABK. bysio mokazaHo, 1110 Y pOCIWH i3 TTOPYIIEH-

Bmicm 60du i moswuna xkymukyau y aucmkax pocaur C. hirta ma 30-my 0oby pocmy 3a ymoe
Hagmogoeo 3a6pyonenns rpynmy (5 % nagpmu)

. Bwmicr Bonu, % ToBUIMHA KYTUKYJIU, MKM
Bapiant - - -
JIUCTKU KOpEeHi BEPXHS erijepMa | HUXXHS emigepma
KonTtponb 68,5+1,2 80,0t1,7 1,15+0,47 0,98%0,14
I'pyHT+ HadTa 76,5%+0,9* 61,6+1,8% 3,09+0,78* 1,97+0,32*%

*Pi3HULIS MiXX KOHTPOJBHUMM Ta JOCTIIHMMU pociMHamMu BiporigHa 3a p < 0,05.
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HAM OiOCHHTE3y KyTMHY 3HIKYETbCS HakonmmueHHS ABK i TosepaHTHICTD
JI0 OCMOTHYHOI'O CTpecCy, XodJa lieil MexaHi3M He3’sicoBaHuil [25, 47, 49].

[TinBuiennii piseHb ABK iHgykye MopdodizionoriuHi 3miHu B poc-
JIMH OCOKHW IIOPCTKOBOJOCUCTOI, SKi 3a YMOB POCTY Ha 3a0pyIHEHOMY
HadTOIO I'PYHTI, 110 YTPYAHIOE BOAOIOIJMHAHHS i CIIPUYMHIOE TiMOKCilO,
MalOTh CIIPUSITU 30€piraHHIO BOAY. Byjio BUSBIECHO MEepepO3NOaisT BOIU B
opraHax pOCJIWHW — BMICT BOIM B JIMCTKaX IigBUIIMBCS Ha 12 %, a y Ko-
peHsiX 3HU3UBCS Ha 23 % BiTHOCHO KOHTPOJIBHUX IOKA3HUKIB (IUB. Ta0-
guio). Takuil po3nmomail BOOM XapaKTepu3y€e 3aKOHOMIPHOCTI ii MOTJIu-
HaHHS Ta BUKOPUCTaHHSI opraHamMu pociuHu [50]. JIucTku BiaTSArytothb
BOMY Bil MiA3€MHOI YaCTUHU POCAWHHU. MEHIIMIA BMIiCT BOOM B KOPEHSIX
MiI yac IOCYX!A 3YMOBIIIOE MOKPAIIEHHS IXHBOI BOAOTONIMHAIBHOL 31aT-
HocrTi [39, 50].

TakuM yrHOM, BMSBJICHE ITIABUINECHHS BMIiCTy eHOoreHHoi ABK y
KOpEHSX Ta JIMCTKax IMiATBEPKYE il 3aiydyeHHS A0 POopMyBaHHS 3aXKC-
HUX peaxliii, a came — 10 30epekeHHs1 Boau B pocauH C. hirta 3a ymMOB
MOJIIKOMIIOHEHTHOT'O CTpecy — Ha(TOBOro 3a0pyaHEeHHS I'pyHTY. EHIO-
reHHa ABK 3anmisHa y miaTpuMIli BOMHOTO GajlaHCy PETYJIALIEI0 alepTy-
py TIpOOMXiB i IOTOBIICHHS KYTMKYJIW EIMiIepMU amakciaabHOI Ta
abakciabHOI MTOBEPXOHB JUCTKIB. HasgBHI 3MiHM B KOPEHEBiN CHUCTEMI
C. hirta 3a BIIMBY KOMOiHOBaHOTO Ha(TOBOTO CTPECy 4epe3 MiaBHIIE-
Huit BMicT ABK crnpusiioTb moCHI€HHIO 30aTHOCTI POCIAVH MOTJMHATHU
BONY 3 TPYHTY.

LHIUTOBAHA JIITEPATYPA

1. Shahzad K., Hussain S., Arfan M., Hussain S., Waraich E.A., Zamir S., Saddique M.,
Rauf A., Kamal K.Y., Hano C., El-Esawi M.A. Exogenously applied gibberellic acid
enhances growth and salinity stress tolerance of maize through modulating the morpho-
physiological, biochemical and molecular attributes. Biomolecules. 2021. 11 (7).
https://doi.org/10.3390/biom11071005

2. Zandalinasa S.I., Fichman Y., Devireddy A.R., Sengupta S., Azad R.K., Mittler R.
Systemic signaling during abiotic stress combination in plants. Proc. Natl. Acad. Sci.
2020. 117 (24). P. 13810—13820. https://doi.org/10.1073/pnas.2005077117

3. Zandalinas S.I., Fritschi F.B., Mittler R. Signal transduction networks during stress com-
bination. J. Exp. Bot.. 2020. 71 (5). P. 1734—1741. https://doi.org/10.1093/jxb/erz486

4. Jing Z., Liu N., Zhang Z., Hou X. Research progress on plant responses to stress com-
binations in the context of climate change. Plants. 2024. 13. https://doi.org/10.3390/
plants13040469

5. Vescio R., Caridi R., Laudani F., Palmeri V., Zappala L., Badiani M., Sorgona A.
Abiotic and herbivory combined stress in tomato: additive, synergic and antagonistic
effects and within-plant phenotypic plasticity. Life. 2022. 12. https://doi.org/10.3390/
life12111804

6. Oyebamiji Y.O., Adigun B.A., Shamsudin N.A.A., Ikmal A.M., Salisu M.A., Malike
F.A., Lateef A.A. Recent advancements in mitigating abiotic stresses in crops.
Horticulturae. 2024. 10 (2). https://doi.org/10.3390/horticulturae10020156

7. Moradi S., Sarikhani M.R., Ale-Agha A.B., Hasanpur K., Shiri J. Effects of natural and
prolonged crude oil pollution on soil enzyme activities. Geoderma Reg. 2024. 36.
https://doi.org/10.1016/j.geodrs.2023.¢00742

8. Jabbarov Z., Nomozov U., Kenjaev Y., Abdushukurova Z., Zakirova S., Mahkamova A.,
Kamilov B., Kurvantaev R., Kholdarov D., Turdaliev A., Yuldashev G. Effects of pollu-
tion of saline soils with oil and oil products on soil physical properties. E3S Web of
Conferences. 2024. 497. https://doi.org/10.1051/e3sconf/202449703006

174 ISSN 2308-7099 (print), 2786-6874 (online). Fiziologid roslin i genetika. 2025. Vol. 57. No. 2



POJIb ABK ¥V MIATPUMIII BOOHOTO BAJTAHCY

20.

21.
22.

23.

24.

25.

26.

27.

. Sharma K., Shah G., Singhal K., Soni V. Comprehensive insights into the impact of oil

pollution on the environment. Reg. Studies Marine Science. 2024. 74 (6). https://doi.org/
10.1016/j.rsma.2024.103516

. Kanungo J., Sahoo T., Bal M., Behera I.D. Performance of bioremediation strategy in

waste lubricating oil pollutants: a review. Geomicrobiol. J. 2023. 4. P. 360—373.
https://doi.org/10.1080/01490451.2023.2245395

. Khan S., Masoodi T.H., Pala N.A., Murtaza S., Mugloo J.A., Sofi P.A., Zaman M.U.,

Kumar R., Kumar A. Phytoremediation Prospects for restoration of contamination in the
natural ecosystems. Water. 2023. 15 (8). https://doi.org/10.3390/w15081498

. Aloud S.S., Alotaibi K.D., Almutairi K.F., Albarakah F.N. Phytoremediation potential

of native plants growing in industrially polluted soils of al-qassim, saudi arabia.
Sustainability. 2023. 15 (3). https://doi.org/10.3390/su15032668

. Azizi M., Faz A., Zornoza R., Martinez-Martinez S., Acosta J.A. Phytoremediation

potential of native plant species in mine soils polluted by metal(loid)s and rare earth ele-
ments. Plants. 2023. 12 (6). https://doi.org/10.3390/plants12061219

. Paes Q.C., Veloso G.V., Filho M.N.C., Barroso S.H., Fernandes-Filho E.I., Fontes

M.P.F., Soares E.M.B. Potential of plant species adapted to semi-arid conditions for
phytoremediation of contaminated soils. J. Hazardous Materials. 2023. 449.
https://doi.org/10.1016/j.jhazmat.2023.131034

. Kafle A., Timilsina A., Gautam A., Adhikari K., Bhattarai A., Arya N.

Phytoremediation: mechanisms, plant selection and enhancement by natural and syn-
thetic agents. Env. Adv. 2022. 8. https://doi.org/10.1016/j.envadv.2022.100203

.Yang X., Jia Z., Pu Q., Tian Y., Zhu F., Liu Y. ABA mediates plant development and

abiotic stress via alternative splicing. Int. J. Mol. Sci. 2022. 23 (7). https://doi.org/
10.3390/ijms23073796

. Kocaxkisebka 1.B., Ilep6atiok M.M., Baciok B.A., Boittenko JI.B. 3HaueHHs ditorop-

MOHIB y PeTyJIsiiii pocTy Ta GopMyBaHHI CTPECOCTIMKOCTI KyJbTypHHUX 3N1aKiB. Dizionocis
pocaun i eenemura. 2024. 56, Ne 2. C. 130—150. https://doi.org/10.15407 /frg2024.02.130

. Shabbir R., Singhal R.K., Mishra U.N., Chauhan J., Javed T., Hussain S., Kumar S.,

Anuragi H., Lal D., Chen P. Combined abiotic stresses: challenges and potential for crop
improvement. Agronomy. 2022. 12. https://doi.org/10.3390/agronomy12112795

. Rehman A., Azhar M.T., Hinze L., Qayyum A., Li H., Penge Z., Qina G., Jiae Y., Pane

Z., He S., Du X. Insight into abscisic acid perception and signaling to increase plant tol-
erance to abiotic stress. J. Plant Int. 2021. 16 (1). P. 222—237. https://doi.org/10.1080/
17429145.2021.1925759

Kocakiscbka 1.B., Baciok B.A., Boitrenko JI.B., Illep6atiok M.M. Peryusuist ropmo-
HaJIbHOTO GaJlaHCy TMIIeHUII €K30TeHHOI0 aOCIIM30BOI0 KUCJIOTOI 32 YMOB TEIJIOBOTO
crpecy. Bicn. Xapkis. nay. aepap. yw-my. Cep. bionoeis. 2021. 1 (52). C. 52—66.
https://doi.org/10.35550/vbi02021.01.052

®dizionorig pocnavn: npaktukyM: IMapmmikosa T.B. (pen.). Jlyuek: Tepen, 2010. 420 c.
Israel W.K., Watson-Lazowski A., Chen Z.-H., Ghannoum O. High intrinsic water use
efficiency is underpinned by high stomatal aperture and guard cell potassium flux in C,
and C, grasses grown at glacial CO, and low light. J. Exp. Bot. 2022. 73 (5). P. 1546—
1565. https://doi.org/10.1093/jxb/erab477

Yeung E.C. A beginner’s guide to the study of plant structure. pp. 125—141. In: Tested
studies for laboratory teaching, 19. Ed. S.J. Karcher. Proceedings of the 19th Work-
shop/Conference of the Association for Biology Laboratory Education (ABLE). 1998.
365 p. https://www.researchgate.net/publication/228552007

Bunio L.V., Tsvilynyuk O. M. Influence of crude oil pollution on the content and elec-
trophoretic spectrum of proteins in Carex hirta plants at the initial stages of vegetative
development. Reg. Mechan. Bio. 2021. 12 (3). P. 459—466. https://doi.org/10.15421/
022163

Kocakiscbka 1.B., Baciok B.A., Boiitenko JI.B., Illep6atiok M.M. ['opMoHa/bHA cHC-
TeMa POCIMH 3a Aii Baxkux MertamiB. Kuis: Inctutyr 6otanixu iMm. M. I'. XonoaHoro,
2022. 176 c.

Teng Z., Lyu J., Chen Y., Zhang J., Ye N. Effects of stress-induced ABA on root archi-
tecture development: Positive and negative actions. Crop Journal. 2023. 11 (4). P. 1072—
1079. https://doi.org/10.1016/j.¢j.2023.06.007

Buckley T.N. How do stomata respond to water status? New Phytol. 2019. 224. P. 21—
36. https://doi.org/10.1111/nph.15899

ISSN 2308-7099 (print), 2786-6874 (online). Dizionoein pocaun i zenemura. 2025. T. 57. Ne 2 175



J.B. BYHBO, O.M. LIBIIMHIOK, JI.B. BOMTEHKO

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

176

Muhammad Aslam M., Waseem M., Jakada B.H., Okal E.J., Lei Z., Saqgib H.S.A., Yuan
W., Xu W., Zhang Q. Mechanisms of abscisic acid-mediated drought stress responses in
plants. Int. J. Mol. Sci. 2022. 23 (3). https://doi.org/10.3390/10.3390/ijms23031084
Bajguz A., Piotrowska-Niczyporuk A. Biosynthetic pathways of hormones in plants.
Metabolites. 2023. 13 (8). https://doi.org/10.3390/metabo13080884

Toups H.S., Cochetel N., Deluc L., Crame G.R. Abscisic acid metabolism pathways dif-
fer between grapevine species, leaves, and roots during water deficit. OENO One. 2022.
56 (4). P. 125—137. https://doi.org/10.20870/0eno-one.2022.56.4.5483

Rai G.K., Khanday D.M., Choudhary S.M., Kumar P., Kumari S., Martunez-Andsjar
C., Martunez-Melgarejo P.A., Rai P.K., Prerez-Alfocea F. Unlocking nature’s stress
buster: Abscisic acid’s crucial role in defending plants against abiotic stress. Plant Stress.
2024. 11. https://doi.org/10.1016/j.stress.2024.100359

Liu Y., Chen S., Wei P., Guo S., Wu J. A briefly overview of the research progress for
the abscisic acid analogues. Front. Chem. 2022. 10. https://doi.org/10.3389/
fchem.2022.967404

Kane C.N., McAdam S.A.M. Abscisic acid driven stomatal closure during drought in
anisohydric Fagus sylvatica. J. Plant Hydraul. 2023. 9. https://doi.org/10.20870/
jph.2023.002

Takahashi F., Kuromori T., Urano K., Yamaguchi-Shinozaki K., Shinozaki K. Drought
stress responses and resistance in plants: from cellular responses to long distance inter-
cellular communication. Front. Plant Sci. 2020. 11. https://doi.org/10.3389/
fpls.2020.556972

Hu B., Cao J., Ge K., Li L. The site of water stress governs the pattern of ABA syn-
thesis and transport in peanut. Sci. Rep. 2016. 6. https://doi.org/10.1038/srep32143
Kosakivska 1.V., Voytenko L.V., Vasyuk V.A., Shcherbatiuk M.M. Effect of zinc on
growth and phytohormones accumulation in Triticum aestivum L. priming with abscisic
acid. Dopov. nac. akad. nauk Ukr. 2019. 11. P. 93—99. https://doi.org/10.15407/dopovi-
di2019.11.093

Conceizao-Sabino F., Souza L.S.B., Souza M.A.G., Barros J.P.A., Lucena L.R.R.,
Jardim A.M.R.F., Rocha A.K.P., Silva T.G.F. Morphological characteristics, biomass
accumulation and gas exchange of an important species native for restoration in Semi-
arid Brazilian areas affected by salt and water stress. Plant Stress. 2021. 2.
https://doi.org/10.1016/j.stress.2021.100021)

Seleiman M.F., Al-Suhaibani N., Ali N., Akmal M., Alotaibi M., Refay Y., Dindaroglu
T., Abdul-Wajid H.H., Battaglia M.L. Drought stress Impacts on plants and different
approaches to alleviate its adverse effects. Plants. 2021. 10 (2). https://doi.org/10.3390/
plants10020259

Sandar M.M., Ruangsiri M., Chutteang C., Arunyanark A., Toojinda T., Siangliw J.L.
Root characterization of myanmar upland and lowland rice in relation to agronomic and
physiological traits under drought stress condition. Agronomy. 2022. 12 (95).
https://doi.org/10.3390/agronomy12051230

Manandhar A., Pichaco J., McAdam S.A.M. Abscisic acid increase correlates with the
soil water threshold of transpiration decline during drought. Plant Cell Environ. 2024. 47
(12). P. 5067—5075. https://doi.org/10.1111/pce.15087

Caine R.S., Harrison E.L., Sloan J., Flis P.M., Fischer S., Khan M.S., Nguyen P.T.,
Nguyen L.T., Gray J.E., Croft H. The influences of stomatal size and density on rice
abiotic stress resilience. New Phytol. 2023. 237. P. 2180—2195. https://doi.org/10.1111/
nph.18704

Bawa G., Yu X, Liu Z., Zhou Y., Sun, X. Surviving the enemies: regulatory mecha-
nisms of stomatal function in response to drought and salt stress. Env. Exp. Botany. 2023.
209. https://doi.org/10.1016/j.envexpbot.2023.105291

Koposenbka I'., Coxanbuak P., JIxxypa H., LBinuniok O., Tepek O. CtaH npoanxoBoO-
ro amapaty JUCTKiB pociuH Carex hirta L. 3a BIiuBy HaTOBOTrO 3a0pYAHEHHS TPYHTY.
Bicnuk Jlvgiscvkoeo ynieepcumemy. Cepis 6iosoeiuna. 2008. Bum. 47. C. 166—171.
Driesen E., Proft M., Saeys W. Article drought stress triggers alterations of adaxial and
abaxial stomatal development in basil leaves increasing water-use efficiency. Horticult.
Res. 2023. 10 (6). https://doi.org/10.1093/hr/uhad075

Wang L., Zhang Y., Luo D., Hu X., Feng P., Mo Y., Li H., Gong S. Integrated effects
of soil moisture on wheat hydraulic properties and stomatal regulation. Plants. 2024. 13
(16). https://doi.org/10.3390/plants13162263

ISSN 2308-7099 (print), 2786-6874 (online). Fiziologid roslin i genetika. 2025. Vol. 57. No. 2



POJIb ABK ¥V MIATPUMIII BOOHOTO BAJTAHCY

46.

47.

48.

49.

50.

Zhang Q., Tang W., Xiong Z., Peng S., Li Y. Stomatal conductance in rice leaves and
panicles responds differently to abscisic acid and soil drought. J. Exp. Bot. 2023. 74 (5).
P. 1551—1563. https://doi.org/10.1093/jxb/erac496

Brookbank B.P., Patel J., Gazzarrini S., Nambara E. Role of basal ABK in plant growth
and development. Genes. 2021. 12 (12). https://doi.org/10.3390/genes12121936

He M., He C.-Q., Ding N.-Z. Abiotic stresses: general defenses of land plants and
chances for engineering multistress tolerance. Front. Plant Sci. 2018. 9. https://doi.org/
10.3389/1pls.2018.01771

Romero P., Lafuente M.T. The combination of abscisic acid (ABA) and water stress reg-
ulates the epicuticular wax metabolism and cuticle properties of detached citrus fruit. /nt.
J. Mol. Sci. 2021. 22 (19). https://doi.org/10.3390/ijms221910242

Yan S., Weng B., Jing L., Bi W. Effects of drought stress on water content and biomass
distribution in summer maize (Zea mays L.). Front. Plant Sci. 2023. 14. https://doi.org/
10.3389/fpls.2023.1118131

Otpumano 18.03.2025

REFERENCES

1.

Shahzad, K., Hussain, S., Arfan, M., Hussain, S., Waraich, E.A., Zamir, S., Saddique,
M., Rauf, A., Kamal, K.Y., Hano, C. & El-Esawi, M.A. (2021). Exogenously applied
gibberellic acid enhances growth and salinity stress tolerance of maize through modulat-
ing the morpho-physiological, biochemical and molecular attributes. Biomolecul., 11(7).
https://doi.org/10.3390/biom11071005

. Zandalinasa, S.I., Fichman, Y., Devireddy, A.R., Sengupta, S., Azad, R.K. & Mittler,

R. (2020). Systemic signaling during abiotic stress combination in plants. Proc. Natl.
Acad. Sci., 117(24), pp. 13810-13820. https://doi.org/10.1073/pnas.2005077117

. Zandalinas, S.I., Fritschi, F.B. & Mittler, R. (2020). Signal transduction networks dur-

ing stress combination. J. Exp. Bot., 71 (5), pp. 1734-1741. https://doi.org/10.1093/
jxb/erz486

. Jing, Z., Liu, N., Zhang, Z. & Hou, X. (2024). Research progress on plant responses to

stress combinations in the context of climate change. Plants, 13. https://doi.org/10.3390/
plants13040469

. Vescio, R., Caridi, R., Laudani, F., Palmeri, V., Zappala, L., Badiani, M. & Sorgona,

A. (2022). Abiotic and herbivory combined stress in tomato: additive, synergic and antag-
onistic effects and within-plant phenotypic plasticity. Life, 12. https://doi.org/
10.3390/1ife12111804

. Oyebamiji, Y.O., Adigun, B.A., Shamsudin, N.A.A., Ikmal, A.M., Salisu, M.A., Malike,

F.A. & Lateef, A.A. (2024). Recent advancements in mitigating abiotic stresses in crops.
Horticult., 10 (2). https://doi.org/10.3390/horticulturac10020156

. Moradi, S., Sarikhani, M.R., Ale-Agha, A.B., Hasanpur, K. & Shiri, J. (2024). Effects

of natural and prolonged crude oil pollution on soil enzyme activities. Geoderma R., 36.
https://doi.org/10.1016/j.geodrs.2023.¢00742

. Jabbarov, Z., Nomozov, U., Kenjaev, Y., Abdushukurova, Z., Zakirova, S.,

Mahkamova, A., Kamilov, B., Kurvantaev, R., Kholdarov, D., Turdaliev, A. &
Yuldashev, G. (2024). Effects of pollution of saline soils with oil and oil products on soil
physical properties. E3S Web of Conferences, 497. https://doi.org/10.1051/e3sconf/
202449703006

. Sharma, K., Shah, G., Singhal, K. & Soni, V. (2024). Comprehensive insights into the

impact of oil pollution on the environment. Reg. Stud. Marine Science, 74(6), 103516.
https://doi.org/10.1016/j.rsma.2024.103516

. Kanungo, J., Sahoo, T., Bal, M. & Behera, I.D. (2023). Performance of bioremediation

strategy in waste lubricating oil pollutants: a review. Geomicrobiol. J., 4, pp. 360-373.
https://doi.org/10.1080/01490451.2023.2245395

. Khan, S., Masoodi, T.H., Pala, N.A., Murtaza, S., Mugloo, J.A., Sofi, P.A., Zaman,

M.U., Kumar, R. & Kumar, A. (2023). Phytoremediation prospects for restoration of
contamination in the natural ecosystems. Water, 15(8). https://doi.org/10.3390/
w15081498

ISSN 2308-7099 (print), 2786-6874 (online). Dizionoein pocaun i zenemura. 2025. T. 57. Ne 2 177



J.B. BYHBO, O.M. LIBIIMHIOK, JI.B. BOMTEHKO

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

178

Aloud, S.S., Alotaibi, K.D., Almutairi, K.F. & Albarakah, F.N. (2023).
Phytoremediation potential of native plants growing in industrially polluted soils of al-
gassim, saudi arabia. Sustainability, 15(3). https://doi.org/10.3390/sul15032668

Azizi, M., Faz, A., Zornoza, R., Martinez-Martinez, S. & Acosta, J.A. (2023).
Phytoremediation potential of native plant species in mine soils polluted by metal(loid)s
and rare earth elements. Plants, 12(6). https://doi.org/10.3390/plants12061219

Paes, Q.C., Veloso, G.V., Filho, M.N.C., Barroso, S.H., Fernandes-Filho, E.I., Fontes,
M.P.F. & Soares, E.M.B. (2023). Potential of plant species adapted to semi-arid condi-
tions for phytoremediation of contaminated soils. J. Hazardous Materials, 449.
https://doi.org/10.1016/j.jhazmat.2023.131034

Kafle, A., Timilsina, A., Gautam, A., Adhikari, K., Bhattarai, A. & Arya, N. (2022).
Phytoremediation: mechanisms, plant selection and enhancement by natural and syn-
thetic agents. Env. Adv., 8. https://doi.org/10.1016/j.envadv.2022.100203

Yang, X., Jia, Z., Pu, Q., Tian, Y., Zhu, F. & Liu, Y. (2022). ABA mediates plant deve-
lopment and abiotic stress via alternative splicing. Int. J. Mol. Sci., 23(7).
https://doi.org/10.3390/ijms23073796

Kosakivska, I.V., Shcherbatiuk, M.M., Vasjuk, V.A. & Voytenko, L.V., (2024).
Phytohormones in growth regulation and the formation of stress resistance in cultivated
cereals. Fiziol. rast. genet., 56(2), pp. 130-150 [in Ukrainian]. https://doi.org/10.15407/
rg2024.02.130

Shabbir, R., Singhal, R.K., Mishra, U.N., Chauhan, J., Javed, T., Hussain, S., Kumar,
S., Anuragi, H., Lal, D. & Chen, P. (2022). Combined abiotic stresses: challenges and
potential for crop improvement. Agronomy, 12. https://doi.org/10.3390/agrono-
myl12112795

Rehman, A., Azhar, M.T., Hinze, L., Qayyum, A., Li, H., Penge, Z., Qina, G., Jiae,
Y., Pane, Z., He, S. & Du, X. (2021). Insight into abscisic acid perception and signa-
ling to increase plant tolerance to abiotic stress. J. Plant Interact., 16(1), pp. 222-237.
https://doi.org/10.1080/17429145.2021.1925759

Kosakivska, 1.V., Vasyuk, V.A., Voytenko, L.V. & Shcherbatiuk, M.M. (2021).
Regulation of hormonal balance of wheat by exogenous abscisic acid under heat stress.
Visn. Hark. nac. agrar. univ., Ser. Biol., 1(52), pp. 52-66 [in Ukrainian]. https://doi.org/
10.35550/vbi02021.01.052

Parshykova, T.V. (Eds.). (2010). Plant physiology: practical. Lutsk: Teren, 420 p. [in
Ukrainian].

Israel, W.K., Watson-Lazowski, A., Chen, Z.-H. & Ghannoum, O. (2022). High intrin-
sic water use efficiency is underpinned by high stomatal aperture and guard cell pota-
ssium flux in C; and C, grasses grown at glacial CO, and low light. J. Exp. Bot., 73(5),
pp. 1546-1565. https://doi.org/10.1093/jxb/erab477

Yeung, E.C. (1998). A beginner’s guide to the study of plant structure. pp. 125-141. In:
Tested studies for laboratory teaching, 19. Ed. S. J. Karcher. Proceedings of the 19th
Workshop/Conference of the Association for Biology Laboratory Education (ABLE).
https://www.researchgate.net/ publication/228552007

Bunio, L.V. & Tsvilynyuk, O.M. (2021). Influence of crude oil pollution on the content
and electrophoretic spectrum of proteins in Carex hirta plants at the initial stages of vege-
tative development. Reg. Mech. Bio., 12(3), pp. 459-466. https://doi.org/10.15421/
022163

Kosakivska, 1.V., Vasyuk, V.A., Voytenko, L.V. & Shcherbatiuk, M.M. (2022). Plant
hormonal system under heavy metal stress. Kyiv: M.G. Kholodny Institute of Botany [in
Ukrainian].

Teng, Z., Lyu, J., Chen, Y., Zhang, J. & Ye, N. (2023). Effects of stress-induced ABA
on root architecture development: Positive and negative actions. Crop Journal, 11(4),
pp. 1072-1079. https://doi.org/10.1016/j.¢j.2023.06.007

Buckley, T.N. (2019). How do stomata respond to water status? New Phytol., 224,
pp. 21-36. https://doi.org/10.1111/nph.15899

Muhammad Aslam, M., Waseem, M., Jakada, B.H., Okal, E.J., Lei, Z., Saqib, H.S.A.,
Yuan, W., Xu, W. & Zhang, Q. (2022). Mechanisms of abscisic acid-mediated drought
stress responses in plants. Int. J. Mol. Sci., 23(3). https://doi.org/10.3390/10.3390/
ijms23031084

Bajguz, A. & Piotrowska-Niczyporuk, A. (2023). Biosynthetic pathways of hormones in
plants. Metabolites, 13(8). https://doi.org/10.3390/metabo13080884

ISSN 2308-7099 (print), 2786-6874 (online). Fiziologid roslin i genetika. 2025. Vol. 57. No. 2



POJIb ABK ¥V MIATPUMIII BOOHOTO BAJTAHCY

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Toups, H.S., Cochetel, N., Deluc, L. & Crame, G.R. (2022). Abscisic acid metabolism
pathways differ between grapevine species, leaves, and roots during water deficit. OENO
One, 56(4), pp. 125-137. https://doi.org/10.20870/0eno-one.2022.56.4.5483

Rai, G.K., Khanday, D.M., Choudhary, S.M., Kumar, P., Kumari, S., Martnez-Andjar,
C., Martnez-Melgarejo, P.A., Rai, P.K. & Perez-Alfocea, F. (2024). Unlocking nature’s
stress buster: Abscisic acid’s crucial role in defending plants against abiotic stress. Plant
Stress, 11. https://doi.org/10.1016/j.stress.2024.100359

Liu, Y., Chen, S., Wei, P., Guo, S. & Wu, J. (2022). A briefly overview of the research
progress for the abscisic acid analogues. Front. Chem. 10. https://doi.org/10.3389/
fchem.2022.967404

Kane, C.N. & McAdam, S.A.M. (2023). Abscisic acid driven stomatal closure during
drought in anisohydric Fagus sylvatica. J. Plant Hydraul., 9. https://doi.org/10.20870/
jph.2023.002

Takahashi, F., Kuromori, T., Urano, K., Yamaguchi-Shinozaki, K. & Shinozaki, K.
(2020) Drought stress responses and resistance in plants: from cellular responses to long
distance intercellular communication. Front. Plant Sci., 11. https://doi.org/10.3389/
fpls.2020.556972

Hu, B., Cao, J., Ge, K. & Li, L. (2016). The site of water stress governs the pattern of
ABA synthesis and transport in peanut. Sci. Rep., 6. https://doi.org/10.1038/srep32143

Kosakivska, 1.V., Voytenko, L.V., Vasyuk, V.A. & Shcherbatiuk, M.M. (2019). Effect of
zinc on growth and phytohormones accumulation in Triticum aestivum L. priming with
abscisic acid. Dopov. Nac. akad. nauk Ukr., 11, pp. 93-99. https://doi.org/10.15407/
dopovidi2019.11.093

Conceicao-Sabino, F., Souza, L.S.B., Souza, M.A.G., Barros, J.P.A., Lucena L.R.R.,
Jardim, A.M.R.F., Rocha, A.K.P. & Silva, T.G.F. (2021). Morphological characteristics,
biomass accumulation and gas exchange of an important species native for restoration in
Semi-arid Brazilian areas affected by salt and water stress. Plant Stress, 2.
https://doi.org/10.1016/j.stress.2021.100021)

Seleiman, M.F., Al-Suhaibani, N., Ali, N., Akmal, M., Alotaibi, M., Refay, Y.,
Dindaroglu, T., Abdul-Wajid, H.H. & Battaglia, M.L. (2021). Drought stress impacts on
plants and different approaches to alleviate its adverse effects. Plants, 10(2).
https://doi.org/10.3390/plants10020259

Sandar, M.M., Ruangsiri, M., Chutteang, C., Arunyanark, A., Toojinda, T. & Siangliw,
J.L. (2022). Root characterization of myanmar upland and lowland rice in relation to
agronomic and physiological traits under drought stress condition. Agronomy, 12(5).
https://doi.org/10.3390/agronomy12051230

Manandhar, A., Pichaco, J. & McAdam, S.A.M. (2024). Abscisic acid increase corre-
lates with the soil water threshold of transpiration decline during drought. Plant Cell
Environ., 47(12), pp. 5067-5075. https://doi.org/10.1111/pce.15087

Caine, R.S., Harrison, E.L., Sloan, J., Flis, P.M., Fischer, S., Khan, M.S., Nguyen,
P.T., Nguyen, L.T., Gray, J.E. & Croft, H. (2023). The influences of stomatal size and
density on rice abiotic stress resilience. New Phytol., 237, pp. 2180-2195. https://doi.org/
10.1111/nph.18704

Bawa, G., Yu, X., Liu, Z., Zhou, Y. & Sun, X. (2023). Surviving the enemies:
Regulatory mechanisms of stomatal function in response to drought and salt stress. Env.
Exp. Botany, 209. https://doi.org/10.1016/j.envexpbot.2023.105291

Korovetska, H., Sohanchak, R., Djura, N., Tsvilynjuk, O. & Terek, O. (2008). Tomatal
behaviour in Carex hirta L. plants under oil pollution. Visnyk of Lviv Univ. Biology
series, 47. pp. 166-171 [in Ukrainian].

Driesen, E., Proft, M. & Saeys, W. (2023). Article drought stress triggers alterations of
adaxial and abaxial stomatal development in basil leaves increasing water-use efficiency.
Horticult. Res., 10(6). https://doi.org/10.1093/hr/uhad075

Wang, L., Zhang, Y., Luo, D., Hu, X., Feng, P., Mo, Y., Li, H. & Gong, S. (2024).
Integrated effects of soil moisture on wheat hydraulic properties and stomatal regulation.
Plants, 13(16). https://doi.org/10.3390/plants13162263

Zhang, Q., Tang, W., Xiong, Z., Peng, S. & Li, Y. (2023). Stomatal conductance in rice
leaves and panicles responds differently to abscisic acid and soil drought. J. Exp. Bot.,
74(5), pp. 1551-1563. https://doi.org/10.1093/jxb/erac496

Brookbank, B.P., Patel, J., Gazzarrini, S. & Nambara, E. (2021). Role of basal ABK in
plant growth and development. Genes, 12 (12). https://doi.org/10.3390/genes12121936

ISSN 2308-7099 (print), 2786-6874 (online). Dizionoein pocaun i zenemura. 2025. T. 57. Ne 2 179



J.B. BYHBO, O.M. LIBIIMHIOK, JI.B. BOMTEHKO

48. He, M., He, C.-Q. & Ding, N.-Z. (2018). Abiotic stresses: general defenses of land
plants and chances for engineering multistress tolerance. Front. Plant Sci., 9.
https://doi.org/10.3389/fpls.2018.01771

49. Romero, P. & Lafuente, M.T. (2021). The combination of abscisic acid (ABA) and
Water Stress Regulates the Epicuticular Wax Metabolism and cuticle properties of
detached citrus fruit. Int. J. Mol. Sci., 22 (19). https://doi.org/10.3390/ijms221910242

50. Yan, S., Weng, B., Jing, L. & Bi, W. (2023). Effects of drought stress on water content
and biomass distribution in summer maize (Zea mays L.). Front. Plant Sci., 14.
https://doi.org/10.3389/fpls.2023.1118131

Received 18.03.2025

THE ROLE OF ABA IN SUPPORTING THE WATER BALANCE IN CAREX HIRTA L.
UNDER CONDITIONS OF OIL POLLUTED SOIL

L.V. Bunio!, O.M. Tsvilynyuk!, L.V. Voytenko?
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4 Hrushevsky St., Lviv 79005, Ukraine
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Today, the generally recognized stress hormone is abscisic acid (ABA), which is involved in
the regulation of plant resistance to a number of abiotic stressors — drought, salinity, high
and low temperatures, heavy metals. Oil pollution of soil, which is quite widespread, is a
complex multicomponent stress for plants. Plants growing on oil-polluted soil suffer from
drought, hypoxia and elevated temperature. Despite the wide range of regulatory roles of
ABA during plant growth and development, the mechanism of its action is primarily due to
the regulation of water balance in plants under stress. The aim of our study was to charac-
terize the role of ABA in maintaining the water balance of phytoremediant plants Carex
hirta L. under the influence of polystress — oil pollution of the soil. It was found that under
conditions of multicomponent stress, the endogenous content of ABA increased in the
above-ground organs of C. hirta to a greater extent than in the underground ones. The
increase in the ABA content in the roots contributed to an increase in the total volume of
the root system. An increase in the number of semi-open stomata and a decrease in fully
open stomata, and an increase in the thickness of the cuticle of the upper and lower epi-
dermis were found due to an increase in the content of the pool of free and bound forms of
endogenous ABA. This should contribute to a decrease in water loss by the plant through
transpiration. In general, an increase in the ABA concentration in various organs of C. hirta
under multicomponent stress (oil pollution of the soil) triggered a cascade of morphophysi-
ological changes that contributed to the preservation of plants water balance and increase of
their stress resistance.

Key words: Carex hirta L., abscisic acid, water balance, stress resistance, polycomponent
stress, oil pollution of soil.
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