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HakonmyeHHs NpoOIiHy Y BereTaTUBHIX OpraHax
Triticum aestivum (Poaceae) 3a yMOB IOCYyXU Ha paHHIX
¢da3ax po3BUTKY: MeTa-aHaIi3 JaHUX

FOpiit €. KOJTYTTAEB 23 (&), Makcum A. IIKJIAPEBCHKUM *
! Tncturyt pocmuanursa im. B.SL. FOp'esa HAAH Ykpainn,
npocnekT [epoiB Xapkosa 142, Xapkis 61060, Ykpaina
2 Hep>xaBHUI 610TeXHOJIOTIYHMIT yHiBepcurer,
By AnmueBcbKux 44, XapkiB 61022, Ykpaina
3 TlonTaBcbKuii AepKaBHMIT arpapHUil YHiBEpPCHTET,
Byn. CkoBopopu 1/3, ITonraBa 36003, Ykpaina
* Intego Group, Byn. Manisepa 8, Xapkis 61002, Ykpaina

* ABrop mna nucryBanHs: plant biology@ukr.net

Pedepar. IIponin BBaXKaeTbcA OFHNMM 3 HANBaXKIMBIMINX OCMOJITIB, 1[0 HAKOINYYIOTbCA POCIMHAMY Y BilIOBiAb Ha Hifo
CTPECOBUX YMHHMKIB, AKi CIIPMYMHAIOTh 3HEBOJHEHHA KIiTHH. HakonmdeHno BeMMKMii MacuB JaHUX CTOCOBHO 3MiH BMIiCTy
MIPOJTiHY Y KY/IbTYPHMX POC/IMH Pi3HMX F€HOTUIIIB 3a Jiii 0OCMOTMYHMX cTpeciB. lle IOBHOI MipOI0 CTOCY€ETbCA i OJHOTO 3
HallBX/IMBIIINX KY/IbTYPHUX 37aKiB — M'Akoi nmerni (Triticum aestivum). IIpoTe 1M faH ' M 6paKye 06'€KTUBHOI OIIHKM
i cucremarmsariii. Meta po6oTu HojsAraa y mpoBeieHHI MeTa-aHa/lsy JaHVX I[Of0 3MiH BMICTY IPOJIiHY Y POC/INH IIIEHNII
Pi3HUX FeHOTUIIIB Ha paHHIX (asax posBUTKY 3a Ail mocyxu. [Ina o6pobku 6yam BuOpaHi nuile eKcliepuMeHTasIbHi JaHi,
OTpUMaHi B KOHTPO/IbOBaHMX (PAKTOPOCTATHUX YMOBaX. IHIIMM KIIOUOBUM KpUTepieM BIUOOPY HOCTI/KEHD [/Is BKIIOYeHHs
B MeTa-aHasi3 Oy/1a HasABHICTb 00'€KTUBHUX JAHUX IIPO PiBEHDb MOCYXOCTIMKOCTI JOC/IIKYBaHNX TeHOTHUIIIB. Y pesynbrari
Oy/Ivt BUSHAYeH] BifHOIIEHHS CepefIHiX 3Had4eHb BMICTY IIPOJIiHY Y POC/IVH 3a YMOB CTPECy [0 CepefHiX 3Ha4eHb B KOHTPOJI —
In(R/R), oTpumani Ha mifgcraBi 112 FOCTimXeHb, MpeACTaBlIeHUX y 21 XypHa/lbHill cTarTi. 3p00/IeHO BMCHOBOK, LIO Y
BETeTaTMBHUX OpraHax 1. aestivum 3a Jiil HOCYX¥ BMICT IPOJTiHY HOCTOBipHO mifiBMIyeThCA. BogHouac BiporigHoi pisHuui
Y CTyIEHi MiIBUIIEHHS IIbOTO MOKA3HMKA Yy CTIMKMX Ta 9yTIMBUX T€HOTHUIIB HeMae. [HIMMM CloBaMM, 3pOCTaHHA BMICTy
IIPOJIiHY Y IILIEHNI] € YHIBepCaJbHOIO PeaKii€lo Ha oCMOTHMYHMII cTpec. OKpeMO 0OrOBOPIOETbCA INTAHHSA iHTepIpeTail
JaHUX CTOCOBHO IiJIBUIIIEHOI HOCYXOCTIIKOCTi TpaHCOPMAHTIB 3i 3MiHEHMM CHHTe30M ab0 KaTabo/isMOM IPOTIiHY.

Knrouosi ciosa: Triticum aestivum, MeTa-aHaJis, I0CyXa, IPOJIiH, CTiMIKicTh

Bcryn CTPECiB, y IIepIlly 4epry IOCYXM, eKCTpeMaJbHUX
BMCOKMX TEMIIEpAaTyp Ta 3aCONEHHs, CTa€ OfHi-
[TocuneHHs BIUIMBY Ha pOCIMHM abGiOTMYHMX €10 3 TOMOBHMX 3arpo3 ITI00asbHIl MpOmoBOIbYiil
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10.€. KOIYIIAEB, M.A. IKJIAPEBCbKIN

6esmeni. 3rifHO 31 CTATUCTUKOIO, y nepiop 3 2008
1o 2018 poky mocyxa y cBiTi 6ysa OCHOBHOIO IIpu-
YMHOIO BTPAT yPO’XKal0, CKIajawdy nonap 34% s3a-
ra/JIbHUX BTPaT I7I006aIbHOTO CiIbCHKOT'O TOCIOfap-
crBa (Lau et al., 2025). 3HMKEHHSA BOJOIIOCTAYaHHA
Ha 40% Bifi OITMMAaJIbHOTO NPU3BOAUTD 0 MaliH-
HS BPOXKATHOCTi O17IbLIIOCTI 3€pHOBUX KY/IBTYp Ha
20-40% (Kolupaev, Blume, 2022). 3okpema, cpu-
YMHIOBaHE IIOCYXO0 3HVDKEHHA BPOXKaHOCT] II1lIe-
HHULI Ta KyKypyAsu B nepiog 1980-2015 pp. y cBiti
ckmagano 20,6% u 39,3% BignosigHo (Munaweera
et al., 2022). BogHOo4ac mporuosyerbes, mo o 2050
p. moTpeba CBITOBOrO CiIbCBKOTO TOCIOAAPCTBA
Yy IPpicHIiNl BOA1 MOXe 3pOCTM BABidYi, MpoTe 4epe3
3MIiHM K/IiMary ii JOCTYIIHICTh MOXKE SHUSUTUCA Ha
50% (Gupta et al., 2020). Takum 4MHOM, aKTyalb-
HICTb MiIBUILEHHA IIOCYXOCTIMIKOCTi KY/IbTYPHMUX
POCIUH fiefiani HOCUTIOBAaTYMEThCA.

Jlna BupimenHa 1iei mpobmeMm 3amydaroTbCA
AK TpajguIiliHI CeNeKLiHO-TeHeTNYHI MigXOAHu,
Tak i 6i0OTEXHONOriYHI MeTOMM MOJIIMIIEHHs Ci/lb-
CbKOTOCIIOJJAPCbKUX KYNIBTYp. Taki MEeTOAM reHHOI
imkenepii, Ak Hagekcnpecisa, PHK-inTepdepennisa
Ta peflaryBaHHA TeHOMY 3a0e3IIeYyloTb J[JOCUTb
HIBY/IKE MOKpallleHHsA O3HAaK OCHOBHUX Ci/IbCBKO-
rocriofapcpkux kynpryp (Yerlikaya et al., 2024).
He MeHm monynapHUM NpMitOMOM HifIBUILEHHA
CTINIKOCTi pOCIMH 10 abiOTMYHUX CTPeCiB, 30Kpe-
Ma IOCYXM, € BUKOPUCTaHHs (DiTOrOpMOHIB, IX-
HiX IITYYHUX aHA/IOriB Ta iHIMX GiOperyniTopis.
CHexTp IMX CIONYK fepasi posmuproerbes (Kosa-
kivska et al., 2022a, 2022b; Lau et al., 2025). Box-
Ho4Yac eeKTMBHE 3aCTOCYBaHHs BCIX IMX IMIAXOLiB
nepef6ayae MornmmoIeHHs yABIeHb PO MeXaHi3MI
CTIIKOCTI POC/IMH [O HECNPUATIMBUX YMHHUKIB,
NOB'sA13aHNUX i3 KmiMaTnyHrMy 3Minamu. Hait6inpin
BUpa3Hi MeTabo/iuHi 3MiHM POCIMH Y BifIoBinb
Ha [Iil0 CTpecopiB MOXYTb BUKOPMCTOBYBAaTHCA
pu Bo6opi Matepiany [iA CXpellyBaHb y CeNleKIil
3a O3HAKaMM CTiIKOCTi, OLiHLi pe3y/IbTaTMBHOCTIL
TeHHO-IH)XeHEePHMX MaHIIy/IALiN Ta epeKTUBHOCTI
Iil perynaTopis pocTy.

Bimomo, 1110 OfHi€0 3 OCHOBHUX CTpaTeTiil afal-
Tallil POCIMH O NMOCYXM € HAaKONMYEHHA CyMic-
uux ocmonitiB (Cha-Um et al., 2019; Ozturk et al.,
2021). Cepen HUX 0cObGMMBA PONTb HANEKUTH MPO-
JIiHY, AKUJ HYHI BBa)Ka€TbCA Hal6i/bIlI BUBYEHUM
MYNIbTU(YHKIIOHAIbBHIM CTPECOBMM MeTabO0MTiTOM
(Forlani et al., 2019). Bin € opniero i3 mporeino-
TeHHVX aMiHOKMC/IOT, HeOOXifHUX [y1s1 6i0CUHTe3y
6inKa, BOZHOYAC MOXKe JiATU K OCMOIIPOTEKTOP,
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cTabimisyBaru  MakpoMojeKymy  (IIarmepoHHMUN
edexT), QYHKIIOHYBATU AK CKaBEH/PKep BITbHUX
pagukaniB (mpsMa aHTMOKCUAAHTHA Zisg) i Opatu
Y4acTh y MiITPMMaHHi OKMCHIOBaJIbHO-BiJHOBHO-
ro 6amancy (Szabados, Savouré, 2010; Ghosh et al.,
2022; Raza et al.,, 2023). 3okpema, caM IpoLiec CUH-
Te3y MPOMiHy MOXKe BUKOHYBAaTU pOJIb MEXaHi3My
cnoxuBa"HA HagmmmkKy NADPH, mo yTBoproers-
cs1 mpu QYHKIIOHYBaHHI (POTOCHHTETUYHOrO ara-
paTy 3a CTpecOBMX YMOB, KOMM BHAC/i/IOK 3aKpu-
BaHHs NPOAVXIiB 3MeHUyeTbest acuminsyia CO, i
BiJITIOBiJHO YIOBiNIbHIOETbCA BUTpATa BiJHOBHMX
exBiBasenTiB (Alvarez et al., 2022). Bogrovac okic-
HEHHs1 MPONMiHY B He(POTOCHHTE3VIOUMX OpraHax,
HepefyciM B KOPEeHAX, MOXKe 3yMOB/IIOBATU ITOCH-
neHe reHepyBaHHs BimHoBHUKIB FADH, i NADH
IJId IOCTaBKM €/IEKTPOHIB /10 MiTOXOHJIpia/IbHOTO
€/IeKTPOH-TPAHCIOPTHOTO JIAHIIIOTA.

VYIIpopioB>XX OCTaHHIX AeCATUNIITH B JiTeparypi
HaKOIIMYYBa/INCS BiTOMOCTI ITPO 3B'130K MX BMic-
TOM €HJIOT€HHOIO NPOJiHYy Ta CTIiiKiCTI0O POCINH
1o abloTMYHMX CTpeciB, MOB'A3aHUX i3 3HEBOJHEH-
uaMm kaitun (Mansour, Salama, 2020; Ghosh et al.,
2022). IHIMM MiATBEpIKEHHAM Y4YacTi IPOTiHY B
3aXMICTi POC/IMH 32 [iii CTPECOBMX YMHHUKIB € €KC-
MIEPUMEHTH 3 MiJBUILEHHA CTiIKOCTI POCIAMH I
BIUIMBOM €K30T€HHOT'O IIPOJIiHY, TPOBEMIeH] Ha pAJi
BupiB pocivH (El-Beltagi et al., 2020; Mansour, Sa-
lama, 2020; Mockeviciateé et al., 2023). Ponb nponi-
HY B aJjalTalil TaKOX JOBefleHAa CTBOPEHHAM TeH-
HO-iH)KEHEPHUX POCIMH 3 HMOCHUIEHMM CUHTE30M
ab0 mpurHiveHum Karabomismom mpomniny (Ven-
druscolo et al., 2007; Kaur, Asthir, 2015; Ren et al.,
2018; Dubrovna et al., 2020, 2022).

Y po6oTax, BUKOHAaHMX Ha POC/IMHAX 3 Pi3HMX
TaKCOHOMIYHMX TIpYH, IIOKa3aHO IIO3UTUBHMIA
3B'30K MDK BMICTOM HpPOJIHY i CTifIKiCTIO Bifmo-
BiIHMX T€HOTHUIIIB 10 OCMOTUYHUX cTpeciB (Man-
sour, Salama, 2020). 3okpema, Taki ZaHi OTpUMaHi
Ha npukIagax s3naxis Hordeum vulgare L. (Dbira et
al., 2018) ra Oryza sativa L. (Sanchez-Reinoso et al.,
2014), opxineit popy Anoectochilus Blume (Mei et
al., 2018) i HM3KM iHIINX TAKCOHIB.

Cepeq; 3epHOBIIX 371aKiB, SIKi 3a3HAIOTh iCTOTHOTO
HEraTVBHOTIO BIUIMBY IIOCYXY B 6araTboX perioHax
CBITY, OOHMM 3 HalOi/bII CTpaTerivyHO BaXkKJIMBUX
e mmennna (Wu, Yang, 2024). ITocyxa HeraTtus-
HO BIUIMBA€E Ha POC/IMHM IMIIEHNI] MPAaKTUYHO Ha
BCix (hazax OHTOreHe3y — Bifj IPOPOCTaHHS 3€pHi-
BOK Jj0 Ha/myBy 3epHa (Hasanuzzaman et al., 2018).
ITpu uboMy B YkpaiHi Ta 6araTbox iHIIMX KpaiHax
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pocman o3uMoi M'sikoi minenuni (Triticum aesti-
vum L.) gy>e 9acTo Hifar0ThCs Hil MOCYXM SIK Ha
panHix dasax (Imif dac IpopocTaHHs HACiHHS, 110
nepeOyBae B IPyHTi, i pocTy eTionboBaHUX IpoO-
POCTKiB [0 IXHBOrO BUXO[Y Ha IOBEPXHIO IPyH-
Ty), TaK i misHimmMx — y cragii 2-3 muctkis. Ie
IIOB'AI3aHO 3 IOCYXaM, L0 IOCTINIHO (iKCYIOTbCs
Yy B€PECHI—KOBTHI, 0COONMMBO B MiBIEHHUX i CXif-
HUX perioHax Ykpainum (Romanenko et al., 2018).
BopgHoyac Apa nieHnI Tak caMo MOXKe 3a3HaBaTy
BIUIMBY IIOCYX) Ha paHHIX ¢asax pO3BUTKY depes
BecHaAH] nocyxn (Khomenko et al., 2017). Crpec
IIOCYX) y IOBEHINIbHUI IIEPiof; MOXKe CIPUYMHUTH
MPUTHiYeHHA POCTY POCINH Ha HACTYIIHUX eTalax
OHTOTEHE3y i, 3pEeIITOI, 3HAaYHE 3HVDKEHHS BPO-
>kaitHocTi (Hasanuzzaman et al., 2018).

[l BupileHHA mpo61eMn CTIMKOCTI MIIeHnIi
10 OCMOTHYHUX CTPECIB, SIK 1 JiIs1 6araTbox iHIINX
KYIbTYPHUX POCIUH, BUKOPUCTOBYIOTbCS CeNeK-
[il{HO-TeHeTNYHi, TeHHO-imXeHepHi Ta disiono-
rivai migxomu (Yerlikaya et al., 2024). Bogxouac
ISl IXHBOTO 3aCTOCYBAHHS HeOOXiTHMI ITOCTiii-
HIUII CKPUHIHT CTiifkocTi pociuH. TpapumiiiHo
BMICT NIPOJIiHy BBa)Ka€TbCA ONHUM 3 GioXiMiuHMX
MapKepiB T€HOTUIIB MIIEHMLi 3 Mi[BUIIEHOI0
cririkictio go nocyxu (Pykalo et al., 2020). Hapasi
faHi PO 3B'A30K MK HaKONMYEHHSAM IIPOJiHY i
PO3BUTKOM CTiJIKOCTi POCIMH IIIEHMI], AK i Oa-
raTbOX iHIIMX BUJIIB, € CYIIepEeYINBIMU (Mansour,
Salama, 2020; Kolupaev et al., 2023). Hanpuknap,
II0Ka3aHa BiJCYTHICTh 3HAYMMOI KOpenAlil MiX
HaKOIMYEHHAM IIPOJTiHY i IOCYXOCTIMKICTIO ceMU
coptiB mmennui y ¢asi 1-2 mucrkis (Kolupaev et
al., 2024). Binbie TOro, B eKCIIepUMEHTi 3 OJHO-
YaCHMM BMKOPUCTAHHAM 30 cOpTiB mineHn1i 6y1o
II0Ka3aHo, 10 y 11 copTiB 3 HallBUIMM iHJEKCOM
YyT/IMBOCTI ;O COIBOBOIO CTPECY, AKUI BKIYAE
B cebe i Ii0 OCMOTHYHOTO CTpPeCY, Bij3HAYAIOCH
Hall6IIbII iCTOTHe WiABUIEHHA BMICTY HpOJI-
Hy (Poustini et al., 2007). ITpn oMy aBTOpaMn
BCTAHOBJIEHO BIipPOTiJHY 3BOPOTHY KOpEJAILil0
MDK BMICTOM HpOJIiHY B NMMCTKax (Ha TeHepaTuB-
Hil1 (asi po3BUTKY POC/INH) i HAKOIMYEHHAM 6i0-
Macl 3a YMOB CO/IbOBOTO CTpPEcY.

BopHouac oTpumaHHA TpaHCHOPMAHTIB mre-
HUII 3 IiJBUIIEHMM BMICTOM IpOJiHY, AKi Bifi-
pisHAMUCA BUCOKOI HocyxocTiikicTio (Dubrovna
et al., 2022; Renzetti et al., 2024), Ta mosBa HO-
BJX BiZJOMOCTel PO MYIbTUQPYHKIIOHATbHICTD
nponiHy fK cTpecoBoro Merabomiry (Alva-
rez et al., 2022) cHOHYKalOTh IO MOWIYKY OimbuI

00'€eKTMBHUX CIIOCOOIB aHaMi3y [aHUX IOZO
HaKONMYEHHA NPOJIiIHY POC/IVHAMY IIEBHUX BU/JIiB
i MO>KJIMBUX 3B'sI3KiB MK JI0rO BMICTOM Ta CTiit-
KiCTIO POC/IMH O KOHKPETHMX CTPECOBMX YMHHMI-
KiB. OZHUM 3 HUX € 3aCTOCYBAaHHA MeTa-aHaJi3y
JaHUX, AKEe CTa€ fAefani MONyAAPHIlIMM y CTpe-
coBiit 6iomorii pocmuu. Pobora Y. Sun i cniBasr.
(2020) crama mepmMM MeTa-aHAMI30M [TaHUX
LIOZl0 OCHOBHMX Pe€aKlili POCIMH Ha IMOCyxy. Y
HilT Oy10 mpoaHanizoBano 18 ¢isiomoriynnx i 6i-
OXIMIYHMX TOKa3HMUKIB, ane 6e3 OyAb-sKOro ypa-
XyBaHHA TAKCOHOMIYHOI IPUHANEXHOCTI POC/INH.
Bopmnouac no6pe BiZloMO, 1110 afjallTUBHI CTpaTeTil
HaBiTb Y POC/INH, IO Ha/IeXaThb JO O/M3bKMX TaK-
COHiB, MOXXYTb iICTOTHO BifipisHATMCA. 3BaXKAUU
Ha Ile, aKTyaJbHUM € IIPOBEJEHHA MeTa-aHajli3y
caMe B MeXax JJaHUX IPO afanTalifd KOHKpeT-
HOro Bupy pociuH. lleil migxiy HemofaBHO BHU-
KOPUCTAHO INpY AOCTIIKeHHI BIVIUBY medinuty
BOJIY Ha HAKONMYEHH: NPOJTiHY Ha IPUK/Iafi poc-
nuH coi (Glycine max (L.) Merr.) (Schneider et al.,
2025). OpHak mORi6HUX y3arajpHeHb s Oinb-
IIOCTi iHMMX BUAIB POCINH [OTENep He NPOBO-
punocs. CTOCOBHO TaKOTO BaXKIMBOTO BUAY AK T.
aestivum, HaM BiJJloOMO JIMIIe Of[HE MeTa-aHa/liTuY-
He y3aranpHeHHs (Wu, Yang, 2024). Asne y HpOMY
AHAJI3YBAMINCA NaHi BUKIIOYHO /I POC/INH O3M-
MOI IIIE€HNIIi, BUPOLYBAHOI B IOIbOBUX YMOBaxX
a00 Ha eKCIepVMEeHTA/IbHUX MaliJaH4YMKaxX Ha Te-
puropii Knrarto, i crocyBanucsa BoHM Inepiony Bif
IIOHOBJIEHHSA BECHAHOI BereTallil 10 HaluBYy 3€pHa.
IIpu nboMy piBeHb CTIIKOCTi pOCIMH Pi3HUX COp-
TiB He BpaxoByBaBcs. OTXKe, Ha CbOTOHI BifiCyTHI
6ynb-sKi 00'€eKTUBHI y3araJbHeHHsS NaHUX IOLO
3MiH BMICTy IpOJiHy B IIIEHMIN 3a Ail IOCYyXu
Ha paHHIX cTafiAX po3BUTKY. BogHovYac CKpMHiHT
CTIJIKOCTi T€HOTUIIIB MIIEHNIIi i3 3aCTOCYBaHHAM
€KCIIpec-MeTOiB HallJacTillle 3i/fICHIOETbCA CaMe
Ha HalfOiIbII paHHIX CTafisX PO3BUTKY POCIUH
(Pykalo et al., 2020).

Y 3B'A3Ky 3 BUK/IafIeHUM BUILE, METOI poOOTH
cTasno nposefeHHA 6i6miorpadivnoro momryky i Ha-
CTYIIHOTO MeTa-aHa/li3y JaHUX IIOLO BMICTY IPO-
NiHy Ha paHHIX ¢asax pO3BUTKY y POCIUH IILIe-
HHUIIi 3 PiSHOIO ITOCYXOCTINKICTIO B ONTVMAJIPHUX i
CTpecoBUX yMOBax. Mu HamMarauch 3'sicyBary, Ha-
CKiTbKM CTabiIbHOIO € peakllis MiABUILEeHHs BMic-
Ty mponiny B 1. aestivum y BiflIOBijb Ha IOCYXY
Ha paHHIX ¢asax pO3BUTKY i HACKIJIbKY 3ajexarb
IapaMeTpy TaKoI peakliii Biff IIOCYXOCTINKOCTI J0-
CITiZPKYBaHMUX F€HOTUIIIB.
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Marepianu Ta MeTOAU

OCHOBHMII NIOUIYK [aHVX 37iiicHIOBamu B 6asi Go-
ogle Scholar (https://scholar.google.com/) 3 oxo-
nieHHAM nepiogy Big 2005 go 2024 poKy BKIIOYHO,
BYKOPMCTOBYIOUM BiJIIIOBifiHI BapiaHTM IO€JHaH-
HA KkmodoBux ciis: "drought AND proline AND
wheat", "drought AND proline AND Triticum aes-
tivum", "water deficit AND proline AND wheat",
"water deficit AND proline AND Triticum aesti-
vum". llInaxoM neperisany Hass i aHOTaLiil IpKeper
1o 10-i (BK/IIOYHO) CTOpiHKM HOLIYKY Oy710 Bifibpa-
HO 86 OpuriHa/JIbHMX HAayKOBUX CTaTel, IPU LbOMY
Oynmu BujaneHi oriAny, Marepiamy KoH]epeHIii,
my6mor0di Ta iHIi HeBiAMOBiAHI my6TiKail.

/1A mojanblIoro BUKOPUCTAHHA B MeTa-aHa-
mis3i ui Bimibpani crarti 6ynu nmpoaHanizoBaHi Ha
BiflIOBifHICTb TakuMm Kputepiam: (1) HasBHicTb
a0COMIOTHNX [AaHUX PO BMICT HPOJIHY Y poc-
NVMH JOCTIAHOI i KOHTPONBHOI IpyI; (2) HasIBHICTD
JAHNX TPO KiJIbKiCTb MOBTOPEHb Ta CTAaHJAPTHI
BifIXV/IeHHs pe3y/nbTariB; (3) HasABHICTD y KOX-
HOMY JIOCTIi/I)KEHHi He MEHII HiXX JBOX T€HOTMUIIIB
POCIUH 3 Pi3HOIO CTilKicTIO; (4) HasIBHICTD JaHUX
IIPO CTIMKICTh NOCIIPKYBAaHUX POCIMH; IPU LIbO-
My KpiM IIOfi/ly T€HOTUIIB Ha CTiMKi Ta HEeCTiiKi
aBTOpaMI [OC/IiPKeHb, BpaXOByBajacs HasBHICTb
y cTaTTi 06'€KTMBHUX JAHUX CTOCOBHO CTiIKOCTi
TeHOTUIIIB, HacaMIlepesi XapaKTEePUCTHUK, 11O Bifo-
6pakatotp pict (36inpinenns 6iomacu Ta/abo i-
HIJTHOTO POCTY); 3a BifICYTHOCTI POCTOBMX HaHUX
BJICHOBOK IIPO BiJJMiHHOCTI y CTiJIKOCTi COPTiB poO-
6wmn Ha mifcTaBl NOPIBHAHHA IHMIMX iHTerpab-
HUX MMOKa3HMKIB (BogHMIT fedinut, cTan MeMOpaH,
BMICT (‘1)0TOCI/[HT€T]/I‘{HI/IX IIiIrMEHTIB); 32 HAABHOCTI
Y [OCIPKEHHI BENIMKOI KiZIbKOCTi COPTIB 3 pi3-
HOIO CTIJIKiCTIO pO3PaXxOBYBa/ly YMOBHUI Cepefi-
Hiil TIOKa3HUK 30epeXKeHHs POCTY 32 YMOB CTpecy
I/Is1 BCIX TeHOTUIIB JOCIpKyBaHol rpynu (iHgekc
CTIMKOCTI), TiC/IsT 90oro copTH, sKi 1Oro mepeBu-
mysany, kracudikysamm Ak "crifiki’ i, HaBIaxwu,
TeHOTUIIN 3 MOKa3HMKAMU HIDKYMMU Bifi YMOBHMX
cepenHix BigHOCKMIM 10 HecTiiikux; (5) piBeHb CT-
pecoBOTO BIUIMBY — BiJi IOMiPHOTO JJO CMJIBHOTO
(y 6inpIIocTi AOCTIIXEHb BUKOPUCTOBYBAIUCS
CTpPecoBi BIUIMBY, SIKi CIPUYMHAIM iHriOyBaHHA
pocty pocmuH Ha 30-70%; fAKio B po6oTi omHO-
YacHO JOC/PKYBalIM BIUIMB CTPeCiB pisHOI cumm,
TO /ISl pO3PaxXyHKiB BMKOPVMCTOBYBA/IM BENWYMHHA,
oTpuMaHi 3a [il cTpeciB cepenHboi ab0 BMILOL Bif
cepenHbOi cymn); (6) BUKOPUCTAHHS ISl aHAJI3y
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HaJj3eMHOI YaCTMHU POCIMH — 3€/IeHUX /IMUCTKIB
a060 TaroHiB eTioIbOBaHMX NMPOPOCTKiB; (7) mepe-
OyBaHHA POC/IVMH Ha BeTeTaTUBHIil (as3i po3BUTKY
i y koHTpOonboBaHUX PAaKTOPOCTATHUX yMOBax. Pe-
3y/IbTaTH JIOCTi/I)K€Hb, IPOBENEHNX 32 IOTbOBMX
yMOB 260 Ha eKCIEepPMMEHTAIbHUX MaliJaHIMKaxX
6e3 perymaLil TeMuepaTrypu i OCBiT/IEHHs, He Bpa-
xoByBaymcsA. B ycix poborax, BK/IIOUEHUX 1O Me-
Ta-aHaJli3y, CTpeC IOCyXM CTBOPIOBABCA 3a JOMO-
MOTOI0 HeNpOoHMKHUX mojietmnenrmikonis (ITET)
a00 LIIIXOM IPUIVHEHHS IOMBY 3 OfHOYACHUM
KOHTPOJIEM BOJIOTOCTi CyOCTpary.

Ilicna BupaneHHsT cTarteii, sIKi He BifgmoBiganu
ofmHOMY ab0 KibKOM IepeidyeHuM BHUIIe KpuTe-
pisM, s MeTa-aHamisy Oymo 3ammineHo 112 map-
HUX JTOCIIJPKEHb, BUIydenux 3 21 crarri (Tabm. S1,
puc. 1). lexinbka nap BapiaHTiB (KOHTpOIb i f0-
CJIiJ 3 IEBHMM T'€HOTUIIOM), 1[0 Ha/IeXKanu O Off-
Hi€l CTaTTi, OI[iIHIOBANMCA SAK He3aJIeXXHi CIIOCTe-
peXeHHs, AK Ile 3a3BM4Yall BUKOPUCTOBYETbCA B
MeTa-aHani3i y ramysi 6ionorii pocimn (Kliimper,
Qaim, 2014; Sun et al., 2020; Renzetti et al., 2024).
Jawui, mpexncrasieHi B crarrax y rpadivniit ¢op-
Mi, BUJIy4a/au 3 TEKCTIiB 3a JJOIIOMOIOI0 IPOrpaMu
WebPlotDigitizer (Burda et al., 2017).

Benmyunnu edexTiB OLiHIOBaMM, PO3paxOBYIOUN
HaTypa/JbHUI orapudmM BiffHOIIECHHs CEPeIHbOIO
3HAYeHHs BMICTY IPOJIiHY 3a Jil CTpecy mo cepef-
HBOTO 3HaueHHs KOHTpomo: In(R/R), sxuit Takox
nosHauaTh 5K log[Rom] (log transformed ratios
of means). AHami3 BMKOHYBalu 3 BUKOPUCTaH-
HaMm random-effects model (Mopmenp BUmagKOBUX
edexriB). JIs1 OLiHKM MapaMeTpiB MOfeNi 3acTo-
coByBamu REML — restricted maximum likelihood
estimator. REML € crangapTHUM y 6araTbox mepe-
TOBMX TaKeTaX CTATUCTUYHOTO IPOIPAaMHOTrO 3a-
Oe3rnedeHHs i JO3BO/SIE BifHOCHO TOYHO BYSIBIIATU
3aKOHOMIPHOCTI 33 HEBEIMKOI Ki/TbKOCTi JJaHMX.

Bci mepeTBOpeHHA MaHMX, aHasi3 Ta Bisyamisa-
Lif0 3/iJICHIOBA/IM 3a JIOIIOMOTOI0 MOBU IIPOTPaMy-
BaHH: R Bepcii 4.4.1 (R Core Team, 2019) 3 BuKo-
pucranusam nakera metafor (Viechtbauer, 2010).

PesynbraTi Ta 06rOBOpeHHA

[IpoaHanisoBaHi JOCTIIPKEHHA Biipi3HANNCA 3HA4-
Holo BapiabenbHictio (puc. 1). Ile 7iMoBipHO 3y-
MOBJIEHO Pi3HMMU eKCIEepMMEHTA/JIbHIUMU YMOBa-
MU, He3Ba)KaloYy Ha HasABHICTb NEBHUX PaMOK Y
BMOOPI JaHMX I/ aHamisy (EMB. Buine). 30Kpema,
He3Ba)Kalouyl Ha Te, IO BCi poCMHM IepeOyBanu
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Ha BereTaTVBHIN (asi po3BUTKY, ixHill BiK y pisHuX
TOCTiKEHHAX Bapil0BaB BiJj YOTUPbHOX [IHIB [IO Ofi-
HOTO MicsAnA. TpuBamicTb BINMBY Ta iIHTEHCUBHICTD
IIOCYXM TAaKOX BifIpi3HAIACA, X04a B YCiX eKciepu-
MEHTAaX leil YMHHUK iCTOTHO IPUTHIYYBaB PicT Ta/
a60 BiporifHO MO3HaYaBCA Ha TAKMX iHTErpaTbHUX
MOKa3sHMKAaX, fAK BeIMYNHA BOJHOTO fedinurty B
TKaHMHAX JIMCTKiB, BMICT q)OTOCMHTeTI/I‘lHI/IX TIir-
MEHTIB, IIPOHUKHICTb MeMOpaH, piBeHb MapKepis
OKICHIOBA/IbHOTO CTpecy (AuB., Hampukiaam: Mar-
cinska et al., 2013; Faisal et al., 2019; Kirova et al.,
2021; Nasirzadeh et al., 2021). Ille ognH YUHHUK,
AKMIT He KaTeropusyBaBCsA B I[bOMY Ta OiIbLIOCTI
IHIIMX MeTa-aHali3iB — [MHaMiKa 3MiH BMICTy
nponiny. Bimomo, 1o itoro BMICT MoO)e iCTOTHO
3ajiexaTn Bif a3y CcTpecoBol peaxiiii, a He /nuiie
Bif nii cTpecoBoro umHHMKa sIK Takoro (Oboznyi
et al, 2013). IIpore, BenmuuuHM BMICTy IpPOIiHY B
3i6paHOMY 1A aHATi3y My/i JaHMX OTPUMaHi Je-
pes pisHi 4acoBi BifIpi3KM Bifi IOYATKy CTPECOBUX
BIUIMBIB.

[eTeporeHHICTh pe3ynbTaTiB TAaKOX MOXKe OYTH
3YMOBJIEHa HasABHICTIO BEIMKOI KiZTbKOCTI Pi3HUX
TeHOTUIIB — COPTiB, @ TAKOX JIiHiil TPaHCTEHHMX
pocnuH. Kpim Toro, Ha pesynpraTax Mir ITO3Ha4a-
TUCA ICTOTHO BIIMIiHHMI CTaTUCTUYHNII BHECOK
OKpeMMX ITy/TiB JOCTiPKeHb (FaHIX OKPEMO B3ATUX
crareit). Tak, y 6ararbox HOCIPKEHHAX BUKOPIUC-
TOBYBAJI0CA JIMIIE 10 JBa FeHOTUIIN, 10 3a TpUpa-
30BOr0O IIOBTOPEHHA CYMapHO JJaBajIo /i BUMIipIO-
BaHb JIMIIe IICTh Bem4MH. BopHovac y poborax
G. Kaur i crmiBaBr. (2018), S. Faisal i criasr. (2019)
i V. Sharma i ciiBaBT. (2022) npencraBieHi pe3yb-
TaTy, OTPMMaHi Ha 15-20 pisHUX copTax. 3BaXKao-
411 Ha 11e, crrenndika [U3aliHy eKCIIEPUMEHTIB came
y Lux po6oTax MoI/a MO3HAYMTHCA Ha OLHII 3a-
rajIbHOI KapTVHN.

B ninomy Mera-aHamis 3acBifYuMB 3HaYHMI
BIUIUB CTPeCY, CIIPUYMHIOBAHOTO JeilliTOM BOAN,
Ha BMICT IIPOJIiHY B HaJj3eMHMX OpraHax IIpOpOCT-
kiB mmenuti (puc. 2). BogHowac BiporigHux Bif-
MIHHOCTEI Y CYKYIHOCTI IaHMX /1A CTIIKKX 1 9y T-
JIMBUX TEHOTUIIB He BUABIeHO. Tak [yiA BUOipKu
CTifIKMX reHoTHIiB po3mip edekry ckiaas 1,01 (CI
0,82-1,21), a gia Hecrinkux — 1,12 (CI 0,93-1,31).
ITpu ubomy B 12 crarTsax 3 21 BusB/IeHO 6inbmI ic-
TOTHE IiIBUILEHHA BMICTy IIPOJHY B JMCTKaxX Y
BifIIOBiNb Ha HOCYXy B CTiIKMX reHOTHMIIB (puc.
1). HaromicTp y aHMx i3 BocbMm crateil Biporifi-
HIUX BiIIMiHHOCTEN Y BEIMYMHAX 3MiH BMICTY IIPO-
JIiHY y BiIlIOBiIb Ha CTpec MiX IpynaMu CTiMKKX i

HeCTiVIKMX He BuABIeHO. CIIifl 3ayBayXUTH, 110 CaMe
Ha 1i my6sikanii npunano 60 mKocmipKkeHb, TOOTO
6inpine momoBuHM ycporo myny (Tabm. S1). Bimbmn
CyTTEBE 3POCTaHHA BMICTY IPOMiHY Yy BifIOBifb
Ha IIOCYXYy B HECTIMIKOTO COPTY BUSBJIEHO JIMIIE Y
po6orti A. Michaletti i ciiBabr. (2018). 3ayBaxxumo,
IO B Hiil BUKOPMCTOBYBAJIMCS COPTU SIPOI M'SIKOI
mmeHnni. Y mnepeBakHil Oinpimrocti iHmmx po-
OiT excrepyMeHTaNbHUMM 00'eKTaMy Oymn 03MMi
COpPTH, X04a B OKPEMNX BMIAJIKaX y IyOiKariiax
Bkasaumit nume Bup (1. aestivum). OpHak, Bpa-
XOBYIOYM, IO B €KCIIEPMMEHTaX BMKOPUCTOBYBa-
JIMCA JIUIe MOMOAI pOCIMHYU (MakCUManbHMIT BiK
1 Micsip), BUSB/IEHHs BiffMiHHOCTelT Y peakuii Ha
HOCYXY, TIOB'A3aHUX 3 OCOOMMBOCTAMIU PO3BUTKY,
MajoiiMoBipHe. TakuMM 4YMHOM, € MifCTaBM KOH-
CTaTyBaTy CaMe BiICYTHICTb MO3UTVBHUX 3B'A3KiB
MDK 3MiHaMI BMICTY NPOJIiHY i CTiMIKICTIO IIEBHUX
reHotumiB 1. aestivum Jo OCMOTUYHOTO CTpecy.
Binbir epekoH/MMBO HasABHICTD a00 BifiCyTHICTD
3B'AI3KiB MiXX BMiCTOM TIPOJIiHY i CTiliKicTIO TeHOTH-
miB Mir 61 moxasaTtu pO3paxyHOK KOpesisuil 3MiH
BMICTy IposiHy 3 iHTerpanbHuMu ¢isionorivHnmMu
MIOKa3HMKaMy, Hacamiepen, pocroBumu. OpHax,
Ha >KaJib, y My po6it, BinibpaHux misd MeTa-aHa-
J1i3y, BUKOPUCTOBYBaNINUCA [y>Ke€ pi3Hi IOKasHU-
KJ Ta IigXopmu Ui ouiHkM QisionoridHoro crany
pociuH. Y HesKux po60Tax HaBOAATHCS BeIMIMHI
MiHITHOTO POCTY HAJ3e€MHOI YacCTMHM i KOPEHiB y
KOHTPOJIBHUX i HOCTiZHMX BapiaHTax, B iHINX —
BigmoBigui BenmumuymHM 6iomacu. Y Husui ny6i-
Kallill IIi ITOKa3HMKM HABOJATHbCA Y BiJHOCHMX, a
He abCOMIOTHUX OJVMHUIIAX, TaKUX AK iHJEKCH TO-
JIepaHTHOCTI a0, HaBIAKY, iHJeKcy iHriOyBaHH:A
pocty. Takox, fAK 3a3HayazoCs BUIe, AK MapKe-
Py peakllii Ha CTpec BUKOPUCTOBYBAaIMUCA ¥ iHIII
NOKasHMKM — 3MiHM BMICTY (POTOCHMHTETMYHNX
MirMEHTIB, MOIIKO/PKeHHsI MeMOpaH i T. in. OTXe,
IIpM KaTeropusalii TeHOTUIIIB Ha CTilKi i 9y TauBi
y 3ibpaHoMy Iy BOCTiIXeHb HEMOXIMBO OY/IO0
BUKOPVCTOBYBATY PE€IE€BaHTHMII €NVHNI MaTeMa-
TUYHO BMMipIOBaHUI NoKasHUK. Lle B cBOXO depry
He [a70 3MOTM OOYMCIUTH KOpensuii MK BMic-
TOM IpOJiHy Ta iHTerpanbHuUMM ¢isionorivHrMu
MTOKa3HMKaMU JIJI1 BCbOTO MYy HAHMX. 3BayKaloum
Ha Iie, MU 3[ilicHIIN cripoby pospaxyBaTu Koedi-
LI€EHTU KOpenAlii MK BMICTOM IIpOJiHY 3a CTpe-
COBMX YMOB i POCTOBMMM IIOKa3HMKAMM B MeXax
OKpeMMX pObiT, B sIKMX Oy/1a JOCTAaTHS I OLiHKU
BiporifHOCTI Ki/bKicTh KOpensuitaux map (6inb-
mre mectur). Y JesAKuX poOoTax Taki MOKa3HUKMU
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Kinbkictb
Dxepeno FeHoTUnuM AOCHImKeHb Log[RoM] [95% CI]
Amoah et al., 2019 CTilKi 2 m 0.05[0.03, 0.07]
uyTnmBi 2 [ ] 0.19[0.16, 0.22]
Chakraborty, Pradhan, 2012 crintki 2 u 1.43[1.39, 1.47]
YyTnuBI 2 0.61[0.58, 0.65]
Cheng et al., 2016 CTiViKi 1 —— 2.36 [2.15, 2.58]
uyTnuBI 1 —— 1.85[1.58,2.12]
Doneva et al., 2021 CTilKi 1 - 2.22[2.10, 2.35]
yyTnuBi 1 - 1.40[1.26, 1.54]
Dubrovna et al., 2022 CTivKi 4 - 1.47[1.33,1.61]
yTnuBI 4 0.87[0.83, 0.91]
Faisal et al., 2019 CTiviKi 8 —— 2.00 [1.64, 2.36]
wyTnuBI 12 —— 2.20[1.93,2.47]
Guo et al,, 2018 CTiViKi 1 - 1.84[1.69, 1.99]
wyTnuBI 1 0.85[0.68, 1.02]
Karpets et al., 2023 CTivKi 1 n 0.37[0.32,0.42]
uyTnuBI 1 ° 0.44 [0.40, 0.49]
Kaur et al., 2018 CTiViKi 11 = 0.58 [0.51, 0.65]
uyTnuBI 8 R 2 0.15[0.086, 0.25]
Kirova et al., 2021 CTiViKi 1 —_— 4.23[3.64,4.81]
wyTnuBI 2 —e— 4.88[4.52,5.25]
Kolupaev et al., 2022 CTinki 4 — 0.28 [0.13, 0.44]
wyTnuBI 3 —o— 0.31[0.12,0.51]
Kolupaev et al., 2024 CTivKi 4 - 0.21[0.09, 0.33]
uyTnmBi 3 -0 0.13[0.03, 0.22]
Maghsoudi et al., 2018 CTivKi 1 0.85[0.77,0.93]
uyTnmBi 1 * 0.52 [0.44, 0.60]
Marcinska et al., 2013 CTivKi 1 1.88[1.20, 2.57]
YyTnuBI 1 1.73[1.08, 2.37]
Micheletti et al., 2018 CTiViKi 1 1.16 [1.08, 1.24]
yyTnusi 1 L 2 1.44[1.36, 1.52]
Nasirzadeh et al., 2021 CTivKi 2 0.88[0.83, 0.93]
uyTnuBI 1 0.60 [0.54, 0.66]
Noor et al., 2018 CTivKi 1 | 1.95[1.89, 2.00]
wyTnuBI 1 L4 1.58[1.51, 1.65]
Qayyum et al., 2021 CTiviKi 1 = 2.04[1.96, 2.12]
wyTnuBI 1 o 1.84 [1.74, 1.94]
Sharma et al., 2022 CTiliKi 10 ‘- 0.09 [0.08, 0.10]
YyTNuBI 5 ] 0.06 [0.05, 0.07]
Valifard et al., 2012 CTilKi 1 -+ 1.86 [1.75, 1.97]
uyTnuBI 1 -o- 0.61[0.48,0.74]
Vendruscolo et al., 2007 CTivKi 1 - 3.15[3.00, 3.30]
uyTnuBI 1 - 2.54[2.39, 2.69]
[ T T T T 1
-1 0 2 3 4 5 6
Edpext [IN(R/R)]

Puc. 1. Poamip ehekTy 3MiHV BMICTy IIPOJIIHY Y BereTaTMBHUX OpraHaXx IIIeHNI[i CTIKMX i 9y T/IMBYUX FeHOTUIIB 3a Aii mocy-
x11 (OCMOTHYHOTO CTPecy) Y FOCTIPKEHHX, 00paHNX /s MeTa-aHali3y

Fig. 1. Effect size of proline content changes in vegetative organs of resistant and sensitive wheat genotypes under drought
conditions (osmotic stress) in the studies selected for the meta-analysis

TeHoTnnm Kinekicts Log[RoM] [95% CI]
AocnimKeHb
criinKi 59 —a 1.01[0.82, 1.21]
yTnmBI 53 —— 1.12[0.93,1.31]
T T T 1
- 0 1 2 3
Edex [In(R/R)]
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Puc. 2. Cepepni sminu BmicTy npominy
3a CYKYIIHICTIO JaHMX Y CTiMIKMX i 9yT-
JIVBUX TEHOTUINIB IMIIEHNII 3a [Iii MoCy-
xu (ocMoTmuHOro crpecy). Ilpencras-
neHi posmipu edexTy Ta ixHi JoBipui
iHTepBanm

Fig. 2. Average changes in proline con-
tent across the data in resistant and sen-
sitive wheat genotypes under drought
(osmotic stress). Effect sizes and their
confidence intervals are shown
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Tabmuus 1. Kopensmis BMicTy mpominy B IMCTKaX MIIEHNIN 32 YMOB CTPECY 3 POCTOBMMU ITOKa3HMKaMM Ta MapKepoM

OKIICHIOBATIbHOTO CTPeCy

Table 1. Correlation of proline content in wheat leaves under stress conditions with growth parameters and an oxidative

stress marker

06 . Kinpkictb Kopenanis 3 poctoBum Kopenauis 3 mokasHIKOM . .

EKT 1 yMOBIL CTPECOBOTO KOpesALii- MOKAa3HNUKOM OKJICHIOBAJIbHOTO CTpecy Jlirepatypi
BIUIVB JKepena
Y HVX TIap IToxasHMK r IToxasHMK r JPKEp

ITpopocTku micisA npopouyBaHHA 7 Inpexc inribyBanna | 0,49 Bmicr MIA 0,91* | Kolupaev et

Hacinna Ha 12% ITET 6000 (4 POCTY IaroHis al,, 2022

061)

PocnyHy mic/st IpOopoIyBaHHs 20 Joxuna HagsemHol | 0,54% - - Faisal et al.,

HaCiHHA i pOCTy B IPUCYTHOCTI YaCTUMHUI 2019

10% ITET 6000 (15 pi6)

Pocnmunm y Bini 9 gHiB micna 7 Tnpgexc iHFi6yBaHHH 0,04 Bmict MITA 0,78* Kolupaev et

4-IeHHOI [l IPYHTOBOI MOCY XM HaKOIMYEHHS al,, 2024

(Bonorictb 25-30% Bijg HOBHOI 6iomMacy Haj3eMHOI

BOJIOTOEMHOCT1) YaCTUHU

Pocnuum y Bini 12 gHiB micna 15 Biomaca nHagsemuoi | -0,55 - - Sharma et al.,

5-po6osoro Brmusy ITET 6000 YaCcTUHUI 2022

(1 MITa)

* Biporigso 3a p < 0,05.

6ynu pospaxoBaHi caMyMu aBTOpamm. Bimmosin-
Hi maHi HaBeneHi B Ta6s. 1. ITokasaHo, o y cemn
COPTiB €TiONIbOBAHUX IPOPOCTKIB MIIEHNII BMIiCT
MPOTiHYy 3a CTPECOBUX YMOB IO3UTUBHO KOPEIO-
BaB 3 IIPUTHIYEHHAM POCTY (KOpesiLisi cepefHbol
cuny, r = 0,49). Ilpote uepes HEBEIMKY KiJIbKiCTb
KOPeALIHNX Map I}0 BENMYMHY HE MO)KHA BU3Ha-
T BiporigHoto 3a p < 0,05. Inumit pesynbrar 6yB
OTpUMAHUII B eKCHEePUMEHTI 3 OibLI TPUBANIUM
BUPOIIYBaHHAM pociuMH Ha posumHi IIET 6000;
y LbOMY pasi BUABUIOCA, IO BMICT IpPOJiHY B
JIMCTKAX 3a CTPECOBUX YMOB IO3UTUBHO KOPEIIIO-
BaB 3 JOBXMHOIO HansemHol yactunay (Faisal et al.,
2019; Tabn. 1). Crnocrepiranacsi KOpensiisi cepef-
Hbol cwm (r = 0,54), ale 1A BeIMYNHA BUABNIA-
¢ 3HauuMomw npu p < 0,05 3aBAAKYM BENUKIiN Kislb-
KOCTi KOpe/ALiHUX Hap y jocnifkeHHi (n = 20).
Haromictp 3a 5-go6osoro BBy ITET 6000 nHa
pOC/IVHY, TIONepeHbO BUPOILIeHi 3a ¢isionoriyno
HOpPMa/IbHUX YMOB, KapTHHA BUABWIACA INPOTH-
JIeKHOI0: BMICT IPOTiHY IepeOyBaB y 3BOPOTHIN
KOpemALil 3 mokasHuKaMu 6iomMacy Haa3eMHOI Ja-
ctuuu pocnuH (Sharma et al., 2022; Ta6n. 1). lo-
MpaBja, HOCUTh BUCOKUI KOe]illieHT KOpessiii
(r = -0,55) BuaBuBCcA HeBiporigaum npu p < 0,05
4yepe3 HeIOCTATHIO Ki/IbKiCTh KOpenALiHUX Iap.
3PpeIIToI0, B eKCIIEPUMEHTI 31 CTBOPEHHAM IOCYXM
y IPYHTOBiJI KynbTypi Oy/a IOKa3aHa BifCyTHICTDb
Oyzb-sKOI KOopenAlil MK IIOKasHUKaMU POCTY
pociuH i BMicTom mponiny (Kolupaev et al., 2024;
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Tabn. 1). TakuMm 4uHOM, HaHi OO 3B'SA3KIiB MiX
POCTOM POCIMH IIIEHMII 33 CTPECOBMX YMOB i
HaKONMYEHHAM HMMM IPOJIiHY CyIleped/InBi, BOA-
HOYAC IPUYMHY TaKOI CYIEPEeUYNMBOCTI HaBPAJ, UK
MOXXYTb OyTM HOSICHEHi yuile BiffMiHHOCTAMU Y
[13aliHi eKCIIepUMEHTIB.

IcHyrOTh faHi, AKi BKa3ylOTb Ha Te, IO BMICT
NIPOJIIHY € MapKEPOM He CTiIbKM CTilIKOCTi, CKi/lb-
KJI BIUIMBY IIOCYXM SIK cTpecopa Ha pocinHu (Mee-
na et al,, 2019). IHmmMMu 3arasbHOBIZOMUMM iHM-
KaTOpaMI CTPECOBOTO CTaHy POC/INH € TOKAa3HIK,
IO XapaKTepU3YIOThb PO3BUTOK OKMCHIOBAJIbHO-
ro crpecy. Haiibinpiu yHiBepcanbHuUM cepel HUX
BBa)KA€TbCA BMICT OJTHOTO 3 KiHILIEBUX IIPOJYKTiB
TIEpOKCUIHOTO OKVMCHEHHA JIiMifliB — MaJIOHOBO-
ro piampperiny (MJJA). 3arampHuii MeTa-aHaji3
610XiMiYHMX MOKA3HUKIB POCIMH 32 YMOB IIOCY-
xn (6e3 ypaxyBaHHS BMIOBOI IIPMHAIEKHOCTI)
II0Ka3aB CXOXMI CTYIIiHb NiBUINEHHA BMICTY
npominy i MIA (Sun et al.,, 2020). CrniBcTaBHMMU
BUABWINCA 1 BEIMYMHM MiIBULIEHHSA BMICTY LUX
CIOJIYK y POCIMH 03MMOI IIIEHNI 3a Jil IoCyxn
y Ilepiof Wic/A IOHOBJEHHSA BECHAHOI Bereraril
i Ha reneparmBHuX (pazax posButky (Wu, Yang,
2024). IIpore maHuX [/is1 MOPiBHAHHSA BMICTY Ipo-
niny i MJJA 3a cTpecoBMX YMOB Ha paHHIX ¢asax
PO3BUTKY IINEHNULi IMOKM IO HENOCTATHHO [IA
IpoBefieHHs MeTa-aHamisy. O6uaBa ITOKa3HUKU
IJIA COPTiB IIIEHNUII 3 Pi3HOKI IOCYXOCTIMKICTIO
aHa/Mi3yBanuCs /ile B MOOAMHOKUX poboTax. Y
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HaIIMX JOCTIPKEHHAX, BUKOHAHMX Ha CEMU COPTax
MIIeHNL], 0 HifJaBannuca [ii MOCyXy Ha CTafifax
€TiONbOBAHMX NIPOPOCTKIB Ta 1-2 MUCTKIiB, TOKa3a-
HO Jy>Ke€ TiCHY KOPeJALil MiXX BMiCTOM IIPOJIiHY i
BMmictoM M]TA y BinnoBifp Ha ctpec (Tabm. 1).

Taxi faHi croHykawoTb A0 iHTeprpeTauii 3MiH
BMICTy TPOJMIHy He JMIle K OCMOIPOTEKTOPHOI
peaxuil, a sk OIbII yHiBepCcalbHOI O3HAKM CTpe-
cy. IlokasaHo, 10 y Iaro”ax i KOpeHAX eTionboBa-
HIUX IPOPOCTKIB MIIEHMI MiC/IA BIUIMBY Ha HUX
MIOMIPHMX BMCOKOTEMIIEPATYPHOTO i OCMOTHYHOTO
cTpeciB (Takmx, IO COpUYMHAIM e(eKT 3arapry-
BaHHSA — IIJIBUIIEHHS CTiMKOCTI MO CUIBHIIIMX
CTPECOBUX BIUIVBIB) BMICT IPOMIHY Mailke He 3Mi-
HioBaBcsa (Oboznyi et al, 2013). BogHowac BMicT
IIPOJIIHY 3POCTaB IiC/IA YIIKOKYBA/IbHUX TEIIOBO-
IO i OCMOTMYHOIO CTPECiB, AKMM IIPOPOCTKY IIijjia-
BAJIVICA TIC/IA IIONIePeJHBOro 3arapTyBanHA. 1i mani
BKA3YIOTb Ha Te, 110 aKTUBALlid CUHTE3Y IIPOIiHY 110~
Tpebye BiJHOCHO CUJIBHOTO BIUIVBY, ajle BOZHOYAC
1ell epeKT BUpasHillle IPOABIAETbCA Y POCINH, SKi
nepes CUIbHUM CTPECOBMM BIUIMBOM 3a3Haly 3a-
rapTyBa/IbHOI Jil BiZITIOBIJHIX Y/ HHUKIB.

IlikaBa (eHOMeHONoriA 3MiH BMICTy NpOiHY
Oyra mokasaHa NpM MFOCTKEHHI peakiil mpo-
POCTKiB MNIIEHNIIi YOTMPHOX COPTIB 3 Pi3HOIO IO-
CYXOCTIJIKICTIO Ha [il0 NPAMUX AaT€HTiB OKMCHIO-
BaJIPHOTO CTpeCy — HepOKCUY BOJHIO i cymbdary
saniza (II) (Yastreb et al., 2023). Ik BUABMUIOCH, IBa
IIOCYXOCTIVKi COPTV Majy BUCOKY CTiMIKiCTb JO Aii
060X areHTiB OKMCHIOBA/JILHOTO CTpecy, o ¢ikcy-
BaJIOCS 32 MEHIINM iHriOyBaHHAM POCTY i MEHIINM
IPOABOM OKVCHIOBA/IbHUX IIOIIKOKEHb (BMiCTOM
MJIA). BogHouac #Ba HeCTiliKi copTu, y sAKUX 3a
ait H,0, i FeSO, cunbHo spocras Bmict MJIA Ta
icroTHO HmpuUrHiYyBaBCs picT, HAKOIMYYBaMy Haba-
rato 6i/blle IPOJIHY MOPIBHAHO 3i CTIMIKMMU COp-
TaMM 3a TaKMX CaMUX YMOB. TakyM 4MHOM, MOXKHa
KOHCTATyBaTy TiCHMII 3B'A30K MDK iHTEHCUBHICTIO
OKJICHIOBAJIbHOTO CTPECY i HAKONMYEHHAM IIPOJTiHY.

OcTaHHIMM pPOKaMM OTPMMAHO eKCIepUMeH-
TaJIbHI JjaHi, IO CBil4aTh IIPO POJIb OKMCHIOBA/Ib-
HOTO CTpecy B IHJYKYBaHHI CMHTe3y IIPOJIiHY.
Hampuknaz, mokasaHo, Ijo mepefobpobka Ipo-
POCTKiB IIpOca CKaBEH)XXEPOM IIEPOKCUNLY BOJ-
HI0O (guMeTuITiOCEYOBMHOW) abo iHribiTropom
NADPH-okcupasu (imigasonom) ycysanma edekt
HaKOIMYEHHA IPOMiHY, CHIPUYMHIOBAHUI COJIbO-
BuM ctpecoM (Vayner et al., 2013). Ilisnimre inri-
OITOPHMM METONOM, a TaKOXX 3 BMKOPMCTAHHAM
MyTaHTiB apabinoncucy (Arabidopsis thaliana (L.)
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Heynh.), B Axux BifcyTHA eKcipecis TreHiB Kio-
4oBUX MoOJeKyIsipHux ¢opm NADPH-oxcupasu
(AtRbohD abo AtRbohF), 6yna mokasaHa poib Iie-
POKCUAY BOJHIO B Pery/sAlil eKCIpecii reHa mipo-
niH-5-Kap6okcuaarcuuTasu (P5CS) i HakommyeH-
Hs MPOJTIHY 32 YMOB CO/IBOBOTO 260 OCMOTUYHOTO
crpeciB (Ben Rejeb et al,, 2015). Orxe, Huni BBa-
)aetbcs, mo ADK € ogHUM i3 CUTHa/NIbHUX IOCe-
PenHMKIB, HEOOXifHUX [/l iHAYKYBaHHS CUHTE3Y
nponiny (Alvarez et al., 2022). Lle Mmoxxe 6yTn of-
HJM i3 IOSCHEHb TiCHOTO IPSMOIO KOPENALIIHO-
ro 3B'A3Ky MDK BMICTOM IIPOJHY i IIPOAYKTY IIe-
POKCU[IHOTO OKMCHeHHA minifiiB MJIA y TkaHMHax
IPOPOCTKIB 32 yMOB 3HeBOJJHEHH (TabI. 1).

BogHoyac iHAyKyBaHHA CHMHTE3y IIPOJiHY
MOJKe PO3IJIAMIATUCS fAK 3aXMCHA peakllisg caMe Ha
okucHBanbHMit crpec (Alvarez et al., 2022). Jlo-
cuThb maBHO Oymm 3adikcoBaHi (eHOMeHM 3MeH-
HIEHHA BMICTY IPOJYKTY IIEPOKCUIHOTO OKNC-
HeHHA ninigis MJIA B pocIMHHUX TKaHMHAX 3a
CTPECOBUX YMOB IIifi BIUIMBOM €K30T€HHOTO IIpo-
niny (Alia et al., 1997). Y Toil e 4ac y KIiTHMHaX
OPLKIDKIB 31 3HVDKEHMM BMICTOM IIPOIiHY, 3yMOB-
JIEHVM HaJeKCIpecielo ¢epMeHTy KaTabomiamy
IIPOJIiHY NPOJTiHJETipOreHasy, TeHepyBaacs mifi-
BunieHa kinbkicts ADK (Szabados, Savoure, 2010).
MexaHi3My aHTMOKCUJAHTHOI Jiil IIPOJIiHY fOTenep
3'5COBaHi He MOBHICTIO. CyuacHi Mopeni, mo mo-
SCHIOIOTb Taki edexTy, 6as3yloThbcsl Ha JJOBENEHIN
3MATHOCTI MPOJHY 3B'SI3YyBaTU TifpOKCUIbHUI
pagMKai, BilOMOCTAX PO JMOBIPHY B3a€MOJiI0
3 CyNepOKCUJHUM pafiuKajoM i CUHITIETHUM KMC-
HeM, a TAKOXX OIOCepeNKOBaHUM (CTabini3yodnm)
BIUIBOM IIPOJIiHYy Ha aHTMOKCUAAHTHI (epMeHTH
3a crpecoBux ymoB (Rehman et al., 2021; Alvarez
et al., 2022). 3 iHmoro 60Ky, HelOJABHO OTpyUMa-
HO EKCIIepMMEHTa/lbHI MOKasM 3[0aTHOCTI IIPOJIi-
HY 3a IIeBHUX YMOB CIPUYMHATU e(eKT OKMICHIO-
BaJIBHOTO cTpecy. LIluM Moxke cynpoBOMXyBaTHUCsA
HOCWIEHMI KaTabo/li3M IPONMiHY 3 y4acTio IIpo-
JIHJETIAPOreHasy, sAKa MOCTAYa€ €IEKTPOHN B Mi-
TOXOHZIpiaZIbHUI  €7IEKTPOH-TPAaHCIIOPTHUI  JIaH-
II0T, 110 IPU3BOAMUTb JO 3aMYCKY NPOAYKYBaHH:A
AOK B mitoxonzpisx (Alvarez et al., 2022). Taki
CUTHANIM MOXYTb HiICUIIOBATVCA 332 PaXyHOK aK-
tuBaiii NADPH-okcupmasu camumu x ADK (Zar-
se et al., 2012; Fabro et al., 2016). [Toxi6xi mporecn
MOXXYTb MaTy BAOK/IVMBE 3HAYEHHA I B3a€MOJIL
pocnuuu 3 matorenamu (Alvarez et al., 2022). On-
HaK 0OTOBOpeHH: Lii€l CKIafoBol Aii MposiHy Bu-
XOJVITh 32 PaMKI T€MU JaHOI CTaTTi.
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Tax um iHakIe, pe3yabTaTH AOCTiIKEHb 3B'A13-
KiB MK BMICTOM IPOMiHY i CTIMIKiCTIO pOCIMH [0
OCMOTMYHMX CTPECiB, HAIleBHO, CIifj PO3ITAATH
3 ypaxyBaHHAM JIOro MY/JIbTUQYHKIIOHAIBHOI Ail,
a He /MIIe OCMONPOTEKTOpHOI. JIo pedi, ocTaHHIM
JacoM Heper/AfaloTbCA YABIEHHS IIPO 0COOMMBO
BE/IVIKVIT BHECOK IPOJIIHY B 30iNbIIEHHS OCMOJISP-
HOCTi KIITMHHOTO COKYy. SIK CBif4aTh ysarajbHeHi
PpO3paxyHKM, IPOBEMEHI Ha MiJiCTaBi JOCTIHKEHD, B
AKNMX BM3HA4YaBCA CyMapHMII BMICT YCiX OCHOBHMX
OCMOJIITIB, BHECOK IIPOJIIHy B 3POCTaHHA OCMO-
JIAPHOCTI KIITMHHOIO COKYy 3a3BMYall MOXeE CTa-
HOBUTH He 6inbine 3-15% 3a ymoBu 100-pasoBoro
() migBMILEHHS BMICTY NMPOMIHY, 11O TPaIsI€ThCs
nyxe pinko (Forlani et al., 2019). Xoua B amekcax
KOPEHIB BHECOK IIPOIiHY B CIIPUYMHIOBAaHE CTpeca-
MM 3POCTAQHHA OCMOJLIPHOCTI MOXe OyTM iCTOTHO
6inpmm — o 50% (Voetberg, Sharp, 1991). Opnax
B IIi/IOMY, JIMOBipHO, PO/Ib IPOJIiHY AK OCMOIIPO-
TEKTOpa IIepeoljiHeHa, HATOMICTb HeNOOLiHEHVMU
i Mano AOCTiMKEeHUMM 3aIUIIAIOThCA OTO iHII
¢&yHKUil, oB'A3aHi, 30KpeMa, 3 MiTPUMaHHAM
OKVICHIOBA/IbHO-BiJHOBHOTO 0a/IaHCY, IIAllepOHHN-
MM i MOX/IMBUMM CUTHA/IBHUMM e(heKTaMu.

CknajHe 3alydYeHHA MpPOMiIHY [0 TIpOLeciB
3HemKo/KeHHA i reHepanii ADQK, yrBopeHHA Bif-
HOBHUX €KBiBaJIeHTiB, a TaKOX MOZRY/ALil (yHK-
LIOHA/TbHOI AKTUBHOCTI 0araThbox OINKiB [gO3BO-
Jis€ PO3ITIANATH NPOJIH AK OfVH 3 "perylIATOPHUX
LeHTpiB" y (YHKILiOHYBaHHI POCIVMHHMX KIiTUH
(Alvarez et al., 2022). 3Bakaroun Ha 1ie, abCOMIOTHA
KiJIBKICTD NPOJIiHY B KMiTHHAX 3a CTPECOBUX YMOB,
JIMOBipHO, JJaJIeKO He 3aBXIM MOXKe OYTH IIPAMO
OB's13aHa 31 CTINKICTIO POCIMHHOTO 00'€KTa.

SIk opyH 3 HaOi/IbII BaTOMUX apryMeHTiB Ha KO-
PUCTH IPOTEKTOPHOI Aii IPOMiHY 3a OCMOTUYHMX
CTPECIB POSINIAAIOTHCA JaHi PO BUCOKY CTiMIKiCTh
TpaHCPOPMAHTIB i3 MiABUIEHMM BMICTOM IPOJIi-
Hy. BoHOYac CTilIKiCTh TaKMX pOCIMH MOXKe OyTH
[IOB'sI3aHa He JIMIIE 3 MiBUIEHNM BMICTOM IpOJIi-
HY B HIX, a J1 31 3MiHaMM y QyHKUIOHYBaHHI iHIIMX
KOMIIOHEHTIB CTpeCc-IIPOTEKTOPHMX cucTeM. Hanpu-
KJIajl, BBefleHHs paBonaHifrorosoro PHK-cynpecopa
reHa MpOJiHfeTifporeHasn apabigoncucy B pocin-
HJ IMIIEHNITI IPY3BOAWIO HE TUIBKM [0 MiIBUILEHHSA
BMICTY IIPOJIIHY Ta CTIIKOCTi O I'PYHTOBOI IIOCYXM,
a /i 0 3pOCTaHHA AKTMBHOCTI aHTMOKCHJIAHTHMX
¢depmenris cynepokcunaycmyTtasu (COJI) ta ackop-
6armepokcnmasu B xmopornacrax (Dubrovna et al.,
2020). ITpore MexaHi3sMu BIZIMBY IIPOJIiHY Ha aKTUB-
HICTh AHTMOKCUJAHTHMX (epPMEHTIB Mano BUBYEHi,

X04Ya OTpMMaHi JjaHi, AKi BKas3ylOTb Ha MOXK/IMBICTh
MopymnAnii excpecii renis COJJ mif giero mpomniny
(De Carvalho et al., 2013).

Brimue tpancdopmarii, 110 copuyunHAE MigBU-
IeHHA BMICTY IIPOJIiHY, Ha QYHKIiOHyBaHHA 6ara-
TbOX CK/IQIOBUX CTPEC-IIPOTEKTOPHUX CHUCTEM IIO-
KasaHMil i Ha TpMUK/Iafax iHIMX BUJiB pociuH. Tak,
NIPOBEleHNI HeJlaBHO METa-aHali3 JaHUX, 10 CTO-
CYIOTbCSI (YHKLIOHYBaHHA CTPeC-NPOTEKTOPHIUX
CHCTeM Y TpaHC(HOPMaHTIB, penpe3eHToBaHNX 100
BUJaMI OBONOABHUX i 99 BugaMy OJHOIOIbHUX
pOCIuH, MOKa3as, O 3a YMOB OCMOTUMYHMX CTpe-
CiB TpaHCHOPMaHTHU BifpiSHAIMCA He JMIIE IIif-
BUILEHMM BMICTOM IIPOJIiHY, a JI BUCOKMM BMiCTOM
LYKpiB, BMCOKOI0 aKTMBHICTIO KaTalasu, acKop-
OaTmepoKcuasy Ta HecrenniuHOI MepoKCHasu
(Renzetti et al., 2024).

He Bux104eHo, o MiIBUILEHNIT BMICT IIPOJIIHY
B IIVIX POC/IMH BUKOHYE He JIMIIe OCMOIIPOTEKTOPHY
¢byHKIIiIO, A i1 perynATOpHY, OB'A3aHY i3 MPAMUM
Ta/ab0 OIOCEPeSKOBAHNM 3a/Ty4EHHAM Y CUTHA/Ib-
Hi Mepexi (Kaur, Asthir, 2015). 3B's30K mpominy 3
PEeIOKC-pery/IsLielo Ta KinbkoMa MeTabomiuyHMMu
HUIAXaMy O3HA4ae, 1[0 IPOJIiH € He JIMIIe 3aXMc-
HOIO CIIONYKOIO, a i1 MOYXKe [iATH K MeTabOomiaHMit
CUTHAJI, 110 KOHTPOJIIOE KIITMHHUII IOMEOCTa3 y
BIiIIOBiib Ha 3MiHY YMOB HaBKOJIMIIHbOIO Cepe-
mosuia (Alvarez et al.,, 2022). 3Bakaroun Ha IIe,
MalKe O4eBM/IHOI0 BUIAETHCA CKIALHICTD iHTEp-
mpeTailii 3B'A3KiB MK KiIbKICHMM BMICTOM IIpO-
MiHYy B TKaHMHAX i CTIMKICTIO O ITOCYXU POCIVHMU
KOHKPETHOTO F€HOTUIILY.

Takum 4MHOM, ITpOBEAEHMII OIJLAJ JIiTepaTypu i3
3a/Iy4eHHAM MeTa-aHaJli3y 3aCBi4yE€, 110 /1A BULY
T. aestivum HaKOIMYeHHS IpPONiHY € yHiBepcaib-
HOI0 PEaKILi€l0 Ha OCMOTUYHMIA CTPEC 1A POCINH
pi3HOrO BiKy, IIpMHAJIMHiI y MeXaX BereTaTMBHOI
a3y po3BUTKY. SIK CBifyaTh HaHi, oTprMaHi 1070
IHIIMX BUJIB, 3aKOHOMIPHOCTI [jIsi T€HEPaTUBHOL
(dasyu, Ha sAKill NPONIH BUKOHYE BaXKIMBi (yHK-
1il, MOB'A3aHi He nuIIe 3i CTPECOBUMM PEAKLIAMU,
MOXYTb icroTHO BippisHarucs (Schneider et al.,
2025). 3Bakaouy Ha lie, 3'ACYBaHHA 3aKOHOMip-
HOCTeII 3MiH BMICTY IIPOJIiHY 3a [Iii CTpeCOBUX YMH-
HUKIB Ha TeHepaTMBHIN (a3l po3BUTKY MIIEHMIIi
noTpedye crerjiaTbHUX JOCIPKeHb.

Ilani MeTa-aHa/i3y CTOCOBHO BereTartuBHOI das3n
3aCBITYMIN BiICYTHICTD IPSIMOTO 3B'A3KY MK BMic-
TOM IIPOJiHY i HOCYXOCTIVIKiCTIO KOHKPETHMX I'€HO-
TumiB. JJo eBHOI Mipu Takuii pe3yIbraT MOXKe Oy TH
HOB'A3aHMII 3 HeJOTIKaMU CaMOro MeTa-aHaJli3y.
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HepocrarHs ioro eeKTUBHICTb y paMKax L€l po-
6oty Moxke OyTM 3yMOBJIEHA BiJHOCHO HEBEIMKIM
00CArOM JJaHMX, SIKi IPUMITHATHI /IS 3a/Iy4eHHS [0
MeTa-aHaJli3y, i HEMOXX/IMBICTIO 6inpLI 4iTKOI Kare-
ropusanii faHux (30Kkpema, HEMOX/IMBICTIO BKJIIO-
YeHHsA TaKMX KaTeropii, AK BiK POC/IMH i AMHaMmika
3MiH BMICTy NPOJIiHY MiJ 9ac #il CTpecoBOro 4uH-
Huka). Ille ogHa HeBM3HA4YeHICTb BUHMKAE 4Yepes
BMKOPMCTaHHA aBTOPaMM JOCHIPKEHDb Pi3HUX Kpu-
TepiiB LA IOAITY COPTIB Ha CTiMKi I 9y T/IMBIi, 1O
3MeHIIye O00'€KTUBHICTD 00poOKM paHux. Pasom
i3 THM, BiCYTHICTb JOKa3y IpsMOrO 3B'SI3Ky MDX
BMICTOM IIPOJIiHY Ta CTilIKiCTIO T€HOTUILB IILIeHN-
I1i 10 OCyXu MO)Ke OyTHU 3yMOBJIEHA He JIVIIe IPY-
YMHAMMY, TIOB'SI3aHVMH 3 [JU3AIIHOM eKCIIepUMEHTIB
i ckmagHomaMy 06pOOKH TaHUX, a i 3 0COOMMBOKO
MY/IbTUQYHKI[IOHAIBHOIO POJIIIO IIPOJIIHY Y POCTINH
3a CTPeCOBUX i HOpManbHUX yMOB. He Bukmo4eHo,
IO OKpeMi i HalMeHII AOCT/KEHI Ha JaHUI Yac
ioro QyHKIii (QHTMOKCU/JAHTHA, LIAIIEPOHHA, CUT-
Ha/IbHO-PEeTY/IATOPHA Ta iHINi) He MOB'A3aHi IpsAMO
i3 3arasbHYM J10r0 BMICTOM y TKaHMHaX. Taki pyHK-
Iii MOXXYTb peaji3oBYBaTMCSA 3a PaXyHOK TOHKOI
KOMIIaPTMEHTAIi3allil IeBHUX CYOK/ITMHHMX Iy/iB
npominy (Kaur, Asthir, 2015), a TakoX JUHAMIYHUX
JIOKAJIPHMX 3MiH JI0TO BMIiCTY B K/IiTMHAX, 110 XapaK-
TepHO JyIs J0Ope [OCTIIKEeHNX CUTHAIBHUX I10Ce-
penHMKiB, 30kpema Kanbnio i ADK (Tuteja, Sopory,
2008; Mittler et al., 2011).

TakyuM 4MHOM, 3aCTOCYBaHH:A MeTa-aHali3y CIo-
HYKA€ fAK 10 KPUTUYIHOIL OLIIHKM i1 IIOUIYKY IL/IAXIB

CIIMCOK ITOCUJIAHDb

YIOCKOHA/IEHHA [M3aliHy €KCIIEPMMEHTIB 3 BU-
BYEHHA POJIi IPOJIiHY, TaK i JO BUBYEHHA IPUHIN-
II0BO HOBUIX ACIIEKTIB JIOTO [iii B pOCIMHHUX KJIiTH-
HaxX 3a CTPECOBMX YMOB.
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mueHocmi 00 abiomMu4HUX YUHHUKIB 8 OHMozeHe3i"
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nocyxu / Table S1. Proline content in wheat plants of diffe-
rent genotypes under drought stress), focTynHuit 3a nocu-
nannsam: ukrbotj82-04-277-S1.pdf (50 KB).
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Accumulation of proline in vegetative organs of Triticum aestivum (Poaceae)
under drought conditions in the early phases of development: a meta-analysis of data
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Abstract. Proline is considered one of the most important osmolytes accumulated by plants in response to stress factors that
cause cell dehydration. A significant body of data has been accumulated on changes in the proline content of cultivated plants
of different genotypes under osmotic stress. This fully applies to one of the most important cultivated cereals — durum wheat
(Triticum aestivum). However, these data lack objective evaluation and systematization. The aim of this study was to conduct
a meta-analysis of data on changes in proline content in wheat plants of various genotypes at early phases of development un-
der drought. Only experimental data obtained under controlled growth conditions were selected for processing. Another key
criterion for selecting studies for inclusion in the meta-analysis was the availability of objective data on the level of drought
tolerance of the studied genotypes. As a result, the ratios of the mean proline content in plants under stress conditions to the
mean content in control conditions — In(R/R) — were determined based on 112 studies presented in 21 journal articles. It
was concluded that the proline content in the vegetative organs of T. aestivum under drought increases significantly. At the
same time, there was no significant difference in the degree of increase of this indicator in drought-resistant and sensitive
genotypes. In other words, the increase in proline content in wheat is a universal response to osmotic stress. The study also
separately discusses the interpretation of data related to the enhanced drought tolerance of transformants with modified pro-
line synthesis or catabolism.

Keywords: drought, meta-analysis, proline, resistance, Triticum aestivum
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HoBi 3Haxigky arapnkoigHnx rpu6iB Ha TepuTOPii
HanionanbHoro npupopgHoro nmapky “Xonogumii SAp’

>
Amnppiii B. INTY>KHUK 2+ (2, Mukona IL. ITIPUJIOK 3
! KuiBcpknit HaionanbHuit yHiBepcuteT iMeni Tapaca llleBuenka
By Bonogumupcobka 64/13, Kuis 01601, Ykpaina
% HaujionanbHuit mpupomumit mapk “Xomnoguuit Sp”
ByI1. XomogHosApchKa 58, ¢. IpymikiBka 20810, Yepkacbka 0671, YkpaiHa
3 Incturyt 6otaniky im. M.I. Xonogsoro HAH Ykpainu
By TepemenkiBcbka 2, Kuis 01601, Ykpaina

* ABTOp [1s MUCTYBaHHS: andriy.pluzhnik@knu.ua

Pedepar. Crarrs micTutp iHdopmaiito mpo HOBI 3HAXiffKu arapukoinHux rpu6is y HaljioHabHOMY NPUpPORHOMY IapKy
“Xonopumit SIp” (Yepkacpka obmacTs, YkpaiHa), BusiBieHi mporsrom 2017-2024 pp. HaBefeHO crcTeMaTMYHMII CINMCOK
VX BMUAIB i3 BKa3iBKaMM IIpO IXHE MicuespocTaHHsA i cyOcTparu. [IBa Bumm (Parasola lilatincta i Pholiotina nemoralis)
3HaiifieHi B YkpaiHi Brepure. [l HMX MOJAHO OIMCK MAaKpoO- i MIKPOCTPYKTYp, OpuriHanbHi poTorpadii miogoBux Tin i
JeTajel aHaTOMIiYHOL 6y,110131/[, a TaKoX flaHi Impo iXHe cBiTOBe HommpeHH:A. 3arazoM 58 BUJIB yIeplle HaBeJeHO i
ITpaBo6epesxHoro Jlicocreny. Ille Bicim Bunis (Agaricus abruptibulbus, Arrhenia epichysium, Conocybe ochrostriata, Deconica
micropora, Galerina camerina, Leucocoprinus serenus, Tulosesus impatiens i Xerocomellus ripariellus) € pinkicHummu B YkpaiHi.

KmrouoBi cmoBa: rpu6y, Miko6ioTa, HOBi 3HaXi/iK11, IpUpPOAHO-3anoBigHmit GoHp, Ykpaina, Yepkacbka 06/1acTs,
Basidiomycota

Beryn

BuBueHHs BNUIOBOTO Pi3HOMAHITTA OpraHi3MiB Ha
NIPUPOJOOXOPOHHMX TEPUTOPIAX € ONHUM i3 BaXK/n-
BUX HAIpPSAMIB CYy9aCHUX 6i0/OTiYHMX [OCTIiKEHbD.
3 ormAAy Ha Taki CydacHi BUKIMKM fAK ITI00ajIbHi
3MiHM KJIiMary i BilicbKoBi fiii Ha TepuTopii Ykpai-
HYI, pery/IApHi 0OCTEe>XeHH: Ta iHBeHTapu3alisl BU-
JIOBOTO CK/Iafy MiKOOIOTM 3allOBiJHMX TEPUTOPIil €
B)X/IMBOIO YaCTMHOIO 3aXOfiB 31 30epekeHHsI BUALIB

i cepepoBua ixHboro icHyBanHs. Ha cporopmim-
Hill JeHb OJHI€I0 3 L[iKaBUX i MEePCIEKTUBHUX TE€PU-
TOPIil I7Is1 TIPOBeeHHsT OOTaHIYHUX, MIKOTOTIYHMX
1 300JIOTiYHMX JOCTIIPKEHb BUCTYIIAE HELJOJABHO
crBopernii Hanionanpamit npupopuuii mapk (masni
HIIIT) “Xononunit SIp” (Uepkacbka o6macTh, Ykpai-
Ha), BiTOMMII CBOEIO IIPUPOJHOIO T iCTOPUKO-KY/Ib-
TYPHOIO CII/JIIMHOIO.

HIIIT “Xononunit fp”, 3acHoBanmit Ykazom IIpe-
sugenTa Ykpaimm y 2022 poui (https://zakon.rada.
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gov.ua/laws/show/2/2022#Text), saBnsie  co600
PeNiKTOBMII JiCOBMII MacuB Yy LEHTpi YKpaiHwu,
Akuil € vactuHoloo CMaparmoBoi Mepexi €Bpo-
mu  (https://emerald.eea.europa.eu/?query=Adop-
ted%20sites,SITECODE,UA0000261). Ie ynikanb-
HUiT micoBuit MacuB Ha [IpuaHIIpOBCHKiN Buco4n-
Hi, B SIKOMYy HajllIOBHillle IpefcTaBieHo (ropyc-
TUYHUI KOMIUIEKC CXiIHO-€BPOIIENICHKUX CBIKMX
MIPOKONMNCTAHMX iciB. Ha MeHmuX 1romax Tpa-
IUIIOTBCSL TAKOXK BOIHMIL, HpUOepeKHO-BOFHMUIA,
Nico-00M0THMIL, TyYHO-OOOTHMIL 1 JIy4HO-CTEIO-
Buil ¢ropuctuyHi Kommekcy. OCHOBY HepeBoc-
TaHiB CTAHOB/IATD AY6 3BuUuaitHuit (Quercus robur
L.), sicen 3Buuaramit (Fraxinus excelsior L.) Ta rpab
sBuyaitanit (Carpinus betulus L.), no sikux gominry-
I0TbCA 11 iHmI micoyTBoprowodi nopopu. Ilpmpon-
HO-K/TIMaTU4Hi YMOBM NApKy € JOCTaTHbO CIpU-
STIUBUAMY JJIsI PO3BUTKY i PO3MHOXEHHs IpubiB
Pi3HUX TaKCOHOMIYHMX Ta €KOJOTiYHMX TPYIL, IIPO-
T€ MIKOJIOTIYHI JOCTIIPKEHHsA Ha JIOr0 TePUTOPil
PO3IOYanucs Nuile HeljofaBHO. Xo4Ya BXe 3 sBU-
JIOoCA KibKa Hy6HiKauiI7[, NIPUCBAYEHNUX, 30KpPEMA,
BCTaHOBJICHHIO BIIOBOTO CK/IAlly BECHSAHUX CYM-
vgactux rpu6is (Pluzhnyk, Dzhagan, 2021), pepe-
BopyiiHiBHUX rpubiB (Pluzhnyk, Dzhagan, 2023) i
racrepominieTis (Pluzhnyk, Dzhagan, 2024b) HIIIT
“Xonomumit SIp”, a TAKOXK OCTIKEHHIO MOIINPEH-
HA BupiB i3 YepBonoi kuuru Ykpainu (https://za-
kon.rada.gov.ua/laws/show/z0370-21#Text) B 6io-
neHosax napky (Pluzhnyk, Dzhagan, 2024a), o6¢sr
OTPUMAHNX JAaHMX IOKM ILIO € BiJTHOCHO oOMexe-
HUM. 3arajoM 3aBAsAKU IIONEpefHIM JOCIiKeH-
HAM BJIaJIOCS 3HAYHO PO3IUVIPUTH BilOMMII paHile
crmcox BupiiB rpu6is mapky (Prudenko, Dzhagan,
2005, 2006) Ha 182 TakCOHMU.

OT>Ke, METOIO HAILIIOTO JOCTIIKeHHs OyI0 mpo-
BECTM OOCTeXeHHs, IHBEHTApU3allild BUTOBOTO
cxiaany arapukoifguux rpu6is HIIIT “Xomomuuii
Ap” i BuAiIMTY TPYNy piAKicHMUX Ta LjiKaBUX BUJIB
rpu6iB.

Marepianu Ta MeTogU

O6crexxennss Tepuropii HIIIT “Xonopuuit  Sp”
3[I/ICHIOBA/IOCA IIEPEBAXXKHO IIEPIIMM  aBTOPOM
yrpoposx 2017-2024 pp. 36ip 3pa3kiB IpoBOAMB-
€S MapIIPYTHO-EKCIIEANIIIIHNM METO[OM, IIifi 4ac
SKOTO I KO>KHOTO 3paska 3asHavyamu iHdopma-
IiI0 TPO CyOCTpaT, TUII POCIMHHOTO YTPYyHOBaH-
Hi, jary i nokamiter 3Haxinku. KamepanbHy 00-
poOKy i repbapusariito IpOBOAMIN BiANOBIAHO 7O
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sarajpHONIpuitHATHX MeTogmk (Kalamees, 1965;
Dudka, Wasser, 1987). Inentudikanito BumiB 3miit-
CHIOBA/IM 3 BUKOPUCTAHHAM CBIT/IOBOI MiKPOCKOIIi1
Ha 6asi kadenpu 6iomorii pociua HHIT “TactnryT
6iommorii Ta MemuuyHu’ KuiBchbKoro HaijioHaabHO-
ro yHiBepcurety iMeHi Tapaca IlleByenka i Bifmimy
mikonorii Incturyry 6otaniku im. M.I. XonogHoro
HAH VYkpainu 3a 101oMorox0 cBiTI0BUX MiKpOCKO-
miB Primo Star 1 (Carl Zeiss, Himeyunna), XY-B2T
(Ulab, Knurait) Ta MBJ-3, a TakoX pi3HUX BU3HAY-
HukiB (Zerova et al., 1979; Sarnari, 1998, 2005; Haus-
knecht, 2009; Funga Nordica, 2012; Melzer, 2012,
2017). CyvacHi nmpuitHATI Ha3BM TAKCOHIB IOAaHi
srigo Index Fungorum (https://www.indexfungo-
rum.org/), a TaKCOHOMiuHe IIOTIOKEHH:S Y3TOIKe-
He 3 HaitHOBimMu HaykoBumy pganumy (Hyde et
al., 2024). ®ororpadii MIKPOCTPYKTYp HOBMX LA
Ykpainu BUpiB 3po0JeHi 3a JOIOMOrOK CBIiT/IIOBO-
ro mikpockona Olympus BX53, nudposoi kamepu
Olympus LC30 i nporpamuoro 3a6esnedenss Olym-
pus CellSens Entry (Olympus, fInonis) Ha 6asi Bix-
miny ¢ixonorii, nixenornorii ta 6pionorii Incturyry
6otaniky im. ML.I. Xonogxoro HAH Ykpaiun.

PesynbraTi Ta 06roBOpeHHA

Y3aranbHeHMII CIMCOK YCiX BUAIB arapMKOigHUX
rpu6is HIIIT “Xonopuuit fp”, sAxuil BKIOYAE AK
panime omy6nikoBani gani (Prudenko, Dzhagan,
2005, 2006; Dzhagan, Pluzhnyk, 2019; Pluzhnyk,
Dzhagan, 2021, 2023, 2024a, 2024b), Tak i pe3ynb-
TaTU HAIIMUX OCTAHHIX JOCTi/KeHb, HapaxoBye 231
BIJ, i3 92 popiB, 33 popuH i TPbOX MOPAJKIB KIacy
Agaricomycetes Doweld. Ynpoposx 2017-2024 pp.
HaM BJAjI0CA MiATBEPANUTY BIACHUMM 3HAXiZKamMu
57 i3 88 BuUAiB arapMKoimHUX rpubiB, BUABIEHUX
HONepeHIMU [OCTIAHUKAMM, @ TAaKOXX BUSBUTHU
HM3KY HOBMX, Yy TOMY 4YMC/i paHille HEBiJoMUX
ab6o pigkicHux B Ykpaini. Ockinpku iHpopmariis
PO 3HAYHY YaCTUHY BUAIIB Ipu6iB Mapky Bxe Oyna
ony6/ikoBaHa y 3a3HaYeHVX MpaLsX, MM HaBORMU-
MO HIDKYe CIMCOK yuiie Tux 106 BumiB, AKi BUSABU-
nmucst woBumy mast HITIT “Xonomuwmit Ap”. Cepen
Hux nBa Bupu (Parasola lilatincta (Bender & Uljé)
Redhead, Vilgalys & Hopple ta Pholiotina nemo-
ralis (Harmaja) Bon) Brepiue 3HajifieHi B YkpaiHi,
a e Bicim (Agaricus abruptibulbus Peck, Arrhenia
epichysium (Pers.) Redhead, Lutzoni, Moncalvo &
Vilgalys, Conocybe ochrostriata Hauskn., Deconica
micropora (Noordel. & Verduin) Noordel., Gale-
rina camerina (Fr.) Kihner, Leucocoprinus serenus
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Arapukoinui rpu6u HarionanpHoro npupogHoro napky “Xonoguuit SIp”

(Fr.) M. Asif, Saba & Vellinga, Tulosesus impatiens
(Fr.) D. Wicht. & A. Melzer i Xerocomellus ripa-
riellus (Redeuilh) Sutara) mpencrapneni B Hamriit
KpaiHi HeBeNIMKOI Ki/lbKicTI0 3Haxiflok. OcKinbku
TE€PUTOPIs MAPKY MOBHICTIO 3HAXOAUTHCA B MeXKax
YepKkacbKOro paiioHy, Ipy HaBeJEHHI JIOKaJIiTeTiB
inbopmaris mpo agMiHICTPATUBHUIL PATOH HE MO-
JaeTbcsA. Bci TaKCOHM y CIMCKY NOAIAIOThCA B CHC-
TEMAaTUYHOMY IOPAJKY.

AGARICALES
Agaricaceae

Agaricus abruptibulbus Peck

Ha cxip Big c. JKabortnn, 49°15'04.2"N, 32°19'05.6"E.
Ily60BO-rpaboBmii jic i3 JOMIIIKOK UM Ta Kie-
Ha, Ha IPyHTi, 13.06.2021. 3HaiifeHO IpyIry II0[0-
BUX Tin. PifkicHnit B YKpaiHi BUJ, BifoMuii 3 w'satu
Mille3Haxo/KeHb, OKpiM BKazanoro (Wasser, 1980;
Koretskyi, 1997; https://www.gbif.org/uk/speci-
es/5455910). Hosuit mns IIpaBobepexuoro Jlico-
CTely.

Agaricus arvensis Schaeff.
Ha cxip Bipg c. JKaborun. Cyxi mykm, Ha IpyHT,
02.06.2020. 3HaliieHO AeKilbKa eK3eMIIIApiB.

Agaricus bisporus (J.E. Lange) Imbach

Ha niBHiu Bifg c. TonoBkiBka. [Iy6oBo-rpaboBuii ic
i3 TOMIIIIKOIO sICeHa, JINIIN, K/IeHa, BI/IbXN, Bep61/[, Ha
IpyHTi, 04.05.2024. 3HaiigeHO TPyNy IUVIOJOBUX Ti/l.

Agaricus bitorquis (Quél.) Sacc.

Ha niBniu Big c. TonoBkiBka. [Iy6oBo-rpabosuii ic
i3 moMilKoW siceHa, MU, K/IeHa, BilbXu, Bepou,
Ha I'pyHTi, 04.05.2024. 3Hai1IeHO HeKiTbKa eK3eMII-
nApiB.

Agaricus macrocarpus EH. Moller (puc. 1A).

Ha 3axig Big c. Menpuukn. JIy6oBo-rpaboBuii
Jic i3 JOMIIKOI sICeHa, JUIM, K/IeHa, B fA3a, CO-
CHU, OCMKU, Oepe3n, TOMOI, YepelHi, Ha IpyHTi,
03.11.2023. 3HaimeHe ofHe IUIomoBe Timo. HoBwmit
ns IpaBo6epexxHoro Jlicocrerny.

Leucocoprinus serenus (Fr.) M. Asif, Saba & Vel-
linga

Ha niBgennnit cxip Big c. XKaborun, 49°12'94.5"N,
32°18'89.1"E. [ly6oBo-rpaboBuit jic i3 momimrkoro
JIATIA, KJ€Ha, akaiii, cocHm, Gepesm, Ha IpyHTi,
18.07.2023. 3HaiiyeHe ofHe IIOJOoBe Tinmo. Pimkic-
HUMt B YKpaiHi Buf, BifoMuit 3 wATH Mile3Haxo-
IDKeHb, OKpiM Bkasanoro (Bobyak, 1907; Ganzha,
1960; Wasser, 1980; Prydiuk, in press). Howit s
ITpaBobepesxnoro Jlicoctemy.

Macrolepiota excoriata (Schaeff.) Wasser
Ha mniBpmennmit cxin Bix c. JKaborun. Jlykm, Ha
IpyHTi, 09.11.2024. 3HaiifieHe ofHe IIONOBE TiNO.

Amanitaceae

Amanita ceciliae (Berk. & Broome) Bas

Ha niBpennuit cxip Big c. JKab6otnn. [ly6oBo-rpa-
60BMII JIiC 13 MOMILIKOW JNMIIN, KI€Ha, aKaliii, co-
cHH, 6epesu, Ha I'pyHTi, 04.06.2020. 3HalifjeHe OnHe
wronose timo. Hosuit ayst [IpaBo6epeskuoro Jlico-
CTely.

Amanita crocea (Quél.) Singer (puc. 1B).
Ha cxip Big c. JKabotun. [ly6oBo-rpabosuii jic
i3 moMimKo MM, KJI€HAa, COCHM, HA IPYHTi,
13.08.2021. 3HaiiieHe offHe TIOJOBE TijTO.

Amanita excelsa (Fr.) Bertill.

Ha miBpenp Big c. JIyb6enni. JJy6oBo-rpaboBumit
mic i3 JOMIIIKOIO fCEHa, JIUIMN, KI€Ha, Ha IPYHTI,
24.05.2020. 3HaiimeHe oqHe IJIOAOBE Tilo.

Amanita regalis (Fr.) Michael

Ha cxip Ta niBgennmit cxip Big c. Kabotus. [y6o-
BO-TPabOBMIL JIiC i3 JOMIIIKOO /IUIIN, K/TeHa, aKallil,
cocHu, Oepesy, Ha IpyHTi, 04.10.2018, 04.06.2020.
JBivi, mo opHoMy mnogoBomy Tiny. HoBuii misa
[TpaBobGepesxnoro Jlicocremy.

Amanita vaginata (Bull.) Lam.

Ha niBpenHnuit cxip Big c. JKa6otnn. Jy6oBo-rpa-
60BMI JTiC 3 JOMIILLIKOIO JIUIIN, KJIeHa, aKallii, COCHH,
6epesn, Ha rpyHTi, 09.07.2020. 3HaiizeHO feKilbKa
€K3eMI/IAPIB.

Bolbitiaceae

Bolbitius titubans (Bull.) Fr. (puc. 1C).

Ha 3axig Bix c. Menbuuku. Jly6oBo-rpabosuit jic
i3 MOMIIIKOIO fCEeHa, JUIIM, KJI€Ha, B'513a, COCHIN,
YyepellHi, Ha THWIi fepeBuHi Fraxinus excelsior,
20.04.2024. 3HaiimeHo ABa IJIOJOBUX Tija.

Conocybe ochrostriata Hauskn.

Ha niBmennnit cxin Big c. JKaborun, 49°13'77.9"N,
32°19'81.4"E. Iy6oBo-rpaboBmit jic i3 momimkoro
NN, KJIeHa, akKallii, Ha JICOBill ImigCcTumIi,
04.10.2020. 3naiigeHo gekinbka exseMILapis. Tpe-
Ts1 3Haxigka B YkpaiHi (Prydiuk, 2015). HoBuit s
[TpaBobGepesxHoro Jlicocrery.

Pholiotina nemoralis (Harmaja) Bon

Ha 3axig Big c. MenpHuku. [Iy6oBo-rpabosuii jic
i3 DOMIIIKOIO SICeHa, JIMIIM, KJeHa, Ha THUJIIN Je-
pesuni Quercus robur, 20.04.2024. 3uaiinene ogHe
mogose Tino. Hosuit gia Ykpainm sup,.
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Clitocybaceae

Clitocybe concava (Scop.) Gillet

Ha cxip Big c. XKaborun. Jy6oBo-rpabosuii jic i3
TOMIIIIKOIO SICEHa, /TN, KIeHa, SUTMHM, Oepe3n, Ha
IpyHTi, 01.08.2017. 3HalifneHe OfHe IIOfIOBE TiNO.

Clitocybe subalutacea (Batsch) P. Kumm.

Ha niBuiynwmit cxif Bif c. Ipymikiska. JJy6oBo-rpa-
60BUI1 JIiC i3 MOMIIKOIO fACeHa, MUIIN, KIeHa, B 532,
Oepesy, COCHMU, SUIMHM, OCUKY, 4YepellHi, Ha sico-
Byt migcTmi, 30.09.2017. 3HaiifieHe OfHe IJIOIOBE
Tino.

Clitocybe subtruncicola Murrill

Ha niBpennuit cxip Big c. XKabotun. [ly6oso-rpa-
60Buit J1ic i3 HOMilIKO UM, K/IeHa, aKallii, Bep-
6u, Ha THWI gepeBuHi Salix alba L., 15.12.2022.
3HaliieHe OfHe II0OJOBE Ti/lo.

Collybia rivulosa (Pers.) Z.M. He & Zhu L. Yang
Ha miBniu Big xyropa Bypa. [Iy6oBo-rpabosuit
JC i3 JOMIIIKOIO sICE€Ha, JUIM, KJI€Ha, Ha IPYHTI,
01.11.2017. 3naitmeHe omHe IJIOLOBE TifoO.

Collybia tuberosa (Bull.) P. Kumm.

Ha saxig Bim c¢. MenbHUKN. I[y6OBo-rpa6OBm7[
mic i3 OMIIIKOIO sACeHa, NN, KI€Ha, Ha IPYHTI,
06.05.2017. 3HaiigeHo fexinbka exsemisapis. Ho-
Buii st [IpaBo6epexuoro Jlicocreny.

Cortinariaceae

Cortinarius balaustinus Fr.

Ha cxip Big c. XKab6orun. lyboBo-rpabosuii ic i3
IOMIIIIKOIO JINIIN, KJIeHa, COCHY, Gepesi, Ha IPYHTI,
17.07.2018. 3naiifeHo rpyny miofosux tin. Hosuit
nns IpaBo6epesxHoro Jlicocrery.

Cortinarius malicorius Fr.

Ha cxig Big c. JKaborun. Jy6oBo-rpabosmit mic
i3 MOMIIIKOI /UIM, K/IE€Ha, COCHU, Ha IPYHTI,
11.09.2017. 3nuaiimene omHe mmomoBe Tinmo. HoBuit
nns IpaBo6epesxHoro Jlicocrery.

Cortinarius salor Fr.

Ha niBpgennuit cxin Big c. XKabotun. Jy6oso-rpa-
60Buit JTic i3 OMILIKO /TN, K/IeHa, aKaliil, Oepe-
31, Ha I'PyHTi, 16.06.2017. 3HaliieHe OfiHe NIOIOBE
TijO.

Crepidotaceae

Crepidotus subverrucisporus Pilat

Ha 3axig Big c. MenpHUKN. I[y6OBo—rpa6OBMI71 JIic
i3 JOMIIIKOI fCEeHa, JINMIM, KIeHa, B fA3a, COCHI,
ocuku, bepesn, TONOJI, YepelIHi, HA THUTIN [e-
pesusi Tilia cordata Mill., 03.11.2023. 3HnaiizeHO
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rpyny mioposux tin. Hosuii pis ITpaBo6GepesxHoro
Jicocremy.

Pleuroflammula tuberculosa (Schaeff.) E. Horak
Ha niBniynmit 3axig Big c. MenbHuku. lyboso-rpa-
60BMI1 JTiC 13 MOMIIIKOIO sCeHa, TN, KJIEHa, COCHH,
Ha THWIIN gepeBuHi Quercus robur L., 05.08.2023.
3HalifieHo JieKinbKa ek3eMIiapiB. Hosuit g [pa-
BoOepexxHoro Jlicocteny.

Simocybe sumptuosa (P.D. Orton) Singer (puc. 1K).
Ha saxin Big ¢. Menbuuku (03.11.2023) Ta Ha miB-
Hiu Big c. TonoBkiBka (04.05.2024). dy6oBo-rpa-
60BUIT JIiC 13 JOMIILIKOIO ICEeHa, JININ, K/IeHa, B s34,
COCHI, 6epe31/1, TOIIOJIi, YepellHi, Ha JIiCOBill Hif-
cTmyi. [IBi 3HaXigKM 11O [JeKi/IbKa eK3eMIULAPIB.

Cyphellaceae

Baeospora myosura (Fr.) Singer

Ha saxig Big c. Menpauku. CoCcHOBUIT JIic i3 [10-
MilKoo 1y6a, KiIeHa, B's13a, sUIMHOBUIA JIic, Ha MU-
HY/JIOpiuHUX mmiKax Pinus sylvestris L. Ta Picea
abies L., 10.10.2020, 19.10.2024. PeecTpyBanu pBi-
4i, IT0 [JeKiJIbKa €K3eMIULAPIB.

Entolomataceae

Entoloma aprile (Britzelm.) Sacc. (puc. 1D).
Ha saxig Big c. MenpHuku. [Iy6oBo-rpaboBuit
JC i3 JOMIIIKOIO fCEHa, JUIN, KJIeHa, Ha IPYHTI,
20.04.2024. 3HaieHO AeKinbKa eK3eMIULAPIB.

Entoloma vernum S. Lundell

Ha nipennmit cxig Big c. JIybenui. bepesusxk i3
IDOMIIIKOIO B’s13a, [y6a, COCHU, OCUKMY, Ha IPYHTi,
09.03.2020. 3naitpeno rpyny miopoux Tin. Hosuit
nyst [IpaBo6epesxnoro Jlicocteny.

Hygrophoraceae

Arrhenia epichysium (Pers.) Redhead, Lutzoni,
Moncalvo & Vilgalys

Ha niBmenunit cxin Bing c. JKabotun, 49°14'41.7"N,
32°20'01.8"E. [Ty6oBO-rpaboBmit yic i3 mOMIilIKOO
SICeHa, JMIM, KJI€Ha, aKalil, Ha THWIi JepeBuHi
Acer platanoindes L., 03.10.2022. 3HaiiieHO JeKinb-
Ka ekseMIULspiB. Tpers sHaxigka B YkpaiHi (Pilat,
1940; Dudka et al., 2019).

Hymenogastraceae

Galerina camerina (Fr.) Kiihner

Ha miBmennmit cxin Big c. JKaborun, 49°12'82.3"N,
32°18'16.2"E. [ly6oBmit nic i3 [JOMIIIKOIO JIWIIN,
aKariii, 6epe31/1, COCHI, Ha MOXOBIill MiICTUIIII,
09.11.2024. 3HajifieHo Ipyny IIOJOBUX Til. Ipyra
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3Haxifka B YkpaiHi (Prydiuk, 2016; Dudka et al.,
2019). Hosuit pisa IIpaBo6epesxxnoro Jlicocrermy.
Gymnopilus junonius (Fr.) P.D. Orton

Ha miBniunmit cxig Bif c. Ipymkiska. Jy6oBo-rpa-
60BMI1 JIic i3 MOMINIKOIO sACeHa, IUIIN, K/IeHa, B’s3a,
Oepesu, COCHM, SUIMHU, OCUKM, YePELIH], Ha 'PYHTI,
30.10.2024. 3HaitneHo meKinbKa ek3eMIUApis. Ho-
Buit i IIpaBo6epexxHoro Jlicocremy.

Hebeloma crustuliniforme (Bull.) Quél.

Ha saxig Big c. MenpHuku. [Iy6oBo-rpaboBuit
JIic i3 MOMIIIKOI sCeHa, JNUIM, KIEHa, B’sA3a, CO-
CHU, OCuKY, bGepe3u, TOIOJI, YepelHi, Ha IPyHTI,
03.11.2023. 3HaliieHO AeKilbKa eK3eMIUIApiB.

Lyophyllaceae

Calocybe gambosa (Fr.) Donk

Ha cxig Big c. XXaborun. JIyku, Ha IpyHTI,
01.05.2023. 3HalifieHO IpyIy MIOfOBUX Till.

Marasmiaceae

Marasmius epiphyllus (Pers.) Fr.

Ha niBpgennmit cxip Big c. XKaborun. Jy6osmit ic
i3 momimikoro numm, akamii, 6epe3n, COCHM, Ha -
coBiit migctui, 09.11.2024. 3HatiieHo rpyIry 1io-
TMOBUX TiJl.

Melanoleucaceae

Melanoleuca brevipes (Bull.) Pat. (puc. 1H).

Ha miBgennmit cxip Big c. XKabotun. Iy6oso-rpa-
60BMI1 JTiC i3 HOMIIIKOIO JINIIN, K/I€H], B 5134, aKallil,
BepOu, ocKKM, Ha I'pyHTi, 04.05.2020. 3HaiineHo ae-
Kinbka ek3emiuisapi. Hosuit st [IpaBo6epesxHoro
JlicocTermy.

Mycenaceae

Mycena arcangeliana Bres.

Ha niBgennmit cxip Bix c. XKa6otus. IyboBuii mic i3
MOMIIIKOO JIUITHN, aKaliil, 6epe3n, COCHU, Ha JIiCOBIil
migcTynni, 09.11.2024. 3HaiigeHo Tpyny MIOfOBUX
. HoBuit gy ITpaBo6epesxHoro Jlicocrery.

Mycena maculata P. Karst.

Ha niBuiynmit cxip Big c. Ipymkiska. JJy6oBo-rpa-
60BMI1 JTiC i3 JOMIIIKOIO sIceHa, /INIIN, KJIeHa, B’ g3a,
6epesu, COCHU, SUTMHU, OCUKI, Y€PEIIH], Ha THUTII
nepesuni Quercus robur, 18.10.2024. 3uaiifeHo fe-
Kinbka ekseMiuisipi. Hosuit st [TpaBobepesxHoro
Jlicocremy.

Mycena niveipes (Murrill) Murrill

Ha niBuiynmit 3axig Big c¢. Mempuukn. Jly6oBo-rpa-
60BMI JIiC i3 JOMIIIIKOIO SCEHa, TN, KIeHa, B’ A3a, Ha

IpyHTi, 05.08.2023. 3HalifieHO feKi/lbKa eK3eMIULAPIB.
Hosuit st [TpaBo6epexxHoro Jlicocrerty.

Mycena renati Quél. (puc. 1F).

Ha cxig Ta Ha miBgenHmit cxip Big c. YKabormn
(04.05.2017, 18.07.2023), Ha miBaeHHMII 3axXif Bif c.
Menpuuku (20.04.2024). Iy6oBo-rpaboBuit mic i3
TOMINIKOIO sICEHa, JINIIY, K/I€HA, HAa THWIIN JepeBN-
Hi Carpinus betulus. PeectpyBanu Tpudi, rpynamu
TIIOTOBUX TiJl.

Mycena rosea Gramberg

Ha cxip Big c. JKabotun. [Jy6oBo-rpaboBuii jic i3
TOMIIIIKOIO JIUTIM, K/IeHa aKallil, Ha /TicoBiit migcTu-
ni, 08.11.2019. 3HaiiieHe OfHe IIOIOBE TiJTO.

Mycena stylobates (Pers.) P. Kumm.

Ha saxipg Bim c. MenbHUKM. ,Hy6OBo—rpa6OBMI71 JIiC
i3 JIOMIIIKOIO sICeHa, JINIIN, KJIeHa, Bep61/[, Ha J1ico-
Bin migcrmi, 30.09.2017. 3HalieHe ofHe IIJIOJJOBE
tino. Hoswit ajist [TpaBo6epexxHoro Jlicocrery.
Mycena vitilis (Fr.) Quél.

Ha 3axin Big c. MenbHuku. [lyboBo-rpabosmit Jic i3
TOMIIIKOIO sICeHa, JIUIIN, KJIeHA, B A3a, COCHU, OCU-
KM, 6epe31/1, TOIIOJI, YepelllHi, Ha JIiCOBiil MigCTIILI,
03.11.2023. 3HaiifeHo JieKinbKa eK3eMIIAPiB.

Omphalotaceae

Collybiopsis peronata (Bolton) R.H. Petersen

Ha cxip Big c. XKaborun (17.07.2018), Ha miBHiu-
Huit 3axig Big c¢. Mempuuxu (05.08.2023). IOy6o-
BO-TPabOBMI1 JTiC i3 TOMIIIKO sICeHa, JINIIN, KIeHa,
cocHM, 6epesn, Ha micoBilt mifctunui. Peecrpysann
IBIiYi 110 JIeKi/IbKa eK3eMII/IAPIB.

Gymnopus aquosus (Bull.) Antonin & Noordel.
Ha cxin Big c. JKa6orun (19.09.2017, 24.07.2024),
Ha TiBOeHHWIT cxif Bix c. Jlybenni (27.04.2024).
Iy6oBo-rpaboBmii jic i3 ZOMIIIKOIO MIN, KIEHA,
OepesHsAK i3 JoMIlIKOW Ay6a, OCHMKY, COCHU, aKa-
i, Ha I'pyHTi. PeecTpyBanu Tpudi 1o jexinbka ex-
3eMIULAPIB.

Physalacriaceae

Strobilurus stephanocystis (Kithner & Romagn. ex
Hora) Singer (puc. 1L).

Ha miBniunmit cxig Bix c. Ipymkiska. [IyboBo-rpa-
60BMII JIiC i3 MOMILIKOIO sICE€Ha, JINIY, K/I€Ha, B 534,
Oepesn, COCHH, SUIVHY, OCUKM, YepelIHi, Ha IPYHT],
31.03.2024. 3nHaiigeHo Aexinbka exsemiuiapiB. Ho-
Buit gy [1paBo6epeskHoro Jlicocremy.

Strobilurus tenacellus (Pers.) Singer

Ha saxig Big c. Menbauku. CoCHOBUIL JIiC i3 [O-
Milko fyba, KiaeHa, B’s3a, HA MMHYIOPIiYHUX
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mumkax Pinus sylvestris, 10.10.2020. 3uarngeHo fme-
Kinbka exksemiuiapis. Hosuit st [paBo6epeskHoro
Jlicocremy.

Pleurotaceae

Hohenbuehelia mastrucata (Fr.) Singer

Ha niBniunmit 3axig Big c. MenbHuku. lyboBo-rpa-
60BUIT JTic i3 HOMILIKOI sCEHa, JIUIN, KJIEeHa, Ha
rHUIN fepeBuni Quercus robur, 17.10.2024. 3uait-
IeHO JeKinbKa ekdeMisipiB. Hosuit gy IIpaBo6e-
pexxnoro JlicocTeny.

Hohenbuehelia petaloides (Bull.) Schulzer

Ha cxig Big c. JKaborun. [ly6oBo-rpabosuit jic
i3 momimikor numm, KiaeHa, Oepesu, Ha I'PyHTi,
16.06.2021. 3HaiimeHe ogHe IUI0moBe Timo. HoBumit
mns IpaBo6epesxHoro Jlicocrery.

Pleurotus cornucopiae (Paulet) Quél.

Ha cxip Big c. XKaborun. [lyboso-rpabosuii jic i3
IOMIIIKOIO sICeHa, NN, KIeHa, bepesu, depenHi,
Ha THWIiN pepeBuHi Prunus avium L., 31.08.2024.
3HaiifeHo fekinbka ex3emiiApis. Hosuit ga Ipa-
BoOepexxHoro Jlicocremy.

Pleurotus dryinus (Pers.) P. Kumm. (puc. 11).

Ha cxig Bip c. YKabotun. Y3smiccs my6oso-rpabo-
BOTO JIiCY i3 JOMIIIKOIO JINIIN, K/IeHa, A6MyHi, Ipy-
11i, Ha >KuBoMy cToBOYpi Malus sylvestris (L.) Mill.,
25.10.2024, 02.11.2024. PeectpyBanu fBidi 1o fe-
KizbKa ex3eMiuisipiB. HoBwmit mist IIpaBo6epesxHoro
Jicocremy.

Pleurotus pulmonarius (Fr.) Quél.

Ha niBniunmii 3axig Big ¢. Menpuuku. [Iy6oBo-rpa-
6OBII1 JTiC i3 JOMIILIKOIO ICeHa, NI, K/IeHa, Ha THI-
niit nepeBuni Quercus robur, 25.06.2023, 17.10.2024.
PeectpyBanu nBidi, 110 IeKibKa eK3eMIUIAPIB.

Pluteaceae

Pluteus pellitus (Pers.) P. Kumm.

Ha niBuiynmii 3axig Big c. Menpauku. Jly6oo-rpa-
60BUIT JIiC i3 HOMIIIKOI sICeHa, JIUIM, KIeHa, Ha
rHUIN fepeBuHi Quercus robur, 05.08.2023. 3uait-
JleHe OfHe IJIOJIOBE Ti/lo.

Pluteus salicinus (Pers.) P. Kumm.

Ha cxip Big c. KaboTtun. Ysniccs fy6oBo-rpaboBo-
IO JIiCy i3 JOMILIKOIO ACEHa, JINIIY, K/I€Ha, Ha THHU-
niit mepeBuni Quercus robur, 18.07.2023. 3uaiineHo
JeKibKa eK3eMIUIAPIB.

Pluteus semibulbosus (Lasch) Quél.
Ha saxig Big c. Menbuuxu. JJy6oBo-rpaboBuit jic
i3 JOMIIIKOI fCEeHa, JINUIM, KIeHa, B 53a, COCHI,
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ocuku, 6epe3n, TOIOMI, YepelrHi, Ha THUIIN Jepe-
BuHi Tilia cordata, 03.11.2023. 3HaiigeHe ofgHe II0-
nose tino. Hosuit oist IlpaBo6epesknoro Jlicocre-

my.
Porotheleaceae

Megacollybia platyphylla (Pers.) Kotl. & Pouzar
Ha niBpennuit cxip Bix c. JKabotun. Jy6oso-rpa-
60BUI JTic 13 JOMIIIKO MUIN, K/IeHa, B’s13a, Oepe-
31, Ha THUJIN fepeBuHi Quercus robur, 18.07.2023.
3HaiifeHo fiekinbka exseMIuapis. Hosuii g Ilpa-
BoOepexHoro Jlicocremy.

Pseudohydropus floccipes (Fr.) Vizzini & Consi-
glio

Ha niBpennnit cxip Big c. JKabotun. JJy6oso-rpa-
60BMI1 JIic 13 MOMIILIKOIO JINMIIM, KI€Ha, aKallii, co-
CHU, 6epesm, Ha THUM pepeBuHi Quercus robur,
18.07.2023. 3HaiimeHe ojgHe IUiomoBe Timo. HoBwmii
mst ITpaBo6epesxHoro Jlicocrery.

Psathyrellaceae

Candolleomyces candolleanus (Fr.) D. Wicht. &
A. Melzer

Ha 3axig Bim c. MenbHMKM, Ha MiBIeHHUI CXif Bif
c. JKaborun. [Iy6oBo-rpaboBuit jic i3 pomimkor
JCEeHa, JNMIM, KJIE€Ha, aKalil, COCHM, Ha TIPYHTI,
22.06.2024. Buyi peectpyBanu JBidi, B OJJHOMY BU-
NafIKy KiZbKa IJIONOBMX TiJI, B iHIIOMY — OfHE.

Coprinellus disseminatus (Pers.) J.E. Lange

Ha miBpennmit cxipy Big c. JIy6enni. Cyxi mykn,
Ha THWI gepeBuHi Acer negundo L., 27.04.2024.
3HalifieHO TPYIy IIOfJOBUX TiJl.

Coprinellus silvaticus (Peck) Gminder

Ha miBgennmit cxip Big c. XKabotun. Jy6oBo-rpa-
60BUIT jIic i3 MOMIIIKOIO NI, KJIE€Ha, aKallii, co-
cHu, Gepesn, Ha IPyHTI, 17.06.2023. 3HaiifeHe ofHe
TI0JOBE TiNoO.

Coprinopsis mitrispora (Bohus) L. Nagy, Vagvolgyi
& Papp

Ha saxig Big c. MenpHuku. [Iy6oBo-rpaboBuit
JIC i3 JOMIIIKOIO sCEHa, JUIN, KJ€Ha, Ha IPYHTI,
20.04.2024. 3HaiigeHo Aexinbka exseMmirsipis. Ho-
Buit i IIpaBo6Gepexuoro Jlicocremy.

Parasola lilatincta (Bender & Uljé) Redhead,
Vilgalys & Hopple

Ha miBgennmit cxip Big c. XKabotun. Jy6oBo-rpa-
60BUIT jIic 13 MOMIIIKOIO NI, KJIE€Ha, aKallii, co-
cHH, 6epesn, Ha I'pyHTi, 17.06.2023. 3HalifieHe ofHe
mogose Tino. Hosuit ana Ykpainu Bup,.
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Psathyrella corrugis (Pers.) Konrad & Maubl.
Ha 3axig Big c. Mempuukn. [Iy6oBo-rpaboBuii
Jlic i3 MOMIIIKOI sCEeHa, UMM, KJIEHa, B’A3a, CO-
CHU, OCMKHU, Oepe3u, TOMO, YepelHi, Ha IpyHTi,
03.11.2023. 3HaliieHO AeKinbka eK3eMIUIApiB.

Psathyrella fatua (Fr.) Konrad & Maubl.

Ha niBpennmit cxin Big c. JIyb6enni. bepesusk i3
TOMIIIIKOIO uy6a, OCHKM, COCHM, aKallil, Ha IPyHTI,
27.04.2024. 3HaiineHo fexinbka exseMIurapis. Ho-
Buit gyt [paBo6eperxxnoro Jlicocrerny.

Psathyrella noli-tangere (Fr.) A. Pearson & Dennis
Ha cxip i c. Kab6otun. 3anmaBunit Bep6oBuii ic i3
IOMIIIKOI0 KJIeHa, BibXW, Oepesy, OCUKY, B’sI3a, HA
jricoBiyt migcTuwii, 19.04.2024. 3HaiieHe ofHe IIIO-
nose Tino. Hosumit gyt ITpaBobepexxuoro JlicocTerty.

Psathyrella olympiana A.H. Sm. (puc. 1]).

Ha niBniunmit cxip Big c. Ipymkiska. ly6oso-rpa-
60BUIT JIiC i3 JOMILIKOIO SICEeHa, JININ, K/IeHa, B A3a,
Oepesu, COCHM, SUIMHU, OCUKM, YePellIHi, Ha 'PYHTI,
31.03.2024. 3HaiifeHo mekinbka eksemiuisapis. Ho-
Buit gyt [IpaBo6epexxuoro Jlicocrerny.

Psathyrella pseudogracilis (Romagn.) M.M. Moser
Ha 3axin Big c. Menbuuku. JJy6oBo-rpabosnit jic
i3 MOMIIIIKOIO sICeHa, JIMIIN, KJIeHa, Ha JiCOBIiN MifI-
ctuni, 19.10.2024. 3HalijgeHo feKinbKa eK3eMIIIA-
piB. Hoswuit ayis IlpaBobepexuoro Jlicocremy.

Psathyrella spadiceogrisea (Schaeff.) Maire

Ha cxip Big c. XKaboTus, Ha miBgeHHUIT cXif Bif c.
JIy6enui. [lyboBo-rpaboBuit yic i3 goMimkorw 6Oe-
pesiu, CoCHM, Oepe3HsIK i3 ZOMIIIKOI0 Ay0a, OCUKI,
COCHM, akalil, Ha rpyHTi, 09.04.2023, 27.04.2024.
3HaiteHo fiekinbka exsemiuapis. Hosuii g Ilpa-
BoOepexHoro Jlicocreny.

Tulosesus callinus (M. Lange & A.H. Sm.) D. Wicht.
& A. Melzer

Ha niBpennuit cxip Big c. JKab6orun. JJy6oso-rpa-
60BMI1 JTiC 13 MOMIIIKOIO JNUIM, KJIEeHa, aKallil, Ha
IpyHTi, 04.10.2020. 3HalifeHe ofHe IIOJOBE TifoO.
Hosnit nna IIpaBo6epexuoro Jlicocreny.

Tulosesus impatiens (Fr.) D. Wicht. & A. Melzer
Ha saxig Bim c¢. MenbHuku, 49°15'45.5"N,
32°24'20.7"E. ly6oBo-rpaboBmii ic i3 momimkoro
sCeHa, /UMM, KJIeHa, Ha JICOBil IMiACTUIKII,
08.11.2019. 3HaiifieHO OeKinbka ek3eMIULpiB. IT's-
Ta 3Haxifika B YkpaiHi (Prydiuk, 2015). HoBuit s
ITpaBobepesxnoro Jlicocremy.

Sarcomyxaceae
Sarcomyxa serotina (Pers.) P. Karst.

Ha cxip Big c. XKabotun. Jy6oBo-rpaboBuii nic i3
IOMIIIKOIO fICeHa, NI, KIeHa, YepellHi, Ha THU-
niit jepesuHi Quercus robur, 14.10.2023. 3HaiigeHo
mexinpka exsemiuisipiB. Hosuit mst IIpaBobepesx-
Horo Jlicocremny.

Strophariaceae

Deconica micropora (Noordel. & Verduin) Noordel.
Ha saxig Big c¢. Menbuuku, 49°15'72.5"N,
32°27'49.8"E  (25.02.2024) Ta wHa NiBIEHHUII
cxip Big c. Jlybenui, 49°13'77.9"N, 32°19'81.4"E
(27.04.2024). Cocnosmit nic i3 pmomimkoro nyoOa,
OepesHAK i3 JoMIlIKOW Ay6a, OCUMKM, COCHU, aKa-
1ii, Ha MOXOBIiil nigcTunni. PeectpyBann aBidi, 1o
IeKinbKa ek3eMIUIApiB. [Ipyre miclie3sHaXOm>KeHHs
B YkpaiHi (Heluta et al., 2024). Hoswnit ps IIpaso-
6epexuoro JlicocTery.

Leratiomyces squamosus (Pers.) Bridge & Spooner
Ha 3axin Bix c. MenpHuku. [ly6oBo-rpaboBuii jic
i3 IOMIIIKOIO sICeHa, /ININ, KJIIEHa, Ha THWIIN fepe-
BuHi Carpinus betulus, 13.10.2019. 3HaiizeHo pe-
Ki/IbKa eK3eMIUIAPIB.

Pholiota aurivella (Batsch) P. Kumm. (puc. 1G).
Ha cxig Big c. XKabortun (07.10.2022, 14.10.2023),
Ha MiBHIY Ta miBOeHHMI cXif Big X. bygma
(15.10.2023, 18.10.2024). y6oBo-rpabosuii mic
i3 momimikolo siceHa, UMM, KIeHa, B's3a, Oepesn,
OCHUKU, Ha THWIII Ta >KuBiil nepeBuHi Acer plata-
noindes, Betula pendula Roth Ta Populus tremula
L. PeectpyBanu 4ortupm pasu, IO fI€KilbKa eK-
3eMIIAPIB.

Pholiota squarrosa (Vahl) P. Kumm.

Ha niBmennmnii 3axin Big c. Menbpauku (02.11.2023),
Ha niBHiuHUI cxif Bif c. IpymkiBka (18.10.2024).
Hy6OBo—rpa6013M171 JIiC i3 TOMIIIIKOI SICE€HA, JIUIIN,
KJIeHa, B’si3a, Oepe3n, COCHU, SUIMHU, OCUKH, 4e-
pelHi, Ha THUIIN lepeBuHi Fraxinus excelsior, xu-
Bill pepeBuHi Quercus robur. Ha tepuropii mapky
BUJI PEECTPYBa/IN ABivi, TpyIIaMMu.

Tricholomataceae

Tricholoma albobrunneum (Pers.) P. Kumm.

Ha niBgennuit cxip Big c. XKabotun. OcuyHuxk i3
IOMIIIKO Oepe3n Ta COCHM, Ha IpyHrti, 05.10.2022.
3HaiteHo fekinbka ex3emiuapis. Hosuii g Ipa-
BoOepexHoro JlicocTemy.

Tricholoma argyraceum (Bull.) Gillet

Ha niBgennuit cxip Big c. YKaborun. Ocuynuk i3
fioMillKoo 6epe3n Ta COCHU, Ha IPyHTI, 05.10.2022.
3HalifieHo IeKiTbKa eK3eMIIIAPiB.
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Tricholoma atrosquamosum Sacc.

Ha nisgennuit cxin Big c. JKaborun. OcuynHuk i3
TOMIIIKO Oepe3i Ta COCHM, Ha IpyHTi, 05.10.2022.
3HaiifieHo fekinbka ex3emiiApis. Hosuii gia Ipa-
BoOepexHoro Jlicocremy.

Tricholoma terreum (Schaeff.) P. Kumm.

Ha cxip Big c. XKab6orun. [lyboso-rpabosuii jic i3
IOMIIIIKOIO /INIIN, KJIeHa, B'A3a, aKallii, Bepou, ocu-
KM, Ha IpyHTi, 21.10.2019. 3HaiifieHO [leKinbKa ex-
3eMILIAPIB.

Tubariaceae

Cyclocybe erebia (Fr.) Vizzini & Matheny
Ha cxip Big c. XKab6orun. lyboBo-rpabosuii ic i3
TOMIIIKOIO ACeHa, TN, K/IeHa, YepellHi, Ha IPyH-
Ti, 11.10.2020. 3HalifeHO HAEKi/lbkKa eK3eMIUIApIB.
Hoswuit aya [TpaBo6epexuoro JlicocTemy.

Flammulaster muricatus (Fr.) Watling (puc. 1E).
Ha saxip Big c. Menpauku. Jly6oBo-rpaboBuii jic i3
IOMIIIKOIO sICeHa, /TUIMN, K/IeHa, B’sI3a, bepesn, co-
CHM, MOJIPVHM, Ha THUIN fepeBuHi Carpinus betu-
lus, 03.08.2024. 3HaiijieHO JieKiIbKa eK3eMIUISPIB.

Tubaria furfuracea (Pers.) Gillet

Ha cxig Big c. XKaborun (13.12.2017), Ha 3axin Bifn
¢. Menpaukn (25.02.2024), Ha miBHIYHNMIT CXif Bif C.
IpymikiBka (31.03.2024). [Ty6oBo-rpaboBuii jic i3 jo-
MIIIKOIO sICeHa, /MM, KJIeHa, Bs13a, 6epesn, COCHH,
SUIVHY, OCYKY, YePeIIHi, Ha THIIIN nepeBuHi Quercus
robur. PeecTpyBami Tpydi, 110 fleKi/IbKa eK3eMIUIAPIB.

BOLETALES
Boletaceae

Boletus pinophilus Pilat & Dermek (puc. 2A).

Ha miBnenuwit cxip Big c. JIybenui. CocHoBmit ric,
Ha IpyHTi, 03.10.2021. 3HaliieHO AeKinbKa eK3eMII-
nspiB. Hosuii ps ITpaBo6epesxnoro Jlicocreny.

Caloboletus radicans (Pers.) Vizzini

Ha saxig Big c. MenpHuxu. [Iy6oBo-rpabosuit
JC i3 JOMIIIKOIO sICE€Ha, JUIM, KJI€Ha, Ha IPYHTI,
12.06.2024. 3naiimene omHe mmomose Tinmo. HoBuit
nns [paBo6epesxHoro Jlicocrery.

Hortiboletus rubellus (Krombh.) Simonini, Vizzi-
ni & Gelardi (puc. 2B).

Ha cxig Big c. YKabotun. Ysmiccs gy6oBo-rpabo-
BOTO JICY i3 [JOMIIIKOI JIMIN, K/I€HAa, Ha I'PYHTI,
22.09.2023. 3HaiteHo feKinbKa eK3eMIIApiB.

Imleria badia (Fr.) Vizzini
Ha s3axigx Big c¢. Menbuuku. [ly6oBo-rpa6o-
BUII JIiC i3 JOMILIKOIO sICEHa, JIMIINM, KJIeHa, B’s3a,
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cocH, 6epesu, TOMO, OCUKI, YepellIHi, Ha IpyHTi,
18.10.2021. 3nalifgeHo fekinbka ek3emiiapis. Ho-
Buit i [IpaBo6Gepexuoro Jlicocremy.

Leccinellum pseudoscabrum (Kallenb.) Miksik
(puc. 2E).

Ha niBpennnit cxip Big c. JKabotun. [Jy6oso-rpa-
60BUI JTic 13 JOMIIIKOIO MUIN, K/IeHa, B’s13a, Oepe-
31, Ha IpyHTi, 18.07.2023. 3HaiifieHe OflHE I/IOfIOBE
tino. Hosmit nyst ITpaBo6epesxnoro Jlicocrery.

Leccinum duriusculum (Schulzer ex Kalchbr.)
Singer (puc. 2F).

Ha nisgennuit cxing Big c. JKaborun. Ocuvnuxk i3
HoMilIKoIo Gepes Ta COCHY, Ha IpyHTi, 17.07.2018,
22.06.2024. 3HaliieHO feKi/TbKa eK3eMIIIApiB.

Neoboletus erythropus (Pers.) C. Hahn

Ha mniBuiunmit 3axiy Big c. Menpuukn. [y6o-
Bo—rpa60BI/H7[ JIiC i3 MOMIIIIKOIO siICeHa, JIUIIN, KJIeHa,
Ha I'pyHTi, 25.06.2023. 3HaliieHO JeKinbKa eK3eMII-
NAPIB.

Suillellus luridus (Schaeff.) Murrill

Ha cxig Big c. JKaborun. Jy6oBo-rpabosmit mic
i3 TOMIIIKOXO /IMIIN, KJI€Ha, Ha IpyHTi, 07.06.2017.
3HarifieHo IeKiTbKa eK3eMIULApiB.

Suillellus queletii (Schulzer) Vizzini, Simonini &
Gelardi

Ha niBpennuit cxip Bixg c. JKabotun. Jy6oso-rpa-
60BMI1 JIiC i3 MOMIIIKOIO UIIN, KIEHa, 6epe31/[, Ha
IpyHTi, 16.06.2019. 3HalifeHe ofHe IIOJOBE TifIoO.
Hoswit gy [TpaBobepexuoro JlicocTemny.

Tylopilus felleus (Bull.) P. Karst. (puc. 2I).

Ha niBuiunuit cxip Big c. XKaborun. Jy6oso-rpa-
60BUIt TiC i3 JOMINIKOO U, K/eHa, 6epesn, co-
CHM, Ha I'pyHTi, 17.08.2021. 3HalifieHe ofHe IIOK0-
Be Tino.

Xerocomellus porosporus (Imler ex Watling)
Sutara

Ha niBpgennmit cxip Big c. XKabotun. Jy6oso-rpa-
60BUIT JIiC i3 MOMIIIKOI MMM, KI€Ha, Ha I'pyHTi,
16.09.2017. 3nuaitmene omHe mmomoBe Tinmo. HoBuit
nyst [IpaBo6epexnoro Jlicoctemny.

Xerocomellus pruinatus (Fr. & Hok) Sutara (puc. 2J).
Ha cxig Big c. JKaborun. [Ty6oBo-rpabosuit jic
i3 MOMILIKOIO /IMIM, K/I€Ha, Ha IpyHTi, 11.08.2021.
3HarifieHo JieKinbKa ekseMIiApis. Hosuit g [pa-
BoOepexxHoro Jlicocteny.

Xerocomellus ripariellus (Redeuilh) Sutara

Ha «xig Big ¢ JKabormn, 49°13'09.3"N,
32°18'53.7"E. Jly6oBo-rpabosmiit jic i3 moMilIkoo
UM, KaeHa, Ha IpyHti, 11.08.2021. 3naiimeHo
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Puc. 1. lesaxi npenctaBHuky nopsaky Agaricales. A: Agaricus macrocarpus; B: Amanita crocea; C: Bolbitius titubans; D: Ento-
loma aprile; E: Flammulaster muricatus; F: Mycena renati; G: Pholiota aurivella; H: Melanoleuca brevipes; 1: Pleurotus dryinus;
J: Psathyrella olympiana; K: Simocybe sumptuosa; L: Strobilurus stephanocystis

Fig. 1. Some of the reported species (Agaricales)
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JeKinbka ekseMIuiApiB. [Ipyra sHaxigka B YKpaiHi
(https://www.inaturalist.org/taxa/460465-Xeroco-
mellus-ripariellus). Hosuit g ITpaBobGepesxHoro
Jicocremy.

Xerocomus subtomentosus (L.) Quél.

Ha cxig Big c. JKaborun. Jy6oBo-rpabosmit mic
i3 TOMIIIKOXO /IMIN, KJIeHa, Ha IpyHTi, 11.08.2021.
3HalileHo feKilbka eK3eMIIIApiB.

Tapinellaceae

Tapinella atrotomentosa (Batsch) Sutara (puc. 2H)
Ha cxip Big ¢c. JKab6orun (11.08.2021), Ha 3axin Bin
c. Menpuuku (03.08.2024). Ty6oBo-rpaboBmit mic
i3 mOMIIKOIO sIceHa, TUIN, KJIeHa, COCHI, Ha THHU-
niit gepeBuHi Quercus robur Ta Pinus sylvestris. Pe-
€CTpyBa/IM [Bidi, 3HAXOAWIN IO Ki/IbKa IJIOJOBUX
tin. Hosuit gna IpaBo6epesxHoro Jlicocrery.

RUSSULALES
Russulaceae

Lactarius subdulcis (Pers.) Gray

Ha niBniynmit 3axig Big c. MenbHuku. lyboso-rpa-
60BMI1 JTiC 13 OMIIIKOIO SACeHa, NI, KJIEHa, COCHH,
Ha IpyHTi, 05.08.2023. 3HailmeHo FeKinbKa eK3eMII-
nspis. Hosuit ps [TpaBo6epesxnoro Jlicocreny.

Lactarius zonarius (Bull.) Fr. (puc. 2D)

Ha cxig Big c. JKabotun. Jy6oBo-rpaboBmit mic
i3 moMilIKOXO /IMIM, KJIeHa, Ha IpyHTi, 11.08.2021.
3HaiifieHo fekinbka ex3emiiApis. Hosuit gia Ipa-
BoOepexHoro Jlicocremy.

Lactifluus piperatus (L.) Roussel

Ha niBmennmit cxin Bing c. YKabotmH. OcMUHUK i3
moMilKolo B’si3a, Oepesu, Ha rpyHTi, 18.07.2023.
3HaliieHo fekinbka exseMIuiapiB. Hosuit g [pa-
BoOepesxHoro Jlicoctemny.

Lactifluus volemus (Fr.) Kuntze (puc. 2C)

Ha cxig Big c. JKaborun. [ly6oBo-rpabosuit jic
i3 JOMIIIKOI fCeHa, UM, KJIE€Ha, Ha IPYHTI,
07.10.2022. 3HailieHO [eKinbka ek3eMIuiapis. Ho-
Buii i IIpaBo6epexxHoro Jlicocrery.

Russula amethystina Quél.

Ha cxig Big c. YKaborun. [ly6oBo-rpabosuit jic
i3 JOMIIIKOI sCeHa, UMM, KJE€Ha, Ha IPYHTI,
18.07.2023. 3HaiifneHo fekinbka exkseMIrpis. Ho-
Buii gyt [IpaBo6epexuoro Jlicocreny.

Russula claroflava Grove

Ha mniBuiunmit saxig Big c. Menbuuku. [y6o-
BO-TpaboBMit JIic i3 JOMIIIKOIO siCeHa, UMM, Kie-
Ha, 6epe3n, B’s13a, Ha IpyHTi, 05.08.2023. 3HaiieHe
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onte miopoBe Timo. Hosuit mis IIpaBo6epesxHoro
Jicocremy.

Russula emetica (Schaeft.) Pers.

Ha cxig Big c. JKaborun. Jy6oBo-rpabosmit mic
i3 TOMINIKOXO /IMIIN, KJIeHa, Ha IpyHTi, 12.08.2021.
3HarifieHo JieKinbKa ekseMIApiB. Hosuit g [pa-
BoOepexHoro Jlicocreny.

Russula olivacea (Schaeff.) Fr. (puc. 2G).

Ha cxig Big c. JKaborun. [Iy6oBo-rpabosuit jic
i3 JOMIIIKOI sCeHa, JUIM, KJI€Ha, Ha IPYHTI,
18.07.2023. 3nalifeHo fekinbka ex3emiiapis. Ho-
Buii gyt [IpaBo6epexuoro Jlicocrerny.

Russula pelargonia Niolle

Ha niBpennmii cxip Big c. XKabotun. Jy6oso-rpa-
6oBwmit Jic i3 foMilKo /umyM, KiaeHa, bepes3n, Ha
IpyHTi, 19.09.2017. 3HaiineHo [leKilbKa eK3eMIIIA-
piB. Hoswuit ayia [TpaBo6epexuoro JlicocTemy.

Ockinbku gBa Bunm (Parasola lilatincta i Pholiotina
nemoralis) BUABIWIMCh HOBUMM I YKpaiHy, TO 1A
LIVIX TAKCOHIB HYDKYe HaBOAUThCA Oinbiie iHdopma-
11ii, 30KpeMa HaJIaHO OIJCH MAKpPO- Ta MiKpOO3HaK
3HANJIEHNX 3Pa3KiB, OpUTiHANbHI CBIT/IMHA ILIOKO-
BVIX Ti/I i MIKPOCTPYKTYP, a TaKOX iHpOpMaLis Ipo
CBiTOBE MTOIINMPEHHSA 3a3HaYeHNX BUJIiB.

Parasola lilatincta (Bender & Uljé) Redhead,
Vilgalys & Hopple, in Redhead, Vilgalys, Mon-
calvo, Johnson & Hopple, Taxon 50(1): 236. 2001
(puc. 3).

= Coprinus lilatinctus Bender & Uljé, in Uljé & Ben-
der, Persoonia 16(3): 373. 1997.

Hlanneka 2-3 cM y fiaM., IJIafleHbKa, HaIliB-
Ky/IACTa, py0dYacra, >KOBTO-KOPMYHEBAa MO Ci-
pyBaTO-4€pBOHO-KOPMYHEBOI, B IIEHTPi 37Ierka
BfIaBJIeHa, OMMCKY4Y0-TIOMapaHueBa [0 TeMHO-IIO-
MapaH4eBoi. ItacTuHkM BinbHi, 6inyBaTi, 10 Kparo
yopHyBari. Hixkka 4,0-6,0 x 0,1 cM, [emo 3ByxXy-
€TbCS TOTOPH, 3i 37eTKa Oyn1b60I0fi0HO MOTOBIIE-
HOIO0 OCHOBOIO, ITIaJlecHbKa, Oina, KpUXKa, 6e3 Kijb-
1. M’ akym 6inyBaruit, 6e3 0co61MBOro 3amnaxy ta
cMaky. CriopoBuii MOPOIIOK YOPHMIL.

Cnopn (12,0-)13,0-14,5(-15,5) x (6,0-)8,5-
11,0(-13,5) MKM, y cepegHboMy 14,5 X 9,9 MKM,
IPUIUTIOCHYTI, aH(ac OKPYINO-TPUKYTHI, OKPYT-
JO-LIeCTUKYTHI ab0 OKpyr/i, B mpodinp eminco-
mofibHi, 3 eKCIeHTPUYIHOI POCTOBOK IOPOI0
2,0-2,5 MKM y piaM., IZIafieHbKi, TEMHO-KOpUY-
nesi B KOH. baswugii 17,0-22,0 x 6,0-9,0 MKM,
4-crioposi, 6ynaBomopnibHi i umMaiHAPUYHO-OY-
naBonofibui, 6es6apsui B KOH, oroueni 5-8
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Puc. 2. [leski npencraBuuky nopsankis Boletales i Russulales. A: Boletus pinophilus; B: Hortiboletus rubellus; C: Lactifluus
volemus; D: Lactarius zonarius; E: Leccinellum pseudoscabrum; F: Leccinum duriusculum; G: Russula olivacea; H: Tapinella
atrotomentosa; 1: Tylopilus felleus; J: Xerocomellus pruinatus

Fig. 2. Some of the reported species (Boletales and Russulales)

ncesnonapacdizamn KO>XXHa. XennouucTuamn
25-29 x 23-26 MKM, MIIIKOMIOAiOH], TPAIISAIOTh-
ca pigko. ITneBpounctuan 34-40 x 11-140 MK,
OWIHAPUYHI 1O Maibke mimkomonioumx. Ckie-
pouuctuau BifcyTHi. KyTMkyna manuHku TriMe-
Hia/lIbHA, CKJIAJIA€TbCA 3 OYIAaBOIONIOHMX KITiTMH
po3mipoM 33-37 x 9-12 MKM, 3aIIOBHEHUX Api6-
HMMM KpanejbKaMu OJIil.

3aranpHe momypeHH:A. €ppona: Bemnka bpu-
taHis, Hanis, Icnanis, Itania, Higepnangu, Himeu-
unHa, Hopserisa, Crnosenis, Ykpaina, Qinnanpis,
Opannis, HIsenia. Asia: Ingia, Ilakucran, Caypis-
cpka Apasid. IliBHiuna Amepuxka: Kanapma, CIIA.
A¢puxa: borcsana, Tansanis, Yranma. ABcrpa-
nasig: Ascrpania (Uljé, 2005; Hussain et al., 2016;
https://www.gbif.org/species/2534514).
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Puc. 3. Parasola lilatincta. A, B: oposi Tina; C: 6asupiocropy; D: 6asuaii; E: kmitrHr Ky Ty manuaky; F: xeronuct-

mu. Macmra6: C, D, E — 10 um, F — 20 um

Fig. 3. Parasola lilatincta. A, B: fruit bodies; C: basidiospores; D: basidia; E: pileipellis cells; F: cheilocystidia. Bars: C, D, E —

10 um, F — 20 pm

Pholiotina nemoralis (Harmaja) Bon, Docums
Mycol. 21(83): 38. 1991 (puc. 4).

= Conocybe nemoralis Harmaja, Beih. Sydowia 8:
182. 1979.

Mlannuka 1,5-2,0 cM y giam., HamiBKynAcTa 1o
ONyK/I0i, rirpodaHHa, I7aJieHbKa, Y BOTIOTOMY CTaHi
IIPO30PO-CMYTacTa, B IEHTPi KOPUYHEBA JJO YEPBO-
HYBaTO-KOPMYHEBOI, 110 KpasAX CBiT/illa, IOMapaH-
4eBO- 260 KOBTYBAaTO-KOPUYHEBA, B CYXOMY CTaHi
— IIOMapaHyeBa, 110 KpasXx i3 3anuIIKamMu IOKpu-
Basa y BUMIAAi 6immx a6o 6imyBaTux BOTOKHMCTUX
IUIACTiBLIB, fAKI IBUJAKO 3HMKAIOTh. llmactuHknm
BY3bKOIIpUPOCTi abo MalbKe BiNbHI, JOCUTH IyCTi,
ONYKJIi, IIOMapaH4YeBO-KOPUYHEBI, 3TOOM ipKa-
BO-KOPMYHEBI, 3 CBIT/IMNM piOHOTOPOYKYBATUM
kpaem. Hixka 4,0-6,0 x 0,15-0,3 cM, unmingpud-
Ha 31 ¢/1abKO IOTOBIIEHOI OYIaBONOIOHOI OCHO-
BOI0, TPyO4acTa, Ha BepXiBIi OOPOLIHNCTA, HIDKYE
I7IaIKOBOJIOKHIICTA, KOBTYBaTa, B HIDKHIN YacTu-
Hi TeMHilIa >KOBTyBaTO-KOpMYHeBa. M’ saKkyur Omi-
[O-IIOMapaH4YeBO-KOPUYHEeBMII, 6e3 0co6MMBOro
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CMaKy, 3 rpu6HUM 3amaxoM. CIOpOBMII IOPOLIOK
ip>xaBO-pymuiL.

Coopn 10,0-12,5 x 5,0-6,3 MKM, aH(bac BUOBXe-
HO-ANLenoniOHi Ta AilnenomibHo-emincononibHi, B
npodinb 37erka MUTHANETORIOH], T/IajeHbKi, 3 LjeH-
TpaZbHOK pOCTOBOK nopow 1,0-1,5 MKkM y giam.,
I7IaJleHbKi, >KOBTI Ta ipkaBo-xkopuuHeBi B KOH.
Basupii 18-30 x 7-9 Mkm, OymaBomopi6Hi, 4-cro-
posi. Xemnmonuctupu 15,0-30,0 x 6,0-9,0 x 2,5-5,0
MKM, IUIAIIKOIIONiOHI, pOSHYTO-BepeTeHOHO,T_[i6Hi,
MiLIKOIIOAiOHI, YacTo 3i 3/1erka pO3LIMPEHO Bep-
XiBKOI0 3-5 MKM 3aBTOB. IlmeBponucTuay BificyTHi.
Kaynouuctuay ananoriuHi xermounctupam. Kyrtu-
KyJIa LIAIVMHKY TiMeHianbHa, CKIaaeTbcs 3 6yn1aBo-
IOiOHMX KIITHH 5o 30 MKM 3aBIIL

3aranbHe moMMpeHH:A. €Bpona: ABCTpis, bernb-
ria, Bemmka bpwurania, [ania, Ecronia, Icnanis,
Itania, JlatBis, Hinepnanpyu, Himewyunmna, Hop-
Berid, YropmmHa, Ykpaina, @innanpisa, Opannis,
Yexis, lIBeitiapia, IIsenis. IliBniuna Amepuka:
CIHIA (Harmaja, 1979; Hausknecht, 2009; https://
www.gbif.org/species/3323299).
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Puc. 4. Pholiotina nemoralis. A, B: mnoposi tina; C: 6asupiocriopu; D: xniTuHM KyTukynu; B: kaynomuctupm; F: xeitnonucru-
mu. Macurra6: C, D, E — 10 um, F — 20 um
Fig. 4. Pholiotina nemoralis. A, B: fruit bodies; C: basidiospores; D: cuticule; E: caulocystidia; F: cheilocystidia. Bars: C, D,
E — 10 um, F — 20 pym

BucHosxu

Y pesynbTarti NpOBEEHOTo JOCTi/[)KeHHA BIANOCA
3HAYHO IIONOBHUTM BilOMOCTI IpO BUAOBUI
cxnap rpubis HIIIT “Xonopuuit Sp”. Hasemeno
inpopmarnito mpo MicuesHaxomkeHHs 106 Bupis
arapuKoifHuMX TrpubiB, sAKi BUABMINCA HOBMMU
I mapkKy. JIBa 3 HUX yneplle 3HalijieHi B YKpaiHi,
58 — Ha tepuropii IIpaBobepexnoro Jlicocremy,
a BiciM BUAIB € pifKicCHMMM Ha TepuUTOpil HamIoL
Kpainn. Xoya Ha CbOTOJHINIHIN [eHb Yy IapKy
3apeecTpoBaHo 231 BMJ arapukoifHux rpubis,
OOCTi[KEHHA Li€l IpynM He MOXKHa BBaXKaTu
3aBEPIICHVMH, OCKUIBKM [JOCUTb CHPUATINBI
IpUPOAHI YMOBU Ta pi3HOMaHITHICTH 6ioljeHO3iB
HIIIT “Xonopuwit SIp” [03BONAIOTH OYiKYBaTH TYT
6inp1Iol BUIOBOI PI3HOMAHITHOCTI arapMKOifHUX
rpu6iB, monaitmentire 300-400 BumiB.

Iogsaxu

ABTOpPM BNCIOBIIOIOTh WPy BAAYHICTD 3aBimy-
Bauyy Bimgainy dikororii, mixenonorii ta Opionmorii
71.6.H., c.H.c. T.I. Muxait/mok 3a MO>K/IMBICTb CKOPU-
cratucs cBiTioBuM Mikpockonom Olympus BX53
i nudposoro xameporo Olympus LC30, a Taxox
cniBpo6iTHuKaM ta KepiBHuutey HIIIT “Xonoguni
SIp” 3a gomomory B 360pi rpubis.

JOTPMMAHHA ETMYHVX HOPM

ABTOpM NOBiIOM/IAIOTH HPO  BifCYyTHICTDH 6y,ub—ﬂKoro
KOHQIIKTY iHTepeciB.
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New records of agaricoid fungi from the Kholodnyi Yar National Nature Park
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Abstract. The article provides information about new finds of agaricoid fungi recorded during 2017-2024 in the Kholod-
nyi Yar National Nature Park (Cherkasy Region, Ukraine). A list of species with the data on their habitats and substrates is
presented. Two species, Conocybe nemoralis and Parasola lilatincta, are reported in Ukraine for the first time. Descriptions
and original photographs of their fruit bodies and microscopic features, as well as data on their worldwide distribution are
provided. For the Right Bank Forest-Steppe, 58 species are recorded for the first time. Additionally, eight rare in the country
species (Agaricus abruptibulbus, Arrhenia epichysium, Conocybe ochrostriata, Deconica micropora, Galerina camerina, Leuco-
coprinus serenus, Tulosesus impatiens, and Xerocomellus ripariellus) are reported.

Keywords: Basidiomycota, Cherkasy Region, fungi, mycobiota, Nature Reserve Fund, new records, Ukraine
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BMicT aHTOIiaHIB Y HaI3€MHIX OpraHax
Rosa rugosa ta Rosa ‘Rotes Phaenomen’ (Rosaceae)
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Pedepart. IIpencraBieHo pesynbTaTyi BYBYEHHA BMICTy aHTOIaHIB y BEereTaTVMBHNX Ta TeHePaTMBHUX OPraHaX POCIVH
Rosa ‘Rotes Phaenomen’ BctaHOB/IeHO 3Ha4He IepeBa’kaHHA BMICTY aHTOLiaHiB y maroHax (Ha 43,1%), kBiTkax (38,0%) ta
rinmanTiAx (30,3%) y JOCTiKEHOro COPTY MOPIiBHAHO 3 BUXITHUM BUIOM Rosa rugosa. AHaTOMi4He JOC/Ti/PKeHHA ITarOHiB y
KyrmbriBapa Rotes Phaenomen’ mokasaso, 1o Bci TkaHuHM (IepBUHHA Kopa, KaMbili, 1y, fepeBuHa, CeplieBUHHI TpoMeHi
Ta CepIieBVHA) HAKOINMYYIOTb IyPIypOBi IirMeHTN. 3HAUHWUIT BMICT aHTOLaHIB y Hail3eMHUX opraHax (586,36 = 15,75
mr/100 r cyxoi pedoBuHM y KBiTKaX, 205,26 + 9,12 Mr/100 r cyxoi peyoBuHM y maroHax Ta 141,18 + 10,19 mr/100 r cyxoi
PEYOBMHY Y MSKYILII TiIIAHTII0) CBIGYUTH IPO IEPCHEKTVUBY IIPOMIUCTIOBOTO BUKOPMCTAHHS COPTY SIK L[iHHOTO [pKepena
6i0/I0ri4HO aKTUBHUX CIIONMYK. PexoMeHpoBaHo 3amydaru copt ‘Rotes Phaenomen’ 5o cenmekIiitHyx Iporpam 3i CTBOpeHHs

COPTiB 3 BUCOKMM BMiCTOM aHTOIIiaHiB.

KnrouoBi croBa: aHTOLiaHM, TiIaHTil, KBITKM, IT1aroHM, Rosa

Bcryn

AHTOLiaHM Ha/meXaTh 0 Tpynu (HIaBOHOIAIB i Bif-
IIOBiJJaIOTh 32 Pi3SHOMAHITHY IIrMEHTAllil0 y KBIiTKaX
1 I71071aX, a TAKOXK CIIOCTEPIralOThCA y IUCTKAX, CTe-
071ax, TaroHax, HaciHHi Ta {HIIVX YaCTMHAX POCIMH
(Zhao et al., 2019). 3aBOAKM BMUCOKIill 3HaTHOCTI [0
HeNTpaiisalii BUIBHUX pajMKaldiB BOHM POSITIA-
JAIOTbCS SIK O107IOriYHO aKTMBHI XapyoBi CIIONyKu
3 HOTEHIL{/IHO TIO3UTMBHMM BIUIMBOM Ha 3[OPOB’SI
JIIOIVIHY, 30KPEMa y KOHTEKCTi JOIIOMDKHOIO JIKY-
BAaHHA CEPLIEBO-CYJVHHIX, OHKOJIOTIYHNX Ta iHIIMX
3axBopoBanb (Wang, 2023). ®ynkuii anTonianis y

HAJ/[3EMHMX OpraHaX POC/IVH J[JaBHO IIPMBEPTAIOThH
yBary BueHMX. JJO OCHOBHUX (YHKI[iOHaJIbHMX Ti-
IIOTe3 Ha/IeKaTh: 3aXVUCT MITOXOHJpiN Bifl Hecpu-
ATIMBOTO BIUIMBY HAIAIIKY CBIT/Ia, OCTA0IeHHS
ybTpadioseToBOro BUIIPOMIHIOBaHHS, BUCOKA aH-
THOKCYUIaHTHA akTyBHICTH (Gould, 2004; Smeriglio
etal., 2016; Wu et al., 2025, etc.).

Bupu pomy Rosa L. (Rosaceae) € cepen HaliBax-
JIUBIIIMX KOMEPUiTHUX KBITKOBUX KY/IBTYP, O CTa-
HOBJIATDb 3HAYHMII iHTepec He julle K POCTMHHUMI
MaTepiasn 1A maHAmadTHOTO AM3aiHy Ta 3pisy KBi-
TOK, a 1 SIK He3aMiHHe JKepeyio (iTonpemnaparis i1
Xap4oBOl, KOCMETUYHOI, MapdyMepHOi, MegMIHOI
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BwmicT aHTOLiaHIB y Hafj3eMHIX OopraHax Rosa rugosa ta Rosa ‘Rotes Phaenomen’

ranmyseit (Demir et al., 2014; Rubtsova et al,, 2017;
Koval, Rubtsova, 2020). KombopoBnit criekTp moHap,
20 000 copTiB TPOAHA BU3HAYAETHCA B [Iialla30Hi Bift
6iM1X, >KOBTUX, POXeBUX [0 IHTEHCUBHIX (bioneTo-
BUX, IIOMAPaHYeBUX I YePBOHMUX TOHIB, IIPU LIbOMY
MITMEHTN JIOKA/I3YIOTbCA He /MIle B IeTI0CTKaX
KBITKM, ajie i B iHIIMX 4acTuHaX pocimH (Zhao et
al., 2019; Rubtsova et al., 2022).

Kpim TpapnuuiltHux BuUfAiB, AKi 3a3BMUAl € IKe-
penoM Tposiaposol onii (Rosa damascena Mill.,, R.
centifolia L., R. gallica L. Ta ixHi coptn), 1 xap4o-
BMX Ta MEIMYHUX Ii/Ie}l BUKOPUCTOBYIOThCA R. ca-
nina L., R. rugosa Thunb., R. roxburghii Tratt., R. la-
evigata Michx. Ta iHII BUAYM IINAIIINH, IIE0CTKI,
OyTOHM Ta M ’SIKOTb TiIIaHTII0 SIKUX 3aCTOCOBYIOTDH
IJIs IPUTOTYBAaHHA KBITKOBOI'O 4al0, BapEHH:, 4i-
ICiB, a PPYKTOBI TPOAHMIOBI BMHA MAIOTb BUIIY aH-
TUOKCUJAHTHY aKTUBHICTb, HDXK JIeAKi BMHOTPAJHi
(Czyzowska et al., 2015; Fatrcova-Sramkova et al.,
2019; Cendrowski et al., 2021).

Rosa rugosa € mMpPOKO BifOMUM BUJIOM, AKUI
3/laBHa 3aCTOCOBYIOTb y HAapOAHINl MeIMIVHI Ta
xapuoBili mpomucnosocti Cxignol Asii (Zhao et al.,
2019). Y Iombwi R. rugosa BUpOLIYIOTh Ha KOMep-
uiitaux mwrantaniax (Cendrowski et al., 2021). Bup
YacTO BMKOPMCTOBYIOTh B CENEKIIl JeKOPaTUBHUX
TPOsAHJ, Yepe3 PEMOHTAHTHICTh Ta 3MMOCTIVIKICTb,
a itoro ribpmam, OKpiM J[ekopaTMBHOI IiHHOCTI,
NEMOHCTPYIOTb HAaBMIY AKTUBHICTb IOITIMHAH-
Hsl BinbHMX pagukanis (Sparinska, Rostoks, 2012).
3a manuMu Modern Roses-12, 10 € OCTaHHIM 3Be-
IOEHHAM CBITOBOI KOJIEKIIil TPOSHJ, CeNeKLiOHEpU
pisHMX KpaiH, nounHatouu 3 XIX cr., BuBenmu 275
COpTiB, 0 TOXOJATD Bif R. rugosa, 30KkpeMa, HaBo-
nuTbes i copT ‘Rotes Phaenomen), BuBegennit y Hi-
MeuunHi y 2002 p. (Modern Roses-12, 2007: 455).
Pasom 3 TuM, y mesAKMX perioHax sgudaBinai pocnn-
HJ LbOTO BUJY € iHBA3ifiHMMMU i CTAaHOBIATDH He-
6esneky i npupopHux ekocucreM (Kelager et al.,
2013; Zhang et al., 2018; Ribotta et al., 2021, etc.).

Y HanionanbHoMy 6oTaHivHOMY camy imeHi
M.M. Ipumka HAH VYkpainn 3i6pana Komekuis,
AKa Hamigye 32 coptu R. rugosa. BinbuicTb copTiB
IJIA TIOIIOBHEHHA KOJIEKIIil OTpMMYBA/IN Y BUTJLAAL
JKMBLIB, AKi Wenvum Ha migmeny R. canina. JKusni
copry ‘Rotes Phaenomen’ Hapiitiim 0 KOeKIii 3
Hikitcbkoro 6oraniyxoro cagy — HanionanpHo-
ro Haykosoro neHTpy HAAH VYkpaian (M. fnra) y
2010 p. ITig 4ac wernyieHHsA cOpTy IpM 3pisyBaHHI
"Biuka" 3 HaroHiB BuAiNABCA 4depBOHmMII cik. Take
ABUIIE IIPY POSMHOKEHHI HALIOI KOJIEKLT TPOAHT,

AKa HapaxoBye 650 cOpTiB, MU CIIOCTEpiraau BIep-
me. HesBakaroum Ha 30BHIIIHI O3HaKM, WO BKa-
3YIOTb Ha MOXX/IMBMII 3Ha4YHMI BMICT IIirMEHTIB
(Hacu4eHWIT IIypIypOBUIl KOJIp HETIOCTOK, TUYU-
HOK, HEKTapHOT'O [MCKY, TOPIllIKiB Ta IIaroHis), 6i-
OXIMIYHMII CKIaji pOCINMH JJaHOTO COPTY B JIiTepa-
TYPHUX IpKepenax He BUCBiTIeHO. Ile cronykano
JOCTiAUTI BMICT aHTOIIiaHiB B KBiTKaX, ITaroHax i
rimanTisx Rotes Phaenomen’ (i yactunm pocnnu
Hajl4acTille BUKOPUCTOBYIOTHCA 3 MENUYHOI Ta
Xap4oBOI0 I[I/ITI0) Ta MOPIBHATU 3 aHAIOTIYHUMMU
JAHMMM BUXifIHOTO BUAY R. rugosa.

Marepianu Ta MeToau

BioximiuHi mocmimpKeHHs MpoBOAUIN B M1aboparo-
pil BigAiny akmiMarusauii imiogosmx pocauH Hai-
oHaznpHOro OoTaHiyHOrO cany imeni M.M. Ipumka
HAH VYkpainn. Bwmict aHTOniaHiB BU3Hayanm B
Ha/[3eMHIX OpraHax (KBiTKax, IaroHax, M sIKOTi Ti-
maHtiio) R. rugosa ta R. rugosa ‘Rotes Phaenomen.
KBitknu Ta maronu 36upanucsi ofHOYACHO, 30epira-
nmcs B oOpe IpOBITPIOBAHOMY IIpUMIillleHHI 6e3
IpAMUX COHAYHMX IIPOMEHIiB IIpM TeMIleparypi
20-25 °C. 3pasku cymmmu npu 35-40 °C Big 24 o
72 TOf. 3aJIE)KHO Bifi TUITY CMPOBMHM Ta 11 BOJIOTOC-
Ti. 3pasku noppibHIoBamm B enekrpomnHi (Vektor
HR-200). Posmip 4YacTMHOK MiclIs HOApiOHEHHS
craHoBMB 200 MKM.

BusnaueHHa aHToNiaHiB. BukopucroByBamm
AHANITUYHUI CTAHMAAPT LiaHiANH-3-TIIOKO3U], BI-
po6unirBa komnanii ChemFaces Biochemical Co.,
Ltd. (Yxaup, Kurait). AHTOLIIaHM B KICIOMY cepef-
OBUIIII Ha6YBaIOTb CTiTKOro 3abapBiIeHHs, 1[0 [03-
BOJISIE KITPKICHO OIHMTH IXHIll BMICT crieKTpodo-
TOMETPUYHO IIPU JOBXMHI XBK/Ii 530 HM, ITpy AKii
CIIOCTEPIra€TbCs MAaKCMMYM IIOIZIMHAHHA, CIiBBij-
HOIIIEHHA eKCcTpareHTy Ta cybcrpary 10 : 1 (Fuleki,
Francis, 1968); 1,0 r noppibHeHOI BucyiIeHoi poc-
JVHHOI CMPOBMHM roMoreHisysamu B 10 ma 3,5%-
BOI CONIAHOI KMCIOTH B 96%-My eTaHomi. OTpuma-
Hy Macy TpMMaau B TEMHOMY Micui 1-2 ropm npu
KiMHaTHilI TeMIleparypi, IepiOfNYHO 300BTYIOUN.
[TotiM ¢inpTpyBanu, MOBTOPUIN €KCTPAKILiIO Iiie
pas i o6’emHanm exctpakTu. Bimbupanu mposopmit
HaJ0CaIOBMII AP /s CIIEKTPO(OTOMETPUIHOTO
aHasisy.

PospaxyHok BMicTy aHTOLiaHIiB y IepepaxyHKY
Ha LliaHiIVH-3-III0KO3M, TPOBOANIY 32 GOPMYIIOLO:
c =-DxXVXxRxK,

ant Ixm
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O.JI1. PYBIJOBA Ta iH.

Puc. 1. 3abapB/eHHs reHepaTUBHUX OpraHiB Ta ixHiX yacTuH Rosa rugosa. A: xBitka; B: angporeis; C: MKyl rimanTiio;
D: ropimxnu

Fig. 1. Color of generative organs and their parts of Rosa rugosa. A: flower; B: androecium; C: hypanthium pulp; D: achenes

me D — ontmyna rycrtuna posunmHy; V. — 00’eM
eKCTpakTy, MI; R — KoediljieHT po3BelieHHs po3-
unHy 3,5% CONAHOI KUCIOTH B eTaHomi; | — poboua
TOBXXJMHA KIOBETH, CM; M — HaBaXKa, I; K — ko-
edirieHT mepepaxyHky, 6asyerbcs Ha Kamibposa-
HOMY Trpadiky i IiaHifMHOBUX ITIKO3MUAIB Y HifA-
KIC/IEHOMY €TaHO.

Martepian 36upanu 3 Tppox pocnuH R. rugosa
Ta TppOX pociuH R. rugosa ‘Rotes Phaenomen, 3
KO)XHOI POC/IMHU Biffoupanm 1o Tpu 3pasKy Haro-
HiB, KBiTOK Ta MAKyuly rimanrioo. CTaTUCTUYHUI
aHajIi3 MpoBOAWIN 3a fionoMorow nporpamu IBM
SPSS Statistics, Bepcia 27.0.1. Busnauanum cepepni
apudmeTnyHi Ta IXHi cTaHAApTHI HOMUIKY. PiBeHb
TOCTOBIpHOCTI BCTaHOBJIEHUI Ha piBHi a = 0,05.

308

OnTuuHy TyCTMHY BCiX JOCTIIPKYBaHUX PO3YM-
HiB BUMIpIOBanu 3a TOIOMOTOI0 CIeKTpodoTOMe-
tpa ULAB 102UV (Knuraii).

ExcniepuMeHTanpHMII  MaTepian s MoOp-
¢donoriuHNxX CcrocrepexxeHb 3i0paHO  HPOTH-
rOM BeCHSIHO-TiTHBOrO mepiogy 2024 p. Poboty
HPOBOAMIN 3 >KMBMMM POCIMHAMY, IIpernaparu
HOIepeYHNX 3pi3iB MaroHiB He 06poO6/IeHi XOf-
HUM OapBHUKOM Ta IpefCTaBIeHi B HaTypasb-
HilT manitpi konbopiB. PoTodikcalito 3pobreHo
3a JomoMorow Mikpockomna Stemmi-2000 (Carl
Zeiss, Himeuunna) npu 306inblIeHHAX Bif X6
mo x50 pasiB Ta yudposoi dorokamepu Canon
Power Shot A-640. Mopdonoriuni ocobmmsocri
OIJCaHI Ta NpOAHANi30BaHI 3 BUKOPVCTAaHHAM
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BwmicT aHTOLiaHIB y Hafj3eMHIX OopraHax Rosa rugosa ta Rosa ‘Rotes Phaenomen’

Puc. 2. 3abapBiieHHs reHepaTUBHMX OpraHiB Ta ixHiX yacTuH Rosa ‘Rotes Phaenomen’ A: kBitka; B: angpomneit; C: MKy
rimaHTito; D: ropimmku

Fig. 2. Color of generative organs and their parts of Rosa ‘Rotes Phaenomen’ A: flower; B: androecium; C: hypanthium pulp;

D: achenes

3araJIbHONPUIHATUX PEKOMEHJIaIlill i TepMiHOJIO-
rii (Ziman et al., 2004).

PesynbpraTi Ta 06TOBOpEeHHA

HocmigHukaMM BifiMideHa IIO3UTUBHA KOpeJALid
MDK BMICTOM aHTOLiaHIiB y pi3HMX 4acTMHaX COp-
TiB TPOAHJ, i HACMYEHICTIO IXHBOTO KOJIbOPY: UMM
IO KOJIip, TUM OibIIMIT BMICT aHTOIliaHiB,
TOOTO TeMHILIMII KOip MOXe CIYXXWUTH iHAMKATO-
poM aHTHOKCKAaHTHOI akTuBHOCTI (Kumari et al.,
2017). ITpu pomy B KBiTIi Ha cTafisx OyTOHy Ta
IIOYaTKOBOT'O PO3IYCKaHHA HAKOIMYYETHCA BUCO-
KNI BMICT aHTOLiaHiB, AKi y IIOJa/NbLIIOMY BU3HA-
4awTh 1i Komip (Zhao et al., 2019).

Hnsa BuxigHoro Buay R. rugosa XapakTepHe TeM-
HO-poXeBe 3a0apBieHHs OyTOHIB Ta IENTIOCTOK Ha
crapii posnyckanHA. Ilunsakm cBiTano-XOBTi, TH-
4YHKOBI HUTKN 3 JIeb IOMITHUM POXXEBUM BiJTiH-
KOM, SAKUII 3HUKAE II0 Mipi pO3IyCKaHHA KBITKIU.
M’ Ky rinaHTiio Ha paHHIX CcTagiAx oro Gpopmy-
BaHH:A CBITJIO-3€JIEHNIA, 10 Mipi JO3piBaHHA OpaH-
JKEeBO-YEPBOHMIA, TOPIIIKK CBiT/IO-CONMOM sIHI (puc.
1A-D). ITarorm cBiT/IO-3€/IeHI, Ha IIOIIEPEYHOMY
3pisi Bci TKaHMHU MaroHy (mepBMHHA Kopa, n1yo0,
IepeBUHa, KaMbialbHe Ki/blie, CeplieBUHHI TpoMe-
Hi Ta ceplieBMHA) 3€/IeHNX BiiTIHKIB (3e/eHi, CBIT-
J10-3€JIeHi 4u 3e/menyBato-6ini) (puc. 3).

KBitku ‘Rotes Phaenomen’ na crapii 6y-
TOHY  XapaKTepMU3yeTbCA  TeMHO-GioneToBuM
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O.JI1. PYBIJOBA Ta iH.

‘Hansa’ ‘Thérése Bugnet’

Puc. 3. TTonepeuni 3pi3u maronis Rosa rugosa ta ii copTiB: 1 — mepBuHHa Kopa; 2 — 1y6; 3 — kamb6iif; 4 — fepeBuHa; 5 —
ceplieBMHA

Fig. 3. Cross sections of shoots of Rosa rugosa and its cultivars: 1 — primary cortex; 2 — phloem; 3 — cambium; 4 — xylem;
5 — heartwood

3a0apBleHHAM, TETIOCTKM Ta €JIeMEHTU aH- dioneToBo-3emeHNMIt, aIi TOMapaHYeBUIl, YaCOM
mpouero (TMYMHKOBI HUTKM, NWIAKM) — Ha- 3 nypnypoBuM BiaTiHKoM. lopimkm crnoyaTky
CUYEHOrO0 IyPIypPOBOrO KOIbOPY BIPOJOBXK CBITJIO-pOXK€eBi, 10 Mipi J03piBaHHA TEMHO-POXKe-
ycporo IBiTiHHsA. M’sakym rimanrtiio cmodatky — Bi (puc. 2A-D).
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BwmicT aHTOLiaHIB y Hafj3eMHIX OopraHax Rosa rugosa ta Rosa ‘Rotes Phaenomen’

[Taroun ‘Rotes Phaenomen’ ¢ioneroBo-3ene-
Hi, ITOTIEpEeYHMI] 3Pi3 MMaroHa CBiYUTDH IPO TE, 1O
HalOiIbII IHTEHCMBHOIO IIypHYpOBOro 3abaps-
TleHHs1 HabyBa€ IepBMHHA KOpa, X710podiToHOCHA
IapeHximMa Me3oJilepMM MiCLIIAMU Ma€ JIe[ib 3€/IeHY-
BaTu BiiTiHOK. Macusu Hy6’HHMX BOJIOKOH, KaM-
6ianbHe Kiblle, CeplieBMHA Ta CEPLIEBMHHI IpoMe-
Hi IypIIypOBO-pO>KEBOT0 KOMbopy. TkaHMHa 1y0y
Ma€ MeHII HacHYeHui1 6/1igo-poskeBuit Komip (puc.
3). BpaxoByroun moSUTHBHY KOpeJALiI0 MK BMic-
TOM aHTOIliaHIB Ta IHTEHCHMBHICTIO 3abapBleHHs
TKaHMH, MO>KHA NIPUITYCTUTY, IO HaK6iNbIIa iXHA
KiJIbKICTb CKOHIIEHTPOBAaHa B 30BHIlIHIX K/IiTUH-
HUX IIapax marouy. ITogi6Ha 3aKOHOMIPHICTb CHO-
CTepira€TbCsA B iHIINMX POCIMH, 30KpeMa y TaKUX
OEpEeBHNX IUIOLOBUX JliaHAX, AK aKTMHiAiA Ta -
MOHHUK KuTaiicbkuii (Levon et al., 2020).

[ns mopiBHsAHHA Oy/I0 IpoaHaTi30BaHO IOIe-
peuHi 3pisu maroHiB copriB R. rugosa ‘Hansa Ta
‘Thérese Bugnet’ 3 komexuii Tposup Harionans-
Horo 6otaHiuHoro capy imeni M.M. Ipniika HAH
VYkpainu. [ HUX TakoXX XapaKTepHMUil mMypHypo-
BUI BiITIHOK ITaroHiB, OfHAK KiJbKiCHMUIT aHaji3
aHTOIiaHiB IIUX COPTiB He MPOBOAVIN. AHATOMIiuHI
3pisy CBif4aTh PO Te, 110 MIrMEHTY B HUX JIOKai-
30BaHi TOHKOI0 CMY>KKOIO JIMIIIe B IIapax ME€PBUH-
HOI KOpHM, HIDKHI 1rapu (1y0, fepeBuHa Ta ceplle-
BUHA) He MAIOTb IIypIyPOBOTO 3abapBleHHS, fK i
BuxifHui Bup R. rugosa (puc. 3).

[TpoBenennit CceKTpoOTOMETPUIHNIT aHAITI3
BMICTy aHTOLiaHiB Pi3HUX YaCTVH POCIVH (KBiTKM,
maroHu Tta rimaTii) R. rugosa ta copry ‘Rotes Pha-
enomen’ IifTBEpPIKY€E Bi3ya/lbHi CIOCTepe>KEHHS.
Coprt ‘Rotes Phaenomen’ ma€ 6ibIi BUCOKMUIT BMIiCT
AHTOLIiaHiB y JOCi/I)KeHUX OpraHax, HiX R. rugosa.
KinbkicTp anromiaHiB y kBirkax Rotes Phaeno-
men — 586,36 + 15,75 mMr/100 r cyxoi pe4oBUHH, ¥
naroHax — 205,26 + 9,12 mr/100 r cyxoi pe4oBUHH,
y M’sIKy1i rimanriro — 141,18 + 10,19 mr/100 r cy-
XOI PeYOBMHIL.

KBiTku R. rugosa MiCTATb aHTOLIiaHU B KiIbKOCTI
425 + 14,43 mr/100 r cyxoi pe4yoBMHM, ITaTOHU —
143,48 + 7,53 mr/100 r cyxoi pe4oBMHM, TimaHTii —
108,33 + 14,43 mr/100 r cyxoi pedoBuHu. OTXKe,
BMicT aHTowiaHiB y KBiTKax ‘Rotes Phaenomen’
BMILMIA, HDXK Y KBiTKax R. rugosa Ha 38,0%, y nmaro-
Hax — Ha 43,1%, y rinanTiax — Ha 30,3%.

3 miTepaTypu BifoMi TOKasHUKM  BMic-
Ty QHTOLiaHiB Yy IIeJIOCTKaX COPTIB  iHJii-
cbkoi TpossHAM Rosa hybrida L. HaiBummii ix-
Hill piBenp — 578,10 + 11,71 mr/100 r cyxoi

PedYOBMHM — BCTaHOBJIEHO Yy copTy Ashwini, 1m0
BUJIVIAETbCA  HAOLIBII HAaCUYEHMM KOTbOPOM
KBiTKM (TeMHO-4epBOHUM); y copTy ‘Dr. S.S. Bhat-
nagar’ — 369,86 + 0,26 mr/100 1, y ‘Nehru Centena-
ry’ — 288,15 + 2,22 mr/100 r cyxoi peuoBunu (Ku-
mari et al., 2017).

TakyM 4MHOM, BMUXOZAYM 3 OTPMMAHMX HaMMU
JaHVX, BMicT aHTOljaHiB y kBiTKax Rotes Phae-
nomen 3HaXOJAMTbCA HAa OJHOMY piBHi a0 HaBiTh
IIepeBUILYE BMICT aHTOLIaHIB y IIE/IIOCTKAX COPTiB
inpiicekoi Tposiuau Rosa hybrida L. BmicT aHTOL-
aHiB y maronax Rotes Phaenomen’ pemo Hypxuuii,
OJIHAK IEePEBUINYE Ki/lIbKiCHI IMOKa3HUKM aHTOLia-
HiB y mofax gesikux coptiB Cornus mas L. (ku3un
‘Mpis HlasipapoBoi’ — 166 mr/100 r cyxoi pedo-
BuHK; ‘Cokomine’ — 96 Mr/100 r cyxoi pedoBUHN)
(Levon, Klymenko, 2021).

Binpruicts ribpupis R. rugosa 1BIiTYTb pa3 Ha PiK
Ha IIOYaTKY JIiTa, 1[0 0OMeXye IXHE LIMPOKe Mpo-
MIC/IOBE BMKOPMCTAHHS, Oe3llepepBHO KBiTyoui
COPTM BBAXKAIOTbCA PpigkicHumu. JocmimxeHnii
HaMM peMoHTaHTHUII copT ‘Rotes Phaenomen, ma-
104 IlepeBary nepep BUXigHUM R. rugosa 3a BMic-
TOM aHTOLiaHiB Yy KBiTKaX, IIOJAX Ta IIaroHax,
MOJK€ CTaTy aJIbTEPHATUBHUM JIXKEPENIOM IIPUPOJ-
HUX aHTUOKCKOaHTiB. Taki ocobmmBocTi copry,
AK OesnepepBHe IBIiTIHHA, IIOCYXO- Ta MOPO30-
CTIiJIKiCTD, CTIiJIKiCTh JIO ypaXKeHHA XBOpoOaMu Ta
IIKiJIHVKaM¥, HeBUOAT/IMBICTD y KY/IbTYPi, Ha Hallle
IIePEeKOHAHHsA, CTBOPIOIOTh MEPCHEKTUBY [/ IIN-
PpOKOro i10ro 3anpoBa/)XK€HHA B MaauX rOCIOfAp-
CTBAaX Ta CiMelHNX depmax.

BucHosxnu

HlocmimKeHnit HaMy peMOHTaHTHUt copt ‘Rotes
Phaenomen, Maroun IepeBary 3a BMiCTOM aHToOLia-
HiB Y KBiTKaX, I/IOJjaX Ta ITarOHaX Iepei BUXiJHIM
BUJIOM R. rugosa Ta feAKUMM iHIIMMU COPTaMU
TPOsIHJ, MOXKE CTaTy ajbTePHATUMBHUM JDKEPeIoM
AHTHMOKCUJAHTIB. Baromor mepeparormo, Ha Hally
LYMKY, MO>Ke OYTV BUKOPUCTAHHS TAaKOX IaroHiB
copry ‘Rotes Phaenomen, oxpim TpafuuiitH1xX KBi-
TOK Ta M ’sKymlia rinanriie. CoOpT BapTuii mopjaib-
IIIOTO JIOCTiP)KeHHS, OCKiTbKI Ma€ BEIVKUI ITOTEH-
ian mist epeKTVBHOIO BUKOPUCTAHHSA Y MEIVYHIL,
XapyoBiil, KOCMETOJIOTIYHIN Ta iHIINMX rajys3ax K
[[iHHe TIPUPORHE Kepeno OIiONOTiYHO aKTUBHUX
CIONYK. 3Ba)kKalouy Ha BaXKIMBICTb BUPOOHMUILITBA
(YHKIiOHaIbHVIX IPOAYKTiB XapuyyBaHH:, OTpUMa-
Hi ZJaHi TAKOX JIOIIOMOXYTb y BUOOPI CeMeKIiiTHMX
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Anthocyanin content in the aboveground organs of Rosa rugosa and
Rosa ‘Rotes Phaenomen’ (Rosaceae)

O.L. RUBTSOVA, T.B. VAKULENKO, V.E. LEVON, V.I. CHYZHANKOVA
M.M. Gryshko National Botanical Garden, National Academy of Sciences of Ukraine,
1 Sadovo-Botanichna Str., Kyiv 01103, Ukraine

Abstract. Results of the research of anthocyanin content in shoots, flowers, and hypanthia of Rosa rugosa and its cultivar
‘Rotes Phaenomen’ are reported. Compared to the original species Rosa rugosa, a significant predominance of anthocyanin
content in shoots (by 43.1%), flowers (by 38.0%), and hypanthia (by 30.3%) of the ‘Rotes Phaenomen’ cultivar has been
revealed. Anatomical examination of the shoots of ‘Rotes Phaenomen’ has demonstrated that all tissues (primary cortex,
cambium, phloem, xylem, medullary rays, and heartwood) accumulate purple pigments. High anthocyanin content in the
above-ground organs (586.36 + 15.75 mg/100 g of dry matter in flowers, 205.26 + 9.12 mg/100 g of dry matter in shoots,
and 141.18 + 10.19 mg/100 g of dry matter in hypanthium pulp) demonstrates the prospect of industrial usage of the ‘Rotes
Phaenomen’ cultivar as a valuable source of bioactive compounds. It is recommended to include Rosa ‘Rotes Phaenomen’ into
breeding programs for obtaining varieties with high anthocyanin content.

Keywords: anthocyanins, flowers, hypanthia, Rosa, shoots
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Abstract. Species of the genus Ziziphora (Lamiaceae) are valuable medicinal and economically significant plants in the flora
of Uzbekistan. Due to morphological similarities among species, accurate identification has been challenging. This study
presents the first comprehensive analysis of the complete chloroplast genomes of species of Ziziphora native to Uzbekistan.
Comparative analysis revealed genome size variation, conserved circular structures, and differences in nucleotide compo-
sitions. Each genome contains 131 genes, 86 of which are protein-coding and mainly associated with photosynthesis and
plastid function. A relatively low GC (~37.8%) content is characteristic of chloroplast DNA compared to nuclear genomes of
Ziziphora species. Phylogenetic analyses based on whole chloroplast genomes and selected variable markers positioned Zizi-
phora species as a distinct monophyletic lineage within the tribe Mentheae of the subfamily Nepetoideae. The results support
the use of chloroplast DNA as a reliable marker in molecular phylogenetic taxonomy and evolutionary studies. This research
contributes essential insights into the genetic structure, evolutionary history, and taxonomic placement of taxa of Ziziphora,
providing a valuable foundation for conservation strategies.

Keywords: chloroplast genome, genetic structure, genome size variation, Lamiaceae, molecular taxonomy, phylogenetic
analysis, taxonomic placement, Ziziphora

Introduction

The genus Ziziphora L. (Lamiaceae Martinov, subfa-
mily Nepetoideae Burnett, tribe Mentheae Dumort.)
comprises aromatic and medicinal plants of signi-
ficant therapeutic and economic value, particular-
ly prominent in the traditional medicine systems

of Central Asia and the Middle East. Globally, the
genus currently encompasses 14 species (POWO,
2025-onward), which predominantly thrive in
open, xerophytic environments. Ziziphora species
are resilient to arid and semi-arid conditions, ma-
king them adaptable to diverse ecological zones.
Central Asia, particularly Uzbekistan, serves as a

ARTICLE HISTORY. Submitted 15 April 2025. Revised 22 July 2025. Published 29 August 2025

CITATION. Nikitina E., Mirzayeva S., Alieva K., Ergashov I, Yusupov Z. 2025. Complete chloroplast genomes and phylo-
genetic positions of species of the genus Ziziphora (Lamiaceae) from Uzbekistan. Ukrainian Botanical Journal, 82(4): 314-
325. https://doi.org/10.15407/ukrbotj82.04.314

© M.G. Kholodny Institute of Botany, NAS of Ukraine, 2025
© Publisher PH "Akademperiodyka" of the NAS of Ukraine, 2025

This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)
314 ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (4)



https://doi.org/10.15407/ukrbotj82.04.314
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15407/ukrbotj82.04.314
https://orcid.org/0000-0003-2113-9362
https://orcid.org/0009-0007-5648-4015
https://orcid.org/0000-0002-8795-3749
https://orcid.org/0000-0002-0991-1076
https://orcid.org/0000-0003-2278-542X
mailto:yusupov@mail.kib.ac.cn

Chloroplast genomes and phylogenetic positions of Ziziphora species from Uzbekistan

biodiversity hotspot and a probable center of origin
for this genus, with seven species identified within
the region: Z. capitata L., Z. clinopodioides Lam., Z.
pamiroalaica Juz. (= Z. clinopodioides subsp. pami-
roalaica (Juz.) Sennikov & Lazkov), Z. persica Bun-
ge, Z. suffruticosa Pazij & Vved., Z. tenuior L., and
Z. pedicellata Pazij & Vved. These species are distri-
buted mainly across the foothill and mountainous
zones of the Tien Shan, Pamir-Alai, and Western
Tien Shan ranges, predominantly inhabiting dry,
rocky slopes and montane environments.

Despite their ecological importance, accurate
identification of Ziziphora species has been a con-
siderable challenge due to their morphological
similarities. Traditionally, species identification re-
lied heavily on external traits and characters, such
as leaf morphology, inflorescence structures, calyx
shape, and even habitat preferences (Vvedensky,
1961; Tulyaganova, 1978). However, these methods
often lead to misidentifications, as many species ex-
hibit similar characters and their variability.

To overcome traditional taxonomic challeng-
es, molecular techniques, particularly phylogenet-
ic analysis using DNA nucleotide sequences, have
been employed as more reliable methods for precise
species identification. This approach is essential for
accurately distinguishing species, supporting biodi-
versity conservation, and ensuring the sustainable
use of these plants in various applications (Mirzaye-
va, 2023; Alieva et al., 2025; Dekhkonov et al., 2025;
Ergashov et al., 2025). Moreover, the selection of
appropriate molecular markers is crucial for ad-
vancing our understanding of relationships and
evolutionary history of Ziziphora species.

Species of Ziziphora are components of the Ira-
no-Turanian floristic region, which is known for its
rich diversity and endemism, particularly among
selected taxonomic groups of aromatic and medici-
nal plants. The genus’ adaptability spans from mesic
conditions in the western part of its total geographic
range to more extreme Xeric environments in Cen-
tral Asia. Phylogenetic studies suggest that the diver-
sification of Ziziphora is linked to orogenic events
and climatic changes during the Miocene and Plio-
cene epochs of the Neogene. For instance, Z. clino-
podioides (or a similar species) has been traced back
to about 5-10 million years ago in the mountainous
regions of northern Iran (Tabaripour et al., 2020).

In addition to their ecological and taxonom-
ic significance, Ziziphora species have substantial
economic and therapeutic value. They are widely

utilized in traditional medicine for their sedative,
antiseptic, carminative, and expectorant proper-
ties (Zhaparkulova, 2022; Abduraimov et al., 2023).
Ziziphora essential oils, extracted from the aerial
parts of these plants, contain bioactive compounds
such as pulegone (40-89%), limonene, menthone,
and caryophyllene, which exhibit various biolog-
ical activities, including antibacterial, antifungal,
and insecticidal effects (Olennikov, 2016; Smejkal
et al., 2016; Mohammadhosseini, 2017; Azimi et al.,
2021). These oils hold great promise for pharma-
ceutical, industrial, and agricultural applications.
This study focuses on the comparative analy-
sis of chloroplast genomes of the Ziziphora species
found in Uzbekistan. We examine the genome size
and structure, nucleotide diversity, and construct a
phylogenetic tree based on chloroplast genome data
to clarify species relationships and enhance our un-
derstanding of the genus’ evolutionary history. Our
findings will contribute to the ongoing efforts to
accurately identify Ziziphora species and to explore
their potential for conservation and industrial use.

Materials and Methods

Sampling

The objects of this research were five key species: Zi-
ziphora clinopodioides, Z. pamiroalaica, Z. pedicella-
ta, Z. persica, and Z. tenuior collected in Uzbekistan
(Table 1, Fig. 1). Voucher herbarium specimens
have been deposited at the National Herbarium of
Uzbekistan (TASH), offering a valuable resource for

further studies on plant systematics, phylogeny, and
molecular evolution.

DNA extraction, library construction, and
genome sequencing

Leaf tissues from Ziziphora species were used for
genomic DNA extraction, utilizing the Tiangen kit
according to the protocol provided by the manufac-
turer. For sequencing library preparation, the NEB
kit was employed, which involved fragmenting the
DNA into smaller pieces of around 350 base pairs,
followed by the attachment of sequencing adapters
and PCR amplification. The libraries were purified
after preparation, and their quality was assessed
using the Agilent 5400 system, with concentrations
measured to ensure optimal quality.

These high-quality libraries were then sequenced
using an Illumina platform at Novogene Bioinfor-
matics Technology Co., a specialized sequencing

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypHan. 2025. 82 (4) 315



E. NIKITINA et al.

Table 1. Information on the collected specimens of species of Ziziphora

Species Length (bp) ID number Locality in Uzbekistan, coordinates,
P S P/ in GenBank altitude, date
Ziziphora tenuior L. 151610 PV116305 |Surkhandarya Province, Baysun District,
38°03'03"N, 67°26'42"E, 868 m, 1 June 2024
Z. persica Bunge 151 693 PV138185 |Surkhandarya Province, Hissar Ridge,
38°33'35"N, 67°36'00"E, 1476 m, 26 May 2024
Z. pedicellata Pazij & Vved. 151 750 PV138187 |Southwestern Pamir-Alay, Kugitang Ridge, stony slope,
38°34'17"N, 67°54'31"E, 1291 m, 9 July 2024
Z. pamiroalaica Juz. 151 725 PV138186 |Pamir-Alay, Khoja-Gurgur-ata Mountains,
38°2620"N, 67°28'04"E, 1864 m, 11 July 2024
Z. clinopodioides Lam. 151 728 PV116304 | Urgut District, Zarafshan Ridge,
39°18'05"N, 66°54'43"E, 1618 m, 2 June 2024

Fig. 1. Habits of the studied species of Ziziphora. A: Z. pedicellata; B: Z. persica; C: Z. tenuior; D: Z. pamiroalaica; E:
Z. clinopodioides (photos by S. Mirzayeva)
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provider. The raw sequencing data underwent qual-
ity control to remove any unreliable reads, ensuring
the accuracy of the dataset. The clean, high-quality
reads were assembled into chloroplast genomes us-
ing the NOVOPlasty tool (Dierckxsens et al., 2017).
For gene annotation, the chloroplast genome of
Clinopodium barosmum (W.W. Sm.) Briauchler &
Heubl (= Calamintha barosma W.W. Sm. = Micro-
meria barosma (W.W. Sm.) Hand.-Mazz.) served as
a reference. Geneious software was used for annota-
tion, and the results were manually curated to con-
firm the correctness of start and stop codons and to
accurately define the exon and intron regions of the
protein-coding genes (Kearse et al., 2012). The final
annotated genome sequences generated during this
study are available in GenBank (https://www.ncbi.

nlm.nih.gov).

Structural visualization and nucleotide diversity
analysis

To visualize the architecture of the Ziziphora chlo-
roplast genome, a circular map was created using
OGDRAW v1.1 (Greiner et al., 2019). For the as-
sessment of genetic variability, nucleotide diversity
(Pi) was calculated using DnaSP v6.12.03 (Rozas et
al., 2017), applying a sliding window approach. A
window size of 600 base pairs and a 200-base pair
step size were used to detect regions of higher ge-
netic variation, which may indicate evolutionary or
functional significance.

Moreover, the IR (inverted repeat) regions and
other essential structural features of the genome
were analyzed using the IRscope tool (Amiryouse-
fi et al., 2018). This tool provides a graphical rep-
resentation that helps evaluate the integrity and
structural organization of the IR regions, aiding in
the interpretation of genomic features.

Phylogenetic tree construction

To explore the evolutionary relationships, 49 com-
plete chloroplast genomes were selected for phylo-
genetic analysis, including five Ziziphora species, as
well as Paulownia catalpifolia T. Gong ex D.Y. Hong,
P kawakamii T. 1td, and P. tomentosa (Thunb.)
Steud. (Paulowniaceae) as outgroup species. The
genomes were aligned using the MAFFT alignment
tool (Katoh, Standley, 2013), which is particularly
effective for large-scale genomic datasets. The ma-
ximum likelihood ML analysis was implemented in
RAXxML GUI 2.0 (Edler et al., 2021) with the best-fit
GTR + G model and 1000 bootstrap replicates.

To select the most appropriate nucleotide substi-
tution model for the analysis, the Akaike Informa-
tion Criterion (AIC) was applied using jModelTest
v.2.1.4 (Darriba et al., 2012). Phylogenetic tree vi-
sualization was performed in FigTree v1.4.0 (Ram-
baut, 2012). This model selection ensures that the
phylogenetic tree construction is based on the most
suitable substitution model, thereby improving the
accuracy and reliability of the results.

Results and Discussion

Chloroplast genomes in phylogenetic research

In recent years, chloroplast genomes have become
increasingly significant in plant phylogenetic re-
search, providing key insights into the evolutiona-
ry connections between species and genera. These
genomes are crucial for understanding genetic di-
versity and improving the accuracy of systematic
studies. In this research, we present the first in-
depth analysis of the complete chloroplast genomes
of Ziziphora species. The genomes examined range
in size between 151,610 and 151,750 base pairs (bp)
and follow the typical structure of plant chloroplast
genomes, which includes both large and small sin-
gle-copy regions (LSC and SSC), along with two in-
verted repeat regions (IRs).

Each of the five Ziziphora chloroplast genomes
contains 131 genes, of which 86 are protein-cod-
ing. These genes are involved in fundamental pro-
cesses, such as photosynthesis, respiration, and
other key chloroplast functions. The remaining
genes are responsible for encoding tRNAs and
rRNAs, which are essential for the chloroplast’s
internal translation mechanisms. A prominent
feature of these genomes is their circular shape,
which is common in plant chloroplasts and sup-
ports the efficient replication and expression of
genes (Fig. 2). The genome is divided into two in-
verted repeat regions, sharing the same sequence
because of their important function in genome
stability (Menéndez et al., 2023), as well as a large
and a small single-copy region, each of which
holds different classes of functional genes. Thus,
previously researches reported, that the substi-
tution rate in the IR regions of angiosperm plas-
tomes is 3.7 times lower than those in SC regions,
playing a critical role in genome stability (Zhu
et al.,, 2016). These findings emphasize the evo-
lutionary significance of IR dynamics in shaping
plastid genome structure.
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[H cytochrome b/f complex
O ATP synthase

[ NADH dehydrogenase
[ RubisCO large subunit
[ photosystem assembly/stability factors

Il RNA polymerase

[ ribosomal proteins (SSU)

[l ribosomal proteins (LSU)

[ transfer RNAs

M ribosomal RNAs

[ clpP, matK

I other genes

[ hypothetical chloroplast reading frames (ycf)

Ziziphora tenuior 151 610 bp
Ziziphora persica 151 693 bp

Ziziphora pedicellata 151 750 bp
Ziziphora pamiroalaica 151 725 bp
Ziziphora clinopodioides 151 728 bp

Fig. 2. Gene map of the chloroplast genome of the genus Ziziphora. Genes shown outside the outer circle are transcribed
clockwise, and those inside are transcribed counterclockwise. Genes are color-coded according to different functional groups.
Two copies of inverted repeats (IRA and IRB), a large single-copy (LSC) region, and a small single-copy (SSC) region

Gene duplications and intron-containing genes

Gene duplication is a characteristic feature in the Zi-
ziphora chloroplast genomes, as reflected in the circu-
lar structure of the genomes. A total of 18 genes show
duplication, including seven protein-coding genes
(ndhB, rpl2, rpl23, rps7, rps12, ycf2, ycf15), four rRNA
genes (rrnl6, rrn23, rrn4.5, rrn5), and seven tRNA
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genes (trnA-UGC, trnl-CAU, trnL-CAA, trnV-GAC,
trnl-GAU, trnR-ACG, trnN-GUU). These duplica-
tions ensure that the plant has sufficient quantities of
essential chloroplast gene products, which are vital
for energy production and metabolism (Table 2).

The GC content of the Ziziphora chloroplast
genomes is relatively low, at 37.8%, a feature
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Table 2. Genes in the chloroplast genome of species of Ziziphora

Category Group of genes

List of genes

Self-replication
related genes

Large subunit of
ribosome proteins

Small subunit of
ribosomal proteins

DNA-dependent
RNA polymerase

Ribosomal RNA
Transfer RNA

Photosynthesis
related genes

Photosystem I

Photosystem I
stability

Photosystem IT

yef3*%, yefd

rpl2**, rpll4, rpl16*, rpl20, rpl22, rpl23*, rpl32, rpl33, rpl36

rps2, rps3, rps4, rps7*, rps8, rps1l, rps12**, rps14, rps15, rps16¥, rps18, rps19
rpoA, rpoB, rpoCI1*, rpoC2

rrnd.5%, rrn5%, rrnl6*, rrn23*

trnA-UGC*, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU, trnG-
GCC, trnG-UCC?, trnH-GUG, trnl-CAU*, trnl-GAU™, trnK-UUU*, trnL-CAA™,
trnL-UAAX, trnL-UAG, trnM-CAU, trnN-GUU", trnP-UGG, trnQ-UUG, trnR-

ACG™, trnR-UCU, trnS-GCU, trnS-GGA, trnS-UGA, truT-GGU, trnT-UGU,
trnV-GACH, trnV-UAC*, trn W-CCA, trnY-GUA

psaA, psaB, psaC, psal, psa]

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psb], psbK, psbL, psbM, psbN,
ndhA*, ndhB**, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndh]

petA, petB*, petD*, petG, petL, petN

atpA, atpB, atpE, atpF*, atpH, atpl

psbT, psbZ
NADH
oxidoreductase
Cytochrome b6/f
complex
Cytochrome ¢ ccsA
synthesis
ATP synthase
Rubisco rbcL
Other genes Maturase matK
Protease clpp**
Envelope membrane |cemA
protein
Subunit acetyl-CoA- | accD
carboxylase
Translational infA
initiation factor
Unknown Conserved yefl, yef2*, yef15+
function genes | hypothetical
chloroplast reading
frames
Total genes 131

* — Gene with one intron, ** — gene with two introns, + — duplicate gene.

commonly seen in chloroplast DNA. This low GC
content reflects the unique functional role chlo-
roplasts play in the plant. Furthermore, 21 in-
tron-containing genes were identified, of which
19 genes possess a single intron. These include
13 protein-coding genes (atpF, ndhA, petB, petD,
rpl16, rpoCl, rps16, and two copies of ndhB, rpl2,
rps12) and six tRNA genes (trnG-UCC, trnK-UUU,

trnL-UAA, trnV-UAC, and two copies each of trnl-
GAU, trnA-UGC). Additionally, two genes — clpP
and ycf3 — contain two introns. These findings
emphasize the complex structure of the Ziziphora
chloroplast genome and the evolutionary impor-
tance of intron-containing genes.
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Genetic diversity and variable regions

Nucleotide diversity (Pi) analysis revealed that the
non-coding regions of the Ziziphora chloroplast
genomes exhibit a significantly higher proportion
of variable sites as compared to the coding regi-
ons (Fig. 3). Pi values in the coding regions ranged
from 0 to 0.01333 (for the trnH-GUG-psbA region),
with an average Pi value of 0.002712. Seven inter-
genic regions exhibited particularly high variability,
with Pi values exceeding 0.01. These regions include
trnH-GUG-psbA,  rps16-trnQ-UUG, rpoB-trnC-
GCA, ndhC-trnV-UAC, rbcL-accD, psal-ycf4, and
ccsA-ndhD. Furthermore, the ycfl protein-coding
gene also displayed significant variation, with a Pi
value of 0.01233. These findings align with previo-
us research (Niu et al., 2023), which highlighted the
role of intergenic spacers as valuable phylogenetic
markers. These variable regions are promising can-
didates for further phylogenetic studies, especially
for exploring higher taxonomic levels within the ge-
nus Ziziphora.

Inverted repeat region expansion and
contraction

The structural features of the inverted repeat (IR)
regions in Ziziphora species were compared with
closely related genera such as Mentha L., Thymus
L., and Nepeta L. Overall, the IR regions exhibited a
generally conserved structure, although there were
some differences. In all Ziziphora species, the rps19
gene is entirely located at the JLB junction (between
the LSC and IRD regions), extending 43 base pairs
into the IRb region, a feature also observed in Thy-
mus, Mentha, and Hyssopus L. (Fig. 4).

The ndhF gene, which measures 2231 bp in most
species (with slight variations in Z. tenuior and Z.
persica), is consistently found at the JSB junction
(between the small single-copy region SSC and
IRb). This gene overlaps with the ycfl gene at the
SSC/IRb boundary, a characteristic commonly ob-
served in Lamiaceae (Niu et al., 2023). The over-
lap causes the creation of a pseudogene within the
ycfl gene. The longest gene, ycfl (ranging from
5621 to 5624 bp), is located exclusively at the JSA
junction (between the SSC and IRa) in all Zizipho-
ra species. Moreover, the rpl2 gene appears in both
the IRa and IRDb regions across all members of the
subfamily Nepetoideae, and the psbA gene remains
consistently located in the LSC region in all the
studied species, highlighting shared structural fea-
tures.
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Phylogenetic analysis and taxonomic
implications

Molecular taxonomic studies are essential for deter-
mining the evolutionary relationships and classifi-
cation of the Ziziphora genus within the family La-
miaceae. Previous molecular studies based on ITS
and trnL-F regions have confirmed that Ziziphora
species form a monophyletic group (Diindar, Tii-
men, 2023). In this study, we constructed a detailed
phylogenetic tree using the maximum likelihood
(ML) method based on the complete chloroplast
genomes of 46 species, representing 12 subfamilies
within the family Lamiaceae, including Ajugoideae,
Callicarpoideae, Cymarioideae, Lamioideae, Nepe-
toideae, and others. For the outgroup, species from
the genus Paulownia (Paulowniaceae, also the order
Lamiales) were chosen (Fig. 5).

Among the 49 chloroplast genomes analyzed, the
total sequence length was 185,776 base pairs, which
included 41,341 variable sites and 25,931 parsi-
mony-informative sites. The phylogenetic analysis
revealed the robust support for a classification of
Lamiaceae into 12 rather distinct subfamilies, each
forming a monophyletic group, with high bootstrap
values confirming their evolutionary relationships
(Zhao et al., 2021).

Within the subfamily Nepetoideae, the tribe Men-
theae, which includes Ziziphora and its close rela-
tives (Hyssopus L., Mentha L., Nepeta L., Prunella L.,
Salvia L., and Thymus L.), was identified as a major
clade. The monophyly of the genus Ziziphora was
confirmed, with all five species grouped together
and showing close phylogenetic ties to other mem-
bers of Mentheae, in agreement with prior studies
(Brduchler et al., 2010; Selvi et al., 2015; Nikitina et
al., 2022). The phylogenetic tree produced strong
support for the current taxonomic classification of
Ziziphora species, with a maximum bootstrap value
of 100%. Furthermore, the analysis indicated that
the five species of Ziziphora (Z. pamiroalaica, Z.
pedicellata, Z. clinopodioides, Z. tenuior, and Z. per-
sica) share a common ancestor, emphasizing their
shared evolutionary history.

Conclusion

This study represents the first comprehensive
analysis of chloroplast genomes within the genus
Ziziphora, providing in-depth insights into their
structural features, comparative genomics, and
phylogenetic relationships. By analyzing multiple
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Fig. 4. Comparison of LSC, IR, and SSC junction positions among chloroplast genomes of five species of Ziziphora and
five species of Thymus, Mentha, and Hyssopus. JLB represents LSC/IRD junction, JSB — SSC/IRD junction, JSA — SSC/IRa
junction, and JLA — LSC/IRa junction
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Fig. 5. Phylogenetic maximum likelihood (ML) cladogram of 46 species within Lamiaceae based on
complete chloroplast genomes comparison. The bootstrap support values are shown on the branches
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species of Ziziphora, we identified seven highly
variable intergenic regions — trnH-GUG-psbA,
rps16-trnQ-UUG, rpoB-trnC-GCA, ndhC-trnV-
UAC, rbcL-accD, psal-ycfd, and ccsA-ndhD —
along with one protein-coding gene, ycfl, which
exhibit substantial mutational hotspots. These
highly variable regions offer promising potential
as molecular markers for barcoding within the ge-
nus, facilitating more precise species identification
and evolutionary studies.

In addition, a comprehensive chloroplast phy-
logenomic analysis of 46 species across Lamiaceae
provided strong support for the monophyly of the
major clades within the family, confirming the ro-
bustness of the current taxonomic framework based
on the previous taxonomic research and recent mo-
lecular phylogenetic studies. The analysis strongly
supports the classification of the five Ziziphora spe-
cies studied as belonging to a single natural genus,
forming a monophyletic group, and aligning with
previous phylogenetic data.

Overall, we hope that this study significantly en-
hances our understanding of the genetic diversity
and evolutionary relationships within Ziziphora,
offering valuable molecular resources that will aid
in future taxonomic revisions, phylogenetic anal-
ysis, and investigations into the evolutionary his-
tory of the genus. These findings contribute to a
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IToBHMIT XTOPONIACTHII TeHOM i iToreHeTHYHE MONMOMKEHH A
BUAIB pony Ziziphora (Lamiaceae) pnopu Y36exkucrany

€. HIKITIHA !, C. MIP3AEBA 2, K. AJIIEBA !, I. EPTAIIIOB %, 3. FOCYIIOB !

! TncturyT 6oraniku AkageMmii Hayk PeciyGriku Y36exuctaH, TamkeHT, Y36exnucran
2 AHAVDKAHCHKIIT JlepXKaBHIII YHIBepcuTeT, AHAVDKAH, Y30eKucTaH

3 @eprancbkuii gepkaBHmit yHiBepcutet, Peprana, Y30ekucran

Pedepar. Bunu pony Ziziphora (Lamiaceae) € LiiHHUMM JIIKapCbKVMU Ta eKOHOMIYHO Ba>K/IMBUMIU IIpeficTaBHUKaMU (ropu
Ys6exucrany, ane ineHTndikaria X BUJiB Yepes IXHI0 MOPQOIOriyHy NOAibHICTD € ckaanHo0. Lle foCIiPKeHHA € TepIM
KOMIIIEKCHIM aHa/Ii30M IIOBHMX X/IOPOINACTHUX T€HOMIB BUAIB pony Ziziphora mpupopuoi dmopu Ysbekucrany. Ilopis-
HSUIBHUI aHA/Ii3 BUSIBUB BapiabenbHICTh PO3MIpPY reHOMa, KOHCEPBATUBHI Ki/IbIIeBi CTPYKTYpM Ta BIAMIHHOCTI B HYK/I€O-
TUgHOMY ckafi. KoxxeH reHoM MicTUTD 131 reH, 86 3 AKUX € O1/I0K-KOAYIOUMMH i epeBa>kHO HOB'sI3aHUMM 3 POTOCUHTE30M
Ta QyHKUIiOHYBaHHAM IwacTuf. [t xnoponnactoi JHK xapaxrepumit BinHocHo Hu3bkuit BMicT GC (~37,8%) mOpiBHIHO
3 AlePHUMU T€HOMaMI BUJIB poRy Ziziphora. QinoreHeTMYHNUIT aHA/Ii3 HA OCHOBI IIOBHMX X/IOPOIUIACTHMX T€HOMIB Ta BU-
6paHux BapiabelbHMX MapKepiB II0OKa3aB, IO BUAY pony Ziziphora yTBOPIOIOTb OKpeMy MOHO(MICTHYHY /iHiI0 B MeXXax
Tpubu Mentheae nigponuun Nepetoideae. OTpuMaHi pe3yIbTaTyi MiTBEPKYIOTh JOLIBHICTD BUKOPUCTAHHSA XJIOPOIIACT-
Hol THK sk HafiifHOro Mapkepa B MOJIEKY/IAPHIN (iTOreHeTHYHIN CHCTEMATHUII Ta eBOMIOIIMHIX focmimKeHHsx. Lle mo-
CITiIKEHHSA € BaTOMUM BHECKOM y PO3YyMiHHSA F€HETUYHOI CTPYKTYPU, €BOMIOLIITHOI iCTOPil Ta yTOYHEHHA TAKCOHOMIYHOTO
TIOTIOXKEHHA TaKCOHIB pony Ziziphora, 10 € BayK/IMBOIO OCHOBOIO /I PO3POOKY CTpPATeTill IXHbOro 30epeskeHH:.

KmiouoBi cnoBa: Lamiaceae, Ziziphora, Bapiabe/lbHiCTb po3Mipy reHOMa, TeHeTYHA CTPYKTYpa, MOJIEKY/IAPHA CUCTEMATHKa,
TaKCOHOMIYHe IT0I0XKeHHsI, (PiTOreHe TMYHIIT aHaJIi3, X/IOPOIUIACTHIIT TeHOM
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Abstract. We review the nomenclatural history of the name published as “Caloplaca L. B. Moorii Zahlbr?, based on a speci-
men collected in 1934 in Aotearoa / New Zealand by Ms. Lucy Beatrice Moore. Although validly published, the name was la-
ter unnecessarily replaced with the illegitimate name C. mooreae D.J. Galloway due to a misinterpretation of the International
Code of Botanical Nomenclature then in force. Based on Article 60 of the International Code of Nomenclature for algae, fungi,
and plants (ICN, Madrid Code), we examine some aspects of the orthographic treatment of personal names used in epithets.
In this specific case, we consider various options for expansion of the personal names originally published as initials in epi-
thets. We conclude that at least three corrected versions are equally possible under the current ICN, in particular, Caloplaca
lucybeatricemooreae (but not ‘lucy-beatrice-mooreae’), C. lucyae-beatriceae-mooreae, and/or even C. luciae-beatricis-mooreae.
However, due to the number of possible corrected versions, the authors favour resolution of the uncertainty with a proposal
to conserve the illegitimate replacement name C. mooreae, which is in current use, against “Caloplaca L. B. Moorii Zahlbr”
and all its corrected variants. This will be prepared in due course.
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Nomenclatural problem and solution in case of “Caloplaca L. B. Moorii” Zahlbr.

Fig. 1. Image of “Caloplaca L. B. Moorii” on base of Avicennia marina subsp. australasica, Mataia, Kaipara Harbour, Te Ika a
Maui / North Island, Aotearoa / New Zealand (image: D.J. Blanchon)

Introduction The name was clearly and explicitly ascribed to

Zahlbruckner in the protologue, and this author-
The name “Caloplaca L. B. Moorii” Zahlbr. was pub-  ship (as well as the authorship of the whole article)
lished by Karl Martin Redinger (1907-1940), who should be followed: see Art. 46.2 of the Interna-
edited post mortem the manuscript prepared by Ale-  tional Code of Nomenclature of algae, fungi, and
xander Zahlbruckner (31 May 1860 — 8 May 1938),  plants (ICN), the current Madrid Code (Turland
“eigene Zutaten zu unterlassen” (i.e. refraining from et al., 2025; here consulted according to the lists
making his own additions) (Zahlbruckner, 1941).  of proposed and accepted amendments and other
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available sources: see Turland, Wiersema, 2024;
Turland et al., 2024; Turland, 2025). This name
was applied to a lichen species (Fig. 1.) collected in
1934 by Miss Lucy Beatrice Moore (14 July 1906 —
9 June 1987; for a short biography of this prominent
New Zealand woman botanist, see Morton, 2000-
onward). It was collected from a species of man-
grove reported then as Avicennia resinifera G. Forst.,
now accepted as A. marina (Forssk.) Vierh. subsp.
australasica (Walp.) J. Everett (Acanthaceae s. 1. sub-
fam. Avicennioideae Miers, or Avicenniaceae Miq.
s. str.), growing on the side of the Mahurangi River
(approx. — 36.398700°S, 174.670211°E), probably
near Warkworth, Te Ika a Maui / North Island of
Aotearoa / New Zealand.

Galloway (1983) regarded the name “Caloplaca
L. B. Moorii” as being illegitimate due to the (then)
International Code of Botanical Nomenclature
[either the Leningrad Code (Stafleu et al., 1978), or
the Sydney Code (Voss et al., 1983), it is not clear
which he referred to], supposedly not allowing
specific epithets to be made up of three words con-
nected with hyphens. He proposed a new name, C.
mooreae, explaining his nomenclatural decision as
follows: “Since the International Code of Botanical
Nomenclature does not allow 3 words to comprise a
specific epithet (L. B. in Zahlbruckner's epithet L. B.
Moorii standing for Lucy Beatrice) the new name
C. mooreae based on the same type must be used”
(Galloway, 1983: 192).

However, both the Leningrad Code and the Syd-
ney Code contain no rules banning the names con-
taining three or more parts, with two or even more
hyphens. Just vice versa, it is stated that “If an epi-
thet consists of two or more words [emphasis add-
ed — Authors], these are to be united or hyphened”
(Art. 23.1 of both the Leningrad Code and the Syd-
ney Code), without specifying any number of words
or hyphens. Recommendation 23B(d) (present in
the mentioned Codes) states that in forming specif-
ic epithets the authors should “avoid those formed
of two or more hyphened words”. However, it is a
Recommendation, not a Rule of the Code.

Thus, Galloway created de facto the replacement
name Caloplaca mooreae D.J. Galloway based on
the same type. He also corrected the ending re-
flecting the grammatical gender of the epithet com-
memorating a female person. This nomenclatural
decision has been followed in subsequent publica-
tions (Galloway, 1985 [there as Caloplaca mooreae
with the authorship cited incorrectly as “(Zahlbr.)
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D.J. Galloway”]; Malcolm, Galloway, 1997; Gallo-
way, 2007; de Lange et al., 2012, 2018), and thus this
illegitimate replacement name is currently in use.

When the first author was routinely checking
Mycobank for updates on the lichens of Aotearoa
/ New Zealand, he noted that the name Caloplaca
mooreae D.]. Galloway had been updated and was
now cited as a synonym of the name “Caloplaca
lucy-beatrice-mooreae Zahlbr, with an expansion
of the initials “L. B” in Zahlbruckner (1941) to
“Lucy” and “Beatrice’, the addition of hyphens, and
the correction of the ending of the original spelling
“Moorii” to “mooreae” to reflect the gender of the
person the species was named after.

This raised five questions: (1) Was the original
name validly published? (2) Should abbreviated
personal names (i.e. initials) in epithets be expand-
ed for the name or epithet to be grammatically and
nomenclaturally correct? (3) If yes, which rules
and/or recommendations should be followed? (4)
Should one or more than one hyphen(s) be used in
a species epithet in such cases? (5) If so, what form
would the correct (or corrected) epithet take?

Nomenclature

The first matter requiring clarification is whether
Zahlbruckner’s “Caloplaca L. B. Moorii” was validly
published. According to Art. 60 of the ICN (Madrid
Code, Turland et al. 2025; see above), specifically
“The original spelling of a name or epithet is to be
retained, except for the correction of typographical
or orthographical errors and the standardizations
imposed by [in this case] Art. 60.14” The protolo-
gue contained a detailed description in Latin and
the citation of the type gathering, and even specifi-
cally the holotype specimen (through the mention
of Zahlbruckner’s unique number, see below).

Therefore, Zahlbruckner’s “Caloplaca L. B. Moorii”
was validly published rendering Galloway’s (1983)
published name “Caloplaca mooreae” (in fact, a
replacement name, not a correction of the origi-
nal epithet) nomenclaturally superfluous and thus
illegitimate. Galloway (1983) was correct though
over the orthography of the family name of Lucy
Beatrice Moore forming the epithet. As the person
honoured is female, the ending of the epithet (or
part of the epithet) “moorii” is to be corrected to
“mooreae” following Art. 60.8(a) of the ICN.

First of all, let us consider an option of delet-
ing the full stops (periods) and spaces, to obtain
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Fig. 2. Image of the holotype held in Naturhistorisches Museum Wien (W0207548)
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CHR 373803 Allan Herbarium, Landcar: earch, New Zealand
LECTOTYPE of Caloplaca mooreae D.J.Galloway,
N.Z.J. Bot. 21: 192 (1983)
Caloplaca mooreae D.J.Galloway
Det.: Galloway DJ ate: 2007
Det. Note: In Galloway, D.J., Flora of New Zealand Lichens, ed. 2. (2007), p.
246

Country: [New Zealand] LD: [North Auckland Land District]
Loc.: Mahurangi River
Hab.: On mangrove
Coll.: L.B.M [Moore LB] Date: 3/6/34
Remarks: Mangrove (3) - similar & near to (2)
Type Note: Lectotype of Caloplaca mooreae D.J.Galloway, N.Z. J. Bot. 21: 192
(1983).
Type Note: N.Z. J. Bot. 21: 192 (1983): 5
Caloplaca mooreae D.Galloway. Since the International Code of Botanical
Nomencalture does not allow 3 words to comprise a specific epithet (L. B.) in
Zahlbruckner's epithet L.B. Moorii standing for Lucy Beatrice) the new name
C. mooreae based on the same type must be used.
Author: D. J. Galloway Date: 1983
Supplementary Note: Rev.
descr. fofo

Fig. 3. Image of the isotype held by the Allan Herbarium (CHR373803)
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“Ibmooreae”, an epithet already mentioned in Myco-

bank #365221. At first glance, it looks like Art.
60.13 of the ICN allows that option. But a careful
interpretation of that Article excludes it: “<...>
The use of a full stop (period) in an epithet that
is derived from a personal or geographical name
that contains this full stop [emphasis added —
Authors] is treated as an error to be corrected by
expansion or, when nomenclatural tradition does
not support expansion (Art. 60.14), deletion of the
full stop” In the Example provided directly under
Art. 60.13 [Ex. 47: “In Nesoluma ‘St.-Johnianum’
Lam & Meeuse (in Occas. Pap. Bernice Pauahi
Bishop Mus. 14: 153. 1938), derived from St. John,
the family name of one of the collectors, the epi-
thet is to be spelled st-johnianum”] the intended
epithet is derived from a compound family name
St. John that already contains this full stop. We
should inevitably conclude that in this sentence
of Art. 60.13 the words “that contains this full
stop” are linked to the noun “name” in the direct-
ly preceding phrase “a personal or geographical
name’, not to the noun “epithet”. It means that the
deletion of spaces and full stops (periods) cannot
be applied in this case, and thus the “corrected”
epithet “Ibmooreae” is in fact incorrect. In other
words, “L. B. Moore” is not “a personal or geo-
graphical name [one name — Authors] that con-
tains this full stop” but the initials (the abbreviated
first and middle names) plus the non-abbreviated
last name. Because of that the correction proce-
dure suggested in Art. 60.13 is not applicable in
our case.

This leaves the key consideration, how should
Zahlbruckner’s “L. B. Moorii” corrected to “L. B.
Mooreae” be treated? According to the amended
Art. 60.14, the “L. B” part is to be expanded if no-
menclatural tradition supports expansion. Here we
have to consider what traditions, if any, have liche-
nologists, notably those from Aotearoa / New Zea-
land, favoured with abbreviated epithets like “L. B.
Mooreae”. In reality, until this matter was acciden-
tally discovered by the senior author, no one work-
ing on Aotearoa / New Zealand lichens had been
aware of the problem, all accepting and follow-
ing “Caloplaca mooreae” as published by Galloway
(1983) and adopted in his Lichen Flora treatments
(Galloway, 1985, 2007); see for example de Lange et
al. (2012) and de Lange et al. (2018). Also, from a
perusal of the Flora of New Zealand Lichens (Gallo-
way, 1985, 2007) it seems that Zahlbruckner’s use of
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initials in his epithet was a singular case, perhaps a
provisional name not intended for publication.

Those responsible for resurrecting Zahlbruck-
ner’s name “Caloplaca L. B. Moorii” on Mycobank
used “Caloplaca lucy-beatrice-mooreae” without ex-
planation. Presumably Mycobank followed Article
60.14 of the ICN (Madrid Code) which states that
“abbreviated names and epithets are to be expand-
ed in conformity with nomenclatural tradition (see
also Art. 23 *Ex. 23 and Rec. 60C.4(d))”. Article 60,
Example 49 offers a guide; citing “Allium ‘a.-bolosii’
P. Palau (in Anales Inst. Bot. Cavanilles 11: 485.
1953). The species epithet honours Antonio de
Bolos y Vayreda, so the epithet should be expressed
in full as “antonii-bolosii”.

This raises the question: is it actually necessary in
this case to use hyphens?

The Madrid Code offers guidance on the use of hy-
phens in species epithets:

“23.1. The name of a species is a binary combina-
tion consisting of the name of the genus followed
by a single specific epithet in the form of an ad-
jective, a noun in the genitive, or a word in appo-
sition (see also Art. 23.6). If an epithet consisted
originally of two or more words, these are to be
united or hyphenated. An epithet not so joined
when originally published is not to be rejected
but, when used, is to be united or hyphenated, as
specified in Art. 60.11”.

However, the “corrected” epithet is currently (18
June 2025) accepted by Mycobank as “lucy-beatrice-
mooreae”, with the first and middle (given) names
of Lucy Beatrice Moore expanded unchanged, in
the Latin nominative case, while the last name (sur-
name) is given in the Latin genitive case. In our
opinion, this expansion (using hyphens) requires
further discussion. Let us consider two cases cited
in Art. 60 Ex. 40 and Ex. 41:

“Ex. 40. Hyphen to be deleted: <...> Eunotia
rolandschmidtii Metzeltin & Lange-Bert. (Iconogr.
Diatomol. 18: 117. 2007, “roland-schmidtii”), in
which the given name and surname do not stand
independently because the former is not sepa-
rately latinized; <...>”

“Ex. 41. Hyphen to be maintained: <...> Entero-
morpha roberti-lamii H. Parriaud (in Botaniste
44:247.1961), in which the given name and sur-
name stand independently because they are sep-
arately latinized; <...>”
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This leaves us with three options. (1) We could
use the form “lucy-beatrice-mooreae”, in which
the given names and the surname (in the Latin
genitive case) do not stand independently be-
cause the given names are not separately latinized,
then, following Art. 60 Ex. 40, the hyphens are
to be deleted, resulting in a rather awkward var-
iant “lucybeatricemooreae”. (2) The second option
is to conclude that the initials originally used in
the protologue should be expanded to match the
grammatical gender and (genitive) case of the al-
ready corrected part of the epithet, “-mooreae’,
and these three parts of the epithet should be con-
nected with two hyphens, resulting in the even
more awkward (but correct according to Latin
grammar) “lucyae-beatriceae-mooreae” (Art. 60
Ex. 41 and Ex. 49 on the ICN). (3) The third op-
tion would be based on full latinization of the
names Lucy and Beatrice, which in Latin were Lu-
cia (genitive: Luciae) and Beatrix (genitive: Beatri-
cis), which will result in “luciae-beatricis-mooreae”.

The Code also does have two recommendations
(Rec. 23A.3(b, d)) regarding the use of long names
or more than one hyphen:

“23A.3. In forming specific epithets, authors
should comply also with the following: <...>

(b) Avoid epithets that are very long or difficult
to pronounce in Latin. <...>

(d) Avoid those formed of two or more hyphen-
ated words”

However, being Recommendations and not the
Rules, they are not binding.

Now we turn to see if there is a nomenclatu-
ral tradition to guide us. We were unable to find
examples of Australasian lichenized fungi with
specific epithets composed from three names, but
there are some epithets composed from two, such
as Caloplaca johnwhinrayi S.Y. Kondr. & Karnefelt
named for John Whinray and Caloplaca jackelixii
S.Y. Kondr., Kéarnefelt & A. Thell named for Jack
Elix (Kondratyuk et al., 2009) [also currently ac-
cepted either as Sirenophila jackelixii (S.Y. Kondr.,
Kiarnefelt & A. Thell) Sochting, Arup & Frodén
(Arup et al, 2013) or Elixjohnia jackelixii (S.Y.
Kondr., Karnefelt & A. Thell) S.Y. Kondr. & Hur
(Kondratyuk et al., 2017)], that combine the first
names and surnames of the persons they were
named after. Both of these epithets avoid hy-
phens, following Art. 60 Ex. 40. However, these
names should not be treated as some Australasian
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nomenclatural tradition; they rather manifest the
trend of coining long combined names and ep-
ithets, noticeable in publications of the first au-
thor of these names. For example, several simi-
larly formed epithets have been coined for lichens
occurring in Australia (“cliffwetmorei” for Cliff
Wetmore and “ferdinandmuelleri” for Ferdinand
Mueller) and Greenland (“erichansenii” for Eric
Hansen) in the same article (Kondratyuk et al,
2009).

It should be noted that there is also Ocellularia
jacinda-arderniae A.J. Marshall, Blanchon, Liicking
& de Lange (Marshall et al., 2019), where a hyphen
was used because the alternative “jacindaarderniae”
had the same vowel “aa” repeated (see Art. 60.11:
“<...> A hyphen is permitted only when the epithet
is formed of words that usually stand independent-
ly, or when the letters before and after the hyphen
are the same”; note also Ex. 41: Turland et al., 2025).

Despite these examples used by Australasian li-
chenologists, we conclude that there is no single
Australasian or any other nomenclatural tradition
to provide the only one acceptable guideline in this
case.

The Madrid Code gives no direct guidance on
which option to select. The reference to some “no-
menclatural tradition” does not work here because
we can find no unequivocal existing examples for or
against any of these three options:

<« . »
lucybeatricemooreae’,

“lucyae-beatriceae-mooreae”,

“luciae-beatricis-mooreae”,

or even supporting the fourth option of deleting the
full stops / periods and spaces (which we, however,
exclude; see above), resulting in an incorrect versi-
on “lbmooreae’.

Of course, it is impossible to include in the ICN
all potentially applicable orthographic rules and
recommendations and to predict all cases of or-
thographic problems that may emerge, so such
problems are still inevitable in taxonomic literature.
For example, at least 1197 scientific names of plants
mentioned in the Flora Reipublicae Popularis Sini-
cae (Flora of the People’s Republic of China, the orig-
inal edition in Chinese) were recently corrected be-
cause of their wrong spelling in that multi-volume
Flora, including 111 names having epithets with
gender forms not matching the genders of generic
names, and 338 names with incorrect hyphenation
(Liu et al., 2013).
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Also, for controversial cases like the one discussed
in the present article, formal proposals to conserve
a name with the conserved orthography (spelling)
may be useful for proper standardization of the no-
menclature of orthographically problematic names.
It could be even possible to propose for conser-
vation the name Caloplaca mooreae (nom. illeg.),
coined by Galloway (1983) and rather widely used
as the accepted name in several publications and da-
tabases until now (Galloway, 1985, 2007; Malcolm,
Galloway, 1997; de Lange et al., 2012, 2018; Blan-
chon, 2013; Biota of New Zealand: https://biotanz.

landcareresearch.co.nz/scientific-names/d90b35c¢b-

2aa3-4a9b-83d1-48fead95ad8c), against all names
that emerged or may emerge from various attempts
to correct the name published as “Caloplaca L. B.
Moorii”. If conserved, the name C. mooreae will be
considered legitimate, even though initially it was
published as an illegitimate replacement name (Art.
14.1 of the ICN).

The current nomenclatural options (and three
corrected spellings possible under the Madrid
Code) can be summarized as follows below.

The original spelling:
Caloplaca L. B. Moorii Zahlbr., Denkschr. Akad.
Wiss. Wien math-naturwiss. K1. 104: 367. 1941.

Corrected spelling 1 (without latinization):

Caloplaca lucybeatricemooreae Zahlbr. (published
as “L. B. Moorii”).

Corrected spelling 2 (partial latinization, only end-
ings latinized):

Caloplaca lucyae-beatriceae-mooreae
(published as “L. B. Moorii”).

Zahlbr.

Corrected spelling 3 (full latinization, based on
“Lucia Beatrix”, genitive “Luciae Beatricis”):

Caloplaca luciae-beatricis-mooreae Zahlbr. (pub-
lished as “L. B. Moorii”).

Other “corrected” spelling variants:

= “Caloplaca Ibmoorii’ Zahlbr. Mycobank: 365221

= ‘Caloplaca lucy-beatrice-mooreae’ Zahlbr. Myco-
bank: 107781

Replacement name:

= Caloplaca mooreae D.]. Galloway, N. Z. J. Bot. 21:
192 (1983), nom. superfl. illeg.; also occasionally
incorrectly cited as a nomenclatural combination
“Caloplaca mooreae (Zahlbr.) D.J. Galloway” in FI.
N.Z. Lichens.: 68. 1985. Mycobank: 108644

Holotype: New Zealand. North Auckland, Ma-
hurangi River on Avicennia resinifera. L.B.
Moore ZA 628, June 1934, W0207548! Isotypes:
CHR373803!, BM.

Notes on typification

Galloway (1983: 192) initially correctly listed
the specimen in W as the holotype (Fig. 2.) and
CHR373803 as an isotype, which appears in a la-
bel on the specimen (Fig. 3.). Confusingly, he la-
ter recognised CHR373803 being the lectotype
(Galloway, 1985, 2007), and there is an additional
printed label attached to the specimen. He did in-
clude a note to “check material in W” on the CHR
specimen. The designation of a lectotype by Gallo-
way in 1985 (also confirmed in 2007) has no stan-
ding because the original protologue clearly cites
a single specimen (Z.A. 628), presumably marked
by Zalbruckner on the label of the specimen in Vi-
enna (W020754).The notes on CHR373803 do not
include Zahlbruckner’s specimen number from
his protologue of the species, but it is likely that
it is a retained duplicate of the specimen that was
sent to him in Vienna. We here confirm the sta-
tus of W0207548 as the holotype because of its full
correspondence to the protologue and the unique
identifier ZA 628.

Concluding remarks

While this case is an unusual one, we conclude
that neither earlier Codes nor the current Madrid
Code (Turland et al., 2025) contain strict rules or
even explicit recommendations for dealing with
the cases like the one considered here. Clearer
instructions or recommendations on expanding
the initials published as parts of epithets could
be provided in the Code. For avoiding any mis-
understandings and proliferation of orthographic
variants, some proposal(s) to amend the next
Code could be considered to deal with that remai-
ning uncertainty. If deemed useful, such a pro-
posal could be provided for the judgement by the
international community of taxonomists at the
next XXI International Botanical Congress in
Cape Town, South Africa.

A proposal to conserve the illegitimate replace-
ment name in current use, C. mooreae, against the
original replaced name “Caloplaca L. B. Moorii”
and all its corrected variants is desirable, and will
be prepared.
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HomenknatypHi npo6nemu 3 BunpasieHHAaM opdorpadii Ta Mo>xIuBi pilmeHH:
nikaBuil BUNagoK i3 Hassoro “Caloplaca L. B. Moorii” Zahlbr. (Teloschistaceae)

I.0x. BJIAHIIOH !, I1.T. BUICOH 2, C.JI. MOCSKIH 3, IT.JIx. ne IAHTE 4
1 Oknenpcpknmii BilicbKOBO-icTopuyHMi My3seit, Oxneny, Hosa 3emanpis
2 HarioHampHMI rep6apiit Hosoro IliBgeHHoro Yenncy,
KopomniBcbkuit 6oTanivumit can, CifHert, ABcTpatis
3 Incturyt 6otaniku im. M.I. Xonogsoro HAH Ykpainu,
By1. Tepemenkiscpka 2, Kuis 01601, Ykpaina
4 TexHiuHMIT yniBepcutet YHiTex, Oxnensi, HoBa 3enanpis

Pedepar. Posr/istHyTO HOMEHK/IATYPHY iCTOpito Has3By, ony6iikoBanoi sk “Caloplaca L. B. Moorii Zahlbr?, Ha ocHOBI 3paska,
sxuit 3ibpasa JIroci Beatpuc Myp (Lucy Beatrice Moore) y 1934 p. y Hosiit 3enanpii. Xoya 11 Ha3Ba 0y/a BaigHO omryoti-
KOBaHa, 3T0JIOM BOHa 0y/a 6e3 moTpebu 3aMiHeHa He3aKoHHOIK HasBoio C. mooreae D.J. Galloway dyepe3 HemnpaBuIbHe TITy-
MadeHHS TOIIIHBOr0 MixHapooHozo kodekcy 6omaniunoi Homenknamypu. Ha mincrasi Crarti 60 MixnHapodHozo kodekcy
HoMeHKIamypu 00opocmei, 2pubis i pocnun (Madpudcvkoeo Kodekcy) mpoaHasisoBaHo fiesiki acrextn opgorpadii BracHux
iMeH y cknapi eniTeTiB. Y 1bOMYy KOHKPETHOMY BUIAJKy MM POSIJIALAEMO Pi3Hi BapiaHTM IOBHOIO HAIMCAHHA iMeH, OIly-
671iKOBaHMX B OPUTiHATBHOMY emiTeTi sK iHirfiamu. Mu po61uMo BUCHOBOK, 110 BiAMOBifHO Ko unHHOTrO Kodekcy mpuHaiMHI
TPY BapiaHTV BUIIPAB/ICHHA eIliTeTa € OJHAKOBO MOX/IMBUMH, a came Caloplaca lucybeatricemooreae (ane e ‘lucy-beatrice-
mooreae’), C. lucyae-beatriceae-mooreae Ta/abo HaBith C. luciae-beatricis-mooreae. IIpoTe 3 yciX MOXXIMBYX BapiaHTiB aBTO-
P CXWIAIOTBCSA O BUPILIeHH 1Ti€l Mpo6/ieMit IUIAXOM IOffaHH IPOIO3NULIi PO KOHCEePBaIiiio He3aKOHHOI, ajle BXXMBaHOI
Hapasi, Ha3Bu C. mooreae. Taka IpoNO3uLlis 3 YacoM Oyze MiArOTOBIEHA.

KmiouoBi croBa: 60oTaHivHa HOMEHK/IATYPa, TixeHi3oBaHi rpubu, TakcoHoMitHa opdorpadis, Caloplaca
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Abstract. Laricifomes officinalis is known for producing biologically active pharmaceuticals. This species belongs to wood-de-
cay fungi capable of biotransforming various xenobiotics. Despite this potential, the ability of L. officinalis to biotransform
various chemical compounds has not been previously investigated. This study is aimed at evaluating the biotransformation
ability of three strains of L. officinalis towards diclofenac, naproxen, N-cyclohexylbenzamide, and N-phenylcyclohexanecar-
boxamide. As a result, all four selected compounds underwent successful biotransformation, and hydroxylated metabolites
were detected for all of them. The biotransformation sufficiency of the four studied compounds was 80.5-83.1% of diclofe-
nac, 78.1-88.4% of naproxen, 58.2% of N-phenylcyclohexanecarboxamide, and 61% of N-cyclohexylbenzamide. Additional-
ly, other types of metabolites were identified in the biotransformation of diclofenac and naproxen. Among the three studied
strains, L. officinalis 2498 demonstrated the highest efficiency in degrading the tested compounds.
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Introduction

Laricifomes officinalis (Vill.) Kotl. & Pouzar (Poly-
porales, Basidiomycota) is a medicinal wood-decay
fungus, also widely known in recent literature as Fo-
mitopsis officinalis (Vill.) Bondartsev & Singer (ear-
lier also as Fomes officinalis (Vill.) Bres., Polyporus
officinalis (Vill.) Fr., etc.). According to the Myco-
bank (https://www.mycobank.org/), the currently

accepted name of the fungus is Laricifomes offici-
nalis. This is a polypore fungus forming large per-
ennial fruit bodies on old-standing trees, rarely
on fallen logs or stumps. The species belongs to
slow-growing fungi (Flores et al., 2023). The fungus
is a tree parasite that becomes a saprotroph upon
the host tree death. Laricifomes officinalis was re-
ported from Europe, Asia, North Africa, and North
America; however, its major distribution range is
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located in Western Europe, North Asia, and North
America (Hayova et al., 2020). In Europe, L. offi-
cinalis was almost exclusively recorded on trees of
the genus Larix Mill,, while in Spain and elsewhere
outside Europe, it was also reported on trees of the
following genera of gymnosperm trees: Abies Mill.,
Cedrus Mill., Tsuga (Endl.) Carriere, Pinus L., Picea
A. Dietr., and Pseudotsuga Carriere (Zarzynski, An-
dres, 2009). Despite its wide geographical distribu-
tion, this species is listed in the national Red Lists
of several European countries; it was also assessed
for the IUCN Red List of Threatened Species as EN,
Endangered globally (Katucka, Svetasheva, 2019).

Laricifomes officinalis is known to possess various
biological properties, such as anticancer (Wu et al.,
2014), antiproliferative (Fijatkowska et al., 2020),
antioxidant (Flores et al., 2023), antiviral (Sevindik
et al,, 2023), and cytotoxic activities (Areesanan et
al., 2025). The extracts obtained from L. officina-
lis showed a broad range of antibacterial activities
(Hleba et al., 2016; Mykchaylova, Poyedinok, 2021;
Flores et al., 2023). All these properties of L. offici-
nalis emphasize the high value of its biomass.

Due to its widespread distribution, this fun-
gus has been used in Central European tradition-
al medicine (Grienke et al., 2014). The chemical
composition of various biologically active com-
pounds in both fruit bodies and mycelium of this
species has been rather well characterized, such as
coumarins (Hwang et al., 2013), triterpenes (Wu
et al.,, 2009; Han et al., 2016; Naranmandakh et al.,
2018), sesquiterpenoids (Elkhateeb et al., 2019), cy-
tokinins (Vedenicheva et al., 2019), polysaccharides
(Muszynska et al., 2020), phenolic and indole com-
pounds (Fijatkowska et al., 2020; Flores et al., 2023),
and ergosterol (Spano et al., 2024).

Numerous biologically active substances indi-
cate a high biosynthetic potential for L. officinalis.
Of them, cytochrome P450 enzymes are involved
in synthesizing some of the previously described
compounds (Syed et al., 2014; Wang et al., 2021).
These enzymes are also actively utilized in biotrans-
formation, which has already been confirmed for
certain fungi. For example, basidiomycetes have
been proven to degrade various xenobiotics (Kathi-
ravan, Gnanadoss, 2021; Brazkova et al., 2022; Ko-
morowicz et al., 2023). Among representatives of
the order Polyporales, biotransformation has been
investigated in Phanerochaete chrysosporium Burds.
(Rodarte-Morales et al., 2011), Trametes polyzona
(Pers.) Justo (Teerapatsakul et al., 2016), Fomitopsis

pinicola (Sw.) P. Karst. (Purnomo et al., 2022), Py-
cnoporus spp. (Cheute et al., 2024), etc. Howev-
er, such studies have not yet been carried out for
L. officinalis, although conducting similar research
would essentially expand our knowledge about this
species.

Due to the extensive use of pharmaceuticals in
human and veterinary medicine and their incom-
plete metabolism in human and animal organisms,
they are actively accumulated in the environment.
At present, such pharmaceuticals are classified as
contaminants of emerging concern (Majewska et
al., 2021). These pharmaceuticals include, in par-
ticular, diclofenac, naproxen, and bicyclic amides. It
is known that these compounds have a toxic effect
on the environment (Wojcieszynska, Guzik, 2020;
Wojcieszynska et al., 2023). Therefore, it is impor-
tant to understand the effects of these xenobiotics
on various groups of organisms, in particular fun-
gi. With regards to the above, the presented work
is aimed at studying the ability of L. officinalis to
biotransform diclofenac, naproxen, N-cyclohexylb-
enzamide, and N-phenylcyclohexanecarboxamide.

Materials and Methods

Chemicals. Acetonitrile HPLC (Chemsolute, Ger-
many); bacteriological agar (Condalab, Spain); di-
clofenac (Enamine, Ukraine); dimethyl sulfoxide
(Sigma-Aldrich, USA); glucose (Enamine, Ukrai-
ne); ethyl acetate (Enamine, Ukraine); formic acid
(Enamine, Ukraine); magnesium sulfate (heptahy-
drate) (Bio Basic Inc., Canada); naproxen (Enami-
ne, Ukraine); peptone (Condalab, Spain); potassi-
um phosphate (monobasic, anhydrous) (Bio Basic
Inc., Canada); potassium phosphate (dibasic, anhy-
drous) (Bio Basic Inc., Canada); sodium sulfate (an-
hydrous) (Enamine, Ukraine); yeast extract (Con-
dalab, Spain); N-cyclohexylbenzamide (Enamine,
Ukraine), and N-phenylcyclohexanecarboxamide
(Enamine, Ukraine).

Fungal strains. The objects of the investigation
were three strains of L. officinalis 5004 (accepted
by NCBI with accession number MF952886), L.
officinalis 2498 (PQ363511), and L. officinalis 2497
(PQ368547). All cultures were obtained from the
IBK Mushroom Culture Collection of the M.G.
Kholodny Institute of Botany, National Academy of
Sciences of Ukraine (Bisko et al., 2020).

Medium composition. Glucose-yeast-peptone
(GYP) medium, (g/1): glucose — 25; peptone — 3;
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yeast extract — 3; KH2P04 —1; K2HP04 — 1; Mg-
SO,*7H,0 — 0.25; H,0 — for a final volume of 1 I;
pH — 6. Glucose-yeast-peptone agar (GYPA) me-
dium: GYP containing 20 g agar.

Inoculum preparation. The mycelium of three
strains of L. officinalis was grown in Petri dishes for
28 days at 26 + 1 °C on GYPA medium.

Submerged cultivation of L. officinalis. The ob-
tained mycelium was homogenized with sterile wa-
ter and aseptically inoculated in 250 ml Erlenmeyer
flasks with 45 ml of liquid GYP medium (10% v/v).
Cultivation was carried out at 26 + 1 °C and 150
rpm for all studied strains.

Biotransformation procedure. After 21 days
of cultivation, the obtained cultures were used to
investigate the biotransformation of some xeno-
biotics. Diclofenac, naproxen, N-cyclohexylben-
zamide, or N-phenylcyclohexanecarboxamide dis-
solved in dimethyl sulfoxide were each added to
the Erlenmeyer flasks with cultures. Amides were
added at a concentration of 0.2 mg/ml culture me-
dium (Hernik et al., 2023), diclofenac at 0.1 mg/ml
(Quinn et al., 2015), and naproxen at 0.25 mg/ml
(Zhong et al., 2003). Dimethyl sulfoxide was used
at a concentration of 0.2 ml/l for dissolving com-
pounds and as a negative control for biotransforma-
tion.

Extraction procedure. The extraction of me-
tabolites was performed on the 3™ day (for N-cy-
clohexylbenzamide and N-phenylcyclohexan-
ecarboxamide), according to our unpublished
investigation of these compounds with other ba-
sidiomycetes, or on the 7% day (for diclofenac and
naproxen) after the addition of the studied com-
pounds (Zhong et al., 2003; Quinn et al., 2015).
The obtained mycelial biomass and culture me-
dium were divided by filtration. Each sample was
extracted with ethyl acetate (1 : 1) three times. The
obtained extract was dried over anhydrous sodi-
um sulfate, concentrated via a rotary evaporator,
and analyzed via high-performance liquid chro-
matography.

Analysis procedures. High-performance lig-
uid chromatography (HPLC) analysis was carried
out on an Agilent Technologies 1200 Series (Ag-
ilent, USA). A chromatographic column made of
stainless steel with a diameter of 4.6 mm, a length
of 100 mm, and a grain size of 2.7 um was used as
the stationary phase. The column was filled with
silica gel modified with hydrophobic C18 groups.
The injection volume was 5 pl. The flow rate was

338

1 ml/min. The total run time was 10 min. Gradi-
ents of solvent A (0.1% formic acid in water) and
solvent B (0.1% formic acid in acetonitrile) for the
study of diclofenac biotransformation were pre-
pared as follows (%): (I) 0-1 min (A:B, 60/40), (II)
1-5 min (A:B, from 60/40 to 0/100 ), (III) 5-6 min
(B, 100), 6.0-6.5 min (A:B, from 0/100 to 60/40),
(IV) 6.5-10.0 min (A:B, 60/40). For the study of
naproxen and amides biotransformation, gradients
of solvent were the following (%): (I) 0-2 min (A:B,
95/5), (IT) 2-6 min (A:B, from 95/5 to 0/100), (IIT)
6-8 min (B, 100), 8.0-8.5 min (A:B, from 0/100 to
95/5), (IV) 8.5-10.0 min (A:B, 95/5). A UV detec-
tor and a Quadrupole LC/MS 6120 mass analyzer
(Agilent, USA) were used to identify the obtained
compounds. The UV detection was recorded at
215, 254, and 280 nm. The results were obtained
and analyzed via Open Lab CDS software (version
C.01.10). The analysis was carried out using the
studied compounds as standards.

The efficiency of biotransformation was calcu-
lated using preparative HPLC. The metabolites and
residue of the original compounds were isolated
and purified on an Agilent Technologies 1290 In-
finity II series (Agilent, USA). A chromatographic
column made of stainless steel with a diameter of
19.5 mm, a length of 100 mm, and a grain size of 5
um was used as the stationary phase. The column
was filled with silica gel modified with hydropho-
bic C18 groups. The injection volume was 300 pl.
The flow rate was 25 ml/min. The total run time was
9 min. Gradients of solvent A (0.1% formic acid in
water) and solvent B (0.1% formic acid in acetoni-
trile) for N-cyclohexylbenzamide were prepared as
follows (%): (I) 0-1.3 min (A:B, 70/30), (II) 1.30-5
min (A:B, from 70/30 to 60/40 ), (III) 5-6 min
(A:B, from 60/40 to 0/100), 6-7 min (A:B, 0/100),
(IV) 7.0-7.3 min (A:B, from 0/100 to 70/30), (V)
7.3-9 min (A:B, 70/30). Gradients of solvent A and
solvent B for N-phenylcyclohexanecarboxamide
were prepared as follows (%): (I) 0-1 min (A:B,
75/25), (II) 1-5 min (A:B, from 75/25 to 50/50 ),
(IIT) 5-6 min (A:B, from 50/50 to 0/100), 6-7 min
(A:B, 0/100), (IV) 7.0-7.3 min (A:B, from 0/100 to
75/25), (V) 7.3-9.0 min (A:B, 75/25). A UV detec-
tor was used to identify the obtained compounds.
The UV detection was recorded at 215 and 254 nm.
The results were obtained and analyzed via Open
Lab CDS software (version 3.3.65). The isolated and
purified metabolites were weighed using an analyt-
ical balance.
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Results and Discussion

Biotransformation of naproxen by mycelium of
Laricifomes officinalis

All three strains of L. officinalis can be considered
capable of biotransforming naproxen (1, Fig. 1).
The measure of biodegradation of naproxen ran-
ged from 78.1 to 88.4% depending on the strain,
with the highest percentage exhibited by L. offi-
cinalis 2498. Two strains, L. officinalis 2497 and
2498, metabolized the studied compound into de-
methylnaproxen (m/z (mass-to-charge ratio) 215)
(2, Fig. 1) and hydroxynaproxen (m/z 245) (3, Fig.
1). Additionally, a metabolite with m/z 179 was
also detected for the studied samples of all strains,
but could not be identified due to its insignificant
amount. At the same time, demethylnaproxen was
revealed for the strain L. officinalis 5004, whereas
the hydroxylated metabolite was not present in
this studied sample. This indicates different bio-
transformation pathways for the studied strains
(Fig. 1).

Although the naproxen degradation by basidi-
omycetes is known, it remains poorly understood.
The biotransformation of naproxen has already
been investigated for Trametes versicolor (L.) Lloyd
(Marco-Urrea et al., 2010; Rodriguez-Rodriguez
et al., 2010), Phanerochaete chrysosporium Burds.
(Rodarte-Morales et al., 2011), Coriolopsis trogii
(Berk.) Domanski (Funalia trogii (Berk.) Bondart-
sev & Singer) (Aracagok et al., 2017), and Pleuro-
tus djamor (Rumph. ex Fr.) Boedijn (Cruz-Ornelas
et al., 2019). However, not all basidiomycetes are
capable of biotransforming naproxen. In particu-
lar, Clitocybe nebularis (Batsch) P. Kumm. failed
to metabolize this compound, although it was
able to biotransform other similar compounds
(Klenk et al., 2019). Most research is focused on
the ability of fungi to breakdown naproxen. How-
ever, little has been studied about the metabolites
formed in this process. This is because the naprox-
en molecule is resistant to microbial biotransfor-
mation due to the presence of two aromatic rings
(Domaradzka et al., 2015). Given the stability of
this compound and the knowledge gap in fun-
gal biotransformation, it is crucial to identify its
metabolite. Demethylnaproxen has already been
detected in biotransformation by T. versicolor
(Marco-Urrea et al., 2010). However, there are no
prior reports of the presence of hydroxynaproxen
in naproxen biotransformation by basidiomycetes.

CH,
W“
SOR
HO
2
CH,
: 0
o
o
3

Fig. 1. Pathways of biotransformation of naproxen (1) by
Laricifomes officinalis 2497, 2498, and 5004; 2 — demethyl-
naproxen; 3 — hydroxynaproxen

v
&
/\

Fig. 2. Pathways of biotransformation of diclofenac (4) by
Laricifomes officinalis 2497, 2498, and 5004; 5 — 1-(2,6-di-
chloro-4-hydroxyphenyl)-1,3-dihydro-2H-indol-2-one;
6 — 1-(2,6-dichlorophenyl)indolin-2-one; 7 — hydroxy-
diclofenac; 8 — 1-(2,6-dichlorophenyl)-1,3-dihydro-5-hy-
droxy-2H-indol-2-one

At the same time, the presence of both metabolites
was observed in the biotransformation of naprox-
en by Aspergillus niger Tiegh. (Aracagok et al.,
2017). The obtained results indicate the potential
of using the studied strains of L. officinalis to de-
grade naproxen.
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Biotransformation of diclofenac by mycelium of
Laricifomes officinalis

The results indicated the ability of three strains of
L. officinalis highly to biotransform diclofenac (4,
Fig. 2). The biodegradation rates of this compound
ranged from 80.5 to 83.1% depending on the stra-
in. Three metabolites were established for the sam-
ples from strains L. officinalis 2498 and 5004. One
of them showed a peak at m/z 279. It corresponds
to 1-(2,6-dichlorophenyl)indolin-2-one (6, Fig. 2).
The other two had a peak at m/z 294, but different
retention times. There are hydroxylated forms of
the first metabolite — 1-(2,6-dichloro-4-hydroxy-
phenyl)-1,3-dihydro-2H-indol-2-one (5, Fig. 2)
and 1-(2,6-dichlorophenyl)-1,3-dihydro-5-hydro-
xy-2H-indol-2-one (8, Fig. 2). These metabolites
were formed as a result of the reaction of carboxyl
and amino groups. In contrast, L. officinalis 2497
metabolized diclofenac into hydroxydiclofenac only
with m/z 312 (7, Fig. 2) and in trace amounts. This
indicates the strain-specific biotransformation pro-
cess, which is also observed in the biotransformati-
on of naproxen.

Biotransformation of diclofenac by fungi occurs
rapidly. The formation of hydroxylated metabolites
is observed within 24 hours after the compound
introduction. However, these metabolites are not
stable in the culture medium due to fungal activi-
ty. This was also observed for strain L. officinalis
2497, where hydroxydiclofenac was detected in mi-
nor quantities. If the duration of biotransformation
is beyond 3 days, the accumulation of metabolites
with structurally rearranged functional groups oc-
curs (Kasonga et al., 2021). This is in agreement
with the results obtained in our study, which in-
dicate the accumulation of condensed forms of
metabolites. The metabolite 5 (Fig. 2) was also re-
ported for Fomes meliae (Underw.) Murrill (= Fo-
mitopsis meliae (Underw.) Gilb.) and Penicillium
oxalicum Currie & Thom (Olicon-Hernandez et al.,
2019; Dhiman et al., 2022). However, its exact struc-
ture was identified when diclofenac was biotrans-
formed by Chlamydomonas reinhardtii P.A. Dang.
(Liakh et al., 2023). The obtained results indicate
the prospects for using the studied strains of L. of-
ficinalis for the degradation of diclofenac. This is
the first report of the formation of 1-(2,6-dichloro-
4-hydroxyphenyl)-1,3-dihydro-2H-indol-2-one
and  1-(2,6-dichlorophenyl)-5-hydroxy-1,3-dihy-
dro2H-indol-2-one during the biotransformation
of diclofenac by basidiomycetes.

340

Biotransformation of amides by mycelium of
Laricifomes officinalis

Unlike naproxen and diclofenac, the molecules of
amides have both aromatic and aliphatic rings. The-
refore, studying their biotransformation is parti-
cularly important. The biotransformation research
was carried out only for the strain L. officinalis 2498,
identified as the most productive one in our earlier
experiments. The content of N-phenylcyclohexane-
carboxamide (9, Fig. 3) and N-cyclohexylbenzami-
de (11, Fig. 3) after biotransformation decreased by
61 and 58.2%, respectively. The extent of biodegra-
dation of naproxen and diclofenac was higher com-
pared to that of these compounds. The presence of
a metabolite with m/z 220 was observed for both
compounds. It corresponds to the hydroxylated
metabolite common to both compounds. N-phe-
nylcyclohexanecarboxamide was transformed into
4-hydroxy-N-phenylcyclohexane-1-carboxamide
(10, Fig. 3), and N-cyclohexylbenzamide was trans-
formed into N-(4-hydroxy-cyclohexyl)-benzamide
(12, Fig. 3).

The recently studied biotransformation of short-
chain n-alkyl-substituted cyclohexanes by Candida

9
—>
(o) N
1
_—
(o} N

OH
10
(o) N
12
(o] N
OH

Fig. 3. Pathways of biotransformation of amides by Larici-
fomes officinalis 2498; 9 — N-phenylcyclohexanecarboxam-
ide; 10 — 4-hydroxy-N-phenylcyclohexane-1-carboxamide;
11 — N-cyclohexylbenzamide; 12 — N-(4-hydroxy-cy-
clohexyl)-benzamide
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maltosa Komag., Nakase & Katsuya and Cutane-
otrichosporon mucoides (E. Guého & M.T. Sm.)
Xin Zhan Liu, EY. Bai, M. Groenew. & Boekhout
(= Trichosporon mucoides E. Guého & M.T. Sm.)
demonstrated hydroxylation of methyl- and ethyl-
cyclohexane at several positions (Schliiter et al.,
2019). Our results are slightly different from those
for the aforementioned species. For the L. offic-
inalis 2498, we established hydroxylation in the
cyclohexanes ring only at one position, which
indicates better selectivity of biotransformation
for this strain. Previously, hydroxylation of N-cy-
clohexylbenzamide at the same position has been
described for Beauveria bassiana (Bals.-Criv.) Vuill.
(= Sporotrichum sulfurescens ].E.H. Beyma) (Fonken
et al., 1968). However, so far no records are avail-
able regarding the biotransformation of N-phenyl-
cyclohexanecarboxamide. Thus, the present work
reports the successful biotransformation of N-phe-
nylcyclohexanecarboxamide to a hydroxylated me-
tabolite for the first time.

Conclusions

This research revealed the efficiency of three strains
of L. officinalis in the biodegradation of the selected
biologically active substances. This is the first report
of biotransformation processes involving this par-
ticular species. The strains L. officinalis 2497 and
2498 transformed naproxen into demethylnaproxen
and hydroxynaproxen. On the other hand, L. of-
ficinalis 5004 transformed naproxen only into de-
methylnaproxen. Diclofenac was transformed into
hydroxydiclofenac by the strain L. officinalis 2497,
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Biorpancpopmanis kceHobioTukis minemniem Laricifomes officinalis (Polyporales, Basidiomycota)

C.B. BOHIAPYK 12, PA. KOP)K 2, 'A. AJIb-MAAJII 12
1 IncturyT 6oranikn im. ML.I. XonogHoro HAH Ykpainu,
By Tepemenkicbka 2, Kuis 01601, Ykpaina
2 TOB "Examin’", Byn. Bincrona Yepunnnsa 78, Kuis 02094, Ykpaina

Pedepart. Laricifomes officinalis Bigomuit cBoiMy 6i07OTi4HO aKTMBHVMMU peYOBMHAMM 3 (apMalleBTUYHIMI BIACTUBOC-
TsiMu. Leil BUJ HAJIOKUTD [0 J€PeBOPYIHIBHIUX IpubiB, sIKi BUSBI/LIIOTH CIIPOMOXKHICTh 6ioTpaHCchOpMyBaTy pisHi KceHO-
6iotuxn. ToMy BaXXIMBUM HAIIPAMOM JOCTIIXKeHb € BUBYEeHHs 31aTHOCTI L. officinalis 6ioTpancdopmyBaTy pisHi XimiuHi
CIIONYKH, 110 He MPOBOAMIOCS paHinre. MeToo Iii€i po6oTu 6y1o JOCTifKeHHs 3aTHOCTI TppoX mTamiB L. officinalis 6i-
orpancdopmyBary fUKIO(eHaK, HApOoKceH, N-unknorekcnnbensamis ta N-¢eHimnkmorekcankapbokcamin. Y pesyib-
Tati Oy/I0 IpoBefeHO YCIiNHy 6ioTpaHcHOpMAaliio YOTUPHOX aHANI30BaHMX PedOBUH. [l BCIX HOCTIIKYBaHUX PEYOBUH
0y710 BCTAHOBJICHO YTBOPEHHA TiIPOKCHIbOBaHMX MeTaboniTis. CTyniHb TpaHcOpMallii JOCTIIKEeHNX CIHOTYK CTAHOBMB
80,5-83,1% m1a1 guknodeHaky, 78,1-88,4% mst Hanpokceny, 58,2% of N-deniniukmorexcankapbokcaminy i 61% ayst N-1ju-
knorekcnnbensamify. Kpim toro, BHactinok 6iorpancdopmarii fukIodeHaKy Ta HAIPOKCEHY 6Y/I0 BCTAHOBIEHO HAasIBHICTD
i mesKux iHmMX MeTtaboniTiB. OTpuMaHi faHi cBigyaTh 1po Te, wo wraM L. officinalis 2498 € HajtedekTUBHIIIM y 6iogerpa-
Jauil JOCTiPKEHNX PeYOBMH.

KmouoBi cmoBa: Fomitopsis officinalis, Laricifomes officinalis, amifu, 6iomerpapanis, fuknodeHak, HalIpOKCeH
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Abstract. The article contains data about interspecific hybrids of Eudicots recorded in Kharkiv Region, Ukraine. Totally, 25
hybrids of Eudicots were registered, described, and illustrated. An annotated list includes data about their distribution, eco-
logical preferences, morphology, and information about the discovered localities. The article includes data of our own field
survey, analyses of open databases on biodiversity, literature, and revision of the herbarium collections of the National Herba-
rium of Ukraine (KW) and V.N. Karazin Kharkiv National University (CWU). During field research, we discovered seven hy-
brids recorded in Ukraine for the first time (Arctium x neumanii, Centaurea diffusa x C. jacea, C. jacea x C. nigrescens subsp.
pinnatifida, C. nigrescens subsp. pinnatifida x C. phrygia subsp. pseudophrygia, Corydalis x hausmanii, Rubus x areschougii,
and Verbascum x thapsi) and six hybrids are new to Kharkiv Region (Arctium x cimbricum, Betula x aurata, Salix X reichar-
dtii, Verbascum x brockmuellerii, V. x pseudolychnitis, Utricularia x neglecta). Some hybrids originated with participation of
alien species or subspecies were registered (Centaurea diffusa and C. nigrescens subsp. pinnatifida). Besides, the article discus-
ses the potential records of other hybrid Eudicots in the flora of Kharkiv Region in the future.

Keywords: alien species, biodiversity, chorology, ecology, hybridization, morphology, new species records

the adverse effects of hybrids on the autochthonous
flora, even if one of the parental species is native to
that territory (Bleeker et al., 2007; Hovick, Whitney,
2014; Ruhsam et al., 2014; Buhk, Thielsch, 2015,

Introduction

The hybridization processes are well known in vas-
cular plants. Nevertheless, many aspects of this phe-

nomenon are considered obscure and still in need
to be studied. Numerous investigations studying
different sides of this issue (ecology, evolution, har-
vest productivity, plant selection, adaptation, etc.)
prove the importance of the problem (Ainouche et
al., 2004; Wisseman, 2005; Thompson et al., 2018;
Wong et al., 2022; Feliner et al,, 2023; Edger et al,,
2025, etc.). For instance, some publications describe

etc.). Thus, studies of possible hybrids originating
between native and alien species, and of their im-
pact on native plant diversity are relevant in the
highlights of the current threats to biodiversity.

In the Ukrainian scientific literature, informa-
tion about hybrid plants is still fragmentary. Nev-
ertheless, numerous Ukrainian botanists’ publi-
cations are dedicated to separate hybrids or they
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Fig. 1. The collection sites of the expeditions within Kharkiv Region, Ukraine. Base map: ESRI World Topo

mention some of hybrids in their floristic research
(Mosyakin, Fedoronchuk, 1999; Bezsmertna et al.,
2012; Peregrym, Didukh, 2014; Shynder et al., 2024;
Fedoronchuk, 2022a, 2022b, 2023a, 2023b, 2024;
Peregrym, Koopman, 2023; Klesczewski et al., 2024,
etc.), in particular, in some multi-volume referenc-
es, such as the Flora of the Ukrainian SSR (Flora
URSR, 1938-1965). Investigations on hybrid plants
in Kharkiv Region were also fragmentary, and the
relevant publications contain mentions of the oc-
currences of only some hybrids (Naliwaiko, 1899;
Lawrenko, 1923; Gorelova, Alyokhin, 2002; Per-
egrym, Kuzemko, 2010, etc.). The first attempts to
gather generalized data on hybrids in the Ukrain-
ian flora were made only in 2023 and were at that
stage restricted to Monocots (Olshanskyi, 2023).
Meanwhile, such integral research on hybrid plants
in some countries exist (Cayouette, Catling, 1992;
Stace et al., 2015). Thus, studies of the taxonomic
diversity of hybrids are relevant at the national and
local levels in Ukraine. This investigation starts the
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series of special research of the hybrid plants occur-
ring in Kharkiv Region (Kharkivs'ka Oblast) with-
in its current administrative borders. The article is
dedicated to the records of rare and new hybrids of
Eudicots in the flora of Ukraine, and in Kharkiv Re-
gion in particular.

Materials and Methods

The investigations were conducted during 2018-
2025. The geography of the research covers the ad-
ministrative territory of Kharkiv Region. The stu-
died area includes Kharkiv City, Kharkiv, Chuhuiv,
Bohodukhiv, Berestyn, Lozova, and Izium Districts
(including the former Balakliia, Barvinkove, Vov-
chansk, Zmiiv, Nova Vodolaha, Valky, Krasnokutsk,
Zachepylivka, and Borova Districts) (Fig. 1).

In addition to the field surveys, the list of hy-
brids contains the data from literature (Czerniajev,
1859; Schmalhausen, 1895, 1897; Naliwaiko, 1899;
Sirajefv, Lavrenko, 1926; Flora URSR, 1938-1965;
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Opredelitel..., 1987; Gorelova, Alyokhin, 2002;
Zvyagintseva, 2015; Shynder, Negrash, 2021, etc.),
and open databases on biodiversity (GBIF, 2025-
onward; iNaturalist, 2025-onward; UkrBIN, 2025-
onward; POWO, 2025-onward). The observations
of other persons are also used in the article, and
such records contain the relevant references. More-
over, we revised the herbarium specimens deposited
in the Herbarium of V.N. Karazin Kharkiv Univer-
sity — CWU (Kharkiv, Ukraine) and the National
Herbarium of Ukraine — KW (M.G. Kholodny
Institute of Botany, National Academy of Sciences
of Ukraine, Kyiv). The list of hybrids occurring in
Kharkiv Region includes only plants confirmed by
our observations and our revision of observations
in databases and herbarium specimens.

The identification of plants is based on morphol-
ogy. It includes analyses of the common characters
of the hybrids and their putative parental species.

The nomenclature of names of species and hy-
brids follows the Plant of the World Online (POWO,
2025-onward) with some exceptions, such as Arc-
tium x cimbricum (E.H.L. Krause) Hayek (Banki et
al., 2025), which is absent there. We also propose
Ukrainian vernacular names for some hybrids that
did not have such names.

Each hybrid mentioned in the article is accom-
panized with a short annotation that contains in-
formation about its distribution. Our observations
and other authors’ observations from iNaturalist
(2025-onward) contains decimal geographical co-
ordinates. Moreover, if possible, we determined
approximate geographical coordinates of some lo-
calities where herbarium specimens were collected,
according to data of their labels. Additionally, each
mentioned herbarium specimen contains a trans-
lated and modified transcript of the label in accord-
ance with modern names of administrative territo-
ries and other geographic elements. The map of the
expedition spots was made in QGIS 3.18.1 Ziirich
(QGIS, 2024-onward) using the plugin GBIF Oc-
currences (Noé, 2024).

Results

Our investigations proved the presence of 25 rare
and new hybrids of Eudicots in Kharkiv Region. We
prepared an annotated list of the new and rare hy-
brids recorded in the region. The annotations con-
tain hybrid formulas, data about distribution, eco-
logy, and the revealed localities. Also, we provide

short morphological characteristics and indicate
the common features of hybrid plants and their pa-
rental species. The symbol “(+)” marks the localities
that we discovered, while the localities from lite-
rature, open databases, or herbaria are marked by
“(r)>

The list does not contain data about some hybrids
that have wide distribution in Kharkiv Region (such
as Arctium x mixtum (Simonk.) Nyman., A. X no-
thum (Ruhmer) J. Weiss, Populus x canescens (Ai-
ton) Sm., Salix x fragilis L., etc.), which we observed
during our field research. Moreover, we excluded
some hybrid plants cultivated in the region and oc-
curring only in cultivation (e.g., Mentha x piperita
L., Petunia x atkinsiana (Sweet) D. Don ex W.H.
Baxter, Tilia x europaea L., some hybrids of Cratae-
gus sp., Fragaria sp., etc.). Besides, we exclude some
widely distributed crops of hybrid origin, which can
be taxonomically considered as nothospecies (e.g.,
Prunus domestica L., P. cerasus L., etc.).

An annotated list of new and rare hybrids of
Eudicots recorded in Kharkiv Region
Abbreviations: Distr. — District; vic. — vicini-
ty; vill. — village. Abbreviations of the districts in
Kharkiv Region: Bohod. — Bohodukhiv; Chuh. —
Chuhuiv; Khark. — Kharkiv; Kup. — Kup'yansk;
Loz. — Lozova.

Achillea x submicrantha Tzvelev (Asteraceae) —
epeBilt MarDKe APiOHOLBITHIL.

Hybrid formula: A. micrantha Willd. x A. seta-
cea Waldst. & Kit.

Notes on morphology: Heads pale yellow (in-
termediate between A. micrantha and A. setacea).
Stems and leaves with varying levels of pubescence.

Distribution and ecology: A Pontic-Caspi-
an taxon. In Ukraine it occurs sporadically in the
Steppe zone and the southern part of the Left-Bank
Forest-Steppe zone (Tzvelev, 1994: 121-122; GBIF
Occurrence Download https://doi.org/10.15468/
dl4c5wrf, Accessed 20 August 2025). In Kharkiv
Region, it grows on the sandy terrace of rivers’ left
banks (the Siverskyi Donets and the Oskil, and their
tributaries). Achillea x submicrantha prefers sandy
substrates and well-lit open spaces.

Studied localities: Chuh. Distr.: 1. (+) vic. of
Prylipka vill. (50.254260, 36.858880), the margin
of a pine forest, Jun 2020, H. Bondarenko. Kup.
Distr.: 2. (r) Pisky vill. (~49.986145, 37.923377),
on the slopes, Jul 1964, leg. & det.:? [Notae criticae:
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Fig. 2. Arctium x neumanii. A: general habit; B: general inflorescence. Photos by H. Bondarenko

Achillea pannonica Scheele x A. micrantha Willd.,
det.: JI. Kpunpka] (KW019672). Izium Distr.: 3.
(+) Oskil vill. vic. (49.172038, 37.474008), an open
sandy lawn on the dam of the Oskil Reservoir, Jul
2023, H. Bondarenko.

Arctium x cimbricum (E.H.L. Krause) Hayek
(~ Arctium x scanicum Rouy) (Asteraceae) — normyx
kimBpiiicpkmit (Fig. S1).

Hybrid formula: A. lappa L. x A. nemorosum Lej.

Notes on morphology: Plants up to 2.0(2.2) m
tall. Upper heads in corymbiform general inflores-
cence (as in A. lappa) and lower ones in racemiform
general inflorescence (lower heads have short pedi-
cels as A. nemorosum has them). Lower branches
arched (as in A. nemorosum)

Distribution and ecology: An understudied hy-
brid of the widely distributed Eurasian species A.
lappa and a relatively rare (in our region) European
nemoral species A. nemorosum. According to hab-
itat preferences of A. nemorosum, the revealed hy-
brid credibly occurs in the deciduous forests in the
temperate zone of Europe. Arctium x cimbricum is
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reported for the flora of Ukraine (Onyshchenko et
al.,, 2022).

Studied localities: Chuh. Distr.: 1. (+) Homil-
shanski Lisy National Nature Park, vic. of Haidary
vill. (49.627616, 36.301079), the oak forest, Jul 2024,
H. Bondarenko, V. Siranskyi. Khark. Distr.: 2. (+)
Liubotyn town (49.930039, 35.926240; 49.914208,
35.926794; 49.913746, 35.927003), shady habitats; 3.
(+) vic. of Bystre vill. (49.895481, 35.936328), clear-
ing in the oak forest, Aug 2024, H. Bondarenko.

Arctium x neumanii Rouy ex P. Fourn. (Aster-
aceae) — nonyx Horimana (Fig. 2). A new hybrid
for the flora of Ukraine.

Hybrid formula: A. nemorosum Lej. x A. tomen-
tosum Mill.

Notes on morphology: Plant 1.5-1.6 m tall.
Heads in racemiform general inflorescence (as in A.
nemorosum) or upper heads in corymbiform gen-
eral inflorescence. Phyllaries tomentose but not as
intensively as in A. tomentosum.

Distribution and ecology: According to the
open databases (GBIF Occurrence Download
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https://doi.org/10.15468/dl.w852ac, Accessed 20
August 2025; iNaturalist, 2025-onward), this hybrid
was registered in Sweden, the Netherlands, Ger-
many, and Russia. Due to data deficiency, the total
species range is uncertain. Quite possible, A. x neu-
manii is a nemoral hybrid distributed from West-
ern Europe to Western Siberia. It has never been
mentioned in the Ukrainian flora before. These are
the first records of this hybrid in Ukraine. Arctium
x neumanii grows in deciduous forests formed by
beech, hornbeam, oak, and some other trees.
Studied localities: Khark. Distr.: 1. (+) vic. of
Verkhnia Ozeriana vill. (49.856867, 35.998079),
fresh thickets on the bottom of the oak forest ra-
vine, Sep 2023, H. Bondarenko. 2. (+) Liubotyn
town vic. (49.891560, 35.945524), margin of the oak
forest, Aug 2024, H. Bondarenko, V. Siranskyi.

Betula x aurata Borkh. (Betulaceae) — 6epe3sa
sonotucta (Fig. S2). A new hybrid for the flora of
Kharkiv Region.

Hybrid formula: B. pendula Roth x B. pubescens
Ehrh.

Notes on morphology: Due to the morphologi-
cal polymorphism of both parental species, B. X au-
rata also is variable in its morphological features.
Young shoots are commonly reddish with lenticels
(as B. pendula) and pubescent (as B. pubescens).
Leaf blades are from orbicular-ovate to rhombic;
slightly haired; margin serrate or doubly serrate.

Distribution and ecology: Betula x aurata
sporadically occurs in Central Europe (POWO,
2025-onward). In Ukraine it grows in the north-
ern and central parts of the country (Tarieiev et
al., 2019). It prefers humid habitats on the sand
terrace of the river’s left banks. Betula x aura-
ta can occur in the relief depression, around the
swamps and bogs, etc.

Studied localities: Chuh. Distr.: 1. (+) vic. of
Artiukhivka vill., Ivankiv Forest (sporadically), the
relief depressions in the pine forest, Sep 2024, H.
Bondarenko, V. Siranskyi, K. Nesterenko.

Centaurea diffusa Lam. x C. jacea L. (Asteraceae)

Notes on morphology: Perennial herb up to 30
cm. Stem erect, greyish, covered by dense woolly
hairs or glabrous. Leaves alternate, greyish, covered
by woolly hairs or glabrous. Lower and middle caul-
ine leaves petiolate, pinnatipartite or pinnatisect
(as in C. diffusa), lateral lobes lanceolate or linear,
terminal lobe ellipsoid or lanceolate. Upper leaves
sessile, lanceolate; margin entire. Flowers white

(occasionally pink). Phyllary body ovate. Append-
ages pale (as in C. diffusa), membranous (as in C.
jacea), ovate, margin pinnatisect, lobes linear. Inner
phyllaries elongate. Appendages orbicular, with in-
cised margin (Fig. 3).

Distribution and ecology: Geographical distribu-
tion remains insufficiently known. Two more records
of this hybrid for the flora of Ukraine were made near
Vysoke village (Bakhchysarai Distr.,, Autonomous
Republic of Crimea; the forest margin in elevation
~500 m above the sea level; https://www.inaturalist.
org/observations/108124720). Also, it is known from
the herbaria (Specimen examined: Ukraine, Cher-
nivtsi Region, Chernivtsi (formerly Zastavnyskyi)
Distr., near Pohorilivka vill., Chornopototskyi Re-
serve, ~48.539947, 25.972925, the steppe slopes, July
7, 2004, leg. I.A. Korotchenko, det. H. Bondarenko
(KW068101)). According to the ecological prefer-
ences of the parental species, the discovered hybrid
credibly grows in herbaceous habitats.

Studied localities: Khark. Distr.: 1. (+) vic. of
Huliai Pole vill. (49.629332, 36.063796); the steppe
ravine, Aug 2024, H. Bondarenko, V. Siranskyi.

Centaurea jacea L. x C. nigrescens subsp. pin-
natifida (Fiori) Dostal. (Asteraceae). A new alien
hybrid to the flora of Ukraine.

Notes on morphology: Lower and middle
cauline leaves pinnately lobed (as in C. nigrescens
subsp. pinnatifida), less commonly entire. Append-
age of phyllary with more or less wide membran-
aceous dark brown body (intermediate between C.
nigrescens subsp. pinnatifida and C. jacea), but its
margin fringed (as in C. nigrescens subsp. pinnati-
fida). Achene with pappi equalling to achene or a
little shorter (as in C. jacea).

Distribution and ecology: The hybrids of Cen-
taurea jacea s. 1. and Centaurea nigrescens s. 1. are
reported for Central Europe (Koutecky et al., 2011).
In Ukraine, it is known in Transcarpathia (Fodor,
1974), but the data about the hybrid with such sub-
species as Centaurea nigrescens subsp. pinnatifida
in Ukraine is absent. This subspecies was formerly
unknown in the flora of Ukraine and was first dis-
covered during our surveys (Bondarenko, Gamu-
lya, 2025).

Studied localities: Khark. Distr.: 1. (+) Sporad-
ically in the vicinities of Liubotyn town and Bystre
vill., the herbaceous habitats, forest margins, and
the edges of agricultural fields, Jul 2023, Aug 2024,
H. Bondarenko.
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Fig. 3. Comparison of morphological features of two species of Centaurea and their hybrid. A: C. diffusa; B: C. diffusa x C.
jacea; C: C. jacea; 1 — head; 2 — leaves; 3 — phyllary. Photos by H. Bondarenko
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Fig. 4. Morphological comparison of some representatives of Centaurea. A: C. nigrescens subsp. pinnatifida; B: hybrid C.
nigrescens subsp. pinnatifida x C. phrygia subsp. pseudophrygia; C: C. phrygia subsp. pseudophrygia; 1 — heads; 2 — middle
leaves. Photos by H. Bondarenko

Centaurea nigrescens subsp. pinnatifida (Fiori)
Dostal. x C. phrygia subsp. pseudophrygia (C.A.
Mey.) Gugler. (Asteraceae). An alien hybrid newly
reported for the flora of Ukraine.

Notes on morphology: Perennial herb 30-
60(70) tall. Lower leaves pinnatifid (C. nigrescens
subsp. pinnatifida). Middle leaves sessile lanceolate
or narrowly obovate, pinnatilobate. Upper leaves
wide, sessile, lanceolate, with entire margin (C.
phrygia subsp. pseudophrygia). Mature capitulum
ovate, 1.5-2.0 cm long, 0.8-1.0 cm wide (C. phry-
gia subsp. pseudophrygia). Appendages of princi-
pal phyllaries’ elongate-triangular (intermediate
between those in C. phrygia subsp. pseudophrygia
and C. nigrescens subsp. pinnatifida), black (C. ni-
grescens subsp. pinnatifida) or dark brown (inter-
mediate between C. phrygia subsp. pseudophrygia
and C. nigrescens subsp. pinnatifida), with long
curved lobes, bent outward (C. phrygia subsp. pseu-
dophrygia). Cypsela with papi (C. phrygia subsp.
pseudophrygia) (Fig. 4).

Studied localities: Khark. Distr.: 1. (+) vicinities
of Liubotyn town, Aug 2024, H. Bondarenko.

Centaurea x psammogena Gayer (= C. x varn-
ensis Velen.; = C. x dobroczaevae Tzvelev) (Aster-
aceae) — BOJIOIIKA TICAMOT€HHA.

Hybrid formula: C. diffusa Lam. x C. stoebe L.
s. L. (Fig. S3).

Notes on morphology: Plants well-branched
from base (as in C. diffusa). Leaves pinnatisect,
greyish. Principal phyllaries polymorphic, inter-
mediate between those in parental species (Fig. S4).
Terminal lobe of appendages shorter than C. diffu-
sa has and longer than C. stoebe has. Appendages
pale, brownish, dark brown (intermediate between
C. stoebe and C. diffusa).

Distribution and ecology: According to the pref-
erences of both parental species and data from her-
barium labels, this hybrid occurs in dry grasslands.
It occurs in Ukraine sporadically (Shynder, 2021).
Tzvelev (1985) reported the presence of C. x psam-
mogena (as C. x dobroczaevae) in Kharkiv Region.
However, he did not specify the locality where he
made these records. Also, this hybrid, under the
name C. x varnensis Velen., was reported from the
vicinities of Balakliia town (Shynder, Negrash, 2021).
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Fig. 5. Comparison of two species of Corydalis and their hybrid. A: C. intermedia; B: C. x hausmannii; C: C. solida. Photos by
H. Bondarenko

Studied localities: Khark. Distr.: 1. (+) vic. of
Huliai Pole vill. (49.640297, 36.066362), the steppe
slopes, Aug 2024, H. Bondarenko, V. Siranskyi; 2.
(r) vic. of Kharkiv City (~49.949561, 36.186851),
on the railway embankment, near Lypova Rosh-
cha Station, near the bridge, Sep 27, 1926; leg. &
det.: M. Kotov [Oxkp. r. XappKoBa, Ha HACBITIN XKeI.
mopory BO6musu c1. JIunmosas pouya, y Mocra, 27.IX
1926; M. KotoB. Notae criticae: Centaurea diffu-
sa x Centaurea arenaria, X 1926, det.: E. Lavren-
ko]; (KW s.n.). Kup. Distr.: 3. (r) Tokarivka vill.
(49.771955, 37.876801); the steppe slopes, Sep
2019, V. Kletionkin, https://www.inaturalist.org/ob-
servations/147219702

Corydalis x hausmannii Klebelsberg (Papaver-
aceae) — psict laycmana. A new hybrid for the flora
of Ukraine.

Hydrid formula: C. intermedia (L.) Mérat x C.
solida (L.) Clairv.

Notes on morphology: Inflorescence racemose
(as in C. solida) but with a smaller number of flow-
ers (as in C. intermedia). Bracts oval (as in C. inter-
media), with entire margins (as in C. intermedia) or
very slightly dentate on tip (as in C. solida). Pedicels
slightly shorter than fruits (as C. solida) (Fig. 5).

Distribution and ecology: The hybrid is known
for Central and Northern Europe (POWO, 2025-
onward). Parental species grows in forests, among
shrubs. A spring ephemeroid.

Studied localities: Khark. Distr.. 1. (+) vic.
of Korotych vill. (49.925885, 36.023375), among
shrubs, May 2021, H. Bondarenko.
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Jacobaea andrzejowskyi (Tzvelev) B. Nord.
(= Senecio andrzejowskyi Tzvelev) (Asteraceae) —
JKOBTO31/I711  AHJIDKEIIOBCHKOTO, AKobes AHJpKe-
JIOBCBHKOTO.

Hybrid formula: Possibly J. borysthenica (DC.)
B. Nord. x J. vulgaris Gaertn.

Notes on morphology: Lower leaves pinnatisect
with pinnatifid lobes (intermediate form between
J. borysthenica and J. vulgaris), middle leaves twice
pinnatisect with thin lobes (as in J. borysthenica).
Outer cypselae with pappi (as in J. vulgaris).

Distribution and ecology: According to Tzve-
lev (1986), it is an endemic species of the area be-
tween the Dnipro and Volga rivers. The distribution
of this supposed hybrid is insufficiently known.
According to the GBIF (GBIF Occurrence Down-
load https://doi.org/10.15468/dl.x34n2b, Accessed
20 August 2025) and literature (Davydov, Gomlya,
2021), in Ukraine it was recorded in Kharkiv (sur-
roundings of Dvorichanskyi National Nature Park,
the margin of a pine forest) and Poltava regions,
and the Autonomous Republic of Crimea (Krasno-
yarske vill. vicinity, near Lake Donuzlav). It prefers
dry, sandy, and well-illuminated places.

Studied localities: Chuh. Distr.: 1. (+) vic. of
Chemuzhivka vill. (49.710193, 36.340771), the pine
forest, Jul 2023, H. Bondarenko. Kup. Distr.: 2. (r)
vic. of Petrivka vill. (49.932226, 37.791010), the
margin of the pine forest, Jun 2021, D. Davydov,
https://www.inaturalist.org/observations/88837759.

Mentha x verticillata L. (Lamiaceae) — M’ATa
Ki/Tbyacra.
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Hybrid formula: M. aquatica L. x M. arvensis L.

Notes on morphology: Stem usually branched
(as in M. aquatica). Stem with a few whorls of flow-
ers along (as in M. arvensis). Terminal ones close
together in axils of short leaves.

Distribution and ecology: Mentha x verticil-
lata is native to Europe (POWO, 2025-onward).
In Ukraine, it sporadically occurs throughout the
country, including Crimea (Opredelitel..., 1987;
Yena, 2012). Both parental species prefer quite
moist or humid habitats. Their hybrid also grows in
such places (banks of the water, wetlands, etc.).

Studied localities: Chuh. Distr.: 1. (+) vic. of
Vysochynivka vill. (49.702564, 36.297865), the
Mozh River floodplain, Aug 2023, H. Bondarenko,
V. Siranskyi; 2. (+) vic. of Haidary vill. (49.627340,
36.282659), the bottom of the dried Iskiv Pond, Sep
2020, H. Bondarenko. Khark. Distr.: 3. (+) Liubo-
tyn town (49.931283, 35.925187), the bank of the
314 Pond, Aug 2024, H. Bondarenko; 4. (r) Budy
vill. (Pivdenne hromada, Kharkiv Distr., 49.899768,
36.001693), the Merefa River floodplain, Aug 2024,
A. Novgorodsky, https://www.inaturalist.org/obser-
vations/239141673.

Psephellus carbonatus (Klokov) Greuter x
P. sumensis (Kalen.) Greuter (P. marschallianus
(Spreng.) K. Koch auct. non fl. Reg. Charkiw.) (As-
teraceae).

Notes on morphology: Both parental species
belong to a species complex of Psephellus mar-
schallianus (Spreng.) K. Koch. In literature and
herbarium labels, P sumensis or P carbonata are
often (mis)identified as Centaurea marshalliana,
but they differ in their geographic ranges, habitat
preferences, and some morphological features. Hy-
brid appendages have intermediate features: they
are thinner than in P. carbonatus but wider than in
P. sumensis (Fig. S5), and thus resembling those of
P. marschallianus. However, P. marschallianus oc-
curs southward from the region of our research and
does not grow in our area (Klokov, 1963).

Distribution and ecology: The actual distri-
bution of the hybrid is insufficiently studied. It is
probably distributed in the eastern part of Ukraine
and adjacent areas. According to herbarium labels
and ecological preferences of the parental species,
the hybrid occurs on carbonate outcrops.

Studied localities: Izium Distr.: 1. (r) Izium
town vicinities (Izium hromada, Izium Dis-
tr.), limestone slope, Jun 1, 1925, leg.. M.E

Tsentylovych, det. (as Centaurea marschallia-
na Spreng.): E. Lavrenko; [XappKoBcK. I. OKp. T.
Mswoma, VssecTkoBblil ckioH (mebenn), 01.VI
1925; cobp.: M.®. Uenrtunosuy; omnp. (Centau-
ra marschalliana Spreng.): E. JlaBpenko; Notae
criticae: Centaurea carbonata Klok. x C. sumensis
Kalen., 1939, det.: M. Klokov] (KW s.n.); 1820,
leg.: V. Czernjajev, det. (as Centaurea marschalli-
ana Spreng.): E. Lavrenko [Centaurea ucranica?,
in montibus cretaceis, 1820 Sept. 19; Centaurea
sibirica, in montibus, Izum] (KW s.n.); 1873, leg.:
K. Gornitskyi, det. (as Centaurea marschalliana
Spreng.): E. Lavrenko [Izjum; a. 1873. Mai. 3. In
collibus incultis, solo subcretaceo. i.l.] (KW s.n.).

Rubus x areschougii A. Blytt — o>xuHa Apecxy-
ra (Fig. 6) (Rosaceae). A newly recorded hybrid for
the flora of Ukraine.

Hybrid formula: R. caesius L. x R. saxatilis L.

Notes on morphology: Subshrubs up to 50 cm
tall (lower than R. caesius and of the same size or
slightly taller than R. saxatilis). Stem erect or arched,
covered with thin spikes bent down and protruding
trichomes. Leaves ternate, petiolate, with lanceolate
stipules. Petiole covered thin bent-down spikes and
protruding trichomes. Middle leaflet on more or
less noticeable petiole, ovate or rhombic-ovate, with
serrate margins. Lateral leaflets asymmetric, ovate,
entire or dissected lengthwise, with serrate margins.
Blade covered with short hairs. Flowers in racemose
inflorescence. Sepals attached to fruits. Fruits red-
dish (as in R. saxatilis) with bluish tint (as in R. cae-
sius).

Distribution and ecology: It is currently known
in Central and Eastern Europe (Norway, Sweden,
Germany, Slovakia, Hungary, and Russia) (POWO,
2025-onward; GBIF Occurrence Download https://
doi.org/10.15468/d1.82zkwq, Accessed 20 August
2025). Presumably, it has a wider distribution in
central and eastern parts of Europe. For instance,
the possibility of the presence of this hybrid is
mentioned in the Ukrainian flora checklist (Fedor-
onchuk, 2022b), but actual data about the distribu-
tion patterns in Ukraine are still absent.

Studied localities: Chuh. Distr.: 1. (+) vic. of
Myrhorody vill. (49.752281, 36.169871); the forest
bog, Jul 2024, H. Bondarenko. Khark. Distr.: 2. (+)
two localities in Velykyi Bir Forest, surroundings of
Tymchenky vill. (49.763632, 36.145359; 49.765759,
36.137930); through shrubs, Aug 2024, H. Bond-
arenko, V. Siranskyi.
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Fig. 6. Rubus x areschougii. A: general habit; B: fruits; C: leaves; D: trichomes and spikes on stems and petiole. Photos by H.
Bondarenko

Salix x reichardtii A. Kern. (Salicaceae) —
Bepb6a Parixappa (Fig. S6).

Hybrid formula: S. caprea L. x S. cinerea L.

Notes on morphology: Low tree up to 4 m (as
S. caprea). Young branches and buds canescent and
pubescent (as in S. cinerea). Stipules herbaceous,
semireniform. Leaf blade petiolate, elongate-obo-
vate or elliptic (as in S. cinerea), abaxial surface ca-
nescence, margin slightly serrate. Leaves have 8-12
pairs of secondary veins (as in S. caprea). Pedicel
3-5 times longer than torus (as in S. cinerea). Pis-
til with short style (as in S. cinerea) (Kerner, 1860:
127-128).

Distribution and ecology: According to POWO
(2025-onward), S. x reichardtii is sporadically dis-
tributed in Europe (British Isles, France, Belgium,
Netherlands, Denmark, Norway, Finland, Sweden,
Germany, Switzerland, Italy, Austria, Hungary, Ro-
mania, and the European part of Russia). The hy-
brid prefers humid and shady habitats.

Studied localities: Chuh. Distr.: 1. (+) vic. of
Tymchenky vill. (49.751673, 36.169116), the forest
swamp in the pine forest, Aug 2024, H. Bondaren-
ko, V. Siranskyi. Khark. Distr.: 2. (+) vic. of Babai
vill. (49.897058, 36.171595); the bottom of the forest
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ravine, oak forest, Jul 2025, H. Bondarenko; 3. (r)
Budy vill. (49.886667, 36.043307); the bank of the
Orsivskyi Pond; Aug 2024, A. Novgorodsky, https://
www.inaturalist.org/observations/241833783.

Salvia nemorosa L. x S. nutans L. (~ S. beton-
icifolia Etl.; ~ S. cernua Czern. ex Des.-Shost.; ~ S.
cremenensis Besser; ~ S. X pendula auct. Vahl) (La-
miaceae).

Notes on morphology: Polymorphic hybrid.
Stem branched at inflorescence and branches
well-developed (as in S. nutans). Stem covered by
quite long soft trichomes (as in S. nutans). Inflores-
cence raceme, relatively remote (as in S. nemorosa),
not dense, semi-erect (tips slightly pendulate (as
in S. nutans). Bracts less developed than those in
S. nemorosa, but more developed than bracts of S.
nutans. Corolla morphologically intermediate be-
tween the parental species (Fig. S7).

Distribution and ecology: This hybrid probably
occurs from the Balkan Peninsula to the Urals, and
its range is limited by the distribution range of S.
nutans. Hybrid grows in steppes and other types of
dry grasslands.

Studied localities: Khark. Distr.: 1. (+) vic. of
Lypkuvativka vill. (49.730162, 35.979648), the
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steppe slopes on the Dzhghun River’s right bank,
May 2024, H. Bondarenko. Loz. Distr.: 2. (+) vic.
of Nadezhdivka vill. (49.100520, 36.579814); the
steppe slopes, May 2025, H. Bondarenko.

Salvia x simonkaiana Borbas (Lamiaceae) —
masisa HlumoHKas.

Hybrid formula: S. nutans L. x S. pratensis L.
(= Salvia x podolica Blocki).

Notes on morphology: A polymorphic hybrid.
Stem branched at inflorescence, branches well-de-
veloped (as in S. nutans). Inflorescence raceme,
relatively remote (as in S. pratensis), not dense,
semi-erect (tips slightly pendulate, as in S. nutans).
Flowers more similar to those of S. pratensis: up-
per corolla lip quite large and arcuately curved, in-
ner surface densely covered by more or less nota-
ble trichomes (Fig. S8). This hybrid resembles the
previous one but has more remote-flowered inflo-
rescence, larger flowers, and upper corolla lip more
curved. Co-occurring parental species could help to
identify this hybrid more accurately.

Distribution and ecology: As well as in the pre-
vious case, the distribution of this hybrid is limited
by the range of S. nutans.

Studied localities: Khark. Distr.: 1. (+) vic. of
Lypkuvativka vill. (49.729786, 35.985583), the
steppe slopes on the Dzhghun River right bank,
May 2024, H. Bondarenko.

Verbascum x ambiguum Lej. (Scrophulariaceae)
— [VBMHA JBO3HAYHA.

Hybrid formula: V. nigrum L. x V. densiflorum
Bertol.

Notes on morphology: Plant biennial, with
well-developed tap root. Stem erect, angulate, red-
dish, covered with soft hairs, branched in inflores-
cence. Rosette and lower cauline leaves petiolate;
petiole reddish (as in V. nigrum). Blade ellipsoid-lan-
ceolate, both surfaces covered with woolly hairs (as
in V. densiflorum); tip acuminate; margin crenate,
decurrent (intermediate between V. nigrum and V.
densiflorum); middle and upper cauline leaves ses-
sile; blade elliptical-ovate, covered with woolly hairs;
tip acuminate; blade margin cuneate, decurrent
on stem (as in V. densiflorum). Flowers gathered in
spike-like inflorescence, branched at base. Bracts
short elongate-triangulate or lanceolate. Flowers in
bunches of (4)5-10(12). Flowers ~2.5-3.0 cm wide,
yellow. Stamen filaments yellow, pinkish lengthwise
line on inner surface. All stamens haired (as in V.
nigrum); trichomes white (as in V. densiflorum) on

outer surface and reddish-pink (as in V. nigrum) on
inner surface. Upper three anthers reniform; lower
two anthers reniform or intermediate between reni-
form and elongate (Fig. S9). Capsules aborted.

Distribution and ecology: This hybrid is un-
derstudied. According to POWO (2025-onward),
its native range is European. In GBIF, records cov-
er the territories of Germany and Belgium (GBIF
Occurrence Download https://doi.org/10.15468/
dL5nfiyy, Accessed 20 August 2025). The hybrid
grows in light thermophilic biomes.

Studied localities: Khark. Distr.: 1. (+) Liubotyn
town (49.933945, 35.923629); the meadow slopes
near the 3" Pond, Aug 2024, H. Bondarenko; 2. (r)
vic. of Derhachi town and Peresichne vill., near the
road in the forest ravine, near Peresichne vill.; Jul 21,
1919; leg.: E. Lavrenko; Mar 8, 1952, det. (as V. ni-
grum L. x V. thapsiforme Schrad.): M. Kotov [ Verbas-
cum nigrum X thapsiforme 21.VII 1919, XapbKOBCK.y.
c. lepraun — c. Ilepeceunoe. Y moporu, B necHoil
Oanke, 6mm3p mocnenHero cema. Co6p, omp. E.
JlaBpenko] (KW s.n.; Kotov, 1960: 430).

Verbascum x brockmuelleri Ruhmer (Scrophu-
lariaceae) — nuBuna Bpokmiomnepa (Fig. S10). A
new hybrid for the flora of Kharkiv Region.

Hybrid formula: V. nigrum L. x V. phlomoides L.

Notes on morphology: Biennial herb up to 1.2
m tall. Stem slightly ribbed, slightly branched at in-
florescence, densely covered with woolly hairs (as
in V. phlomoides). Basal and lower cauline leaves
petiolate, blade base rounded or cuneate (as in V.
phlomoides). Middle cauline leaves sessile, subau-
riculate (as in V. phlomoides). Flowers quite large
~3.5-4.0 cm wide (as in V. phlomoides). All stamen
filaments covered (as in V. nigrum) by mix of pale
(as in V. phlomoides) and purple (as in V. nigrum)
hairs. Lower anthers reniform (as in V. nigrum) or
slightly decurrent (intermediate between V. nigrum
and V. phlomoides). Stigma capitate.

Distribution and ecology: According to POWO
(2025-onward), V x brockmuelleri occurs in Aus-
tria, Czechia, Germany, Hungary, Romania, Slova-
kia, and Switzerland. In Ukraine, it is mentioned
(Kotov, 1960: 430) that the hybrid occurred in Ter-
nopil Region. Our observation is the first record of
V' x brockmuelleri in the territory of Kharkiv Re-
gion. It grows in herbaceous habitats.

Studied localities: Chuh. Distr.: 1. (+) Korop-
ove vill. (49.596932, 36.340817), the sandy lawn at
the Siverskyi Donets River floodplain, Jun 2025, H.
Bondarenko.
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Verbascum x denudatum Pfund (Scrophular-
iaceae) — IVBUHA PO3[SATHYTA.

Hybrid formula: V. lychnitis L. x V. phlomoides L.

Notes on morphology: Biennial herb up to 1.5
m tall. Stem well-branched at inflorescence (as in
V. lychnitis), covered by woolly and star-shaped
trichomes (intermediate state). Basal and lower
cauline leaves petiolate, hairier (V. lychnitis). Mid-
dle cauline leaves sessile, subauriculate (as in V.
phlomoides). Flowers quite large ~3.5-4.5 cm wide
(as in V. phlomoides). All stamen filaments covered
by pale hairs (as in V. lychnitis). Fruits aborted.

Distribution and ecology: According to POWO
(2025-onward), V. x denudatum occurs in France,
Germany, Switzerland, Austria, Czechia, Slovakia,
Hungary, Poland, and Romania. It grows in herba-
ceous habitats. In Ukraine, it occurred in Kharkiv,
Kirovohrad, and Kyiv regions, and Kyiv City (Kotov,
1960: 430).

Studied localities: Khark. Distr.: 1. (+) Lypkuv-
ativka vill. (49.731939, 35.980912), country houses
area, Jul 2025, H. Bondarenko; 2. (r) Sokolnyky,
Kharkiv City, among shrubs, left of the highway, Jul
1895, PN. Naliwaiko (Naliwaiko, 1899; Kotov, 1960:
430). Chuh. Distr.: 3. (r) Zaitsiv Yar, vic. of Haidary
vill. (49.632176, 36.321794), the dry meadow, Jul
2021, M. Solohub-Yosef, https://www.inaturalist.
org/observations/88436388. 4. (r) Romantyka, vic.
of Haidary vill., Homilshanski Lisy National Nature
Park (49.617885203, 36.3172957869), the margin of
the oak forest, Jun 2016, Yu. Bengus, https://www.
inaturalist.org/observations/106698707.

Verbascum x ignescens Tausch (Scrophularia-
ceae) — puBKHa nonyM sHa (Fig. S11, A).

Hybrid formula: V. lychnitis L. x V. phoenecieum L.

Notes on morphology: Stem well-branched at
inflorescence (as in V. lychnitis). Leaves with irreg-
ularly crenate margin (as in V. lychnitis). Flowers
peach-orange of pinkish (intermediate between
those of V. phoeniceum and V. lychnitis), on well-de-
veloped pedicels (as in V. phoeniceum) but gathered
in groups of (1)2-5 (as in V. lychnitis). Stamens with
reddish hairs (intermediate state).

Distribution and ecology: Verbascum x ig-
nescens has been observed in Slovakia (POWO,
2025-onward), in Russia (iNaturalist, 2025-on-
ward), and in the southern regions of Ukraine
(Moysiyenko, 2023; Moysiyenko et al., 2023).

Studied localities: Bohod. Distr.: 1. (r) Valky, in
herbaceous habitat; Jun 10, 1870; leg. & det (as V.
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blattaria L.): C. Gornitzkii [ Verbascum Blattaria L.
Walki; a. 1870. Jun. 10. In graminosis siccis; i.1.; No-
tae criticae: V. phoeniceum L. x lychnitis L., det. M.
Kotos] (KW s.n.; Kotov, 1960: 430).

Verbascum x pseudolychnitis Schur (Scrophu-

lariaceae) — puBMHA HeCPaBXHBOOOPOITHICTA
(Fig. S12). A new hybrid for the flora of Kharkiv
Region.

Hybrid formula: V. chaixii Vill. s. 1. x V. lychnitis L.

Notes on morphology: Plant up to 70 cm tall.
Stem well-branched at inflorescence (more likely to
the habit of V. lychnitis), slightly angulate, covered
with short hairs. Basal and lower leaves petiolate;
middle and upper leaves sessile. Leaf blade elliptic
or wide-lanceolate; margin crenate. Stamen fila-
ments with mix of pale (as in V. lychnitis) and red-
dish (as in V. chaixii) trichomes.

Distribution and ecology: Verbascum x pseu-
dolychnitis is distributed Western (France and
Spain) and Central Europe (Czechia and Slova-
kia), and the Balkans (GBIF Occurrence Down-
load https://doi.org/10.15468/dl.6acfjy, Accessed 20
August 2025; POWO, 2025-onward). In Ukraine,
it was recorded in Crimea (Kotov, 1960: 430-431).
It occurs predominantly in steppes and dry grass-
lands.

Studied localities: Chuh. Distr.: 1. (+) vic. of Bi-
rochok Druhyi vill. (49.704182, 36.112783), herba-
ceous habitat along the railways, near the Birochok
Druhyi station, Jul 2025, H. Bondarenko. Izium
Distr.: 2. (+) vic. of Havrylivka vill. (48.849135,
36.815142); steppe slope, Jun 2025. H. Bondaren-
ko. Khark. Distr.: 3. (+) vic. of Lypkuvativka vill.
(49.730683, 35.987495), steppe slope, Jul 2025, H.
Bondarenko.

Verbascum x rubiginosum Waldst. & Kit. (Scro-
phulariaceae) — nyuBuHa ipxxacra (Fig. S11, B).
Hybrid formula: V. chaixii Vill. x V. phoeniceum L.
Notes on morphology: Verbascum x rubigino-
sum is very similar to V. x ignescens, and sometimes
it causes difficulties in its identification. Tausch
(1823) mentioned that V. x rubiginosum has a
shorter rhizome and its leaves crenate, not undulate
and irregularly serrate (as in V. x ignescens). The
presence of the specific parental species is the most
reliable way to identify a hybrid correctly.
Distribution and ecology: Verbascum x ru-
biginosum is distributed from Central to East-
ern Europe: Germany, Czechia, Slovakia, Roma-
nia, Ukraine, the Chernozems belt and Caucasus
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regions of Russia, and Kazakhstan (POWO, 2025-
onward). In Ukraine it was registered in the Cher-
kasy, Donetsk, Kharkiv, Kherson, Kyiv, Luhansk,
Mykolaiv, Poltava, and Sumy regions (Kotov, 1960:
430-431). It occurs predominantly in steppes and
dry grasslands.

Studied localities: Chuh. Distr.: 1. (r) vic. of
Birky vill. (~49.696053, 36.079788), slopes, Jun
4, 1922; leg. & det. (as Verbascum phoeniceum L.
x orientale M. Bieb.): E. Lavrenko [Verbascum
phoeniceum x V. orientale, XappKOBCK. y. OKp. CT.
bopkn, xyT. MuxaiinoBcKuif, ONyIKa ... IECKOB B
BepxoBbsxX Oanku — "Dmybokas Hommua", 04.VI
1922 n.cT., cobp. omp.: E.B. JlaBpenko] (KW s.n.).
Izium Distr.: 2. (r) Velyka Komyshuvakha vill. out-
skirts (~49.112150, 37.028919), Batiliev Yar, the
steppe slope, Jun 20, 1914; leg.: K. Zalessky; det.
(as V. rubiginosum): E. Lavrenko [Nel377a, Ver-
bascum (rubiginosum auct. W.), Vsromck. y. Ben.
Kombimesaxa, barunes Ap, crennoit ckiaoH, 20.VI
1914, c06p.: 3anecckuit, onp.: E. JlaBpenko; Notae
criticae: Verbascum orietale M.B. x V. phoeniceum L.,
12.111 1952, det.: M. Kotos] (KW s.n.); 3. (r) vic. of
Havrylivka vill. (~48.821379, 36.833735), the ravine
near the road, Jun 18, 1914; leg.: K. Zalessky; det.
(as V. phoeniceum L.): M. Kotov [Ne1313 Verbascum
phoeniceum, VIstomckuit yespn, TaBpuaoBka — (?)
MeuebproBka, 6anka mpugopoxkHas, 18.VI 1914,
co6bp.: K. 3amecckuit, onp.: M. Koros; Notae criti-
cae: det. (as V. orientale M. Bieb.): E.B. JlaBpeHko;
20.IV 1925, det. (Verbascum phoeniceum L. x orien-
tale M. Bieb.): M. Koros] (KW s.n.). Khark. Distr.:
4. (r) Kharkiv City, dry ravine, May 20, 1854, leg. &
det.: V. Czernjaew [Verbascum rubiginosum, cyxoit
ap, XappKos, 20.V 1854, cobp.: B. UepHses; Notae
criticae: 08.1 1926; det. (as Verbascum phoeniceum
L. x orientale M. Bieb.): M. Kotov] (KW s.n.). 5. (r)
Zhykhor, Kharkiv City, the pine forest, Jun 25, 1913;
leg. & det. (as V. phoeniceum L.): ?Nekhai [Ne391
Verbascum phoeniceum, Xappkos. y. JKuxops, 6op,
25.VI 1913, cobp.: (?) Hexaii, omp.: M. Kotos; Notae
criticae: 08.II1 1952 det. (as Verbascum phoeniceum
L. x orientale M. Bieb.): M. Kotos] (KW s.n.). Kup.
Distr.: 6. (r) vic. of Vilkhuvatka vill. (~50.157832,
37.507072), the ravine, 1895; leg. & det. (as V. ru-
biginosum Walds. & Kit.): V.I. Taliev [Verbascum
rubiginosum W.K.,, c. OnbxoBarka, 3aka3Has 6ajka,
1895, cobp. onp.: B.JI. Tanues; Notae criticae: det.
(as Verbascum phoeniceum L. x orientale M. Bieb.):
M. Koros] (KW s.n.). Loz. Distr.: 7. (r) Lozova
Town (Lozova Distr.; 48.873597, 36.306367); the

herbaceous habitat, Jun 2025 (https://www.inatural-
ist.org/observations/289096780).

Verbascum x schiedeanum W.D.]J. Koch (Scro-
phulariaceae) — muBUHA CXifaMCbKa.

Hybrid formula: V. nigrum L. x V. lychnitis L.

Notes on morphology: The morphological fea-
tures of V. x schiedeanum are well described in
Klesczewski et al. (2024). Stem sulcate-angulose
(intermediate between stems of V. nigrum and V.
lychnitis). Rosette leaves petiolate; petiole reddish
(as in V. nigrum); blade margin irregularly crenate,
decurrent on petiole. Cauline leaves with short pet-
ioles; blade greyish-green (intermediate between
those of V. nigrum and V. lychnitis). Inflorescence
well-branched (as in V. lychnitis); flowers gathered
in clusters of (2)4-8(10). All stamen filaments cov-
ered by trichomes; trichomes white or yellowish in
base (as in V. lychnitis) and purple in tip (as in V.
nigrum). Fruits aborted.

Distribution and ecology: Verbascum x schie-
deanum occurs in Central Europe. In Ukraine it
was registered in Kyiv, Kharkiv, Dnipro, Mykolaiv,
and Poltava regions (Schmalhausen, 1897; Kotov,
1960; Klesczewski et al., 2024; iNaturalist, 2025-on-
ward). It grows in grassland habitats.

Studied localities: Chuh. Distr.: 1. (r) vic. of
Haidary vill,, in forest, the surroundings of the Bi-
ological Station of Kharkiv University, Jun 12, % leg.
& det. (as V. lychnitis L.): Ya. Lepchenko [Verbas-
cum lychnitis L., B necy, ..., Oxp. bion. Ct. Xapbk.
r. 3mieBck. y. Cobp.: 5. Jlemuenko; Notae criticae:
Verbascum nigrum L. x lychnitis L., det.: M. Koros]
(KW s.n.). Khark. Distr.: 2. (+) vic. of Huliai Pole
vill. (49.635904, 36.062790), the steppe slopes,
Aug 2024, H. Bondarenko, V. Siranskyi; 3. (r) vic.
of Rokytne vill. (~49.804987, 35.967015), the mar-
gin of the pine forest, Aug 06, 1924, leg. & det. (as
V. lychnitis L.): P. Kozlov [Verbascum lychnitis L.,
Xapk. y., Ha onymke coc. 6opa y c. PoxurHoro,
06.VIII 1924; Notae criticae: Verbascum lychnitis L.
x nigrum L., det.: M. Koros] (KW s.n.); 4. (r) vic. of
Derhachi town and Peresichne vill., near the road in
the forest ravine, near Peresichne vill; Jul 21, 1919;
leg.: E. Lavrenko [Verbascum lychnitis L. x V. plo-
moides L.2 19 miona B... user B CokonbHukK B Ky
crpasa ot mocce y goporu. IToxogut Ha 999x1002
HIM., HO HE€ BIIOJIHE; TNCTbA Hi[ueB]/IHHbIe, HO HE
IINPOKO-SAMIeBUIHbIE; BEHYMK CKOopee HeOOIIb.,
okp. . XappkoBa; Notae criticae: Verbascum lychni-
tis L. x nigrum L., det.: M. Kotos] (KW s.n.). 5. (r)
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Fig. 7. Morphological comparison of two species of Verbascum and their hybrid. A: V. lychnitis; B: V. x thapsi; C: V. thapsus;
1 — flowers; 2 — middle leaves. Photos A1, B1, C1, B2, C2 by H. Bondarenko; photo A2 by V. Siranskyi

Nadtochii (~49.981646, 36.077720), the margin of
Malinkin Bir Forest, Aug 1894, N.P. Naliwaiko (Na-
liwaiko, 1899; Kotov, 1960: 430).

Verbascum x thapsi L. (Scrophulariaceae) —
IVBMHA BegMexononiona. A new hybrid for the flo-
ra of Ukraine.

Hybrid formula: V. thapsus L. x V. lychnitis L.

Notes on morphology: Plant up to 1.5 m tall.
Taproot developed. Stem erect, slightly sulcate, cov-
ered with dense soft hairs. Leaves alternate, sessile
(as in V. thapsus). Leaf blade covered by woolly
hairs, margin decurrent on stem (as in V. thapsus),
irregularly crenate. Inflorescence well-branched (as
in V. lychnitis). Flowers in clusters, yellow, ~2.5 cm
wide. All stamens covered with yellowish hairs (as
in V. lychnitis). Upper three anthers reniform, lower
two anthers elongate (as in V. thapsus). Stigma capi-
tate (as in V. thapsus) (Fig. 7).

Distribution and ecology: At present, V. x thap-
si is known for the territories of France, Ger-
many, Austria, Poland, and Russia. It is the first
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documented record of the V. x thapsi for the flora of
Ukraine. It prefers mostly light habitats.

Studied localities: Khark. Distr.: 1. (+) vic. of
Huliai Pole vill. (49.629371, 36.063754); the steppe
slopes, H. Bondarenko.

Utricularia x neglecta Lehm. (syn. Utricularia
australis R. Br. auct. non fl. Eur.) (Lentibulariaceae)
— nyxupHuk Heriomivennit (Fig. S13).

Hybrid formula: Utricularia tenuicaulis Miki x
Utricularia vulgaris L.

Notes to morphology: Aquatic plant. Stem up
to 60 cm tall, branched. Leaves multiple pinnatisect
into thin linear lobes (U. vulgaris); some of them
converted into bladder-like traps. Flowers gathered
in racemose inflorescence with reddish stem (as in
U. vulgaris). Lower petal flat (as in U. tenicaulis).
Spur pale yellow or with reddish lines (as in U. ten-
uicaulis).

Protection: Utricularia x neglecta is included
in the Red Data Book of Ukraine as “U. australis R.
Br”. Molecular data demonstrated that plants from
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Europe identified as sterile “U. australis” in fact have
a hybrid origin (Bobrov et al., 2022) and should be
regarded as U. x neglecta, not as U. australis R. Br. s.
str. Utricularia australis s. str. is actually distribut-
ed in Australia, New Zealand, and adjacent islands
(POWO, 2025-onward).

Distribution and ecology: According to POWO
(2025-onward), U. x neglecta occurs in many re-
gions of the Old World (Europe, Middle, Southern,
and South-Eastern Asia, Africa). According to the
Red Data Book of Ukraine (2009), the localities of
U. x neglecta are known in Zakarpattia (Transcar-
pathia) and Ivano-Frankivsk regions. Nevertheless,
the recent investigations show that the hybrid is
more widely distributed in Ukraine (Iakushenko,
Orlov, 2015; Tomych, Derzhypilskyi, 2019; iNatu-
ralist, 2025-onward). According to the latest data,
it occurr in the Forest and Forest-Steppe zones,
Transcarpathia, and Crimea. The origin of the pop-
ulations in the newly revealed localities in Ukraine
remains unknown. Utricularia x neglecta grows in
oligotrophic freshwater habitats, such as ponds,
lakes, and slow-flowing rivers.

Studied localities: Khark. Distr.. 1. (+) vic.
of Brazhnyky vill. (49.660061, 35.939161); the
pond, H. Bondarenko; 2. (+) vic. of Bidriahy vill.
(49.879574, 35.973122); Dytbudynivskyi Pond, H.
Bondarenko. Bohod. Distr.: 3. (r) vic. of Vysoko-
pillia vill. (49.919591, 35.451826), the reservoir on
the Kolomak River, Aug 2018, D. Davydov, https://
www.inaturalist.org/observations/40143840.; 4. (r)
Slobozhanskyi National Nature Park, vic. of Kras-
nokutsk town (50.053889, 35.189760), the forest
bog, Aug 2021, K. Onyshchenko, https://www.inat-
uralist.org/observations/163442248.

Discussion

Some other hybrid of Eudicots probably occur-
ring in Kharkiv Region. This article contains pre-
liminary data about distribution patterns of some
interspecific hybrids of Eudicots in Kharkiv Regi-
on and reflects the results of our field surveys and
analyses of the existing reference data. In addition
to that, we analyzed the literature and open databa-
ses to answer the question “What can be found in
the future?” Numerous records of hybrids made in
Kharkiv Region were mentioned in the multi-volu-
me Flora URSR (1938-1965). Records of some hy-
brids have been confirmed by our field surveys and
revision of herbarium collections. However, some

of them are need to be reviewed and confirmed du-
ring future expeditions.

According to the latest checklist of the flora
of Kharkiv Region (Gorelova, Alyokhin, 2002),
Crataegus fallacina Klokov is mentioned as a spe-
cies that grows in the region. According to POWO
(2025-onward), this taxon is recognized as a syno-
nym of the hybrid Crataegus x kyrtostyla nothovar.
kyrtostyla (C. monogyna Jacq. x C. rhipidophylla
var. rhipidophylla). We revised the herbarium spec-
imens in KW and CWU herbaria to find samples
identified as Crataegus fallacina and some relative
taxa. Our search was resultless. Available photos of
Crataegus sp. in iNaturalist (2025-onward) were
not enough detailed to identify plants accurately.
Most photos do not illustrate necessary morpholog-
ical structures (characters of pubescence, features of
generative organs, etc.). Nevertheless, according to
reference data (Shynder, Negrash, 2021), C. x kyr-
tostyla nothovar. kyrtostyla occurred in the territory
of the former Balakliia District (near Kreidianska
Dacha and Protopopivka). This hybrid and its dis-
tribution in and around Kharkiv Region should be
studied further.

Even among genera where we reported a few
hybrids, we observed just a portion of hybrids that
could potentially be observed in Kharkiv Region in
the future. The analysis showed that several other
Verbascum hybrids are expected there. Verbascum
x bastardii Roem. & Schult. (V. blattaria L. x V.
densiflorum), V. x flagriforme Pfund. (V. phlomoides
L. x V. blattaria), V. x intermedium Rupr. ex Pfund
(V. blattaria x V. nigrum), V. x kerneri Fritsch (V.
phlomoides x V. thapsus), V. x pterocaulon Franch.
(V. blattaria x V. thapsus), V. x semialbum Chaub.
(V. nigrum x V. thapsus), and V. x ustulatum Celak.
(V. nigrum x V. phoeniceum) are among them. The
parental species of all these mentioned hybrid taxa
grow in Kharkiv Region. The great potential on hy-
bridization between representatives of Verbascum
was demonstrated even by our research, and thus
further discoveries of new Verbascum hybrids are
possible. For instance, Naliwaiko (1899) mentioned
that he observed the hybrid of V. densiflorum (V.
thapsiforme Schrad) and V. lychnitis on the margin
of the Malinkin Bir Forest (currently, Nadtochii,
Kharkiv City Agglomeration) on August 16, 1895.
Moreover, he mentioned hybrid V. phlomoides x
V. chaixii subsp. orientale Hayek (= V. orientale
M. Bieb.) revealed between Karachivka (currently,
Pokotylivka village, Kharkiv City Agglomeration)
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and Babai village on July 23, 1895. One more note
was dedicated to a record of the hybrid V. lychnitis x
V. chaixii subsp. orientale Hayek made near Skury-
dyniskyi Mill (currently, Novobavarskyi Distr. of
Kharkiv City) on August 7, 1894. Nonetheless, these
reports are doubtful because they are not based on
any available herbarium specimens. Some Verbas-
cum hybrids that occurred in Kharkiv Region were
cited by Kotov (1960) in the Flora USSR after his
studies of the herbarium collection at the Institute
of Botany in Kyiv (KW). Most of mentioned by
Kotov hybrids of Verbasum were actually found in
Kharkiv Region.

Moreover, we recorded various Arctium L. hy-
brids. Some of them have not been included in the
present article because of their wide distribution in
the region (A. x nothum (Ruhmer) J. Weiss and A.
x mixtum (Simonk.) Nyman). Additionally, we ana-
lysed records made in Ukraine to predict the possi-
ble presence of other representatives we did not find
during our investigations or in herbarium collec-
tions. In particular, Arctium x ambiguum (Celak.)
Nyman (A. lappa x A. tometosum) that occurred in
the Zakarpattia (Transcarpathian), Volyn, Rivne,
Ternopil, Vinnytsia, Kyiv, Cherkasy, Kirovohrad
(Kropyvnytsk), Mykolaiv, Poltava, and Zhytomyr
regions, and in Kyiv City (iNaturalist, 2025-on-
ward). Both parental species are widely distributed
in Kharkiv Region. Shynder and Negrash (2021)
reported that they observed A. x ambiguum in the
surroundings of Balakliia town, but the precise lo-
cality is absent. Thus, A. x ambiguum is expected to
be a more common hybrid in the region. In addi-
tion to A. x ambiguum, A. x maassii (M. Schultze)
Rouy (A. minus x A. nemorosum) is known in the
Ukrainian flora. This hybrid is much rarer because
of the rarity of A. nemorosum. It was observed only
in two localities (Vinnytsia and Zakarpattia (Tran-
scarpathian) regions) (Onyshchenko et al.,, 2022;
iNaturalist, 2025-onward). Both parental species of
A. x maassii grow in Kharkiv Region, so their hy-
brid could be registered there in the future.

Representatives of Salix L. have a great potential
for hybridization. According to the latest check-
list of the flora of Kharkiv Region and other open
sources (Gorelova, Alyokhin, 2002; iNaturalist,
2025-onward), at least thirteen species of this ge-
nus grow in the region. They all are able to form
hybrids between each other. In the generalizing
floristic publications on plant diversity of Kharkiv
Region and local floras (Gorelova, Alyokhin, 2002;
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Zvyagintseva, 2015; Shynder, Negrash, 2021), there
was mentioned at least one hybrid, S. x fragilis L.
For a long time it was recognised as a species. How-
ever, in 2009 Belyaeva (2009) described a new spe-
cies S. euxina and assumed the hybrid origin of S.
x fragilis A. Kern. (Belyaeva, 2009). Obviously, in
local floristic research, S. fragilis includes a complex
of S. euxina and S. x fragilis. (S. alba x S. euxina).
At least ten Salix sp. hybrids potentially could be
observed in Kharkiv Region: S. x eriophora Borbas
(8. alba x S. triandra), S. x hermaphroditica L. (S.
alba x S. euxina x S. pentandra), S. x holosericea
Willd. (S. cinerea x S. viminalis), S. X hostii A. Kern.
(S. caprea x S. viminalis), S. x mollissima Hoftm. ex
Elwert (S. triandra x S. viminalis), S. x multinervis
Doll (8. aurita x S. cinerea), S. X schumanniana See-
men (S. pentrandra x S. triandra), S. x speciosa Host
(8. alba x S. euxina x S. triandra), S. X woloszczakii
Zalewski (S. aurita x S. caprea x S. cinerea). We ob-
served individuals of Salix representatives similar to
S. cinerea x S. triandra but this identification must
be further confirmed.

This list of putatively occurring hybrids in
Kharkiv Region is incomplete but contains the most
credible ones.

Unresolved taxonomic and nomenclatural is-
sues. Despite the long history of research on Ver-
bascum hybrids, some taxonomic issues are still
unresolved. Our research demonstrated that the
hybrid V. chaixii x V. lychnitis occurs in Kharkiv
Region at present, and it was recorded in the past
(Naliwaiko, 1899). V. chaixii includes three accept-
ed infraspecific taxa (subspecies): V. chaixii subsp.
austriacum (Schott ex Roem. & Schult.) Hayek, V.
chaixii subsp. chaixii, and V. chaixii subsp. orien-
tale Hayek (POWO, 2025-onward). As reported by
some authors (Gorelova, Alyokhin, 2002; Shynder,
Negrash, 2021), the subspecies growing in Kharkiv
Region is V. chaixii subsp. austriacum. However, in
some Ukrainian publications (Opredelitel..., 1987;
Gorelova, Alyokhin, 2002), V. orientale is recog-
nized as a synonym of V. chaixii subsp. austriacum.
During our field surveys, we observed some indi-
viduals that fit the description of V. chaixii subsp.
austriacus, and some of them fit the characters of
V. chaixii subsp. orientale.Both subspecies probably
occur in Kharkiv Region. According to Art. H.5.1
of the International Code of Nomenclature for algae,
fungi, and plants (Turland et al., 2025), “If the pos-
tulated or known parent taxa are at unequal ranks,
the appropriate rank of the nothotaxon is the lowest
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of these ranks”. Thus, the new nomencatural combi-
nations should be validated following the ICN.

Another unresolved problem refers to the sta-
tus of some names of Salvia hybrids. For instance,
there seems to be no accepted name available for
the hybrid S. nemorosa x S. nutans. Fedoronchuk
(2022a) considers S. x pendula Vahl. as a hybrid
that originated with participation of S. nemorosa. At
the same time, he assumes that the second parental
species could be S. nutans or S. pratensis. The last
species can hardly be a parental species for S. x pen-
dula because it has pendulate inflorescence. Such
character indicates that at least one of the parental
species must be S. nutans. Pobedimova (1954: 350—
353) supposed that S. pendula could be a hybrid be-
tween S. nutans and S. virgata Jacq., according to its
intermediate morphological features. At the same
time, she revised specimens identified as S. cernua
Czern. ex Des.-Shost., and concluded that there are
no diagnostic characters sufficient for recognizing
S. cernua as a species separate from S. pendula. The
same conclusion she made for S. cremenescensis
Besser, considering its differences as not so valuable
for separating this species from S. pendula. Thus,
Pobedimova (1954) synonymized S. pendula, S. cer-
nua, and S. cremenescensis. All these taxa occurred
in different places quite far from their putative pa-
rental species S. virgata, occurring in Southern Eu-
rope, the Balkans, Crimea, the Caucasus, and Mid-
dle Asia. Therefore, Pobedimova (1954) rejects the
hypothesis that S. pendula has the hybrid origin.
Kotov (1960) recognized S. cernua and S. creme-
nescensis as species and did not synonymized them
with S. pendula, as well as S. betonicifolia Etl. At the
same time, he suggested that if S. cernua is of hy-
brid origin, it is a result of hybridization between S.
tesquicola Klokov & Pobed. (= S. nemorosa s. 1.) and
S. nutans. According to POWO (2025-onward),
S. x pendula is considered to be a hybrid with the
hybrid formula S. nutans x S. virgata. Meanwhile,
POWO recognizes S. betonicifolia, S. cernua, and S.
cremenescensis as the heterotypic synonyms of S.
nutans. Based on our analysis of the references, S.
betonicifolia, S. cernua, and S. cremenescensis can-
not be regarded as synonyms of S. nutans, while S.
x pendula is accepted as a separate entity. We con-
clude Fedoronchuk could be right and S. x pendula
could be a hybrid between S. nemorosa and S. nu-
tans. These taxa should be critically revised using
molecular methods to clarify their status as accept-
ed names, synonyms, and hybrids.

Some genera of Asteraceae are represented in our
area by closely related species with intermediate
overlapping characters, which leads to difficulties
in their identification. The genus Jacobaea is among
such groups. Jacobaea andrzejowskyi belongs to the
group of related species known as J. vulgaris aggr.
(Mosyakin, Shiyan, 2019). This poorly known taxon
is believed to be a Pontic-Caspian endemic species
(Tzvelev, 1986). Indeed, J. andrzejowskyi is current-
ly accepted as a species (POWO, 2025-onward;
Euro+Med..., 2025-onward; WFO, 2024-onward).
Tzvelev (1986) noticed in the protologue the tran-
sitional morphology of the newly described species,
apparently intermediate between J. vulgaris and J.
borysthenica, and thus he suggested the hybrid ori-
gin of this taxon. In particular, J. andrzejowskyi has
intermediate characteristics of the leaves between
the two putative parental species and has pappi on its
cypselae (the character of J. vulgaris). Mosyakin and
Shiyan (2019) also reviewed the specimens identi-
fied as J. andrzejowskyi and concluded that some of
them are quite similar to J. vulgaris subsp. pannoni-
ca Hodélova & Mered'a (Hodélova et al.,, 2015). To
clarify the status of each taxon, further research is
necessary, preferably using molecular methods. We
considered J. andrzejowskyi in this article due to its
possible hybrid origin and intermediate morpholo-
gy between J. vulgaris and J. borysthenica.

Conclusions

This article is the first attempt to collect and gene-
ralize data about the hybrid plants occurring in the
flora of Kharkiv Region. It unites the data about
some new and rare hybrids of Eudicots. Totally, we
reported the presence of 24 hybrids and one puta-
tive hybrid. Among them, there are seven hybrids
new for the flora of Ukraine (Arctium x neumanii,
Centaurea diffusa x C. jacea, C. jacea x C. nigre-
scens subsp. pinnatifida, C. nigrescens subsp. pinna-
tifida x C. phrygia subsp. pseudophrygia, Corydalis
x hausmanii, Rubus x areschougii, and Verbascum
X thapsi) and six hybrids new for the flora of Khar-
kiv Region (Arctium x cimbricum, Betula x aurata,
Salix x reichardtii, Verbascum x brockmuellerii, V.
x pseudolychnitis, Utricularia x neglecta). Most of
the recorded hybrids are spontaneous and are for-
med accidentally. Some genera (Verbascum, Cen-
taurea, Arctium, etc.) demonstrate active hybridiza-
tion processes in our region and in other parts of
their geographic ranges.
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Some revealed hybrids were formed with par-
ticipation of species which are alien in the flora of
Ukraine, e.g. Centaurea diffusa and C. nigrescens
subsp. pinnatifida. Such hybrids should be recog-
nized as adventive (alien, non-native) elements in
the flora of Ukraine, as well as their parental spe-
cies. Moreover, the effects of such newly formed hy-
brids on ecosystems and native species of the flora
of Ukraine in general and Kharkiv Region in par-
ticular should be studied in more detail.
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Hosi ta piakicHi ri6pupau cipaB>KHiX IBOZOIbHIX POCTIH

y dnopi XapkiBcpkoi o6macri (Ykpaina)

M. BOHJTAPEHKO, I0.I. TAMVYJIA

XapkiBcpKuii HallioHanbHuUit yHiBepcutet imeni B. H. Kapasina,
ITnoua CBo6oxan 4, Xapkis 61022, Ykpaina

Pedepar. Y crarTi HaBefieHO AaHi PO MAJIONONIMPEH] Ta HOBI MiOPUAN CIIPABXHIX JBOJOIBHUX POCINH, LI0 Oyn 3apee-
crpoBasi B XapKiBCbKiil 06/acTi. 3aranoM 3aikcoBaHO, OMMCAHO Ta MPOITIOCTPOBAHO 25 Tibpu/iB. AHOTOBaHMII CIINCOK
MicTUTP JaHi PO IXHE MOIIMPEeHH:, eKoJIoriio, Mopdororito Ta iHdopMalilo Ipo BUABIeH] MicliesHaxomKeHHs. Pobora
6a3yeTbcsl Ha pesy/nbTaTax BAACHUX IO/IBOBYX [JOCI/KeHb, aHAi31 BifkpuTux 6a3 faHux 3 6iOpi3HOMAHITTH, JIiTeparyp-
HIX JDKeper Ta peBisii repbapaux konekuiit HarfionansHoro repbapito Ykpainu (KW) ta XapkiBchbKoro HalliOHa/IbHOTO yHi-
Bepcurery iMeni B.H. Kapasina (CWU). Ilif 4ac mOMbOBMX JOCTIIKeHb HaMM BVISB/IEHO 7 HOBMX J/Is1 YKpaiHu ribpupis
(Arctium x neumanii, Centaurea diffusa x C. jacea, C. jacea x C. nigrescens subsp. pinnatifida, C. nigrescens subsp. pinnatifida
x C. phrygia subsp. pseudophrygia, Corydalis X hausmanii, Rubus x areschougii, Verbascum X thapsi) Ta 6 Tibpupis, HO-
Bux myist XapkiBcpKoi obmacti (Arctium x cimbricum, Betula X aurata, Salix x reichardtii, Verbascum x brockmuellerii, V.
x pseudolychnitis, Utricularia x neglecta). 3apeecTpoBaHO ribpuay, sIKi BUHUK/IN 32 Y4acTIo 9yopifuux pocmvH (Centaurea
diffusa ta C. nigrescens subsp. pinnatifida). O6TroBOpIOIOTbCS IOTEHIiIIHI 3HAXIAKM IHIINMX TiOPUAIB HBOZONBHUX POCIUH Y
¢rnopi XapkiBcbKol 06/1acTi B Maiiby THbOMY.

KmrouoBi croBa: 6iopisHOMaHITTSI, ribpran3ariis, eKoaoris, Mopgosorisi, HOBi BUAY, XOPOIOTis, Yy)KOPigHi BUAN
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Exomnoro-¢nopuctmynnii aHani3 BINUBY po36ygoBu
nonboBux ¢oprudikamniit Ha micosi piTocucTeMn

Isan I. MOMICIEHKO %23 (2] dxis IT. JINYX 22, Mopmuna B. 3AB’SIJIOBA 2,
Oxcana O. KYYEP 2* (2, Biktop B. HIATIOBAJI * (), Onbra O. YYCOBA 2 (12,
Onexcanpp €. XOTTOCOBIIEB 23 (2, I0mia A. TPAJ] ! (©), Hina B. JUPEHKO 3
! XepcoHChbKuit ep>KaBHUIT YHIBEPCUTET,
By lllepyenka 14, Isano-®pankiscbk 76018, Ykpaina
2 IncturyT 6oranikn iMm. M.T. Xonognoro HAH Ykpainu,
By TepemenkiBcbka 2, Kuis 01601, Ykpaina
3 Biocdepumit sanosigauk "Ackanis-Hosa" iveni ®.E. Oanbi-Peiina HAAH,
By ITapkoBa 15, cennie Ackania-Hosa 75230, KaxoBcbkuii p-H, XepCOHCbKa 0611., Ykpaina

* ABTOp A muctyBaHHA: kucher.oksana29@gmail.com

Pedepar. JlicoBi ekocmucremy B YkpaiHi 3a3sHAOTh PYifHiBHOTO BIUIMBY OOOBMX Jiif MicCIA BTOPTHEHHA pOCIiCBKOI
apMmii, 30KkpeMa BHACTIfOK po36ynoBy monboBux doprudikamnin. [JocmimkeHo dmopucTuynmit cknag, cruenudiky sMiHn
Ta KOPE/AL{iHI 3B $I3KM IIOKA3HMKIB eKO(AKTOPIB POCIMHHUX YrpymoBaHb 20 TYIMKOBMX OKOIIB /It OPOHBOBAHOI
BilicbkoBoi TexHikM (110 10 y cocHoBOMY i ;y60BOMY 7icax). 3a GIOPUCTUYHMM CK/IaJIOM Y COCHOBOMY JIici HaiibinbIme cXoxi
YTPYIOBaHHA KOT/IOBAHIB OKOIIiB i KOHTPOIBHIX JIICOBMX iIAHOK, Y ;yOOBOMY — BifiBa/liB OKOIIiB i KOHTPOIbHMX AiLTHOK.
YrpynoBaHHA MOPYLIEHNX TiCOBMX Ii/IAHOK 3arazioM (KOT/IOBaHiB i BimBatiB okomiB Mix 06010 B 060X /1icax) TAKOX JOCUTD
nopibHi 3a UMM HOKasHMKOM. Ha TpeTiil pik MicIA HOLIKOPKEHHS Ha IOPYLIEHMX AULIHKAX arlodiTy3alif mepeBakae
HaJ ajBeHTM3Alli€lo, IO CBifYMTb IPO INO3UTUBHI TeHMEHLil y BifHOBIeHHI pocnMHHOCTL. CuHOiTOIHAMKALIMHNI
aHasli3 IOKa3as, 1[0 YIPYIOBAHHA, sKi GOPMYIOTHCS Ha BiBaaxX OKOIIB 3a GibIIICTIO €KOMOTIYHNX IOKA3HMKIB OMpKdi
MK 06010, HDX 3 YIpyINOBaHHAMM BifIOBIIHNMX KOHTPOJBHMX JIICOBUX AULSHOK y 000X THUIAX JICIB, IO MifTBEPKYE
MacIITabHIiCTh TpaHcpopManii MpUpogHMX exocucTeM. ITomKomKeHi TicoBi ekocucTeMy IOTpeOyBaTUMYTh TPUBAJIOTO
BiJJHOBJIEHHA 10 BUXiJTHOTO CTaHY.

KirouoBi cmoBa: amBeHTH3alis, 6i0pisHOMaHiTTﬂ, reoboTraHiuHi onucu, POCIMHHNIT IOKPUB, CUHAHTPOIIi3allis,
cuHditoinayKaris, poprudikarii

Bcryn HebavyeHoI mkopu npupopi. OgHuMm i3 pyiiHiB-
HJX BUJIB HEraTMBHOTO BIUIMBY BillHM Ha poOC-
Pociiicpka 36poitHa arpecist mpotu YKpaiHu 3aBfa€  IVHHUI TOKPUB € OyNiBHMITBO pPisHMX THIIB
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L.I. MOMICIEHKO Ta in.

¢doprudikanii. HapiTh NOOAMHOKI NOpyIIEHHS
CYIIPOBOMKYIOTbCA (PParMeHTAL[i€I0 POCTNHHOTO
MOKPUBY Ta MOMIKOJKEHHAM IPYHTOBOTO IOKpPU-
By, IlepeMillleHHAM 3HAaYHMUX O0’€MiB IPYHTY, a
YIUC/IEHHI, 13 3aCTOCYBAaHHAM IH)XKEHEPHOI TEXHi-
KI, — IIle 71 MaTepMHCbKOI IOPOAY Ta MOBEpXHe-
BMX BIiJIK/JIamiB reosorivHmx mnjacTtiB. Hacmigkamu
obnamryBanHs QopTudikalifHNX CIOpyn € He
NMIe TOpPYIIeHHsA, afne I MpsMe JIOKalbHe 3HMU-
I[eHHs IPYHTIB i 6iopisHOMaHiTTA. ByRiBHMLITBO
Mepex dhoprudikaniit 3apaae HakbimbIIOL MKOAK
IPUPOSHNUM [UISHKAaM: CXMJIaM Tepac pivyok i 6a-
JIOK, y30epexoksaM BOHOMM (03ep, MOpIB Ta iH.),
JiCOBMM MacuBaM, JyKaM, cTemam Touo. Hera-
TUBHUI BIUIMB ¢oprudikaniiiHoro OyniBHMUITBA
Ha JICOBI €KOCUMCTeMM, AK i Ha IHINI NPUPOAHI
TepUTOpii, — Iie He JMile IpAMi HACHifIKM, 3Yy-
MOBJIEHI MOUIKOXKEHHAM a00 SHUILEHHSM, a Iie
I He3BOpOTHI 3MiHM, sAKi BigOymyTbcsA i3 Lumu
eKocycTeMaM. 3aBJjaHa IIKOJa CIPUYMHAE TPaH-
chopmanioo GIOpUCTUIHOTO CKIAALY Ta CTPYKTY-
PY POCIMHHOCTI, 3MiHY €KOJIOTiYHMX i MiKpOKIi-
MaTMYHUX 0COOMMBOCTEN TICOBYUX YyIPYIIOBaHb.
Oco61mmBO CyTTEBOrO 6AraTONIAHOBOTO BIUIU-
By BiltHM micu YKpaiHu 3a3HawTh TaMm, fie BinOy-
micst abo BimOyBarorbes 60i. JlicoBi macuBm Ta
JCOCMYTH YacToO € Micusmu 6OesnocepefHix 60-
JIOBMX 3iTKHeHb, po30yaoBu JiHill 060poHM 260
NPUXUCTKOM I BilICBKOBMX, YHAcCHIiJOK 4YOTO
BigOyBa€eTbhCs 4acTKOBe ab0 IIOBHE 3HMIECHHSA JIi-
COBMX eKocucTeM. [loCTi[)KeHH BIUIMBY BiliHM Ha
nicoBi ekocucreMu B YKpaini posnovanuca y 2014
p.» IpoTe B ApyTil monoBuHi 2022 p., KOy neBHa
JacTIMHA 3aJIICHEHUX TepUTOPiil Oy/Ia e0KyIoBa-
Ha, 3HaYHO aKTUBI3yBaJIMCA Ta MaclITaOyBajnCs.
Hai16inp1 BUBYEHNM Ha ChOTO/IHI € BIUINB IOXKEX
(Kuzyk, Tovarianskyi, 2023; Kasyanov et al., 2024;
https://epl.org.ua/wp-content/uploads/2023/08/
Vplyv-vijny-na-lisy 21-08-2023 clean.pdf;
https://uwecworkgroup.info/flames-of-war-how-
ukraine-lost-over-1000-square-kilometers-of-fo-
rest/). Cepen iHIIMX BYJiB BIVIVBY BilfHM Ha TicOBi
eKOCUCTEMY MOCTIIKYIOTb TaKOXK BUPYOYBaHHSA
mepe  (https://uwecworkgroup.info/wars-invisi-
ble-consequences-for-ukrainian-forests/), 3abpyn-
HeHHS BMOYXOHeOe3lmeyHNMHU IIpeMeTaMyu Ta
eKOJIOTIYHO OOIPYHTOBaHe JIiCOyNpaBIiHHA Ta-
KMMJ TEPUTOpisiMu B moBOoeHHMIt vac (Zibtsev
et al., 2022), piBenp mopyueHocri icis (Matsala
et al., 2024). OuiHIOTb BTpATU JiCy Ha IPUPO-
TOOXOPOHHUX TepuTopiAx CMapargoBoi Mepexi
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JIlyraucpkoi o061 (Shumilo et al, 2023), Brus
BiliHM Ha 3anoBigHi 06’ ekt (Shumilo et al., 2023;
Kletionkin, 2024; Kolomiychuk, Vyshnevskiy,
2024; Kolomiychuk, Zymaroieva, 2024; Kvarta,
2024; Smagol et al., 2024), mkopny, 3anogisHy i-
co3axucHuM HacamkeHHaM (Matsala et al., 2025),
30UTKM, 3aBIaHi TiCOBUM €KOCUCTEMaM BHACTILOK
iXHboro sumineHHsa ta nomwkomkenHsa (Didukh et
al., 2025). BuB4aoTph BifIHOBIEHHS POCIMHHOIO
HOKPMBY IIiC/IA CIPUYMHEHNUX BiiTHOIO TTOXKeX (Zy-
maroieva et al., 2023), NPAMOIO BIUIMBY BOEHHMX
[iiji, BKJIIOYHO 3 TEPUTOpisiMM 06 €KTiB IPUpPOJ-
Ho-3anoBifgHOro ouay Ykpaium (Kolomiychuk,
Zymaroieva, 2024; Zavialova et al., 2024), dop-
MYBaHHs JIicOBUX 610TONIB Ha Micli KOMIIHBOTO
Kaxoscoekoro Bomocxosuma (Didukh et al., 2024;
Kuzembko et al., 2024; Prylutskyi et al., 2024), Ha-
CHIiIKM BIUTMBY BilfHM [is1 I106AIBHOTO 3pOCTaH-
Hs eMicil kap6ony (Sasmoko et al., 2023) Ta mns
po3BUTKY micoBoi ramysi sarasom (Myroniuk et
al., 2024).

VHaCMigoOK IMIMPOKOMACIITAOHOTO BTOPTHEHHS
pocilicbkux Bilicbk y moToMy — OepesHi 2022 p.
nicosi macuBu KniBcbkoi 06/1acTi 3a3Ha1m 3HAYHNX
nopyuenb. He3Bakarounm Ha KOPOTKOTPUBATIICTD
oKymalil, nepedyBaHHs pocilicbkoi apmil 3aBHano
CYTTEBOI IIKOAM NOBKIJUIIO, BK/IOYHO 3 JIICOBUMMA
exocucTeMaMn. 30KpeMa, Ha Tepuropii KnaBnmies-
cokoro micaunrsa JIT "Knasmiescbka micoBa Ha-
YKOBO-JOCTiZHA CTaHLisA" 3adikcoBaHi COTHI IO-
nmboBUX popTudikaniitHNX CIOPYA, 06/TAIITOBAHNX
pocilicbkumu BiJiICbKOBMMM 76-1 TBapflificbKol fie-
CaHTHO-1ITYpMOBOI AMBisii ("TIckoBCchbKa JecaHTHA
nuBisis", BilicbkoBa yacTunHa Ne 07264). Cepern 1jux
¢doprudikaniit HartbibIIe BITKPUTUX CIIOPYH;: OKO-
IIiB, TPAaHUIEN Ta XOZiB CIIONTyYeHH, 1Ii/INH, YKPUT-
TiB JI TeXHiKM, OMiHIaXiB.

Cranom Ha 2024 p. TOYHA KiJIbKICTb i 3araspHa
III0IIA TaKMX 06 €EKTIB HEBiOMI, OCKIZTbKYM 3HAYHA
YacTMHA TEpPUTOpii JiCHMLTBA JOCi 3amiHOBaHa
i HegocTymHa A/ MOBHOTO 0OCTeXeHHsA. Bigmo-
BiTHO, TOJIOBHOIO METOI0 HAIIIOTO JOCTimKeHHS
6y11a He OIjiHKa MacuTabiB I1bOro BIUIUBY, a BiJi-
[paloBaHHs METOIVKY J1OT0 aHaji3y Ta 6e3moce-
PenHbO BCTAHOBJEHHs HACMiAKIB OOMAIITyBaHHS
¢doprudikanii g 6ioronis micTaHUX (Fy60BUX)
i xBOJHMUX (COCHOBUX) TiciB, 30KpeMa BUAB/IEHHA
3MIH LI€HOTMYHOI CTPYKTYpY, GIOPUCTUIHOTO
CK/IaZy Ta BUJOBOrO 6ararcTBa, eKOMOTiYHUX IIO-
Ka3HUKIB POC/IMHHMX YTPYHNOBaHb Ha MOJEIbHUX
OisTHKaX.
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Exomnoro-dnopucriynmit ananis BIMBY nonboBux GopTudikaniit Ha micosi gitocucTeMn

Marepianu Ta MeTOgU

Ina 3’sacyBaHHS BIUIMBY OOJNAINTYBaHHS IIO/IbO-
BuX ¢opTudikaliiii Ha pOCTMHHMII TOKPUB JTICOBUX
ditocucrem 6yn0 ImpoBeeHO HOCTIIKEHH: JIiciB
KnasgieBcokoro micuuursa JIT "KnasmieBcbka mi-
COBa HAayKOBO-JOC/iiHA CTaHLisA" B cepnHi — mu-
cronazi 2024 p. MojenbHUMM TEPUTOPIAMU 1A
BUBYEHHs 6yn0 oOpaHo Bupinu cocHoBoro (30-it
KBapTai, 8 BUALI mIomero 8,1 ra Ta 9 Bupin mmo-
meto 7 ra) i my6osoro (20-it kBapTas, 9 BUALN II0-
mweio 14,6 ra) jiciB, AKi XapaKTepu3ylOTbCsA 3HAY-
HOI0O Ki/IBKICTIO IOLIKO/>KEHb BIJIIOBIZHOTO THUILY.
CocHoBMI! JTic Y JOCTiIP)KeHNX BUJINAaX IPeNCTaBIe-
HMII IITYYHUMM HacajpKeHHAMY Pinus sylvestris L.
3a JaHMMM TicCOBNOPAAKYBaHHA Ha 2014 p. y 8-my
BUJIUIL LIl IITY4YHI HaCaJ)KE€HHA Ma/M HaCTYIIHI Xa-
paxkTepuCTUKM: Bik 63 poku (Ha 2024 p. — 73 poku,
BifnoBigHO), Bucora 23,6 M, fiameTp cTOBOYpiB
29 cm, nopogHmit cknap: Pinus sylvestris — 5, Betula
pendula Roth — 5, Alnus glutinosa (L.) Gaertn. +,
Quercus robur L. +, 3anmac gepeBunu — 295 m>/ra.
[Toni6Hi XapaKTepUCTUKM BIACTYUBI TAKOX COCHO-
BUM HacaJpKeHHAM 9-To BuAiny: Bik 64 poku (te-
nep 74), Bucora 22,6 M, #iameTp CTOBOypiB 28,2
cM, TopopHuit cknap: Pinus sylvestris — 7, Betula
pendula — 3, Populus tremula L. +, Quercus robur
+, 3amnac gepesuHnu — 302 m3/ra. Ha MopenbHill Te-
puropii fy6oBoro jicy, 3a JTaHUMMU JIiCOBIOPSAIKY-
BaHHs Ha 2014 p., Bik Quercus robur cranoBus 113
pokiB (remep 123, BigmoBifHO), BucoTa 26,2 M, Jiia-
MeTp CTOB6ypiB 36,4 cM, mopopHMIt cknaf: Quercus
robur — 8, Betula pendula — 2, Pinus sylvestris +,
Populus tremula +, sanac nepeBunn — 447 m3/ra.
ITonboBi foOCHifKEHHA NPOBEIEHO HA JOCTYI-
Hiit (6e3meyHiit) TepuTopii nicHuNTBA i3 po36yHO-
BAHOIO POCIVICBKMMI BilICbKOBMMM IIPOTATOM JIIO-
TOro — 6epesus 2022 p. po3raay’>keHOI0 MepesKero
pisHUX THIIB TonboBUX (poprudikaniit. Bigmosizn-
HO JI0 Bisya/bHOTO 06CTexxeHHs dopTudikarii 3a
KIJIBKICTIO 1 3ara/IbHOI0 IUIOLIEI0 cepefl HUX Iepe-
Ba)XAIOTh TYIMKOBi OKOIM /11 OPOHbOBAHOI Bijl-
cpKoBOI TexHiku (TankiB, BTP, BMII), opurinanbHa
cxeMa AKux omyb6rnikosana panime (Didukh et al,
2025). Ha Bigminy Bip iHmmx d¢oprudikaniinmx
criopyz (okoriB, ONiHgaXiB, YKpUTTIB pisHOTO TUITY
TOI[O) OKONU [yii GPOHBOBAHOI BilICBKOBOI TeX-
HIKM JOCUTH BEIMKi Ta 3[eOiIbIIoro OJHAKOBI 3a
posmipamu (puc. 5). Ycboro Hamu 6Y/I0 HOCTimKe-
HO 20 Takux cropys: mo 10 y cocHoBoMy i ;y60BO-
My jticax, fie 3po6meHo 60 reo60TaHIYHMX OMMUCIB.

I3 Hux no 10 reo6oTaHIiYHMX OMNCIB 3[ilICHEHO B
KOT/IOBaHaX OKOIIB 0e3 BKJIIOYEHHS amaperni, IO
10 — Ha BifgBa/JlaX OKOIIB JOJATKOBO HE YKpiIle-
HMX II0 IEPUMETPY KOT/IOBaHY, Ta 10 10 — Ha KOH-
TPOJNIbHUX AisHKaX. BinbHi Bix ¢oprudikanii ta
HETOLIKO/KeH]i B IHIINMII crocib AinsHKM nicy, 3ae-
6171pIIOTO pO3TAIIOBAHI MK HOCTIKEHUMU OKO-
maMu abo TOPsT i3 HUMU, OPIEHTOBHOIO TUIOIIEI0
50 m? (3arajioM BiATIOBifae IUIOLIi OZHOTO oKo1y),
6yn10 06paHO SIK KOHTPOJIbHI [/Is1 TOPiBHSAHHS BH-
INOBOTO CK/IaJy POCIMHHUX YIpPyIOBaHb i3 poc-
JIVHHYM HOKPUBOM, IO (OPMYETLCS HA OKOIIAX.
3 Metoro ifenTH(iKamii 1iCOBUX POCIMHHUX YIPYy-
[OBaHb TAaKOX Oy/10 BUKOHAHO 14 reoboTaHiuHMX
OMNNCIB Ha HiSIHKAxX jicy 6e3 aHTPOIOreHHMX HO-
pylI€eHb mouero 625 M2 (craHpapTHA I BUBYEH-
HS JICOBUX eKocucTeM). 3arajioM 6yno 3po6ieHo
74 re06OTaHIYHNUX OMMCK Ta BULIZIEHO IICTh TUIIIB
MopenbHuX pinsgHok: PF — kxoHTponbHi pinAnkn
COCHOBOTO J1icy, PV — BifiBanyu oKomiB y COCHOBO-
My nici, PT — KoT/I0BaHM OKOIIB Y COCHOBOMY JIici,
QF — xoHTponbHi minsguku gybosoro micy, QV —
BifiBa/M OKOIIiB y gy6oBomy mici, QT — xoTmoBaHu
OKOIIiB y ;y60BOMY JTici.

Kamepanbna 06pobka MarepiamiB IOTBOBUX
TOCTiI>KeHb BK/IIOYasa CTBOPEHHs reo6OTaHiuHOI
6asu ganux y nporpami TURBOVEG (Hennekens,
Schaminée, 2001) Ta ii onmpalfoBaHHs 3a JIOIIOMO-
roto Mopudikosanoi Bepcii anropurmy TWISPAN,
nporpamu JUICE (Tichy, 2002). 3a pesynpraTamun
OIpalLllOBaHHA JaHMUX Oy/0 po3pobneHo Kmacudi-
KalliliHy cxeMy pocnmHHOCTL. Ha ocHOBi 6a3oBoro
cTatucTUyHOro aHanisy B mporpami STATISTICA
6.0. Ta 3a MeTopuKolo cuHoiToinamkanii (Didukh,
2011; Didukh, Budzhak, 2020) 6ymo pospaxosa-
HO IOKa3HUKIU IPOBigHMX exodakTopis (cepenHi
6ajbHI 3HAYEHHS Ta CTaHJApTHe BifxmmeHHs). Bi-
3yaqisalilo JaHMX €KOJIOTiYHOIrO aHaji3y IpoBe-
[IeHO 3a JIOIIOMOrO0 IakeTiB vegan v. 2.6-4 (Ok-
sanen, 2022) i ggplot2 (Wickham, 2016) moBoro
mporpamyBaHHsa R y popmarky R-studio (https://
www.R-project.org/). JIn Bu3Ha4YeHHA CTyHeHA
AHTPOIIOreHHOI TpaHcOpMAIil JOCTIKEHNX JTi-
COBUX €KOCHCTeM IPOBefieHO (ppaKIiiiHuit aHasIi3
BUJIOBOTO cKIamy pocinuH 3a B.B. IIpoTononosoro
(Protopopova, 1991) Ta o6paxoBaHO iHIEKCU CH-
HaHTpomisanil, amogirusanii Ta anTponodirusanii,
3anpomnoHoBaHi B. Jackowiak (1990). ®nopuctuuny
HOAIOHICTD POCIMHHMX YIPYHOBaHb JOCTIIKEHUX
MOJIe/IbHUX [i/IIHOK BCTaHOBJ/IEHO 3a JOIIOMOIOIO
obuncnenHs koedinienta CTblofieHTa Ta IOOY0BY
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Ha JIOTO OCHOBi KOpenAniitHol MaTpuii 3TifHO 3
TpagULITHUMM MigXOaMM SO CTaTUCTUYHOIO aHa-
ni3y (Biostatystyka..., 2023). JIaTMHCbKi Ha3BM BU-
JiB CyIMHHUX POC/INH Ta MOXOIOJIOHMX HaBeeHi
3a [I.C. BunokyposuM 3i crniBaBropamu (Vynoku-
rov et al., 2025).

PesynbraTi Ta 06TOBOpeHHA

XapakTepucTIKa POCTMHHOTO IIOKPUBY

Y cocHOBOMY niCOBOMY MacumBi i3 JOCUTH ILIilb-
HOI0 Mepexeo GoprudikaniiiHux 06’€KTiB 4iTKO
HOPOCTeXYIOTbCA psipy Pinus sylvestris, mo mif-
TBEPIPKYE IITyYHE IIOXO/>)KEeHHA 1[bOT0 Haca/lKeH-
usa. Kpim P. sylvestris (0,7-0,9), sikuit gominye, y
cknmaji fmepeBocTaHy Binmiueni Betula pendula,
Malus sylvestris (L.) Mill., Populus tremula, Pyrus
communis L., Quercus robur, Sorbus aucuparia
L., Acer pseudoplatanus L., a TakoxX dYy>kopifmHi
pocnuun Padus serotina (Ehrh.) Borkh. ta Quer-
cus rubra L. HaitimoBipHime A. pseudoplatanus
nifcamxysamu no P sylvestris, ockinbkm Ha Ku-
iBcpkoMy Ilomicci B IpMpPORHUX COCHOBMX Jlicax
BiH He pocrTe. Inmi Buau gepes, okpim B. pendula,
npefcTaBieHi mifpocroM abo GopMyIOTh TpeTiit
4y ApyTuit gepeBHi Apycu. YarapHukoBmil sApyc
po3BMHeHMIT clmabko, npeacrasnennit Frangula al-
nus Mill., Rosa villosa L., Rubus nessensis W. Hall,
Sambucus racemosa L., a TaKoX 4y>XOPifHUM BU-
noMm Physocarpus opulifolius (L.) Maxim. Hessa-
JKalo4) Ha LITy4YHe ITOXOMKEHHs, L[i COCHOBI Jlicu
MoxkHa imeHTndikyBatu sk ac. Vaccinio-Pinetum
(Pinion sylvestris, Vaccinio-Pinetea). Buposui
CKJIaf BigHOCHO 6imHWMII, NIpoTe HasABHI TUIIOBI
6opeanbHi enementu: Vaccinium myrtillus L., V.
vitis-idea L., Pteridium aquilinum (L.) Kuhn s. 1.,
Calluna vulgaris (L.) Hull, Lycopodium clavatum
L., Viola reichenbachiana Jord. ex Boreau Tomo.
Y cknani gocmigKkeHMX COCHOBUX HacaKeHb Bifi-
Mid€eHi JiBa PifjKiCHi BUAM CYSVHHUX POC/IMH, IO
oxopoHs0Tbcs B KuiBCbKiit 0071, Ha perioHambHO-
My piBHi (Lycopodium clavatum rta Digitalis gran-
diflora Mill.).

Crurimmit ;y6oBuii Jtic npepcrasneHuii ac. Beto-
nico-Quercetum (Quercion roboris). Kpim Quercus
robur y nepeBocrasi Bigmiueni Acer platanoides L.,
Betula pendula, Cerasus avium (L.) Moench, Malus
sylvestris, Pinus sylvestris, Populus tremula, Pyrus
communis, Sorbus aucuparia, a TAaKOX Iy>KOPiHMI
Buz Padus serotina. YarapHUKOBMIL SIPYC pO3pimKe-
Huit, cpopmosannit Cornus sanguinea L., Crataegus
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monogyna Jacq., C. rhipidophylla Gand., Euonymus
verrucosus Scop., Frangula alnus, Sambucus race-
mosa ta Viburnum opulus L. Jlic XapakTepusyeTbcs
BUCOKUM (GIOPUCTUYHYM PiSHOMaHITTSM (Y reo60-
TaHiyHOMY omyici nmoHay 50 BUAiB), y Jioro ckmapi
BifiMiveHi Taki BmacTuBi CBiTIMM [AibpoBaM BUAU
pocnus, sk Allium senescens subsp. montanum (Fr.)
Holub, Anthericum ramosum L., Asperula cynanchi-
ca L., Astragalus glycyphyllos L., Betonica officina-
lis L., Brachypodium sylvaticum (Huds.) P. Beauv,,
Calamagrostis arundinacea (L.) Roth, Campanula
persicifolia L., Carex montana L., Clinopodium vul-
gare L., Convallaria majalis L., Cruciata glabra (L.)
Ehrend., Dactylis glomerata L., Dianthus pineticola
Kleopow, Festuca ovina L., Filipendula vulgaris Mo-
ench, Fragaria vesca L., Lamium galeobdolon (L.)
L., Galeopsis bifida Boenn., Galium intermedium
Schult., G. verum L., Geranium sanguineum L., Hy-
lotelephium maximum (L.) Holub, Hypericum ma-
culatum Crantz, H. perforatum L., Inula hirta L., La-
thyrus niger (L.) Bernh., Lithospermum officinale L.,
Maianthemum bifolium (L.) EW. Schmidt, Melam-
pyrum pratense L., M. nemorosum L., Melica nutans
L., Origanum vulgare L., Peucedanum oreoselinum
(L.) Moench, Polygonatum multiflorum (L.) AllL, P.
odoratum (Mill.) Druce, Potentilla alba L., Pulmo-
naria angustifolia L., Ranunculus polyanthemos L.,
Securigera varia (L.) Lassen, Serratula tinctoria L.,
Silene nutans L., Trifolium alpestre L., T. montanum
L., Veronica chamaedrys L., Vincetoxicum hirundi-
naria Medik. Tomo. TyT TakoXX 3pocCTalTb II'STh
PiAKICHUX BUMIB POCIMH, 3aHECEHNX O IepeliKiB
pisHoOro piBHA oxopoHmu: Agrimonia pilosa Ledeb.,
Iris aphylla L. (Pe3omntoniss Ne 6 bepHCbKOI KOHBEH-
nii (Vascular plants..., 2016)), Lilium martagon L.,
Cephalanthera longifolia (L.) Fritsch, Platanthera
bifolia (L.) Rich. (Red Data Book..., 2009), Digitalis
grandiflora (Andrienko, Peregrym, 2012).

ITonepenHpbo, Ha OCHOBI OLIIHKM MiTPUMYBasIb-
HUX Ta PEryII0BA/JIbHUX eKOCUCTeMHUX IIOCIYT,
0y/10 po3paxoBaHO 30MTKY, 3aBJaHi JICOBUM €KO-
CUCTEMAM i3 ypaXyBaHHAM BUTpaT Ha IX BifIHOB-
nenHs (Didukh et al.,, 2025). ITpore, s 3aranb-
HOTO pO3yMiHHA MaciuTabiB BIUIMBY HeOOXigHO
3’scyBatu QrOpUCTUYHI, IIEHOTUYHI Ta eKOIOTivHi
3MiHY, AKi BifOyBalOTbCs BHACIIIOK aHTPOIIOTEH-
HOTO BTpy4aHH: Takoro Tuiy (puc. 1). L1i aminm 3
OfiHOTO OOKY BiOOpa)kaloTh XapakTep Ta IIUOUHY
IOPYILIEHb eKOCHCTEM, a 3 IHIIOTO — € OCHOBOIO
PO3YMiHHA TUX IpoueciB, sKi BifOyBaTMMyTbcs
ITiJl Yac iX BiJHOB/IEHHA 10 IIPUPOJHOTO CTaHY.
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Puc. 1. MogenbHi SUISTHKM B COCHOBOMY Ta Ay60BOMY Jicax. A: OKOII Ajis TaHKIB i3 BigBamamMy B COCHOBOMY iici; B: KoH-
TPOJIbHA AIISHKA COCHOBOTO Jticy; C: OKOI A/l TAaHKIB i3 BifjBamamu B gy6oBomy sici; D: KOHTpO/IbHA AinsHKA Ty60BOro
micy. ®oto: O. Kyuep, JI. 3ap’s1oBa, 1. Movicienxo, f. Jigyx

Fig. 1. Model plots in pine and oak forests. A: military trench for tanks and the typically banked earth on the lip of the trench
in the pine forest; B: control plot in pine forest; C: military trench for tanks and the typically banked earth on the lip of the
trench in the oak forest; D: control plot in oak forest. Photos by O. Kucher, L. Zavialova, I. Moysiyenko, Ya. Didukh

DrIopUCTUYHUI aHATII3

Hocnifkenuit TicOBUII MacUB XapaKTepPU3YETbCA
6araTM TaKCOHOMIYHMM pPiSHOMAHITTSM, YV 3pO-
OmeHnx Hamm omycax 3adikcoBaHo 199 Bupis cy-
OVHHUX POCIMH i 1oHaiiMeHIIe 17 BUIB MOXiB.
Y cocHoBomy mici BusHayeHO 126 BuJiB pOCIuH
i3 91 popy i 40 ponuH, y fyboBomy — 165 Bupis
i3 125 popis i 48 popun. llle nmonax 50 BuAiB cy-
OVHHJX pOC/IVH BifIMiYeHI HaMIM 3a MeXaMU MO-
IeMbHMX [UISHOK, 37ebimpiioro y nyboBomy rici,
OTXe 3arajpHe (IOPUCTUYHE PI3HOMAHITTA yico-
BOT'O MacCMBY CKlajae monap 250 BUIIB CYAMHHUX

pocnuH i3 143 popis Ta 53 popnH. 3a OCHOBHUMU
NOKasHMKaMM TaKCOHOMIYHOTo cKlamy dopuc-
TUYHE PISHOMAHITTA JOCIIIYKEHOrO JIiCOBOrO Ma-
CUBY Ma€ KiNbKicHi Ta AKicHi BigMiHHOCTI. 30KpeMa
BiJIpi3HAIOTbCA He JIMIIe 3arajibHa KibKiCTb BUAIB,
POZIB 1 POAMH Y COCHOBUX i AyOOBUX nicax, anme i
BifIOBifiHI CHEKTpM NpOBifHUX TaKcoHiB. fAKicHi
BiIMiHHOCTI 36epiraroThcs nepefyciM Ha BUJIOBO-
My i pOJOBOMY TaKCOHOMiYHMUX PiBHAX, HATOMICThb
Ha piBHI POJVIH BOHY MEHII ITOMITHi (B 060X cIIex-
Tpax NPOBIIHNX POAVH IEpIIi MO3NIil 3aJIMaIOTh
ponunu Asteraceae, Poaceae, Rosaceae, TUIIOBi mjisg
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Tabmuus 1. IlopiBHsaHHA iHgeKkciB cunanTpomnizanii (IS), amodirnsanii (IAp) i anTponodirusanii (IAn)
Table 1. Comparison of indices of synanthropization (IS), apophytization (IAp) and anthropophytization (IAn)

CocHoBuii 1tic Jy6oBuit nic
LpexcH Oxkorn BmBa{m KOHTPOHI).Hi 3aranom Oxomn BmBa{m KOHTPOHB.Hi 3aranom
OKOIIiB IUTAHKY JTicy OKOIIiB IUTAHKY JiCy
IS (%) 29,5 23,18 19,76 27,0 28,72 23,0 18,01 26,06
IAp (%) 15,38 8,7 10,46 14,3 19,14 15,0 12,61 17,57
IAn (%) 14,1 14,5 9,3 12,7 9,57 8,0 5,4 8,5
Tabmuua 2. Kopemsniitaa marpuist GpropucTnaHol mogibHOCTi JOCTiHKeHNX JiISTHOK Ha OCHOBI 06paxyHKiB
Koedinienta CrprofeHTa
Table 2. Correlation matrix of floristic similarity of the investigated plots based on Student's coefficient
PV | PT | PF | QV | QT | QF
pv 100 64,86% 59,35% 52,07% 44,17% 42,22%
PT 100 68,29% 49,43% 59,3% 40,21%
PF 100 49,46% 55,55% 46,70%
Qv 100 67,01% 64,45%
QT 100 56,58%
QF 100

TyT i B HACTYIIHNX TabOIMIAX 1 pUCYHKaX MOo3HaueHO: PF — KOHTPOJIBHI AUIAHKY COCHOBOTO Jticy, PV — BigBamm oxomis y
cocHoBoMY jici, PT — KoT/I0BaHM OKOIIiB y cOCHOBOMY Jici, QF — KOHTpo/bHi fiauku gy6osoro nicy, QV — Bigpamm oko-

niB y gy6oBomy nici, QT — KoTnoBaHM OKOMIB y 1y60BOMY Jici.

Here and in the following Tables and Figures, the abbreviations are as follows: PF — control plots in the pine forest, PV —
typically banked earth on the lip of the trench in the pine forest, PT — trench pits in the pine forest, QF — control plots in the
oak forest, QV — typically banked earth on the lip of the trench in the oak forest, QT — trench pits in the oak forest.

¢nop nomipuoi 30Hnu). CrieKTpy IPOBITHUX POAUH
BiIpISHAIOTHCS He TaK CKIA[OM, IO 37e0inbIioro
OJHAKOBMUIA, SIK 32 KiIbKiCHMMM MOKa3HUKaMMU, IO
/I BM3HAualOThb iXxHI0 nosuuiio. lle cBiguuth mpo
Pi3HY TaKCOHOMIYHY CTPYKTYPY COCHOBOTO i y60-
BOTO JIiCiB i, BigmmoBigHO, 366p€)KeHHH HUMM CBOIX
XapaKTepHUX 0COOMMBOCTEIL.

JInd BU3HAYeHHA CYYaCHOrO CTYIIEHA aHTpPO-
noreHHol TpaHcdopmarii HaMm 6yl10 NpOBeNeHO
¢bpaxuiiinuii aHamis QGIOPUCTUYHOTO pisHOMA-
HITTSI 32 JOIOMOTOI0 SIKOTO 00paxoBaHO iHeKch
cMHaHTpomisanil, anogitnsauii i anHTponodirusa-
Lii 171 pi3HUX TUIIB IOPYIIEHb Ta TUIIOBUX JIiCiB
(Tabm. 1).

KinbkicHuit ckman cuHaHTpOIHOI dpakuii cra-
HOBJIATD 53 BuAY, 3 AKMUX 32 anogitu i 21 gy>xopin-
HUIt Buf, pemrta 146 Bupis (Bif ycix 199 sadikco-
BaHVX Ha MOJENbHUX AiMAHKaX) — abopurenHi. ¥
COCHOBOMY JIiCi BUABNEHO 34 BUAM CHMHAHTPOIIHOL
¢paxkuii (18 anoitis i 16 yy>xopigHMX BUAIB), TOAL
AK y gyboBomy — 43 Bupnm (29 anoditis i 14 uy-
JKopifHuX BuUfiB). BifmoBigHo 06uaBa mocmimKeHi
JIICM 3HAYHO CMHAHTPOIi30BaHi, IpOTe [EU0 BU-
LIOK0 € CMHAHTPOIi3allisi COCHOBOTO JIiCY, OCKi/IbKK
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IIOKAa3HMK!M BiJIIOBIJHOTO iHIEKCY IE€PEeBUILIYIOTb
iHIII TTO BCiX MOAENbHUX AUIAHKAX, KpiM BifiBasiB,
Iie BOHU Maibke offHakKoBi (Tabm. 1). [Ipouecn amo-
¢irusanii sarajoM HOMIiHYIOTb HajJ aHTPOIOQIiTH-
3alli€ro B 060X yicax, 3a BUHATKOM BifiBajIiB OKOIIiB
y COCHOBOMY JIici, ie aHTpomoditusanis nepepa-
)Ka€e Maibke BJBiui 3a paXxyHOK 6i1bIIoi KilTbKOCTi
keHoditi. HaromicTb y gy6oBux micax anogirusa-
Lis noMmiHye Haj aHTponodiTu3ali€ero Ha BCiX Mo-
TeTbHUX TisIHKaX, BKIIOYHO 3 BifflBaJIaMI OKOIIiB.
Hait6inpury nogi6nicTs 3a GropucTYHNM CKIIa-
moM (Tabnl. 2) BMABIEHO MIX POCIMHHMMU YIpy-
HOBaHHAMM, AKi (GOPMYIOTbCA B KOTIOBaHAX OKO-
IIiB Ta YTPYIOBAHHAMM KOHTPOJIbHUX JIIAHOK Yy
cocHOBOMY J1ici (68,29%), Ha OpYLIeHNX Ai/IAHKaX
(B xOTNIOBaHaxX i Ha BiBa/max OKOIMIB) 5K y fy6OBO-
My (67,01%), Tak i B cocHoBOMY (64,86%) micax, a
TaKO)X MK yTPYIIOBAaHHAMI BifIBa/liB OKOIIIB i KOH-
TPOJIBHUX AiIAHOK y fy6oBoMmy ici (64,45%).
Harimenmn cxoxxi 3a MM ITIOKa3HMKOM YTPYIIO-
BaHHA BiBaJIiB OKOIIB MiX c060I0 B jicax 060X
tunie (52,07%). 3HauHa TpaHCPOPMOBAHICTDL JIi-
ciB 000X THIIIB 3arajloM HeraTVBHO BIUIMBAE Ha
BiJJHOB/IEHHSI POCIMHHOTO IOKPMBY IOPYLIEHUX
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Tabmuust 3. 3HaYeHH MOKA3HMKIB eKonorivHnx ¢paxropis (y 6amax) Jist pOCIMHHIX YITPYIOBaHb MOTETbHUX TiISTHOK
Table 3. Values of ecological factors for plant communities in the model plots

MopenbHi TiTSHKNI
Exodaxropn PF PV PT QF Qv QT
X o X s X s X | = X | o X | o
Hd 11,76 0,42 11,53 0,33 11,65 0,32 11,21 0,26 11,33 0,32 11,33 0,39
Fh 6,28 0,21 6,44 0,22 6,45 0,37 5,89 0,18 6,34 0,19 6,21 0,22
Rc 6,45 0,37 6,70 0,41 6,70 0,43 7,21 0,21 7,16 0,31 7,27 0,21
S1 6,18 0,27 6,49 0,25 6,34 0,24 6,51 0,20 6,62 0,23 6,60 0,23
Ca 6,10 0,33 6,29 0,30 6,14 0,32 7,09 0,32 6,82 0,33 6,67 0,23
Nt 5,00 0,18 5,14 0,32 5,12 0,25 5,04 0,15 5,26 0,15 5,44 0,28
Ae 6,46 0,27 6,43 0,11 6,52 0,32 6,15 0,13 6,23 0,25 6,33 0,23
Tm 8,11 0,15 8,43 0,35 8,18 0,24 8,58 0,25 8,51 0,13 8,48 0,19
Om 13,03 0,22 12,63 0,41 12,64 0,31 12,81 0,17 12,62 0,24 12,39 0,23
Kn 8,46 0,19 8,40 0,28 8,35 0,21 8,33 0,16 8,40 0,10 8,31 0,09
Cr 8,05 0,13 8,21 0,32 8,08 0,19 8,43 0,23 8,29 0,19 8,37 0,15
Lc 6,60 0,23 6,72 0,27 6,70 0,22 6,59 0,20 6,59 0,22 6,56 0,29

TyT i Ha puc. 2-5 MM03HaYE€HO €KOIOTiYHi (’paKTopM: Hd — Bonoricts; Fh — 3MmiHHicTb 3BONMOXXEeHHS; Rc — KncmoTHicTh; SI —
comboBuit pexxnm; Ca — KapOoHaTHICTB; Nt — BMICT HiTporeny; Ae — aeparis IpyHTy; Tm — tepmopesxnm; Om — om6po-
pexxnm; Kn — koHTMHeHTanbHicTh; Cr — Kpiopexxnm; Lc — ocBiT/IeHicTs.

Here and in Figs 2-5, the ecological factors are designated as follows: Hd — soil humidity; Fh — damping variability; Rc —
soil acidity; SI — salt regime; Ca — carbonate content in soil; Nt — nitrogen content in soil; Ae — soil aeration; Tm — ther-
mal climate; Om — climate humidity (ombroregime); Kn — climate continentality; Cr — cryoclimate; Lc — light.

RIISHOK, @ TaKOXK IOCUIIIOE TIpoLecu anodiTnsanii
Ta aJBEHTM3allil POCIMHHOIO IIOKPUBY BCHOTO JIi-
coBoro MacuBy. IlepeBaxkaHHs amodiTmsarnii Hap
aIBEHTM3ALI€I0 HAa TPEeTill piK MiC/IA MOLIKOIKEH-
Hs € MO3SUTMBHOIO TE€HMEHLIEI0 I BiJIHOB/IEHHS
pOCIMHHOCTI mopymeHnx pAinaHok. Oco6mBo
BUpa)XKeHa I TeHfIeHllif B JyOoBoMYy Jiici, Je Ha
KOHTPOJIbHUX [II/IAHKAX 1 Ha BifjBajlax OKOIIB, fAK
HafOi/IpII IOPYLIeHNX MICLSX, iHeKCH aHTPOIO-
¢ditTusanii HaHK4Yi. 3arazoM TpaHcpopManin
000X THUIIB /icOBUX (PiTOCUCTEM JOCUTD 3HAYHA HA
110 BKa3ye BUCOKIII CTYIiHb IXHbOI CMHaHTpPOIIi3a-
1jii.

Exonoro-meHoTMYHMIT aHaMi3

[TpoBenena cuHOiTOIHAMKALIIIHA OL{iHKA CTYyIe-
HS BigMIHHOCTI €KOJOTiYHMX ITOKA3HMKIB JOCHiMI-
JKEHMX KOHTPOJIbHUX JII/IAHOK JIiCiB, KOT/IOBAHIB Ta
BifiBasiB OKoIIiB (Tabm1. 3) mOKasana, 10 OTpUMaHi
3HaY€HHsA IIOKA3HMKIB He Jy>Ke€ BilpisHAIOTbCA i
3HAXOMATHCS Y MeXKax IOXMOKY (+ 2 0), OffHaK TYT
BK/IMBI HE TaK 3HAYE€HHS, IK T€H/IEHI[is IXHIX 3MiH
(puc. 2).

CxmagHicTh 1 HEOTHO3HAUHICTDb 3MiH 3yMOBJIEHA
BiIMiHHICTIO BEPTMKA/JIbHOI CTPYKTYpPH, LiTbHOC-
Ti lepeBOCTaHiB, TPaB’sTHOTO HMOKPUBY COCHOBOTO
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i gybosoro miciB (puc. 2, 3). Tak, MakcuManbHe
3Ha4YeHHsA MOKa3HMKa BojorocTi rpyuty (Hd) xon-
TPONIPHUX JiMAHOK cocHoBoro nicy (Vaccinio-Pine-
tum, Pinion sylvestris, Vaccinio-Pinetea) CTaHOBUTD
12,3 6aniB (MinimanbHe 3HaYeHHsT — 11,0, cepenHe
— 11,8) i € HaMlBUIUM Cepefi MOLeNTbHUX FiMTHOK
COCHOBOTO JIiCy, OCKI/IbKM KOHTPOJIbHI [iIAHKA
3aliMaloTh Bojorimn Micig. Ha minjanux BimBamax
OKOIIiB 3HAYEHHs ITOKa3HMKA 3HIDKYEThCA 10 11,5,
a B KOT/IOBaHAX OKOIIIB, fie 3adiKcoBaHi HaBiTb TaKi
Bupn sk Alnus glutinosa, Juncus conglomeratus L.,
Juncus effusus L., Lysimachia vulgaris L., Molinia
caerulea (L.) Moench, Potentilla erecta (L.) Ra-
eusch. Tomo, BoHo fero spoctae o 11,6. Y gy6o-
Bux micax (Betonico-Quercetum, Quercion roboris)
aMIUIITyJja TIOKa3HMKa BOJIOTOCTI IPYHTY BY>X4Ya
(10,8-11,8, cepenne 3HadeHHs 11,2), BoHN cyximi
Bif cocHoBux Ha 0,6 6ama. BogHovac Ha BimBamax
i B KOT/IOBaHaX OKOIIiB BOJIOTicTh gemjo Buima (11,5
ta 11,3) i HabMKeHa [0 BifNOBIMHMX ITOKA3HUKIB
cocHoBoro micy (puc. 2A). To6to, HaBiTh 3a mO-
Ka3HMKaMy BOJIOTOCTI MOXKHa 3pOOUTY BUCHOBOK
IIPO Te, HACKINbKY CYTTEBO OOIAIITYBAHHS OKOIIiB
BIUIMBAE Ha rifjpopexxum rpyury. lle migTBepmKy-
€TbCs i TOKa3HUKaMM 3MiHHOCTi CE30HHOTO 3BOJIO-
>keHHs IpyHTY (Fh), me pisHMIM MIX COCHOBMMU
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Puc 2. 3mina mokasuukis egadiunux paxropis (A: Hd; B: Fh; C: Re; D: S; E: Ca; F: Ae; G: Nt; H: Lc) MopenbHux ginsaHox (y
6anax). | — KOHTPO/IbHI AULTHKM Ticy, 2 — BifIBa/In OKOIIiB, 3 — KOT/IIOBAHM OKOIIiB; CYIIi/IbHOIO JIIHI€I0 IIO3HAYEH] MOJIENbHI

AULTHKY B COCHOBOMY JIiCi, IYHKTUPHOIO — y Iy0OBOMY

Fig. 2. Change of indicators of edaphic factors (A: Hd; B: Fh; C: Rc; D: SL; E: Ca; F: Ae; G: Nt; H: Lc) in model plots (in
points). 1 — forest ecosystems, 2 — trench dumps, 3 — trench pits; model plots in pine forest are marked by solid line, oak
forest marked by dotted line
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Puc. 3. 3mina mokasHukiB kmiMarnyHyx ¢axropis (A: Tm; B: Cr; C: Kn; D: Om) MozenbHux pinsHok (y 6amax). 1 — KoH-
TPOJIbHI JiIAHKMU JIiCy, 2 — BifIBajM OKOIIB, 3 — KOT/JIOBAHM OKOIIiB; CYLi/IbHOIO JIiHI€I0 IIO3HAY€Hi MOJIe/IbHI IiIAHKK B

COCHOBOMY JIiCi, ITyHKTUPHOI — Y fyO60BOMY

Fig. 3. Change of indicators of climatic factors (A: Tm; B: Cr; C: Kn; D: Om) in model plots (in points). 1 — forest ecosys-
tems, 2 — trench dumps, 3 — trench pits; model plots in pine forest are marked by solid line, oak forest marked by dotted line

(6,3 6aniB) ta gy6oBuMu (5,9) micoBMMU eKoCHC-
tTeMaMu MeHma (puc. 2B). YHacnigox nopyuieHHs
IPYHTY Ta POCIMHHOIO IIOKPUBY 3MiHHICTb 3BOJIO-
JKEHHsI TOMITHO 3pOCTa€, 0COOMMBO Ha MillfAHMX
BifiBa/Iax, IIPOTE Pi3HULA MK 3HAYEHHAMH LIbOTO
MOKa3HMKa B Pi3HUX Jicax (6,4-6,3) MpaKTUYHO He
TMOMiTHa.

Bigomo, 110 k1cmotHicTb IpyHTY (Rc) 3amexxutsh
BiJj TUITY IPYHTY, CTPYKTYPU HepPeBOCTaHY, ONafy,
AKUN PO3K/IAMIAETbCA B HY6OBI/IX Jlicax MPOTATOM
3-4, a B cocHoBux 3a 5-7 poki (Didukh et al.,
2009). YV XBOJHUX JTicax Ha aHA/JOTiYHUX I'PYHTAX
BopHeBUII nokasuuk (pH) Hypkumit, HDK y mucrs-
HUX, IO MiATBepIKeHO AaHuMy ¢iToiHguKaril.
Pisunua Mk cepeqHiMI 3Ha4€HHAMY KMCIOTHOCTI
IPYHTY /51 COCHOBOTO Ta KyOOBOTrO JiCiB € OfHi-
€10 3 HAIBUIUX Cepefl YCiX eKOMoriyHmx ¢gaxropin
(BigmosigHo 6,4 Ta 7,2 6anu) i cranosuTh 0,8 Gana
(puc. 2C). 3HaueHHs MOKa3HMKa IOMITHO 3pO-
CTa€e Ha MOPYLIEHNX [AiNfHKaX y RAyOOBMX JTicax,

a B COCHOBUX — IIPAKTUYHO He 3MiHIOETHCH, 110
CBIJYMTDb IIPO HiBEMTIOBAHHA BIIMIHHOCTEN MIX
pisHMMM TUIIaMM JICiB, 0CcO0MMBO Ha BifBaiax, AKe
BMHUKAE YHACIiOK poprudikaniitHoro 6ygiBHm-
TBa. MiXK cepeflHiMM NIOKasHMKaMM COIbOBOTO pe-
xuMmy (SI) @t cocHoBoro (6,2 6amm) Ta Fy60BOrO
nmiciB (6,5) pisumus MmeHma (puc. 2D). YHacmigox
aHTPOIIOTEHHOTO BIUIVBY Bifl0yBa€ThCA OJHOYACHE
3pOCTaHHS 3HaYeHb IIbOT0 [TOKA3HMKA Ta CTYPAHHA
BiIMiHHOCTEl MK PisSHMMM TUIIAMM IPUPOFHUX
JTCIB 3a CONMBbOBMM PEXMUMOM, 0COONMBO Ha BifiBa-
nax (pisanugs 0,1, TO6TO € fy>Ke HU3BKOIO).
3HaueHHsA IIOKAa3HMKA BMICTY NOCTYIHMX IS
pocmuu Kapb6onariB (Ca) BifHOCHO BMCOKi /s
IpyHTiB pyboBoro micy ac. Betonico officina-
lis-Quercetum xnmacy Quercetea pubescentis, mo y
HALllOMY BUIIAJKY HiTBEpPIKYETbCA 3POCTAHHAM
TakMx kapOoHaro(dinbHMX BUAIB, K Anthericum
ramosum, Asperula cynanchica, Carex montana,
Galium verum, Securigera varia, Trifolium alpestre,
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Tabmuis 4. IlokasHUKY KTiMaTHIHNX (PAKTOPIB IS POCIMHHIX YTPYHOBAaHb MOJETbHUX Fi/ISTHOK
Table 4. Indicators of climatic factors for plant communities in the model plots

IToxasHuKY pakTopis Mopensui pinrat

P PE | PV PT | Q@ | @ | ar
Tm, 6anu 811 8,43 8,18 8,58 8,51 8,48
T, °C 7,13 7,63 7,24 7,85 7,74 7,70
FAR, MJIx/v/pix 1698,20 1765,04 1713,07 1795,47 1780,88 1775,72
VEG, 56 152,53 157,52 153,64 159,79 158,70 158,31
Cr, 6amu 8,05 8,21 8,08 8,43 8,29 8,37
T, °C 534 4,85 ~5,26 4,16 4,58 ~4,36
Kn, Gamn 8,46 8,40 8,35 8,33 8,40 8,31
Ig, ingexc 26,18 25,96 25,77 25,70 25,95 25,63
Om, 6amu 13,03 12,63 12,64 12,81 12,62 12,39
I, iniexc 35,52 33,83 33,88 34,60 33,82 32,81
I'TK, ingexc 1,44 1,36 1,36 1,40 1,35 1,30

Tm — repmopexxum; T, .,

— TeMmreparypa cepenHbopiuna; FAR — dorocunrernyna aktuBHa pagianis; VEG — kimbkicts

ni6 inTencusHoi Bererarii; Cr — kpiopexxum; T, — cepenns Temmneparypa ciuns (°C); Kn — konTunenTanbuicTs; Ig — in-
mexc Topunncpkoro; Om — ombpopexum; I M inpekc [le Mapronna; ['TK — rigporepmiunmnit koedinieHT CesiHiHOBA.

Tm — thermal climate; T, |, — average annual temperature (degrees Celsius); FAR — photosynthetically active radiation;
VEG — number of days of intensive vegetation; Cr — cryoclimate; T, — average January temperature (°C); Kn — climate
continentality; Ig — Gorczynski index; Om — climate humidity (ombroregime); I;,; — De Martonne index; HTK — Seliani-

nov hydrothermal coefficient.

Trifolium montanum Ttomo. ITOUIKOMKEHHS eKo-
cycTeM RyOOBMX JICiB CIpysi€ NOMMPEHHIO OibIn
aunpodinbHUX BUAIB, 30KpeMa Agrostis capillaris
L., Calamagrostis epigejos (L.) Roth, Corynepho-
rus canescens (L.) P. Beauv., Festuca ovina, Jasione
montana L., Rumex acetosella L., Tomy orpumani
3HAYEHHH IIOKa3HMKA 3HIDKYIOTbCA JIA BiJBajliB
i xotnoBauiB okomiB (puc. 2E). ¥ cocHoBux micax
3HAYEeHHs IOKa3HMKa KapOOHATHOCTI 3MiHIOIOTHCS
3HAYHO MEHIIIE, IIOMiTHE IXHE 3pOCTAHHA JIVIIE [/
BifiBasliB, OfHAK TYT CIOCTEpPira€TbCsa MPOTUIEXK-
Ha TeHJIeHI[isd 32 PaXyHOK 3HVDKEHHS KUCTIOTHOCTI
BEpXHbOro Iapy rpyHty. CrocTepiraerbcsi TeH-
IeHIis /10 HiBe/MOBaHHsS pisHMIi KapOOHATHOCTI
I'PYHTIB NPUPOJHUX JICiB IIOPIBHAHO 3 IOpYIle-
HUMU JingHKaMU. 3HA4eHHS MOKas3sHMKIB aepariii
(Ae) y rpyHTax Iij cOCHOBMMM JicaMy BMII, HDX
mig fy6oBuMu. BinOyBaerbcs mokpaijeHHs aeparil
I'PYHTIiB Ta HiBeJIOBaHHA NPUPOJHOI BifIMiHHOCTI
Mk pisarmu micamn (puc. 2F). IlokasHuk BmicTy
HiTporeHy (Nt) Bummwit y rpyHTax mipg py6oBuMu
nmicamu (puc. 2G). Vioro sHaueHHA BHACTIIOK nopy-
IIeHHs JIiCiB 3pOCTAI0Th, 0COOMMBO [/ KOT/IOBaHIB
OKOIIiB, IO CIPUYMHIOE HOSBY Oinbll HITPO(iNb-
HUX BUJiB, 30KpeMa it Oyp’siHiB, Takux sik Chelido-
nium majus L., Chenopodium album L. s. 1., Cirsium
arvense (L.) Scop., Solanum nigrum L., Taraxacum
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officinale agg., Trifolium repens L., Tussilago farfa-
ra L., Urtica dioica L. 3HadeHHA 1JbOrO IOKa3HMKA
BUIL B ZYOOBOMY JIici, Pi3HMII MDK IPUPOSHUMU
YTPYTIOBaHHAMM KOHTPOJIBHUX JIiITHOK Ta YIpY-
MOBAHHAMM HOPYLIEHNX [i/ITHOK (OKOIiB) y y60-
BOMYy nici 6inbIua, HiX y COCHOBOMY. 3HaueHHS
HoKa3HMKa ocBiTieHHs (Lc) sakoHOMipHO 3pocTa-
I0Th Ha BIJKPUTUX MiCIIAX BifiBaJIiB Ta KOTJIOBaHiB
OKOIIIB Y COCHOBOMY JIiCi ITIOPiBHAHO 3 KOHTPOJIb-
HUMK [OinsgHKamu. Haromicte, y py6oBomy mici
posori rycti KpoHu Ay6a 30e6ibIIoro 3aTiHsaoTh
OKOIIN, TOMY 3HaU€HH: [JbOTO MTOKa3HMKa JIy>Ke I0-
mi6ui (puc. 2H). ¥ koTnoBaHax OKOIB COCHOBOTO
JTicy 3aBITIMOLIKM MOHAJ 1 M 3HAYeHHS ITOKAa3HUKA
OCBIT/ICHHS HaJlHVDKYi y IIOPiBHAHHI 3 BijBajlaMn i
KOHTPOJIbHVMM Ai/ITHKAaM, i HaBiTh HIVDKYI 32 TaKi
K Y KOT/IOBaHaX OKOIIB y fy6oBomy rici. Tak camo
i 3 yMICTOM HITpOreHy: BHACIiflOK IOIIKOIKEHHA
criocrepiraerbcs 30iMbIIeHHS pisHMLI MK Jy6o-
BYMU Ta COCHOBUMI JIiCAMI.

HaromicTh 3Ha4YeHHA KIIMaTMYHMX IIOKA3HU-
KiB 3MiHIOIOTbCA fel0 Mo-iHImomy. Hespakaroun
Ha TOIIKO/KEHHA i MOfIeKyaM 3Ha4Hy TpaHchop-
Malilo TpaB’sSHOTO sPYCy, 30epeXxeHiCTb [epes-
HO-YarapHMKOBOTO APYCY S3INIAIDKYE 3MiHM LIMX
nokasHukiB (puc. 3). Orpumani ¢itoingukanii-
Hi paHi BioOpaxaoTb crenudiky Mikpoxaimary
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Puc. 4. AMIIIiTYAM TOKa3HNKIB MiKpokmimMaTy (A) Ta egadiunnx dakropis (B) MOmenbHUX AiMTTHOK
Fig. 4. Amplitudes for indicators of microclimatic (A) and edaphic (B) factors in all model plots
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Ha3eMHOTO IIOKPMBY i MOXYTb BifpiSHATHUCA Bif
METEOPOJIOTIYHMX.

Hait6inbur npoxomoganmu (Tm = 8,1) € cocHo-
Bi micu 6opeanbHoro tumy (puc. 3A). YHacmigox
¢doprudikanitHoro 6yHiBHULITBA TEPMOPEXNM Ha
BifjBajIaxX OKOIIB MifIBUMIIYeTbcA [0 8,4, a B KOTJIO-
BaHaX OKOIIiB 3HIDKYEThCA 1o 8,2 6anis, ane Ha TO-
PYLIEHMX [IiTAHKAX BCE OJJHO 3a/IMIIAETHCA BUILVM,
HDK Ha KOHTPONbHMX [iNAHKaxX jiciB. Harremni-
My € remikcepodinbHi fy6oBi nicu (8,6), pasom
3 TUM y AyOOBUX J1icaX, Ha BiMiHY BiJj COCHOBUX,
Ha BiJjBajlaX Ta y KOTJIOBaHaX Ileil IIOKa3HMK IIO-
CTYIIOBO 3HIDKYETbCA 0 8,5 6amiB. PisHuusa mix
IOKa3HMKaMM JIiciB mocuth 3HauHa (0,5 6ana), 1o
Bipmosigae Temmneparypi 7,1 °C — 6ip ta 7,9 °C —
mibposa (Tabm. 4). Y KOT/IOBaHAX OKOIIB 3HAYEHHS
LbOT0 K/IIMaTMYHOIO IIOKa3HMKAa 3pOCTa€E Ho 7,2
°C, WO Ha Hallly TYMKY IOSCHIOETbCA 3HUIIEHHAM
IepeB cocHM Haj Humu. Haromicts y py6oBomy
JIiCi lepeB 3HUIEHO MEHIIE, TAaKOX uy61/1 MaloTh
KPUC/IaTi INMpIIi KPOHHU, TOMY 3HaYeHH:A ITIOKa3HMU-
Ka 3HIDKY€ETbCA 1o 7,7 °C. BcTaHoBIeHO, 10 pisHU-
I MDK TEMIEPATYPHUMM KAIMaTUYHMMM IIOKa3-
HMKaMI B COCHOBOMY Ta 1y0OBOMY JIici BHAaC/TiIOK
dboprudikaniitHoro OyAiBHMIITBA 3MEHIIYETHCS 3
0,5 6amiB [ KOHTPOIBHUX [i/ISTHOK nicy, go 0,3
— B KOT/IOBaHAX, i 0,1 — Ha Bigsanax. [Tomi6Hi 3a-
KOHOMIipHOCTi XapaKTepPHi JI/i TaKMX K/IiMaTUYHUX
nokasHukiB sk FAR (dortocmHTeTMuHA axTMBHA
papiarist) Ta mepiop akTMBHOI Bererarlii. PisHuiis
FAR Mix COCHOBMM Ta fyOOBUM TicaMyt CTAHOBUTb
100 MJIx/m?/pik, a mepiofiB aKTMBHOI BereTarii
— 6/mm3bKo 6 f1i6 (Tab. 4). Orxe, popTudikanii-
He OyIiBHMIITBO CIIpMsI€ 3MEHIIEHHIO Pi3HMI MiX
jicamut, 0co6IMBO Ha BifiBajlaX OKOIIIB, i BKa3ye Ha
TeHJEHIIII0 O CTMPAHHSA eKOIOTIYHNMX 0COOMMBOC-
Tel PiSHMUX TUIIB IPUPOJHUX JICiB YHACTIZOK aH-
TPOIIOTEHHOTO BIIUBY.

AHasoriyHi 3aKOHOMIPHOCTI IPOCTi/IKOBYIOTbCSA
no BifHOmeHHIO 1o Kpiopexumy (Cr), xoda pis-
HULA MK IIOKa3HMKaMM JIiCOBMX LIEHO3iB Ha KOH-
TPONbHMX MiAHKAX J/MIIe HEe3HAYHO BMINA, HDXK
MDX KOT/IOBaHaMM OKOITiB, OJHAK Ha BigBajrax BOHa
¢dakTiuHo HiBemweTbes (puc. 3B). Y nepepaxysky
Ha a0COJTIOTHI IIOKa3HUKY CePeHbOMICAYHIX TeM-
neparyp ciuHs pi3HUI MDK COCHOBUM Ta Jy6o-
BIIM JIiCAMI CTAaHOBUTD JIJI1 HEITOPYLIEHNX JIiICOBUX
nminsHok noHap 1,1 °C, gisa koTaoBaHiB okomiB 0,9
°C, a mna sigsais numie 0,3 °C (Tabn. 4). To6T10, Ha
HiBUIEHHAX Mikpopenbedy pisHuus 36impiry-
€TbCA.

378

3HavyeHHs MOKa3HMKAa KOHTUMHEHTAJIBbHOCTI Mi-
kpokiimaty (Kn) HaiiBule y COCHOBUX nicax 60-
peanbHOro THITy (8,5 6am) i germo HyOKYi 1A Bif-
BaniB okomiB (8,4) Ta KornoBaHiB (8,3), X04a 1A
ammityga HesHauHa (puc. 3C). Y myboBux micax
Hal[BUIIUI NOKa3HMK KOHTMHEHTAJIbHOCTI XapakK-
TepHUI [/ BifBaliB, a [/iA KOHTPOJNbHUX JicCO-
BUX Ji/ITHOK Ta KOT/IOBaHiB OKOITiB J10TO 3HAYEHHSI
MIPaKTUYHO OfHAKOBI. 1]i MOKasHMKM JIEeKaTh y Me-
XKax 25,6-26,2 inpexcy lopumHcbKkoro (Igr) (Tabm.
4). Taka He3HauHa pi3HUISA CBIFYUTH NPO Te, LIO
ey KJIIMaTUYHNU YMHHUK He Ma€ 3Ha4YeHHS B JIU-
¢epenIiarii yMOB cepefoBMIIA i 10T0 MOKA3HUKN
He KOPEIOITh i3 3MiHaMI >KOJHOTO iHIIOrO €KOJIO-
rivHoro akropa.

3HaueHHsA IIOKasHUKIB omOpopexumy (Om)
CUHXPOHHO 3HIDKYIOTbCA YHACHiJJOK aHTPOIIO-
TeHHOro BIUIMBY B 000X Tumax icis (puc. 3D). ¥
nyboBOMY J1ici — Bif KOHTPONBHUX AiNAHOK (12,8)
mo Bigsanis (12,6) i xornosaHniB (12,4) okomis; y
COCHOBOMY JIici — Bif KoHTponbHMX (13,0) mo mo-
pylIeHuX AinaHOK (BifBamiB i KOTIOBaHIB OKOMIB,
SIKi 3aTa/IOM MAIOTh IPAKTUYHO OfIHAKOBi 3HAYE€HHA
[[bOTO MOKa3HMKa — 12,6 6aiB). AHA/IOTIYHO 3Mi-
HIoeTbCA iHflekc [le MapTonHa Ta [IK CensHiHoBa
(tabmn. 4). Ons gy6osoro micy Lie Bifnosifae Tako-
My papny inpnekcy [le Mapronna (I;,,): 34,6 — 33,8
— 32,8 (I'IK Cenaninona 1,4 — 1,4 — 1,3), a gnia
cocHoBOro — 35,5-33,8 ra 33,9 (I'IK = 1,4). Ilo-
PYLLIEHHS eKOCUCTeM BUK/IMKAE HOTipIIeHHs 3a0e3-
IeYeHHA IX BOJIOTICTIO YHACIifOK 3POCTaHHA BHU-
IIAPOBYBAHOCTI Ha [I/IHKAX 3 TOMUMM CYOCTPaTOM
a60 cabKo 3apOCINX, 10 3yMOBJ/ICHO 3HUIEHHAM
POCIMHHOTO MOKPUBY.

HariBuia pisHnIig 3HaueHb Majbke IS BCIiX IO-
Ka3HMKIB XapaKTepHa I NIPUPOSHUX JIICOBUX Iie-
HO31B KOHTPOJIbHUX AIHOK, a HallHIDK4Ya — /A
BifiBaJ/liB Ta KOT/IIOBaHiB oKomiB. lle cBigunTh Ipo
KJIIOYOBY POJIb CTPYKTYPM J/iCOBUX €KOCUCTEM Y
TpaHcopMalil eKonorivHnx ¢GaxkTopiB, a pyiHY-
BaHHSA YN 3HAYHe ITOIIKO/>)KEHHS I[UX €KOCUCTEM,
sKe CHPUYMHAE NOPYIIEHHA CTPYKTYPU, HiBenlioe
3HaueHH# IXHIX ITOKa3HMKiB. BogHovac, 3MiHM 1UX
MOKAasHMKIB BifoOpakaloTh CTYIiHb TpaHchOp-
marii. JIOTiYyHMM [JOMOBHEHHSM, IO MO3BOJISIE
BCTQHOBUTHU IIPUIMHHO-HACTIKOBI 3B’SI3KM MIDX
3MiHaMI €eKOJIOTiYHMX TOKAa3HMKiB, € BUABJIEHHS
KOpeALiTHNUX 3B’ S13KiB MI>K HUM. 3oxpeMa, NiHiil-
HY 3aJIe)KHICTb 0y/I0 BCTAHOBJIEHO MIX [TOKa3HMKa-
mu Tm ta Hd, Nt, Rc, Sl, Ca, mixxk Om Ta Nt, Rc,
S1, mix Cr ta Rc, Ca Ta in. (puc. 5A-F). IIpoBigHi
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Puc. 5. KopessLiis MOKasHUKIB IIPOBIIHMX €KOTIOri9HMX (PAKTOPIB yCiX MOJIENbHIX [{i/ITHOK

Fig. 5. Correlation of indicators of leading environmental factors in all model plots
A: Tm-Rc; B: Tm-Om; C: Tm-Sl; D: Tm-Ca; E: Om-SI; F: Cr-Ca

KIIMaTu4Hi YMHHUKYU (KpIM KOHTMHEHTAIbHOCTI)
B yMOBaXx TyMIJHOIO K/iMary BiflirpaloTh BENUKY
PpOJb Y IPYHTOTBOPHUX IIPOLECAX, a BifiTaK i B IIpo-
Llecax CyKLeCi/IHOTO pO3BUTKY YIPYIIOBaHb IIif 9ac
IXHBOTO BiTHOBJIEHHSI.

Bupy6byBanHs fepeB, TOOTO pyitHalis Jepes-
HOTO HaMeTy, IepeRyciM BIUIMBAa€E Ha MiKPOKIIi-
MaTM4HI XapakTepucTuKuU. MK IOKa3HMKaMu
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TE€PMOKJIIMATy Ta BOJIOTOCTi MOBITPA CHocTepira-
€Tbcsi 0bOepHeHO mmiHiMHA 3amexHicTh (puc. 4A).
BopgHouac mokasHMKM KOT/IOBaHiB Ta BiiBajiiB OKO-
niB 3HaYHO Oi/blle BiApi3HAIOTBCA B COCHOBOMY
JIiC1 MIOPIBHAHO 3 ]j[y6OBI/IM, Jle BOHU BifMiHHIi 1uiie
3a MikpoTepMiuHMMHU ymoBamu. OfHaK, 11i Mikpo-
KIiMaTW4Hi YMOBU BIUIMBAIOTh Ha epfadiuHi Bra-
CTMBOCTI I'PYHTIB, AKi 3a3HAIOTh 3MiH.
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ITigBuIleHHA TeMIepaTypy CHOPUYMHAE IIPU-
LIBM/ILIEHHA MiHepaisalii OpraHiYHUX CIIONYK Hi-
TPOTeHy, 3pOCTaHHS BOJHEBOro mokasHuka (pH),
3aCOJIeHHsI Ta 3aCBOEHHS KapOoHaTtiB (puc. 5A, C,
D), TO6TO BUK/IMKAE 3HIDKEHHS KIC/IOTHOCTI IPYH-
Ty. OTXe, TiJ] Yac BiTHOB/IEHHS JIiICOBUX €KOCUCTEM
B pe3y/IbTaTi MPOLECIB OMif30/I€HHA Li TIOKAa3HUKN
OymyTb 3HIDKYBaTuCA. X04a IOKa3HUKY efadidHux
¢daxTopiB pi3HMX JICOBMX eKOCHUCTeM IepeOyBa-
I0Th B OffHOMY jianasoHi (puc. 4B), BoHu pisHi myst
COCHOBOTrO i Iy00BOro JIiciB, 0COOMUBO Lie CTOCY-
€TbCs KAPOOHATHOCTI Ta KMCTIOTHOCTI I'PYHTIB.

Mix 3miHOI0 OoMOpopexymy Ta egadiuHMMU
YMHHUKAMM KOpeJAllif He Taka 4YiTKa. 3HaYeHH:
IMX ITOKAa3HMKIB 3a/IeXKUTh HE Bifl CTYIIEHA TpaH-
copmariii JocmipKeHUX 1[eH03iB, a Bif IX BUXifi-
HOTO CTaHY, B IKOMY POC/IMHHI YITPyIIOBaHH: KOH-
TPOJNBHUX AIISTHOK COCHOBOTO Ta Ay6oBOro JiciB
3HAYHO BifIpi3HAIOTHCA, TOAL AK 3HAYEHHA LMX II0-
Ka3HUKIB I BifjBajliB Ta KOT/JIOBaHiB Hepe6yBa—
I0Tb B OJJHOMY [lialla30Hi, 1110 XapaKTepHO [/Is TO-
Ka3HUKIB iHIMX eKonorivHux dakropiB (puc. 5B,
5D). Oco6mBO 4iTKO Ije IPOCTiKOBYETbCS Ha Xa-
pakTepi KopenAnil MiXK IOKasHMKaMM KPioK/IiMaTy
/I TAKMMU BJIACTUBOCTSAMMU IPYHTY SIK KUC/IOTHICTD
i BMicT Kap6OHaTiB.

BucHoBKn

Amnanis QropucTUYHOrO CK/Iafy POCIMHHUX YIpPy-
[OBaHb Ta 3MiHM IIOKa3HMKIB eKO(aKTOpiB [0-
BOJATb HEraTMBHUII BIUIMB OymiBHunTBa (op-
tudikaniit Ha nmicoBi ekocucremu. BupybyBaHHA
JepeB i YarapHMKiB, IOMIKOPKEHHS Ta 3HULIEHHA
TPaB’sIHOTO SIPYCY, NepeMilljeHHs 3HaYHUX 00’ eMiB
IPYHTY, 3acMiueHHA Ta iHmi Hacmigku ¢optudi-
KanifHoro OYyHiBHMI[TBA, CIPUYMHAIOTb 3MiHU
CK/IaZly Ta CTPYKTYpM POCIVHHOCTI, €KOIOTi9YHUX
Ta MIKPOKTIMaTMYHUX OCOONMMBOCTEN JTiCOBUX
yrpynosanb. Tpancdopmaliis, 3yMOB/IeHa LVUMU
NOPYLIEHHAMY, BUK/INKAE 3POCTAHHA ITOKAa3HMKIB
3MIiHHOCTI 3BOJIO’KEHHS, KMCIOTHOCTi, COIHOBOTrO
pexXuMmy, aepalii Ta BMiCTy HiTporeHy B 060X Ti-
IIaxX JICiB, BOIOTOCTi efaoTOIly — B COCHOBOMY
mici Ta ocBiTneHocTi — B ay6oBomy. Haromictp
3HAYEeHHsI TIOKA3HUKIB KapOOHATHOCTI B Ticax 060X
TUIIIB, 30KpeMa BOJIOTOCTi efadoTorry — B ;y60BO-
MY Ta OCBIT/IEHOCTi — B COCHOBOMY JIiCax, 3HVDKY-
10TbcsA. Tak caMo 3HIDKYIOTBCA i 3HAYEHHS IIOKas3-
HVKIiB KITiMaTu4HuX QakTopiB, 30KpeMa TaKMX sK
KOHTMHEHTAIbHICTh 1 OMOpOpeXXuM B micax 060x
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TUIIB, TEPMOPEXUM i KpiOpeXXuMm — B JyOOBOMY
nici. BogHouac 30epesxeHicTb IOTYXHOTO LepeBHO-
rO APYCYy CYTTEBO BIUIMBAE HA €KOJIOTiYHi ITOKa3HM!-
K Ta HiBEJIIOE BIIMB 30BHIlIHIX YMHHUKIB.

Jlicm 060X TUIIB 3HAYHO CHHATPOIIi30BaHi, IPO-
Te B 1y00BOMY JIici mepeBakae anodirusanis, Toxi
JK B COCHOBUX — aHTponodirmsania. Hai6impimn
nofibHnMu 3a OinmburicTio emadivHmMx Ta KiaiMa-
TUYHUX [TOKA3HUKIB € BifBany OKOIIIB JIciB 000X
TUIMIB, TOAI 5K 32 (PIOPUCTUYHMM CKIa[JOM BOHMU
€ HaliMeHII MOFIOHMMM, 1O CBifYNTH PO TOCUTH
cyTTeBi BigMiHHOCTI y TpaHcdopMmalii miciB Ha
¢dnopuctiuaHOMYy Ta (PiTOCKONTOriYHOMY PiBHSX.

Cryninp IOPYIIEHOCTI TiCOBUX €KOCUCTEM 3ara-
JIOM BM3HAYaOTh HE TaK PO3MipU KOXKHOI OKpeMOl
(bopTM(biKauiI, K IXHS KiZIbKiCTb, WIiJIBHICTD, CHU-
cTeMa pO3TallyBaHHA, i 13Hi MISIXU, TPUBATICTD
ixHbOi eKcIuTyararlii, iHTeHCHBHICTD 60i10BUX Jill.
ITpoBepneHi mocmipkeHHA 3 OfHOrO OOKY Bimobpa-
JKAaIOTh XapaKTep pylHallii Ta eKOJIOrivHi 3MiHM, a
3 iHIIOrO — [103BONIAIOTH 3adiKCyBaTV MOYATKOBY
JEeMYTaLiiiHy CTajil0 BifIHOBIEHHA POCIMHHOTO
MIOKPUBY IOPYIIEHUX TEPUTOPIIL.

Iopsaku

HocnimxeHHs BMKOHAHI 3a MiATPUMKM IIpo-
IPaMHO-LIIIbOBOI  Ta KOHKYPCHOI  Te€MaTUKMU
HAH VYkpainm HoMep gep>kaBHOI peecTpalii
01250000701 ("Po3pobreHHsi i BMKOpPUCTaHHS
METOJOJIOTII Ta a/ITOPUTMIB OLIiHKM BIUIMBY BOEH-
HUX Jilf Ha QIiTOpi3HOMAHITTA HPUPOFHUX €KO-
cucreM YKpaiHu I BU3HAYeHH:A IiXHIX BTpar,
BiJTHOB/IIOBA/ILHOTO Ta aJalITVBHOTO IIOTeHLiany")
Ta, YaCTKOBO, 3a (piHAaHCOBOI MIZTPUMKMU 4eChKOI
opranisauii People in Need y pamkax ininiarusu
SOS Ukraine sgiiicHenoi 3a mocepepuuirsa bO
"Exonorisi-ITpaBo-JTroguHa".

BucnopmoemMo mupy NOASKY CHIBpOOITHMKaM
Knaspgiescbkoro micuuirsa IOIT "KnasgieBchbka -
COBa HAayKOBO-[JOC/Ii{HA CTAHILisA", 3aCTYIHUKY [NU-
pexropa C.O. [paMmynHaxy — 3a HagaHy iHpopMa-
1ito, crapuiomy maitctpy nicy M.O. IlepeBo3Huxy
3a JIOTiCTUKY Ha MicCIieBOCTi; KosmeraM OneKcaHapy
bapancbkomy, Biranii [ligenko, Iropro KocTtikosy,
Oreni MicpKoBilt 3a Hacu4eHi excreauLiiHi OyaHi.

JOTPMMAHHA ETMYHNX HOPM

ABTOPY NOBiOM/IAIOTH PO BIICY THICTD OY/ib-AKOT0 KOHD-
JKTY iHTEpeciB.
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Ecological-floristic analysis of the impact of field fortification
constructions on forest phytosystems
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Abstract. Forest ecosystems in Ukraine experience severe degradation due to military operations during the ruscist invasion,
particularly as a result of the construction of military fortifications. This study provides an analysis of the floristic compo-
sition, patterns of vegetation change, and correlation between the ecological factor indicators for plant communities in 20
dead-end trenches for armored military vehicles (ten in pine forests and ten in oak forests). In terms of floristic composition,
the trench pit communities in pine forests demonstrated the highest similarity to control forest plots, whereas in oak forests
the trench berm communities most closely resembled the control plots. Overall, the communities formed in disturbed forest
areas (pits and typically banked earth on the lips of the trenches between each other in both forests) were also relatively si-
milar to one another. In the third year after disturbance, apophytization was found to prevail over adventization, indicating
a positive trend in vegetation recovery. A synphytoindication analysis revealed that the communities developing on trench
mounds in both forest types were more similar to each other in most ecological parameters than to those of their respective
undisturbed forest plots, confirming the large-scale transformation of natural ecosystems. The damaged forest ecosystems
will require extended periods of recovery to return to their original state.

Keywords: adventization, biodiversity, fortifications, geobotanical relevés, synantropization, synphytoindication, vegetation
cover
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