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RESEARCH ARTICLE
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DopMyBaHH:A CTPYKTYPU CAMOCITHMX /TiCiB B YKpaiHi
Skis IL JITYX

Incturyt 60Tanixu iM. M.I. Xonoguoro HAH Vkpaiuu,
By Tepemenkiscpka 2, Kuis 01601, Ykpaina

Appeca s nucryBaHHs: ya.didukh@gmail.com

Pedepar. CamosanicHeHHA ab0 culIbBaTH3allid — CKJIAJHUI 6araTOBeKTOPHUI IpOLeC, SAKUII B OCTaHHI JeCATIITTA
inTeHcUdiKyeTbCA Y BCbOMY CBiTi, 110 Ma€ AK MO3UTHUBHE, TaK i HEraTMBHe 3HaueHHA. B YkpaiHi e BinbyBaeTbca y pisHuin
crocib, s depes OesmocepefHE BifHOBIEHHs JIICOBMX IOPif, Tak i depe3 GopMyBaHHS PO3PIMKEHNX YIPyIOBaHb, IO
XapaKTepu3yBaBCA MO3aluHiCTIO, HeBMCOKOI (0,2-0,5) 3IMKHYTICTIO KypTMH KYIIB Ta HM3bKOPOCINX CBIiT/IOMIOOHMX
MIBUJIKOPOCTYYMX JiepeB, Iifl AKMMMU 30epira€eTbcs IyCTUil TPaBOCTill. Y IpefcTaB/IeHill poOOTi aKIleHTY€ETbCs yBara Ha Lieit
crieryiivyHMIT CTIMKMIT JO BUIIACY Ta MOXKEX TUII YTPYIIOBaHb, AKMIT MM Ha3MBa€eMO Iepenickamu (groves, taillis, copses, or
coppices). locmimpkenHs, poBejeHi Ha 66 MOTIroHax, 3acBigumny, o d)opMyBaHHﬂ 1IeHO3iB 3aJIEXKNUTh BiJl €KOJTOTiYHUX
(emaciuHMX) YMOB, perioHaIbHO-30Ha/IbHOTO MiCLIe3HAaXO/KEHH:, a TAKOXX HAasABHOCTI 6/IM3bKO 3pOCTAIOYMX HMOTEHIIITHNIX
arenTiB. 3adikcoBaHO 3poCcTaHHA 56 BUMIIB YarapHMKIB Ta fepes i3 22 poauH, i3 AKMX HaYMCENbHIIIMMI € eHTOMOQITbHI
€eH/10300X0pHi npencraBuuku Rosaceae (Crataegus sp., Rosa sp., Malus sylvestris s. 1., Pyrus communis s. 1.). Ixxe popmysanns
3YMOBJIEHO CKOPOYEHHSM IUIOL] Ta iIHTEHCMBHOCTI BUIIACY, KTIMATOT€HHNMI 3MiHaMM, 301/IbIICHHIM ITOMY/IAL IITaxiB-
kapriodaris. IToganpumii po3BUTOK YIPyNOBaHb MPOXOAUTD CTAlil Bifj OKpEMMX JiepeB UM KYILIiB /IO YTBOPEHHA TYCTUX
KOHYCOIIOZiOHMX 3apOCTell, y LeHTpi SIKUX 3HAXORATbCA fepeBHI Bumy. Y Kmacudikanii poCIMHHOCTI Ha KOMiHAHTHIN
OCHOBI 1ii yrpymoBaHHs GaKTIIHO BiACYTHI a0 pO3I/IIAAMICS AK CYKIeCiitHi cTafil y ckmafi iHINX TUIIB pOCIMHHOCTI.
B mpoppomyci pocnmHHOCTI €Bponn BuziineHo 10 KmaciB poCIMHHOCTI 4arapHMKiB, 30KpeMa TakKi, IIJ0 XapaKTepU3yIoTh
camosaiicHenHs Crataego-Prunetea, Lonicero-Rubietea plicati, Franguletea. Xoua y CepepnHiit Asii icHyI0Tb cTiliki ropixoBo-
IUTIOfOBi 7icoBi yrpymoBanHs, a y CepenzeMHOMOpP’i pigKojiccs, OBHAK Y HALIMX MIMPOTaX IEPETiCKU SIBJSIOTH CO60I0
MIPOMIXKHi, TMMYaCOBi CTafii CyKuecii Mix TPaB IHUMH Ta TICOBUMI LIEHO3AMIL.

KirouoBi coBa: Burac, €HI0300X0pist, HTaxn-Kaprnodary, KIiMaT, epeicKy, CUabBaTusalis, cykuecii, Rosaceae

Bcryn 3aIUIaB TOILIO), [0 TPU3BENO [0 301IbIIIEHHS KTac-

Tepusalii, ¢parMeHTanii IPUPOJHNUX EKOCUCTEM,
Y XX cr. BinGymica KapiuHa/bHi SMIHI y 3e€M/e-  gmimy ixupoi crpykrypu (Daryanto et al, 2013;
KOPMCTYBaHHI (MacIITabHe PO3OPIOBAHHS TEPUTO- Ding et al., 2024). Yepes ToTanbHe BUKOPUCTAHHSA

piit, inTeHCHBHa BUpYOKa JTiCiB, 3MiHa TIIPOPEXUMY  TexmigHMX 3ac06iB CKOPOTHTIOCS TIOTOMIIB’SI KOHETA,
BHAC/II/JOK OCYILIEHH: 60T Ta Meiopanii piukoBux KOpiB, a dYepe3 BUPOOHMITBO INTYYHMX TKAHIH
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LI AIAYX

3HUSWINCS TTOTPeOM y LIepCTi — CKOPOTUIOCA II0-
TOMiB’sl oBelb Ta Ki3. [l 3abe3medenHst CilIbCbKO-
FOCHOJAPChKUX TBApMH KOpPMaMy HabyIo po3Maxy
MaciiTabHe Ky/IbTVMBYBAaHHS CHIOCHUX BUJiB POC-
JIVH, a BCE 1|¢ pasOM IIPU3BEIO O CKOPOYEHH: Ta
3HIDKEHHs iHTeHCUBHOCTI (ekcTeHsuikariii) Bu-
KOPVICTaHH: MACOBMUIL i CIHOKOCIB, 110 CIIPUYVHIOE
IPOLIECH 3aPOCTAaHHA YarapHMKaMy Ta caMo3ailic-
HeHHs, IUIola AKX 36impuryerscs (Chandregow-
da et al,, 2018; Idbella et al., 2022; Ding, Eldridge,
2023), a mpu 1;bOMY 3MiHIOIOTBCS IIOKa3HMKM IPyH-
Ty (Jolly et al,, 2015). CamosanmicHeHHA — CKafi-
HMIT, 6araTOBeKTOPHMII IIpoliec, ajle i YKpaiHu
XapaKTepHUMM € [Ba 1uiaxu. Ilepmmii tumosmit,
KOJIM Ha MICIfIX MaclITabHMUX PyOOK Ta JTiCOBYUX HO-
JKEX MPUJIEITINX JIO JIICY TEPUTOPIN BiIHOB/IIOIOTHCS
BigmoBigHi icoBi nmopopu. lle mpuTamMaHHO MiB-
HiuHil micosiit 30Hi Ykpaiuu (Yashcenko, Nadoro-
zhniak, 2003; Korus, 2020; Korus, Yashcenko, 2021;
Aliokhina et al, 2022), Kapmaram (Shpakivska,
Storozhuk, 2013), ane BigbyBaeTbcs i miBAeHHille,
HaBith y Crenosiit soHi (Yukhnovskyi et al., 2013).
Opyrnit — ¢opMyBaHHA HETMIIOBUX IS JICy 3a-
pOCTell YarapHMKiB Ta JIepeB, AKi FOTYIOTb YMOBU
IJIA MOSIBU BifNOBiIHMUX AepeBHUX BUAiB. OgHUM
i3 KJIFOYOBMX ACIIEKTIB PO3BUTKY CaMOCIIHUMX /IiCiB
TaKOTo TUITY € (POpPMYBaHHs IIPOMDKHOI IaHKM 4a-
rapHMKOBO-JIePEBHMX YIpynoBaHb. IIpy npomy mid
BiJHOBJIEHHA JIiCiB, NPOTUAIl €po3il BUKOPUCTO-
ByBajM iHTPOJAYKOBaHi BMIM KYLIiB Ta JIepeB, a
TOMY iHTEHCMBHA a[BEHTM3allisl HOBITHIX iCOBMX
a0 IepeTiCKOBMX yrpyloBaHb HaOyBa€ LIMPOKUX
MaclTabiB, 1Ij0 3aC/TyTOBYE Ha OCOOIMBY yBary.

IIponecu cxopoueHHs 1oLy CiHOXaTeil Ta
[IaCOBUIL, 3aPOCTaHHA NPUPOJHUX 1 HAIiBIPK-
PORHMX TpaB’sIHUX OiOTOMIB, CHOCTEPIra€Tbcsi y
BCbOMY CBITi Bifi IOJIAPHOI 30HM [O TPOIIKIB, a
0COONMMBO Y NMOCYIUIMBYUX i HaNiBIOCYIUIMBYX pe-
rioHaX, YoMy CHpPUAIOTH i I106a/IbHI 3MiHM KITiMaTy
(Khazieva et al., 2022; Tu et al., 2024). Ile xapax-
TepHO i y1st YKpaiHy, 1110 BUKIMKAIO HeOOXiHICTD
YHOPMYBaHHsA CAMOCIIHUX JICIB y CTPYKTYpi 3eM-
nexopucrysanus  (https://zakon.rada.gov.ua/laws/
show/2321-20#Text).

Xouya iHTeHCMBHA €KCIIAHCiA YarapHUKiB Ipos-
BIWJIACA e Ha noyaTtky XX CT., ajie IpegMeTHi Jlo-
CIIIPKEHHA LbOr0o ABMINA posnodanucsa 3 1990-x
poxkiB (Gibbens et al., 2005; Maestre et al., 2009; El-
dridge et al., 2011). CporopHi Bigomi 3aranbHi TeH-
IeHLII X MPOLeCiB, ajle HEJOCTATHbO JOCIKeH1
M€XaHi3MM, X04Ya B LIbOMY HaIIPAMKY Ki/lIbKiCTb Ta

238

IHTeHCUBHICTDb HOCTi)KeHb 3pocia. BcTaHOBIEHO,
0 (aKToOpH, SAKi 3aIIyCKAIOTD Liell IPOoLieC, JOCUTbD
pisHOMaHITHI i HOB’s13aHi MiXK c06010.

YarapHMKOBI yrpynoBaHHs BiflirpaloThb BaXKIN-
BY po/b y opraHisauii Ta QyHKI[iOHyBaHH] eKocyc-
TeM i pO3IIAIAIOThCS AK 3B’A3yI0Ya JIAHKA B TEPU-
TOpiaJIbHOMY pPOSIIOAi/Ii Ta 4acOBOMY PO3BUTKY,
10 3abesmeyye 3MiHy aKyMy/ALil eHepril Bif ego-
ceproro 670Ky B 6ioTnuHuUI (JTiIrHO3HMII), a Bif-
TaK Kap[MHaJIbHy 3MiHy PErylIATOPHUX IIPOLECIB,
KpYyroobiry pe4oBuH, TO6TO MalOTh KJIKYOBE 3HA-
YyeHHS B cTabimisanii ekocucreM, 1[0 3MiHIOOTHCA
BiJl AMHAMIYHOIO 40 CTabilIbHOrO tuny. Buxopdaun
3 TAKOTO IPOMIDKHOIO IPOCTOPOBO-YaCOBOIO IO-
JIO)XEeHHS, YTPYIOBaHb IIbOTO TUITY re0b0TaHiKaMu
TPaKTyBa/MCA AK MOXiJHI, BTOPMHHI, KOPOTKOYAC-
Hi CyKIleciiiHi ITaHKM ab0 fAK JJeKyMOaTUBHi Apycu
IiC/IA 3HMUIEHHA [EepeBOCTaHy, TOMY IPaKTUYHO
3a/JMIIA/INCA 11032 YBAarol MOCMTi/KEeHb, a IXHIN
Knacudikanil IpuainsIaca HeHa/le)XHa yBara.

Mu 3HaxXO[MMOCH NIMIIE HA IOYaTKOBOMY €Talli
BUBYEHHA IUX CTaOKO CTPYKTYpOBAaHMX, [MHa-
MIYHUX €KOCUCTeM, TOMY HOTpibHi pisHOIIIaHO-
Bi i MOHITOPMHIOBI NOCIi/>KEHHA i3 3a/Ty4eHHAM
pisHux cmenianicris. IIpo6nema camosanicHeH-
HA B YKpaiHi € aKTyaJlbHOIO i IMCKYTY€ETbCA AK
Y HayKOBMX, TaK i NPaKTMYHUX KO/NAX, 30KpeMa
41MMaJjI0 IpO6IeM CTOCYETbCA €KOJIOro-reobora-
HIYHMX acCIeKTiB.

Ornap nitepatypn

ITnomi pigKOMiCHUX YarapHUKOBO-IEPEBHUX YIPY-
HOBaHb BeNlu4YesHi, aje 4epes crenyudiky ixHbOI
CTPYKTYpM Ta MO3AaI4HOIO PpO3IOJIYy HaBiTh 3
BUKOPUCTaHHAM CYIyTHUKOBUX 3HIMKIB Iiifipa-
xyBatu 1iomy Hemoxmso (Eldridge, Soliveres,
2014). IxHs mopivHa MIoma posUIMPIOETHCA i 3a-
JIMae Bij, opHi€el mecaTol g0 OfHi€el I'STOl YacTUHU
ceitoBux macosuy (Idbella et al., 2022) a6o monap
500 mnH. ra nykiB (Ding et al., 2024). JocmimkeHHs
IMX YTPYIIOBaHb NPOBOJAATHCA Y PiISHUX peTiOHAX,
3okpema y IliBuiuniit Amepuni (Pacala et al., 2001;
Knapp et al., 2008), Ascrpanii (Noble, 1997), Ilis-
menniit Appuni (Trollope et al., 1989), Cepensem-
Homopi (Ramirez, Diaz, 2008; Idbella et al., 2022;
Gomez-Garcia et al., 2023; Henkin, 2023;), a Takox
y moMipHiit 30Hi €Bpasii, 30kpeMa y BUCOKOIip’i
(Zhang et al., 2020; Cannone et al., 2022; Wang
et al., 2025). Xoya BIUIMB pO3IIMpPEHHS YarapHU-
KiB Ha eKosoriuni mpouecu Ta (yHKIIIOHYBaHHSA
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€ mpepgMeToM 3pocraroyoro inrepecy (Liu et al,
2023), 6impLIiCTD FOCTIIKEHb 30CePemKyBaINCs
Ha okpemux ¢yukuisx (Idbella et al., 2022), a go
KOMIIJIEKCHOTO y3arajbHEHHs 1je He JifIIn.

ExcmaHcia JilepeBHMX Ta 4arapHMKOBMX BHJIiB
BiOyBaThCs y pisHUX PopMax: 30i/mbllIeHHs -
Ce/BbHOCTI, TYCTOTH (IiNBHOCTI), TOBUIVHA Ta BHU-
COTM CTOBOYpiB, NapTUKYISIPHOTO PO3IIVPEHHS
KJIOHIB, 30KpeMa i BCelleHHS aJiBEHTUBHUX BUJIB
(Kerley et al., 1995; Booth et al., 1996; Archer et al,,
2001, Ayres et al., 2001; Meik et al., 2002; Eldridge
etal., 2003, 2011).

Bueni BigmivaloTh SK HO3UTUBHI, TaK i Hera-
TUBHI acIleKTy 11boro ABuiia. [lo3UTUBHNM € mpn-
ponHe BifTBOpeHHA niciB. HerarmBHuM — ckopo-
YeHHs IUIOL] TPaB’sIHOTO INOKPMBY SIK KOPMOBOI
6a3y TBapMHHUIITBA, 30ifHEeHH 6iOpi3sHOMAHITTS,
3MEHIIeHHS IPOAYKTMBHOTO IIOTEHIialy IPYHTY
BHAC/TiIOK 3HIDKeHHs ryMigikanii ta iHTeHcndika-
nii omig3oneHHs, 36iTHEHHA I'PYHTY KapOOHOBYMMU
Ta a30THMMU CHONYKaMy, OOMIHHUM KajIbLIiEM Ta
poctynHuM $pocdopoM, 3poCTaHHAM MOOINBHOCTI
HNOXXVMBHMX PedoBUH Ta ix Burparomo (Schlesinger,
Pilmanis, 1998; Reynolds et al., 2007; Eldridge et
al., 2011; Archer, Predick, 2014; Pierce et al., 2019;
Ding, Eldridge, 2023). esiki JOCTiZHUKN TPaKTy-
I0Tb IIi IIpOLleCK HaBiTh K "OnycTenroBaHHS" (Ar-
cher, Predick, 2014).

PosmupenHa 4YarapHUuKiB CIHpUYMHAE 3HaA4YHI
sminu B ekocucremi (Cannone et al., 2022) 3 mo-
3UTUBHVM Ta HETaTVBHVM BIUIMBOM Ha HaI3eMHY
pocmmuHicTb (Drees et al., 2023) Ta nigzeMHy rpyH-
ToBy cknanoBy (Yannarell et al., 2014; Ding et al.,
2024). OpHak 3a/MMIIaeTbCcs AUCKYCITHUM HUTaH-
Hs, 4) TIOKpallye PO3IIMpPEHHS YarapHMKIB CTaH
3€MeJIb, Ui IPYHTU JerpaayioTh. [edaki qocmimKen-
HA TOKa3aIy, IO POSIIMPEHHs YarapHMKIiB Clif
postszatn sk mpouec perpajanii (Khazieva et
al,, 2022; Root-Bernstein, Hoag, 2022) yepes jtoro
3arajloM HeTaTMBHUII BIUIMB Ha 6iopisHOMaHITTS
(Song, Wang, 2022; Gomez-Garcia et al., 2023), Bu-
poouuurso tBapuuHunTea (Eldridge, Ding, 2020;
Root-Bernstein, Hoag, 2022), exonoMiky (Drees et
al., 2023) ta ¢pyHxuii ekocucreM. Inmmi gocmimKen-
HA CBif4aThb, 10 YarapHMKM He MAlOTb HeraTuB-
HOTO BIUIMBY Ha fKicTb IpyHTY (Ambrosino et al.,
2022), a HaBIAaKy — HAKONMYYIOTb IIEPBYHHY IIPO-
LYKIlio, 6aKTepianbHe Pi3HOMAHITTs, HOKPALIYIOTh
Kpyrooo6ir moxusHux pedosuH Ta Bogu (Chandre-
gowda et al., 2018). OueBuaHO, TaKa OLiHKA € Bif-
HOCHOIO i 3a/IeKUTD Bijl 06’€KTiB MOPiBHAHHA.

Jlocnmii>keHHsA eKCIIaHCil YarapHuKiB BemyTbcs
B pi3HUX HaIPSIMKaxX, OCHOBHMMMU 3 SIKMX € BIIINB
30BHILIHIX YMHHMKIB (KIiMaT, IPYHTH, PONIb HO-
XKeX Ta TBAapMHHOIO CBiTY), MeXaHi3MiB Qopmy-
BaHHS CTPYKTYpMU LIeHO3iB, ix opraHisanil (BifHOB-
JIeHHA TC/IA MOXKEX Ta MOPYLIeHHA CTPYKTYPHU K
MiCOBUX, TaK i TpaB’sSIHUX 1[€HO3iB, CTPYKTYpU IO-
IYJIALN), OLiHKY (IOPUCTUYHOTO CKJIafy, KOHKY-
PeHTHMX IlepeBar Ta MyTya/liCTUYHUX BifHOIIEHD,
KOE€BOJIIOLil, KOHCOPTMBHUX 3B A3KiB 3 TBAPUHHIM
CBITOM, a TaAKOXX IMMUTAHHA 1X K}Iacmbi}(auﬁ (Mucina
etal,, 2016), smina BmactuBocreit rpyHTy (Schlesin-
ger et al., 1990, 1996; Ludwig et al., 2001), 30kpe-
Ma 1pyHTOBOI Mikpob6iotn (Chandregowda, 2018;
Idbella et al., 2022; Ding, Eldrige, 2023; Liu et al.,
2023). 3HayHa yBara IpUJiIAETbCA OLIHIi BIUIUBY
TBapMHHOTO CBIiTY, 30KpeMa pojIi nTaxis-kaproda-
IiB, AKi XKUBJIATHCA IVIOAAMM 1 HACiHHAM [epeB Ta
qyarapuukis (Herrera, 1984).

ITopap i3 3sMiHaMM 3eMIEKOPUCTYBAaHHS, CKO-
POUYEHHSAM IUIONI CiHOXKaTell Ta MacOBUIL, BIIIN-
By NOXEX B OCTaHHI JeCATUNITTA BelIMKa yBara
npupingerbcsa BIMBY Kiaimary. Kiimar sk Ges-
IIOCepeIHbO, TAK i OIOCEPeJKOBAaHO BIUIMBAE HA
dbopmyBanHs nepeBHUX ¢ditoreHosiB (Peters et al.,
2004; Archer, 2010; Parmesan et al., 2022). ITigBu-
wenHs piBHA CO, Ta a30THUX CMIONMYK y aTMoc(e-
pi (Smith, Johnson, 2004; Knapp, 2008; McKinley,
Blair, 2008) He TinbKM CIIpusi€e eKCIAHCIl YarapHu-
KiB, a J1 BIUIMBA€ Ha IX KOHKYPEHTHIII IIOTEHIiall,
60 IepeBHA POCIMHHICTD, SIKa XapaKTePU3YETbCS
dorocunreTnynnm metabonismom tumy C, B mpo-
neci nonacuyenna CO, Mae nepesary Hajj TpaB -
HOI0 3 TUIIOM (POTOCHMHTETUYHOrO MeTabomi3My
C, (Polley et al., 1994; Reich et al., 2001; Poorter,
Navas, 2003; Wu et al., 2021; Li et al., 2023). 3okpe-
Mma bonp i Mipxii (Bond, Midgley, 2000) nmpumyc-
KaloTh, 110 BifIMIHHOCTI B CTpATErifAX PO3IOMiTy
BYIJIEL[I0 M IEpPEeBHMMU i TpaBsSHUMU POCIU-
HaMU Ha JIO[JaTOK /10 pi3HMI (POTOCMHTETUYHOTO
MeTabo/Mi3My CHPUAIOTH IPOHUKHEHHIO JePeBHIX
POCIUH Y TpaB’siHi eHo31. OYiKYEThC, 1[0 BIUIUB
CO, crane Bce 6inbII BaXX/TMBOIO PYUIiiHOK CH-
JIOI0 3MiH IPOTATOM HacTyIHUX fecAtmnith (Ciais
et al., 2013; Settele et al., 2014).

Bimomo, 1o Bif KIiMaTy 3a/IeXKUTh TPUBAJIICTDb
¢denomoriunux ¢as, a BigTak i nepiox gospiBaHH:A
II0/iB. 30KpeMa, Yac JIOCTUTaHHS IJIOMIB 30i/1b-
myerbcs Bif apktumynoi 3omm (0,6-1,3 micauis)
fo Tpomikis (3,8-4,5), a B HaMIMX MINPOTAX TPU-
Ba€ 2,2-3,5 micanis (Herrera, 1984), mo Bramsae
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LI AIAYX

Ta6muus 1. Ilonironn gJocuifpKeHsb Ta ix maHgmadTHO-perioHaTbHe MicIie3HAXOM KEHH S
Table 1. Study plots and their landscape and regional locations

Neo Micle3sHaxomKeHHA Micue B penbedi [ipHidHa Cxippa );[aTa
mypora MOBroTa | MOCTiPKEHHSs
JlicoBa 30Ha
1 KwuiBcobka 0011, [Tneckara finAHKa, yrpynoBaHHsa 50.87102 29.72299 15.07.2025
BumropopcbKuit p-H, Galietalia veri 3 TOMiHYBaHHAM
c. Kepesa Calamagrostis epigejos (L.) Roth
2 Kuiscpka 0671., Bumroponcokuit - Prrosiornanianbhi mimani Bigkmagy, 50.98236 29.93841 18.07.2025

p-H, Ha miBHiu Big M. IBaHKiB ~ YIPYNOBaHH: 3 MOMiHYBaHHAM
Calamagrostis epigejos
3 KuiBcbka 0671, Buiropopcexkmit - OmoBiornsAnianphi mimani sigkmagu, 50.97076 2992111 18.07.2025
P-H, Ha [iBHiY Bixg M. IBaHKiB ~ YIPYIIOBaHHA 3 JOMiHYBaHHAM
Carex hirta L., Poa angustifolia L.

4 Kwuicpka 0611., Byancokuit 3HIDKeHa JiIAHKA TYIHOTO TUITY 50.7306 29.38512 21.08.2013
p-H, c. XyTip lai
5 KwniBcbka 061., Bygancokuit [ligBumena minsHka HagsarraBHOi  50.7298 29.8553 21.08.2013
p-H, c. XyTip lait Tepacu
6 JKurtomupcoka o0, Ha napsamnaBHiit Tepaci p. Cryd 50.31721 27.72541 16.06.2014
3BATeNbCbKUIL P-H
7 YKuromupcoka o611, PiBHUHHA [Ii/ITHKA TUTIOBOTO 51.0934 28.1716 16.08.2013
KopocTteHncpknii p-H, penbedy
c. Ilytunosnyi sa Benmuknmn
Koposuuamn
8 BommHcbka 0671, JIyubknii p-H, IDieckara minsnka, penbed 3rerka 50.7795 25.5894 10.07.2022
c. [Tanpye XBUIACTUI
9 PiBHeHcbKa 0071, PiBHeHchkmit Ilneckara fiinsHka, penped 3nerka  50.79113 26.12175 15.08.2025
p-H, c. Cycbk XBUIACTUN
10 PiBHeHcbKa 0611., PiBHeHCchKkMit HeBucoka HajsannaBHa Tepaca 50.68291 26.20290 02.08.2024
P-H, c. 303iB, 3aKa3HNUK p. Ycra
"BumxeBa ropa”
11 PiBuencbka o651. PiBHencokuit  IliBHiuHMIT cxun niBoro kopinnoro — 50.68080 26.19088 29.05.2022
p-H, ¢. Toponok 6epera p. Ycrs
12 JIbBiBCcbKa 001, JIbBiBChKMIT  3abonmodeHa myka p. 3ax. Byr 50.05483 24.4215 09.06.2024
p-H, ¢. Buxonni
13 JIbBiBCBKA OOTL., JIyxu 6aceitHy BepXHbOI Tedil 49.25693 23.58891 07.07.2021
Iporo6buipbkumit p-H, p. Juictep

c. JobporocTis
14 PiBHeHcbKa 0071, PiBHeHchkuit JlecoBe migBumienus (182 M H.p.Mm)  50.67723-599 26.19824- 16.07.2020

p-H, c. [oponoxk, yp. "OcTpiB" Y pyKaBi 3ammaBu p. YcTa 713

15 PiBHeHCbKa 001, PiBHenchkuit JlecoBe migBuiieHHs (182 M Hp.M )  50.67647 26.19764 12.08.2024
p-H, c. Toponok, yp. "OcTpiB" Y pyKasi samnasu p. Ycra

16 JIbBiBCbKa 0071, 3omouiBchbkuit  [liBmennuit cxum macma [lominbebkoi 49.79591 24.71367 07.06.2024
p-H, c. Crinka BUCOYMHI.

17 TepHominbcbka 067, okomuui  IliBgenno-saxigamit cxm (10°) 50.08241 25.70854 07.06.2022
M. Kpemenerp Kpemenerbkoro macma

18 Tepuominbcpka 0671, ITnakopHa minsHKa Gepera 48.41294 25.38372 11.07.2015

YoprkiBebKuii p-H, ¢. 3enenuit  p. duictep (261 M H.p.M)
Tait, 3akasHuk "O6ibkoBa"
19 IBano-®pankiscbka 0011, beper p. Inictep 48.89229 25.12351 04.08.2016
IBano-®pankiBcbKMil p-H, MIX
cemamu Kytume ta Ipabuaanka
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DopMyBaHHSA CTPYKTYPU CAMOCIIIHUX JIiciB B YKpaiHi

Ta6muus 1 (IpomoBXKeHHs)
Table 1 (continuation)

Ne Micne3HaxomKeHHs Micre B penbedi [isriuna Cxinna I_[aTa
HIMPOTA MOBrOTa | MOCTIKEHHS
20 TepHominbcbka 00, Cxu crenioBoi 6anku (304 M H.p.M.) 49.4346 25.04777 04.08.2016

TepHominbcbknit p-H,
c. KomapiBka

21 IBano-®paHKiBCbKa 00IL., Hexpyri niBfenHi cxmmu 6amku 48.88248 25.04327 11.07.2015
M. Tnymay, c. [Tonenis

22 IBano-PpaHKiBCbKa 06T, [Ineckara BepimnHa ropu 48.73688 25.1721 12.07.2015
IBanO-®paHKiBCHKMIT p-H, (254 M H.p.M.)
c. Tepacumis->Kabokpyxku,
r. JInca

23 IBano-®paHKiBcbKa 007, ITneckara BepimyHa ropu Ta ii cxumm  48.74601 25.18339 08.08.2023

IBanO-DpaHKiBCHKMIT p-H,
c. Tepacumis->Kabokpyxku,

r. JInca

24 IBano-®paHkiBcbKa 001, [BaHo- 3axigHuit cxwn (5°) 6anku 49.25991 24.74312 02.07.2019
®pankiBebKuit p-H, ¢. ogima (298 M H.p.M.)

25 IBaHO-®paHKiBcbKa 00/, [BaHo- IliBHiUHMIT XM 6amKy 48.76403 25.14657 11.07.2010

OpaHKiBCbKIII p-H, €. XOTHMUp,
yp. fopomme — 3enene

26 IBano-®paHKiBcbKa 067, Cepepns yacTyHa nojororo cxuny — 48.60215 25.22088 25.05.2016
Konmommiicekuit p-H, 6anxn
c-uge IBi3pmernp

27 IBano-®paHKiBCchKa 06T, Bepxnsa yacTuHa MOIOTOro CXUIy 48.60216 25.22086 25.05.2016
Komomwuiicbkuii p-H, c-11je 6anKu
IBi3gerp

28 IBano-PpaHKiBCcbKa 00T, ITiBgennHo-cxigamit cxun (30°) 6anku 48.80218 25.37331 08.08.2023

Komnomwuiicbknit p-H,
c¢. BinbxiBii

29 IBano-®paHKiBCbKa OOIL, Cxnnu pisHoi eKcrio3nIiii 6ankn 48.42158 25.14027 27.05.2016
Konommiicpkui p-H, (280 M H.p.M.)
c. Hoprosenn

30 XwmempHMIBKA OO, Cxunu p. Tricrep 48.6133 26.77602 16.06.2015
Kam’sinenp-TlopminbepKuii p-H,
c. Cokin

31 XwmempHMIBKA OO, Cxunu p. [IricTep 48.6053 26.8392 16.06.2015
Kam’sinenp-TlominbepKuii p-H,
c. Cyb6iu

32 XwmenbHUIbKA 007L., Cxumu p. [JuicTep 48.57551 26.6414 05.06.2021
Kam’sinenp-TlopminbepKuii p-H,
c. Ycra

33 XwmenbHUIbKA 007L., Crenouii cxu (o 20°) 6anku 48.62503 26.62273 05.06.2021
Kam’sinenp-Tlopinbcpkuit p-H,
c. ITaniBii

34 YepuiBenpbKa 0071, OK. Cxuin Ty4HO-CTeNoBOol 48.2210 26.004 04.06.2022
YepHiBLis, c. Monopia POCIMHHOCTI

35 TepHominbcbka 067, Cxu 6anku 48.62569 26.22491 16.06.2015

YopTkiBcbKmit p-H, ¢. Kynpunni
JlicocrenoBa 30Ha

36 3akapmaTcbKa O0IL, IMonori cxumn (152 M H.p.M.) 48.32503 22.92964 24.06.2016
beperiBcbknit p-H, c. [lyHKoBuIIi
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LI AIAYX

Ta6nuus 1 (IpomoBXKeHHs)
Table 1 (continuation)

Ne MicnesHaxomKeHHs Micrie B penbedi Hisniuna Cxinna IﬁaTa
IMPOTA NOBTOTa | MOCTiKEHHS

37 3akapmarchKa 0011, OHOKiBCBbKa TOpa, BepuInHa 48.23830 23.02934 19.06.2023
BeperiBcbkuit p-H, c. OHOK (166 M H.p.M.)

38 JKmromupcrka 061 Bepam- HapzannaBna Tepaca 49.80404 29.40113. 09.06.2025
4iBCHKMIL p-H, ¢. TpybiiBka

39 JKnromupcoka o611. [TiBpenno-3axigamit cxmm necoBux  49.69472 28.99485 10.06.2025
BepanuiBcpKuii p-H, Bigkmamis (20°)
c. benmuniBka,

40 Kwuiscbka 0671, ITiBgenHo-3axigHuMIt cxmi 6epera 49.332946 30.10281 06.07.2025
binouepkiBcobkuii p-H, p- Tt Tikua (20°)
c. IOpkiBka

41 Kwuiscbka 0611, [iBgennmit cxun 6anku (20°) 49.35537 30.11003 06.07.2025
binouepkiscpkuii p-H,
c. CHiKKM

42 XwmenpHnipKa o6, 3ammaBHa nyka p. Cryd 49.77775 27.53711 14.06.2025
XMibHUIIBKUIL P-H, MDK
c. JleBkiBka Ta Kannuiska

43 XwmenpHUIbKA OO, Hexpyri saxifgni cxumn 6amxn 49. 37343 26.77825 14.06. 2025
XMenbHULbKUI p-H,
c. Kynpunni

44 Binuunpka o6, ITiBHIYHO-CXimHI cXymm 6ankmu 49.70801 26.79373 11.06.2025
XMiTbHUIBKUI P-H, (10-15°)
¢. MoHunHIIi

45 BinHnubka o6, Binuuupkuit  HeBucoki miBHiuHI cxmmy 6ankm 49.46741 27.99185 12.06.2025
p-H, c. Jlicue (15°)

46 BinHuIbKa OO, ITneckara ginAnKa ysmiccs 49.5603 28.3169 24.06.2015
XMinbHULIbKMIL p-H, ¢. [InkiB

47 BinHnubKa o651, [aitcurcokuit  [liBHIYHO-cXimumuit cxmn 6anku (15°) 48.24461 29.30141 29.05.2013
p-H, c-11e YeuenbHuk

48 BinHuIbKa 061, Ha Buxopax rpaniris p. IliBgennnit ~ 48.86687 29.08575 27.06.2010
Tasicuucpkuii p-H, byr
c. Paiiropop,

49 Yepkacpka o611, Yepkacbkuit ~ HekpyTi cxumm 6amxn 49.23302 31.98679 30.06.2010
p-H, c. CyHKHI

50 Cymcobka 06i., Cymcbknmii p-1, HexpyTi cxumu cuctemn 6amox 50.75990 35.12188 05.07.2016
¢. Bemkuit Bo6pux, yp. "O6pas”

CremnoBa 30Ha

51 KipoBorpazcbka 0671. [TnakopHa minsAHKa Ta IpuIerii 48.1953 30.8525 11.05.2021
c. CuHIOXa, 3aKa3HUK cxumu 6epera piku
"Yopumit Tammnk"

52 Opecpbka 06m., [Toginbchkuit ITiBHiyHO-3aximHmit cxm (25°), 47.67982 29.79656 07.06.2020
p-H, c. Tpurpagu 124 M H.p.M.

53 MuxkonaiBcbKa 0671, Cxun 6epera p. MepTBOBOf, 47.71432 31.42451 11.05.2021
BosneceHcpKnit p-H, c. AKTOBO

54 MuxkosaiBcbka 001, Cxunu 6epera p. MepTBOBOJ 47.70405 31.3795 11.05.2021
BosneceHcpknit p-H, c. AKTOBO

55 MuxkonaiBcpKa 0671, Cxwu 6epera p. Mamuit Tanuink 48.14801 30.77047 11.05.2021
IlepBomaiicpkuii p-H,
c. Cunroxin bpig
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DopMyBaHHSA CTPYKTYPU CAMOCIIIHUX JIiciB B YKpaiHi

Ta6muus 1 (IpoRoBXKeHHs)
Table 1 (continuation)

Ne Micle3HaxomKeHH s Micre B penbedi Hipridma Cxinna I_[aTa
HIMPOTA IOBrOTa | MOCTiKEHHS

56 MukomnaiBcbka 0071., beper p. IIxn. byr, miBgenamit cxun 47.70809 31.21730 02.07. 2025
BosHeceHcbKui1 p-H, (15°)
c. OnexcanppiBka

57 Mukonaiscbka 001, beper p. I1xn. Byr, saxigamit cxun 47.71321 31.01449 02.07.2025
BosneceHcbkuii p-H, ¢. Byspke  (10°)
— c. OnexcanppiBka

58 MuxkonaiBcbka 001, beper p. IIn. byr, nnakopHa minsanka, 47.80849 31.18229 03.07.2025
Bosuecencokuit p-H, IliBgenni  saxiguuit cxu (3°)
OKOJTNIIi
M. [liBgeHHOYKpaiHChK

59 MukomnaiBcpKa o671, [Tpaswuit 6eper p. bakmana, Buxogu  47.72643 31.16945 04.07. 2025
BosHeceHcbkuit p-H, ¢. [Ilynpke BamHAKIB, miBHiYHMI cx (15°)

60 MunkonaiBcpka 067, ITpaswuit 6eper p. I1x. Byr, miBgenno- 47.74706 31.18255 05.07. 2025
BosHeceHCbKMit p-H, cxigumit cxu (15°)
c. Bunorpapgunit cag

61 MunkonaiBcpKa 067, IIpasuii 6eper p. I1x. Byr, 47.81281 31.17240 05.07.2025
Bosnecencpkuii p-H, IIPUIIZIAKOPHA JIiIAHKA MiBJE€HHO-
c. borganiBka 3axigHoro cxuny (10°)

62 Opecbka 0611., Bintropon- CaMo3asiCHeHHS, MBAeHHO-cXigumit 46.29602 29.96873 16.05.2025
JJHicTpOBCBHKUIL p-H, cxmt (10°)
c. ITerpiBka

63 Jlyrancbka o0JL, [TnakopHi cTenosi ginaHKN 8.38521 39.00219 04.06.2013
Jlyrancpxuii p-H, c. Innipis (133 MmH.p. M.)

64 Jlyrancbka o6, ITiBHiyHmit cxmn 6ankn (91 M H.p.M.) 48.38377 39.87196 07.06.2013
JoB>aHChKMIL P-H,
c. Bemuxuit Cyxogmin

Kpumcbknii niBocTpis

65 AP Kpum, CeBacrononbcbka  HexpyTi crenosi cxumm 44.47506 33.67410 12.05.2013
MicpKpaga, c. PesepBHe (267 M H.p.M.)

66 AP Kpum, ®eopociiicbkuit ITonore guume 6anKu 44.93005 35.21776 03.052013
p-H, c-ue [Ile6eToBKa,
Kapapaspkumit mpupopnmi
3aIMOBiTHUK

Ha pecypcu XxapuyyBaHHsA TBapuH. OCHOBHUMMU
areHTaMI pO3IOBCIOKEHHS HACIHHA Ta IUIOAIB €
NTaxy, AKi MAIOTb Oibllle 3HAaYeHHS, HiXK CCaBII.
YV Cepenniit €Bpomni HapaxoByeTbcs 6inst 60 BufiB
nraxiB-kaprodaris, AKi Xap4y0ThCs IIOJaMHI pis-
HUX BUJIB, CIIPUAIOTH HE JIMIIE IXHbOMY IIOIINPEH-
HIO, @ 1 IIBU/IKOCTI IIPOPOCTAHHS Ta IOJA/IbLIOTO
BIDKMBaHHA. Taknit 3B'A30K Mae ImboKi icropuy-
Hi KOpE€Hi i TPaKTYE€TbCA AK IPOAB KOEBOJIOLII
(Herrera, 1984; Howe, 1986; Levey, 1987; Gosper et
al., 2005).

Knimar BIIMBae Ha pi3Hi IpyHTOBi mpolecn Ta
BJIACTMBOCTI IPYHTIB, 30KpeMa CIiBBiJHOLIEHHA
Ta JJOCTYIHICTD JIISl 3aCBOEHHA POC/IMHAMU BOJN,
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MOXMBHUX PEYOBUH, Y TOMY YMC/Ii a30THUX CIO-
yK. I1mo6anpHe MOTEIUIIHHA TOCUINIO TE€HIEHIII
3HIDKEHHS PIBHA IPYHTOBMX BOJ 1 30i/lblIeHHS
IIOBEPXHEBOTO BUIIAPOBYBAaHHA Ta TPaHCIipalil
POCINH, TUM CaMJM 3HVDKYI0UM KOHKYPEHTOCIIPO-
MO>KHICTb TpaB’IHUX POC/INH 3 IPIOHNM KOPIiHHAM,
B TOI1 Yac SIK YarapHUKY 3 106pe PO3BMHEHOIO KO-
PEHEBOI0 CHUCTEMOI0O OTPUMYIOTb KOHKYPEHTHY
nepesary (Maestre et al., 2009; Malfasi, Cannone,
2020; Tu et al.,, 2024). Kymuyi neperkomkaoTb I0-
TPAaIUIAHHIO ONAJiB /10 IOBEPXHi I'PYHTY, IifBU-
IyI0Th e(eKTUBHICTh BUKOPMCTAHHA BOAY Ta
CHpUAIOTh MiHepaisdamil asoTHUX CIIONYK, IO
NIPU3BOJAUTD [O iXHbOI IlepeBaru B KOHKYpeHIil

243



LI AIAYX

Puc. 1. I“eorpa(bilml/u?[ PpO3IOJiI MOMITOHIB JOCTIIKEHHA (HyMepaui}o IOUB. Y Tabm. 1)

Fig. 1. Geographic distribution of research sites (numbers as in Table 1)

3 tpaBamu (Ludwig et al., 2001). Cnig BigmiTnTi
i smMiHy QYHKLi IHIIMX IPYHTOBUX IPOLECiB, 30-
KpeMa BIUIMB 4epes ajejonarito. Ponb HiTporeHis
y LJUX IIpollecax, K i [7To6aJpHMX Ipoliecax BTpa-
™ 6i0piSHOMaHiTTH, € JTOCUTh BaK/IMBOIO 1 ITiC/s
3MiHM 3€M/IEKOPUCTYBAHHA Ta 3MiHM K/IIMaTy BBa-
YKAEThCS TPeTiM 1o 3HaunMocTi pakropom (Sala et
al., 2000; Li et al., 2008), sikuit BIMBa€e Ha picT i
PO3IOMIN POCIMH Yepe3 JOCTYIHICTh MOXMBHUX
peuoBuH (N) ta pH rpynry (Dale et al., 2001; The-
urillat, Guisan, 2001; Pértel, 2002; Wamelink et al.,
2005, 2020), 30kpeMa eKCIIAHCiI0 JilepeBHUX IOPix
i CKOpOYeHH: IJIOL TPaB sIHUX eKOCKCTeM. Y TOM
Jac AK 30iMbIIeHHsA HaCMYEeHHS IPYHTIB a30THIMU
CIIOTlyKaMM CIIOYAaTKy OY/I0 3aJJOKYMEHTOBAHO IS
€ppomnn Ta IliBHiuHOI AMepukn, 3apas 1ie TaKoX
PO3ITIANAETLCA AK Cepiio3Ha MpobemMa I MeBHUX
perioniB Asii Ta MeHmIOKW Mipor 1A JlaTMHCBKOI
AMepuKy, i O4iKy€eTbCs, 110 BOHA 3aIMIIUTHCA Ta-
Kolo i B MaitbyTHpOMY (Gilliam, 2006).
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Hamn (Didukh, 2008) 6yno BucBiTineHO ponb
a30TYy AK MeXaHi3My eHepreTuYHOI iHaKTMUBallil, 3a-
CBOEHH:A €Hepril Ta KOHKYpeHIil 3a ii OTpUMMaHHA.
Lleit MexaHi3M Y cOCO6i IIepeBefieHHs HeOCTYII-
HIIX JIIA 3aCBOEHHA POCTMHAMU GOPM y TOCTYIIHI,
[0 30i/1bIIye eHepreTMYHMII IMOTEHIan eKOCKC-
TeMu. Hapmioxk BiZIbHOI eHeprii cpuse nepeso-
Iy ii i3 IpyHTY i HaKomM4eHH] y >KuBiii 6iomaci, e
Iepesara JIepeBHUX IOpij HesalepedHa. Y IIbOMy
BilHOIIEHHS BaX/MBUM € ekcreH3npikanis C po
N) (Archer et al, 1995), Buan, npucrocoBai 1o
YMOB 3 HIDKYMM BMicTOM N, 6YAyTh BUTICHEH] BU-
HaMy, COpUATIMBIIIMMU 10 6i1bLIOI JOCTYIIHOCTI
N (Wilson, Tilman, 1991; Berendse, 1998; Payne et
al., 2013), mo CIPUYMHIOE €KCIIAHCII0 YaTapHUKIB.

YarapHMKOBi II€HO3M 3HIDKYIOTh TEMIIEPATYPY,
TpaHCHipalio, MATPUMYIOTb 6a/IaHC TiAPOPEXUMY
LIJIAXOM IIEpEPO3IIOZiTY BOJIOIY y OFHMUX BUIIA/IKaX
BUCYIIYI0YM, @ B IHIIMX — 3BOJIOXKYIOUM I'PYHT, 1O
CIpusA€ MiIBULIEHHIO BMICTY CIONYK PO3YMHHOTO
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Puc. 2. KinbkicHnit posnopin 0oCHOBHMX BUIIB JlepeB Ta YarapHMKIB y IepeicKax pisHMX 30H YKpainu

Fig. 2. Quantitative distribution of tree and shrub species in renewal groves in different physiographic zones of Ukraine

asory, To6TO HiTpuikalio a TaKoX amoMiHipika-
LIif0 IPYHTIB, a BiITAK CHIPUYNHIOIOTH BUCHAXKE€HHA
3amacip rymycy mo 15%. Iligpuiennsa piBHA mo-
JKMBHMX PE€YOBMH Y I'PYHTI IIifi KpOHAMI YarapHu-
KiB ITOPiBHAHO 3 MDKYarapHUMKOBMMU JilAHKaMMU,
KOJIM XiMiuHi crionyku rymiikyioTbcsi, posIisiga-
10Tb 5K edekT "pomrouoro octposa’ (Reynolds et
al., 1999; Okin et al., 2004; Zhou et al., 2018), axwuit,
HOCTYIIOBO HAPOCTAI0UM, (POPMYE JTiCOBUIL LIEHO3.
OcraHHIM YacoM 3HauMMIiCTb YaTrapHMKIB OLi-
HIOIOTh Y€pe3 eKOCUCTEeMHI IIOCHYyIM, IO Bifo-
OpaxaloTh iX MO3UTUBHUII eeKT 3aBAAKU 3B’s-
3yBaHHIO KapOOHY Ta HITpPOreHy, 30epeXXKeHHIO
cienudivHoro  6iopisHOMaHiTTA, cTabimisariio
Ti[popexuMy, 36aradyeHHI0 IPYHTY IOKUBHMMIU
pedoBuHaMu Ta itoro pomtodocti (Eldridge, Soli-
veres, 2014; Bardgett et al., 2021). Ane npu pomy
CKOpPOYYIOTbCA IACOBUIA PECYpCH MAcOBUII, WO
3aitMaroTh 54% mromi cywi (Barber-Cross et al.,
2022) Ta 69% mIomi CiIbCbKOTOCIIOAAPChKIUX YTifib
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(Song, Wang, 2022). Bonu 3abesmedyioTb IOHAf
1000 mnpp. (TpuibiioH) [ONMApiB €KOCHCTEMHUX
nocnyr s 36% csitoBoro HacenenHs (Liao et al.,
2018). IIpornosyerncs, mo ro6anbHa IUIONIA II0-
IIMPEHHs YarapHMUKiB 30iMbIINTbCSA B HailOIVK-
4i poxu (Chandregowda et al., 2018; Idbella et al.,
2022; Ding, Eldridge, 2023). OuikyeTbcs, 1[0 BOHI
CTaHyTb BCe OiNbLI BOXIMBUMM B aCHEKTi 3MiH
POCIMHHOTO NOKPUBY MPOTATOM HACTYIHUX JleCs-
itk (Ciais et al., 2013; Settele et al., 2014).

bionoriyni 0cHOBM MIMPOKOI afanTanii 10 yMoB
3MiHM 30BHIIIHBOTO CepeflOBUINA IOSCHIOETbCS
TUM, 110 TpeJcTaBHUKM Rosdaceae TpencTaBieHi
HEOBMIaMH, TiOpUIHUMM pacaMu, IO eBOJIIOLiO-
HYIOTb He JMIle Y CUCTeMAaTHYHOMY BiflHOLIEHH], a
/I pO3LIMPIOIOTD A[JAllTAllifIHMIA ITOTEHIiajl, MAalOTh
HenoHacuveHi apeanu (Weber, 1981).

IHBasuBHI BUIV MOXYTb CYTTEBO 3MiHUTU HUSKY
Ha3eMHMUX Ta MifI3eMHNX eKOCUCTEMHUX IIPOlLIeciB,
BK/IIOYAIOYM Ti, O BIIMBAIOTh Ha CEKBeCTpallilo
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Tab6muus 2. KinbKicHMIT po3SIORII TPAaIUIAHHS BUAIB 32 30HAMU Ta IXHi XapaKTepUCTUKI
Table 2. Quantitative distribution of species occurrences across zones and their characteristics

Cnoci6 ITo Yxpaini — 66 momironis JlicoBa 30Ha (IIecKari moBepxHi) — 12
Takcon po3mnoB-
CIOIKEeHH A
t[t%] m | R [ R% [Kn|t[t% | m [ R | R% | Kn

Rosa L. sp. E 54 81,82 24,17 1977,37 100 I 2 1538 6,08 93,58 2,71 v
Pyrus pyraster (L.) E 63 95,45 20,21 192949 97,60 I 13 100 34,52 3451,54 100 I
Burgsd. s. L.
(P. communis L. subsp.
communis)
Malus sylvestris (L.) E 62 93,94 19,81 1860,87 94,13 I 13 100 24,79 247895 71,82 I
Mill. s. L
Crataegus L. sp. E 52 78,79 22,52 177394 89,73 1 6 46,15 7,09 32721 9,48 v
Swida sanguinea E 30 45,45 11,21 509,33 25,76 III 6 46,15 23,17 1069,27 30,98 1I
(L.) Opiz (Cornus
sanguinea L.)
Prunus divaricata E 38 57,58 6,07 349,77 17,69 III 9 69,23 8,03 55561 16,10 III
Ledeb. (P, cerasifera
Ehrh.)
Prunus spinosa L. s. 1. E 34 51,52 6,14 316,25 16,00 III 1 7,69 3,60 27,72 0,80 \Y%
Rhamnus cathartica L. E 28 42,42 7,38 313,01 1583 III 6 46,15 7,30 336,78 9,76 v
Armeniaca vulgaris E 17 25,76 3,06 7895 399 IV 5 3846 5,81 223,28 647 v
(Prunus armeniaca L.)
Ulmus pumila L. A 8 12,12 7,23 87,59 4,43 IV
Acer negundo L. A 10 15,15 3,98 60,24 3,05 IV 6 46,15 4,99 230,25 6,67 v
Pinus sylvestris L. A 12 18,18 3,14 57,01 2,88 IV 7 5385 4,83 260,08 7,54 v
Berberis vulgaris L. E 4 6,06 880 5333 270 IV
Cerasus avium (L.) E 17 25,76 1,97 50,63 256 IV 1 7,69 3,23 2481 0,72 A\

Moench (Prunus
avium (L.) L.)

Spiraea crenata L. E 5 758 6,12 46,38 2,35 IV
12,12 3,21 38,90 1,97 1V
18,18 2,03 3697 1,87 IV 1 7,69 117 9,00 0,26 \4

>
o

Acer tataricum L.

=)
—_
o

Elaeagnus angustifolia

9,09 3,68 3346 1,69 IV
10,61 3,04 3223 1,63 IV
13,64 2,22 30,24 1,53 IV
4,55 584 26,53 1,34 IV
10,61 2,49 26,39 1,34 IV

7,69 18,28 140,61 4,07 v
7,69 1,55 11,90 0,34 A%
61,54 2,41 148,61 4,31 v
15,38 8,76 134,71 3,90 v
30,77 2,91 89,54 2,59 v

Juglans regia L.
Ligustrum vulgare L.
Salix caprea L.

Prunus domestica L.

o <> o= B v
NWwW o NN Y
A~ N o~ —

Betula verrucosa
(B. pendula Roth)

Sambucus nigra L. E 2 303 676 2048 1,04 IV 1 769 10,75 82,71 240 IV
Viburnum opulus L. E 13,64 1,48 20,22 1,02 IV 2 1538 1,84 2834 0,82 \4
Fraxinus pensylvanica A 4 6,06 333 2016 1,02 IV 3 23,08 419 96,63 280 IV
Marshall

Prunus mahaleb L. E 3 455 315 1431 0,72 V
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JTicoBa 30Ha (cxmmm) — 23 JlicocremoBa 3oHa — 15 CremoBa 3onHa — 14

tlt% ] m [ R [R®% [Kn[t]t% | m [ R [ R% [Kn|]t|t%] m | R |R%|Kn
22100 2397 239742 98,81 1 14 9333 1875 175026 50,33 1 14 100 32,52 3251,66 89,59 I
22100 1295 129508 53,38 I 15 100 30,02 300,60 8632 1 12 8571 677 580,53 16,00 III

22 100 14,36 1436,36 59,20 I 14 93,33 37,26 3477,34 100,00 I 12 8571 4,65 398,64 10,98 III

21 9545 25,42 2426,18 100 I 11 73,33 7,85 57596 16,56 III 14 100 36,29 3629,35 100
16 72,73 11,06 804,34 33,15 II 5 33,33 3,66 122,00 3,51 IV 3 21,43 063 1358 037 V

—

14 63,64 7,35 467,77 19,28 III 8 53,33 4,65 247,82 7,13 IV 7 50,00 2,65 132,39 3,65 IV

13 59,09 7,11 41997 1731 III 8 53,33 3,11 16560 4,76 IV 10 71,43 2,31 16527 4,55 IV
8 36,36 8,69 316,18 13,03 III 5 33,33 9,16 30545 878 III 9 6429 527 33877 933 IV
2 909 044 3,97 0,16 V 3 20,00 1,74 34,78 1,00 IV 7 50,00 2,43 121,34 3,34 IV

1 6,67 288 1921 056 V 7 50,00 6,25 312,49 8,61 IV
4,55 2,61 11,88 0,49 V 2 1333 335 44,66 1,28 IV 1 714 052 368 010 V
13,64 0,36 4,91 020 V 2 1333 1,37 1823 052 'V
18,18 8,80 159,98 6,59 IV
40,91 191 78,10 3,22 IV 3 20,00 2,07 41,50 1,19 IV 4 2857 1,70 4845 1,33 IV

O B~ W =

5 3571 6,12 218,64 6,02 IV
13,64 1,04 14,21 0,59 V 5 3571 4,51 161,04 444 IV

2 909 0,54 4,88 0,20 V3 20,00 097 1941 056 V 6 42,86 3,21 137,48 3,79 IV
3 13,64 087 11,85 049 V 2 13,33 0,60 7,96 023 'V
1 455 0,76 3,47 0,14 V 1 6,67 05 3,68 0,11 'V 4 2857 4,60 131,50 3,62 IV
1 6,67 0,64 427 0,12 V
1 6,67 055 3,68 0,11 V
1 45 370 16,84 0,69 V 2 1333 1,04 13,84 040 V

—

6,67 2,76 18,42 0,53
4 18,18 1,85 33,63 1,39 IV 3 20,00 0,75 1507 043
4,55 0,74 3,37 0,14 V

<

—

3 21,43 3,15 67,44 1,86 IV
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Cnoci6 ITo Yxpaini — 66 nmomironis JlicoBa 30Ha (ITeckari moBepxHi) — 12
Takcon po3mnoB-
CIOIKEHH A
t %] m | R [R% [Kn|t[t%]| m | R | R% | Kn
Cotoneaster E 3 455 293 1330 067 V
melanocarpa (Bunge)
Fisch. ex Loudon
(C. laxiflorus J. Jacq. ex
Lindl.)
Morus nigra L. E 4 606 1,69 1022 052 V 2 1538 2,72 41,87 1,21 v
Populus tremula L. A 6,06 1,63 9,86 050 V 4 30,77 1,63 50,07 1,45 v
Physocarpus opulifolius E 2 303 317 960 049 V 1 7,69 289 2223 064 V
(L.) Maxim.
Ulmus scabra Mill. A 4 6,06 1,54 933 047 V
(U. glabra Huds.)
Salix viminalis L. A 3 4,55 2,00 9,11 046 V 3 23,08 2,00 46,27 1,34 v
Quercus robur L. b.E 1 1,52 5,88 8,91 045 V
Robinia pseudoacacia b 2 3,03 291 8,81 0,45 V
L.
Gleditsia triacanthos L. b 4 6,06 1,37 8,30 042 V 1 769 171 13,15 0,38 \'
Celtis occidentalis L. b 2 3,03 217 6,56 033 V
Acer campestre L. A 2 303 202 613 031 V
Caragana frutex (L.) b 1 1,52 404 612 031 V
K. Koch
Cotinus coggygria b 6 909 067 6,06 031 V
Scop.
Euonymus europea E 3,03 L,70 5,15 026 V
Lonicera tatarica E 3,03 1,28 3,87 0,20 V
Padus serotina (Ehrh.) E 1,52 2,29 3,47 0,18 V
Borkh. (Prunus
serotina Ehrh.)
Sorbus aucuparia L. E 2 3,03 1,09 3,31 0,17 VvV 1 7,69 0,87 6,69 0,19 \%
Acer platanoides L. A 3,03 0,89 2,70 0,14 VvV 1 7,69 085 6,57 0,19 \'
Cerasus vulgaris Mill. E 2 303 077 234 012 V
(Prunus cerasus L.)
Amelanchier ovalis E 1 1,52 1,35 2,04 0,10 V
Medik.
Alnus glutinosa (L.) A 1 1,52 0,9 1,37 0,07 V 1 7,69 09 6,93 0,20 \'
Gaertn.
Ulmus carpinifolia A 1 1,52 0,87 1,32 007 V 1 769 087 6,69 0,20 A\
Gled. (U. minor Mill.
subsp. minors.1.)
Amygdalus nana L. b 1 1,52 075 1L,13 0,06 V
(Prunus tenella Batsch)
Viburnum lantana L. E 1 1,52 065 0,99 0,05 V
YMOBHI NMO3HaYeHHA: t — Ki/lIbKiCHi NIOKasHUKM TPAIUIAHHA; t% — TpaluIAHHA Yy BiICOTKAaX; M — CepefHi 3HaYeHHA

TPAIUIAHHS BUAY; R — mokasHuk "mmromol Baru" y4acti Bupy y (OpMyBaHHI YarapHMUKO-[€PeBHUX pifKomick; R,% —
HOKa3HMK "IMTOMOI Bary' y BizcoTkax; A — anemoxopu; b — 6apoxopu; E — enposooxopn. Kinm — xmacn: I kimac — > 50%,
II — > 25-50, III — > 10-25,IV —>1-10,V —< 1.
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Tabnmusa 1. (mpooBXeHHs)
Table 1. (continuation)

JTicoBa 30Ha (cxmmm) — 23 JIicocTrenmoBa 3ona — 15 CrenoBa 30Ha — 14
tlt% ] m [ R [R% [Kn[t]t% | m [ R | R% [Kn|]t|t%] m | R |[R%|Kn
1 455 236 10,71 044 V 2 14,29 321 4585 1,26 IV
1 455 0,56 2,53 0,10 V 1 714 075 533 015 V

1 6,67 345 2299 0,66 V

2 909 128 11,62 048 V 2 1333 1,80 2399 069 V

1 6,67 588 3922 1,13 IV
1 6,67 124 8,28 024 V 1 714 458 3268 09 V

<

21,43 1,26 2694 0,74
14,29 2,17 30,94 085 V

1 455 1,96 8,91 037 V
1 7,14 4,04 2886 080 V

3 13,64 0,69 9,43 039 V 3 21,43 0,64 13,73 038 V

2 909 1,70 1545 064 V
2 14,29 1,28 18,27 050 V
1 455 229 1041 043 V

1 6,67 132 8,77 025 V
1 455 093 4,21 0,17 'V
1 455 093 4,21 0,17 V 1 6,67 062 4,14 0,12 V

1 455 1,35 6,12 025 V

1 714 075 533 015 V

1 455 0,65 2,97 0,12 'V

Legend: t — quantitative indicators of occurrence; t% — occurrence in percent; m — average occurrence values for the
species; R — indicator of the “specific weight” of the species' participation in the formation of shrub-tree sparse forests; R,%
— indicator of “specific weight” in percent; A — wind dispersal; B — gravity dispersal; E — endozoochorous dispersal. KI —
classes: Class I — > 50%, I — > 25-50, III — > 10-25,IV — > 1-10,V — < 1.
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kap6ony. IIpsamuit BIIMB iHBasifiHMX BUJIB Ha
HAKONMYEeHHA BYIVIEII0 YacTO MeHIIMil i Oimbur
KOPOTKOCTPOKOBUIA, HIXK IXHil HEIPAMUI BIIUB,
CIPUYMHEHNI 3MIHOO JOCTYIIHOCTI IIO)KMBHUX pe-
YOBJH, IEPBMHHOI IPOAYKTUBHOCTI a0 BUIOBOTO
CKJIaJiy, AKi PEryI0ITh JOBIOCTPOKOBI ITy/IN Ta I10-
toku Byrenio (Peltzer et al., 2010).

IIpoBenennit  orAj  JTiTepaTypHUX JpKepeln
CBiIYNTh NPO 6araToOrpaHHICTb AOCII/PKEeHb BU-
BYEHHsA CTPYKTYpM Ta OpraHisalii yrpynoBaHb
IePEBHO-YarapHIMKOBOI POCIMHHOCTI, cepef AKUX
BOKIMBUMM € OOTaHIUHI aCIEKTH, 1[0 3HANIIIN Bi-
HOoOpa’keHH: y IIPeACTaB/Ie il poOoTi.

Marepianu Ta MeTOU

O6’eKTOM JOCTiIKeHb Oy YarapHUKOBI Ta po3pi-
IDKeHi lepeBHi yrpynoBaHHs, 1o GopMyBamicsa Ha
Micli TpaB’IHUX JIYYHUX, CTEIIOBUX YTPYIIOBAaHb Ta
IIEPENIOTiB i € cTagiero iX sapocTanHA. Jlocmiken-
HA nposogyca 3 2010 1o 2025 pp. i oxonoBanu
IMpPaKTUYHO BCI0O TepUTOpil0 YKpaiHuM Bifi MiBHOYI
(JTicoBa 3oHna, Yopuobunbceknit EPB3) mo mis-
nHa (cybcepensemHomop’ss Kpumy, Kapamasbknmit
I13), 3 saxony Ha cxif Bif 3akapmarts Ta Bonmui
mo Jlyrancpkoi o67acTi, a BidyanbHi criocTepesxeH-
HA nposopmwmics Ha Teputopii P® (Crpinenpkuit
cren) (ta6m. 1). IIpu upomy, Ha dikcoBaHiit finaH-
i, mo mae uitki mMexi (yp. "OctpiB", PiBHeHCbKa
0071.), Oynu NpoBefieHI NMOBTOPHI MipaXyHKU Y
2010 Ta 2024 pp. (Tabm. 1, Ne14, Ne15).
HocmipkeHHa pO3NOYMHAINCA 13 3arajabHOL
OLIiHKM, PO3MipiB, ¢ikcarii KOOpAMHAT MOTIrOHIB,
IXHBOTO PO3MIlllEHHA IO BiJHOIIEHHIO [0 €/IeMEH-
TiB penbedy, XapaKkTepy TpaBOCTOIO i epenbadanu
PYX IIO TpaHCeKTi mmpuHowo 6ina 20 M (106 Bisy-
a/IbHO 371iBa Ta CIpaBa BM3HAYATV BUJ, JlepeBa 4
KyIIla) Ta MipaxyHOK iX y KimbKocTi He MeHIe 100
IT. (32 OKpeMMM BUKIIOYeHHAM). /s TpaHCek-
TU BUOMPANNCs OiNbII-MeHII OFHOTUIHI Ii/ITHKU
penbedy, Y SKMX 3IMKHYTICTb KPOH JiepeB YU Ky-
miB He pgocarana 0,4, yHUKamIM JHUILA 6a0K, me
criocrepiranmcsa 3aryuleHi sapocri. IligpaxyHkn
BEINCA TUX €K3eMIUIAPIB, fAKi MalOTb HacCiHHEBe
noxomxkeHHA (rerery) (Zlobin, 2009). ¥ Bumagky
¢dopMyBaHH: KylLliB a60 MifPOCTy HOOMN3Y CTOB-
OypiB fepes, IJ0 MAalOTb IIOPOC/IEBE MOXOMKEHHS
(pamery, Hanpukian Prunus spinosa L., Spiraea L.
Sp.), Taki Ky1ui 4i migpicT 06’ €XHYBaNNCS Y OfVH.
Insg cucrteMaTMYHO CKAAJHUX TaKCOHIB, SKi
Mor OyTH IpefcTaBIeHi pisHUMM MiKpOBUAMU
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HaBiTbh Ha OTHOMY IIOJIirOHi, OLIiHIOBa/IM iX Ha POJO-
BOMY piBHi, OcKinbku crenudika iXHbOI IOBEHiH-
KU, CTPYKTYPM, PO3HOJALTY fOCcUTD mofiibHa. HaBiTh
taki pogu Ak Pyrus ta Malus Mill. 6ynmu npencras-
7eHi pisHMMHU Bujamu, migBupamu ta Gopmamn
(P. communis subsp. communis, P. communis subsp.
pyraster (L.) Ehrh., Malus sylvestris, M. praecox Borkh.
(M. domestica (Suckow) Borkh.)), e roBopstun
PO CUCTEMATUYHO CK/Ia/IHi BUJOBI arperatu Rosa
ta Crataegus, 1110 JOCUTb Pi3HOMaHITHI. Y Mopab-
oMy crBoproBaiy Tabmuuio EXCEL, y skiit kpim
CUCTEMATVYHOI HAJIEXKHOCTI HABOJU/IN XapaKTepu-
CTUKIU I[OZI0 CIIOCO0Y IepeHocy Aiactop, popmu Ta
KOJIbOPY IJIOAiB. 3 METOI0 MOPiBHATBHOTO aHANi3y
OTpuMaHi KifbKiCHI TOKa3HUKYU TparyisiHHA (t) me-
pesopn y BincoTku (t%) i pospaxoByBanu cepen-
Hi 3HaYeHHA TpaIAHHA BuAy (m = t/n). Kpim npo-
ro, pO3paxoByBaIM MOoKasHMUK 'mutomoi Baru" (R),
y4acti Bupiy y $GOpMyBaHHI YarapHMUKO-JepPeBHUX
pinkormice 3a popmynoro R = m X t y Mexax Bciei
KiJIBKOCTi IOJIironis (n) Ta [jig BiAIOBiGHMX 30H i
Lli TIOKa3HMKM IE€PEBOAVM/IN Y BiJICOTKM IIO BifHO-
IIEHHI0O [0 MaKCUMAaJ/IbHOTO 3HayeHHS BifIIOBiII-
HOI Bubipku. OTpuMaHi OKa3HUKY PO3AULANIN Ha
’'ath Kinacis: I kmac — > 50%, II — > 25-50, 11T —
>10-25,IV—>1-10,V —< 1.

Pesynbratn

HocnifxeHHAMY Oy/I0 OXOIUIEHO 66 IIONIrOHIB 3
pisHux reorpadivynux 30H (puc. 1).

Ha nonironax 6yno 3adikcoBaHO 3pOCTaHHSA 56
BUJIiB JiepeB Ta KyLIiB i3 22 poauH, i3 4mcia AKX
Haribinbie (18 BupiB abo 27,3%) Hamexxartb 0 po-
nuHu Rosaceae, a mo 4 Bupn no poxpuu Fabaceae
ta Ulmaceae. JIns oLiHKM 3HAa4ymocCTi, "TMTOMOI
Bary' BUJIB MM IifjpaxyBaiy CTYMiHb IX TPalisiH-
Hs (t) IO BifHOIIEHHIO 1O BUOIpKM BCiX MOMIroHiB
(%) Ta cepemHili TIOKAa3HMK TIO BiJHOIIEHHIO IO
KOHKPETHVX IIOJIroHiB (m), a oTpuMaHuii foo6y-
TOK PO3IIMMIN Ha YMCIO HOMroHiB (66), 1m0 Bi-
nobpakae ponb Bupis (R) y cTpykrypi nepenickis
(Tabmn. 2).

3a MM NIOKAa3sHMKOM IpOBigHI Micus Haie-
JKaTb NpefCTaBHMKAM ponuHu Rosaceae (Rosa sp.
— 51, 82; Crataegus sp. — 48,07; Pyrus commu-
nis (incl. P. domestica) — 42,49; Malus sylvestris
(inc. M. praecox) — 41,45), a pmani cmocrepira-
€Tbcsi piske 3HWKeHHs1 (Rhamnus cathartica —
9,43 Prunus divaricata — 8.82) (puc.2). Y cymi
"mutoma Bara" Rosaceae ctaHoButh 207,39 abo
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82,36%, TOMy Ha OCHOBi BCHOrO BUK/IAaJ€HOTO
TaKi yTpymoBaHHs MOXXHA YMOBHO Ha3uBaTy "po-
3apismn’.

[HIIMM Ba)X/IMBUM acCIIeKTOM € CIIOCi6 po3IoB-
CIO/PKeHHS Aiactiop. Binburicts BupiB ¢panepodiris
MalTh COKOBUTI oAy (KiCTSHKM, SITORM, sI0Ty-
KOTIOf[iOHI i3 CHM/IPHO PO3BMHEHNMM Me30KapIliem),
a BiTaK PO3NOBCIOMKYIOTbCA €HJ0300XOPHUM
criocobom (31 Bum = 47,0%). OCHOBHMMM areHTa-
MI TaKOTO PO3INOBCIO/KEHHS € ITaxy, AKi MaloTb
6inbllle 3HaYeHHA, HIXK ccaBui. Ti, 10 MarTh cyxi
IUIOAM, X04a i BiTHOCATbCSA o 6apoxopis, ajne Bi-
moMi dncieHHi ¢GakTy iX IOIMPEHHs 300areHTaMu
(12,12%). JIuure yeTBepTa YacTMHA GOCIIKEHNUX
BuAiB (25,76%) € anHemMoxopamu. Bennke 3sHaueHHs
y croco6i po3HOBCIO/PKeHH: IUIOAIB Bifirpae ixHsa
CTPYKTYPpa, po3Mipy, i HaBiTb Komip. Y 6impurocti
BUIMAZIKIB M SICUCTI APiOHI IUTOAM CHOXXMBAKTb-
Cs1 TIOBHICTIO (SIK IIPaBUJIO, BOHU IIPU JOCTUIAHHI
MalOTb YePBOHUII Ta YOPHUII KOJIp), a y BEIMKUX
IUTONIB CHOXXMBAETHCS M AKOTH (IIepeBa>KHO >KOB-
TO-OPaHXKeBOTO KOIbOPY). 3a CTPYKTYpPOIO Ta KO-
JIBOPOM, 1[0 BU3HAYAE CIOCIO TMOMMPEHHS Ta CIO-
JKUBAHHSA IUIOMIB, HAlMOI/IbINA KiTbKICTh BUNIB MA€E
cyxi mnopu (29, a6o 50,88%), 1110 XapaKTepU3yOThb-
cs1 pi3HMM crioco6oM moupeHHs (aHemo-, 6apo-,
€H/10300X0pis), i [ell0 MeHIIe COKOBUTKX IIJIOfiB
YepBOHOTO Ta YOPHOro Kombopis (38,59%), ski mo-
IMal0ThCA MOBHICTIO AK 1 IONEpeHi, CIIOXNBAIOTh-
Cs1 IPOTATOM 3MMU, i He3HauHy KinbkicTb (10,53%)
CTaHOBJIATD IIJIOAM, 1110 3HUKAIOTh IO IIOYaTKy Oce-
Hi-3MMI YXOBTOTO 4¥ OPAaHXXEBOTO 3abapBiIeHHs,
i3 AKkMX, Ha BigMiHY Bif momepepHix, Kaprodaru
CIIOKUBAIOTh M AKOTb (KpiM Elaeagnus angustifo-
lia). 30BciM iHIIA KapTUHA CIIOCTEPIra€ThCs, SAKILO
MM OLIiHIOEMO TaKMII PO3IIOALT BUJIIB 3a MUTOMOIO
Barom (1a6n. 2). TyT 6inblue NONIOBMHYU BUAIB Ma-
I0Th IUIOAY, 10 BXXMBAIOTHhCA MOBHICTIO (56,49%,
i3 AKMX YE€PBOHOIO KO/IbOPY 42,27, a YOPHOrO —
14,12%), >KOBTOTO, y AKUX BUIIA€TbCA M IKOTb —
39,89, a cyxmx — nuuie 4,61%.

BaxnmmByMM acIeKToM € 3MiHa BU/IOBOTO CKIaJy
YIPYIIOBaHb 3aJIEKHO BiJl perioHajbHO-30HaIbHO-
ro MicresHaxofkeHHs. OCHOBY BCiX yIpyIOBaHb
dbopMyIOTh K HpUPOAHI, Tak i 3EMYaBiNi BUAU
Pyrus communis (incl. P. pyraster) Ta Malus sylves-
tris (incl. M. praecox), dopma Ta posmipu mIonis
SIKVX JOCUTD pisHOMaHiTHI. [Tnoau s16/myHi 6yBaroth
K ApiOHi, Tak i JOCUTD BeNMMKOro posmipy, a rpymui
AK OKpyI/i, Tak i KOHyCOHOI{i6Hi. HarmBumi Bif-
HOCHI ToKasHukM s JlicoBoi 30HM MaroTh Swida

sanguinea, Rhamnus cathartica, Prunus divaricata,
Sambucus nigra, Viburnum opulus, a TaKo>X Xapak-
TepHi /11 IPUPORHUX miciB Pinus sylvestris, Betula
pendula, Salix caprea, pns Jlicocrennosoi Malus syl-
vestris s. 1., Pyrus communis s. 1., gnst CrenoBoi Rosa
sp., Crataegus sp., Prunus spinosa, Acer tatarica,
Elaeagnus angustifolia, Ulmus pumila, a cybcepen-
seMHoMop’s1 — Paliurus spina-christi Mill., Pistacia
mutica Fisch. & C.A. Mey. (P. atlantica Desf.). 3a
IIOXOIKEHHAM 4arapHMKOBO-/IepeBHI Haca/PKeHHs
nepeBakaioTh anoditn (69%) mpym sHauHii yda-
cti keHOITIB (31%), IO CBiAYUTH PO BUCOKMIT
piBenb azpBeHTM3anii. IIpym nbomy maiike Tperu-
HY BMUIOBOro cimcky (32,7%), CTaHOBJIATb KyJlb-
tuBoBaHi B camax (Prunus divaricata, Armeniaca
vulgaris, Juglans regia, Morus nigra, 4acTKoBO Py-
rus (P. pyraster), Malus sylvestris (M. domestica) Ta
afBeHTMBHI iHTpoxykoBaHi Bupm (Acer negundo,
Amelanchier ovalis, Elaeagnus angustifolia, Fraxi-
nus pensylvanica, Celtis occidenralis, Gleditsia tri-
acanthos, Lonicera tatarica, Padus serotina, Physo-
carpus opusifolius, Robinia pseudoacacia). ITpo6me-
Ma aJBEHTN3allil HOBOYTBOPIOBAHMX YarapHMKO-
BO-JICPEBHUX YTPYIIOBAHb € JIOCUTH AKTYa/IbHOIO,
OCKIJIDKM 1I€ € O[MH i3 MOTY>XHUX LIJIAXIB IX eKc-
ITAHCIi y IPUPOLHI LIEHO3 M.

BaxxnuBuMM € MOHITOPMHI 4YacOBMX 3MiH
yrpynoBaHb. Xo4ya MM He CTaBMIM TaKUX 3a-
BIaHb, ajie I[iKaBOI0 € 3MiHa YMCENIbHOCTI BU-
LOBOTO CKIajy yrpymosaub yp. "OcTpiB’, pos-
tTamoBaHoro Ha Teputopii Topomoupkoi OTT.
OcTtpiB sB1sIE c060M0 MecoBi Bigkmany, mifgHsATI
Ha BUCOTY FO 8 M, OTOYeHI 6omoroMm. BiH mae
dbopmy emincy, cxunm KpyTusHowo 8-12°, mioury
2,5 ra, gKa 4iTKO (biKcyeTbca i € He3MiHHOIO. Pa-
Himre fo 80-90 pokiB L4 gifIHKAa po30pIoBaacs,
TOMY BiK Ilepe/oriB cTaHOBUTH 6insg 40 pokiB i
3a el nepiox chopmyBanuca TUHOBI Tpap’sHI
yrpynoBauHs Trifolio-Geranietea (Antherico ra-
mosae-Geranietalia sanguinei Julve ex Dengler
in Dengler et al. 2003, Geranion sanguinei Tx. in
T. Miller 1962), y saxux Ha ¢oHi fOMiHYBaHHSA
Origanum vulgare L., Medicago falcata L., Agri-
monia eupatoria L., HaABHI m1AMU 3 Pentanema
ensifolium (L.) D. Gut. Larr., Santos-Vicente,
Anderb., E. Rico & M.M. Mart. Ort. (Inula ensi-
folia L.), Anthericum ramosum L. YV 2020 p. TyT
3adikcoBaHO 226 eK3eMIUIApiB 4YarapHMKiB Ta
mepes, a y 2024 p. — 343, to6T0 36inpIIMIOCS
Ha 50%, X04a, MOX/IMBO, Yy HEPIIOMY BapiaHTi
BOHU y>Xe Oy/y, ajie He IePeBUIIYBaNu BUCOTY
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TpaBocTol0 (o 40 cM), ToMy He ¢ikcyBanucs.
Y BiICOTKOBOMY BifHOLIEHHI 1LIi IOKa3HUKU JO-
cuth cTabinpHi i 6MM3bKi, OMHAK crTOCTEpiramocs
3pOCTaHHA 4YMcenbHOCTi Rosa sp., Pyrus commu-
nis, Crataegus sp., Swida sanguinea, Berberis vul-
garis, Prunus davaricata, a uHaibineine Rhamnus
cathartica, Xxo4a BigMidaeTbcsa MacoBe yCUXaHHA
J10TO BepXiBOK, 11[0, OYEBM/IHO MOB’s3aHO i3 KJIi-
MaTOT€HHOI0 3MiHOI0 rifpopexumy. Buepire 3a-
¢dixcoBano nosBy Juglans regia, a Y4uCIo0 KYpTUH
Prunus spinosa smeHmmnnocA Bif 8 go 6, 3a paxy-
HOK iX pO3POCTaHHA Ta 3MUKaHHA.

IIpoBeneHi po3paxyHKM CBifl4aTh, IO y Cepefi-
HbOMY POC/IVHM pO3TalllOBaHi Ha 11omi 72,9-110,6
M2, TOOTO Bimmanab MK HUMM cTaHOBWIA 9,6-11,8
M. Ile mouyarkoBuii etan 3aceneHHs: dhanepoditis,
AKUI XapaKTepU3YETbCA TaKMMM ITOKa3HUKAMU:
Rhamnus cathartica (y 2020 p. — 52,y 2024 p. —
100 exs.), Crataegus sp. (40-63), Berberis vulgaris
(39-55), Pyrus communis s. 1. (23-30), Swida san-
guinea (19-28), xoua y BiIcOTKOBOMY BigHOIIEHHi
mume Rhamnus cathartica Ta Crataegus sp. MaloTb y
2024 p. Bui mokasHuku (Ta6m. 2).

OpHuM i3 BOXIMBUX acIleKTiB € BIUIMB OTOYY-
I04MX TEPUTOPill Ta eKOJOriYHMX yMOB Ha ¢op-
MyBaHHA BUJOBOTO CKIaAy pifikomick. OcKinbkn
IOMIrOHM, fK IPAaBM/IO, 3HAXOJATHCA HeHANEKO
BiJj Hace/leHuX IYHKTIiB, TO NUTAHHsI, YOMY caMe
B YIPYNOBaHHAX BeNMKa pPONb HaleXWUTb Pyrus
communis s. 1. Ta Malus sylvestris s. 1. He moTpebye
HOsICHEHb, X04a IIpM 3[V4YaBiHHI y 6inbLocti Bu-
HajkiB copToBi 0co6MMBOCTI BrpavaoTbes. ITif-
TBEP/PKEHHAM IIbOMY € HAaABHICTb KY/IbTMBOBAHOI
Prunus divaricata, a B cTeIoBiil 30Hi Prunus arme-
niaca (Armeniaca vulgaris). BaxnyuBe 3HauYeHHs
Mae ONMM3BbKICTh PO3TAlIyBaHHSA IPUPOAHUX IIO-
Oy/ALiil — areHTiB. Tak, nuile Ha OJHOMY IOJI-
roHi (yp. OcTpiB) BifmiueHi y Benmkiil KinmpkocTi
Berberis vulgaris (16,13-17,26), Ta Rhamnus cathar-
tica (23,0-29,33), mo 3pocTaloTh MOO/MN3Y Y 3aKas3-
HUKy "BuiHeBa ropa" (Berberidion vulgaris) mpu
He3HauHill KinbKkocTi Pyrus communis s. 1. Ta Malus
sylvestris s. 1. Tpas’siHuiT TOKPYB 5K i Ha "BuiHesiit
ropi" ¢popmyroTh Ty4HO-CTENOBi yrpynosanus Cir-
sio-Brachypodion, B xommekci 3 unexHozamu Galie-
talia veri, Trifolio-Geranietea, a Ha BUXOfjaX Kpeiu
HasABHI nonynAuii Pentanema ensifolium ta Anthe-
ricum ramosum (Didukh, 2023). Bogaouac y pos-
TAIIOBAaHOMY 0111 MiZHIXOKS TOpY JTyYHOMY IOJIi-
roHi (Arrhenatherion elatioris, Poetum pratensis)
nepmmit BUJ BifICyTHIil, a HaABHI Pyrus communis
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s. 1. (33,00), Malus sylvestris s. 1. (19,54), Swida san-
guinea (23,71), Sambucus nigra (10,75), mo mosic-
HIOETHCA iHIIMMM €KONOTiYHMMU yMoBaMu. Benu-
Ka y4acTb Rhamnus cathartica Ha miBgeHHI Mexi
IMomicest (c. CycbK) HOSCHIOETBCS TUM, WO YIPy-
IIOBAHHSA 1IbOTO BUJY, SAKUI HE XapaKTepPHUIA [/
I[Tomiccsa, 06paM/IAIOTh YarapHUKOBI 3apOCTi JIiciB 3
BIICOKOIO i10T0 y4acTio. LIM IOosACHIOETbCA 3HaYHA
y4acThb B YIPYHOBaHHAX Pinus sylvestris, axa gomi-
HY€ y LUX Jlicax.

O6roBopeHHs

CbOrofiHi ro/lI0BHa yBara 3BE€PTAE€TbCS Ha OL[iHKY
3HAYVIMOCTi, BIUIMBY 30BHIlIHIX ¢akTopiB Ta Me-
XaHi3My (OpMyBaHHS YarapHUKOBUX YIPYIIOBaHb
B cucteMi QyHKIIOHYBaHHS eKOCUCTEM. AJie BaX-
JIMBUM € BJIacHe IOHATT:A, TUIIONOTiA, Miclle IuX
yIpyHoOBaHb B crcTeMi Kaacudikalili pocimHHOC-
Ti Ta 6ioromiB. Skmio mia AQpuxy icHye HOHAT-
TS caBaHHM, /11 LentpanpHol Asil — mm6bmsk (y
posyminai P.B. Kamenina: Kamelin, 1973), To mns Hac
BOK/INBO OKPeCIUTH 00’€KT JJOCTI/KeHb, KNIl Bifl-
PisHAETDHCA Bifl JIiCiB, 3IMKHY TMX YarapHuKis. Mu mpo-
IIOHYEMO Ha3MBaTHU Lii yTPYIIOBAaHHA NepenicKaMIi,
IO [IeBHOI0 MipOI0 BifNIOBiZa€ MOHATTAM renewal
groves, inkomu taillis / copses (aHr.), matorrales
(icm.), fourrés (¢pp.), Feldgeholze (uim.), preboschi
(ir.), zagainik (mon.), pegkonecoe (poc.).

[lepenmicky — 1ie Takuii TUII €KOCUCTEM, L0 Xa-
paxTepusyBaBcs Mo3aiyHicTiO, HeBUCOKO (< 0,3)
3IMKHYTICTIO IIOOAMHOKNX HU3bKOPOCINX (1o 8 M)
CBITNIOMIOOHUX MIBUIKOPOCTYYUX HAepeB abo Ky-
iB, Hif AKUMM (GOPMYETHCS TyCTUIT TPaBOCTIi
(mpoextuBHe mokpurtsa Ko 80%). Ile crenmdiv-
HUII TUII €KOCUCTEM, e KPOHU He JOTOPKAIOThCA, a
HiOM HaMaralTbhCs BIIITOBXYBATUCS OFHA Bif off-
Hol. Xoua 3a MOp(dOIOTiYHNMHN O3HAKAMU JiepeBa
BiJl KYLIiB BifIpi3HAITHCA 32 crrocobom rajay>KeH-
Hs CTOBOYpa, aJie JaHi yIrPYIOBaHHA IIPeACTaB/IeH]
SK OFHVMMI, TaK 1 iHIIMMM, a TepeBa HeBUCOKI (5-8
M), LIBUJKOPOCIIi, MalOTh CKPUBJIEHI CTOBOYpH, ra-
Jy3ATbCA Bifi OCHOBMY, TiIKM YaCTO 3 KONIOYKAMMY,
TOOTO He MOKIOHI 10 TUTIOBUX, 1[0 YTBOPIOIOTH JIiC.
Taka cTpyKTypa JepeBOCTaHy CTiliKa 10 BUIIAaCy Ta
HOXeX, sIKi Oy JyKe 4acTi B cTenax i BBaKaroTh-
Cs OfHVUM 3 HallBXXIMBIIMX (PAKTOPIB IXHBOTO
dopmyBaHHs. Pa3oM 3 TUM, YIPYIIOBAHHS TAKOTO
TUIYy € HalIMEHII CTifIKUMM [O NPAMOTO BIIUBY
aHTpoIoreHHoro ¢axkropa, 60 micna pybok pe-
peBHi GoOpMM YaCTO He BiTHOBIIITHCS, TOAI SIK
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TpaB'sIHMII TIOKPUB, 0COONMBO 371aKiB, KoOpe po3-
BUBAETHCA.

[lepeBakarouMM €/IEMEHTOM IMX IIepesicKiB
e eHToMoQinbHi ¢aHepoditu Rosaceae (Prunus
L., Cerasus Mill., Crataegus, Rosa, Malus, Pyrus) 3
yuactio Fabaceae (Robinia L., Gleditsia L.), mpudo-
MY IIpeACTaBHMKM Rosacede MaloTh M SICUCTI IO
YepBOHOTO 4M YOPHOTO (pifilire >KOBTO-OpaH>KeBO-
r0) KO/IbOPY, €HJ0300X0pHe MOLIVPEeHH.

Yarapauku Ta IIBUAKOPOCIL JlepeBa-IlioHe-
PY XapaKTepusylTbCsl JOOPUM BifHOBIEHHSIM 3a
PaxyHOK Mi[3€MHUX IIarOHiB Ta KOPEHEBNI, KO-
PEHeBMX IapOCTKiB, aJallTOBaHi JO MEXaHi4YHOTO
MIOIIKO/I)KEeHH, MOXKeX, BUMACAHHA. 32 PO3PaAXYH-
kamn T. @inanno (Fitsailo, 2016, 2018) Ha BigMi-
HY BiJl TUIIOBMX CTEIOBMX YarapHMKiB, 110 MAIOTh
BY3bKi IIOKa3HMKM €KOJIOTiYHOI BaJIEHTHOCTI, TaKi
BUAM SIK Rhamnus cathartica, Swida sanguinea, Li-
gustrum vulgare, Prunus spinosa s. 1. cepenni, 1mo
CBIJYUTH MPO IMPUINI CTYIiHb IPUCTOCYBAHD [0
3MiHI eKO/IOTiYHNX aKTOpiB.

®opMyBaHHA

BaxxmBuM € [OCHIIKeHHA IIpOLeciB camosaiic-
HEHHsI TPaB’sHUX eKocucTeM. SIK Mm Bigmidasniu,
OCHOBHUM CHOCOOOM IIOLIVPEHHS [iacrop € eH-
I0300XOpisd, XO4ya 3HAYHAa YacTMHA IIpelCcTaBIeHa
aHeMoxopaMmu. BsaeMopnia MK ITaxaMu Ta poc-
JIMHAMM Y PO3CIIOBaHHI HACiHHA € pe3y/IbTaToM
KOEBOMIOIIHNX, KIIMaTUYHUX Ta reorpadivHmx
dakropis (Snow, 1971; Herrera, 1984). Ilraxm
CIOXXMBAKTh MAKOTD, IOUIKO/PKYIOUM HACIHHA Ta
IUTOAM, KOBTAIOTh, MOXKYTb 30epiratu meBHUil 4ac
y TpaBHIill cucTeMi (Hampukiag, y Boji), a HacCiHHsA
BigpuryBatu. Y IIyHKY BifOyBaeTbca ckapudika-
i — pyiiHYBaHHS 0OOMOHKM MeXaHiYHUM LUIA-
XoM a0o0 Iif [ji€l0 KMIIKOBUX KUCTIOT, TAKOX IITa-
IVHWIA TOCHiJl CTUMYIIIOE K IPOPOCTAaHHA, TaK i
€ HOXMBHUM CyOCTpPaTOM JyIf IIOA/IbIIOrO BU-
>kuBaHHA (Snow, 1971; Levey, 1987). Yac 3arpum-
KM DKi y IUTYHKY He3HauHwmil, Bifg 0,5 o 3 ropgus, a
BificTaHb nepeHecenHs 1o 3 km (Pratt, Stiles, 1983;
Denslow, 1987), ToMy HaciHHA He BTpayae CXoO-
JKICTh, @ HaBIIAKM, JIOTO CXOXKICTb CTMMY/IIOETHCA.
[Tpu nboMy HaCiHHA 4M IJIifi HOBMHHI NOTPANNUTA
Ha BIJKPUTUI IPYHT, YOMY IEPEUIKOIPKAE TyCTUIA
TpaB AHUI HOKPUB Ta mificTunka. Y Crpinerpkomy
3aIlOBiTHOMY KOBMJIOBOMY CTelly Hammu Oyno mo-
MiueHo, o npopoctku Prunus fruticosa (Cerasus
fruticosa) GopMyIOTbCSL He cepefi I'yCToi TpaBH, a
Ha BiFKpUTUX MicUsAX (KpOTOBMHAX, 3aKMHYTUX

HOpax, iHmux opMax IOpYLIEHH: TPap SHOTO HO-
KPUBY Ta MifICTUIKN), TOOTO TYT CIOCTEPIra€ThCs
Be/MKa pOJIb TBAPVH.

OueBnpgHO, caMe Taki MiIKpoOJOKamiTeTy, a He
TYCTUI TPABOCTIMl € MiClleM ITOCafiKM ITaxiB, sAKi
3a/IMIIAIOTH TaM IOCIif, Y CK/Iajii AKOro (QikCyeThb-
cs1 HaciHHs. Taknmit "Bubip” cy6cTpary TpakTyeTbCs
sIK "crpsimoBaHe posmnosciomkents’ (Howe, 1986).

Ha posBUTOK mepenicKiB BIUIMBAaIOTh 3MiHU
KJIiMaTy, 1O TIPOABIAETbCA Yy KiIbKOX acHeKTax,
30KpeMa TEPMiHYy JOCTUTaHHA IUIOIB, CEpefHi 1Io-
Ka3HMKM SIKOTO 301/IbINYIOThCS BiJl apKTUYHOI 30HU
(0,6-1,3 mic.) no Tpormikis (3,8-4,5), a B HAIIKX 1IN~
poTax TpuBae 2,2-3,5 micAnis. BcranoBneno xope-
JALIMHY 3a7€XHICTh MDK IE€pPiOfOM JOCTUTaHHAM
wionis (MJI) i cepeHbOMICAYHOIO TeMIlepaTypor0
ciung (Tc) MJI = 1,27 + 0,18Tc. (R2 = 0,945) (Her-
rera, 1984). I3 36inplIeHHAM TPUBAJIOCTi Berera-
L[i{/IHOTO Ce30HYy POCIAMHM MaloTh Oinblie yacy Ha
BMKOHAHHS CBOiX QYHKIN i moBuIi ce30HM HO3pi-
BaHHA CHPUATb BTOPTHEHHIO BUJIB y CTiliKi Iie-
HO3U. SIKIO PisHMIIA cepelHbOCIYHEBOI TeMIlepa-
Typy HayixonopHimoro periony M. Cym (6,3 °C),
a IliBgenHoro 6Gepera Kpumy (+2 °C) craHOBUTD
8,3 °C, 1o cepepHiil mepiof mO3piBaHHA IUIOAIB
BIfMIOBIZHO 30i/MbIIYETHCS MaiDKe Ha TPU MICSIL.
ITpu cyyacHUX TeHAEHLiAX 3MiHM KIiMarty, y mep-
1Iy 4Yepry 3a PaxyHOK Ii/IBUIL€HHA 3MMOBMX TeM-
nepatyp Ha 2 °C, nepiof ;03piBaHH:A 361IbLIYETbCS
MalDKe Ha IiBTOpa MicAL, a 1j¢ 03Ha4a€ 3pOCTaH-
Hs HOIYIALiN nTaxiB-KapnodariB i Sk Hacmigox
30i/IblIIeHHs IOTeHLiHOI {HTeHCUBHOCTI popmy-
BaHHA IIEePeJIiCKiB.

Ax My BigmiTwnam panimie, MK KaiMaToM Ta
opHitogayHow KaprnodariB icHye 6araTorpaHHuMI
3B'A30K. Y HAmpsMKYy Bi APKTUKM JO TPOIIKiB
361IbIIYETbCA KiNbKICT Ta Pi3HOMAHITTA BMAIB,
60 Ha MiBHOYI 32 KOPOTKMIT TIePiof; BOHU He BCTHU-
raloTh BUPOCTUTY MNTalleHAT. IItaxu-kaprmogaru
3 NiBHIYHUX IIMPOT BiflJIiTalOTh B3MMKY, a B IIiB-
IEeHHNX, 3MIMYI0UM, KMUBJATHCA IJIOfAaMU, AKi 103-
PiBalOTh BOCEHM i HABiTh TPUMAIOTHCA HA JEepeBax
B3UIMKY. 36imbLIeHHs YMCETBHOCTI IX ITOIy/IALIiIA
3YMOBJIEHO 1 CKOPOYEHHAM MONY/IALIN XVDKUX
nraxiB. Y CepepHiit €BpoIli KibKiCTh BUJiB ITa-
XiB-Kaprodaris 61 60, AKi Xap4yIOTbCs IIOfAMU
pisHUX BUJIB, HaJal04YM IIepeBary IUIOfaM 4YepBO-
Horo Ta yopHoro konbopis (Howe, 1986). Hampu-
knag, nnogu Prunus mahaleb (Cerasus mahaleb)
B Icnanii cnoxxusarorb 28 BupiB nraxis (Jordano,
2000). Ik mpukaj MOXKHa HaBECTH Te, 110 Yy MéeXKax
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c. XoTuHiBKa, pO3TallIOBAHOIO B TUIIOBUX YMOBax
Ha Mexi JlicoBoi Ta JlicoctenoBoi 3onu (HikuH-
CbKOTO p-HY, YepHiriBcpka 0671.) 3adikcoBaHo I0-
Haj 100 BupiB mTaxiB, i3 yMcaa AKUX MaiiKe MOI0-
BUHA € eBpU- Ta ¢itrodaramn (Kuzmenko, Vakulik,
2025). 3okpema, nmuite coiika (Garrulus glandarius)
PO3NOBCIOMKYe Oinst MmiBcOTHI BMAIB sAK i3 cyxm-
My, Tak i coxkoputumu mnogamu (Levina, 1957).
Yac nMpoxomKeHHs IIOAIB Yepe3 TPAKT XKUBJIEHHS
y nTaxiB JOocUTb KopoTkuit (Big 0,5 mo 3 ropmh),
IPOTATOM fKOTO BifOyBaeTbcsi ckapudikauis, a
NTAIIVHAN TOCHIM AK IPaBUIO BiIKIAfAETbCA Ha
BiJKpUTUX MICUAX, IO CTUMYIIIOE AK IPOPOCTaH-
Hf, TaK i € IOXKMBHUM CYyOCTPAaTOM /IS TOJATIbIIO-
TO BYDKMBAHHS.

Y mpotieci po3BUTKY Bifi IOYaTKOBOI MOSABU Ya-
TapHUKIB 10 GOpMyBaHHA NiCY B IPUPOTHUX YMO-
BaX HacTymae crafis nepenickis (Rhamno-Prune-
tea), 110 XapaKTepU3YETbCs HASIBHICTIO yIPYIIOBaHb
HEBMCOKUX JiepeB Ta KYIiB, pO3TalllOBAHMX TaKMM
YMHOM, IO X KPOHM He 3MUKAThCA. Tpas’siHMi
IIOKPMB TUIIOBUII I BIiKPUTHX YIPYIOBaHb i J0-
MIiHYIOTD BifjIIOBifjHi BUV 3a/1e>KHO Bift egadivnmx
yMoB knaciB Geranio-Trifolietea, Molinio-Arrhena-
theretea, Festuco-Brometea. Leit mpolec camo3saric-
HEHH: II0B A3aHUI i3 Bi[ICyTHICTIO BUIIACY, IIOXKEXK,
CIHOKOCIHHS, a TAKOX, K BifIMi4a€ThCA y JIiTEpaTy-
pi, KIiMaTMYHMMM 3MiHaMM OCTaHHIX JeCATUIITS.
Taki yrpynoBaHHA He XapaKTepHi AA 3BOPOTHUX
IOUTpeCcUBHUX IpolieciB TpaHcdopMmariil micis, T06-
TO € HOBYMI.

Iloganpmmii pO3BUTOK BiIOBIZHUX ILI€HO3iB
BifbyBaerbcsa fBoMa nuraxamu. PopmyBaHHA [e-
peB 4y BUCOKUX vyarapHukis (Malus sylvestris, Py-
rus communis, Acer negundo, Swida sanguinea), min
HAaMeTOM SAKJX 3HUKAIOTh TUIIOBi TpaB sAHi remiodi-
T i 3°ABsAI0TBCA crumorenioditn. [Tpn 3apocranHi
kymamu (Prunus spinosa, Caragana frutex, Spiraea
SP.) CIIOCTEpIraeTbcsl pO3LUIMPEHHs IX KypTUH 3aB-
ISKY PO3BUTKY KOPEHEBOL CUCTEMN 1 y Ipoueci ix
3MMKaHHS, YUIIIbBHEHHs 3 sBJIAIOTLCSI HITpOdinb-
Hi cuioditn (Galium aparine L., Chelidonium ma-
jus L., Geum urbanum L., Anthriscus sylvestris (L.)
Hoft., Viola hirta L.). Y npoueci nopanpioro ¢pop-
MYBaHHS KYpTUH CHOCTepiraerbcs ix pudepeHii-
allif: LeHTpaJbHe Miclje 3alIMalOTh BMUILI, TIHEBU-
TpuBaiut, Swida sanguinea, Rhamnus cathartica,
Crataegus sp., sIKi 4acTO OTOYEHi I'yCTMMMU 3apo-
cramu Prunus spinosa, Ligustrum vulgare, nepude-
pii — umsbkopoci Cerasus fruticosa (Pall.) Borkh.,
Caragana frutex, Amygdalus nana. Y 1jeHTpanbHiit
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YacTMHI IIbOTO HaMeTY BifMideHi Buii fepesa Py-
rus communis, Malus sylvestris, Acer negundo, Ul-
mus glabra. Taka dopma, CTPyKTypa yrpyloOBaHHs
Haragye co60i0 KOHYC, IO, AK BiZIoMO, XapakTe-
pU3ye Ipoliecy HApOCTAHHA €HepPreTMYHOro IIo-
TeHIliany. B Mipy 36inblIeHHs IO OCHOBU 3pO-
CTa€ BUCOTA JIePEBOCTAHY, ajie Iie Bij0yBaeTbcA 10
IeBHOI MeXi, 3a KO0 e(eKT KOHyca BTPAvYaEThCs
i1 yTBOPIOETbCA TOPU3OHTAIbHA IIOBEPXHS IePeBOC-
TaHy, 3 ABJIAIOTbCA aOOPUTeHHi, XapaKTepHi TicoBi
BUAM, TOOTO HOPMYETHCS BlIaCHE JIiC.

Knacugikanis

YarapHuKy, HepemicKyl sSBSI0Th 0000 MPOMDK-
HY, TUMYacOBY CTajilo CyKuecil MK TpaB sHUMU
Ta JIICOBMMMU IIeHO3aMM, TOMY Y Kinacudikarnii poc-
JIMHHOCT] Ha JOMIHaHTHiT OCHOBi BOHM (paKTHIHO
BificyTHi a00 posrAgamucs y ckaafi iHmmx TUiis
pocnuunocti. Hanpuknag, y xmacudikauii "Poc-
NMMHHOCTL Ykpalum' BUAULAMNMCA NUIle 4YarapHu-
koBi crenm (Bilyk, 1973). B xmacuunmx poborax
exororo-opuctiynoi Kmacudikanii i mpupmi-
nsmacsl Oinblia yBara i BUAUISIUCA OKpeMi Kiacu
(Salicetea herbaceae, Rhamno-Prunetea), mpore
BOHM 4YacTillle pO3IIAfANNCA HA PiBHI HIDKYMX
CMHTaKCOHOMIYHMX paHriB (IOpsnKiB, cO03iB) y
cxnapi iHmmx knacis: Querco-Fagetea (Prunetalia
spinosae), Mulgedio-Aconitetea (Pado-Sorbetum,
Salicetum lapponum, Pulmonario-Alnetum viri-
dis), Alnetea glutinosae (Salicetum pentandro-cine-
reae), Vaccinio-Piceetea (Rhododendro-Vaccinion)
tomo (Oberdorfer, 1957). B ocTanui gecaTnmirtsa
aKIEHT MOAITYy Ha KIacK 3MILYETbCS y HAIPAMKY
ouinku Mop¢odisionomiuynoi 6ymoBu JOMiHAHTIB
i AK HaCTiJOK CMHTaKCOHOMIYHMII PaHTI 4YarapHMu-
KOBMX YTPYIOBaHb 3HAYHO HifjBuIeHO. B HOBOMY
npoppomyci pocnmuHocTi €Bporm (Weber, 1981;
Mucina et al., 2016; Guarino et al., 2018), Bugine-
HO 10 K/aciB pOCIMHHOCTI 4YarapHMKiB, 30KpeMa
Taki, 10 XapaKTepuU3ylTb camosamicHeHHs: Cra-
taego-Prunetea, Lonicero-Rubietea plicati, Fran-
guletea. OpHak, HesKi 4arapHUKOBI YIPYIIOBaHHS
PO3ITIAIAIOTECS ¥ CKIAAl AepeBHOI (xoda i He Ti-
HOBOI JTicoBOI) pocmHHOCTI Robinietea (Sambuce-
talia ramosae, Aegopodio podagrariae-Sambucion
nigrae), Junipero-Pinetea (Juniperitalia hemisphae-
ricae). Jlesiki aconjianii Ta co03u 3 JOMiHyBaHHAM
JarapHMKiB, Oy1n IepeHeceHi i3 KmaciB Tpap’sHOI
POCIMHHOCTI [0 yarapHukoBoi (Hampuxnap, Ely-
trigio nodosae-Rhuion coriariae) (Didukh, Mucina,
2014). BMHMKAIOTh HPOMO3UIHI IIOAO PO3POOKU
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HAJIK/TaCOBMX CUHTAKCOHOMIYHMX KaTeropim poc-
JIMHHOCTI i Bi/ITTOBi/IHi JIiCOBi Ta YarapHUKOBI yIpy-
HOBaHH: 00 €IHYIOTbCS Ha BUIOMY piBHI dpopma-
il (Willner, Faber-Langendoen, 2021).
Hespaxkarouu Ha pisHy CMHTaKCOHOMIYHY IIif-
MOPATKOBAHICTh, 33 CTPYKTYPOIO IIi YIpYIOBaH-
Hs1 He MOXKYTb OyTH 3BefieHi Hi O /MiCOBOro, Hi 10
TPaB AHOTO THUITy i 3aCTyroBYIOTb Ha CaMOCTili-
HICTb, 110 3HANIIO Bifo6paXkeHH: y Knacudikarii
6ioromis. Y krnacudixanii NATURA 2000 yarapuu-
KM PO3I/ISANAITECS sIK okpemuit tun (4010-4090),
ONHAK Iimit psj 6i0TOMIB PO3IOMINEHO cepen
IHIMX TUMiB, Hanpukman, 2160 — Ironu i3 Hip-
pophae ramnoides; 2170 — [ioun i3 Salix repens
subsp. argentea (Salicion arinariae); 2250 — Y36e-
pexHi gronm i3 Juniperus spp.; 2260 — Jronu ckie-
podinbuux varapuukis Cisto-Lavanduletalia; 3230,
3240 — YrpynmoBaHHS B3OBX TipCBKMX pivOK i3
Myricaria germanica ta Salix elaeagnos; 5110 —
CrabinbHi KcepotepmHi bopmartii Buxus sempervi-
rens Ha CKenACTUX cxmnax (Berberidion p. p.); 5130
— YrpynoBaHHA i3 Juniperus communis Ha ITyCTH-
max abo BalHAKOBMX cybcTpaTax; 5210 — Marto-
panb i3 Juniperus Tomo. Y kmacudikauii 6ioTormiB
EUNIS (Davies et al., 2004) 610k yarapHMKOBOTO
tuny (F) sHauno moty>xHimmit (11 xateropiit gpy-
roro i 41 — TpeTbOro paHry), aje Ipu IbOMY MU
CTIOCTepiraEMo CX0XKy KapTMHY. AHA/IOTi4HMI IifI-
Xig 6y710 3acTOCOBaHO IpK po3pobui kracudikamii
6ioroniB JlicoBoi Ta JlicocTenoBoi 30H Ykpainu
(Didukh et al., 2011), me okpemi 6ioTomu yarapHu-
KOBOI POCTIMHHOCTI PO3SIJIAIANNCA Y CK/IaJi IiCOBO-
ro TUITY, X04a 6araTo 3 HUX MAIOTb BiJIIOBiTHMKM
y xnaci F G:1.31 {F3.1} Berberidion; G:1.32 {F3.24,
G1.7A1224} MesorepmodinpHi KIeHOBI 3apocTi
Lamio purpureae-Acerion tatarici; G:1.33 {F3.11}
Mesoxkcepodinbui TepHOBi 3apocti Prunion spi-
nosae; G:1.34 {F3.112} Me3sokcepodinbHi 3apocri
pososux Crataegus sp., Rosa sp., Prunus sp., Pyrus
communis, Malus praecox; G:1.35 {F3.1} MesoHi-
TpodinbHi 3apocTi yarapHukiB Sambuco racemo-
sae-Salicion capreae. Taka po36DKHICTh TPaKTyBaHb
MHOSICHIOETBCS TUM, 11O K)Iacmbikauiﬁ 6iorTormis, Ha
BifMiHy Bif kmacudikanii pocIMHHOCTI, He IPyH-
TYETbCA Ha YiTKMX KPUTEPIAX IMOJINY, a IX OCHOBa
3a/IMIIAE€ThCs He BU3HAY€EHa i pisHOITaHOBA.
Krnacndikauis yrpynoBaHb Takoro TUITY YCKIaf-
HIOETBCA IIie i TUM, IJ0 KpiM TUIIOBUX, cOpMOBa-
HIUX 3apOCTell, HasABHI TaKi yIpyloBaHHSA AK Iepe-
JICKM, KOMM JlepeBa Yy Kyl POCTYThb OKPEMO Ha
3HayHil Bigpani. [Ipn kracngikanii pocmmHHOCTI,

KOMM TIIONI OMNCiB OOMEXYITbCA He3HAYHMMMU
poamipamu Big 10x10 go 5x5 i HaBiTh 10 M2, nepe-
JIICKY BUITAZIAIOTh 3 00’€KTIB aHa/i3y reo0OTaHiKiB,
a0 pmepeBa 4y 4arapHUKU QIiKCYOTHCS K BUIAJ-
koBi (Willner, Faber-Langendoen, 2021). Ane 3 o-
3MLiJ IMPLIOTrO OINANY Ha PiBHI €lIeMEeHTIB aH[-
madTy Le noTpedye BitoOpaskeHH.

Kpim orminky Mo3aiqHOCTi TOOTO IPOCTOPOBOL
CTPYKTYPH, BOX/INBOK € 9acoBUIL. X04a YarapHu-
KJ Ta HEPeiCKU € IPOMDKHIM €TallOM PO3BUTKY
LIeHO3iB Bifi TpaB’sSHOTO J10 JIICOBOTO TUILY, ajIe OC-
TaHHIiN BiJPi3HAETHCA L[I/IKOM iHIIOI CTPYKTYPOIO
Ta BUIOBUM CKIafoM. IIpy nboMy BMHUKae mu-
TaHHS, Y ICHYIOTb y IPUPOZi CTiliKi, K/IiMaKCOBi
yIpyHOBaHHA TUIY Hepenickis? Haie sHalioMcTBO
3 JIiTepaTyporo CBiIUNTb, IO TaKMMM MO>KHA BBa-
JKaTM ropixoBo-1ofioBi micu Ipano-TypaHncbkoro
periony (Bin Ipany po Tamxwmkucrany, Adranic-
TaHy, Y306ekucrany Tta Ilakmucrany), o 3aXopsATh
y Cxigne CepensemHOMOp’s. Mox/uBe MLIyplIe
TPAaKTYBaHHs LUX YIPYIOBaHb, LIO BKIIOYAOTH i
pinkomiccsa Tuny dicramnukis Cepensem’s, siki A.
Hosaxk (2025) mponoHye BUAIINTY B OKpEeMUII KJ1ac
(Pistacietea veri) (open scrubs) (Frey, Probst, 1986;
Zohary 1973; Nowak et al., 2022) a6o Pistacieta arid
open woodlands (zuB. Lachashvili et al., 2020). Ane
3YIMHUMOCA Ha TOPiXOBO-IUIOLOBUX JIiCaX, IOIIMN-
peHux Ha 3axigHux cxumax @epraHcbkoro xpebra
Ta MiBIEHHMX cxmmaX YaTKanbCbKoro xpebra Ha
niBpHi Kupruscrany, mo AB/sAI0Th cO00I0 YHiKaIb-
Hy ekocuctemy, Jlicm ckIafaoTbcsa HepeBaXKHO 3
nepes Juglans regia L. i Malus sieversii (Ledeb.) M.
Roem., Malus niedzwetzkyana Dieck, siki BBaxa-
I0TbCSI IPEAKOBUMM OffoMallHeHux s6myHb (Cor-
nille et al., 2014). XapakTepHuMu BUmaMu X JTi-
ciB € Pyrus korshinskyi Litv., P. turcomanica Maleev,
Acer turkestanicum Pax, Prunus Sogdiana Vassilcz.,
Crataegus sp., Betula sp., Juniperus sp., Populus sp.,
Fraxinus sp., Lonicera sp., Berberis sp., Cotoneaster
sp., Rosa sp., Ta inuti Bupgu (Beer et al., 2008; Laz-
kov, Sultanova, 2014).

Xoua 1i yrpymoBaHHs BKJIIOYAIOTb [0 KJIa-
cy Querco-Fagetea, ane sx Bkasano Epple (2001),
3B's130K TOPiXOBO-IIOJOBUX JIICiB 3 LM K/TacOM €
BifHOCHO HU3bKMM. A. HoBakoM i3 cmiaBTOpammu
(Novak et al., 2024) i yrpynoBanHs BifgHeceHi [j0
IBOX mopAnKiB Aceretalia turkestanici A. Nowak,
S. Swierszcz, S. Nowak, A. Nobis et M. Nobis 2024,
IO BK/IIOYAIOTh BJIACHE JIiCK 3 NOMiHyBaHHAM Ma-
lus sieversii, Acer regelii, A. turkestanica, Platanus
orientalis, Juglans regia, Ta Crataegetalia ponticae
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A. Nowak, M. Nobis, S. Nowak, M. Kotowski, E.
Klichowska, A. Nobis et S. Swierszcz 2024, mo
BKJIIOYA€ reMikcepodinbHy YarapHUKOBY POCIVH-
HicTb (Tax 3BaHi Rosaria), sika, 110 CyTi, aHaJIOri4Ha
HamyM nepenickaM. OfHaK /IiCOBi yrpynoBaHHA
3rafjldHOTO TUIY He 3MOXYThb CHOpPMYBaTMCS Ha
Teputopil YkpaiHu B Hamux egadivHux Ta Klima-
TUYHMX YMOBaX, 60 Ha piBHMHI BOHU 3aMilllyIOTbCS
3IMKHYTUMMU JIiICOBYMM LJ€HO3aMM.

BucHoBkn

PospimkeHi yrpynoBaHHs, 110 XapaKTepU3yHOTbCA
Mo3aiuHicTio, HeBucokow (0,2-0,5) 3IMKHYTICTIO
KyLIiB a00 IIOOAVHOKUX HU3BKOpOCIMX (o 8 M)
CBITJIOMIOOHUX IIBUAKOPOCTYYMX [IepeB, Y SKUX
CKpMBJIEHI CTOBOYpPM, Tamy3aTbCA BiJl OCHOBH, Til-
K/ 9acTO 3 KOMIOYKAMM, HiJ AKUMM (POPMYETHCA
TYCTHUII TPaBOCTiil (IpoeKTUBHEe MOKpUTTA 10 80%)
HasyuBaeMo mepenickamu. lle cnenudivnmit Tun
€KOCHUCTEM, CTiJIKMII o BUIacy Ta noxkex. Ilepe-
Ba)XAIOYVM €/IEMEHTOM LIUX IIEePeJIiCKiB € eHTOMO-
¢inpHi Qpanepoditn popuuu Rosaceae (Prunus,
Cerasus, Crataegus, Rosa, Malus, Pyrus), sixi MaloTb
M’ACKCTi IUIOfY 4YepBOHOTO 4M YOpPHOTro (pimmre
YKOBTO-OPAaHXOBOT0) KO/bOPY, €HJ0300X0pHE II0-
LIMPEHHs, a TAKOXX NMPEICTaBHUKIB IHIINX PONNH,
sokpema Fabaceae (Robinia, Gleditsia) Tomo. Ix
(bopMyBaHHA 3YMOBJIEHO CKOPOYEHHAM IUIOLL Ta
IHTEHCMBHOCTI BUIIACY, K/IIMAaTOr€HHMMM 3MiHaMI.

AHanis QropucTUYHOrO CIeKTpPy 66 INONIroHIB
HepesIicKiB, AKi perpeseHTyI0Th 60TaHiKO-reorpa-
¢iuHi perionn, 3acBifuns, mo GopMyBaHHA Bifmo-
BiJHUX YIPYIIOBaHb y IIEPINy 4Yepry 3a/JeXXUThb Bif
eKoyIoriyHmx (egadivyHMx) yMOB, perioHaJIbHO-30-
HAJIbHOTO MiCIle3HaXO/KeHHA, ToOTO KIiMaTy, a
TaKOXX HAABHOCTi ONM3bKO 3pOCTAIOUMX ITOTEH-
miltHux aredTiB. Ili 30BHIiIIHI YMHHUMKM, a TaKOX
TPUTEPHI MeXaHi3MM CTPYKTypM3allii, opraHisarii,
BiICYTHICTh BMIACY Ta CIHOKOCIHHS, IOCTabIeHH
KOHKYpeHIii BHACHI/JOK IOpYLIEHHS TpaB SHOIO
IIOKPUBY, HAABHICTb areHTiB PO3NOBCIOJYKEHHS €H-
JI0300XOPHMM Ta aHEMOXOPHUM CIIOCOO0OM — BCe
Ile B KOMIIJIEKCI BM3HAYalOTh NPUPOAHI Ipolecu
CUbBATU3Allil.

OCHOBHUM CIIOCOOOM HOLIMPEHHS AIaCIop LUX
BUJIB € €HJ0300XO0pid 3a [OIOMOIOI0 ITaxiB-Kap-
nocaris, YMCENbHICTb SKUX 30iMbLIMIACA. Y TIpO-
1[eCi TPOXO/>KEHHs HACIHHA Ta IUIOAIB Yepes3 TPaKT
KVIBJIEHHsI IIPOTATOM KOPOTKOTro 4acy (Biz 0,5 go 3
rofMH), BifOyBaeTbcs ckapudikaliiss, a ITALIMHAIL
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NIOCTIiJ, K MPAaBWIO BiJK/IANAETbCA Ha BIIKPUTUX
MICIISIX, IO CTUMYJ/IIOE K IIPOPOCTAHHA, TaK 1 € I10-
XKMBHYM CyOCTpPATOM JI/IS1 IOJ/IbILIOTO BYDKMBAHHS.

BB KiMaTy NpOABAAETbCA AK Yy TepMiHaX
OOCTUTAaHHA IUIOJIB, CepelHI IOKAa3HMKM SKOTO
301/IbIIYIOTbCS Bif apKTMYHOI 30HM JO TPOIIKiB,
a B HallUX WIMpOTax TpuBae 2,2-3,5 micAliB, Tak
30i/IpIIIEHHsAM BUJOBOrO OararcTBa OpHiTO(dayHIU,
3pOCTaHHA NONYIALi mTaxiB-Kaprnodaris, ski
JKUBJIATbCS IUIOJAMM Y 3MMOBMII II€piof i, AK Ha-
CIIIOK, 30i/IbIIEHHS IMOTEHI[ITHOI IHTEHCUBHOCTI
¢dbopmyBanus nepenickis. Knimarnyni sMinu copu-
AITh NOLWIMPEHHIO iHBa3ifiHMX BUJIB, afalTOBa-
HUX [0 BifitoBinHOi hopmu (byHKL[iOHyBaHHH €KOo-
CUCTEM.

YarapHuky, mepemickm ABIAOTbL CO00M0 IIpo-
MiXHY, TMMYacOBY CTaJiil0 CyKiecil Mk TpaB AHU-
M Ta JTICOBUMM II€HO3aMM, TOMY y Kracuikanii
POCIMHHOCTI Ha JOMIHAHTHINI OCHOBI (aKTUYHO
BificyTHi a60 posriaganucs y ckiaani iHmmx Tumis
pocnunHOCTi. Hanpuknag, y xmacugikanii "Poc-
JIMHHOCTI YKpaiHn'" BUAUIAIICS NUIIe YarapHUKOBI
crenu (Bilyk, 1973). B knacuunmx poborax eKkoso-
ro-gmopuctnyHoi knacudikanii iM npupminsmacs
Oinpina yBara i BUmiIAINCs okpemi Kmacu. Y Impo-
mpomyci pociuuHocTi €Bponu (Mucina et al., 2016;
Guarino et al.,, 2018; Willner, Faber-Langendoen,
2021) Bupineno 10 xmaciB poCIMHHOCTI YarapHu-
KiB, 30KpeMa TaKi, 1[0 XapaKTepU3yITh CaMO3aJlic-
HeHH:: Crataego-Prunetea, Lonicero-Rubietea plica-
ti, Franguletea. Knacudikanis yrpynoBanb Takoro
TUITY YCKIASHIOETHCA 1e i TUM, 10 KPiM TUIIOBUX,
copmoBaHUX 3apocTeil, HasABHI Taki yrpynoBaH-
HA AK IIEePEiCKY, KOMU JepeBa YM Kyl poCTyTb
OKpeMo Ha 3HauHiil Biggami. Ili yrpynosanHs He
MOXYTb OyTM 3BefieHi Hi 0 /T1icoBOro, Hi 1O TpaB’ -
HOTO THUILY i 3aC/TyTOBYIOTb Ha CaMOCTIHICTb, 1O
3HaIIo BimobpaxeHHs y knacudikanii 6iotomnis.

Y IlenTpanbHiit Asii icHyIOTb CTiliKi Topixo-
BO-I/IOAOBI sticoBi ekocucremu, a y CepenzeM-
HOMOP'i — pifiKo/Iiccs, OOHAK y HAIIMX MIMPOTAX
HepeNickt € IMPOMDKHOK cTajien (popMyBaHHSA
JiciB.

Ilogsaxmn

JocmimKeHHA BeAyTbCA B paMKaX BUKOHAHHA TeM
"Cunre3 GIiTOCOL[IONOTIYHNX JJAHUMX SIK OCHOBHU
knacudikalii, kKapTyBaHHs, 30epeXXeHHs POC/INH-
HOTO IIOKPMBY YKpaiHM B yMOBaXxX BIUIMBY 30BHill-
HiX yHHKKIB" Ta "Po3pobreHHs i BUKOPUCTAHHS
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MeTomosorii Ta anropurtMiB owiHkm BBy Bo-  JOTPMMAHHS ETMYHMX HOPM
€HHUX Jiil Ha QiTOPi3HOMAHITTA IPUPONHNUX eKO-
cucTeM YKpalHu [y BU3HA4YE€HHA IXHIX BTpaT, Bifi-
HOBJIIOBAJIPHOTO Ta aJJalITMBHOTO IIOTEHIany", o
¢inancyrorecas HAH Ykpainm.

Bucnosmor mopsky H0.B. Posen6rir 3a gonomo-

Iy Y AroToBLi aHoi my6mikanii. SLIL Jligyx ( https://orcid.org/0000-0002-5661-3944

ABTOp TIOBiffOM/IA€ TIPO BifICYTHICTD 6y/b-AKOrO KOHPITIK-
Ty iHTepeciB.
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Formation of the structure of spontaneous afforestation in Ukraine

Ya. DIDUKH
M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2 Tereshchenkivska Str., Kyiv 01601, Ukraine

Abstract. Spontaneous afforestation (sylvatization) is a complex, multi-vector process that has intensified worldwide in recent
decades and that brings both positive and negative implications. In Ukraine, this process manifests in several forms, including
the development of open, mosaic-like communities with low canopy closure (0.2-0.5) formed by shrubs and low-stature,
light-demanding, fast-growing trees, beneath which a dense herb layer persists. We refer to this specific type of communities
as pereliski (open, patchy shrub-tree renewal groves, copices, etc.), which are resistant to grazing and fire. Studies conducted
at 66 sites demonstrate that the formation of these communities depends on ecological (edaphic) conditions, regional-
zonal position, and the presence of nearby potential propagule sources. A total of 56 shrub and tree species from 22 families
were recorded, with the most numerous being entomophilous, endozoochorous representatives of Rosaceae (e.g., Crataegus
sp., Rosa sp., Malus sylvestris s. 1., Pyrus communis s. 1.). Their development is driven by a reduction in grazing area and
intensity, climate-related changes, and increasing populations of frugivorous birds. Subsequent community development
proceeds through the stages ranging from isolated trees or shrubs to the formation of dense, cone-shaped thickets with
woody species occupying the centre. In dominance-based vegetation classifications, these communities are largely absent
or treated as successional stages within other vegetation types. In the EuroVegChecklist, ten shrub vegetation classes are
recognized, including those associated with spontaneous afforestation, such as Crataego-Prunetea, Lonicero-Rubietea plicati,
and Franguletea. Although stable walnut-fruit forests occur in Central Asia, and open woodlands are characteristic of the
Mediterranean region, in our latitudes, pereliski (renewal groves) represent intermediate and temporary successional stages
between forests and grasslands.

Keywords: climate, endozoochory, frugivorous birds, grazing, Rosaceae, successions, sylvatization, taillis copses
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PesepBaTorenHi sMiHM pOCIMHHOCTI IPUPOJHOrO 3alI0BiTHUKA
"MuxaitniBcpka ninnaa" (Cymcpka 001., YKpaiHa).
1. IlinnHHa TepuToOpis

Muxkona C. TAPIOHOB
IncturyT 6oraniky im. M.I. Xomogaoro HAH Ykpainnu,
By Tepemenkiscoka 2, Kuis 01601, Ykpaina

Anpeca i TUCTYBaHH: mlarion@ukr.net

Pedepar. Ha ocHOBI maHMX HOBITHBOTO KapTYBaHHs POCAMHHOCTI MPUPOJHOrO 3amoBifHMka "MuxaiiniBcbka winmua'
MIPOJJOB>KEHO BMBYEHHSA Pe3epBATOT€HHOI JMHAMIKM POCIMHHOCTI JIOTO LI/IMHHOI TEPUTOPii, a caMe: BCTAHOBJIEHO IIOTOYHE
CHiBBiIHOLIEHHSA TIJIOI] OCHOBHMX YTPYTIOBaHb; NOIOBHEHO iCHYIOUi CXeMM AMHAMiKM POCIMHHOCTI; BUABIEHO TEHJEHIil
3MiH POCIMHHOCTI, 3’ICOBaHO iXHi NPUYMHYU; PO3POOTEHO MPOTHO3 HA MailOyTHE. Y POCTMHHOMY HOKPMBI IIiTMHHOI
TepUTOpil MmepeBakaloTh 4YarapHMKoBO-cTenoBi (Chamaecytiseta rutenici) Ta pisHoTpaBHi Qitonenosu (Euphorbieta se-
mivillosae). Crocrepiraerbcsi mocuaeHHs: Me30(iTusalil pOCIMHHOCTI, 3yMOB/IeHe MOHAJ, 10-piYHMM HEBMKOLIYBAHHSM.
JloBeneHO 3B’I30K TeHMIEHIIill 3MiH POCIMHHYX YTPYIIOBAaHb Y Yaci i3 3aII0BITHUM Pe>XUMOM. loro 0co6MMBOCTi BITUBAIOTH
Ha HaIpAM CyKiecil Ta TpuBamicTs ii eramis. IIpu 36epexxeHHi HeBuKouryBaHHA o 2050 p. IMPOrHO3YIOTbCA TaKi 3MiHM
pocmuuHOCTi: (1) 36inpurenns wiowy Chamaecytiseta ruthenici 3 ogambIINM CKOpOYeHHAM; (2) 36inpiueHHs mwromi Eu-
phorbieta semivillosae 3 Buxomom Ha MakcumyM y 2040 p.; (3) 36inbuienHs oyl Pruneta stepposae; (4) 36epexeHHs
IUIOLL JIePHOBMHHO-3/TAKOBUX yIpynoBaHb Ta popmalii Arrhenathereta elatii Ha TPOTUIIOXKEKHNUX CMyTaX; (5) CKOPOUYEHHs
KOPEHEBHUIIHO-3/TaKOBIX (iTOLeHO031B 3 mofanbIIyM 36imblIeHHsAM; (6) 301/IbIIeHHS IO /IICOBUX YIpyIoBaHb. [loganbima
CyKIecis BifiOyBaTuMeTbCs B HAIPsMKY ¢opMmyBaHH: jiciB. Y 2080-2090 pp. IPOrHO3yEMO IOIIMPEHHs TiCOBUX BUJIB
pocnuH 3 iMoBipHUM dopMyBaHHAM Y 2100-2150 pp. CYTTEBUX 3a IUIOLIEIO Ai/ITHOK KII€HOBO-TUIIOBO-AYOOBKX Ta IUIIOBO-
ny6oBux nicis. IIpu 11poMy cTeroBa pOCTMHHICTD Ha OiIBLIII YaCTHHI LiINMHHOI TePUTOPII 3aLI0BIHMKA 3HIKHE.

KmrouoBi cmoBa: abcomoTHa 3aIoOBifHICTb, aBTOT€HEe3 CTENOBOI POCTMHHOCTI, AMHAMiKa POCIMHHOCTI, JTy4YHWIl CTer,
pe3epBaToOreHHi 3MiHM POCIMHHOCTI

Beryn POCMHHOCT] BUBYa/IM Ha OCHOBI IaHMX KapTyBaH-

HS POCIMHHOCTI. B wmeit mepiog 6ymo mposepeHO
Tpusammit yac (1956-2011 pp.) y mpupozHomy 3a-  ciy KapTorpadivHux 31I0MOK POCIMHHOCTi J10To0
nosiganky (I13) "MuxaiiniBcbka imHa" [MHAMIKY  yrimamoi TepuTopii B 1956, 1963, 1971, 1981, 1991,

ARTICLE HISTORY. Submitted 06 August 2025. Revised 29 June 2026. Published 31 August 2026

CITATION. Larionov M.S. 2026. Reserve-induced changes of vegetation of Mykhailivska Tsilyna Nature Reserve (Sumy
Region, Ukraine). 1. Virgin land area. Ukrainian Botanical Journal, 83(4): 263-280. [In Ukrainian]. https://doi.org/10.15407/

ukrbotj83.04.263
© M.G. Kholodny Institute of Botany, NAS of Ukraine, 2026
© Publisher PH "Akademperiodyka" of the NAS of Ukraine, 2026

This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)
ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2026. 83 (4) 263


https://doi.org/10.15407/ukrbotj83.04.263
https://orcid.org/0000-0001-7710-4527
mailto:mlarion@ukr.net
https://doi.org/10.15407/ukrbotj83.04.263
https://doi.org/10.15407/ukrbotj83.04.263
https://creativecommons.org/licenses/by/4.0/

M.C. JTAPIOHOB

2001, 2011 poxax (Bilyk, 1957; Sarycheva, 1966; Bi-
lyk, Tkachenko, 1972; Tkachenko et al., 1984, 1993,
2003; Tkachenko, Fitsaylo, 2016). IIpu npomy mo-
CIJHMKY TIOPIBHIOBA/M IIOTOYHMI CTaH POC/IMH-
HOCTi 3 MUHY/IVM, a TAaKOXX POCAMHHICTH [iAHOK
3 pisHUMM peXMMaMU 3aIOBITHOCTI MK co6o. Y
nepiog, no 1956 p. pOCIMHHICTD 3allOBigHMKa BU-
Buasacs OiIbLI CTMXiNIHO, KapTorpadyBaHHA il He
nposoamnocs. Cepep po6iT, BUKOHAHUX Y TOIT 4ac,
BapTO BifzHaunMTH pocnimxenusa €.M. JlaBpeHka Ta
L.T. 3o0sa (Lavrenko, Zoz, 1928; Zoz, 1933), pe3ynb-
TaTU AKMX JIAIIM B OCHOBY IIOOYIOBaHMUX Ii3Hile
cxeM i rpadikiB 3miH pocnmHHOCTI. Harit6impumit
BHECOK Yy BUBYEHH:A [uHaMiku pociauHHOcTi 113
"MuxariiniBcpka 1inmnHa" 3po6us B.C. TkaueHko
3i cmiBaBTOpaMM, AKi JOCHIIKYBaaM 3MiHM pOC-
JMHHOCTI 3aIIOBiJHMKA IIPOTATOM IOHaJ, 40 pOKiB.
Humn 6yn0o nobynosaHo rpadiku Ta mporHosu 3Miu
CIBBiJHOIIEHbh MDX IIIOIAMM OCHOBHMX POC/INH-
HUX YTPYIIOBAaHb 3allOBiIHMKA K Ha OCHOBIi BJac-
HUX JaHUX, OTPMMaHMX B XOAi KapTyBaHHA poOC-
mHHOCcTi (Bilyk, Tkachenko, 1973; Tkachenko et al.,
1984, 1993, 2003; Parakhonska, Tkachenko, 1984,
1995; Tkachenko, Fitsaylo, 2016), Tak i Marepianis
IHIIMX KOCTiAHUKIB, SIKi HUMY OyIM afanToOBaHi i
BK/II0YeHi 7o 3aranpHux cxeM (Lavrenko, Zoz, 1928;
Zoz, 1933; Bilyk, 1957; Sarycheva, 1966). IIutanus
AVHAMIKJ POCIMHHOCT] 3aIOBiIHMKA y HaiOimbLI
3ara/JibHUX KaTeropisx Oymu BUCBiTIeHI B poboTi
B.C. Tkauenka ta C.I. Boituenko (Tkachenko, Bo-
ychenko, 2015), me ouiHoBanmMCs 3MiHM CHIBBifHO-
IIeHb KCepoMOpQHOi, Me30MOp(}HOI Ta JIirHO3HOI
CKIa[JOBUX pOCIMHHOrO nokpusy II3 y wvaci. InTe-
pec TakoXX CTAaHOBUTb HM3KA POOIT, IPUCBSIUYEHUX
3MiHaM €KOTOITiB JIaHOTO 3aMOBiTHMKA. ¥ YaCTUHI 3
HUX XapaKTepU3YIOTbCA 3MiHM IOKa3HMKIB €KONO-
TiYHMX YMHHMKIB BHAC/IiOK 3aIlOBiHOCTI, Y TOMY
yycri mig BiymBoM pisHux ii pexxnmis (Tkachenko
et al., 1993; Tkachenko, Lysenko, 2005b; Tkachen-
ko, 2016). OpHa po6oTa IpUCBsYeHa FOCTIKEHHIO
3MiH €KOJIOTIYHVX 4YMHHUKIB 3a Jil IipOreHHOTo
BBy (Tkachenko, Lysenko, 2005a).

TaxuM umHOM, GaraTopiuHe BUBYECHHs AMHAMIKK
POCIMHHOCTI 3aIIOBiTHMKA /IO3BONN/IO HAKOIIMYIUTHI
3HAYHUII OOCAT Marepialy Ta OTpUMATM 3arajbHe
VABJIEHHs TIPO Xifi CYKIeCil Ha J10ro ILiIMHHIA Te-
putopii, Bucitnene B my6mikauiax (Tkachenko et
al., 1998; Tkachenko, 2004). IIpu 11pomy, 1y4HO-CTe-
HOBUII CTaH, B SIKOMy IlepeOyBaja pPOCIMHHICTD
Iepui  JeCATUITTA 3alOBIJHOCTI, 3aMiCTb IIPU-
POAHO CPOPMOBAHOTO, BUABMUBCA AHTPOIIOTEHHO
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3YMOBJIEHMM IIiJi BIUIMBOM IHTE€HCMBHOIO CiHOKO-
CIHHA I BMIIACy B JO3aIIOBiJjHi Yacu Ta Ha ITOvar-
Ky 3anoBifHOCTi. IIpoTAroM TpuBajmoro BUBYEHHA
OVIHAaMIKVI POCIMHHOCTI CK/Ialacad MHepioguYHICTh
TOIIOBHEHHA 11 CXeM JaHVMM IIOTOYHOTO KapTorpa-
dyBaHHA pocMHHOCTI depe3 10-piuni yacosi mpo-
MbKkM. OCKiZIbKM OCTaHHE TaKe NOIOBHEHH: Bifoy-
nocst y 2016 p. 3a jaHuMu KaprorpadysanHsa 2011
p. (Tkachenko, Fitsaylo, 2016), ToMy 3HOBY HacTaB
Yac IVTAHOBOTO BMKOHAHHSA TakMX poOir. IIpm mpo-
MY CbOTOJHI MO)KHa He IIPOCTO JOIIOBHUTY iCHYIOYi
CXeMHU, a 11 OLiHUTY 3MiHM POCIMHHOCTI Ha PaHHIX
eTarax abCOMIOTHOI 3aMoBigHOCTI, OcKimbky y 2011
P. BUKOIIYBAaHH:A Ha OiIbIIill YacTVHi Li/IMHHOI Te-
puTopii 3anoBigHKKa Oy/l10 IpUIIMHEHe. 3BUYAIHO,
o 1i 3MiHM O6yAyTb CyTTEBO BifjpisHATUCA (4K 3a
MIBUJIKICTIO, TaK i XapaKkTepoM) Biff THX, SIKi CIIOCTe-
piranucst Ha abCOMIOTHO 3aMOBIfHIM HisHLi 3 1947
p. Toxi B cTaH abcomoTHOI 3anoBigHOCTI Oy nepe-
BeJleHi eTajloHHi JTyYHO-CTenoBi yrpymosanHA (Bi-
lyk, 1957), a 8 2011 p. — 3Ha4YHO BifjaneHi B HUX
LIeHO3H, 110 HepeOyBanu B MPOMDKHOMY CTaHi MiX
JE€PHOBJMHHO-3/TAKOBVIMY i KOPEHEBMITHO-3/TaKOBY-
mu yrpynosanHamu (Tkachenko, Fitsaylo, 2016).

3a xmacudikauiero B.J]. AnexcaHipoBoi, 3MiHI
POCIMHHOCTI Ha L/IMHHINM TepUTOPil 3allOBiFHMKA
MalOTh eHfioekoreHeTnyHuii xapakrtep (Aleksan-
drova, 1964). BoHM TakoXX HOCTilIHO KOPUTYBa/Iu-
€1 30BHIIIHIM aHTPOIIOT€HHUM BIUIMBOM Y BUIJLAL]
CIHOKOCIHHS Ta BUIIACAHHS XyHoOu. I[HTeHCHBHICTD
i IepiOAMYHICTh TAKOTO BIUIMBY IIPOTATOM MaiiKe
100 poKiB 3amIOBiJHOCTI HEOJHOPA30BO 3MiHIOBA-
mucs. Ha HMX Tako)X BIUIMBAIM i TOJIOr€HETMYHI
3miny (Aleksandrova, 1964) y Mexxax nicocrenoBol
30HI 3arajioM, Jie 3HaXOJUTbCA TEPUTOPiAd JAaHOTO
3aIOBiTHMKA.

Mertoto po6oTu cramo BMBYEHHA pe3epBaTOreH-
HOI JMHaAMiKM POCIMHHOCTI LiIMHHOI TepUTOpil
I13 "MuxaitniBcbka ninnaa". 3aBgaaaMu Oymm: 1)
BCTAHOBJIEHHA IIOTOYHOTO CIIiBBi/JHOIIEHHSA /IO
OCHOBHIX POCTVMHHIX YTPYIIOBaHb; 2) JOTIOBHEHH
icHylouNX cXeM OMHaMIiKV POCIVHHOCTI; 3) BUAB-
JIEHHA TE€HJEHIIII 3MiH pOCIMHHOCTI Ha OCHOBI aHa-
M3y CyYacHMX i peTpOCHeKTMBHMX NAHMX, 3 ACY-
BaHHSA IXHIX OpU4MH; 4) pO3POOTIEHHS IPOTHO3Y
Mait6y THIiX 3MiH pOC/IMHHOCTI.

Marepianu i meTogu

Tepurtopia mocmigxkenp. Ilpupopnnit 3amnosig-
HUK "MuxainiBcpKka LinMHA' PO3TAlIOBAaHUII B
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Cymcpkiit obmacti, y CyMcbKOMY Ta 4acTKOBO Po-
MEHCbKOMY paliOHaX, y IiBHiYHIll 9aCTMHI icocTe-
oBOi 30HM YKpaiHm. TyT oXOpOHAETbCA IUIaKop-
Ha JiIAHKA LIIMHHMUX IBHIYHUX JIyYHUX CTEIiB.
CyyacHa miomla 3amoBigHMKa cknafae 882,9 ra
(https://wownature.in.ua/, accessed 19.01.2025). I3
Hux: 202,5 ra cTaHOBUTH BIacHE IIiIMHHA YaCTMHA
(3amoBifHa 3 1928 p.), 10 BKIIOYA€E LIMHHI 3eM-
ni Ta crapi mepenoru moHap 60-piuHoro Biky (Bi-
lyk, 1957); 680,4 ra — HOBa TepuTopis (3amoBifgHa
32018 p.) cKMaga€eThCs MePEBAXKHO 3 Pi3HOBIKOBUX
nepesnoriB 1-20-pignoro Biky (Larionov, 2024b). ¥
LIl CTAaTTi pO3INIANAITHCA PE3epBATOTe€HHI 3MiHM
POCIVHHOCTI /Ml Ha LIIMHHIN 4acTVHI 3aIoBif-
Huka. [i KapTy-cxeMy moKasaHo Ha puc. 1.

KnimMar pajioHy TNOMipHO-KOHTMHEHTA/IbHUIL.
3a manumn Jlebenmucbkoi MeTeoctanuii (2018 p.)
cepelHbOpiuHA TeMIlepaTypa CTaHOBUTH +6,9 °C,
abcomoTHMIT MakcuMyM +38,5 °C, abcomoTHuIT Mi-
HiMyMm -36 °C (Berezhna, 2019), cepepHs Temmepa-
Typa nmunus +19,9 °C, ciunsa -6,4 °C (Bilyk, 1957),
3a 8 pokiB cnocrepexxeHp (1957-1964 pp.) 3.A.
CapuueBoi y cepegaboMy Bumnagano 498,9 mm ona-
niB (Sarycheva, 1966). Ha nepioguuni mocyumsi
nepiofy TpuBaicTIo MoHay 16 ni6 Bkasye 1.O. be-
pexHa (Berezhna, 2019), Takox TpuBaji HOCYXu
CIIOCTEPIralncs aBTOPOM.

Teputopis II3 posramosana Ha OxTuUp-
cpko-CyMcbkomy Bigposi Cepennbopycbkoi (Cxifn-
HBOEBpOIEChKOI LleHTpanbHOI) BUCOUNHY, € IIU-
POKNM MifABUILIEHHAM, 1[0 TOCTYIIOBO 3HVDKYETbCSA
B MiB/JeHHO-3aXiTHOMY HampsMKy. Pemped 3amo-
BifIHMKa YPi3HOMaHITHIOIOTH Cy(osiiiHi 3amaguuu
pisHMX posMmipiB, miamerpoM Bif 5 mo 30 M, ram-
6uno 1-2 M, Ta 6anku (Sarycheva, 1966; Hetman,
2018). 3a reob6oTaHIYHNM pailOHYBaHHAM TEPUTO-
pif 3amoBigHMKa HaneXuTb 1o IlonraBcbkoro re-
000TaHIYHOTO OKPYTY MUIOBO-yOOBMX, COCHOBIX,
JIYGOBO-COCHOBI/IX MiCiB, OCTENHEHMX JyKiB, myd-
HUX cTemiB Ta eBTpodHux 6omit (Didukh, Sheli-
ah-Sosonko, 2003).

Y IPYHTOBOMYy INOKpMBi IepeBa’kaloTb YOPHO-
3eMM TUIIOBi ITOTY>XHi i HAaJIOTY>XHi CepesHbOry-
MYCHi Ha JIeCOBMX MaTe€PUHCHKUX MOPOAaX i neco-
BUJIHUX CYIJIMHKAX, IO MiCTATb 3-5% Kap60HaTiB,
y 6ajKax — JIy4YHO-4OpHO3eMHi i 60/IOTHI IPyHTHU
3 BUpakeHnM orneeHHaAM (Sarycheva, 1966; Proekt
orhanizatsii..., 2021). 3a "HauioHaibHum atnacom
Ykpaiun" st Tepuropii 3amoBifHMKa XapakTepHi
YOpHO3eMIM THUIIOBI MaJOryMycHi Ta craborymy-
coBaHi cepennbocyranukoBi (Kanash et al.,, 2007).
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c. Crefiose -

Puc. 1. Kapra-cxema LiTMHHOI YaCTUHY NPUPOHOTO 3aII0-
BigHMKa "MuxaiiniBcpka nimmaa’. 1 — Bukomrysasi (y 2023 p.)
IPOTUIIOXKEXHI cMyry; 2 — filAHKa paHinre (mo 2011 p.)
BUKOIIYBAHOTO CTeITy; 3 — Ai/IsTHKA aBCOMIOTHO 3aIIOBifHO-
ro (3 1947 p.) creny

Fig. 1. Schematic map of the virgin land part of Mykhailivska
Tsilyna Nature Reserve. 1 — mown (in 2023) firebreaks;
2 — previously mown steppe area (until 2011); 3 — strictly
protected steppe area (since 1947)

3a 3.A. CapnyeBorw, BMICT I'yMyCy B IPyHTax Lii-
JIMHHOTO CTeIly CTAHOBUTb 6—7%, Y IPYHTaX 6aI0K
— 110 12%, TyMyc HaKOIIMYYETbCA 110 BCbOMY IIPO-
¢inro go rmbunu 150 cm (Sarycheva, 1966). 3a pa-
Humu O.B. Besponnosoi Ta I.M. JIo3u (Bezrodnova,
Loza, 2006), BMIiCT TyMyCYy Y BepXHIX LIapax IPYHTY
Ha IUVIAKOPHMX [AI/IAHKAX i CTENOBUX CXWIAX Li/IMH-
HOI 4aCTMHM 3aIlOBiJHMKa CTaHOBUTH 9,3-9,8%, y
IpyHTax TanbBery Ganku — 12,6%. [pynTn nimms-
HOI TepUTOPpil 3allOBilHMKa TOPiBHAHO 3 IIepeso-
TOBOI0 MalOTh OiNbLIMII 3arajJibHUII BMICT TyMYCY.
C.B. Kpoxin (Krokhin, 2015) na rmubunax mgo 50 cm
HAaBOAMUTDb TAaKMil BMICT 3arajJibHOrO rymycy: abco-
noTHa winuHa — 10,16-4,42%, KollleHa I[iiMHa —
9,75-4,90%.

Meropuka pocmimkenb. B ocHOBy paHoi po-
60T TOKIa[leHO Marepianu CTAI[iOHAPHOTO [O-
crimpxenus I13 "MuxaitniBcpka ninmmHa" BOpO-
noBx 2021-2023 pp. 3a weil mepiof BMKOHAHO
321 moBHMIT Te0OOTaHIYHMII OMUC 3 KOOPHMHAT-
HOI0 TPMB’A3KOW Ha CTapiit (UWiMMHHIN) YacTu-
Hi 3amoBigumka. Ha nit ocHoBi 6yna BuKOHaHa
kmacuikailiss poCcIMHHOCTI [JaHOI TepuTopii 3a
€KOMoro-QIOPUCTUIHUM TAXOOM 3 BUKOPUC-
TaHHAM BXe BucBiTIeHoI Mertomuku (Larionov
2024a, 2025). ITpoTsroM ykasaHoro mepiogy cTBo-
peHo i omyOmikoBaHO KapTy POCIMHHOCTI 3aro-
Bigauka (Larionov, 2025), B OCHOBI JIereHaM AKOI
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HOK/IaJIeHO pe3ynbraTy Knacugikanil pocamHHOC-
ti. Hyoxue BUCBITIIOETbCA MeTOAMKA KapTorpady-
BaHHA POCIVHHOCTI AK 6a3MCy A/IA JOCTiKeHHA
AVIHAMIKM POC/IMHHOCTI.

Ins oTpMMaHHA HNepBMHHMX JJaHUX IIPO IpO-
CTOpOBY AudepeHIiialilo pOCIMHHNX YTPYIOBaHb
TEPUTOPII0 3aNOBifHNKA 00XOAWIN, B IEpUIY dYep-
Ty, 110 3aKJIaIecHNM €KOJIOTO-IIeHOTUYHNUM IIpodi-
1AM, i3 CymyTHMKOBMMM 3HiMKamm Sentinel-2 Ta
Google Satellite. ITpy 11pOMY KOMIIIEKCU POCTIVH-
HMX YTPYNOBaHb CHIBCTaBIANN 3 [JiIAHKaMM Ha
3HIMKaX, IEPIOINYHO IEPEBIPAIOYM CBOK IIO3M-
nil0 Ha cMapT(OHi 3 BUKOPUCTAaHHAM 3aCTOCYH-
Ky QField (https://qfield.org, accessed 26.06.2026)
(mob6inbHa Bepcin QGIS 3i smeHmeHnM QyHKIi-
OHAJIOM), 10 3abesmedyye BUCOKY TouHicTh GPS-
HO3UIiOHYBaHHA, B AKWIT OV 3aBaHTaXKeH] Iapu
BKa3aHNMX CYNYTHUMKOBUX 3HIMKIiB. [JinlAHKM OK-
pecimoBany, HyMepyBalayu Ta ONUCYBalIM JA OT-
pPMMaHHA TaK 3BaHOI npe-kapTu. Ilotim fpibHi mi-
NAHKM 06’€qHyBamM y OiblIi Ta, CIMpPAIOYNCh HA
pesynbpTaTy Kaacudikauii pocIMHHOCTI, CKIaganm
nereHpy Kaptu. Ilicia mporo 3 BUKOpMUCTaHHAM
nporpamHoro 3abesnedenus QGIS 3.22.9 (http://
www.qgis.org, accessed 10.01.2025) gminsHKM 3
Ipe-KapTyu IepeHOCHINCA Ha YMCTOBY KapTy i 3a-
¢dap6boByBanucs BigmosigHo A0 nereHan. OcHO-
BOIO Jy1A KaprorpadyBanHs B cepemobuii QGIS
Oynu gBa 3a3HaYeHi CYNyTHMKOBI 3HIMKM 3amoBif-
Huka: Sentinel-2 Ta Google Satellite.

3a OCTaHHDBOIO KapTOI POCTVHHOCTI 3aI0BigHN-
ka (Larionov, 2025) 3a momomoroo (yHKIiOHaTy
nporpamuoro 3abesnedenns QGIS 3.22.9 3 Buwmi-
PIOBaHHA IUIOL, PO3PaxOByBanyM Cy4acHi IUIOIIi
POCNMHHUX yrpynoBaHb. Ha 11/ 0cHOBi Bxxe icHy-
fo4i rpadiky IMHAMIKM POCTMHHOCTI 3aMOBifHMKA
(Tkachenko, 1984, 1998, 2005; Tkachenko, Fitsaylo,
2016) momOBHIOBAIMCA HOBITHIMM JaHuMM. Buxipn-
Ha CTPYKTYpa rpadikip 6yra sbepeskeHa, OCKiIbKM
BOHA, Ha IyMKy aBTOpA, € BJIAJIOI0 JIA 300paskeH-
Hsl OaraTopivyHUX 3MiH pocnmHHOCTI. J[Ba ocTaH-
Hix (Tkachenko, 2005; Tkachenko, Fitsaylo, 2016)
Oymun o6’egHaHi B oguH rpadik, OCKiIIbKM BOHU
MaloThb OJJHAKOBY CTPYKTYpPY, ajle MICTATb HaHi 3a
pisHi yacoBi npomixku. [lopiBHIOIOUM Cy4dacHi faHi
3 MUHYIMMJ POKaMIU CIIOCTepe)KeHb, OLiHIOBaIU
3MiHI TIJION] POCIMHHUX YTPYHOBaHb. OfMHUIAMU
pocnuHHOCTI Ha rpadikax il AMHAMIKMK, SK i B 1o-
nepepHix gocmimkenusx (Tkachenko, 1984, 1998,
2005; Tkachenko, Fitsaylo, 2016), 3anmuummm Ka-
Teropii momiHaHTHOI cuctemy (opmarii, rpymu
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¢dbopmatiit) 3 MeTOI0 30epeXKEHHS €ANHOI CTPYKTY-
pu 6aratopiunux pocnimxenb. OkpiM 1poro, 6ymm
CKJIaJleHl CYKLECiVIHI pAfM, 10 ITOKa3yITh AKICHI
3MiHM POCIVMHHUX YTPYIIOBAaHb 3a IIepioj NMPUIIN-
HEHHsA CIHOKOCIHHS Ha OIIbIIiil YacTUHI OiISHKMU
nepiopgnyHo Bukourysanoro creny (IIBC) Ta mpo-
THO3 MalOyTHBOTO XO#Y CcyKuecii. OpuHMULAMU
POCIMHHOCTI I HOOYHOBYM 3a3HAYeHUX PpALiB
BUCTYIQIM  CUHTAKCOHU  €KOJIOrO-QIopucTmy-
Hoi kmacudikanii (Larionov, 2024a, 2024b, 2025).
OCKIinbKY CYKLeCiiHI pAny He OYyIM MOCTIHUM
KOMIIOHEHTOM 0araTopiuHuX [JOCTiIPKeHb OVHaMi-
KII POC/IVHHOCTI 3allOBiIHMKA, TOMY He Oy/I0 Io-
TpeOu 3JiICHIOBATY IIepeBefieHHs eKOJIOoro-Qio-
PUCTMYHMX CHHTAaKCOHIB Y [IOMIHAaHTHI 3ajid
30epeXKeHHs €UHOI CTPYKTYpM IS IOPiBHAHHSA
3 HoIepegHiMM cxeMaMu. BignosigHo, BoHu 6ynmn
3a/IMILIEH] Y BUXiJHOMY BUIJLAJL

ITporHo3yBaHHs MaiOyTHIX 3MiH pOCIMHHOC-
Ti 6a3Y€TbCH Ha: 6araTopivHMX [[OCTiIKEHHSX
i AMHaMiKy, BMUABJIEHMX HalpAMKax 1 IIBUIKO-
CTAX 3MiH IUIONI YIPYNOBaHb 3a BIUIMBY Pi3HUX
pexxuMiB  3amoBigHOCTi (pi3HOI mepiopmyHOCTI
BUKOIITYBAaHHA, a0 JOTO BiICYTHOCTI), CydacHiii
npoctopoBiit audepenuianii pocimHHoCcTi. IIpo-
THO30BaHi 3MiHM IUIOL pO3paxoByBaly IPOIO-
PUiIHO [0 HaMiYeHUX paHille TeHJEHIil 3MiH,
CIMpPAaKYNCh HacaMmIlepes, Ha yTPYNOBaHHHA, IUIO-
i AAKMX HalIMEHIIe BiIXWIAINCA Bifl O4iKyBaHUX
3HaueHb. BaxxnmuBumu s nepenbadeHHs MailbyT-
HbOTO XORY CYKIECil B 3allOBiIHMKY € TeHJeHIii
3MiH, IO CIIOCTEPIraaucs Ha HIISHIL abCOMIOTHO
3anoBifHoro creny (A3C), Ta i cy4acHMil Xapak-
T€p POCAMHHOCTI, AKNIA, IIO CYTi, € Ma17[6yTHiM iy 84
TepuTOPilL, fe y 2011 p. npunuHMIM CiHOKOCIiHHA.
3arajsioM, Oyfb-sKUII IPOTHO3 € eKCTPANOJIALIEI0
TENepilllHbOrO I MUHYINX CTaHIB 00’€KTa y Tux
4y iHIMX yMOBax y MaiOytHe. Yum 6inpire ma-
paMeTpiB, XapaKTepHMX /I 06’€KTa Ta YMOB, fKi
Ha HIUX BIUIMBAIOTh, BPaXOBYETbCHA, TUM Oinblla
itoro TounicTs (Tkachenko, 1984; Tkachenko et al.,
1998). IIpn po3pobreHHI TPOrHO3iB 3MiH pOCIMH-
HOCTi aBTOp, 6€3yMOBHO, poO3yMi€ IMOBipHICTb
BiIXW/IEHHA peajIbHOrO XOAY CYKILecil Bif mepep-
6aueHoro.

HoMmeHKmaTypy CHMHTaKCOHIB eKosmoro-gmopuc-
TyHOI K1acudikanii HaBegeHo 3a "IIpogpomycom
pocmuHOCTI Ykpainu" (Dubyna et al.,, 2019), Ha3-
B BUJIIB POC/INH mepeBaXkHO 3a "Vascular Plants of
Ukraine" (Mosyakin, Fedoronchuk, 1999), 3 gesxu-
M HeOOXiTHUMM yTOYHEHHAMI.
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Puc. 2. Y3arajpHeHa fUHaMiKa OCHOBHVIX TUIIB (iTOIIHO3iB Ha LII/IMHHII YaCTUHI IPUPOFHOTO 3aIoBigHMKa "Muxaiiis-
cpka ninnHa', 3a cxemoro B.C. Tkauenka (1998) 3 gomoBHeHHsAMy aBTopa. CyuinbHi miHil — 1wromi ¢iToeHosiB 3a pe3yb-
TaTaMy KapryBaHHs: 1956 p., 1971 p., 1981 p. (Bilyk, 1957; Bilyk, Tkachenko, 1972; Tkachenko et al., 1984) ta mporuos
(1986-2046 pp.) (Tkachenko, 1984; Tkachenko et al., 1998); mTpuxosi ninii — 3minu mwiomns ¢giToleHO3iB 3a pe3yrbraTaMu
kapTyBaHHA: 2001 p., 2011 p., 2021 p. (Tkachenko, 2005; Tkachenko, Fitsaylo, 2016; Larionov, 2025) Ta Iporaos aBropa
(2021-2046 pp.); minii 3 Touox — mporHososani Mexi Bigxmmenns miowny (Tkachenko, 1984); ditorenosn: 1 — mepHOBUH-
HO-3/IaKOBi; 2 — KOPEHEBUIIHO-3/1aKOBi; 3 — /Ty4Hi; 4 — YarapHMKOBO-CTEIOBI Ta PiSHOTPaBHi; 5 — JlepeBHO-9arapHUKOBi

Fig. 2. Generalized dynamics of major types of phytocenoses in the virgin land part of Mykhailivska Tsilyna Nature Reserve,
according to the scheme by V.S. Tkachenko (1998), with additions by the author. Solid lines — areas of phytocenoses
according to the mapping results: 1956, 1971, 1981 (Bilyk, 1957; Bilyk, Tkachenko, 1972; Tkachenko et al., 1984) and the
forecast (1986-2046) (Tkachenko, 1984; Tkachenko et al., 1998); dashed lines — changes in the areas of phytocenoses
according to the results of mapping in: 2001, 2011, 2021 (Tkachenko, 2005; Tkachenko, Fitsaylo, 2016; Larionov, 2025) and
the author's forecast (2021-2046); dotted lines — predicted limits of area deviation (Tkachenko, 1984); phytocenoses: 1 —
tussock-grass; 2 — rhizome-grass; 3 — meadow; 4 — shrub-steppe and forb; 5 — tree and shrub

PesynbraTi Ta 06rOBOpeHHA po6oramn (Tkachenko, 2005; Tkachenko, Fitsaylo,
2016) BoHM Oy/IM IOLIMPEH] B 3alOBiJHMKY, IIOYM-
Hatoun 3 1970-x pp. Tomy npumyckaemo, AKIoO i
YIPYIIOBAaHHA HE BUJNIEH]I OKPEMO, IMOBIPHO, BOHU
Oy/M BKITIOYEH] 10 OfHi€l 3 y)ke HaABHUX JIiHil Ha
rpadiky. Hait6inpir BiporigHo BHeceHi o miHii N
4 (4arapHIMKOBO-CTEIIOBMX YTPYIIOBaHb), OCKIbKIL,
HaIOMMPEHINIi 3apa3 pi3sHOTPABHI yTPYIIOBAHHA
dopmauii Euphorbieta semivillosae € 6muspKumm o
HUX 3a ekonoriunumy Bumoramu (Larionov, 2024a).
Tomy aBTOpOM BOHM Oy/IM BK/IIOYEHi o /iHil Ne 4,
Ha3Ba sIKOI Oy/1a 3MiHeHa Ha "4arapHUKOBO-CTEIOB]
Ta pisHOTpaBHi'".

Y HaiibinpIn 3arabHOMY BUIJLAI AMHAMiKa poc-
AMHHOCTI UinuaHOl yactuHu 113 "Muxaimiscbka
ninMHa" oKasaHa Ha puc. 2.

Ha puc. 2 € ocobmuBocTi, sIKi C1ify BpaxoByBaTu.
[To-nepiite, aBTOpamMu B pisHUX poOOTaX 3 BUBYEH-
HA JVHAMIKI pOC/IMHHOCTI 3aII0BiJHMKA B IIOHATTS
Jy4Hi YITpyIOBaHHA BKIaflaBcs pisHuit smict. Cro-
YaTKy O HMX BKmodanu Qopmauniio Arrhenathe-
reta elatii (Tkachenko, 2005), a moTim Ii BuminsIN
okpemo (Tkachenko, Fitsaylo, 2016), ockinbku B
3a3HaveHiit po6ori mwioma ganoi gopmauii B 2011

P. AIBHO IepeBUIYE IO TYYHUX (iTOLIeHO3iB.
Tomy xpuBa, o BifoOpakae 3MiHY IUIOLL TYIHNX
¢iroreHos3iB, HemocTatHbO iHQopMmaruBHa (y 4a-
ctuHi mica 2001 p.) i gani xapakTepusyBaTncs He
6yne. Ilo-gpyre, Ha BuxigHomy rpadixy (Tkachen-
ko, 1984; Tkachenko et al., 1998) BincyTHi pisHO-
TpaBHI yTPYIOBAaHHSA, XO4Ya, 3riHO 3 MiSHIIIMMMU
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Ha pwuc. 2 y nepiog 1926-1981 pp. mmomii oc-
HOBHMX THUIIB (iTOIEHO3iB 3MiHIOIOTHCS BiHOC-
HO IIOBIZIbHO i IVIABHO, a Ha Bifgpisky 1981-2021
Pp. crocTepiraioTbcst 6inbII piski IXHI KOMMBaHHA.
Taky ocobnuBicTh MOB’A3yEMO 3 peXXVMaMM BUKO-
PUCTaHHA, WO iCHYBa/IM TOAIi B 3aII0BiTHNUKY.
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Y nepiop 1928-1946 pp. Ha Bciit TepuTopii Bif-
6yBaBcs K Bumac (6mm3bko 37% mromi), Tak i ci-
HOKOCiHHsI (6113bK0 63% twrtomi). Y 1947 p. maco-
BUIIHE HaBaHTAXEHHS CKOPOTWIOCA Oinble HiX
BIIBi4i, a CIHOKOCIHHS Bi]l6YBa}IOC5{ JIVIIe Ha CXU-
max 6amok (Bilyk, 1957). Y mepiox 1951-1962 pp.
KOCM/IM pa3 Ha 5 poKiB, 1962-1979 pp. — pas Ha 4
poku, 1979-1989 pp. — pas Ha 3 poxu, 1989-1998
pp.- — pas Ha 2 poku, 1998-2011 pp. — 4 pasu Ha 5
pokis (Tkachenko et al., 2003). 3 2011 p. ciHOKOCiH-
HA 3[II/ICHIOETHCA JINILIE B MeXKaX MPOTUIIOXKEKHNX
cmyr (IIC) (Larionov, 2025). Ins BUKOIIYBaHHA
BUKOPUCTOBYIOTbCA TPaKTOPHiI KOCAapKM POTOPHO-
ro TUIYy (B MMHY/IOMY, MOXK/IVBO, 1 iHIIIVX TUIIIB).

ITnaBHicTh 3MiH IJIOL POCIMHHUX YTPYIOBaHb
y nepiog 1926-1981 pp. NOACHIOETbCA TAKUM Y-
HOM: 1) 1926-1946 pp. — iHTEHCHBHe IACOBUIIHE
i CIHOKiCHe HaBaHTAKEHHA CIIPUATIO NIEPEBaKaHHIO
JIepHOBIMHHO-3/IAKOBMX YTPYIOBaHb; 2) 1947-1951
Pp. — 3HaYHe CKOPOYEHHS BUIIACY i CIHOKOCIHHA
CIOPUYMHUIO HEBENMKE CKOPOYEHHSA IXHBOI IIIO-
mi; 3) 1951-1981 pp. — BIpPOBAKYBalIuCs [Ba
PEeXVMM BUKOIIYBaHHA (pa3 Ha 5 pokiB i pas Ha 4
POKIU), OTHAK, BOHU He Oy e(eKTUBHIMY, Ha 110
BKasyBana 3.A. Capuuesa (Sarycheva, 1966), Tomy
TEHJEHLiA IJIABHOTO CKOPOYEHHA IUIOL) MaHUX
yrpynosanb 36epiranacsa go 1981 p. Kopenesumi-
HO-3/IaKOBi yTPYIIOBaHHA JocCAIIM Iiky B 1971 p.,
noTiM o 1981 p. memo CKOpOTUINCS, IPUOIU3HO
Ha 1/5, Topi >k BiJHOCHO IIOBiIJIbHO 3POCTaIN IO
YarapHMKOBO-CTENIOBMUX YIPYIIOBaHb.

Piski 3MiHM mion; yrpynoBaHb PpisHMX TUIIB
y nepion, 1981-2021 pp. mop’s3aHi 3 BIVIMBOM Ha
POCIMHHICTD OiNbII iHTEHCMBHOTO BYKOIIYBaH-
HA Ta JIOTO IOfIa/IbIIOTO Pi3KOro npunuHeHHA. Ha
[IPOMY NPOMDKKY Ha puC. 2 € IATh MiKiB (0fuH B
1991 p., gBa y 2011 p., oguu y 2021 p., ofuiH HeBe-
mvkmit y 2001 p.). Ilik 1991 p. XapakTepusyeTbcs
361/IbIIEHHAM IUIOLL YarapHUKOBO-CTEIIOBUX yIPY-
IIOBaHb i CKOPOYEHHSAM KOPEHEBMIHO-3/TaKOBMX.
IHTeHCMBHE NOMMPEHHA YarapHUKOBO-CTEMOBUX
yrpynoBaHb 3 goMiHyBaHHAM Chamaecytisus ru-
thenicus (Fisch. ex Otto) Klask. na Binpisky 1981-
1991 pp. nosacHoeMoO giero, B nepion 1979-1989
pp. OimbII YacTOro BUKOIIYBaHHA — pa3 Ha 3
POKM, BOHO XK CIIPUAJIO CKOPOYEHHIO IIJIOLL KOpe-
HEBUIIIHO-3/IAKOBMX YIPYIOBaHb Oi/lbllle HDX Ha
2/5, anme A NOMMPEHHA NE€PHOBMHHO-3TTAKOBUX
— BuABMIOCA HegocTaTHiM. Y 2011 p. KopeHeBMIL[-
HO-3/IaKOBi Ta JIEPHOBMHHO-3/IAKOBi YIPYyIIOBaH-
HA JIOCATAIOTH MKy BHACHiJOK BIUIMBY B Ilepiof
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1991-2011 pp. ABOX HOCTAaTHBO iHTEHCUBHUX pe-
KIMIB BMKOIIYBaHHS (pa3 Ha 2 poKi Ta 4 pasu Ha
5 pokiB). Humu crnpuumHeHO CKOpOYeHHA IUIOL]
YarapHMKOBO-CTEMOBMUX Ta Pi3HOTPABHMUX YTPYIIO-
BaHb (pa3oM y IOHaJ 5 pasiB), 30iNblIeHHS IUION]
KOPEHEBUII[HO-3/IAKOBUX — HpUOIN3HO BABivi
3a paxyHoK Qopmanil Arrhenathereta elatii, mo €
criitkoro po nii BukomysanHs (Tkachenko, Fitsaylo,
2016) i sHaune (6mu3bKo 19%) 30iMbLIEHHS IO
JEePHOBMHHO-3/IaKOBMX, X04a B mepioy 1981-2001
pp. BOHU OymM IpakTU4HO BixcyTHi. Y 2021 p. Bin-
Oynucst 3BOPOTHI 3MiHN: YarapHMKOBO-CTEIOBi Ta
Pi3HOTpaBHI YIPYIOBAHHA 3HOBY MOCAINN ITKY, &
KODEHEBUII[HO-3/IaKOBi ~ Ta  JIEPHOBMHHO-3/1aKO-
Bi — 3HayHO ckoportmnucA. Lli smiHM 3ymoBreHi
HPUNVHEHHSAM CiHOKOCIHHA micst 2011 p Ha 6ib-
Wil yacTuHi paHine BuxomysaHoro creny (PBC).
3okpema, B 2021 p. mromli KOpeHeBMITHO-37IaKo-
BUX YTPYNOBaHb CKOPOTWINCA IPUOIM3HO BTPU-
ui (popmariist Arrhenathereta elatii) Ta mepHOBUH-
HO-3/IAKOBMX — Oijble HDX yTpudi (36epermucs
nepesakHo Ha [1C), mpy 1[bOMYy IIJIOIIIA YarapHUKO-
BO-CTEIIOBMX Ta Pi3HOTPABHMX YIPYIIOBAaHb Pa3oM
3pocia Maibke B 6 pasis (popmarii Chamaecytiseta
rutenici Ta Euphorbieta semivillosae). Ilnouii nepes-
HO-YarapHUKOBMX YIPYIOBaHb IOCTIIHO 306i/b-
myBamuca nporarom 1981-2011 pp. s3a paxyHOK
minankn A3C, a micna 2011 p. — i pemrTy nimHHOL
teputopil (okpim IIC), ockinbkn ciHOKOCIHHA Tam
TEXX NPUIVHIIN.

OTKe, pOCTMHHICTD 3allOBifHIKA pearye Ha 3Mi-
HM iHTEHCMBHOCTi BMKOUIYBAaHHA TAaKUM YMHOM:
1) itoro mpuIMHEHHA a60 3MEeHILIEHHA CIIPAMOBYE
cykuecito B 6ik gopmyBaHHA 6inbl Me30(diTHMX
KOPEHEBMII[HO-3/IAKOBMX, YaTrapHMKOBO-CTENOBUX i
Pi3HOTpPaBHUX YTPYNOBaHb; 2) II MABNUIIEHHA — Y
6ik 6ibII KCepOoIiTHUX JIepHOBMHHO-3/IAKOBUX i
HEeAKNUX CTIMIKMX JIO il BUKOIIYBAaHHA KOPEHEBUII]-
HO-3/1aKOBMX YTpyHoBaHb. OCTaHHE € MO3UTUBHUM
IJIA JIyYHMX CTEIB 3all0BiJHMKA.

AHanis KpuUBMX, IOBA3aHNX i3 IIPOTHO3YBaH-
HAM, IOKa3ye, 10 BiIXWIEHHsA pealbHUX 3HAYEHb
IJIONY, Bifi IPOTHO30BAHMX IE€PEBAXKHO CIIPUYMHA-
JIUCSL 3MiHAMIM 4aCTOTM CIHOKOCIHHA Yy IIPOTHO30-
BaHMIl mepiofl, sIKi He Tepenbadanucsi Ha MOMEHT
itoro cknmajjaHHA. TenpeHuil, mo icHyBanu mig 4yac
cxnaganusa nporuosy B.C. Tkauenkom (Tkachen-
ko, 1984) 6ynu BusiBIeHi [OCTATHBO TOYHO, Ha 110
BKasye IOCTYIIOBE HAONMVDKEHHS peanbHNUX IUION]
[0 IIPOTHO30BAHMX HA HOBITHIN yacTuHi rpagiky
(2011-2021 pp.), BpaxoByrouH, 10 HEBUKOIIYBaHi
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Puc. 3. Ipadiuna cxema ayHaMiKy OCHOBHMX (OpPMAILiil Ta iXHIX Py HA LIMHHIN YaCTHHI IPMPOAHOro 3anoBifgHMKa "Mu-
XalUriBcbKa IimMHA" 3a JaHUMM MOHiTOpMHTY 1956-2021 pp. Ta mporHos o 2050 p. 3a cxemamu B.C. Tkauenka (2005), B.C.
Tkavenka Ta T.B. ®@inarino (2016) 3 gonoBHeHHAMY aBTopa. CyninpHi niHii — peanpHi mwiowi ¢itonenosis: 1956-2011 pp.
(Tkachenko, 2005; Tkachenko, Fitsaylo, 2016), 2011-2021 pp. (3a CriocTepe>KeHHsAMM aBTOpa); WITPUXOBI JIiHII — IPOTHO-
3oBaHi mwromi ¢itomenosis: 2001-2021 pp. (Tkachenko, 2005), 2021-2050 pp. (mporros asropa). ®irorenosu: 1 — pepHo-
BUHHO-3/IaKOBi; 2 — KOpeHeBUIIHO-3/aKoBi; 3 — Poeta angustifoliae; 4 — Elytrigieta repentis, 5 — Bromopsideta inermis;
6 — Calamagrostideta epigeioris; 7 — Arrhenathereta elatii; 8 — Chamaecytiseta rutenici; 9 — pisHoTpasHi; 10 — my«Hi;
11 — varapHukosi; 12 — 6onorni; 13 — micosi; 14 — momopi nepenorn. Poku crocrepexxens: 1956 (Bilyk, 1957), 1971
(Bilyk, Tkachenko, 1972), 1981 (Tkachenko et al., 1984), 1991 (Tkachenko et al., 1993), 2001 (Tkachenko et al., 2003), 2011
(Tkachenko, Fitsaylo, 2016), 2021 — aBtop. IIITpuxoBMMY NTiHisIMYU ITOKa3aHO POKM MaIOYTHIX CIIOCTEPEKEHb

Fig. 3. Diagram of the dynamics of the major formations and their groups on the virgin land part of Mykhailivska Tsilyna
Nature Reserve according to the monitoring data obtained during 1956-2021 and the forecast until 2050. Solid lines — actual
areas of the phytocenoses: 1956-2011 (Tkachenko, 2005; Tkachenko, Fitsaylo, 2016), 2011-2021 (according to the author’s
observations); dashed lines — predicted areas: 2001-2021 (Tkachenko, 2005; Tkachenko, Fitsaylo, 2016), 2021-2050 (the
author’s forecast). Phytocenoses: 1 — tussock-grass; 2 — rhizome-grass; 3 — Poeta angustifoliae; 4 — Elytrigieta repentis; 5
— Bromopsideta inermis; 6 — Calamagrostideta epigeioris, 7 — Arrhenathereta elatii, 8 — Chamaecytiseta rutenici; 9 — forb;
10 — meadow; 11 — shrub; 12 — wetland; 13 — forest; 14 — young fallows. Years of observations: 1956 (Bilyk, 1957), 1971
(Bilyk, Tkachenko, 1972), 1981 (Tkachenko et al., 1984), 1991 (Tkachenko et al., 1993), 2001 (Tkachenko et al., 2003), 2011
(Tkachenko, Fitsaylo, 2016), 2021 — author. Dashed lines indicate years of further observations
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Ta6muusa 1. 3minu o ¢iroueHo3iB Ha WIMMHHIN YacTUHI IPUPOFHOro 3amoBigHNMKa « MuxaiTiBChKa L{imMHa»

(2001-2050 pp.): peanbHi Ta IPOTHO30BaHi

Table 1. Changes in areas of phytocenoses on the virgin land part of Mykhailivska Tsilyna Nature Reserve (2011-2050):

actual and forecast data

Pix
dironenosn 2000 | 2011 | 2021 2030 2040 | 2050
PeanpHi mromi, ra IIpornososaHi mrouij, ra

JlepHOBMHHO-3/1aKOBi 0 35 11 10 10 10
KopeneBuiiHo-3nakosi 49 20 21 11 14 25
Poeta angustifoliae 14 12 0 0 0 0
Elytrigieta repentis 29 6,5 7 4 5 10
Bromopsideta inermis 0,5 2 3 2 2 5
Calamagrostideta epigeioris 11 11 11 5 7 10
Arrhenathereta elatii 54 80 17 16 16 16
Chamaecytiseta rutenici 43 3 72 66 45 18
Pisnorpasni 26 16 46 52 58 57
YarapH1KoBi 12 17 29 42 57
bonotni 8 5 4 35 3
JlicoBi 1 2 3 5

yMOBM Ha OinbLIiil YacTHHI LiIMHHOI AI/ISTHKY B fa-
HUI TIepiof, Mano BifIpi3HAITHCA BiJj HEIHTEHCUB-
HOTO CiHOKOCIHHA B IIepiofi CK/IaJjaHHA IPOTHO3Y
(1980-Ti pp.).

binbw feranbHO AMHAMiKa POCIMHHOCTI LiIMH-
HOI YaCTMHM 3allOBiIHMKa II0Ka3aHa Ha puc. 3.

AmnasnoriuHo, 5K i Ha puc. 2, miHisi, WO Bigob6pa-
JKa€ Jy4Hi YyTpYNOBaHHA Ha PUC. 3, € HEJOCTAT-
Hbo iHdopMaruBHOI B vacTuHi micims 2001 p.
(muB. BuIE).

Puc. 3 6inbIu feTanbHO iMOCTPYE 3MiHM POC/INH-
HOCTi, 1ToKa3aHi Ha puc. 2. Cepef HUX BapTO 3yIH-
HUTNCS Ha HailbinblI HOBITHIX 3MiHax Ha Bifipi3Ky
2001-2021 pp. Ta Ha nporHo3ax. 3BefieHi AaHi Mo
3MiHax 1oy ¢iroueHosiB 3a mepiox 3 2001-2050
Pp. nokasaHi y Tao. 1.

3rigHo 3 Tabm. 1 B mepiom 2001-2011 pp. mo-
CTaTHbO WIBMAKO 301bLIYIOTbCSA IUIOMII JiepHO-
BMHHO-37TaKOBMX II€HO3iB, XO4Ya paHille BOHMU
MPaKTUIHO 3HUKIU. TaKOXK 30iIMbUIMINCS TUTOILi
dbopmariii Arrhenathereta elatii maitxe nHa 1/2, Bro-
mopsideta inermis — y 4 pasu. CKOpOYyIOTbCS
wrowi ¢opmawniit: Poeta angustifoliae HesHawdHO,
Elytrigieta repentis — y nonan 4 pasu, Calamagros-
tideta epigeioris — He3sHauHo, Chamaecytiseta rute-
nici — y noHaz 14 pasis; pi3HOTpaBHi YIpPyIIOBaH-
Hs1 — npubnu3HO Ha 1/3.

Yopoposx 2011-2021 pp. 36impmIyroTbcs IUIo-
I]i YarapHUKOBO-CTEIIOBMX YTPYHOBaHb (opMariii
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Chamecytiseta ruthenici B 24 pasu; pi3HOTpPaBHUX
yrpynoBaup (mepeBakHo opmarii Euphorbieta
semivillosae i, menme — Urticeta dioici) — Maiixe
BTpUYi; YarapHUKOBMX YTPYIOBaHb (IlepeBa)KHO
dbopmauii Pruneta stepposae) — npubnusto Ha 2/5.
HesnauHo 36impiumnncs miolyi KOpeHeBUIITHO-3/1a-
KOBJX 1 JIICOBMX YIPYTIOBaHb; JIEI0 CKOPOYYIOThCS
0O0JIOTHI yrpyNOBaHHA — 3a PaXYHOK PO3POCTAHHS
qarapHukis Salix cinerea L. 3Ha4HO CKOPOUYIOTHCS
IUIOLLi IEPHOBMHHO-371AKOBUX YIPYIOBaHb — IIPU-
O/MM3HO BTPUYi; KOPEHEBUIHO-3/IAKOBUX YTPYIIO-
BaHb (opmauii Arrhenathereta elatii — maiixe B 5
pasiB; yrpynoBauus ¢dopmauii Poeta angustifoliae —
MPAKTUYHO 3HUKIIN.

Takum uymHOM, B ommcaHoMmy iHTepBami 2001-
2021 pp. BimOyBalOTbCA [Ba IPOTWIEXHI IIpO-
necu. Ilepiog 2001-2011 pp. Bigobpaskae BIIUB
AaHTPOIIOT€HHOTO KOPUTYBAHH:A Y BUIMIAML iHTEH-
CUBHOIO pEXMMY CiHOKOCIHHS Ta CHPUYMHEHY
HUM KcepodiTusalilo POCIVMHHOCTI, a Bifjpizok
2011-2021 pp. — MOYATKOBMUII BIUIMB abCOTIOTHOI
3amoBifHOCTI 1 Me3oditusanir. IlIBuake ckopo-
YeHHS IUION 3iHOBaTHMKIB y 2011 p. Ta me 6imbur
cTpiMKe ixHe 36inblIeHHA B 2021 p. MOACHIOEThCH,
Ho-Tiepile, HpuUrHidveHHAM pocty Chamaecytisus
ruthenicus JOCTaTHbO YacTUM CKOLIYBAaHHSAM i He-
MOX/IVBICTIO OOHACIHEHHA, X04a Iie 71 CyTTEBO CTH-
My/oe ixHe BereTaTBHe po3MHOeHHA (Tkache-
nko et al., 1998); mo-mpyre, pi3kuM pO3pOCTAaHHAM
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Tabmuust 2. 3MiHN FOMiHAHTIB Ha LIIMHHIN YacTUHI HIpupoxHOro 3amoBigHNKa "MuxaitniBcpka minmHa"
(1927-2021 pp.) 3a BIIUBY PisHUX pe>KMMIB 3aIOBiTHOCTI

Table 2. Changes in dominant species on the virgin land part of Mykhailivska Tsilyna Nature Reserve (1927-2021)
under various regimes of preservation

Hesamno-
BifIHII1 [TepiognyHo BUKOUIYBaHMII CTEI
CTaH
1927 1956 | 1963 | 1971 1981 1991 | 2001 | 2011 | 2021
Festuca Festuca Stipa capi-  Bromopsis Elytrigia Chamae-  Arrhena-  Arrhena-  Chamae-
rupicola  rupicola llata (mom.),  inermis (mom.), repens (>),  cytisus therum therum cytisus
(mom.)*, (moMm.), Stipa  Festuca Calamagrostis  Chamae- ruthenicus  elatius elatius ruthenicus
Agrostis capillata rupicola, epigejos (>), cytisus (mom.), (mom.), (mom.), (mom.),
vinealis,  (mom.), Bromopsis ~ mepHoBuHHI  ruthenicus  Elytrigia Chamae-  Elytrigia  Euphorbia
Carex Bromopsis inermis, 3maku (<), Poa (>), Bromo-  repens cytisus repens (<), semivillosa
humilis inermis (>), Calama- angustifolia psis inermis  (>), Poa ruthenicus — TepHO- >),
Calama- grostis (<) (<), Calama- angustifolia (<), BUHHI Arrhena-
grostis epigejos, Poa grostis (<) Elytrigia ~ 3maku (>) therum
epigejos (>)  angustifolia, epigejos (<), repens elatius (<),
Carex IepHOBUHHI (>), Poa IepHO-
humilis 3maKu (<) angustifolia BUHHI
>) 3maku (<)
Hexon- Bukoury- Buxomysanns 1 pas na 4 Bukoury- Buxomy- |Buxomysanns 4 pasu | Buxomry-
TpO/IbO- | BaHHA 1 pas | poknu BaHHA 1 pas |BaHHA 1 Ha 5 pOKiB BaHHA
BaHe Ha 5 pOKiB Ha 3 poKu pasHa2 BifICYTHE,
BMKOIIY- poxu xpim IIC
BaHHA Ta AGCOMIOTHO 3aIIOBiHMIT CTEI
prmac 1956 [ 1963 | 1971 1981 1991 [ 2001 | 2011 | 2021
Bromopsis ~ Bromopsis ~ Bromopsis Bromopsis  Elytrigia Urtica Prunus Prunus
inermis inermis inermis (moMm.), inermis repens dioica spinosa spinosa
(mom.), (mom.), Calamagrostis  (gom.), (mom.), (mom.), (>), Urtica (>),Urtica
IepHOBUHHI [lepHOBMHHI epigejos (>),  Elytrigia mesoditHe Elytrigia dioica (<), dioica (>),
371aKM 37TaKN Poa angusti-  repens pisHoO- repens (<), Calama-  Calama-
folia (>), (>), Poa tpaB’a (>), Chamae-  grostis epi- grostis
IepHOBMHHI  angustifolia  Bromopsis — cytisus gejos (>),  epigejos
3maku (<) (<), inermis (<) ruthenicus  Elytrigia >),
IepPHOBMHHI (>) repens (<), Elytrigia
3maxu (<) Chamae-  repens (<)
cytisus
ruthenicus
(<)

* (OM.) — OCHOBHMII JOMiHaHT; (>) — 3POCTaHHA IUIONLi YTPYNOBaHb; (<) — 3MeHIIEHHA IO yTPyHIOBaHb.

3a3HAYEHUX YMCIEHHMUX IPUTHIYEHMX YarapHUKiB
3a IPUIIMHEHHSA CIHOKiICHOTO BIIINBY.

Ha mepiop mo 2050 p. (puc. 3 i Tabn. 1) y Bu-
HaJKy MOJA/IBIIOro 36epekeHHA HEeBUKOIIYBaHHSA
Ha Tepuropii PBC mnpornosyemo: 1) cxopodeH-
HA mow; yrpynoBaHb Chamaecytiseta rutenici:
2021-2030 pp. — nosinbHe, 2030-2050 pp. — BOHO
NIPUCKOPUTBCA; 1€ IPOTHO3YETbCHA, BUXOLAYM 3
repexofy 3iHOBaTi, B yMOBaX HEBUKOUIYBAHH,
Ha MeHII eeKTVBHE HACIHHEBE PO3MHOXEHHS Ta
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HeCTIilIKicTh 3iHOBaTHUKIB 3a yMOB A3C, file BOHM
IPOrpaloThb y KOHKYpPeHTHiil 60poTb6i pisHOTpaB-
HUM YTPYNOBAHHAM; 2) 301/IbLIEHHS IUIOL] Pi3HO-
TPaBHUX YIPYIOBAaHb 3 BUMXONOM Ha MaKCHMYyM Y
mepion 2040-2050 pp.; 1e 36imbIeHHsT TIIOL Pi3-
HOTpaBHMX YIPYIIOBaHb i 3aMiHa HMMM 3iHOBaTHU-
KiB IIPOTHO3Y€ETbCA, OCKI/IbKM BOHU, HA BiIMiHY BiJ|
ocTaHHiX, BuABmwmcA B ymoBax A3C cTilikumu; 3)
361/IblIIeHHS IO YarapHUKOBMX YTPYHIOBaHb (IIe-
peBakHO Pruneta stepposae) 3a paxXyHOK iXHBOTO
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nomypeHHA 3a Mexxi A3C BHACTITOK IPUIIMHEHHA
BUKOILIYBaHHA Ha Tepuropii PBC; 4) 36epexxenns
IUIOL, IePHOBMHHO-3/IaKOBMX YTPYIIOBaHb, fK i 3a-
pas, Ha BukomyBaHux IIC; 5) 36epexxeHHs IUIOL]
yrpynosanb Arrhenathereta elatii Ha BUKoOIIyBa-
Hux IIC, 3a ixHiMU MeXaMy — BUTICHATUMYTbCS
Pi3HOTpPAaBHMMM 1 4YarapHMKOBO-CTEIIOBUMM Ije-
HO3aMy; 6) IUIONIi KOPEHEeBVIHO-3/IaKOBUX YIPY-
nosaub (Calamagrostideta epigeioris, Elytrigieta
repentis, Bromopsideta inermis) y 2021-2030 pp. —
CKOPOYYBaTVMYTbCsl (BHACTIZOK IMOLIMPEHHA pis-
HOTpPaBHMX IIeH03iB), y 2030-2050 pp. — 6ymyTh
36inpmryBatnca (o Mipi CKOpoYeHHS IUION| da-
TapHMKOBO-CTEIOBNX IIeHO3iB); 7) HeBe/IKe 3MeH-
IIeHHs IUIONI OOJIOTHMX YIPYLOBaHb (BHAC/IiOK
HOJA/IbLIIOTO TIOIIMpPEHHs YarapHMKiB); 8) 36i1b-
IIeHHs IUIOL JIiCOBUX YTpyIlOBaHb (4epes BifcyT-
HiCTb BUKOIITYBaHHA).

IIHaMIiKy pOCIMHHOCTI TaKOX 1MIOCTPYeE TaoI. 2.
Marepianu tabmmui: 1927-2011 pp. (Lavrenko, Zoz,
1928; Bilyk, 1957; Sarycheva, 1966; Bilyk, Tkachen-
ko, 1972, 1973; Tkachenko et al., 1984, 1993a; Pa-
rakhonska, Tkachenko, 1984; Tkachenko, Fitsaylo,
2016), 2021 p. (mani aBTOpa).

Y Tab51. 2 MOKa3aHo, 10 POCIVHHI yIPyIIOBaHHS,
AKi OYy/M CIIOYaTKy OFHOTMIIHI IIifj BIUIMBOM JBOX
pisHMx pexxnmis 3anosignocti (Ha [IBC ta A3C), B
XOI CYKIlecil 3SMiHIOBa/NINCA y JBOX HallpAMKaX.

Pocnunnicts TIBC, y 3B’13Ky 3 HeCIPOMOXKHi-
CTI0 ToMipHOTO ciHOKOCiHHA (1956-1991 pp.) moB-
HOI0 MipOI0 3yIMHUTU Me30(]iT13alilo, HOCTYIIOBO
3MiHIOBa/Iacs BiJ Kcepo(iTHUX IepPHOBMHHO-3/Ia-
KOBUX YTPYNOBaHb N0 6inbIl Me30QiTHMX — KO-
PEHEBUIIHO-37TaKOBUX 1 YarapHMKOBO-CTENOBUX,
a B mepiog 2001-2011 pp. mij TUCKOM IHTEHCUB-
HIIIOTO BMKOIIYBaHHA 3MiHM 3HOBY CTalu CHps-
MOBaHUMM B OiK KcepodiTHUX yIpyloBaHb, KOIU
IpOMDXKHI (iTOLleHO3H, IO BK/IIOYAIOTH SIK KOpe-
HEBUIIHI, TaK i IepHOBUHHI 3/1aKU, CHOPMYBAJINCSL.
InTepec cTaHOBUTDH i IMOBTOPHMII PO3BOPOT 3MiH
3 Kcepoditusanii go mesodirmsanii 3a 10-pivus
HeBukomyBanas IIBC (2011-2021 pp.), mo po-
IaTKOBO HiATBep/XYe BlMIle3a3HadeHe. Binbynocs
cBO€pigHe noBepHeHHA pocnuHHOoCTi [IBC o cra-
HY, KU cnocTepirascs y 1991 p. (He imeHTMYHO-
ro, aje Aayxxe mnogi6uoro). OfHaK, Ipy MOPiBHAH-
Hi 3MiH 2011-2021 pp. 3 MOYATKOBMMM €TaIlaMMU
abcomoTHOI 3anoBigHocTi Ha nitaHni A3C Bxe €
CYTTEBA BiIMIHHICTD, OCKibKM y 1947 p. y Takui
PeXUM TIEePEBOAUINCA €TAJOHHI JIyYHO-CTEIOBi
1eHosy, a 'y 2011 p. — 3HauHO Me30diTH30BaHi, B
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IEeBHOMY IIPOMDKHOMY PiBHOB)XHOMY CTaHi (Mix
KOPEHEBMIHO-3/TaKOBYMM, J€PHOBMHHO-3/IaKOBM-
M Ta 4arapHMKOBO-CTEHOBVIMI YIPYIIOBAHHAMIMI).
[TpunuHeHHA CIHOKOCIHHS 3MICTM/IO PiBHOBAary B
6iK 4arapHMKOBO-CTENOBUX L€HO3iB. [XHE CTpiM-
Ke TIOIMPEHHs BMK/IMKAaHE HAABHICTIO 3HAYHOIO
"6aHKY" MPUTHIYEeHNX BUKOLIYBAHHSM €K3eMIULIPIB
Chamaecytisus ruthenicus, siKi mif 0ro BIVIMBOM
Oy/Iu HEeBEIMKOTo pO3Mipy, IepeBaXKHO He Jocsra-
JIY TEHEPATVBHOIO CTAaHy i pO3MHOXXYBA/IMCA Bere-
TaTuBHO. [IpunuHenHs ¢eHiceKLiaTbHOTO BIUIUBY
cipyuuHWiIo piskmit npupict 6iomacu C. rutheni-
CuUs 1 BiH CTaB OCHOBHVM JIOMiHaHTOM.

Pocrmunicts A3C 3MiHIOBamacs Bif kcepodit-
HNX JIePHOBMHHO-3/TAKOBUX /10 Me30(diTHUX Kope-
HEBUIIHO-3/1TaKOBUX YIPYIIOBaHb, a IIOTIM, 4epes
KOMIUIEKCM Me30(iTHMX pI3HOTPAaBHUX YTpyIIO-
BaHb 3 joMinyBaHHAM Urtica dioica L., jo 4arap-
HUKOBUX — IIE€PEBaXXHO 3 NOMiHyBaHHAM Prunus
spinosa L., y 2011 p. B mexxax A3C BoHM 3aiiMannu
13,01 ra (Tkachenko, Fitsaylo, 2016), a y 2021 —
14,37 ra, TaM IOMIMPIOETbCA 1 JepeBHA POC/IMH-
HiCTb, TOOTO ITOCTYIIOBO POPMYETHCS JIiC.

Tabs1. 2 TakoX IAEMOHCTPYE, IO (iTOLEHO3M, AK
i 6ynb-ski iHIIi cucTemy, o nepebyBalOTh y CTaHi
AMHAMi4HOI PiBHOBAaryu, BOMOZJIIOTH "OydepHicTIO",
TOOTO 3[aTHICTIO IPOTUAIATY 3OBHIIIHIM BIUIU-
BaM, sKa BU3HAYAE IXHIO CIIPOMOXKHICTH 30epira-
TU CTIMIKiCTb y I€EBHOMY iHTepBasi eKOyMoB. Bona
3YMOBJIIOETHCA BIACTUBICTIO POCIMHHMX YIPYIO-
BaHb 3MIHIOBAaTV €KOTOII, BHACIINOK (popMyBaHHSA
OKpeMUMI POCIMHAMM Ta IXHIMU IONYIALiAMU
(biToreﬂﬂoro nosns, i 3MaTHICTIO, OO IIEBHOI MeXi,
HOPOTHU/IATY 30BHILIHIM (DaKTOpaM MPOTUIEKHOTO
cnpsamyBaHHA. Tak, chopMoBaHi Iiji sHAYHUM IIa-
COBMIJHMM Ta CiHOKICHMM BIUIMBOM Y JIO3aIIOBifl-
HUIT mepion KcepodiTi30BaHi TyIHO-CTEIOB] yrpy-
noBaHHs 30epiranu Ha [IBC 6nm3bKi 0 BuxigHUX
BIaCTMBOCTI mpoTsarom 36 pokiB (1927-1963 pp.),
HEe3BaKAK4Yl Ha NPUIIMHEHHA BUIIACAHHA Ta CKOPO-
4eHH:A ciHOKociHHA. Ha mMexi Mk 1963 ta 1971 pp.
ixHa "6ydepHicTp" Oy/a Mo0NIaHa, €KOYMOBM IXHIX
MICL[€3PDOCTaHb CYTTEBO 3MIHUIUCA, B TOMY YMCII
BHAC/TiJJOK HAaKOIMYEHHs TOBCTOTO HIApy MifICTHUI-
k1. DiToLleHO3U BUIIIIN 3 PiIBHOBAYXHOTO CTAHY i
CyKuecis cnpsmyBanacs B 6ik GopMyBaHHSA yrpy-
[IOBaHb, 1O BifIIOBilaTMMYTb 3MiHEHMM YMOBaM
exoromy. IIporarom 1971-1991 pp., HesBaKarun
Ha IIPOTUJIIIO y BUITIAJI CIHOKICIHHS, IKE IIOCTYIIOBO
HOCHUJIIOBAJIOCS, CYKIecis BifjOyBanacs y HalpsIMKY
Bce Oimpuioi Mmeszodirmsauii pocamuHHOCTI. JInire
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Tabmuust 3. 3MiHN ekonoriyHnx ¢paKkToOpiB Ha WITMHHIN YacTIHI IPUPOTHOro 3anoBigHNKa "MuxaiitiBcbKa mitnHa"

Table 3. Changes in ecological factors on virgin land part of Mykhailivska Tsilyna Nature Reserve

Ixeperno Tkachenko et al., 1993 Lysenko, 2009 Larionov, 2025
Pix 1927 1971 1991 2003 2022
daktop* | M M MIBC | A3C M MBC | A3C | M | min|max| 1C | PBC
Hd 8,90+ 9,60+ 9,60+ 9,70+ 10,11+ 9,92+ 10,23+ 10,18 9,02 12,6 9,85+ 10,04+
0,14 0,60 0,21 0,24 0,65 0,15 0,29 0,04 0,03
Rc 8,66+ 8,27+ 8,25+ 8,23+ 7,90+ 7,99+ 7,82+ 823 7,26 8,65 847t 8,33+
0,21 0,22 0,09 0,08 0,24 0,05 0,11 0,02 0,02
Nt 4,36+ 4,71+ 4,72+ 4,76x 5,04+ 4,90+ 5,12+ 6,25 4,87 7,64 5,64t 5,88+
0,18 0,40 0,15 0,13 0,38 0,09 0,18 0,03 0,02
S1 8,43+ 8,25+ 8,20+ 8,36+ 8,00+ 7,99+ 8,07+ - - - 8,18+ 8,20%
0,24 0,20 0,06 0,07 0,22 0,05 0,06 0,03 0,03
Tm 8,82+ 8,65+ 8,64+ 8,57+ 8,40+ 8,51+ 8,44+ 706 62 793 876 8,70+
0,09 0,20 0,06 0,07 0,17 0,06 0,05 0,02 0,2

* M — cepeqiHe 3HaYeHH: Ha IIiMMHHIN Tepuropii 3aranom, [IBC — cepenHe 3HaueHH: Ha [i/IAHLI HepiofMIHO BUKOIIYBAHOTO
crerry, A3C — cepefjHe 3Ha4eHHs Ha JUIAHI abCOMOTHO 3amoBigHoro cremy, IIC — cepenHe 3HaYeHHA Ha BMKOLIYBAHNX
IIPOTUIIOKEXXHUX cMyTax, PBC — cepepjHe 3Ha4eHH: Ha Ai/IAHIL paHille BUKouryBaHoro creny (dactiHa IIBC, mo xocunacs
mo 2011 p.); Hd — BomoricTs rpyHTy, Rc — KuCIOTHICTD IpyHTY, Nt — BMicCT MiHepa/lbHOTO a30Ty B IPYHTI, S| — conmboBuii
pexum, Tm — tepmoxiimar. Ekodakropnu gano 3a mkamamu SLIL Jigyxa (Didukh, 2011).

BIIPOBA/KEHHA B 1998 p. mie iHTeHCUBHINIOrO pe-
JKMMY CIHOKOCIHHA Ta 3aCTOCYBaHHA JIOrO BIIPO-
TOBX 13 pOKiB JO3BOMINIIO CIIPAMYBATU CYKLECIIO Y
6ik xcepodiTusanii, 110 IPOSBUIOCS B YTBOPEHH] Y
2011 p. mpomixHUX (iTOIEHO3iB, 3 JOMiHYBaHHAM
Arrhenatherum elatius (L.) P. Beauv. ex J. Presl & C.
Presl, ase Bxxe 31 3HaYHOIO JOMILIIKOIO JEPHOBMHHIX
3nmakiB. TakyM 4MHOM, IIpM MOCTYIIOBiV 3MiHI €KO-
JIOTIYHMX YMOB POC/IMHHE YIPYIIOBAHHA BifIIIOBifla€
CTIOYATKy HEBEMMKUMU 3MiHaMM, MOCTYIIOBO BUXO-
IUTHh 3 pIBHOB@KHOTO CTaHy, a HOTIM BinOyBaeThb-
cs pisKa 3MiHa CTPYKTypu (iTOLIEHO3Y, 10 Ba>KKO
CIIPAMOBYETbCA B 3BOPOTHOMY HAIIPAMKY.

Inrepec craHoBuUTHh PakT ofHOYacHOro (B 1981
p.) 3HMKHEHHsI epHOBMHHUX 371aKiB Ha JIISTHKAX
A3C i IIBC. Ile noBopnTb HeedeKTUBHICTb icHY-
I0YMX TOfIi YaCTOT BUKOIIYBaHHA (pa3 Ha 5, Ha 4 i
Ha 3 pokn) (tabmn. 2). OgHaK, IHTeHCUBHICTD CiHO-
kocinus Ha IIBC, HeedexkTrBHa [ist 30epe>KeHHs
JNEPHOBMHHMX 3/1aKiB, BUABMIACA JOCTATHHOIO IS
TPUBAJIOL MPOTUJIii 3alIMAHHIO IIOJIO)KEHHA OCHOB-
HOrO poMiHaHTa Bromopsis inermis (Bromus iner-
mis Leyss.) Ta 11 TOPiBHAHO IIBUAKOI 3MiHM J10TO
inmmm fominantom — Elytrigia repens (Elymus re-
pens (L.) Gould), Ha Bigminy Big A3C.

3a3HaueHi BuIle 3MiHM POCAMHHOCTI TiCHO
oB’sA3aHi 31 3MiHaMu €KOYMOB CepefoBUIIIa, II0
BifJoOpa’kalOThcsl y MOKa3HMKAX eKo(paKTOpiB, Ha-
BeJleHUX y Taom. 3.
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B rabn. 3 mokasaHo 3MiHY ekodaKTOpiB y Uaci
Ha QoHi 3MiH 3aMOBifHNX PEXUMIB, a pa3oM 3 fia-
HUMM TaO/l. 2 BOHA Jja€ 3MOTYy CIIBCTaBJIATY €KO-
JIOTiYHi YMOBM, PEXUMM 3aIOBiJHOCTI i Xapakrep
pocnuuuocTi. UnHHUK Bonorocti rpyury (Hd) e
OCHOBHMM (aKTOpPOM, IO BIUIMBAE Ha CTEIOBY
POCIVHHICTD 3alOBIJHMKA, 3MIHM JOTO ITOKA3HU-
KiB BUKIMKAIOTh 3MiHM iHIINX 4ynHHMKIB. CepepHi
sHaueHHs1 Hd mocriitHo 3pocrtanu B mepiop 1927-
2003 pp. Ha tepuropii A3C ue BinOyBanocs mBup-
ure, a Ha [IBC — moBinbHile, 1110 feMOHCTPYyBasIo
no3uTUBHUI eeKT ciHokociHHA. Crocrepiramach
TaKa CepefHA IIBUJKICTh 3pOCTaHHA 3HaueHb Hd:
0,16 ox. 3a 10 poxkis (y nepiog 1927-1971 pp.), 0,26
ox. 3a 10 pokis (y mepiog 1971-1991 pp.) ta 0,07 og.
3a 10 pokiB (y mepiog 1991-2003 pp.). YoBinbHeH-
HsI IIBU/IKOCTI 3pocTaHHs1 3HaueHb Hd criBmazae 3
IOCWIEHHAM BuKomyBauHs B 1998 p. (Tkachenko,
2003). Ha IIC, me ciHOKOCIiHHS IPOBOJATD LOpPid-
HO, y 2022 p. Hd = 9,85 op. (To6T0 MeH1Ie, HDX Ha
IIBC y 1991 p.). Lle nokasye mo3utuBHuil edexr
Takoi yactotu BuxomysaHHA. Ha pinanni PBC, y
ToI1 Xe vac, Hd = 10,04 og,., mo0 6inpure Hix Ha IIC
Ha 0,19 om. — HeratuBHUIT epekT 11 pokiB HeBU-
KolyBaHHA y nepiop 2011-2022 pp.

Ha puc. 4 306pakeHa cxeMa CyKIeCilTHUX psfiiB
Ha TepuTtopii IIBC, 1o oxonioe yacoBuil mpomi-
Kok 2011-2150 pp.
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Puc. 4. Cxema cykuecii Ha Zi/TAHI TTepiOAMYHO BUKOUIYBAHOTO CTeIy LimnHHOI TepuTopii 113 "MuxaiiriBcpka minuua' sa
IPUNVHEHHS CIHOKOCIHHA Ha 1i 61/IbIIill YacTVHI: CyJacHWIT CTaH i IPOTHO3

Fig. 4. Succession scheme on a periodically mown steppe area of the virgin land territory of Mykhailivska Tsilyna Nature
Reserve under cessation of mowing on its most part: current state and forecast

Acoianii (associations): Al — Arctietum lap-
pae Felfoldy 1942, Ce — Calamagrostietum epigei
Kostylev in Solomakha et al. 1992, Ch-Sc — Carici
humilis-Stipetum capillatae Tkachenko, Movchan
et Solomakha 1987, Ch-Sp — Carici humilis-Stipe-
tum pennatae Tkachenko, Movchan et Solomakha
1987, F-Um — Ficario-Ulmetum minoris Knapp
1942, Mp-Qr — Mercuriali perennis-Quercetum
roboris Bulokhov et Solomeshch in Bulokhov et
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Semenishchenkov 2015, Mr-Pa — Medicagini roma-
nicae-Poetum angustifoliae Tkachenko, Movchan et
Solomakha 1987, O-Vh — Origano-Vincetoxicetum
hirundinariae Kolbek et Petficek ex Wojterska 2003,
Ps — Prunetum spinosae Tx. 1952, Pt-Ap — Poo
trivialis-Alopecuretum pratensis Regel 1925, Sh-Ap
— Stellario holosteae-Aceretum platanoidis Bayrak
1996, Sp-Pa — Salvio pratensis-Poetum angustifo-
liae Korotchenko et Didukh 1997; cy6acouianii
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PesepBarorenHi aminn pocimunocri I13 "MuxariniBcpka minvaa". 1. HinuHua Teputopisa

Puc. 5. BB npunmHeHHA CIHOKOCIHHA Ha JIyYHO-CTENOBY pocnuHHicTb 113 "MuxaitniBcbka 1inuHa". A: pOCIMHHICTD
BUKOIIYBAaHUX HPOTUIIOKEXKHMX CMYT (KOCATBCSA WIOPiuHO); B: pocimHHiCTh paHille BUKOIIYBAHOTO CTely (He KOCUTLCA 3
2011 p.); C: pocmMHHICTh aOCOMIOTHO 3aIOBIFHOTO CTely (He KOCUTbCs 3 1947 p.)

Fig. 5. Influence of mowing cessation on the meadow-steppe vegetation of Mykhailivska Tsilyna Nature Reserve. A: vegetation
of the mown firebreaks (mown annually); B: vegetation of the previously mown steppe (non-mown since 2011); C: vegetation

of the strictly protected steppe (non-mown since 1947)

(subassociations): ka — knautietosum arvensi (La-
rionov, 2024a), pv — primuletosum veri (Larionov,
2024a); Bapianty (variants): var. Ae — var. Arrhe-
natherum elatius, var. Cr — var. Chamaecytisus ru-
thenicus, var. Es — var. Euphorbia semivillosa, var.
Is — var. Inula salicina, var. Ud — var. Urtica dioica,
var. Vh — var. Vincetoxicum hirundinaria.

Ha puc. 4 mokasano cran pocnuaHOCTi IIBC B
2011 p., cygacHmit cran (2021-2023 pp.) Ta mpo-
rHO3 MaitOyTHBOrO XOARy cykuecii. Ha BigMiHy Big
puc. 21 3, TyT OFMHULAMU POCIMHHOCTI BUCTYIIA-
I0Tb CMHTAQKCOHM €KOJIOr0-(IOPUCTUYHOI Knacudi-
Karrii Ta ixHi KomIuiekcu. Psg cuHTakcoHiB 3a 2011
P. Ha [IaHill cXeMi OTPMMAaHO LUIAXOM IIepeBeNeHHA
IOMiHAaHTHUX yrpymnoBaHb 3 poboru B.C. Tkauen-
ka ta T.B. ®inaino (Tkachenko, Fitsaylo, 2016), 3
OIIOPOI0 HAa IOCTAaTHbO AETAJIbHY XapaKTePUCTUKY
IXHBPOTO (IOPUCTUYHOIO CKIAZy, Y €Komoro-gimo-
PUCTUYHI, TpUIIMaYM JOMIHAHTHI BUOYW Ta BUIM,
110 CTAHOBU/IM CYTTEBY JOMIIIKY 3a AiarHOCTUYHI.
Hesxmo4eHnHA y cxeMy CyKIecii CTaHy POCTMHHOTIO
nokpuBy 3a 2011 p. 3aBaguio 6 JeTanbHIN Xapak-
TepUCTUILII BIUIMBY ITOYATKOBUX €TalliB IPUINHEH-
HsA BUKOIIYBaHHA Ha pOCIMHHICTD. IIpu B3ATTI 3a
TOYKY ITOYATKY Bimmiky 2021 p., BIVIMB abCOMIOTHOI

3aIIOBiHOCTI BHAC/I/IOK IPUIIVHEHHA CIHOKOCIHHA
posrisaaaBcs 6 He 3 CAaMOro IOYaTKy, a Ha 10 pokiB
micna uporo. Tomy cxemy posnouaro 3 2011 p.
3rigHo 3 puc. 4, B 2011 p. pocnunnicts IIBC 6ya
YTBOpPEeHa TaKMMM YTPYIIOBAHHAMI: Ha IUIAKOPi Ta
cxmnax: Salvio pratensis-Poetum angustifoliae, Cari-
ci humilis-Stipetum capillatae, Carici humilis-Stipe-
tum pennatae var. Arrhenatherum elatius; Ha cxmmax
Ta y HNOHIDKeHHsX: Medicagini romanicae-Poetum
angustifoliae, Carici humilis-Stipetum pennatae var.
Euphorbia semivillosa, Origano-Vincetoxicetum hi-
rundinariae, Origano-Vincetoxicetum hirundinariae
var. Euphorbia semivillosa, Calamagrostietum epigei,
Poo trivialis-Alopecuretum pratensis; Ha IUTaKoOpi,
cXmnax Ta B HoHIDKeHHAX: Origano-Vincetoxicetum
hirundinariae var. Chamaecytisus ruthenicus.

Y 2021-2023 pp. (uepe3 10-12 poxiB micns npu-
IIHEHHA CIHOKOCIHHS) POC/IVHHICTD KOTMUITHBOTO
IIBC cyrreBo 3minmnaca. Ha suxomysanux I[1C
36eperucs mewo Me30(diTH30BaHi TYIHO-CTENOBI
¢iToneHosn (xapakrepHi mns Bcooro IIBC B 2011
p.): Salvio pratensis-Poetum angustifoliae knautie-
tosum arvensi, Carici humilis-Stipetum capillatae Ta
Carici humilis-Stipetum pennatae var. Arrhenathe-
rum elatius, M0 3HAXOAATbCA y cTabimisoBaHOMY
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BukomyBaHHAM craHi. Ha pinanni PBC mesodi-
TMU3aliA BUpaXKeHa 3Ha4HO cubHime. Ha mmakopi
Ta CXMIax IoumypeHi Me30¢iTM30BaHi YarapHMKO-
Bo-cTenoBi yrpynosauHA Carici humilis-Stipetum
pennatae var. Vincetoxicum hirundinaria 3 fominy-
BaHHAM a060 3HayHOW0 foMimkor Chamaecytisus
ruthenicus; Ha TUTaKopi, cXuiax i, 0cob1MBO, B MO-
HIJDKEHHAX ITIOIMPEHI PiSHOTPaBHI yIPyIOBaHHA
Carici humilis-Stipetum pennatae var. Euphorbia
semivillosa; TakoXX y MORIOHMX yMOBaX HOIIMpeHi
yrpynoBauus Origano-Vincetoxicetum hirundina-
riae var. Chamaecytisus ruthenicus, Calamagros-
tietum epigei var. Chamaecytisus ruthenicus; Ha
CXMIaX Ta B NOHIDKEHHAX — Me3o(iTn3oBaHi da-
TapHUKOBO-CTENIOBl yrpynoBaHHs Salvio praten-
sis-Poetum angustifoliae primuletosum veri Ta my4Hi
yIpynoBaHHs, nepeBakHo Origano-Vincetoxicetum
hirundinariae.

Y mnepiop 2040-2045 pp. IpOrHO3YETbCsA 3HUK-
HEHHS JIyYHO-CTENOBUX YIPYIOBaHb Ha Mi/IsAHI
PBC. Ii pocimunicTs Gyze npencrabnena dirome-
Hoszamu: Origano-Vincetoxicetum hirundinariae var.
Chamaecytisus ruthenicus, Origano-Vincetoxicetum
hirundinariae var. Euphorbia semivillosa, Calama-
grostietum epigei var. Chamaecytisus ruthenicus.
AKTMBHO NIOIIMPIOBAaTUMYTbCS YaTapHUKU Prunus
spinosa, Rosa villosa L., R. canina L., R. corymbifera
Borkh., Swida sanguinea (Cornus sanguinea L.).

Y nepiog, 2055-2090 pp. Ha PBC po3snoBcromxy-
BaTMMYTbCS JepeBHO-9arapHMKOBi Ta KOPEHEBNII-
HO-3/1aKOBO-Pi3HOTpaBHi KoMmiutekcy. CIOYaTKy
IepeBaKaTUMYTb KOPEHEBUIHO 371aKOBO-Pi3HO-
TpaBHi: Arctietum lappae var. Urtica dioica, Origa-
no-Vincetoxicetum hirundinariae var. Euphorbia se-
mivillosa, Origano-Vincetoxicetum hirundinariae
var. Inula salicina Ta Calamagrostietum epigei; a 3ro-
IOM — JlepeBHO-4YarapHUKOBi: Prunetum spinosae
ta Ficario-Ulmetum minoris (IIOMVPIOBaTYMYThCA
CYTTEBO NOBI/IbHilIIe 3a TepPHOBI (iTOLIEHO3M).

Y nepiog 2080-2090 pp. NpOrHO3yEMO IOYATOK
notipensst Quercus robur, Fraxinus excelsior, Ti-
lia cordata Mill., Acer platanoides L., Corylus avel-
lana L., Euonymus europaeus L., 110 B TepCIex-
tuBi (y 2100-2150 pp.), iiMOBipHO, mpu3Bene [0
dbopMyBaHHA JIiCy, IEPEeBaKHO YIpyloBaHb Stel-
lario holosteae-Aceretum platanoidis Ta Mercuria-
li perennis-Quercetum roboris, siKi BiENOBIHAIOTBH
K/IEHOBO-/IMIIOBO-AYOOBUM Ta JIMIOBO-AYOOBUM
micaM, xapakTepHuM 1y JIiBoGepexHOro yicocre-
my. Jlicu He 3aliMyTh LIIMHHY TEPUTOPII0 OFHOMO-
MEHTHO, BKa3aHII1 4acOBUII IIPOMDKOK € IepiofoM
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o4ikyBaHOTO (HOPMYBaHHA KPYIHMX JiNAHOK, 3a-
JMHATUX CcaMOCiiHMMM Jticamu. Bapro ouikyBaTn
TPUBAJIOTO 30epe>KeHHSA 3HAYHNUX IUIOLL YarapHu-
KOBMX YIPYyILIOBaHb Prunetum spinosae Ta Tpap siHOI
POCIMHHOCTI.

AnBeHTH3allil POCIMHHOTO IOKPUBY MOXKe
COPUYVHNATY BifXWIE€HHA Bif IPOTHO30BAHOTO
xopy cykuecii. Cepeq afBeHTMBHUX BU/JiB, 1110 Tpa-
IJIAIOTBCA B 3alOBiHMKY (IlepeBa)kHO Ha JIOTO
Hepe/IoroBill 4acTuHi), HailbinpIly 3arposy cra-
HOBJIATD: TpaB siHi Solidago canadensis L. 1 Asclepias
syriaca L., nepeBHi Acer negundo L. i Fraxinus penn-
sylvanica Marshall (Larionov, 2023). Ha cporopui
BOHM He 3aJIMalOTb CYTT€BUX IUIOLL Ha LIMHHIN
YaCTVHI 3aIIOBiJHMKA, ajie TpMBala BiJICYTHICTD Ci-
HOKOCIHHA MOXXE CIIPUATY IXHbOMY IIOLIMPEHHIO.

Hao4Ho pesepBaTOreHHi 3MiHM pOCIMHHOCTI Lii-
muHHOI Tepuropii 13 "MuxaiiniBcbka minuHa" mix
BIUIBOM BiJICYTHOCTi CiHOKOCIHHA 1 IIOCTYIIOBY
BTpaTy CTeIOBOro (QiTOpisHOMAHITTA iMIOCTpye
puc. 5.

Puc. 5A mokasye Me30¢iTH30BaHi Ty4HO-CTEIO-
Bi koMIutekcu ¢ironenosis Carici humilis-Stipetum
pennatae var. Arrhenatherum elatius ta Salvio pra-
tensis-Poetum angustifoliae knautietosum arvensi, 3
moMiHyBaHHAM Arrhenatherum elatius, cy6moMiny-
BAaHHAM Ta JOMiHyBaHHAM Stipa pennata L. Ta Festu-
ca valesiaca Schleich. ex Gaudin, 3 gomimkor Carex
humilis Leyss.; puc. 5B — MesoditusoBanuit 4ya-
TapHUKOBO-CTENOBUI Ta PiSHOTPaBHMUII KOMIIIEKC
¢irouenosis Carici humilis-Stipetum pennatae var.
Vincetoxicum hirundinaria, Carici humilis-Stipetum
pennatae var. Euphorbia semivillosa Ta Origano-Vin-
cetoxicetum hirundinariae var. Euphorbia semivillo-
sa; puc. 5C — ¢parMeHTy JjepeBHO-4arapHIKOBIX
YIPYIOBaHb i BTOPMHHO C(POPMOBAHMX (B 3B A3KY
3 Me30(]iTU3aLIEI0 TYYHO-CTEIIOBOI POCIMHHOCTI)
pymepanbHuX (QiTONEHO3iB, 1O B MaiiOyTHbOMY
CTaHYTb YaCTUHOI JCOBUX YIPYIIOBaHb, AKi IO-
BilbHO (opMytoTbcs y Mexax aimsaukn A3C. [lani
LIEHO3M) HaJIeXXaTb [0 acolianinn Prunetum spinosae
ta Arctietum lappae var. Urtica dioica BinIoBigHo.

BucHoBkn

Y cyyacHOMY pPOCIMHHOMY IIOKPUBI I[iTMHHOI Te-
PpUTOPpIi 3allOBiTHMKA IepEBAXKAIOYVIMI € JarapHU-
KoBo-cTenoBi (Chamaecytiseta rutenici) — 72 ra ta
pisHoTpaBHi dirouenosn (nepesaxxuo Euphorbieta
semivillosae i, mene, Urticeta dioici) — 46 ra. JJo-
cuTh nomvpenuMu € ¢irouenosn Arrhenathereta
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elatii — 17 ra Ta iHII KOpeHeBUIIIHO-3/1aKOBi ¢iTo-
neHosn, sokpema Calamagrostideta epigeioris — 11
ra, a TaKOXX 4arapHUKOBIi q)iToueHosM — 17 ra, ce-
pen Axkux noHaj 14 ra Pruneta stepposae. Criocre-
piraerbcs mocuieHHA Me3oditusanii pocIMHHOCTI,
3yMOBJieHe MoHa/, 10-piYHMM NPUNMHEHHAM CiHO-
KOCIHHA, IO BMPAXXa€TbcA B 3-KPAaTHOMY CKOPO-
YeHHi 1oL, JIEPHOBMHHO-37IAKOBUX JIyYHO-CTEMO-
BUX YTPYIOBaHb i CyTTEBOMY IOMIMpPEeHHi 6imbur
Me30(DiTHMX YarapHMKOBO-CTEIOBUX i pi3HOTpaB-
HIUX YIPYTIOBaHb.

IIpoananisoBaHO Cy4acHi Ta PeTPOCHEKTHB-
Hi [laHl 3MiH pOCIMHHOCTI Ha Li/IMHHINA TepUTO-
pii 3anoBigHuKa. BusABieHO BigMiHHMII XapaKTep
XO#y CyKuecil Ha Bifgpiskax dacy 1926-1981 pp.
ta 1981-2021 pp. HoBemeHo 3B’5130K TeH[EHIil
3MiH POCIMHHMX YIPYIOBaHb y 4Yaci 3 iCHYIOYUM
Y BifOBifHMI II€piof; 3allOBiIHMM PEXUMOM
(HasBHICTIO / BifCYTHICTIO PEXMMHOrO BVKOIIY-
BaHHA i (a00) BUIAcy Ta IXHbOIO IHTEHCUBHICTIO).
3aneXHO Bif IXHIX 0COOMMBOCTEN, 3MIHIOETHCA
AK HallpAM CYKILecil, TaK i TpuBamicTh 11 OKpeMnx
eTalliB, a caMe: 1) IOCH/ICHHS BUKOLIYBAHHS Befie
Io KcepodiTmsanii pOCTMHHOCTI Ta HaOMVDKEHHS
I O €Ta/lOHHOrO JIyYHO-CTEIOBOrO CTaHy, a IIO-
C7abJIeHHs i NPUIVHEHHS — JO MOCUIEHHS Ipo-
neciB Me3oditusarnii; 2) KoMbiHaIisA PEXUMHOTO
CIHOKOCiHHA Ta BUIIACy HaileeKTUBHillle cripuse
(GOpMYBaHHIO €TaJIOHHOI JIYYHO-CTEOBOI pOC-
JIVHHOCTI; 3) iIHTEHCUBHICTD Pery/Iouux 3aXofiB
IIPAMO IPOIOPLIHO BIUIMBAE HA IBUIKICTb 3MiH
POCIVHHUX yIPYIIOBaHb; 4) 3aCTOCYBaHHA 3aXOfiB
HOCTaTHIX 17 BuBefeHHs (iTOLeHO3y 3 piBHO-
B)XHOTO CTaHy Befie /10 HepeOyaoBM IIOr0 CTPYK-
TYpU, HAIIBYJLIE 1le BifOyBa€ThCA Y IIPOMDKHIX
¢biToreHO03iB, 1110 3HAXOAATHCS HA MEXI IepeTBO-
peHHs B iHi; 5) nmpoiifeni paninre cragii cykuecii
(3 IeBHUMY BifIMIHHOCTSIMM) MOXYTb IIOBTOPIOBa-
TUCHA, AKIIO BIUIMB 3aIlOBiJIHOTO pEXUMY 3MiHIOE
€KOYMOBH €KOTOIy /10 TIeBHOTO MUHYJIOTO CTaHy
i mpu oMy 36epexeHnit "0aHK" HaciHHA ab0 ek-
3eMIJIAPIB XapaKTEePHMX BUMIB POCIMH JI/isA IEBHOI
crapil cykuecii, 30Kkpema JJOMiHaHTiB.

Ha ninuuHIA 4YacTMHI 3alOBifHMKa, IIpU 36e-
PEXXeHHI iCHYI0YOrO peXXVMY HEBMKOLIYBaHHSH, [0
2050 p. MpOrHO3YIThCA HACTYIIHI 3MiHM POCIMH-
HOCTI: 1) BUXiJ IIepeBa)KalouuXx 3apa3 yrpyHoBaHb
Chamaecytiseta ruthenici Ha MaxkCMMyM i3 IIO-
JANbLIIUM, OCUTh IIBUAKUM CKOPOYEHHAM IO

mo 2050 p.; 2) 36inplIeHHA IUIOLIi Pi3HOTPaBHUX
yrpynoBaHb (nepeBaxkno Euphorbieta semivillosae)
3 BUXOZOM Ha MakcuMyM y 2040 p., npubmmsHO y
2035 p. — spisusrorbcsa 3 Chamaecytiseta rutheni-
ci, @ IOTIM CTAaHYTb NepeBa>KAIUNMMI; 3) MOCTii-
He 30i/IbIIeHHS IUION]i YarapHUKOBMX YIPYIIOBaHb
(mepeBa>kxHO Prumeta stepposae) 3 OUYiKyBaHUM,
npu6m3Ho y 2050 p., 3piBHAHHAM 3 IUIOLAMM pi3-
HOTpPaBHMX L[eHO3iB; 4) 30epeXXeHHS Yy BiJHOCHO
cTabiIbHOMY CTaHi IO JIePHOBMHHO-3/IAKOBMX
yrpynoBaHb Ta opmauii Arrhenathereta elatii, sixi
30epeXXyTbCsl Y MeXax BMKOLIYBAHUX IPOTHUIIO-
JKeXHIX CMYT; 5) IeBHe CKOPOYeHH IIIOLIi Kope-
HEBUIIHO-3/IaKOBUX LIeHO3iB 1o 2030 p. 3 mopanb-
M 36inmbireHHsAM o 2050 p.; 6) ol pemrTu
YIPYIOBaHb 3MIiHIOBATMMYThCA MEHIIOK MipOIlo,
BapTO O4YiKyBaTM 30i/IblIeHHA IUIOL] (parMeHTiB
nicoBux 1eHo03iB y nepiop 2040-2050 pp. Ilomanb-
ma CyKIlecis BijOyBaTMMeTbcsi B HAIPSAMKY Qop-
MyBaHHA JiciB. ¥ nepiog 2080-2090 pp. nporuosy-
€MO TIOYaTOK IOIIMPEeHH:A TicoBUX BUAIB (Quercus
robur, Fraxinus excelsior, Tilia cordata, Acer plata-
noides, Corylus avellana, Euonymus europaea Ta
in.), mo mo 2100-2150 pp., iMoBipHO, Ipu3Bene
IO YTBOPEHHs CYTTEBUX 3a IUIOLIEIO Ji/IAHOK Kile-
HOBO-JIIIOBO-yOOBUX Ta JIMIIOBO-RAYOOBMX JICiB,
xapakrepHux s JliBobepexxnoro nmicocteny. [Tpu
LIbOMY BapTO OYiKyBaTH i TPUBAIOr0O 30epeXKeHHs
3HAYHMX IJION] YaTrapHUKOBYX YTPyNIOBaHb Pruneta
stepposae Ta Tpap’sHOI pocmyHHOCTI. Crenosa poc-
JIMHHICTb Ha OBl YacTVHI Li/IMHHOI TepuTopil
3anoBifiHMKa 3HMKHe. Clif 3a3HAYUTH, WO afBEH-
TH3allisd pOCIVHHOTO MOKPVBY LIJIMHHOI YaCTVMHMU
3aIIOBiHMKA MOXXE CIIPUYMHWUTM 3MiHy HalpsAMY
CyKIIecil.

JIy4HO-CTeNOBi 11€eHO3M 3 CYTTEBOIO YJaCTIO Jiep-
HOBMHHMX 371aKiB Ha BMKOIIYBAHMX ITPOTUIIOMKEXK-
HUX CMyTaX IIOKa3ylTb CTaH, y AKUI Iepeiizie poc-
JIMHHICTD i/IAHKY paHillle BUKOLIYBAHOIO CTEIY Y
BUIIAJIKy IIOBEPHEHHA [0 MPaKTUKM CIHOKOCIHHA.

OJOTPVMIMAHHSA ETUYHNX HOPM

ABTOp TIOBiJIOM/IAE TIPO BifICYTHICTD OYAb-AKOTO KOHPIIIK-
Ty iHTepeciB.
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Reserve-induced changes of vegetation of Mykhailivska Tsilyna Nature Reserve
(Sumy Region, Ukraine). 1. Virgin land area

M.S. LARIONOV
M.G. Kholodny Institute of Botany, National Academy of Science of Ukraine,
2 Tereshchenkivska Str., Kyiv 01601, Ukraine

Abstract. Based on the latest vegetation mapping data of Mykhailivska Tsilyna Nature Reserve, this study analyzes the
reserve-induced dynamics of the vegetation of its virgin land areas. Specifically, the current ratio of the areas of the major
phytocenoses was established; the existing schemes of vegetation dynamics have been supplemented; trends in vegetation
changes have been identified and their causes have been clarified; a forecast of future vegetation changes is developed. The
vegetation cover of the studied virgin lands is currently dominated by shrub-steppe (Chamaecytiseta ruthenici) and forb
(Euphorbieta semivillosae) phytocenoses. A trend toward mesophytization of vegetation caused by more than 10-year
absence of mowing is observed. The connection between the long-term trends in changes of phytocenoses and the reserve
management regime has been confirmed. The current regime affects the direction of succession and the duration of its
stages. If non-mowing continues, the following vegetation changes are projected by 2050: (1) an expansion of Chamaecytiseta
ruthenici, with its subsequent reduction; (2) an increase in coverage of Euphorbieta semivillosae with its maximum by 2040;
(3) an expansion of Pruneta stepposae; (4) preservation of the tussock grass communities and the Arrhenathereta elatii
formation on firebreaks; (5) a reduction in rhizome-grass phytocenoses, followed by their further increase; (6) expansion of
forest communities. Further succession toward forest formation is expected. By 2080-2090, we predict the spread of forest
plant species leading to formation by 2100-2150 of significant areas of maple-linden-oak and linden-oak forests. At the same
time, steppe vegetation will disappear on most of the reserve’s virgin lands.

Keywords: autogenesis of steppe vegetation, meadow steppe, reserve-induced vegetation changes, strict nature reservation,
vegetation dynamics
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Hydrocotyle vulgaris (Araliaceae) B YKkpaiHi: XOpo/IOrisi, eKO/IOTisI Ta OXOpOHA

Mukomna M. ®ETOPOHYYK (2, Trop I. OJIBIMIAHCBKUT *
IncturyT 60Tanixy im. M.I. Xonoguoro HAH Ykpainu
By Tepemenkiscpka 2, Kuis 01601, Ykpaina

* ABTOD st IMCTyBaHHsL: olshanskyl 982@ukr.net

Pedepar. 3a MaTepiaaMy BIaCHUX eKCIIeOMIITHUX JOCTimKeHb Ha [Tosicci, mTepaTypHUMN KepeaMy Ta MaTepiamaMu
rep6apiiB mpoaHanisoBaHO TouMpeHHs B YKpaiui Hydrocotyle vulgaris (Araliaceae), BkmodeHoro no YepBoHOI KHUTK
Ykpainu. B Vkpaini weit Buj Brepiue 6y sHaiiaennit y TepHOminbcpKiit obmacti y apyriit monosuni XIX cropivua. Ha
cvoropHi Buy 3Haxopwn y JIbBiBChKilt, BommHchkiit Ta PiBHeHchbKill obmactsax. HoBi maHi BKasyoTh Ha Te, IO B OCTaHHI
mecarupivus apean H. vulgaris Ha TepuTopii YkpaiHy 3HaUHO pO3IMIMPUBCA. 30KpeMa, BiH IHTEHCHBHO IIPOCYBA€ETHCS Ha CXif
Ha Bonmucbkomy Iomicci. 3’sicoBaHo, 110 Ha Teputopii Ykpainu H. vulgaris BUsBIeHMi! y CKIafi 1ecTy KIaciB pOCIMHHOCTI
(Litorelletea uniflorae Br.-Bl. et Tx. ex Westhoff et al. 1946, Isoéto-Nano-Juncetea Br.-Bl. et Tiixen ex Br.-Bl. et al. 1952, Scheu-
chzerio-Caricetea fuscae R.Tx. 1937, Molinio-Arrhenatheretea Tx. 1937, Alnetea glutinosae Br.-Bl. et Tiixen ex Westhoff et al.
1946, Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939). Ysaranbueno, mo Hydrocotyle vulgaris oxopoHnaeTbcsa y YepeMcbkoMy
(Bommucbka 061.) Ta PiBHeHChKOMY (PiBHeHCbKa 0071.) MPUPOSHMX 3AIOBIZHMKAX, ¥ HALIOHAJBHUX IPUPOFHMX MapKax
"IIpur’ats-Croxin" (Bomuucbka 0671.) i Hobenbcokomy (PiBHeHCbKa 0071.), @ TAKOX Y Ki/TbKOX 3aKa3HMKAX.

Krouosi cmosa: Hydrocotyle, apear, ¢hnopa Ykpainn, UepBona Kaura YKpaiHu, IINTONNCHNK 3BUYAITHII

Beryn

Pin Hydrocotyle L. (Araliaceae Juss.) Hamiuye 1mo-
Hag 180 Bupis (POWO, 2026-onward). 3 Hux y
€Bpomni nommupeHi YoTupyu Buan: abopurenunit H.
vulgaris L. Ta agBentusHi H. bonariensis Comm. ex
Lam., H. ranunculoides L.f. i H. sibthorpioides Lam.
(Cannon, 1968; Carretero, 1997; Hussner, Weyer,
2004; Verloove, Heyneman, 2021; etc.). Kpim Toro,
Ha KaBxkasi pocre e ofue abopurenunit Bugy — H.
ramiflora Maxim.

Hydrocotyle vulgaris — eBponericbko-cyOatiaH-
TUMHUI BUT, EAVHWIL IpeAcTaBHUK poxry Hydrocotyle

y ¢nopi Ykpainu. Bup Bximouennii o YepBoHol KHHK-
ru Ykpaian (Dubyna et al.,, 2009; https://zakon.rada.
gov.ua/laws/show/z0370-21#Text) 3 mpUPOFOOXO-
POHHMM cTaTycoM "pifkicHuit". BimpuricTy MicieBu-
pocTranb, o 6ymu BkasaHi B UepBoHiil kHusi Ykpa-
IHM, HaBeJleHi 3a JliTepaTypHUMM JAaHVMMK i jnine
He3HavHa iXHs KiZIbKIiCTh Oy/Ia miATBepyKeHa 3a rep-
OapHyMMY Matepiamamil. Apeas BUAY B LIIIOMY OXO-
nmoe AtnanTnyHy, LleHTpanbhy i yacTkoBo CxifHy
€sporry. 30KkpeMa, BiH pocTe B KpaiHaX, CYMDKHMX 3
Ykpainoto: Yropmmni, CroBaudnsi, ITonbuii, binopy-
ci (Lukash, Andrienko, 2011). B Ykpaiui mpoxogutb
cxifHa Mexxa apeany H. vulgaris.
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M.M. ®EJJOPOHYVYK, L.I. OJIBITAHCBKUI

Puc. 1. Hydrocotyle vulgaris Ha oxonumi c. 3omore (Bucous-
Ka cinbcbka rpomayia, CapHeHCbKMIl p-H, PiBHeHCbKa 007L.),
24.07.2020, ¢poro 1. OnpurancbKoro

Fig. 1. Hydrocotyle vulgaris, near Zolote village (Vysotsk
commune, Sarny District, Rivne Region, Ukraine),
24.07.2020, photo by I. Olshanskyi

Mertoto Hamoi poborn 6yo 3ibparu Ta ysarasb-
HUTY CY4aCHI BiTOMOCTi PO MO PEHHS, EKOJIOTiI0
Ta oxopony H. vulgaris B Ykpaini. Take ysaranbHeH-
Hs TOTpiOHe I MOJA/IbIIOL Ji€BOI OXOPOHU LIbO-
ro BUJY, POCIMHHUX YIPYIOBaHb 3 JIOTO y4acTIo,
30epe)XeHHS JI0T0 OCeNNIIL Ta PO3UIMPEHHS MePexXi
IIPUPOJHO-3AIIOBIIHIX TEPUTOPIIL.

Marepianu Ta MeTOAU

[ oTpuMaHHA JaHUX 1ofo nowmupeHHs Hydro-
cotyle vulgaris B Yxpaini nmpoananisoBaHo Jitepa-
TypHi mxepena Ta intepHer-pecypcu (UkrBIN Ta
iNaturalist), onpanpoBano marepianu Hauionans-
HOro rep6apito Ykpainu — rep6apio Incturyry
6otanikn im. M.I. Xonogaoro HAH Vkpaiun (KW),
eIeKTPOHHI 300paKeHHA 3paskiB 3 repbapiiB
JIbBiBCPKOTO Hal[iOHAJIbHOTO YHIBEpCUTETY iMeHi
Ipana ®panka (LW), [lepxaBHOro IIpMpORO3HAB-
gyoro myseto HAH Vkpainn (LWS) ta Incturyty
exonorii Kapmar HAH Ykpainu (LWKS), a Takox
MOCKOBCBKOTO JIEp’)KaBHOTO  YHiBEpCUTETY iMe-
Hi M.B. JlomorocoBa (MW). Tyt i mani akporiMu
repbapiiB mopaui srigno Index Herbariorum (Thi-
ers, 2026). Takox Oymu 3pificHeHi excremmiyiiiui
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Buisgu Ha [lomices. Kapry nommpenns H. vulgaris
B YKpaiHi 3p06/IeHO 3a JOIIOMOrOI0 OHJIAIIH-Pecyp-
cy SimpleMappr (https://www.simplemappr.net/;
Shorthouse, 2010).

PesynbraTi Ta 06TrOBOpeHHA
Teorpadiyne moumpeHHs

Y xnacuuniit po6ori I1.O. IlImanbrayseHa, mpucss-
4eHilI BMBYEHHIO (IOpYM IiBIEHHOIO 3aXOAy TO-
pimraboi Pociricpkoi iMnepii, H. vulgaris HaBoguBcs
mme 1A Teputopil HuHiMHbOI Pecrry6nikn bBino-
pych (Schmalhausen, 1886: 220).

Y "®nopi MMonicca” V. Tlagochbkuit TaKoXk He Ha-
BopuB H. vulgaris nns Ykpaincpkoro IMomiccs. IIpo
HOIIMPEHHS [[bOTO BUJY BiH MNCaB TaK (MepeKyaz
3 POCIJICBKOI, 3 NOBHMM HaNMCaHHAM CKOPOYEHb
B opurinani): "[Insa Hamol obmacti Bkasano JliHge-
MaHHOM 11 IpomneHcbkoi i MiHcbKoi rybepHii
(6e3 6inpII JOK/IAMHOTO IO3HAYEHHS MicClie3HaXo-
IoKeHb), i Eichwald'om pna oxkomunp M. Iexanosus
(Binbcpkmit nosit Ha kopponi 3 ITonbiiero) [HuHI
Ciechanowiec, Bucoxkomasoseupkuit mositr / Po-
wiat Wysokomazowiecki, ITifyiscpke BoeBogcTBO /
Wojewoddztwo Podlaskie, Tlonpmal. 3HaxomKeHHA
Hydrocotyle vulgaris B MiHcbKiil ry6epHii BBaXao
cymuiBauM" (Paczoski, 1897: 222).

B Vkpaini nepura snaxigka H. vulgaris, mipTBep-
JKeHa repbapHuUM 3pa3KoM, Oya 3pobrieHa y fpy-
ritt monosuHi XIX cropivus. Ile 36opu C. Tpyma
(Trusz, 1888) 6inst c. BumniBunk Ha TepHOMmiIBIIN-
Hi (LW106718). V nepuuiit nonoByuHi XX cropivus
e BUJ 6yB 3HalfileHuit Ha okonui c. Crapmit
Spuuis no6nusy JIpBosa (360pu V. MoHpanbcbko-
ro 1938 poxy, LWS70972).

O6wupsa Bifomi micuesupocranus H. vulgaris B
Ykpaini TpuBanmit yac He MiTBEPJKyBalNUCh HO-
BUMU JaHUMIU. 3pemton, v "BusHadHMKY pocinH
Ykpaian" 1950 p. (Klokov, 1950) weit Bupj He 3ra-
RyeTbcA B3araii, a "BusHaunmkm..." 1965 i 1987 pp.
3a3Ha4aloTh: 'BKasyeTbcs mid 3ax. Jlicocreny (Tep-
HOII/IbCbKA O0JI., B OKOJL Byqaqa). Are BKasiBKa,
Ma6yTh, mommnkosa" (Kotov, 1965: 491) ta "ykasa-
HO 6b110 it 3. Jlecoctenu (TepHomonbckas 067,
B OKp. I. byyaua). PacTennue, BeposATHO, 1cyesno,
TaK KaK HUKeM I037Hee He Op1o cobpano” (Kotov,
1987: 228).

ITpote, nanpukinni XX ta Ha nmovarky XXI cro-
pivusa H. vulgaris novajy 3HaXOAUTU JOCUTD 4acTo,
PO IO MOBIZOM/LANOCA Y 6ararbox MmyOsiKamisx
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(Shevchyk, 1986; Zelenchuk, 1987; Heluta et al.,
1999; Stoiko et al., 2004; Andrienko et al., 2009;
Andrienko, 2012; Andrienko, Pryadko, 2012; etc.),
TaKOX Il BiJOMOCTI mifKpirteHi repbapaummn 360-
paMm 6aratbOX KOMEKTOPiB, 110 36epiraioTbcsi B
rep6apisx KW, LW, LWS, LWKS ta MW.
TBepmxeHHs npo BigcyTHicTs H. vulgaris y gro-
pi Yxpainu Oyno Buepuie 3anepedere B.JI. Illepun-
koM (Shevchyk, 1986, 2019), AKwit 3HAJIIOB 110TO
Ha 3axigHoMmy (Bommucpkomy) Ilomicci B Meskax
konuiHix Kaminp-Kammpceskoro i JIro6ernriBcbko-
ro parioniB Bomuucpkoi obmacti. Ilisnimre 1eit
Buy 6yno sHaiiieno A.T. 3enenuykom (Zelenchuk,
1987) na Manomy Ilomicci — 3a 3 kM Ha HiBHiY-
Huil cxip Bix c. Tomopis, mo6nusy xyropa JlicoBe
B 307ouiBcbkoMy (kom1. Bysbkomy) paitosi Ta 6ins
c. Xnmiuanu Ilentunpkoro (kom CoOKaabChbKOIO)
paitony JIbBiBcbKoOi 06macTi, 1o Oyno misHilre mig-
TBeppkeHo repbapunmu 36opamn O.T. Kysspina,
0.0. Karama ta H.M. Cnyak. 3rogom 6ynm BUAB-
JeHi HOBi MoKaniTeT BUAY y J/IbBiBCBKiil 06macTi:
B okomnugx M. CocuiBka Ilentunpkoro (kon. Co-
KaJIbcbKOro) paitoHy (rep6aphi 36opu O.T. Kyss-
piHa), B oxkomusx c. Jopopuima mporo X paitoHy
(360pu JI.M. BopcykeBnu), B okommipax c. Kpusnui
JIpBiBCbKOTO paitony (36opu O.T. Kysspina), a Ta-
KOX mipTBepmkeno 36opamu C.M. Croiika i ILT.
SAmenka 3 oxommuup c. IIniBHe Kaminp-Kammp-
CbKOTO pajioHy, Ta y gonuui p. IIpum’ate mobnusy
Koppony 3 binopyccio — 6ins c. XonyHb 1Iboro x
(panime — Jlro6emiBcbkoro) paiiony BonmHcbkoi
o6macri (Stoiko et al., 2004). ITounnaroun 3 1986 p.
BMABJIEHA HNM3Ka HOBMX MiclleBMpOCTaHb A Bo-
mHCcpKoro Ilomiced, me crocTepiraeTbcs TeH[EH-
Lig 10 NOLIMPEHHS BUAY W 301/IbLIIEHHS YMICETh-
HocTi itoro momysiniit (Yashchenko, 1997; Heluta
et al.,, 1999; Lukash, Andrienko, 2014; etc.). Huni
HaloipIni nonynAnii 0boro BUAY 3HAXOHATHCS Y
BonmHcpkilt o6macti, B 3amnaBax pivok ITpumsri
ta Croxony. 30KpeMa, BelMKi NOMyNALil BI, yTBO-
proe Ha 6epesi osepa JIr06’13p Ta y Byumncbkiit
madi. Bigmidenwit Bup 6ins osep Mimey, bypkis,
Opixose, CpATe, B MaHAUIAQTHOMY 3aKa3HUKY 3a-
rajibHOJEP)KaBHOTO 3HaueHHs '"3ropaHcbki osepa’
(B oxomnusax cin 3ropann ta CunbHe KoBenbcbko-
ro p-Hy) (Heluta et al., 1999; Andrienko, Pryadko,
2006, 2012; Andrienko et al., 2009; Lukash, Andri-
enko, 2014). 3HaiigeHa TakoXX HeBeNMKa TIOIy/1A-
1ig Ha Teputopii YepeMCcbKOro NpMpOJHOTO 3amo-
BigHuka B ypounuyi "Kyxis Ipyn" 6ins BinbxoBoro
JiCY, ie POCIVHM TPAIUIA/IICA Ha IIEpPe3BOIOXKEHIN
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NyLi Ta 6e3nocepeHbO Y BOJi JIiCOBOrO CTPYMKA.
OpHieo 3 6i070riYHMX 0COOMMBOCTEN BUAY € Te,
IO POCIMHMU TYT 3POCTANM TaKOX ceper carto-
BIUX MOXIB, [le OCOOMHU BUPISHSIUCS BETUKUMU
posmipamu  (Konishchuk, 2012). Haiicxignimnre
MicCIje3HaXOI>KeHHs1 BusABIeHe Ha 6omoti ComuHe
(PiBHEHCHKUIT IPUPOSHIIL 3AIOBIJHIK) B yPOUMIII
"Kpeminne-CexiBcpke" Ha eyMe30TpoGHil RinsHLi
HEIOJA/IIK Bifl MariCTpajbHOrO KaHajy, Y BULTIALL
Be/mKux wiAM (10-20 M), 1o cTajo mepuIo 3Ha-
Xigkoro Bupy Ha PiBHeHmuHi (Andrienko, 2012).
3pocranus H. vulgaris y PiBHeHcbKill obmacti 6yno
nifTBeppKeHo misHime iHmmMu asropamu (Dany-
lyk et al., 2014), a TakoXX HAIIMMM CIIOCTEPEKEHHSI-
My 1067m3Yy ¢. 3omote CapHeHCbKOro p-HY (puc. 1).
Y 2015 poui mij yac IpPOBEeEeHHS IOTbOBUX
nocmimkenb PM. Naammuk ta M. JJanunmkom
(Danylyk, Danylyk, 2016) y niBHiuHO-3axifHill 4ya-
ctuHi Bonmucbkoro Ilomiccss Ha Tepuropii 3aranb-
HOJep)kaBHOro 3akasHmka "MomnHe" (c. CuabHe
JTro6ombcpKoro p-Hy Bommucbkoi 061.) 6yno Bu-
SIBJIEHO HOBe MicuesHaxomkeHHs H. vulgaris Ha
IiB/ICHHOMY Ta IIiBJIeHHO-CXiTHOMY Oeperax osepa
MoruHe. [IBa nokycu Bumy Oynu 3HajifeHi Ha 3a-
6onoueHoMy Topd’sAHUCTOMY bepesi o3epa B IIpu-
OepexHO-BOfHI cMysi 2-3 M 3aBum. Ta 20-30 M
3aB[., [0 € XapaKTepPHNM /IS iCHyBaHHA IIOMY/IA-
LIii1 IbOTO BUAY B EKOTOHHUX nprnbepeXxHNX 30HaxX
nicoBux osep Bommucbkoro Ilomicea. IlopiBHAHHEA
BUJIOBOTO CK/IaJly POCIMHHMX YIPYNOBaHb IJUX JIO-
KyciB mokasano, mo H. vulgaris IposiBise MUPOKY
€KOJIOTO-1IeHOTUYHY aMIUIITYAy HaBiTb Ha HeBelu-
KJX 3a IUIOLIEI0 JIOKa/liTeTax, o MiATBEPIKYE Bifl-
CYTHICTD JIOTO 4iTKOI LIEHOTMYHOI TPy POYEHOCTI.
HemomaBuo 6y)10 BUAB/IEHO HOBi JIOKajaiTeTn
Bupay (Borsukevych et al., 2016; Danylyk, Danylyk,
2016; Borsukevych, 2018), siki He BKasyBamucs y
YepsoHnint kuusi Ykpainu (Dubyna et al., 2009). 3o0-
kpeMma, JI.M. bopcykesny 3i ciBaBropamu (Borsu-
kevych et al., 2016) BuaBuIm Tpu HOBi momy/ALii
H. vulgaris y Bonuucpkint Ta JIpBiBCbKiit o6mac-
tsx. lepuri aBi (Bonmucpka 0651., JTro6eiBcpkmit
p-H, 6eper p. Croxifg Ha MmiBH.-3X. Bif C. YTpuHU-
gi, 11.08.2015, J.M. bopcykesuy, K.M. [laHWITIOK;
Bonuucpka 0671., Kaminb-Kammpcbkuit p-H, OKoOJI.
c. Homi Yepsuma, 13.08.2015, J.LM. Bopcykesny,
K.M. [TaHWIIOK), 3HaXOAWIICA B 30HI BIUIMBY pid-
KOBOI 3ariaBy, e pocnuuu H. vulgaris 3poctann
B yrpyHoBaHHiX cow3y Alnion glutinosae Malcu-
it 1929. Bounu saiimMany He3HA4YHy IUIOLLY, 6/1M3b-
ko 1-2 mM?. OcobyHM KBITYBanu Ta IIOFOHOCUIN.
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Puc. 2. [Toumpenusa Hydrocotyle vulgaris B Ykpaini
Fig. 2. Distribution of Hydrocotyle vulgaris in Ukraine

Tpera monynania (JIbiBcbka 0671, COKanbChKMit
p-H, okon. c. [opopnme 08.06.2009, JI.M. Bopcyke-
BIY) BUABJICHA Ha MiJIKOBOZI HEBE/IMKOI IITYYHOI
BOZIOVIMM B yrpynoBaHHi 3 Juncus bulbosus L.

Bigsnaummo, 1o HemomaBHO crocrepiramy H.
vulgaris y Binopyci 3a kinbka kinomerpiB Ha miB-
Hiu Big JKurommprmimum (oxommui c. Boposoe,
Jlenpunupbknit p-H, [omenbcbka 0671, 51.71327°N,
28.07814°E, 17.08.2015, P. IIBipko, https://www.
inaturalist.org/observations/47658970), Tomy MOX-
Ha OuiKyBaTM 3HaXifjok 1poro Bupy i B JKutomup-
CBKiiT 06/1acTi.

Takum umHOM, y mepuiilt monosuHi XX cropiu-
uyd B YKpaiHi 6y}m BifloMi JuIlle TOOAMHOKI Mic-
Lie3Haxo/pKeHH:A H. vulgaris, a mounHaouu 3 gpyroi
nooByHM XX CTOpiY4A CIOCTEPIraroTbCs O3HAKU
AKTMBHOTO IOIIMPEHHA LbOro BUAY Ha cxif. Ilpn
[bOMY MiKPECTIEMO, 110 POCAMHU LbOTO BULY
He Jpi6Hi, MaloTb MOP(OJIOTiYHO Iy>Ke XapaKTepHi
JIMCTKY, TOMY HaBpsIf 4/ BOHM MOITIM O TUIIATHACS
HeIoMideHMU Il OOTaHIKIB.

Yci 3ibpani Hamm BiOMOCTI Tpo MicieBMpoO-
crannsa (puc. 2) H. vulgaris (3 Bu3HaueHUMM abo
PEKOHCTPYIOBaHUMY HaMy NPUOIUSHUMM KOOP-
nMHaTaMu) HaBefleHi B Tabm. 1. [lani 3 rep6apHux
€TUKETOK, iHTEepHeT-pecypciB i nuratu 3 miTepa-
TYPHUX JpKepesl HaBOJVIMO MOBOIO OPUTiHAIY.
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Exonoria

Hydrocotyle vulgaris — remikpunrtoit, rirpomeso-
¢it. 3a TMIIOM apeany € TeMIepaTHO-CyOMepupiio-
Ha/IbHO-MePUiOHAa/IbHO-OKEaHIYHNM  €/IeMEHTOM
¢dnopu €spomnt (Meusel et al., 1965). Micuesupo-
cranHs H. vulgaris MaioTh sIK nepBuHHMI (Ha 60-
JI0Tax), TaK i BTOPMHHMII XapakTep (micus 6imsa
BUIIACy Xypobm, y3biuusa popir, 6eperu i gHMINA
KOJIMIIHIX CTaBKiB), e KOHKYPeHIlis 3 IHIIMMU BU-
IaMy pOCIMH 3HaYHO 3HIDKeHa. JIokaspHi momyns-
1ii 3a3BMYall 3a/iMaOTh HEBEMMKY IUIomly (Kinbka
IeCATKIB KBaJpaTHMUX MeTPiB) ab0 )X BUTATHYTI BY-
3bKOI0 CMYTOI0 Bifj 1 0 5-10 M. ¥ Me>XaxX OCHOBHOI
€KOJIOTiYHOI aMIUIITYiX BUJl HE MA€ YiTKOI LIEHO-
TUYHOI IPUYPOYEHOCTI.

Y kpainax bantii umeit Bup pocTe Ha IpUMOP-
CbKUX HU3WHHMX pinsaHkax (Fatare, 1974). I. [Ipy-
Ba-JIycite 3i cmiBaBropamm (Druva-Lusite et al.,
2020) 3’acyBany, IO 3a IMX YMOB Ha picT pocimH
H. vulgaris Haiibinplie BIVIMBA€E iHTEHCUBHICTH
(OTOCMHTETMYHO aKTMBHOTO BMIIPOMIHIOBaHHS,
30KpeMa IifIBMIlleHa IBUIKICTD POCTY B 3aTiHe-
HJX YMOBAaX CBilYMTh HAa TIHPOBUTPUBAIICTh LbO-
ro BUJY. 3Ha4YHA IUIACTUYHICTh MeTaboMi3My 11010
KOHIIEHTpALlil MiHepa/JbHUX IOXXMBHUX PEYOBUH
y IPYHTI pasoM 3 eQeKTMBHUMM MeXaHi3MaMu
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MiHepa/IbHOI afanTanii 3a6e3neqy10Tb ONTUMAJIbHI
YMOBU [JIs1 pOCTY POC/IMH. BifHOCHO BUCOKMII CTa-
6inbHMI piBeHb GOTOCHHTETUYHOI IPOJYKTUBHOC-
Ti B ILMPOKOMY [ialla3oHi yMOB MiKpocepeqoBuIia
CBiYMB TpO ajjeKBaTHMII piBeHb (isiomoriuHol
apganrauii H. vulgaris 1o 3pocTaHHA K 3aCONEHHi
rpyHsriB (Druva-Lusite et al., 2020).

Y neHTpanbHil Ta cxigHiit yactuHax [onpii, ne
BUJ| € TaKOX pigkicuuM, H. vulgaris Tpamiserbcs
B IOCUTDb Pi3HOMaHITHMX €KOTOIIaX SIK BUIIaJIKOBUIA
BIJ B 1IeHO3aX OOJIOTUCTUX JIYK, YOPHOBINbLIIAHHY -
KiB, BepXOBMX OOJIIT, OGeperiB MOTIUKiB Ha BOTOTUX
i 3a60/104eHNX TyKax 3 TOp AHUMM Ta 6OTIOTHUMMU
IpyHTaMI. Y QiTOIleHOOril BUAY MPOCTiAKOBY€ETh-
cs 3B’130K 3 yrpynoBaHHaMu ¢opmauii Cariceta
cinereae (Mowszowicz, 1960). ¥V miBmeHHO-3axif-
Hiit yacTuHi [TonbLIi AK BUIAAKOBUIT BUJ ISl Oi/b-
HIOCTi POCIMHHMX YTPYIIOBaHb OCOKOBUX /YK, BiH
CTa€ XapaKTepHUM 1A acouianii Caricetum appro-
pinquatae Aszod 1935 (Denisiuk, 1960).

Ha repuropii Ykpainu H. vulgaris BuaBneHnit y
cknapi mwectn knacis (Litorelletea uniflorae Br.-Bl.
et Tx. ex Westhoff et al. 1946, Isoéto-Nano-Junce-
tea Br.-Bl. et Tiixen ex Br.-Bl et al. 1952, Scheuch-
zerio-Caricetea fuscae R.Tx. 1937, Molinio-Arrhe-
natheretea Tx. 1937, Alnetea glutinosae Br.-Bl. et
Tiixen ex Westhoff et al. 1946, Vaccinio-Piceetea
Br.-BL in Br.-BL et al. 1939) Ta fe’siTu c0103iB poc-
nuuHocTi (Kuzyarin, 2008; Borsukevych, 2024).
[MpoBiganmu emadivaumm pakTopamu 3poOCTaHHS
BUJIy € BOJIOTIiCTb i cKnmaf rpyHry. Llein Bupg npny-
podeHuIt 1o OifHNX Ha IOXVBHI peYOBMHN He3aco-
NeHUX CMabKOKMCIUX CyOCTpaTiB, HaifyacTile Tpa-
IUIAEThCA Ha TOPQ STHUCTUX 4M IICKOBMX IPyHTaxX
(Shevchyk, 1986; Kotsun, Kuzmishyna, 2016; Bor-
sukevych, 2024).

OxopoHa

B ocrannpbomy BupanHi YepBOHOI KHUTM YKpaiHK
mopno oxoponu H. vulgaris 3a3HadeHo nuiue, 110
ueit Bup "oxoponserncs B HIII "ITpun’sare-Cro-
xip", rigponoriunomy sakasuuky 'Osepo Opixose"
(Bomuucpka 0651.)". BigoMocTeit po po3MHOMKeH-
Hs Ta posBefieHHs H. vulgaris y cnenjiaipHO CTBO-
peHMX yMOBaX aBTOPM OIIPAlllOBaHHA He HaBeln
(Dubyna et al., 2009). 3i6bpaHni Ta y3arajpHeHi HaMn
BiJOMOCTIi 3HaYHO PO3IIMPWIN Lii JaHi.

B Ykpaini H. vulgaris pocre y mpupopHuX 3a-
nosigunkax Yepemcbkomy (BonmmHcbka 0671.) Ta
PiBHeHcbKOMY (PiBHeHCbKa 0071.); Y Hal{iOHa/TbHUX
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npupopHux mapkax 'Tlpum’sare-Croxin' (Bommnn-
cpka 0601.) ta Hobenpcbkomy (PiBHeHcbKa 0051.);
y Bommipkomy 60TaHiYHOMY 3aKa3HUKY 3araib-
Hofiep)kaBHOro 3HadeHHs (/IbBiBcbka 001.); y
MaHAuaQTHOMY 3aKa3HUKY 3arajabHOMIEP>KaBHOTO
3HayeHHA '"3ropaHcbki osepa” (BommHcbka 06071.);
Yy TifpONIOTiYHMX 3aKa3HMKAX MiCLIEBOTO 3HA4YEH-
HA "OpixiBcpkuit” i "Osepo bonorre" (BommHcbka
0071.); y 1iCOBOMY 3aKa3HMKY MiCLIeBOTO 3HAUEHHS
"Pucp” (Bonuucbka 0611.) (Andrienko et al., 2006;
2009; Dubyna et al., 2009; Andrienko, 2012; Andri-
enko, Pryadko, 2012; Konishchuk, 2012; Karpiuk,
Fesiuk, 2021; etc.). Bxasiska H. vulgaris nna HIIII
"Tlopinbcpki ToBTpU" (Novosad et al., 2007), oue-
BUJIHO, € TIOMIJIKOBOIO.

Hydrocotyle vulgaris xynbtuBytoTh y BoTaniyHo-
My cazny JIbBiBCbKOTO HalliOHa/JIbHOIO YHiBepCuTe-
Ty imeni IBana ®panka (Skybitska et al., 2010) Ta
B HanjonanpHoMy 6oraniynomy capy imeni M.M.
Ipumka HAH VYxpainnm (Mashkovska, 2015). Ta-
KOX Liell BUJI iHOAi BUPOLY€ETbCA AK JIeKOpaTMBHA
pocnuHa y MiHiCTaBKax Ha NPUCAAMOHUX IijIsH-
Kax Ta akBapiymicramu-mooburenamu. IIpo ne €
CBiflYeHHA Ha iHTepHeT-(opyMax Ta cepef Orojo-
IIeHb 3 MPOfiaKy pociuH (1A npuknagy: https://

miniprud.com/shchytolystnyk-hidrokotyle-zvycha-
inyi-roslyna-dlia-mini-stavka-vodnoi-klumby-sta-

vochka-u-vazoni/, https://miniprud.com.ua/ua/
p1348951800-schitolistnik-gidrokotile-obyknoven-

nyj.html, https://md.org.ua/aquarium/roslunu/ste-
bl/10084-shchitolistnik-obyknovennyj.html, Tomo).

3 aHayI3y /MiTepaTypHUX IXKepenl Ta repbapHuX
MarepiasiB BUAHO, III0 B OCTaHHI fecATupivdya H.
vulgaris Ha TepuTOpii YKpaiHyu IPOAB/ISAE IHTEHCHB-
He IPOCYBaHHA Ha CXifl, mepegyciM — Ha Bomun-
cpkomy Ilomicci (Stoiko et al., 2004; Danylyk, Dany-
lyk, 2016). BBa>kaemo, 1110 Ha CbOTOAHI CIIelliaIbHi
IPUPOAOOXOPOHHI 3aXOfN i 30epeXKeHHs BUAY
Ha [Tormicci HemoiIbHI; MTOTPibeH Muile TOCTIMHMIT
KOHTPOJIb 3a CTAHOM J10TO IIOIYJLALIL.

Kpim toro, 6y1o 6 LikaBo poBecTy CIiellianbHe
¢inoreorpadivne ROCTIIPKEHHS CXiFHOEBpOIEN-
CBKMX 3arajioM i yKpaiHCbKMX 30KpeMa IOIy/IALin
BUJY [JIA BCTAaHOBJIEHHA 3aKOHOMipHOCTEN HAMHAa-
MIKI JIOTO apeay, 0 CIIOCTEPIra€TbCsA HEJABHIMMA
mecsaTumiTTAMU. Take JOCTKEeHHS MOrno 6 mpo-
ACHUTH VIMOBipHiI IPMYMHM Ta MEXaHi3MM pO3LIN-
PEHHA MepeXi BilOMMX JIOKAJIITETiB BUAY i HafaTh
CBif[YEHHA W00 TOTO, Y/ MAEMO MU TYT CIIOHTaH-
HE PpO3IIMPEHHSA IPUPOJHOrO apeany, 4u, IpH-
HaJiIMHi 9aCTKOBO, HaTypa/i3allilo pOCIANH 3 iHIINX
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Tab6muus 1. JTokanitern Hydrocotyle vulgaris 8 Ykpaini
Table 1. Localities of Hydrocotyle vulgaris in Ukraine

Teorpadiuni
OpurinanpHi JaHi IPO MiCIleBMPOCTaHHSA Tun ganux KOOpAMHATI
N | E

ApminicTpaTrBHe
pO3TallyBaHHA

JIbBIBCBKA OBJIACTD
3ono4iBChKMIt p-H
bycpka micbka rpomaga

c. Toropis JIpBOBCKast 0611., Bycckmit p-H, 3 KM ceB.-BOCT. ¢. Tonopos, Tep6apHi 50.12501 24.76082
6113 xyTopa JlecHoe. JlecHOe 60/I0TO CpefyL COCHOBOTO JIeca,
28.06.1987. Leg.: A. 3enenuyk. MW0450600, MW 0450602

c. bonoxnHiB c. bonoxxunis Bycbkoro p-ny JIsBiBebkoi 061 (LW) (Kuzyarin, Jliteparypui 50.00928  24.73824
2008: 239)

JIbBiBCBKMIL p-H
ImuHAHCbKA Micbka TpoMazia

c. Kpusnui JIpBiBCbKa 0671., 30/104iBChbKMIL p-H, 0,5 KM Ha ITH. Bif C. Tep6apHi 49.79772  24.58959
Kpusnui. Komnmsint Topdokap’ep. EBrpodre Tpas’siHo-
rimHoBe 6071070, 30.05.2017. Leg.: O.T. Kyssapin. LWS118374,
LWKS032803 (https://www.ukrbin.com/show_image.
php?imageid=313424)
HoBospndiBcbKa cenuinHa rpoMaza

c. Crapwmit fIpuuiB  Na pd. skraju lasu dgbowo-sosnowego na torfowisku na pd.- TepbapHi 49.90418 24.25782
zach. od wsi w poblizu drogi ze wsi w pole. Jaryczéw Stary k.
Lwowa. 23.I1X 1938. J. Madalski. LWS70972

c. Crapumit SIpuais - Oxomnui c. Crapuit SIpu4is, no6/msy JIbsosa, rep6apni 36opu  Jliteparypui 49.90418  24.25782
V. Monganbcbkoro, LWS (Zelenchuk, 1987: 121)

HlenTnubKuii p-H
benspka micbka rpoMaza

¢. XniBuaun JIpBOBCKast 0671., COKanbCKMit p-H, B 2 KM I0Tr0-BOC. C. Tep6apHi 50.29211  23.96660
XJ1eBYaHbI, IIOCAJKa O/TbXM, Ha BIaXkKHOI mouBe, 20.08.1986.
Leg.: A. 3enenuyk, MW0450599

c. X1iB4aHU c. Xnisyanu (Coxanbcpkuii p-H) (Zelenchuk, 1987: 120) Jiteparypni 50.29211  23.96660

c. XniBuaun JIpBiBCchKa 0671., COKanMbChKMIT P-H, TII-3aX. OKOINLISA C. Tep6apHi 50.30541 23.89188
XriBuaHy, IpaBobep. YacTMHA 3aIUIaBy p. bomoTHA, Ha
6onoTuctiit nyui 3 Carex panicea Ta 60/10T. PiSHOTP., PO3CIAHO
y HeBenumKilt K-Ti, 15.08.1995. Leg.: O. Kysapin. LWS24622

c. XJ1iBYaHU JIpBiBCbKa 0671, COKaNMbCKUIL p-H, MiBIeHHO-CXifHi okomuui c.  TepbapHi 50.31026 23.97527
XniBuann. Bomnupbkmit 3akasunk. [Ipasuit 6eper p. bonotHs.
Ocyene Topdose 6010T0, 26.08.2002, Leg.: O. Karaso, H.
Cnyak 19.08.2012. KW031221

c. X/miB4aHm JIbBiBCbKa 0071., COKaIbCKNUIL P-H, MiBJIeHHO-CXifHI okomuui c.  Tep6apHi 50.29211  23.96660
XniBuanu. Boraniunmit 3akasuux "Bommipkuit’. EBrpodno-
Me3oTpodHe 60/10T0. Bepe3oBo-Bep60Bi 3apocTi 110 Kparo
6onora. 17.07.2012. Leg.: O. Karano, M. Kararo, 29307. Det.: N.
Sytschak. LWKS030359 (https://www.ukrbin.com/show_image.
php?imageid=316767)
YepBoHOTrpafchKa MiCbKa rpoMasia

c. Jopopume JIbBiBCbKa 0671., Cokanbenkuit p-H. Okomni c. fopopuie. TepbapHi 50.31448 24.23373
ITpupopoxue 601010 (K070 X/I cMyrn), 08.06.2009, Leg.: J1.M.
bopcykepnu. KW089596
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Auisi Teorpadiuni
AMIHICTpATHBHE OpurinasnpHi JaHi Ipo MicLleBUPOCTaHHA Tun ganmux KOOpAMHATI
posTanryBaHHA

N E
c. Jopopnmie Oxomuui c. Topopnine, 22.07.2013, JI. Bopcykesnd (L. InTepuer- 50.31448 24.23373
Borsukevych), https://www.ukrbin.com/show_image. pecypcu
php?imageid=46433
c. Topopnmie Oxkonui c. Topoamuiie, KonaHka Kojo /1 mepeisgy Jlirepatypni 50.31448  24.23373
(Cokanbcbkuit p-u) (Borsukevych et al., 2016: 63)
HlenTmubKa MicbKa rpoMajia
M. CocHiBka JIpBiBCbKa 0671., COKanbChKuit p-H, 1 KM Ha MiBHIY Bifi CMT. Tep6apwi 50.30600 24.25833
Cocnisxka. JIiBnit 6eper p. 3axiguuit Byr. Ha MesoTpodnomy
6omoti Ta 3a6omoyeHiit myi 3 Juncus effusus. 18.07.2003.
Leg.: O.T. Kysapin, LWS
M. CocHiBKa JIpBiBCBHKaA 0071, CoKanbchbkuii p-H, 1 kM Ha ITH. Bifj cMT. Tep6apHhi 50.30600 24.25833
CocHiBKa, 1iBOpPYY Bif I10Ce, 1110 Befie 1o c. Bonceua. Ha
Me3oTpodHiit 3abomoyeHiit myui 3 Juncus effusus (dom.).
29.07.2006. Leg.: O.T. Kyssapin, LWS
M. CocHiBKa JIpBiBCHKA 0671., COKaNbChKMII P-H, KOTTAaHKa KOJIO 3a/1i3HOI Jlirepatypni 50.306083 24.242550
poporyu mo6musy M. CocHiBka, 50.306083°N, 24.242550°E,
22.07.2013 (Borsukevych, 2024: 8)
BO/IMHCBKA OBJIACTDb
Kaminp-Kammpcpkuii p-H
Kaminp-Kammpcpka micbka rpoMaza

c. Boeroma Beper o3epa Mimey (Andrienko, Pryadko, 2006: 666) Jliteparypni 51.64537  25.08841

c. IBanomucip Oxomnuiii c. IBanHomMucnb, 22.06.2025, B. IlleBunk, InTepuer- 51.58011 25.07826

https://www.inaturalist.org/observations/291999074 pecypcu

c. Hesip Oxomnui c. Hesip, 07.08.2021, A. Kysemxo, InTepner- 51.86810 24.99149

https://www.inaturalist.org/observations/90258259 pecypcu

c. Onennne Oxomnuiii ¢c. Onennne, 21.06.2025, B. IlleBunk, InTepuer- 51.54839 25.27442

https://www.inaturalist.org/observations/291564117 pecypcu
c. lomnui Bonuncpka 0651., Kaminp-Kamnpcpkuii p-H, okon. ¢. [Tomumi,  Tepbaphi 51.57282  25.13479
Bosioruii Bumnac, 03.07.1998. Leg.: B.JI. llleBunk, .M.
Axyurenko, €.0. Bopo6itos. KW056080

c. [Mommiii Oxomuui c. Iomyui, ypouniue Kymnma (Shevchyk, 1986: 1275)  Jlireparypui 51.581597 25.141948

c. [Tonuui IIn oxonuui c. ITonumi, Kaminp-Kammpcbknii p-u Bonuni. 2016 Jliteparypni 51.581597 25.141948
p. CoTHi po3pisHEHO-TIOOAMHOKIX 0COOMH Cepef TaCOBUILL
Ha TOp( AHMCTUX JTYKaX Ta cepef 3apocTeit Bepou cipoi
(Shevchyk, 2019: 446)

c. ITommmi Bommucpka 0671., Kamins-Kammpcepkuit p-H, yp. Kymniue, B Tep6apui 51.58185  25.14539
oxort. ITommu, y BinbIIHAKY, KB. 22, Bup. 12. Iloniniscbke 11-Bo,
07.09.2001. Leg.: T.JI. Anppienxo, KW138896, KW138897

c. lomnui BonmHcpKa 0671, K.-Kammpcepkuit p-H, c. o, yp. Tep6apsi 51.58185 25.14539
Kymiura, saTiHeHa OMipHO 3BO/IOYKeHa TyKa 1o nepudepii
MertiopoBaHoro 6omora, 03.09.2002. Leg.: B.B. Konimyk.
KW006139

c. ITommmi Oxkomnuui c. ITonmni, 22.06.2025, B. IlleBunk, InTepner-  51.58185 25.14539
https://www.inaturalist.org/observations/291732071 pecypcu
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Bonsa
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110 Kpalo 3a00/I0YeHNX 3HIDKeHb, Be/IMKi momrysii, 02.08.2007.
Leg.: T.JI. Aunpienko. KW083595

A Teorpadiuni
AMUTICTpaTIBHE OpurinanpHi JaHi Ipo MiceBMPOCTaHHSA Tun fannx KoOpAMHaTI
po3TalIyBaHHA

N | E
c. InuiBne c. [TniBHe, ykic npupnopoxuoi kanasu (Yashchenko, 2000: 255)  Jliteparypni 51.68384  25.27591
JTro6emnriBcbKa Micbka rpoMaza
c. bipkn Oxomuui c. Bipkn. Exornoris: meadow. 07.07.2021, H. Inrepner-  51.821033 25.177217
Cnuak (N. Sytschak), https://www.ukrbin.com/show_image. pecypcu
php?imageid=229091

c. bipkn Oxkomnui c. bipku, 06.06.2025, 0. Kypuno, InTepuer- 51.85375 25.18521

https://www.inaturalist.org/observations/287420640 pecypcu

c. bipku Oxomuui c. bipku, 12.06.2026, 0. Kypuno, Inrepner-  51.84044 25.20946

https://www.inaturalist.org/observations/370909452 pecypcu

c. bipkn Oxonuti c. bipkn, 20.06.2026, K. Kammypesnxko, InTepuer- 51.83604 25.21518

https://www.inaturalist.org/observations/373829467 pecypcu

c. Bermn JlicoBmit 3aKasHMK MiCI{eBOro 3HadeHHs "Bimoosepcpkuit’ [B Inteprer-  51.90322 25.00169

Me)Kax HallioHanbHoro npupogsoro napky (HIIII) "TIpun'ate-  pecypcn
Croxin'"]

[Honosxcerns npo nicosuil 3aKasHuK Mict,e8020 3HA4EHHS

"Binoosepcokuil” Kaminv-Kawupcvkoeo paiiory. 3ameeposicero

HAKA30M YNPABTIIHHS eK0/I02ii ma NPupoOHUX pecypcis

Bonuncvkoi 06nactoi Oepicasroi aominicmpauii 22.02.2022. Ne8.]
https://voladm.gov.ua/article/polozhennya-pro-lisoviy-
zakaznik-miscevogo-znachennya-biloozerskiy-kamin-
kashirskogo-rayonu/

c. Buryne Beper osepa Bypkis (Andrienko, Pryadko, 2006: 666) Jliteparypni 51.76620 25.12418

c. 3apika Oxomuui c. 3apika, 28.05.2025, 0. Kypwuro, Iatepuer-  51.75357 25.51172

https://www.inaturalist.org/observations/284885357 pecypcu

c. 3apika Oxomuui c. 3apika, 09.06.2025, A. Kysemxo, InTepner- 51.75540 25.51184

https://www.inaturalist.org/observations/288136707 pecypcu

c. JlaxBnui ITacosuiue B gonmHi [Tpur’sri, c. Jlaxsndi, /To6emiBcbkmit p-H, Jliteparypni 51.839236 25.364366

BommHcpka 0671. (51.839236°N, 25.364366°F). ... Tpas’sHucTa
POCIMHHICTD IPeACTaB/IeHa 37TaKaMU, YXOBTELISIMI,
KOHIOIINHOIO TI0B3YYOI0, IINTOVICHIKOM 3BIYalHIM
(Hydrocotyle vulgaris) (Strus et al., 2018: 62)

c. JlaxBuui Oxonuui c. Jlaxsnui, 09.07.2025, I. 3y6xoBnd, InTepnert- 51.83368 25.37704

https://www.inaturalist.org/observations/301021509 pecypcu

c. JlaxBnui Oxomuui c. JTaxsuui, 10.09.2025, O. Kypnro, InTepner-  51.84563 25.37720

https://www.inaturalist.org/observations/312855484 pecypcu

M. JTrobemris BonuHcpKa 0671, JIro6emmiBcbKuit p-H, BUIIAIIYBaHNI 6eper Jlirepatypni 51.745403 25.506698

p. Croxiz 6ims m. JTroberis, 51.745403°N, 25.506698°E,

27.07.2020 (Borsukevych, 2024: 8)
c. JIrobemiBcbka  BommHcbka 0671, JIroberiBcbkuit p-H. Bins c. JTo6entiBcbka Tep6apHi 51.73314 25.46751
Bona Bors. ITo kparo 3abonoyene sHmkenHs, 02.08.2007. Leg.: T.JL.

Amnppienko, KW083634
c. JTrobemiBchka BonmHcbka 0671, JIro6emmiBcbkuit p-H, ¢. JIro6emiBcbka Bors, Tep6apHi 51.73314 25.46751
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Auisi Teorpadiuni
AMIHICTpATHBHE OpurinasnpHi JaHi Ipo MicLleBUPOCTaHHA Tun ganmux KOOpAMHATI
pO3TaIIyBaHHA

N E

c. Jlio6’s13p BomnmHcbKa 0671, JIro6emmiBcbkuii p-H, 03. JI106°13b, 6insa rupina  Tep6apHi 51.829065 25.482782
kanany Kopocremenka, nyka, 22.08.1998. Leg.: H.I. barosa.
KW073418

c. Tro6’s13p Bonuncpka 0671, . JI1o6’s13b, niBuit 6eper p. Ilpur’ stb, Tep6apHi 51.829065 25.482782
3amraBHi myku, 19.07.2006. Leg.: S.I1. inyx, T.B. ®inaiio.
KW068634

c. Tro6’s3p Bonuncpka 0671., JTro6entiBcbKuii p-H, . JIto6’s13b, MiBHIYHO- Tep6apHi 51.829065 25.482782
3axifjHa oKo/MIy, 600TO Ha IpaBoOMY Oepesi IiBoro pykasa p.

ITpur’sTe, ekoToH, 05.08.2011. Leg.: B.II. Temrora. KW095155

c. Tro6’s13p Beper o3epa JIr06’s13b (Andrienko, Pryadko, 2006: 666; 2012: 438) Jlireparypui 51.829065 25.482782

c. JIio6’sa3p Oxomuti c. JTro6’sa3p, 30.05.2025, B. Tomamuy, IntepueT- 51.829065 25.482782
https://www.inaturalist.org/observations/285502298 pecypcn

c. JTio6’s13b Oxomuui c. JTro6’a3b, 01.06.2025, valentyna_rubka, Inteprer-  51.82187 25.47554
https://www.inaturalist.org/observations/285930607 pecypcu

c. JIio6’a3p Oxonui c. JTio6’sa3p, 04.06.2025, 1. Konapuy, IHTepHeT- 51.829065 25.482782
https://www.inaturalist.org/observations/286804893 pecypcu

c. JIro6’sa13p Oxomnui c. JTro6’s3p, 14.07.2026, 10. Kypuro, IHTepHeT- 51.83709 25.47523
https://www.inaturalist.org/observations/381370347 pecypcu

c. CBanoBuyi Oxomuui c. CBanosuyi, HIIIT ITpur sate-Croxiz, 29.05.2025, 1. IntepHert- 51.88102 25.61282
Kornapny, https://www.inaturalist.org/observations/285066208  pecypcu

c. Cepguie Oxomuui c. Cennuite, repbapi 36opu B.JL. IlleBunka Jliteparypni 51.68089  25.39381
(Zelenchuk, 1987: 121)

c. YrpuHnui BonmHcbKa 0671, JIro6emmiBcbkuil p-H, 3amnasa p. Croxip 6ina  Jlireparypui 51.680067 25.394833
c. Yrpuundi, 51.68007°N, 25.39483°E, 11.08.2015 (Borsukevych
etal., 2016: 63; Borsukevych, 2024: 8)

c. Xo1yHb c. Xonysb (ByunHcbka fada, 3amnasa p. [Ipum’ars) Jlirepatypni 51.84432  25.51407
(Yashchenko, 2000: 255)

c. np Oxomnui c. Lup, 23.06.2022, B. Iybapuk, InTepner- 51.82779  25.30334
https://www.ukrbin.com/show_image.php?imageid=251050, pecypcu
https://www.inaturalist.org/observations/123553726

c. lnp Oxoymnui c. Lnp, 06.08.2023, B. Iy6apux (V. Hubaryk), IHTepHeT- 51.835278 25.317944
https://www.ukrbin.com/show image.php?imageid=303322 pecypcu

- JrobemiBcokuii p-H, Bomnucbka 0671., HIIIT "TTpumsite- Tep6apHi - -
Croxin", 06.2003. Leg.: T.JI. Aunpienko. KW118173
MasneBn1iibKa cenuiiHa rpomMaja

c. TposuiBka Tigponoriyamit 3akasHuk "Osepo bonotne" (Karpiuk, Fesiuk, Jliteparypni 51.30575 25.29915
2021: 134)

[IpunicHeHcbKa cibCbKa rpoMagia

c. JInmHiBKa Yepemcpkuii 113, ypounme "Kyxis Ipyn" (ManeBunpkuit p-u)  Jliteparypui 51.50147  25.44350
(Konishchuk, 2012: 386)

c. HoBi YepBnma IliBnennime c. Hosi YepBuiua, Ha Gepesi ocTpoBa, Jlirepatypni 51.57568  25.36881
posramoBaHoro Ha piuni Croxozi, y Bimbxosomy sici (Heluta et
al., 1999: 307)
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ApnMinicTpaTuBHe
PO3TallyBaHHS

Teorpadiuni
OpurinanbHi faHi Npo MiclleBUPOCTaHHA Tun gannx KOOpAVHATI
N | E

c. Hosi Yepsuma

c. Hosi Yepsuma

c. 3ropann

c. 3ropann
c. 3ropaHn

c. 3ropann

c. CubHe

c. Cunpne

c. Axymis

c. l'ipanku

¢. 3anucuus
c. 3anucuusa

c. 3anyxis

c. Camapu
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Bonmucpka 0671., Kaminb-Kamnpcepkuit p-H, sammasa p. Croxig  Jliteparypui 51.57155  25.36987
6ims c. Hosi Yepsua, 51.57155°N, 25.36987°E, 13.08.2015
(Borsukevych et al., 2016: 63; Borsukevych, 2024: 8)

JICOBMIT 3aKa3HUK MicileBoro sHaueHHs "Pucp" Inrepner-  51.59532 25.51510
(Karpiuk, Fesiuk, 2021: 102) pecypcu

[ITonosxenns npo nicosuil 3axasHUK Mice6020 3HAUEHHS

"Pucy"” Kamino-Kawupcokozo pationy. 3ameepoiero Hakazom

YHPABNIHHS eKono2ii ma npupodHux pecypcié Bonurcoxor

obnacHoi depacastoi aominicmpauii 22.02.2022. Ne§.]
https://voladm.gov.ua/article/polozhennya-prolisoviy-zakaznik-
miscevogo-znachennya-ris-kamin-kashirskogo-rayonu/

KoBenbcpkuii p-H
To/10BHEHChKA CeNNIIHA TPOMaia
Beper osepa Benuxe 3ropancske (Andrienko, Pryadko, 2006: 666) Jlireparypni 51.36831  23.98048

Osepo Mare 3ropaHcbke, BonnHcbka 0671, ceprienb 1998. Leg.:  Tep6aphi 51.37962  23.96298
[B.I1.] IemoTa, KW 167762

ITiBHiuHO-cXifHMIT 6eper o3epa Mase 3ropaHcbke, mobmmsy c¢.  Jlireparypui 51.37962  23.96298
3ropanu (Heluta et al. 1999: 307)

BonmHcpKa 0671., JI060MIbChKIMIT p-H, iBHIYHO-3aXifHi Tep6apHi 51.37412  23.96070
okoymui ¢. 3ropaun. I171.-3x. 6eper 03. Mase 3ropaHchbKe.

ITpubepexxHa cMyra, Ha MiZIKOBOJ/I1 Ta Ha MilaHOMY 6epe3i

osepa. 27.08.2007. Leg.: .M. Tanunux ID-00009. LWKS031762

(https://www.ukrbin.com/show image.php?imageid=316770)

ITo6mu3y o3epa Opixose (Iopixose) (Andrienko, Pryadko, Jiteparypni 51.37556 24.00131
2006: 666)
c. CusibHe, Ha iBIEHHOMY Ta MiBEHHO-CXiZHOMY Geperax Jlirepatypni 51.40607  24.00005

o3epa Mourse (JI:060M/IBCBKUIT P-H), TaHAUIADTHII 3aKa3HUK
3arajbHOfiep>KaBHOTO 3HaYeHHA "Momrne" (Danylyk, Danylyk,
2016: 69)

3abpopiBcpKa cinbcbka rpomMaza

Bonuncbka 0071., PaTHiBCbKuiT p-H, 3amiasa p. Bikiska 6t Jlirepatypni 51.68333  24.59510
c. Sxymis, 51.68333°N, 24.59510°E, 08.07.2021 (Borsukevych,
2024: 8)

PaTniBCbKa cenminHa rpoMaza

Oxkomuui ¢. Tipuauky, 03.09.2025, K. @intoTa, https://www. InTepuer-  51.73048 24.49621
inaturalist.org/observations/311306968 pecypcu

CamapiBcbKa cibcbKa rpomMaja

03. OpixoBenp, c. 3amcuus, BomuHcpKa 0671, ceprienb 1998. Tep6apHi 51.85028 24.72628
Leg.: B.IL. Tenmtora, JLIL. Bakapenko, [I.B. llyonna. KW167761

Cxigna yacTiHa o3zepa Opixose, Bif c. 3amucun fo niBgeHHnx Jliteparypui 51.85028  24.72628
okommp c. Mexxucnuts (Heluta et al., 1999: 307)

Beper osepa Cste (Andrienko, Pryadko, 2006: 666) Jliteparypni 51.85692 24.89732

3axigunii 6eper oszepa JIykn B okonuipsix c. Camapu (Heluta et Jliteparypui 51.85264 24.61521
al. 1999: 307)
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Teorpadiuni

OpuriHanpHi faHi Ipo MiclleBUPOCTaHHA Tun gannx KOOpJAMHATH

N | E

c. Camapu Oxomuui c. Camapy, 05.06.2022, O. IlInukapyk (O. Shynkaruk), Intepmer-  51.860519 24.628544
https://www.ukrbin.com/show image.php?imageid=250838 pecypcu

Hes’sacoBani

ApnMiHicTpaTuBHE
posTauryBaHHA

- BomnmHcbKa 0671, 3BOJIOXKeHi Tyku, 6071010, 15.08.1998, Leg.: Tep6apHi - -
P.B. ITo6epiit, Det.: I.A. Tumdenko. KW069931

PIBHEHCBKA OBJIACTD
Bapacpkuii p-H
3apidyHeHCbKa CeMuIHA IPOMasa
c. bopose Oxonnui c. Bopose, [Hobenscpkuit HITIT], 26.07.2024, 1. IHTepHeT- 51.60235 25.76243
3y6xoBuy, https://www.inaturalist.org/observations/255530356 ~ pecypcu

c. bopose Oxomuui c. Bopose, [Ho6enbcpkuit HIIIT], 04.07.2025, 1. Intepuer-  51.60234 25.76284
3y6koBuy, https://www.inaturalist.org/observations/295607596 pecypcu

CapHeHCbKMIT p-H
Buconpbka cinbebka rpomaza

c. 3onore PiBHeHCBKa 0011., [lyOpOBUIIBKIIL p-H, OKOMNULI €. 30710Te, Ha Tep6apHhi 51.68024  26.45592
6epesi cTaBka, 23.07.2020. Leg.: I. Onpurancekuit, KW148648.

c. 3omote Oxomuui c. 3omote, 24.07.2020, 1. Onpirancokuiy, https://www.  InTepHert- 51.68020 26.45590
inaturalist.org/observations/54911547 pecypcn

KreciBchka cenmyuiHa rpoMajga

c. Knecis PiBuencbka 0671., CapHeHCbKMII p-H, PiBHeHCHKUIT Tpupopumit  TepbapHi 51.398850 26.954783
sanoBigank. Macus ComuHo, ypounize "Kpeminue CexiBcbke',
KB. 35, 60710THIIT MacuB Oiis MariCTpaabHOIO KaHalIy Ha
eyMmesorpodHOoMy 60710Ti. 16.07.2004. Leg.: T.JI. AngpieHKo,
O.I. ITpapko. KW057188

c. Kiecis Bomnoro Comuse, ypounite "Kpeminne-CexiBcbke" Jitepatypui 51.398850 26.954783
(PiBHeHCHKUIT TpupogHMit 3anoBifHNK) (Andrienko, 2012: 323)

c. Knecis KapacnHcbke 71-Bo, KB. 69, Bup,. 1, 51.398850°N, 26.954783°E,  Jliteparypni 51.398850 26.954783
Bucora 151 M H.p.M. EkoTon — Mokpa /yka 3 1oBosi 6araTum
bnopuctnarnm ckmagom. Homymsanis 150 m? (Sosnovska,
Borsukevych, 2015)

c. Kecis PiBHeHCbKa 0071, CapHiBCbKMit p-H, PiBeHcbkmit 3amoBifunk,  Jlireparypui 51.398850 26.954783
3a00/104€eHi JiIAHKY MK KaHamamu, 51.398850°, 26.954783°,
19.07.2013 (Borsukevych, 2024: 8)

TEPHOIIUIbCbKA OBJIACTD
TepHOMiNBCHKMII p-H
30/10THUKIBCBKA CiIbCchbKa TpoMaza

. Bumnisunk Wisniowczyk, 1880. Leg.: S. Trusch. LW106718 TepbapHi, 49.23376  25.37433
JiTeparypHi

XMEJIbHUIIBKA OBJIACTDb

- HIIII "Tlogminbcbki ToBTpu” (Novosad et al., 2007). [BkasiBky JlireparypHi - -
BBa)XAEMO CYMHIBHOIO]
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Iokepen (HampuKIaf, 3 akBapiyMHoOi abo 6GaceitHo-
BOI Ky/IbTYpM TOLIO).

IMogaxn

k.6.H. H.M. Cuuaxk 3a posmiuieHHs 306pakeHp H.
vulgaris 3 LWKS. 3a ninni nopagu aBTopu BAA4HI
aHOHIMHMM pPelleH3€HTaM.

He pocnimkeHHA BUKOHaHEe B MeXaX HayKo-

Bo-mocigHoi poboru 0121U113957 "Bussnenss
3aKOHOMIpPHOCTEll IPOCTOPOBOIO PO3IOAITY Ta
TEHJJEHILIi}1 3MiH apeasiB MOJENbHUX BUJIB 1 BIO-
PAOKYBaHHA TaKCOHOMIYHOI CHUCTEMM CYAUMHHUX
pociyH YkpaiHu 3 BUKOPUCTaHHAM iH(popMariiii-
HUX TEXHOJIOTii".

ABTOpU BUCIOBIIOIOTb IIMPY IOASAKY CIIiBpOOiT-
HMKaM Tepbapito Incturyry Ooraniku im. ML
Xonognoro HAH VYkpaiun A.B. Illyminosiii, .6.H.
H.M. Illnan ta LI JIA4€eHKO 3a JOIIOMOTY IIpK OII-
paifoBaHHi 3paskiB repbapiro KW, ta npBiBcbKMM
KOJIeTaM 3a JOIIOMOTY B OTPMMAaHHI €/IeKTPOHHNUX
300paxkeHb repbapuux 3paskis Hydrocotyle vulga-
ris: T.C. Xminp, J/IpBiBCbKMIT HaumioHa/IBHUI YHi-
BepcuteT imeHi IBana ®panka (LW); k.6.H. O.T.
Kysapiny, [lep>kaBHMit NIpUpOMO3HABUMIT My3eil
HAH VYxpainu (LWS). TakoxX aBTOpK BASAYHI BCIM
KOPUCTYBa4aM iHTEPHET-pecypciB TI'POMaJIChKOI
HayKu (citizen science), siki HOIIVPIOIOTH [aHi 3 6i-
opisHoMaHiTTsa Ha iNaturalist i UkrBIN, i 30kpema

JOTPMMAHHA ETMYHNX HOPM

ABTOpYM HOBIOM/ISIIOTH NP0 BiffCYTHICTH 6YAb-SKOrO KOH-
¢rnikTy iHTepecis.
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Hydrocotyle vulgaris (Araliaceae) in Ukraine: distribution, ecology, and conservation

M.M. FEDORONCHUK, I.G. OLSHANSKY]I
M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2 Tereshchenkivska Str., Kyiv 01601, Ukraine

Abstract. Based on original field expedition research in Polissya, literature sources, and available herbarium specimens and
records, the distribution patterns of Hydrocotyle vulgaris (Araliaceae), a species listed in the Red Data Book of Ukraine, was
analyzed. In Ukraine, this species was first discovered in the Ternopil region in the second half of the 19™ century. In the 20t
and 21* centuries, it was recorded in the Lviv, Volyn, and Rivne regions. Notably, in recent decades, the known range of H.
vulgaris within Ukraine has expanded significantly. In particular, it looks as it is intensively advancing eastward into Volyn
Polissya. It has established that H. vulgaris occurs within six vegetation classes in Ukraine (Litorelletea uniflorae Br.-Bl. et Tx.
ex Westhoff et al. 1946, Isoéto-Nano-Juncetea Br.-Bl. et Tiixen ex Br.-Bl. et al. 1952, Scheuchzerio-Caricetea fuscae R.Tx. 1937,
Molinio-Arrhenatheretea Tx. 1937, Alnetea glutinosae Br.-Bl. et Tiixen ex Westhoft et al. 1946, Vaccinio-Piceetea Br.-Bl. in Br.-
Bl et al. 1939). Hydrocotyle vulgaris is currently protected in the Cheremskyi (Volyn Region) and Rivnenskyi (Rivne Region)
nature reserves, in the "Prypiat-Stokhid" (Volyn Region) and Nobelskyi (Rivne Region) national nature parks, as well as in
several nature reserves.

Keywords: common pennywort, flora of Ukraine, Hydrocotyle, marsh pennywort, Red Data Book of Ukraine, species
distribution
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Dichanthelium lindheimeri (Poaceae) —
HOBUII aiBeHTUBHUI BT Y ¢pnopi Ykpainn

JTro608 M. BOPCYKEBUY % (), Hamia M. CUYAK 22, Onekcanmp O. KATAJIO 2
! Borauiunmii cay JIbBiBCbKOro HAIiOHAILHOTO yHiBepcuTeTy iMeHi [Bana PpaHka,
By Yepemiunnu 44, JIbsis 79017, Ykpaina
2 Tucruryr exonorii Kapmar HAH Ykpainn,
By1. KosenpHnubka 4, JIbBiB 79026, Ykpaina

* ABTOp A nuctyBaHHA: [borsukiewicz@gmail com

Pedepar. Ymepiue minTeepmkeHo HaABHICTb Ha TepuTopil YKpaiHu miBHiYHOaMepuKaHcbKoro Bupy Dichanthelium lind-
heimeri. Ilig gac mOMPOBUX KOCHHKeHb y 3akapmarchkiit obmacti (XycTcpkmit p-H, okonmii cemuita JloBre) y cepiHi
2023 p. 6ynu BusiBeHi aBi nomyssnii pociuH pony Dichanthelium i3 cexuil Lanuginosa, siki posTamroBati mo6nusy ogHa
OJIHOI, OfHAK 3aliIMalOTh €KOJIOTiYHO BiMiHHI MiKpocepefoBMIa iCHyBaHHA. PociymHM ofiHi€el 3 MOMy/nALi OfHO3HAYHO
inentudikosani sk D. lindheimeri. Y crarti Biepie MopdororiuHo o6rpyHTOBaHO IPUCYTHICTD BUAY B YKpaiHi BinmosigHO
10 JI0To Cy4acHOi TaKCOHOMIYHOI KOHLenwii. Kputuanmuit ananis nonepegHix BigomMocTeii mpo Dichanthelium acuminatum
(Panicum acuminatum) B YKpaiHi BUABMB 3HaYHY TaKCOHOMiUHY IUTyTaHMHY, IIOB’A3aHYy 3 iCTOPMYHVM BUKOPUCTAHHAM
pisHuX Ha3sB. IIoBTOpHe JOCTIKeHHA repbapHUX 3pasKiB, 3ibpanux ®ogopom (UU), miaTBepAMIO NNUIlIe iXHIO HATeXHICTD
mo Dichanthelium cexuil Lanuginosa, mpoTe IXHsA TOYHA TAKCOHOMIUHA ifeHTMGIKAI[isA 3aMMIIAETHCSA HEBM3HAYEHOI Ta
notpebye mopjanbiiux gocmimkenb. Iomymsauis D. lindheimeri Gyma BusBIeHa Ha aHTPOIIOT€HHO IIOPYLIEHIN JTiCOBii
rajiABMHI 3 PO3PIIPKEHMM POCIMHHMM IMOKPUBOM; [IA Hei BIaCTMBE aKTMBHE HaCiHHEBE BiTBOPEHHS, IO CBiJYMTb MPO
yCHiliHy HaTypanisanifo Bupy. OTpuMaHi pes3y/nbTaTyi YTOYHIOITH yABIEHHA Npo pisHOMaHiTTA pomy Dichanthelium y
CxipHiit €Bpori, MiKPeCI0Tb HeOOXiAHICTD MepersaAy iCTOpUYHNX repbapHMX MaTepiasiB i IPUITYCKAIOTh MOX/IUBY
TIPUCYTHICTD y PETiOHi JOAATKOBUX HEJOOIiHEHNX TAKCOHIB I[bOTO POJY.

KnrouoBi cmoBa: Dichanthelium, afBeHTUBHUII BuUJ, apeaj, €KOIOTO-IIeHOTUYHI 0CO6MMBOCTI, 3akapraTcbka 06/1aCTh,
Ykpaina

Dichanthelium (Hitchc. & Chase) Gould — gocute  IliBniuniit Amepuni (Freckmann, Lelong, 2003).
Be/IMKUI, Mopdooriuno Minmvewit pin, saxuit, 3a Do 1910 p. itoro posrsapamyu y ckiapi popy Pani-
JlaHMMM Pi3HNX aBTOpiB, HapaxoBye Bix 72 o 136 cum L. sensu lato, ockinbky o6upBa TaKCOHM IIO-
BupiB (Hitchcock, Chase, 1910; Gould, Clark, 1978;  ni6ni 3a 3aranpHuMy MOpGOIOTiYHMMM O3HAKAMI.
Freckmann, Lelong, 2003; POWO, 2026-onward), V¥ 1910 p. A.C. Xitukox i M.A. Yeiis (Hitchcock,
i3 AKMX IpMHAVMHI 34 BUAM TPAlIAITHCA Yy Chase, 1910) Bupinumm 110 TpyIry BUJiB B OKpeMuii
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Dichanthelium lindheimeri — HoBWit afBeHTUBHUI BUAL Y (riopi Ykpainu

nigpip (Panicum subgen. Dichanthelium Hitchc.
& Chase) y mexxax popy Panicum, a B 1974 p. usa
Ipyla OTpuMajaa paHr okpeMmoro pony Dichanthe-
lium (Hitchc. & Chase) Gould (Gould, 1974). He-
LIOJaBHI MOJIEKY/IAPHI JOCTIIKEHHA MiTBEPAIIN
Mopdonoriuni apryMeHTM Ha KOPUCTb BM3HAHHSI
Dichanthelium six okpemoro pogy (Aliscioni, 2003;
Studer et al., 2016). Llentpom pisHomaHiTHOCTI Di-
chanthelium e nisgennuit cxig CHIA (Crins, 1991).
Yci npegcraBHUKN poOAy € 6araTOpidyHMMM POCTM-
Hamu (Smith, Brown, 1973; Brown, Smith, 1975),
i3 IBOMa YiTKO BUPaXEHUMH I€PiofaMy LIBITiHHA
Ta POCTy CTeben: BeCHAHUM (HaBecHi) Ta OCiHHIM
(BmiTky/Bocenm). Maibke BCi HOCTiIKeHI BUAM
Dichanthelium € pumnoimaumu (2n = 18; Gould,
Clark, 1978), 3a BUHATKOM TPbOX TaKCOHIB, SIKi €
teTpamoigamu (2n = 36; Gould, Clark, 1978).

Ilepmii moBifOMIEHHA TPO HASABHICTD BUJIB
pony Dichanthelium, 3oxpema D. acuminatum
aggr., Ha TepuTopii €Bponm 3’sBWINCSA HANPUKiH-
i 1960-x pp. i cTocyBammca MiBJEHHO-3aXiJHOI
@Opannii, Je PpoCIMHM TpaIIAINUCA JIOKajli3oBa-
HO Ha Kinbkox ginsHkax (Besancon et al., 1970;
Besangon, 1971). V meit >xe nepiox HaBezieHi nepuii
BiJOMOCTi IIPO OcepeiKu BUIY Ha TepUTOPii YKpai-
Hu (Fodor, 1974) rta Ipysii (Tzvelev, 1976). 3romom,
y 1980-x ta 1990-x pp. BiH 6yB BusiBnenuit y Hi-
MeuunHi, miBHiuHiA Itanii Ta [Tonbmii (Zerbe et al.,
2003; Lonati et al., 2009; Urbisz, 2011), a B 2008 p.

— B ABcrpii (Aschauer, Grabher, 2017).

OCHOBHOIO TIIOTe3010 100 IPOHNKHEHHA BULY
Ha TepUTOpito EBpOMN € 10r0 3aHeCEeHHA Pa3oM 3
IMIIOPTHVMMM 3€pPHOBUMM, OCKIIbKY BiH HAJIeXXUTh
Io rpymy Oyp sHIB, 10 3aCMIYYIOTh 3€PHO SUMEHIO,
BiBca Ta mmenuni (Urbisz, 2011). Taxi 3aHecenHs
Hajl4acTille MO>KHa 3HAWTY B IOPTAX, HA 3a/Ii3HNY-
HIUX By3JlaX Ta iHIIMX IYHKTaX epeBaHTaKyBaHHs,
KY[IY HaJJXOIUTh 3€PHO i3-3a KOPJOHY.

Y cepnni 2023 p., mif 9ac MO/IbOBUX OCTIIKEHD
B okomuusax cenuma Jlosre XycTcbkoro p-Hy 3a-
KapraTcbKoi 0071, 610 BUSBIIEHO [iBa JIOKA/IiTeTH
BUJLY, AKUII IIOIIEPEIHDO 6yB BU3HAYeHUIT K Di-
chanthelium acuminatum (Sw.) Gould & C.A. Clark.
Y pesynbrari anamisy niTepaTypHuUX Ta rep6ap-
HUX JIaHVX 3’5ICOBAHO, IO el BUJ y>Ke HaBOJVIIN
mns nopu Ykpainu y ckiani popy Panicum sk P
acuminatum Sw. Ynepiue BiH sraganuii y "®mopi
3akapmarta” (Fodor, 1974) Ta y dnopuctuanomy
3BeneHHi 3 pnopu Cxiguoi €sponu (Tzvelev, 1974)
mig HasBowo Panicum huachucae Ashe. M. Ilse-
nboB y Monorpadii "3makn CCCP" (Tzvelev, 1976)

BKasye P lindheimeri Nash nna Kaskasy i P. hua-
chucae pnsa Kapmat, nocwialouncy Ha "®nopy 3a-
kaprartsi'. [fo P huachucae BiH poOuTh IPUMITKY,
IO TOJM HAJIEXNUTh O I'PYyNM CIOPISHEHUX BUJIB,
AKi yTBOpIotoTh arperat P. aggr. lanuginosum Elli-
ott. 0. IIpokyznin, y MmoHorpadii "3makn Ykpainn"
(Prokudin et al., 1977), Takoxx HaBoguTb P. huachu-
cae [y 3aKapIIaTTs, ajie 3a3Havae, 1o CIepIry Lei
BUJ, OYB HEIPaBWIbHO BM3HAYEHNUIT i BK/IIOYEHNI
nif HasBow P implicatum Scribn. go "Busnaunuka
pocimH Ykpaincpkux Kapmar” (Chopyk, 1977) i mo
IIpaBUIbHE BM3HAYEHHs 1[bOTO BUAY Hamexxutsb C.
Dopopy. Y "Onopi Yrpaincbkux Kapmat" (Chopyk,
Fedoronchuk, 2015) 1jj0 moMmuiky He BUIIpaBUIN,
saaumuBmn P implicatum, a B NIPUMITI BKasanu,
10 /i 3aKapIaTTsA HaBOOuUThbcA e i P acumina-
tum (P. huachucae). Y BU3HaYHUKY pOCIUH YKpai-
Hu (Prokudin, 1987) weit Bug sragyerbcs mif Ha3-
Bot0 P. huachucae Ashe. Y gexnicti ¢pnopu Ykpainu
(Mosyakin, Fedoronchuk, 1999) BiH HaBepeHmit Ak
P. acuminatum, a P. huachucae 3Befiennit y CMHOHi-
M 70 1poro Bupy. CTaHOM Ha Terep, yci OCHOBHi
TaKCOHOMIiYHi 6a3u TpakTyioTh P huachucae sx cu-
HoHiM Dichanthelium lanuginosum (Elliott) Gould,
a Dichanthelium acuminatum (P. acuminatum) 3pe-
6i/IPIIOrO0 BU3HAIOTb CAMOCTIIHMM BUIOM. JIniue
B 6asi manux Euro+Med PlantBase (Euro+Med,
2025-onward) Panicum huachucae ta Dichantheli-
um lanuginosum (P. lanuginosum Elliott) 3Bexmeni y
cunoHiMU 1o Dichanthelium acuminatum.

Hait6inpima TakcOHOMiYHA IUTyTaHMHA B CeK-
uii Lanuginosa, O AKOI HajeXaTb 3rajaHi BUIu,
HoB’si3aHa 3 O1MM3bKOI MOPGONIOTiYHO0 MOAi6HI-
ctio Dichanthelium lanuginosum i D. acuminatum.
3HAYHOI0 MipOM0 IIsl IUTyTaHMHA 3yMOBJIEHA iCTO-
PUYHO HEIPAaBWIbHUM YABJIEHHAM IIPO HOLIVPEH-
HA D. acuminatum, AKNUI TpUBaIUI 9aC BBAXKAJIN
BumoM, obmexxennMm Kapmbcbkum perioHom, i He
po3IyAanm AK KoMIoHeHT ¢ropu IliBHiuHOT AMe-
puxn mo po6orn ®. Iynma ta K. Knapka (Gould,
Clark, 1978). Yuacnigox uboro pocnunu D. acumi-
natum y IliBHi4HiI AMepulli He po3MisHaBaIM AK
OKpeMMii BUJ] i IOMWUJIKOBO 3apaxoBysamu o Pa-
nicum lanuginosum (Small, 1903, 1933; Hitchcock,
Chase, 1910). Bogaouac HasBy P. lanuginosum um-
POKO 3aCTOCOBYBa/IM [JO Marepiany 3 BHYTpPIIIHIX
pationiB IliBHiuHOI AMepuky, fAKUI, HacIpasfi,
BKJIOYaB 5K D. lanuginosum, tax i D. acuminatum y
Cy4acHOMY PO3yMiHHI.

Y 1910 p. A.C. Xitukok i M.A. Yeia (Hitchcock,
Chase, 1910) sactocyBanmu HasBy P lanuginosum
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0 POC/IMH TiBJieHHOI IpubepexxHoi piBHuHM IliB-
Hi4HOi AMepuKH, TOAi AK BHYTPilIHbOKOHTMHEH-
TanpHi momynAnil 3apaxyBamu mo P huachucae
(muB. takox Hitchcock, Chase, 1951). ABTopu pe-
rioHa/IbHUX PIOpUCTUYHUX 3BefieHb M. DepHanby
(Fernald, 1922), JI. Ilinxepc (Shinners, 1944), P.
[Tonp (Pohl, 1947), E. Bocc (Voss, 1972), ®. Cyink
ta I. Bimbrensm (Swink, Wilhelm, 1994), ue Bu-
ABVBLIY ICTOTHUX BiMiHHOCTEN MDX 3paskamu P
huachucae Ta panime omy6miKoBaHMMM Ha3BaMI,
tTakuMu 5K P, lindheimeri ta P. implicatum (Dichan-
thelium lindheimeri (Nash) Gould Ta D. implicatum
(Scribn.) Kerguélen y cy4acHOMy TpakTyBaHHi),
MPOJOBXKYBaIM 3aCTOCOBYBaIN 1i MONepenHi Has-
B /I POC/IVH Y BiIOBIJHMX perioHax.

[Tisuiure, M. ®epuHanpp (Fernald 1934, 1950) Ha-
MaraBcsl YCYHYTU III0 HeBiANOBifHiCTb, 06’€mHaB-
1M 3rajjaHi TaKCOHM Mif HasBow Panicum lanugino-
sum, i sHusuBIY paHr P, lindheimeri, P. implicatum
Ta iHIMX BUAIB 0 pisHOBUAIB P. lanuginosum. ITpu
I[bOMY TUIIOBUII Pi3HOBMZ BiH OOMEXMUB MiBJEH-
HOI0 MPUOEPEXHO PiBHMHOIO, 1110, iIMOBIpHO, Bif-
IOBi/IaZI0 TOMY TAaKCOHY, AKUI MU TeIllep HasuBae-
Mo D. acuminatum. Y jtoro cuctemi P. lanuginosum
var. fasciculatum (cMHOHIMOM sIKOTO PO3ryszaBcs P
huachucae) ctaB HalOiMIbII MTOMIMPEHNM TAKCOHOM
CeKIil y BHYTPIIIHbOKOHTMHEHTA/JIbHUX perioHax
ITiBHiuHOI AMepuKH.

JIume B 1978 p. @. Tynp i K. Knapk (Gould,
Clark, 1978) ynepuie Bxmouwmu D. acuminatum
no ¢dmopu IliBHiuHOI AMepmxu. OpHax, 3aMicTb
Toro, mob6 36epertu D. lanuginosum Ax oxpeMmit
BUJI, BOHM IIOMICTHM/IM JIOTO Ta BCi BUIIe3ramaHi
TAaKCOHU, 2 TAKOX Ki/IbKa iHIIMX, Y CMHOHiMU o D.
acuminatum. IIofgi6HOTO MAXOAY JOTPUMYBaIUCA
takox P. ®pexmann i M. Jlenonr (Freckmann, Le-
long, 2002, 2003).

Y 2015 p. suiinuia gpykom npang k. Tomaca
(Thomas, 2015) B sKiil BiH, 3 oAy Ha MOpdoo-
riuHi o3Haku, BigHOBMIOE Dichanthelium lanugino-
Sum 'y CTaTyci OKpeMoro BUAY, BilOKPEM/IEHOTO BiJ
D. acuminatum, Ta 3apaxoBye Panicum huachucae
no cuHoHiMIB D. lanuginosum. 1li TakcoHOMiuHi
YTOYHEHHS iCTOTHO BIUIMHYIM Ha CydYacHe po3y-
MiHHA MeX 3a3HauyeHNUX BUJIB y MeXax cekuii La-
nuginosa.

Y KOHTEKCTI LMX MEeperIAHyTUX TaKCOHOMid-
HYIX KOHIIEMI[il/l HaMJ TaKoX Oy/I0 IpoaHani3oBaHo
repbapHi 3pasku, 3ibpani C. ®ogopom, siki 36epi-
raloThcsl B repbapii YKropojgcbKoro HaljioHaabHO-
ro yuiBepcurety (UU) (eTuKeTKM HaBefeHI MOBOIO
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opurinany; akpoHimu HasefieHO 3a Index Herbario-
rum: Thiers, 2026-onward):

1. Panicum dichotomum L. 3axapmarckas 06-
nacTh, [c.] 3araTbe, 3amuBHOM 1y, 15.07.1964 leg.
et det. C.C. ®opop; 05.12.2013 rev. L. Gubar: Pani-
cum huachucae Ashe (UU).

2. Panicum huachucae Ashe spp. carpaticum Fo-
dor. Baceitn p. VMpmaBku, c. 3arathbs, CbIpble yTa,
25.07.1964 leg. et det. C.C. ®ogmop (UU).

3. Panicum huachucae Ashe. Bacceitn Vpmas-
KM, BIIaX. Nyra, 12.07.1968 leg. et det. C.C. ®opop
(UU); rev. 2: Panicum implicatum.

4. Panicum huachucae Asche. var. transcarpatica
Fodor. C. 3ararss, [Ha] BraXkHbIx nyrax, 12.06.1981
leg. et det. C.C. ®opop (UU).

ITepiunit 3pa3ok, si6panuit C. @ogopom, OyB B1-
3Ha4eHMit HuM sk Panicum dichotomum L. JIuue B
2013 p. JI. I'y6ap nepeBusHaumia itoro Ax Panicum
huachucae. Ha TperboMy 3pasKky CTOITb BU3Ha-
4yeHHA P. implicatum, mpoTe He BKa3aHO, XTO J10r0
sniticauB. 3aysakeHH: 0. IIpoxyzina mpo Te, 110
CIIOYaTKy Lieil Bij, OYB HeNpaBM/IPHO BU3HAYEHUI
i BrmoueHmit mip HaszBoxo Panicum implicatum no
"Busnauynuka pocnuH Ykpaincbkux Kapmat" (Cho-
pyk, 1977), a mpaBuibHe BU3HaYeHH: Hanexuts C.
Dopopy, iMOBIpHO, CTOCYETbCS caMe LIbOTO 3pasKa,
Xoua Iepumit 3pasok OyB 3i6panuit Ha 10 gHIB pa-
Hillle Ta TPUBAAUI YaC 3a/7MUIIABCA HEIEePEBU3HA-
yeHuM. [lepernap ycix spaskiB, HaJjlaB MOXX/IMBIiCTb
BCTAHOBUTH, IO BCi BOHM HAJIEKAThb O OFHOTO
BUALY, IIpoTe OiMBIIICTD 3 HUX 3acCylleHa He Jy’ke
AKICHO 11 He BUJHO AiarHOCTUYHMX O3HAK, a TAKOX
YacTO BifCYTHI IJIOfmY, SIKi TaKOXX HeoOXimHi ms
BM3HaueHHA. OTXe, 3Ba)kKalouM Ha BUIIE BUKIIA-
IeHuil Marepian, 3poOUTM OZHO3HAYHi BUCHOBKMU
IOZ0 ITOr0 TaKCOHOMIYHOI imeHTHdIKaI{il HEMOX-
NVBO, MOTPiOHI ZOAATKOBI HOCTII>KEHHs, ajie BOHI,
6e3yMOBHO, HanexxaTrb o Dichanthelium sect. La-
nuginosa (Hitchc.) Freckmann & Lelong.

Cxoxuit 3a rabitycom Bup 6yB sHaiinenuit P. Ki-
meM y 2021 p. TakoX Ha TepUTOpii 3aKaprnaTcbKoi
obracri, offHaK 71oro 3i6paHo B JOCKUTD IIi3Hiil ¢asi
BereTallii.

Illopmo 3paskiB, sAki Oyau 3i0paHi ogHuM i3 aB-
TOpiB y cepmHi 2023 p. B oKomuuAX cenuina Jlosre
Xycrcpkoro p-Hy 3akapmarcbkoi o67. ([JoexkaH-
CbKa CeNMUI[HAa TepuTOpianbHA rpomMajia) i3 ABOX
PISHMX IONy/IALN, IO pO3TALIOBaHi MOOIU3Y
OJJHa OJHOI, TO 3a Pe3y/IbTaTaMI JAEeTaJIbHOTO NOCTi-
IPKEHH, BUABWIOCA, IO Iie IBa PisHi BUAM, XO4a
061zaBa HaymeXxaTb A0 ceKuil Lanuginosa. OpuH, 5K

ISSN 2415-8860. Ukrainian Botanical Journal. 2026. 83 (4)



Dichanthelium lindheimeri — HoBWit afBeHTUBHUI BUAL Y (riopi Ykpainu

3akapnarcbka 0611., XycTehKuii p-H,
MiBHIYHO-3aXiHi okomuui c. Jlopre.
Tanssuna B GykoBoMy ici.

48°22'24.32"N, 23°15'57.70"E, 234 M Hax p.m.

17.08.2023  Leg. J.M.Bopcykesuy
0& 4. 2023 Det,ﬁSu&\‘h&mqﬁ

HERBARIUM INSTITUTI OECOLOGIAE CARPATORUM
ACADEMIAE SCIENTIARUM NATIONALIS UCRAINAE
(LWKS)
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Puc. 1. Tepbapumit spasox Dichanthelium lindheimeri, mo 36epiraetbcsa B Iep6apii Incturyry

exonorii Kapmat HAH Ykpaian (LWKS0033547)

Fig. 1. Herbarium specimen of Dichanthelium lindheimeri deposited in the Herbarium of the

Institute of Ecology of the Carpathians of the NAS of Ukraine (LWKS0033547)
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Puc. 2. Exoromn, B sikoMmy BusBieHo Dichanthelium lindhei-
meri (oxomuui cenua JoBre XycTCbKOro p-Hy 3akaprar-
ChKOI 0071.)

Fig. 2. The ecotope in which Dichanthelium lindheimeri was
found (vicinity of Dovhe village, Khust District, Zakarpattia
/ Transcarpathian Region)

MU 3a3Hayaay paHille, IONepesHbo OyB BU3HaYe-
Huit gk Dichanthelium acuminatum, ane oCKinbKu
pociyuu Oynu 3i6paHi mi3HO 71 Ha HUX MarbKe HeMa
IUTOZIB, TOMY MaTtepian HoTpebye Ie JOFATKOBUX
OOCHimKeHb, a iHmMMII Bup — ue Dichanthelium
lindheimeri, sixmit gy>ke mobpe Bifpi3HAETbCS Bif
yCiX BUJiB, 3TaflaHUX BUIIE, BifICYyTHICTIO OIyIlIEH-
HA Ha JIMCTKOBMX IUIACTMHKAX i mixBax. IlikaBum
€ Te, 0 00M/[Ba JIOKAJIITETN PO3TAIIOBAaHI OCUTD
0/1M3bKO, Y MeXXaX OJHOTO /TiCOBOTO MacUBY Ha Te-
puropii HajioHanpHOTO HpUpogHoro mapky (HIIIT)
"3agapoBaHuil Kpail', OfHaK €KOMOTiYHO BOHM [O-
CUTH BiIMiHHI.

HaBopgumo CuHOHIMIKY BUAY, JIOTO KOPOTKY
MOpOJIOTiuHy XapaKTepUCTUKy Ta iHpopMalio
IIOJO 3arajbHOro mouypeHHs. Mopdomnoriyna
XapaKTepUCTUKa CKIaJleHa, IepeBayKHO, Ha OCHOBI
OpUTiHANTBPHUX HaHUX, a TAaKOX iHbopMaliii, 3amo-
sudeHoi 3 mpari [Ix. Tomaca (Thomas, 2015).
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Dichanthelium lindheimeri (Nash) Gould, Brit-
tonia 26: 60. 1974. — Panicum lindheimeri Nash,
Bull. Torrey Bot. Club 24: 196. 1897. — Dichanthe-
lium acuminatum (Sw.) Gould & C.A. Clark var.
lindheimeri (Nash) Gould & Clark, Ann. Missouri
Bot. Gard. 65: 1127. 1978. - Panicum lanuginosum
Elliott var. lindheimeri (Nash) Fernald, Rhodora
36: 77. 1934. - Dichanthelium lanuginosum (Elliott)
Gould var. lindheimeri (Nash) Harvill, Castanea 42:
177. 1977. — Panicum acuminatum Sw. var. lindhei-
meri (Nash) Beetle, Phytologia 48: 193. 1981. - Di-
chanthelium acuminatum (Sw.) Gould & C.A. Clark
subsp. lindheimeri (Nash) Freckmann & Lelong,
Sida 20: 168. 2002. — Ouxanreniii JIingraiimepa.

Bararopiuna TpaB’siHa pocimua. Crebma mpsi-
MOCTOS4i a00 KONiHYacTO-BUCXiHI, YacTo /exadi,
15-70 cM 3aBB.; MDKBY3/1A rojii a00 3pifKa OIyILIeHi.
ITixBu romi abo HalHIOKYi cmabo omylueHi, 3 Biit-
YaCTUMM KpasMMU; ASUMYOK y BUITAALI JOBIUX BO-
JIOCKiB, 2,0-3,2 MM 3aBJ.; IICEBJJOSI3MYOK BifICYTHIIL.
[Tpukopenesi mucTkyu 3i6paHi B po3eTKy, siKa 31-
MYe; CTe6/10Bi TMCTKM (BeCHSHI) TiHITHO-TaHLIeTHi,
3-7 cm 3aBf,., 2,5-4,5 MM 3aBIIL, Kpai BiltuacTi 6ins
OCHOBU 200 6e3 BiilOK, 3BepXy NMCTKOBA ITACTUH-
Ka rona abo MaibKe rona, 3HU3y roma. Bomoti 3,0-
4,5 cM 3aBj., WIMPKMHOK BABiui MeHIIOK abo piB-
HOIO JIOBXIHI, To/1i a60 3pifKa oIyIeHi; KOTOCKM
1,3-1,7 MM 3aBp., 6mmn3bko 0,7-1,0 MM 3aBIIL., ein-
TUYHI, OIYLIEHi; HIDKHA KO/IOCKoBa nycka 0,3-0,6
MM 3aB[., 3a3BUYAlT JOPiBHIOE 60 MeHIIa 1/3 mOB-
JKMHM KOJIOCKA, 3arOCTpeHa abo LIMPOKO 3arocTpe-
Ha. IIBiTe nBi4i — HaBecHi Ta BIITKY.

Hocnimxennit 3pasok: 3akapmarcbka 007,
XycTCbKMIT  p-H, MiBHIYHO-3axijHi oOKomMui C.
[osre, ransaBuHa B 6yKoBOMY Jici, 48°2224.32" N,
23°15'57.70" E, 234 M H.p.M. 17.08.2023 leg. /.M.
BopcykeBuy, 08.11.2023 det. H. Cuuak (LWKS-
033547) (puc. 1).

IIpupopunil apean BUIY OXOIUIIOE IIEPEBAXKHO
niBJleHHO-cXifHi perionn IliBHiunoi Amepuku. Ha
niBHO4YI BiH csarae KaHagw, Ha miBEeHb IpocTATa-
eTbca 0 Mekcuku. B €spomni Bijommit i3 Himeu-
YMHY, Je Blepiue OyB BusBaeHuit y 1989 p. (Zer-
be et al., 2003), y ®pannii — y 2006 p. (Verloove,
Lambinon, 2008), a TakoxX Bimommit i3 Ipysii, e
OyB sHaiiilennit y barymcpkomy 60oTaHiYHOMY cafy
B 1969 p. (Tzvelev, 1976).

VY miBfieHHIN YacTVHI IPUPOJHOTrO apeany Ta B
paitoni Bemukux osep D. lindheimeri nepeBayxHO
pocTe Ha MilllaHUX, TMMYACOBO BOJIOTUX IPYHTaX.
Y neHTpanpHUX i MiBHIYHUX paiioHaX apeany BiH
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YacTillle TPAIUIAETbCA Ha 3aIlIaBaX, Y30epesKsax
pidok Ta o3ep (Tomas, 2015). B Vkpaini Bug 6yB
BUABJIEHNI Ha BiJKPUTIll rajIABVHI, 110 YTBOPWIA-
cs1 Ha Micli pekpealiliHOro BUKOPUCTAHHA y OYKO-
BOMY Jici. XapaKTepHUM JIJIA LIbOTO JIOKAJITETy €
3HAYHMII BiICOTOK KYIIiB yimyHyu 3Bn4arnoi (Co-
rylus avellana L.) Ta xamrany icriBHoro (Castanea
sativa Mill.), ocraHHiil y MUHYIOMY BMCa/pKyBaIu
MICIBHMKM 3 METOK OTPMMAHHSA iCTIBHUX IJIOZIB.
Dichanthelium lindheimeri BUsBUIN Ha OroONEHO-
MY I'PYHTI, ie MajKe ITOBHICTIO Oy/u BigcyTHi iHmi
Buau pocnuH. IlooguHoko Tpamnsanuca nuie Pte-
ridium pinetorum C.N. Page & R.R. Mill, Solidago
virgaurea L. Ta Chamaecytisus sp. Byno Big3Hauene
aKTVBHe HaciHHeBe IoHOBNeHHs D. lindheimeri Ha
Uit ginanui (puc. 2).

OTxe, Brepiie HaBefeHO MOPQOMOrivHO 06-
IPYHTOBaHe HifTBepKeHHs HasBHOCTI Dichanthe-
lium lindheimeri B Ykpaiui. Bup BusiBneno B 3akap-
IIaTChKiil 00/acTi (XycTcbKnit p-H, OKOINLi CeuIa
JoBre). BcraHOBIEHO, 1[0 HOCTiKeHA OIS
D. lindheimeri pocTe Ha aHTPOIOTEHHO IOpYLIe-
Hiil 7TiCOBIiII rajiABMHI 3 PO3PIPKEHNM POCIMHHIM
IIOKPMBOM 1 Bi[J3HaYa€TbCA AKTUBHUM HACiHHEBUM
IIOHOBJIEHHAM, 110 CBiJYUTb IPO YCIILIHY HATYypa-
nisanito Bupy. Bug € HOBUM 4y>XKOpiflHMM e/leMeH-
toM propu Ykpainu, Ta, mofi6HO o cuTyamnii B iH-
IINX €BPOIEIChKMUX KpaiHax, iMOBipHO mepebyBae
Ha MMOYaTKOBMX eTanaX (OpPMYBaHHs BTOPMHHOTO
apearny.

Y pesynbpTari KpUTUMYHOTO aHa/i3y BCTAHOBIIE-
HO, 110 momnepenHi Bigomocti npo Dichanthelium
acuminatum B YKpaiHi 3Ha4HOIO MipOI0 IPYHTY-
Ba/uCA Ha XMOHOMY 3aCTOCYBaHHI Ha3B (Panicum

CIIMCOK ITOCUJTIAHD

huachucae, P. implicatum, P. acuminatum), 1o
CIPUYMHIIO TAKCOHOMIYHY HeBM3HaudeHicThb. I1oB-
TOpHe BuBYeHHs repbapuux 3paskis (C. ®Popop,
UU) nigTBepamio iXHIO Ha/IEXKHICTb [0 cekuii La-
nuginosa, ogHaK X TOYHa BMUAOBA imeHTMQikanis
Iie mMOoTpebye MOJANbUINX JOCTIIKEHD 13 3amydeH-
HAM CY4YaCHMX TaKCOHOMIYHMX Ii/IXOMiB.

Iomsaxu

Astopu BpsA4Hi Pomany Kimry ta xyparopy rep6a-
piro Y>KropopicbKoro HallioHaJIbHOIO YHiBEPCUTETY
(UU) Bacumo Cabapoury, a TakoXX Kyparopy rep-
6apito YHiBepcurery Macapuka B M. bpao (Yecbka
Pecrry6nika) (BRNU) Ipxxi anirenui (Jiti Danihel-
ka) 3a HamaHi repbapHi Matepiann.

3Haxifka BuUAY BimOymacs mif 4ac IMpOBefeHHs
KapTyBaHHs 0ioromiB (ocemmin) Ha Tepuropii HIITI
"3agapoBaHuit Kpail' y MeXaX BUKOHAHHS IIPOEK-
tiB: "TlifTpUMKa IPUPOLHO-3AIIOBITHUX TEPUTOPI
("SNPA Project")" Ta "36epexxeHHs BUCOKOIIHHMX
MpajliciB i CTapOBIKOBMX JiCiB B OKpeMUX Hallio-
Ha/IbHUX Mapkax Ykpaincpkux Kapmar” ("IKI Pro-
ject").

JOTPMIMAHHA ETUYHNX HOPM

ABTOpM MOBIZOMIISIIOTH IIPO BifICYTHICTH OYAb-SIKOTO KOH-
¢brixTy iHTepecis.
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Dichanthelium lindheimeri (Poaceae), a new alien species in the flora of Ukraine
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Abstract. The presence of the North American species Dichanthelium lindheimeri in the territory of Ukraine has been
confirmed for the first time. During field surveys in Transcarpathian Region (Khust District, vicinity of the village of Dovge)
in August 2023, two populations of plants of Dichanthelium sect. Lanuginosa were discovered, which are located close to
each other but occupy ecologically different microenvironments. Plants of one of these populations are unambiguously
identified as D. lindheimeri. The article provides the first morphological justification for the presence of the species in
Ukraine in accordance with its modern taxonomic concept. A critical analysis of previous information about Dichanthelium
acuminatum (Panicum acuminatum) in Ukraine revealed significant taxonomic confusion associated with the historical use
of different names. Re-examination of the herbarium specimens collected by Fodor (UU) confirmed only their belonging to
Dichanthelium sect. Lanuginosa, but their precise taxonomic identification remains uncertain and requires further research.
The population of D. lindheimeri was found in an anthropogenically disturbed forest clearing with sparse vegetation; it is
characterized by active seed reproduction, which indicates a successful naturalization of the species. The results obtained
clarify the idea of the diversity of the genus Dichanthelium in Eastern Europe, emphasize the need to revise historical
herbarium materials, and suggest the possible presence of additional underestimated taxa of this genus in the region.

Keywords: alien species, coenotic features, Dichanthelium, ecological features, range, Transcarpathian Region, Ukraine
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Abstract. The article provides the first general overview of the species diversity of Russula subgenus Compactae in Ukraine in
the last 50 years. We used both molecular methods (barcoding and metabarcoding) and results of classical field observations.
In addition, literature data and herbarium materials were analyzed. As a result, six species of the subgenus are reported for
Ukraine, including two new records for the country, R. acrifolia and R. anthracina. For the newly reported ones, full descrip-
tions and drawings of their microstructures are given. For all species, data on their distribution in Ukraine and worldwide is
provided.

Keywords: biodiversity, DNA extraction, fungi, new records, subgenus Compactae
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complex (Buyck et al., 2018). To date, numerous
infrageneric units (subgenera, sections, subsections,
etc.) have been established for the genus Russula.

The subgenus Russula subg. Compactae (Fr.) Bon
is one of those infrageneric units characterized by
thick-fleshed basidiocarps with dull-colored cap
(white, brown, grey to black) and regularly unequal
gills. When cut or bruised, the flesh of fruit bodies
starts rather quickly blackening, greying, reddening
or browning. Mostly disagreeable smell is charac-
teristic. The spores are finely reticulate-verruculose
with inamyloid suprahilar spot. Sequestrate species
are unknown within the subgenus (Knudsen, Ves-
terholt, 2008; Buyck et al., 2018; De Lange et al,
2023). There are reportedly 194 species worldwide
in the subgenus, according to ITS data (De Lange
etal, 2023).

The last comprehensive report on the genus Rus-
sula in Ukraine was published about 50 years ago,
with 57 Russula species mentioned, including four
from the subgenus Compactae (Zerova et al., 1979).
Since that time, mycological research in systematics
and ecology has substantially transformed, espe-
cially in their molecular and computational aspects,
resulting in continuous revisions of taxonomy and
description of numerous new species. This was par-
ticularly important for Russula due to its diverse
and overlapping macro- and micro-characteristics
(Buyck et al., 2018; Adamcik et al., 2019; De Lange
et al., 2023).

The first records of species of Russula subg. Com-
pactae (notably, R. nigricans Fr. and R. densifolia
Gillet) in Ukraine were reported at the beginning of
the 20" century by H. Bobyak, Z. Girzhytska, and
A. Pilat from the Right-Bank part of Ukraine: Ter-
nopil, Kyiv, and Zakarpattia/Transcarpathian ad-
ministrative regions (oblasts), respectively (Bobyak,
1907; Girzhytska, 1929; Pilat, 1940). In the 1950s
to 1980s, the genus Russula was studied for the
most part by M. Zerova and G. Rozhenko, main-
ly in the Right-Bank Ukraine and Crimea (Zerova,
1962), also by R. Ganzha in Poltava Region (Gan-
zha, 1960a, 1960b, 1970), S. Wasser in the Steppe
zone (Wasser, 1974; Wasser, Soldatova, 1977), and
T. Horova in the Carpathians (Horova, 1979); these
records were combined into the first (and, to date,
the only one) comprehensive report on the genus
Russula in Ukraine (Zerova et al., 1979).

Over the last decade, the research on the diver-
sity of the genus Russula was conducted primar-
ily by M. Prydiuk, V. Heluta, O. Prylutskyi, and V.

Malanyuk (Dudka et al., 2004, 2009a, 2009b, 2019;
Dzhagan et al., 2008; Heluta et al., 2011; Malanyuk,
2014; Kozlowska et al., 2015; Prylutskyi et al., 2017),
as well as the staff members of several protected ar-
eas (Fokshei, Derzhipilskiy, 2018, 2021; Hleb et al.,
2023). In general, the representatives of the genus
Russula appear only in various general species lists,
among other basidial macrofungi, and up to now,
no study dedicated specifically to this genus has
been published in Ukraine.

To assess the diversity of the genus Russula in
Ukraine, we performed the first molecular analysis
for the genus in the country, alongside morpholog-
ical examination, and a critical analysis of the avail-
able literature data about the subgenus Compactae
in Ukraine.

Materials and Methods

Specimens examined. The study is based on her-
barium specimens deposited at the Fungarium of
the National Herbarium of Ukraine at the M.G.
Kholodny Institute of Botany, NAS of Ukraine
(KW-M), and recent collections. The recent mate-
rial was collected in 2025 by Dr. Mykola Prydiuk,
Dr. Olexandr Akulov and members of the Face-
book citizen science community Fungi of Ukraine
("Tpubn  Ykpaiuu', https://www.facebook.com/
groups/1054204501266549/) Serhii Orinenko and
Yevhen Rudenko. To determine the species, we
started by performing ITS-based screening of the
specimens, preidentified as subg. Compactae by
macromorphology and not heavily damaged by in-
sects, and then examined micromorphology for the
species new for Ukraine.

Newly collected specimens were deposited ei-
ther in the Fungarium of the Herbarium of V.N.
Karazin Kharkiv National University (CWU(-
MYC)) or Fungarium of the National Herbari-
um of Ukraine at the M.G. Kholodny Institute of
Botany (KW-M) and uploaded to PlutoF database
(Abarenkov et al., 2010).

Morphological studies. Macroscopic charac-
teristics were observed in oculo nudo from basidi-
ocarps. Light microscopy for two newly recorded
for the country species was performed on dried
material; all structures were observed in distilled
H,O. Their taxonomy and identification follow two
publications (Sarnari, 1998; De Lange et al., 2023).

DNA extraction, amplification, and sequenc-
ing. DNA extraction, PCR, and electrophoresis
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were done in the M.G. Kholodny Institute of
Botany, NAS of Ukraine, and at the Continental
Farmers Group. DNA extraction was performed
from 50-100 mg of basidiocarp lamellae using
the Biocore Spin-Food DNA-50 extraction Kkit
(Biocore Technology, Ukraine). During lysis step
4 uL of Proteinase K (Qiagen, Germany) and
0.5% (v/v) B-mercaptoethanol (UOSlab, Ukraine)
were added to each sample immediately before
use; samples were incubated for 3 hours at 55 °C.
All other steps were taken following manufac-
turer’s instructions. The resulting eluted DNA
contained a residual black pigmentation during
the work with all specimens, so we additionally
filtered the solution using Zymo-Spin III-HRC
Filter (Zymo Research, US) following manufac-
turer’s instructions.

The nrITS region was amplified with ITS1-F
(Gardes, Bruns, 1993) and I'TS4 (White et al., 1990)
primers using Pfu-X Polymerase (Larova, Ger-
many) and DreamTaq Green PCR Master Mix 2X
(Thermo Fisher Scientific Baltics, Lithuania). Pro-
tocol for PCR: (1) initial denaturation: 95 °C, 3
min; (2) 35 cycles: denaturation (95 °C, 30 s), an-
nealing (55 °C, 30 s), elongation (72 °C, 1 min); 3)
final elongation: (72 °C, 10 min) (modified protocol
from White et al., 1990). PCR products were Sanger
sequenced at Macrogen Europe (Amsterdam, the
Netherlands). Chromatograms were processed in
MEGA 12 (Kumar et al., 2024).

Environmental DNA analysis. As an addition-
al source of data, we incorporated identified se-
quences of ITS2 fragments of total environmental
DNA, obtained from 224 soil samples within the
project "Tracking Trade Across Symbiotic Net-
works" (Human Frontiers Science Program, Grant
No. R/010525, Project Leader — Dr. Oleh Prylut-
skyi). Methods are briefly described in Leshchenko
et al. (2025). Operational Taxonomic Units (OTU),
clustered with 0.97 threshold and identified as
representatives of genus Russula with greater than
97% similarity against the standard UNITE data-
base (Abarenkov et al., 2024) in LotuS2 (Ozkurt et
al., 2022), were subsequently used in phylogenetic
analysis (Table 1).

Phylogenetic analysis. An ITS-only dataset was
constructed for phylogenetic analysis. We used Eu-
ropean sequences of Russula subg. Compactae and
outgroup from dataset in De Lange et al. (2023) and
included newly obtained Ukrainian sequences from
specimens (Table 2). All sequence data has been
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Table 1. Operational Taxonomic Units (OTUs) identified
as representatives of Russula subg. Compactae from soils
(Prylutskyi et al., unpublished)

Cumulative
number of
Illumina reads
Taxon OTU Country
across all
environmental
samples
Russula aff. OTU1053 Ukraine 4360
acrifolia
R. adusta OTU124  Ukraine 61289
R. densifolia OTU1480 Ukraine 2579
R. nigricans OTU45  Ukraine 160414
OTU8086 Ukraine 68

deposited in GenBank (https://www.ncbi.nlm.nih.
gov/genbank/).

To match the length of other sequences, we add-
ed multiple N on both ends for OTUs. Sequences
were aligned using the online version of MA-
FFT v.7 (Katoh et al., 2019) with E-INS-i strategy
(De Lange et al.,, 2023); leading and trailing ends
of alignments were trimmed. ModelTest-NG in
RAXML-GUI 2.0.16 (Edler et al., 2021) was used
to determine substitution model using corrected
Akaike information criterion (AICc). TIM2ef+G4
model was determined to be the most appropriate.
Maximum likelihood (ML) analysis was performed
in RAXML-GUI 2.0.17 (Edler et al,, 2021) (Linux
version with RAXML-NG (Kozlov et al., 2019) sup-
port) using TIM2ef+G4 model and bootstrapping
analysis with 10000 replicates. Subsequent boot-
stopping test showed convergence after 8250 trees
with average weighted Robinson-Foulds distance
1.495%. Bayesian Inference (BI) was executed in
MrBayes 3.2.7 (Ronquist et al., 2012) with GTR+G4
model (as MrBayes does not support TIM-models
(Lecocq et al., 2013)), 10 million replicates, 3 heat-
ed, and 1 cold chains and 20% burn-in. Average
standard deviation of split frequencies was 0.0015,
potential scale reduction factor (PSRF) was 1.0 for
all parameters, and minimal and average Effective
Sample Size (ESS) were greater than 100 for all pa-
rameters. Phylogenetic tree was visualized using
online tool iTOL v.7 (Letunic, Bork, 2024). ML tree
was post-processed using Inkscape (https://inks-
cape.org); branches, which had been absent in BI
tree, were marked with an asterisk (¥).

Distribution analysis. To define distribution
patterns for Russula subg. Compactae in Ukraine,
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Table 2. Sequences with GenBank accession numbers used for phylogenetic analysis in this study

Taxon | Voucher collection (herbarium) | Country | ITS
Reference sequences (De Lange et al., 2023)
Russula acrifolia PC0728045 (PC) France OMS833109
RDL 18-037 (GENT) Sweden OM833113
RDL 18-040 (GENT) Sweden OMS833116
R. aft. acrifolia r-05065 United States JF834363
R. adusta RDL 18-020 (GENT) Sweden MW172317
RDL 18-024 (GENT) Sweden OM833069
Rom. 58-431 (PC) France OMS833076
R. albonigra SAV-F 20197 (SAV) Slovakia MW172299
SAV F-3220 (SAV) Belgium OMS833121
SAV-F 3465 (SAV) Slovakia MW172293
R. ambusta SAV-F 3358 (SAV) Slovakia MW172301
R. anthracina FH RUS 14091001 (GENT) Slovakia MW172330
Rom. 56-62 (PC) France OMS833169
R. atramentosa FH 2011-002R (GENT, FH*) Belgium MW172322
1B91/58 (IB) Italy OMS833146
R. densifolia FH 2006 ST03 (GENT, FH*) Germany OMS833155
RDL 17-020 (GENT) Belgium OM833159
RDL 17-023 (GENT) Belgium OMS833158
R. densissima Rom. 73-131 (PC) France OMS833150
R. marxmuelleriana RDL 17-009 (GENT) Belgium OM833120
R. nigricans RDL 16-007 (GENT) Belgium OM833129
RDL 16-069 (GENT) Italy OMS833125
RDL 17-005 (GENT) Belgium MW172333
RDL 17-007 (GENT) Belgium MW 172334
RDL 18-051 (GENT) Belgium OMS833135
R. nigrifacta RDL 16-044 (GENT) Italy MW172308
R. picrophylla RDL 16-049 (GENT) Italy OM833095
R. roseonigra WU36644 (WU) Austria OM833107
R. thuringiaca FH 2014 ST02 (GENT) Germany OM833081
R. ustulata AV 16-019 (GENT) Norway MW172312
Sequences from Ukrainian specimens (this study)
R. acrifolia CWU(MYC)8876 (CWU) Ukraine PZ619217
R. adusta CWU(MYC)8805 (CWU) Ukraine PZ7619218
R. albonigra CWU(MYC)8872 (CWU) Ukraine PZ619215
KW-M70501 (KW) Ukraine PZ619212
R. anthracina KW-M72187 (KW) Ukraine PZ619214
R. nigricans CWU(MYC)8874 (CWU) Ukraine PZ619216
KW-M72208 (KW) Ukraine PZ619213
Outgroup (De Lange et al., 2023)
R. archaeosuberis BB 12.085 (PC) Italy KY800355
R. camarophylla MPG11-7-09 (PC) Spain KY800353
R. gossypina BB 06.002 (PC) Madagascar KY800350

Note: Sequences from type material are indicated in bold.
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Fig. 1. Maximum Likelihood (ML) tree of the European species of Russula subg. Compactae, based on ITS sequences. ML
bootstrap values > 70 and Bayesian Inference (BI) posterior probabilities > 0.95 are shown; the asterisk (*) indicates a missing
branch from BI tree. Sequences from Ukrainian specimens or environmental Operational Taxonomic Units (OTU) are

highlighted in red font

we analyzed published references for this taxon
from open biodiversity databases GBIF (GBIF.org,
2026-onward), PlutoF (Abarenkov et al., 2010),
UkrBIN (UkrBIN, 2026-onward), and Fungi of
Ukraine (Andrianova et al., 2006), as well as rele-
vant publications. All references are added to the
distribution list in the Results section. A full dataset,
which contains information about six OTUs, seven
specimens sequenced and analyzed in this study,
and 32 historical specimens is available in Table S1
in Supplementary Material (column names follow
Darwin Core, https://dwc.tdwg.org/terms/).

A GBIF dataset (GBIF.org, 2026-onward) was
created by selecting the species names and their
synonyms in the Scientific Name column follow-
ing only De Lange et al. (2023) and Sarnari (1998)
(without including dubious synonyms marked
with "?") worldwide. We decided to ignore GBIF
Backbone due to some incorrect taxonomic inter-
pretations, such as synonymizing Russula adusta
(Pers.) Fr. and R. nigricans Fr., or not synonymizing
R. fuliginosa Sarnari with R. anthracina Romagn.
Thus, after downloading the dataset, species and
their synonyms were selected in the ScientificName
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column, while a country was determined by level-
OName column.

Terminology for regions of the Flora of fungi of
Ukraine follows Heluta (2023) and for ecoregions
follows OneEarth.org (2026-onward). We used a
dataset with the polygons of regions in Geopackage
format created by Dr. Oleh Prylutskyi (Prylutskyi,
2024) and post-processed it using Inkscape (https://
inkscape.org) to visualize the currently known dis-
tribution of Russula subg. Compactae in Ukraine.

The following abbreviations are used for protect-
ed areas: NNP - National Nature Park, NR - Nature
Reserve, RLP - Regional Landscape Park.

Results

According to our study, six species of Russula subg.
Compactae are known in Ukraine to date, including
two newly recorded species for the country, R. acri-
folia and R. anthracina (Fig. 1). For Europe in gen-
eral, at least 15 species are reported (De Lange et al.,
2021, 2023). Some of them were recorded in neigh-
boring countries, such as R. ambusta De Lange, Ad-
amcik & F. Hampe (Slovakia, from Quercus, Pinus,
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Species:
Russula acrifolia

Russula aff. acrifolia
Russula adusta
Russula albonigra
Russula anthracina

Russula densifolia

Ecoregions:
Pannonial mixed
forests
Carpathian
montane forests
Central European
mixed forests
East European
forest-steppe
Pontic steppe
Crimean
Submediterranean
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Russula nigricans forest complex

Fig. 2. Distribution of Russula subg. Compactae in Ukraine. Left-oriented circular segments show fruit body-based data
(collections, literature references); right-oriented — environmental data (metabarcoding). Terminology for ecoregions follows
OneEarth.org (2026-onward). Regions of the Flora of fungi of Ukraine (Heluta, 2023): CF - Carpathian Forests, CP — Central
(Right-Bank) Polissia, CCF - Cis-Carpathian Forests, CrFS — Crimean Forest-Steppe, CrS - Crimean Steppe, DGMS -
Donetsk Grass-Meadow Steppe, EEUF — East European (Central Russian) Upland Forests, KhFS - Kharkiv Forest-Steppe,
LBGMS - Left-Bank Grass-Meadow Steppe, LBGS - Left-Bank Grass Steppe, LBFS - Left-Bank Forest-Steppe, LBP — Left-
Bank Polissia, LesP — Lesser Polissia, MCr — Mountain Crimea, PS - Polynovyi (Artemisia) Steppe, RBGMS - Right-Bank
Grass-Meadow Steppe, RBGS - Right-Bank Grass Steppe, RBFS - Right-Bank Forest-Steppe, RF — Roztochchya Forests,
SCCr - South Coast of Crimea, SGMS - Starobilsk Grass-Meadow Steppe, TR - Transcarpathia, VFS - Volyn Forest-Steppe,

WES - Western Forest-Steppe, WP — Western Polissia, WUF — Western Ukrainian Forests

and Betula forests), R. atramentosa Sarnari (Slova-
kia, from both deciduous and coniferous forests), R.
densissima Romagn. (Hungary, associated with Fa-
gus and Quercus), R. nigrifacta De Lange & Adam-
¢ik (Slovakia, from Quercus and Carpinus forests),
R. thuringiaca De Lange, F. Hampe & Girwert (Slo-
vakia, associated with Castanea and Picea), but so
far they are not recorded in Ukraine.

As seen in Fig. 1, the position of OTU1053 on
the phylogenetic tree cannot be reliably resolved.
It is grouped with enigmatic Russula aff. acrifolia
from the United States, R. picrophylla, R. roseonigra,
and R. acrifolia. Due to the lack of a physical vouch-
er, it remains unclear whether it represents one of
these or yet another species in a complex due to in-
sufficient DNA data. Nevertheless, this OTU might

represent a currently undescribed species in Russu-
la subg. Compactae.

Moreover, two OTUs were identified as Russu-
la nigricans — OTU8086 and OTU45 (Fig. 1). As
OTUB8086 contains only 68 Illumina reads (com-
pared to 160414 of OTU45) and was observed only
in the samples with OTU45, it is yet to be deter-
mined if a sequencing error occurred or the current
concept of R. nigricans should be dealt with as a
complex.

According to the distribution map (Fig. 2), the
representatives of Russula subg. Compactae were
found in Ukraine primarily in the Carphathian
montane forests, Central European mixed forests,
East European forest-steppe, and Crimean Sub-
mediterranean forest complex, i.e. those regions of
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the country where the genus Russula was studied
in the past. The Pannonial mixed forests ecoregion
(or Transcarpathia) is represented in Ukraine by a
small area which was insufficiently studied, only
reported by Horova (1979). However, it is likely to
harbor more Russula species to be recorded in fu-
ture, which have been already reported from Aus-
tria, Hungary, and Slovakia (De Lange et al., 2023)
within the same ecoregion.

Due to the Russian occupation of some Ukrain-
ian territories, the Crimean Submediterranean for-
est complex and a large part of the Pontic steppe
(CEOBS.org, 2023-onward), unfortunately, can-
not be studied. While the South Coast of Crimea
and Mountain Crimea (Crimean Submediterra-
nean forest complex ecoregion) are comparatively
well-studied (Zerova, 1962; Sarkina, 2001; Dudka et
al., 2004), the amount of biodiversity information
from the Pontic steppe is scarce. After M. Zerova
(Zerova, 1959) and S. Wasser (who reported R. ni-
gricans from the steppe: see Wasser, 1974; Wasser,
Soldatova, 1977), there is a single report about the
entire genus Russula from the Pontic steppe (Dud-
ka et al., 2009a). Although tree coverage in steppe is
lower than in other natural zones (Lesiv et al., 2019),
some species of Russula subg. Compactae ought to
be there, as shown by soil metabarcoding data.

Two of the soil collection points are located in
saline grasslands (Odesa Region). Rather unexpect-
edly, R. nigricans DNA was identified in metabar-
coding analysis, which remains difficult to explain.
Danube Biosphere Reserve is one of the nearest pro-
tected areas where mainly Salix spp. forests occur,
but some areas are covered with Populus alba L. and
Pinus nigra ].F. Arnold, as well as there are afforesta-
tions of P. nigra subsp. pallasiana (Lamb.) Holmboe
(https://www.dbr.org.ua/search/label/home en). As
R. nigricans was reported to form ectomycorrhiza
with Pinus spp. (De Lange et al., 2023), the fungal
spores might have been dispersed to the salt grass-
land by the wind.

Below we provide characteristics of the spe-
cies of the subgenus Compactae of Russula found
in Ukraine; for two species new for the country,
descriptions of macro- and microscopic features
are added, as well as drawings of their micro-
scopic features.

Russula acrifolia Romagn., Les Russules d'Europe
et d'Afrique du Nord: 203. 1967. - Fig. 3.

= Russula densifolia var. caucasica Singer, Beih. Bot.
Centralbl. 46: 90. 1929 = Russula adusta f. rubens
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Romagn., Bull. Trimestriel Soc. Mycol. France

59: 71. 1943 = Russula acrifolia Romagn. (nom.

inval.), Bull. Mens. Soc. Linn. Lyon 31 (6): 173.

1962 = Russula acrifolia Romagn. (nom. illeg.),

Doc. Mycol. 26 (104): 32. 1997.

Description (De Lange et al.,, 2023; Romagne-
si, 1967). Pileus 40-140 mm diam, when mature
plano-convex with shallow depression to infun-
dibuliform, smooth surface; yellowish white, yel-
lowish brown to umber, dark brown. Stipe 20-
60 x 15-40 mm, cylindrical, firm, surface smooth,
white, browning when older. Lamellae segmenti-
form to subventricose, up to 5 mm deep, narrow-
ly adnate, white to pale cream when older, with
pinkish tinge; lamellulae numerous, of different
lengths in a regular pattern. Surface of pileus, stipe,
and lamellae strongly reddening when touched,
then blackening. Context thick, firm, white, slowly
turning light to moderately orange red, then slow-
ly greying-blackening; odour fruity, slightly musty
when old; taste acrid to strongly acrid. Spore print
white (Ia).

Basidiospores (7.0-)7.6-8.1-8.6(-9.6) x (5.4-)-
6.1-6.6-7.1 (-7.8) um, broadly ellipsoid; or-
namentation of low, very dense amyloid warts;
suprahilar spot small, not amyloid. Basidia
(45-)50.6-55.2-59.8(~71) % (10-)10.1-11.0-11.9(-
13) um, narrowly clavate, 4-spored. Hymenial cys-
tidia (45-)55.6-63.0-70.4(~77) x (5-)5.8 6.5-7.2(~-8)
pm, cylindrical to narrowly fusiform, flexuous, ir-
regularly tapering towards the top, apically with
one to multiple constrictions or an eccentric ap-
pendage, thin-walled; content heteromorphous,
oily. Hyphal terminations near the pileus mar-
gin long, slender, with multiple septa, flexuous,
thin-walled, filled with irregular refractive bod-
ies containing brown pigments; terminal cells
(25-)37.3-49.3-61.3(-79) x (3-)3.3-4.2-5.1(~6)
pum, narrowly cylindrical, on average apically
constricted. Hyphal terminations near the pile-
us centre slightly slenderer and apically hardly
attenuated; terminal cells (24-)32.6-44.1-55.6(-
80) x (2-)2.9-3.6-4.3(-6) pum. Pileocystidia near
the pileus margin widely dispersed, 1-celled,
(34-)48.7-69.7-90.7(-125) x (4-) 4.4-5.2-6.0(~8)
um, cylindrical, sometimes slightly subulate or
slightly fusiform, sometimes slightly flexuous, api-
cally obtuse or with 1-2 eccentric appendages.

Note on our specimen. Basidiospores 7.5-
8.5 x 6-7.5 um. Basidia 43-48 x 11-14 um. Hy-
menial cystidia 55.0-60.0 x 6.5-7.5 pum. Hyphal
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Fig. 3. Micromorphological characters of Russula acrifolia.
A: basidia; B: macrocystidia; C: pileocystidia and elements
of pileipellis: D: spores. Bars: 10 pum

terminations 3.0-5.5 pm broad and pileocystidia
45.0-70.0 x 4.5-6.5 um.

Ecology (De Lange et al., 2023). On soil. Associ-
ated with Fagus, Picea, Pinus, and Quercus.

Distribution in Ukraine. Western Forest-Steppe.
Ternopil Region. Chortkiv District, vicinities of Kru-
tyliv village, Medobory NR (Krasnianske forestry),
Carpinus forest, 08 Aug. 2025, O. Akulov, CWU-
(MYC)8876 (PlutoF, 2026—onward).

Worldwide distribution (De Lange et al.,, 2021,
2023; GBIForg, 2026—onward; PlutoF, 2026-on-
ward). Africa: Morocco. Asia: China, Japan, Tiirkiye.
Europe: Austria, Belgium, Denmark, Estonia, Fin-
land, France, Germany, Iceland, Ireland, Italy, Lat-
via, Liechtenstein, Luxembourg, Norway, Poland,
Portugal, RE, Slovenia, Spain, Sweden, Switzerland,
the Netherlands, Ukraine, United Kingdom. North
America: Canada, Mexico, Panama, USA.

Russula anthracina Romagn., Les Russules d'Eu-
rope et d'Afrique du Nord: 209-212, 930. 1967.

- Fig. 4.
= Russula fuliginosa Sarnari, Rivista Micol. 36(1):
37-41. 1993 = Russula anthracina Romagn.

(nom. inval.), Bull. Mens. Soc. Linn. Lyon 31(1):

173.1962.

Description (Romagnesi, 1967; De Lange et
al., 2023). Pileus 50-110 mm diam, when mature
plano-convex, irregularly expanded, depressed,
smooth surface, yellowish white to sand-colored,
becoming sooty, greyish brown when older. Stipe
30-60 x 15-28 mm, cylindrical, firm, surface white,
greying/blackening when older. Lamellae narrow,
segmentiform to subventricose, up to 7 mm deep,
narrowly adnate, white, occasionally with a slight

pinkish tinge, blackening when bruised; with nu-
merous lamellulae of different lengths in a regu-
lar pattern. Context thick, firm, white, then grey-
ish-black, without intermediate reddening; odour
slightly fruity/acidic, not very distinctive; taste
slightly acrid in pileus/stipe and acrid/peppery in
lamellae. Spore print white (Ia).

Basidiospores (6.7-)7.0-7.3-7.6(-7.9) x (4.6-)-
5.3-5.7-6.1(-6.6) um, broadly ellipsoid to ellipsoid;
ornamentation of low, very dense amyloid warts;
suprahilar spot medium-sized, not amyloid. Basid-
ia (38-)45.1-50.0-54.9(~64) x 8.9-9.6-10.3(~11)
pum, narrowly clavate, 4-spored. Hymenial cystid-
ia (59-)62.1-68.5-74.9(~85) x (6-) 6.8 7.7-8.6(<9)
pum, cylindrical to narrowly fusiform to narrowly
clavate, flexuous, apically with central appendage or
sometimes double appendage or double constriction,
thin-walled; content hyaline. Hyphal terminations
near the pileus margin long, slender, with multiple
septa, flexuous, thin-walled, filled with irregular re-
fractive bodies containing brown pigments; terminal
cells (37-)43.9-57.3-70.7(<92) x (5-)5.4-6.5-7.6(-
9) um, narrowly cylindrical to subulate. Hyphal ter-
minations near the pileus centre slightly slenderer,
less flexuous; terminal cells (22-)45.0-62.8-80.6(-
91) x 3.9-4.9-5.9(-7) um, less attenuated. Pileocys-
tidia near the pileus margin dispersed, hard to find,
1-2-celled, (38-)45.7-74.0-102.3(-148) x (4-)-
4.8-5.8-6.8(-7) um, subulate to narrowly fusiform,
slightly flexuous, apically with 1-2 eccentric append-
ages or tapering towards the top.

Note on our specimen. Basidiospores 6.5-
8.0 X 5.5-6.5 um. Basidia 43-48 x 11-11.5 pm. Hy-
menial cystidia 60.0-75.0 x 6.5-8.5 pum. Hyphal
terminations 5.0-7.5 pm broad and pileocystidia
43.0-79.0 x 4.5-7.0 um.

Ecology (De Lange et al., 2023). On soil. Associ-
ated with Quercus. One of the specimens examined
by De Lange et al. was reported to be found in a de-
ciduous forest with Quercus cerris L. and Carpinus
betulus L. Our specimen was found in a Carpinus
forest, which might represent a new host for R. an-
thracina.

Distribution in Ukraine. Western Polissia.
Volyn Region. Kamin-Kashyrskyi District, Prypi-
at-Stokhid NNP (Svalovytska dacha, 24 quarter),
Carpinus forest, 19 Jul. 2010, M. Prydiuk, KW-
M72187 (PlutoF, 2026-onward).

Worldwide distribution (De Lange et al., 2023;
GBIF.org, 2026-onward; PlutoE, 2026-onward).

Africa: Cameroon, Morocco. Asia: China, India,
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Indonesia, RE. Europe: Austria, Belgium, Denmark,
Estonia, Finland, France, Germany, Hungary, Ire-
land, Italy, Norway, Slovakia, Slovenia, Spain, Swit-
zerland, Sweden, the Netherlands, Ukraine, Unit-
ed Kingdom. North America: Canada, Costa Rica,
Cuba, USA. Oceania: Australia.

Russula aff. acrifolia

Distribution in Ukraine (soil metabarcod-
ing). Central Polissia. Zhytomyr Region. Zhyto-
myr District, Pinus sylvestris L. forest with Betu-
la and Sorbus aucuparia L., 50.4558 N 29.2114 E.
Cis-Carpathian Forests and Western Ukrainian
Forests. Ivano-Frankivsk Region. Ivano-Frankivsk
District, Halych NNP, Carpinus betulus forest with
Quercus robur L., Tilia cordata Mill., and Corylus
avellana L., 49.0981 N 24.7180 E; same NNP, Fa-
gus sylvatica L. forest with Caprinus betulus, Tilia
cordata, Prunus avium L., and Euonymus verruco-
sus Scop., 49.0958 N 24.7068 E; same NNP (Ko-
rolivka tract), mesic grassland with Malus, 49.1044
N 24.7482 E. Left-Bank Forest-Steppe. Poltava
Region. Lubny District, old Fraxinus excelsior L.
forest with Carpinus betulus, Acer platanoides L.,
Acer campestre L., and Corylus avellana; 50.0517 N
32.9821 E; Pinus sylvestris forest with Quercus ro-
bur, Sorbus aucuparia, Betula, and Corylus avella-
na, 50.2127 N 32.6059 E; Acer forest, Ulmus minor
Mill., Pinus sylvestris, Tilia cordata, Quercus robur,
and Sambucus, 50.3285 N 32.2496 E. Kharkiv Re-
gion. Berestyn District, grass-wormwood steppe
with Prunus spinosa L., Rosa, Sambucus, and Car-
agana, in the surrounding area sparsely distribut-
ed Ulmus minor, Acer tataricum L., Tilia, Quercus,
and Pinus, 49.4408 N 35.5860 E; Pinus sylvestris
forest with Quercus robur, Fraxinus excelsior, Ul-
mus, Acer tataricum, Betula, Malus, and Sorbus
aucuparia, 49.4392 N 35.5662 E. Right-Bank For-

est-Steppe. Cherkasy Region. Cherkasy District,
Kaniv NR, Carpinus betulus forest with Acer pla-
tanoides, A. campestre, Fraxinus excelsior, Ulmus
glabra Huds., and Tilia cordata, 49.7247 N 31.5116
E. Western Forest-Steppe. Khmelnytskyi Region.
Kamianets-Podilskyi District, Carpinus betulus
forest with Quercus robur, Fraxinus excelsior, and
Acer platanoides, 48.7989 N 26.6395 E. Ternopil
Region. Chortkiv District, vicinities of Nahoriany
village, Carpinus forest with Corylus, 48.7878 N
25.6202 E; Medobory NR, Carpinus forest with
Betula, Picea, and Prunus subg. Cerasus, 49.3256
N 26.1370 E.
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Fig. 4. Micromorphological characters of Russula
anthracina. A: basidia; B: macrocystidia; C: pileocystidia
and elements of pileipellis: D: spores. Bars: 10 um

Russula adusta (Pers.) Fr., Epicr. Syst. Mycol.: 350.

1838. - Fig. 5A, B.
= Agaricus adustus Pers., Syn. Meth. Fung. 2: 459.

1801 = Omphalia adusta (Pers.) Gray, A natural

arrangement of British plants 1: 614. 1821 = Rus-

sula adusta (Pers.) Fr. (nom. inval.), Stirp. Agri

Fems.: 57. 1825 = Russula nigricans var. adusta

(Pers.) Barbier, So. Sci. Nat. Sdon.: 191. 1907 =

Russula adusta f. gigantea Britzelm., Bot. Cen-

tralbl. 62 (10): 310. 1895 = Russula subusta Burl,,

N. Amer. Flora 9: 207. 1915.

Ecology (De Lange et al., 2023). On soil. Associ-
ated with Larix, Picea, and Pinus. For some Ukrain-
ian specimens, coniferous hosts have not been re-
ported.

Distribution in Ukraine. Carpathian Forests.
Ivano-Frankivsk Region. Kosiv District, Hutsul-
shchyna NNP (Prorochuk et al., 2013; Dudka et
al., 2019); in the same NNP (Kamenystyi tract, 12
quarter), Acer pseudoplatanus L.-Fagus-Abies forest
with Picea (Fokshei, Heluta, 2024; GBIForg, 2026-
onward); same NNP, Fagus sylvatica forest (Fok-
shei, Pohribnyi, 2025). Zakarpattia Region. Khust
District, Synevyr NNP (Kvasovetske forestry), Fa-
gus sylvatica forest with Carpinus (Niroda, 2017);
same NNP (Ostritske forestry), Picea-Fagus sylvat-
ica-Abies alba Mill.-Acer negundo L.-Ulmus forest
(Niroda, 2017). Central Polissia. Kyiv City. Mixed
forest, 14 Oct. 2025, S. Orinenko, CWU(MYC)8805
(PlutoF, 2026-onward); vicinities of Push-
cha-Vodytsia, Pinus-Quercus forest, 09 Jul. 1958,
G. Rozhenko, KW-M28698 (det. M. Zerova); ibid.,
Pinus-Quercus forest with Corylus, 05 Sep. 1958,
G. Rozhenko, KW-M28699 (det. M. Zerova); ibid.,
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Quercus-Pinus forest, 19 Aug. 1956, M. Zerova,
KW-M28700 (det. M. Zerova); ibid., Pinus-Quer-
cus forest with Corylus, 01 Aug. 1958, M. Zerova,
KW-M28701 (det. M. Zerova); ibid., Pinus-Quer-
cus forest, 09 Jul. 1958, M. Zerova, KW-M28702
(det. M. Zerova) (Zerova et al., 1979; Andrianova
et al., 2006; PlutoF, 2026-onward). Kyiv Region. Bu-
cha District, near Klavdievo railway station, mixed
forest, 18 Aug. 1964, M. Zerova, KW-M28697 (det.
M. Zerova) (Zerova et al., 1979; Andrianova et al.,
2006; PlutoF, 2026-onward). Vyshhorod District,
vicinities of Poliske village (Gabriel et al., 2023);
vicinities of Katyuzhanka village (Grodzynska et
al., 2025). Zhytomyr Region. Korosten’ District, Ko-
rchevska dacha, under Quercus in wet Pinus-Quer-
cus forest, 03 Aug. 1945, P. Sosin, KW-M72232 (det.
P. Sosin) (Zerova et al., 1979; PlutoF, 2026—onward).
Kharkiv Forest-Steppe. Kharkiv Region. Chuhu-
iv District, Homilsha Forests NNP (Prylutskyi et
al., 2017). Left-Bank Forest-Steppe. Poltava Region.
Quercus and Betula forest strips (Ganzha, 1970;
Zerova et al., 1979). Poltava District, vicinities of
Poltava, Pinus sylvestris-Quercus robur forest (Gan-
zha, 1960b; Zerova et al., 1979). Left-Bank Polissia.
Kyiv Region. Vyshhorod District, vicinities of Su-
vyd village (Grodzynska et al., 2025). Sumy Region.
Shostka District, Desna-Stara Huta NNP (Staro-
hutsk part, Starohutska dacha tract), Pinus forest
(Dudka et al., 2009a, 2009b). Mountain Crimea.
Autonomous Republic of Crimea. Quercus pubes-
cens Willd.-Carpinus orientalis Mill. forest (Sarki-
na, 2001). Pinus forest with Juniperus oxycedrus L.,
Q. pubescens, and C. orientalis (Sarkina, 2001). In
Quercus-Pinus forest (Sarkina, 2001). In Pinus af-
forestation (Sarkina, 2001). Yalta District, the slope
of Chatyr-Dah mountain, Quercus-Carpinus-Fagus
forest (Sarkina, 2020); the slopes of Northern De-
merdzhi mountain, Carpinus-Fagus forest (Sarkina,
2020); Crimean NR, the northern slopes of Babu-
gan mountain range, Carpinus-Fagus forest (Sarki-
na, 2020); the southern and south-eastern slopes
of Hora Parahilmen natural monument, Cham-
ny-Burun mountain and Babugan mountain range,
Quercus-Carpinus-Fagus forest (Sarkina, 2020); Yal-
ta Mountain-Forest NR (Livadiiske forestry), near
Mohabi mountain, Pinus-Fagus forest (Sarkina,
2020). Right-Bank Forest-Steppe. Cherkasy Region.
Cherkasy District, Kaniv NR, Carpinus forest, 05
Aug. 1973, M. Yatsenko, KW-M26244 (det. M. Ze-
rova) (Dzhagan et al., 2008). Kyiv City. Vicinities of
Feofaniia, Quercus forest with Corylus, 12 Jul. 1960,

G. Rozhenko, KW-M28703 (det. M. Zerova) (Zero-
va et al., 1979; Andrianova et al., 2006; PlutoF, 2026-
onward). South Coast of Crimea. Autonomous
Republic of Crimea (Dudka et al., 2004). Western
Polissia (Zerova et al., 1979). Volyn Region: Lutsk
District, Tsumanska Pushcha NNP (Hleb et al.,
2023). Unknown. Zerova et al. (1979) mentioned
presence of the species in Grass-Meadow Steppe
(according to the old/previously accepted Ukraini-
an phytogeographic region classification).
Distribution in Ukraine (soil metabarcoding).
Central Polissia. Zhytomyr Region. Zhytomyr Dis-
trict, Pinus sylvestris forest with Populus tremula L.
and Salix sp., 50.4679 N 29.2213 E; Pinus sylvestris
forest with Betula and Sorbus aucuparia, 50.4558 N
29.2114 E; Pinus sylvestris with Betula and Quercus,
50.4788 N 29.2599 E. Cis-Carpathian Forests and
Western Ukrainian Forests. Ivano-Frankivsk Region.
Ivano-Frankivsk District, Halych NNP (Koroliv-
ka tract), mesic grassland with Malus, 49.1044 N
24.7482 E. Kharkiv Forest-Steppe. Kharkiv Region.
Chuhuiv District, Homilsha Forests NNP, Pinus syl-
vestris forest with Quercus robur, Sorbus aucuparia,
and Frangula alnus Mill., 49.6638 N 36.4271 E. Left-
Bank Forest-Steppe. Cherkasy Region. Cherkasy
District, Bile Ozero NNP, dry Pinus sylvestris forest
with Betula pendula Roth, Quercus robur, Sorbus
aucuparia, and Aronia melanocarpa (Michx.) El-
liott, 49.8195 N 31.6018 E. Poltava Region. Lubny
District, old Fraxinus excelsior forest with Carpinus
betulus, Acer platanoides, A. campestre, and Coryl-
us avellana, 50.0517 N 32.9821 E; Acer forest with
Tilia cordata, Quercus robur, Fraxinus excelsior, and
Corylus avellana, 50.3120 N 32.3448 E. Sumy Re-
gion. Konotop District, Seymskyi RLP, Tilia cordata
forest with Acer platanoides, A. campestre, Fraxinus
excelsior, Quercus robur, Corylus avellana, and Eu-
onymus europaeus L., 51.2908 N 33.1187 E; same
RLP, Quercus robur forest with Tilia cordata, Acer
platanoides, A. campestre, and Corylus avellana,
51.3193 N 33.8906 E. Lesser Polissia. Lviv Region.
Zolochiv District, vicinities of Yasenivtsi village,
old Fagus forest, 49.8037 N 24.8014 E. Right-Bank
Forest-Steppe. Cherkasy Region. Cherkasy Dis-
trict, Kaniv NR, Carpinus betulus forest with Acer
platanoides, A. campestre, Fraxinus excelsior, Ul-
mus glabra, and Tilia cordata, 49.7247 N 31.5116
E. Western Forest-Steppe. Khmelnytskyi Region.
Kamianets-Podilskyi District, Carpinus betulus
forest with Quercus robur, Fraxinus excelsior, and
Acer platanoides, 48.7989 N 26.6395 E; Carpinus
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Fig 5. Basidiomata. A, B: Russula adusta (CWU(MYC)8805); C, D: R. albonigra (C: KW-M70501; D: CWU(MYC)8872); E,
F: R. nigricans (E: KW-M72208; F: CWU(MYC)8874). Photos by: A, B - S. Orinenko; C, E — M. Prydiuk; D, F - Ye. Rudenko

betulus forest with Quercus, Acer platanoides, and
A. pseudoplatanus, 48.7880 N 26.6466 E. Ternopil
Region. Chortkiv District, Medobory NR, Carpinus
forest with Betula, Picea, and Prunus subg. Cerasus,
49.3255 N 26.1370 E.

Worldwide distribution (De Lange et al., 2023;
Fokshei, Heluta, 2024; GBIForg, 2026-onward;
PlutoE, 2026-onward). Asia: Armenia, Bhutan,
China, Japan, Kazakhstan, Nepal. Europe: Andorra,
Austria, Belarus, Belgium, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Ire-
land, Italy, Latvia, Liechtenstein, Lithuania, Nor-
way, Poland, Portugal, RE, Slovenia, Spain, Sweden,
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the Netherlands, Ukraine, United Kingdom. North
America: Canada, USA. Oceania: Australia.

Note. Specimen KW-M28696 mentioned as
"Russula adusta (Pers.) Fr." (Andrianova et al., 2006;
Kozlowska et al., 2015) has been reidentified as
Russula decolorans (Fr.) Fr. using light microscopy.
Thus, as of now, there are no records of R. adusta
from Roztochchya Forests.

Russula albonigra (Krombh.) Fr., Hymenomyc.

eur.: 440. 1874. - Fig. 5C, D.
= Agaricus alboniger Krombh., Naturgetr. Abbild.

Beschr. Schwiamme 9: 27. 1845 = Russula nig-

ricans var. albonigra (Krombh.) Cooke & Quél.,
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Clav. Syn. Hymen. Eur.: 143. 1878 = Russula adu-
sta var. albonigra (Krombh.) Massee, Brit. Fung.
FL. 3: 52. 1893 = Russula albonigra f. pseudonig-
ricans Romagn. (nom. inval.), Bull. Mens. Soc.
Linn. Lyon 31(6): 173. 1962 = Russula albonigra f.
pseudonigricans Romagn., Les Russules d'Europe
et d'Afrique du Nord: 199-200. 1967.
Ecology (De Lange et al.,, 2021). On soil. Associ-
ated with Fagus, Abies, Picea and Carpinus.
Distribution in Ukraine. Carpathian Forests.
Ivano-Frankivsk Region. Kosiv District, Hutsulsh-
chyna NNP (Dudka et al., 2019). Nadvirna District,
approximately 2 km from Vorokhta village, Car-
pathians NNP (Vorokhtianske forestry), near Picea
and Fagus, 14 Sep. 2015, M. Prydiuk, KW-M70501
(PlutoF, 2026-onward); Carpathians NNP, Fagus
forest with Abies and Picea, 31 Jul. 2025, Y. Rudenko,
CWU(MYC)8872 (PlutoF, 2026-onward). Lviv Re-
gion. Stryi District, Skolivski Beskydy NNP (Dudka
etal., 2019). Zakarpattia Region. Uzhhorod District,

Uzhanskyi NNP (Dudka et al., 2019). Central Polis-

sia. Kyiv City. Vicinities of Pushcha-Vodytsia, Quer-
cus-Pinus forest, 02 Aug. 1964, M. Konovalenko,
KW-M18993 (det. M. Zerova); ibid., Quercus-Pi-
nus forest, 01 Oct. 1961, M. Zerova, KW-M18994
(det. M. Zerova); ibid., mixed forest, 20 Sep. 1964,
M. Zerova, KW-M18996 (det. M. Zerova); ibid.,
Pinus-Quercus forest, 08 Sep. 1959, G. Rozhenko,
KW-M18999 (det. M. Zerova) (Zerova et al., 1979;
PlutoF, 2026-onward). Mountain Crimea. Auton-
omous Republic of Crimea: Yalta District, Crime-
an NR, in Quercus-Fagus forest (Sarkina, 2020).
Crimean NR, Quercus-Fagus-Carpinus forest, 12
Jul. 1956, M. Zerova, KW-M18952 (det. M. Zerova)
(Zerova, 1962; Zerova et al., 1979; PlutoF, 2026-on-
ward). Yalta Mountain-Forest NR (Livadiiske for-
estry), near Mohabi mountain, in Pinus-Fagus for-
est (Sarkina, 2020). In Fagus and Carpinus forests
(Dudka et al., 2004; Sarkina, 2001). South Coast of
Crimea. Autonomous Republic of Crimea. Yalta Dis-
trict, Yalta Mountain-Forest NR (Livadiiske forestry,
near Karahol lake), Pinus nigra ssp. pallasiana-Fa-
gus forest, 10 Oct. 2001, M. Prydiuk, KW-M72037
(det. M. Prydiuk) (PlutoF, 2026—onward). Western
Forest-Steppe. Ternopil Region. Chortkiv District,
Medobory NR (Viknianske forestry, Luchianskyi
forest, 50 quarter), Carpinus-Acer-Tilia forest, near
Hepatica, 22 Jun. 2007, M. Prydiuk, KW-M38408
(det. M. Prydiuk) (PlutoF, 2026-onward). Western
Polissia. Rivne Region. Sarny District, vicinities
of Krupove village (88 quarter), Pinus forest with

Carpinus, Quercus and Frangula, near Vaccinium,
08 Aug. 1999, M. Prydiuk, KW-M71995 (det. M.
Prydiuk) (PlutoF, 2026-onward); ibid., Pinus-Quer-
cus forest with Betula, near Vaccinium and Pteridi-
um, 07 Jul. 1999, M. Prydiuk, KW-M72005 (PlutoF,
2026-onward).

Worldwide distribution (De Lange et al., 2021,
2023; Ramshaj, Karadelev, 2025; GBIF.org, 2026-
onward; PlutoF, 2026-onward). Africa: Algeria.
Asia: Bhutan, China, Georgia, Iran, Japan, Laos,
Malaysia, Nepal, RF, South Korea, Thailand, Tiir-
kiye, Vietnam. Europe: Andorra, Austria, Belgium,
Bulgaria, Croatia, Czech Republic, Denmark, Es-
tonia, Finland, France, Germany, Greece, Ireland,
Italy, Kosovo, Latvia, Liechtenstein, Luxembourg,
Montenegro, North Macedonia, Norway, Poland,
Portugal, Romania, RF, Serbia, Slovakia, Slove-
nia, Spain, Switzerland, Sweden, the Netherlands,
Ukraine, United Kingdom. North America: Belize,
Canada, Mexico, USA. Oceania: Australia.

Russula densifolia Gillet, Hyménomycetes: 231.
1874.
= Agaricus adustus densifolius Secr. (nom. inval.),
Mycogr. Suisse: 476. 1833 = Russula adusto-den-
sifolia (Secr.) Singer (nom. inval.), Agaricales:
813. 1986 = Russula densifolia f. hygrophoroides
Reumaux (nom. inval.), Russ. Rar.: 19. 1996.
Ecology (De Lange et al., 2023; Ramshaj, Ka-
radelev, 2025). On soil. Associated with Abies, Fa-
gus, Halimium, Picea, Pinus and Quercus.
Distribution in Ukraine. Carpathian Forests
(Zerova et al., 1979). Ivano-Frankivsk Region. Ko-
siv District, Hutsulshchyna NNP (Holytsia tract),
Abies-Fagus forest with Carpinus, Pinus, Picea, Lar-
ix and Betula (Fokshei, Derzhipilskiy, 2018); in the
same NNP (Prorochuk et al., 2013; Dudka et al.,
2019). Nadvirna District, Gorgany NR (13 quar-
ter), Fagus-Picea forest (Malanyuk, 2012; Dudka
et al., 2019). Zakarpattia Region. Rakhiv District,
vicinities of Kostylivka village (reported as Ber-
lebas), near Pip Ivan (reported as Pop Ivan) moun-
tain peak (Pilat, 1940). Carpathians NR (Dudka
et al,, 2019). Central Polissia. Kyiv City. Vicinities
of Pushcha-Vodytsia, Quercus-Pinus forest, 19 Jul.
1960, M. Zerova, KW-M18596 (det. M. Zerova);
ibid., Quercus-Pinus forest, 16 Jun. 1957, M. Zerova,
KW-M18597 (det. M. Zerova); ibid., Pinus-Quercus
forest, 16 Jun. 1957, M. Zerova, KW-M18599 (det.
M. Zerova) (Zerova et al., 1979; PlutoF, 2026-on-
ward). Volyn Forest-Steppe. Rivne Region. Zdol-
buniv District, Derman-Ostroh NNP (Mostivske
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forestry), Carpinus forest, 26 Jun. 2015, M. Prydiuk,
KW-M60693 (det. M. Prydiuk) (PlutoF, 2026-on-
ward). Unknown (GBIF.org, 2026—onward).
Distribution in Ukraine (soil metabarcoding).
Carpathian Forests. Ivano-Frankivsk Region: Iva-
no-Frankivsk District, Syniohora NNP, old Abies
forest with Fagus, 48.6142 N 24.1598 E; same NNP,
artificial Picea plantation replacing Abies forest,
48.6141 N 24.1888 E. Cis-Carpathian Forests. Iva-
no-Frankivsk Region. Ivano-Frankivsk District, Pi-
cea abies forest with Carpinus betulus, Quercus
robur, Acer pseudoplatanus, Tilia cordata, Fagus
sylvatica, and Rubus hirtus Waldst. & Kit., 49.0033
N 24.5918 E; Abies forest with Picea abies (L.) H.
Karst., Quercus robur, Tilia cordata, Sorbus aucu-
paria, and Corylus avellana, 49.0237 N 24.5648 E.
Worldwide distribution (De Lange et al., 2021,
2023; Ramshaj, Karadelev, 2025; GBIF.org, 2026-
onward; PlutoF, 2026-onward). Africa: Benin, Zim-
babwe. Asia: Bhutan, China, India, Japan, Laos,
Malaysia, Nepal, South Korea. Europe: Austria,
Belgium, Bulgaria, Croatia, Cyprus, Czech Repub-
lic, Denmark, Estonia, Finland, France, Germany,
Hungary, Iceland, Ireland, Italy, Liechtenstein, Lux-
embourg, Kosovo, North Macedonia, Norway, Po-
land, Portugal, RE Slovakia, Slovenia, Spain, Swe-
den, Switzerland, the Netherlands, Ukraine, United
Kingdom. North America: Canada, Mexico, USA.

Russula nigricans Fr., Epicr. Syst. Mycol.: 350. 1838.
- Fig. 5E, E

= Agaricus nigricans Bull. non O.F. Miiller, Herb.
France (5): pl. 212. 1785 = Agaricus nigrescens
Bull. & Vent. (nom. illeg.), Hist. Champ. France
(2): 587. 1812 = Agaricus nigrescens Krombh.,
Naturget. Abbild. Schwimme 9: 27, tab. 70, figs
14-15. 1845 = Agaricus adusta yy, crassa Alb. &
Schwein., Conspectus Fungorum in Lusatiae su-
perioris: 220. 1805.
Ecology (De Lange et al., 2023). On soil. Associ-

ated with Abies, Fagus, Halimium, Picea, Pinus, and

Quercus.
Distribution in Ukraine. Carpathian For-
ests. Chernivtsi Region: Chernivtsi District

(UkrBIN, 2026-onward). Ivano-Frankivsk Region.
Ivano-Frankivsk District, Halych NNP, Carpi-
nus-Quercus forest (Malanyuk, 2014). Kosiv District,
vicinities of Sheshory village, Hutsulshchyna NNP
(Sheshorske forestry, near Mertve Ozero), Fagus
forest, 17 Aug. 2016, M. Prydiuk, KW-M70250 (det.
M. Prydiuk) (PlutoF, 2026-—onward); same NNP,
forests with Fagus, Carpinus, Abies, Picea, Pinus,
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and Quercus (Fokshei, Derzhipilskiy, 2021). Na-
dvirna District, Gorgany NR (10 and 11 quarters),
Picea abies forests (Heluta et al., 2011; Prorochuk et
al., 2013; Dudka et al., 2019); vicinities of Yaremche
village (GBIF.org, 2026—onward). Lviv Region. Stryi
District, Carpinus forest, 19 Sep. 1972, T. Horova,
KW-M18736 (det. T. Horova) (Zerova et al., 1979;
PlutoF, 2026-onward); vicinities of Hrebeniv vil-
lage, Skolivski Beskydy NNP, Picea forest, 09 Sep.
1976, T. Horova, KW-M1992 (det. T. Horova) (Plut-
oF, 2026—onward); vicinities of Smozhe village, Fa-
gus forests, KW-M45348 (Horova, 1979; Andriano-
va et al., 2006); vicinities of Klymets village, Fagus
forests, KW-M45347 (Horova, 1979; Andrianova et
al., 2006). Zakarpattia Region. Khust District, Syn-
evyr NNP (Dudka et al., 2019). Rakhiv District, vi-
cinities of Kostylivka village (reported as Berlebas),
near Pip Ivan (reported as Pop Ivan) mountain
peak (Pilat, 1940). Tiachiv District, Carpathians NR
(Dudka et al., 2019). Uzhhorod District, approxi-
mately 1.5 km to the north-west from Stuzhytsia vil-
lage, Uzhanskyi NNP (Stuzhnytske forestry), Abies
forest, near green moss, 22 Sep. 2011, M. Prydiuk,
KW-M40342 (det. M. Prydiuk) (Dudka et al., 2019;
PlutoF, 2026-onward). Central Polissia. Kyiv Re-
gion. Bucha District, Quercus-Carpinus forest with
Pinus, 17 Aug. 2025, Y. Rudenko, CWU(MYC)8874
(PlutoF, 2026-onward); vicinities of Irpin city (re-
ported as Irpen), Quercus forest (Girzhytska, 1929).
Zhytomyr Region. Zhytomyr District, Quercus forest
(GBIF.org, 2026-onward). Kharkiv Forest-Steppe.
Kharkiv Region. Chuhuiv District, Homilsha For-
ests NNP (Prylutskyi et al, 2017); vicinities of
Kamplytsya village, Pinus forest (GBIF.org, 2026-
onward). Left-Bank Forest-Steppe (Makarenko,
2019). Chernihiv Region. Pryluky District, vicinities
of Khayenky village, Ichnia NNP, 14 Oct. 2017, M.
Shevchenko, KW-M72056 and KW-M72057 (det.
M. Shevchenko) (PlutoF, 2026-onward). Poltava
Region. Poltava District, vicinities of Poltava, Pinus
sylvestris-Quercus robur forest (Ganzha, 1960b); ri-
parian Quercus forest (Ganzha, 1960a). Mountain
Crimea. Autonomous Republic of Crimea. Fagus and
Carpinus forests (Sarkina, 2001; Dudka et al., 2004).
Yalta District, slope of Chatyr-Dah mountain, Fagus
and Carpinus-Fagus, and Quercus-Carpinus-Fagus
forests (Sarkina, 2020); slopes of Northern De-
merdzhi mountain, Fagus and Carpinus-Fagus and
Quercus-Carpinus-Fagus forests (Sarkina, 2020);
Crimean NR, Fagus and Quercus-Carpinus-Fagus
forests (Sarkina, 2020); south-western slopes of
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Uraha mountain, Quercus-Carpinus-Fagus forest
(Sarkina, 2020); Yalta Mountain-Forest NR (Livadi-
iske forestry), near Mohabi mountain, Pinus-Fagus
forest (Sarkina, 2020). Right-Bank Forest-Steppe.
Kyiv City. Vicinities of Koncha-Zaspa, on the slope
near the swamp, 26 Sep. 1964, M. Zerova, KW-
M18841 (det. M. Zerova) (Zerova et al., 1979; Plut-
oF, 2026-onward). Holosiiv NNP (Holosiiv forest,
17 quarter), Carpinus-Tilia-Corylus forest, near
Carex, 29 Aug. 2025, M. Prydiuk, KW-M72208
(PlutoFE, 2026-onward). Cherkasy Region. Cherkasy
District, vicinities of Kaniv city, Kaniv NR, Carpi-
nus forest, 05 Aug. 1973, M. Yatsenko, KW-M18840
(det. M. Zerova) (Zerova et al., 1979; PlutoF, 2026-
onward); same NR, Carpinus-Quercus forest (Dzha-
gan et al., 2008). Roztochchya Forests (Zerova et al.,
1979; Kozlowska et al., 2015). Lviv Region. Yavoriv
District, in Fagus forests (Bazyuk-Dubey, 2010; Ko-
zlowska et al., 2015). Transcarpathia. Zakarpattia
Region. Khust District (GBIF.org, 2026-onward;
UkrBIN, 2026-onward). Tiachiv District, vicini-
ties of Velyka Uholka village, in Fagus forests, KW-
M45349 (Horova, 1979; Andrianova et al., 2006;
Dudka et al., 2019). Western Forest-Steppe: Terno-
pil Region. Ternopil District, vicinities of Berezha-
ny village (Bobyak, 1907). Western Polissia. Volyn
Region. Lutsk District, Tsumanska Pushcha NNP
(Hleb et al.,, 2023). Rivne Region. Rivne District,
Quercus-Carpinus forest (GBIF.org, 2026-onward;
UkrBIN, 2026-onward); mixed forest (UkrBIN,
2026-onward). Sarny District, Dubrovytske forest-
ry (93 quarter), Quercus forest with Pinus, Betula,
and Frangula, near Vaccinium, 21 Jul. 2000, M. Pry-
diuk, KW-M71975 (det. M. Prydiuk) (PlutoF, 2026-
onward); vicinities of Krupove village (88 quarter),
Pinus forest with Carpinus, Quercus, and Frangula,
near Vaccinium, 13 Aug. 1999, M. Prydiuk, KW-
M71940 (det. M. Prydiuk) (PlutoF, 2026-onward).
Unknown (Wasser, 1974). Mixed forest (Wasser,
Soldatova, 1977; GBIE.org, 2026-onward).
Distribution in Ukraine (soil metabarcoding).
Carpathian Forests. Ivano-Frankivsk Region: Iva-
no-Frankivsk District, Syniohora NNP, old Abies
forest with Fagus, 48.6142 N 24.1599 E; same NNP,
artificial Picea plantation replacing Abies forest,
48.6141 N 24.1888 E; same NNP, Fagus forest with
Abies, Picea, and Acer pseudoplatanus, 48.6715 N
24.2432 E; same NNP, Picea-Abies forest with Fagus,
48.6219 N 24.1682 E; same NNP, Fagus-Abies for-
est with Acer pseudoplatanus and Populus tremula,
48.6180 N 24.1751 E; same NNP, old Abies forest

with Picea and Fagus, 48.6171 N 24.2043 E. Kosiv
District, Quercus robur forest with Abies alba, Carpi-
nus betulus, Tilia cordata, and Corylus avellana,
48.3085 N 25.1829 E. Nadvirna District, Carpathi-
ans NNP (Nadvirnianske forestry), Fagus sylvatica
forest with Acer platanoides, 48.6533 N 24.5720 E;
same NNP, Betula pendula forest with Populus trem-
ula, Fagus sylvatica, and Pinus sylvestris, 48.5918 N
24.4514 E. Zakarpattia Region. Uzhhorod District,
Uzhanskyi NNP, Fagus sylvatica forest with Acer
pseudoplatanus and Abies alba, 49.0874 N 22.5743
E. Central Polissia. Zhytomyr Region. Zhytomyr
District, Pinus sylvestris with Betula and Quercus,
50.4788 N 29.2599 E; Carpinus betulus-Pinus sylves-
tris-Quercus forest, 50.4694 N 29.2695 E; Carpinus
betulus-Pinus sylvestris forest with Acer, 50.4503 N
29.2805 E. Cis-Carpathian Forests. Ivano-Frankivsk
Region. Ivano-Frankivsk District, Picea abies forest
with Carpinus betulus, Quercus robur, Acer pseudo-
platanus, Tilia cordata, Fagus sylvatica, and Rubus
hirtus, 49.0033 N 24.5918 E; Fagus sylvatica forest
with Picea abies, Sorbus aucuparia, Frangula alnus,
and Corylus avellana, 49.0137 N 24.5874 E; Abies
forest with Picea abies, Quercus robur, Tilia corda-
ta, Sorbus aucuparia, and Corylus avellana, 49.0237
N 24.5648 E. Cis-Carpathian Forests and Western
Ukrainian Forests. Ivano-Frankivsk Region. Iva-
no-Frankivsk District, Halych NNP, Carpinus bet-
ulus forest with Quercus robur, Tilia cordata, and
Corylus avellana, 49.0981 N 24.7180 E; same NNP,
Fagus sylvatica forest with Caprinus betulus, Tilia
cordata, Prunus avium, and Euonymus verrucosus,
49.0958 N 24.7068 E; same NNP, Carpinus betulus
forest with Tilia cordata, Quercus robur, and Acer
pseudoplatanus, 49.1608 N 24.8482 E. Kharkiv For-
est-Steppe. Kharkiv Region. Bohodukhiv District,
Sloboda NNP, old Quercus robur forest with Acer
platanoides, Ulmus, Pinus sylvestris, and Prunus
padus, 50.0689 N 35.2894 E; same NNP, Quercus
robur forest with Ulmus, Acer campestre, and A.
platanoides, 50.0970 N 35.2545 E; same NNP, Pi-
nus sylvestris forest with Sorbus aucuparia, Quer-
cus robur, and Tilia cordata, 50.0546 N 35.2221 E.
Chuhuiv District, Homilsha Forests NNP, Populus
tremula forest with Quercus robur, Tilia cordata,
Fraxinus excelsior, Ulmus, Corylus avellana, and
Acer campestre, 49.6267 N 36.3190 E. Kharkiv Dis-
trict, dry grassland with Quercus robur and Cara-
gana arborescens Lam., 49.7314 N 35.9897 E. Left-
Bank Forest-Steppe. Poltava Region. Lubny District,
Pinus sylvestris forest with Quercus robur, Sorbus
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aucuparia, Betula, and Corylus avellana, 50.2127
N 32.6059 E. Lesser Polissia. Lviv Region. Zolochiv
District, Pivnichne Podillia NNP, old Fagus forest,
49.9245 N 24.9805 E. Right-Bank Forest-Steppe.
Cherkasy Region. Cherkasy District, vicinities of Lu-
bentsi village, Kholodnyi Yar NNP, meadow steppe,
49.1819 N 32.2291 E; Kaniv NR, meadow steppe
with Pyrus communis, Betula pendula, and Pinus
sylvestris, 49.7198 N 31.5235 E; same NR, Carpinus
betulus forest with Acer platanoides, A. campestre,
Fraxinus excelsior, Ulmus glabra, and Tilia cordata,
49.7247 N 31.5116 E. Right-Bank Grass-Meadow
Steppe. Kirovohrad Region. Kropyvnytskyi District,
Acer platanoides-Fraxinus excelsior-Quercus robur
forest, 48.7423 N 32.5780 E. Right-Bank Grass
Steppe. Odesa Region. Izmail District, salt grass-
land, 45.6736 N 29.8770 E; salt grassland, 45.6699
N 29.8629 E. Roztochchya Forests. Lviv Region.
Yavoriv District, Yavoriv NNP, Fagus sylvatica for-
est, 49.9945 N 23.6458 E. Transcarpathia. Zakar-
pattia Region. Mukachevo District, Zacharovanyi
Krai NNP, Fagus sylvatica forest with Acer pseudo-
platanus, 48.4505 N 23.0853 E. Volyn Forest-Steppe.
Volyn Region. Lutsk District, Carpinus betulus for-
est with Quercus, 50.7398 N 25.5755 E; Vorotniv
Zakaznyk, Carpinus betulus forest with Quercus,
50.7176 N 25.5605 E; same Zakaznyk, Carpinus bet-
ulus forest with Quercus, Pinus sylvestris, and Bet-
ula, 50.7282 N 25.5480 E. Western Forest-Steppe.
Khmelnytskyi Region. Kamianets-Podilskyi Dis-
trict, Carpinus betulus forest with Quercus robur,
Fraxinus excelsior, and Acer platanoides, 48.7989
N 26.6395 E; Carpinus betulus forest with Quercus,
Acer platanoides, and A. pseudoplatanus, 48.7880 N
26.6466 E. Ternopil Region. Chortkiv District, vicin-
ities of Ustechko village, Carpinus forest with Quer-
cus, 48.7861 N 25.5809 E; to the south from Shutro-
myntsi village, Quercus petraea forest with Carpinus,
48.8263 N 25.5060 E; Medobory NR, Carpinus for-
est with Betula, Picea and Prunus subg. Cerasus,
49.3255 N 26.1370 E. Vinnytsia Region. Khmilnyk
District, Carpinus betulus and Quercus robur for-
est with Fraxinus excelsior and Acer platanoides,
49.4720 N 28.0239 E. Western Polissia. Rivne Re-
gion. Sarny District, Quercus robur-Carpinus betu-
lus forest with Picea abies, Pinus sylvestris, Frangu-
la alnus, Sorbus aucuparia, and Corylus avellana,
51.5708 N 26.4653 E; Pinus sylvestris forest with
Quercus robur, Betula pendula, Sorbus aucuparia,
and Frangula alnus, 51.5773 N 26.4627 E; Quercus
robur forest with Pinus sylvestris, Frangula alnus,
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Betula pendula, and Sorbus aucuparia, 51.5688 N
26.4383 E. Volyn Region. Lutsk District, Tsumans-
ka Pushcha NNP, Alnus glutinosa forest with Betula,
Carpinus betulus, and Populus tremula, 50.9106 N
25.8818 E; same NNP, Picea abies forest with Cory-
lus avellana, 50.9097 N 25.8778 E; same NNP, Bet-
ula forest with Alnus glutinosa, Carpinus betulus,
and Sorbus aucuparia, 50.9109 N 25.8862 E; same
NNP, Pinus sylvestris and Carpinus betulus, 50.9119
N 25.8924 E.

Worldwide distribution (Park et al., 2014; De
Lange et al.,, 2021, 2023; GBIF.org, 2026-onward;
PlutoF, 2026). Africa: Democratic Republic of Con-
go. Asia: Bhutan, China, India, Japan, Laos, South
Korea, Thailand, Vietnam. Europe: Austria, Belarus,
Belgium, Bosnia and Herzegovina, Croatia, Czech
Republic, Denmark, Estonia, Finland, France, Ger-
many, Hungary, Ireland, Italy, Latvia, Liechtenstein,
Lithuania, Luxembourg, Norway, Poland, Portu-
gal, Romania, RE, Serbia, Slovakia, Slovenia, Spain,
Sweden, Switzerland, the Netherlands, Ukraine,
United Kingdom. North America: Canada, Costa
Rica, Mexico, USA. Oceania: Australia.

Discussion

Our screening of the studied herbarium specimens
using routine DNA barcoding, followed by their
morphological examination under the light mi-
croscope, yielded two new for Ukraine species of
Russula subg. Compactae. In contrast, soil metabar-
coding, while providing useful information on the
regional biodiversity, did not add new data on the
taxonomic richness of the studied fungi (except for
the enigmatic R. aff. acrifolia - OTU1053). Howev-
er, the latter approach allowed us to update the dis-
tribution of taxa of the subgenus within Ukraine - a
significant portion of the Central European mixed
forests ecoregion (Cis-Carpathian Forests, Lesser
Polissia, Western Ukrainian Forests regions) - and
to confirm some historical data (records of R. densi-
folia in Ukraine or R. nigricans in the Pontic Steppe
ecoregion). A major limitation of metabarcoding,
as shown in this study, is the lack of physical speci-
mens, precluding future independent verification of
interesting findings, such as OTU1053 (R. aff. acri-
folia) and OTU8086 (the second OTU for R. nigri-
cans), to exclude potential sequencing errors.

All historical data (including Russula adusta
and R. nigricans), which cannot be confirmed by
DNA barcodes and/or morphological data, should
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be interpreted with caution as old keys can lead
to misidentification (De Lange et al., 2023). This
applies inter alia to the specimens collected by M.
Zerova and G. Rozhenko, since these were treated
with naphthalene, which is likely the reason for the
failure to retrieve DNA from these specimens in
our research. Nevertheless, to preserve historical
records, we decided to include all available species
diversity data in our evaluation, despite the lack of
DNA sequences for some representatives of Russula
subg. Compactae.

Ecological information for the Ukrainian re-
cords of taxa of Russula subg. Compactae mostly
aligns with the available literature data (De Lange
et al., 2021, 2023). However, Russula acrifolia and
R. anthracina were recorded from Carpinus forests,
while Carpinus has not yet been reported as a host
for either of these species. This could be due to in-
sufficient locality data, or else the fungus-host in-
teractions require further studies. Some specimens
of R. nigricans were also reported from Carpinus
forests (including the sequenced specimen KW-
M72208), but it is currently unknown whether they
can form ectomycorrhiza. Moreover, the reports of
R. adusta from the Mountain Crimea and Right-
Bank Forest-Steppe regions, as well as the collection
points for half of the soil samples with OTU124
(Table S1), did not mention any coniferous trees. To
interpret and analyze these results, sequencing data
of some additional root tips is needed. Among the
studied areas, the Mountain Crimea region, which
is a part of the Crimean Submediterranean forest
complex ecoregion, features a highly specific biota
(the ecoregion includes only a part of the Crimean
Peninsula and the Greater Caucasus) and may har-
bor new information about hosts for this species.
However, this region currently cannot be studied
due to the Russian occupation. Some historical
specimens of R. albonigra were reportedly collected
in forests with Quercus and Pinus (Table S1) which
also does not fully correspond to the present data
(De Lange et al., 2021).

According to the recent and historical data, Rus-
sula adusta and R. nigricans are widespread in
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PisHomanitHicTs migpony Compactae pony Russula (Russulales,
Basidiomycota) B YkpaiHi
M.I. ®OMEHKO !, O.B. IPMJIYIIBKIM 2, O.10. AKYJIOB 3,
A.C.3ABOJIOTHS 4, €.A. PYOEHKO °, C.M. OPIHEHKO °, M.IL. IIPMJIOK !
1 IncturyT 6oranikn iMm. M.T. Xonopnoro HAH Ykpainu,
By TepemenkiBcbka 2, Kuis 01601, Ykpaina
2 Biocdepumit sanoBigauk "Ackanis-Hosa" im. @.E. Oanbi-Peitna HarfionansHoi akagemii
arpapHuX Hayk YKpainu, Byn. Merpornoriyna 12, Kuis 03143, Ykpaina
3 XapkiBcbKnii HalioHanbHMI YHiBepcuTeT imeni B.H. Kapasina,
maiigan CBo6opu 4, Xapkis 61022, Ykpaina
4 Kontinenran ®apmeps [pym, Byn. Bunnudenxa 8, Teprominb 46015, Ykpaina
5 @eiicbyk-crinprora "Tpubn Ykpainn', Ykpaina

Pedepar. CrarTs MicTuTh nepumit 3a 50 OCTaHHIX POKiB 3araJabHUIT OIVIAL BUAOBOI pisHOMaHiTHOCTI migpoxy Compactae
pony Russula Yxpainu. Y gocmifKeHHi 3aCTOCOBaHI sIK MOJIEKY/LIpHi MeTonu (6apKOAIHT Ta MeTabapKOAIHT), TaK i pe3yib-
TAaTy KIACUYIHUX TO7bOBYX 360piB. KpiM Toro, ysaranbHeHO IpoaHali3oBaHi JaHi miTeparypu Ta Matepianu repbapiis. Sk
HACTI/IOK, B YKpaiHi BUAB/IEHO MICTb BUJIiB BKA3aHOTO MiAPOAY, BKIIYHO 3 IBOMA HOBMMU Lt Kpainm Bugamu (R. acrifolia
ta R. anthracina), oy AKMX HaBelleHi IOBHI AiarHO3M Ta OPUTiHA/IbHI PUCYHKU MIKpOCTPYKTYp. /I BCiX LIecT BUJAIB y3a-
raJibHEHO JIaHi 10710 iXHbOTO PO3NOBCIOMKEHH: B YKpaiHi Ta CBiTi.

KmiouoBi croBa: 6iopisHomaHiTTs, Bupinenssa [JHK, rpu6bu, HoBi sHaxigku, nigpin Compactae
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Primary alarm signaling by ABA, SA, IAA, and gibberellins
in winter rye (Secale cereale, Poaceae) during heat and chill exposure
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Abstract. The effects of short-term exposure to high (+40 °C, 2 h) and low positive temperature (+4 °C, 2 h) on hormonal ho-
meostasis were analyzed in 14-day-old stressed and 21-day-old recovered plants of winter rye. A characteristic feature of the
response to temperature stress was a rapid increase in abscisic acid (ABA) and salicylic acid (SA) levels—more pronounced
after heat stress, particularly in the shoots. After both treatments, 14-day-old rye shoots showed an increase in gibberellins
(GA,+GA,) and a decrease in indole-3-acetic acid (IAA) content. In the roots, chilling caused a slight reduction in SA, gibbe-
rellins, and IA A levels. In 21-day-old plants recovered after heat exposure, the levels of ABA and SA decreased in both organs,
except for SA in the roots. Both ABA and SA accumulated mainly in the shoots, SA in the roots also increased and surpassed
that in the shoots, IAA content remained lower than in the control. After chilling, the total gibberellin content in recovered
plants decreased, whereas after heat stress it remained at control levels. In 21-day-old rye plants, GA, dominated after heat
exposure, while GA, prevailed after chilling. These results reveal distinct organ-specific patterns in the reorganization of hor-
monal homeostasis during rapid adaptation to temperature stress.

Keywords: phytohormones, recovery, Secale cereale, temperature stresses

Introduction (Ummenhofer, Meehl, 2017). Climate change trig-

gers a range of biotic and abiotic stresses that influ-
Research on the impact of climate change on cereal  ence the growth, development, and productivity of
productivity is one of the key priorities of modern  cereal crops (Raza et al., 2019; Kumar et al., 2025).
biological science. Growing attention to this issue  Abnormally high or low temperatures adversely af-
stems from the increasing intensity and frequen-  fect seed germination, seedling growth, photosyn-
cy of climatic anomalies observed in recent years,  thesis, respiration, and nutrient uptake, accelerate
including extreme temperature fluctuations, ir-  senescence, and lead to yield reduction and grain
regular precipitation, and other weather extremes quality deterioration (Liu et al., 2019; Hassan et al.,
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2021; Lal et al.,, 2022). Plants perceive environmen-
tal stressors and transmit these signals through cel-
lular signaling pathways, inducing changes in gene
expression and adjustments in metabolism and de-
velopment (Zhang et al., 2020; Shrestha et al., 2022;
Yu et al., 2025). To adapt to unfavorable condi-
tions, plants have evolved specialized mechanisms
for perceiving and processing stress signals, with
phytohormones playing a central regulatory role
(Verma et al., 2016). Phytohormones are signaling
biomolecules of diverse chemical nature and phys-
icochemical properties that function in nanomo-
lar concentrations and regulate most physiological
and metabolic processes throughout the plant life
cycle—from seed germination to senescence. They
are critical for integrating environmental signals
into plant developmental programs, detecting stress
factors, and incorporating these signals into endog-
enous regulatory networks that enable adaptation.
The perception and transduction of stress signals
leading to the activation of adaptive responses rep-
resent key steps in plant stress resistance (Panozzo
et al., 2025). Therefore, determining the content
and localization of phytohormones is crucial for
understanding and potentially managing growth,
development, and stress resistance (El Sabagh et al.,
2022; Kosakivska et al., 2024).

At the early stages of plant response to temper-
ature stress, growth inhibition is commonly asso-
ciated with the suppression of gibberellin, auxin,
and cytokinin biosynthesis—hormones that pro-
mote cell proliferation and elongation. This shift
allows cereals to effectively redistribute energy and
resources toward the synthesis of protective mol-
ecules, activation of antioxidant systems, and re-
structuring of cellular membranes (Rahman, 2013;
Vankova et al., 2014; Wu et al.,, 2016). Specific hor-
monal alterations occur in different organs of cereal
plants, forming a key component of their adaptive
strategy to temperature stress (Jha et al., 2022; Raza
et al., 2023). In some cases, strong correlations have
been identified between hormone concentrations
and the ability of plants to withstand unfavora-
ble temperatures (Li et al., 2021; Raza et al., 2023).
Changes in the content and distribution of abscisic
acid can significantly affect the sensitivity of cere-
als to adverse environmental conditions by accel-
erating aging, reducing pollen fertility, and induc-
ing seed dormancy (Gietler et al., 2020). Abscisic
acid (ABA) enhances the resistance of wheat and
maize to heat stress by regulating stomatal closure,

stimulating root growth, and increasing the ac-
tivity of antioxidant enzymes (Tao et al., 2022). In
young rice panicles exposed to high temperatures,
a decrease in the levels of active cytokinins, gib-
berellins, and indole-3-acetic acid (IAA), together
with an increase in ABA and bound cytokinins, has
been observed (Wu et al., 2016). The hormonal re-
sponse of wheat varies depending on the duration
and intensity of cold exposure. During the initial
alarm phase (1 day), a rapid increase in ABA levels
is accompanied by a decrease in active cytokinins
and auxins and enhanced gibberellin deactivation.
After 3-7 days of cold stress, ABA levels begin to
decline, while levels of cytokinins, auxins, gibberel-
lins, and salicylic acid (SA) increase. Prolonged ex-
posure (21 days) leads to the establishment of a re-
sistance phase (Kosova et al., 2012). Cluster analysis
of wheat genotypes revealed that cold treatment in-
duces the expression of genes involved in ABA and
cytokinin metabolism, resulting in phytohormone
accumulation (Kalapos et al,, 2017). Hormonal
interactions trigger corresponding physiological
and morphological responses that enable plants to
adapt to external stressors (Shi et al., 2015; Jha et al.,
2022; Raza et al., 2023). The relationship between
IAA and ABA has been explored in rice lines over-
expressing the OsGH3-2 gene, which encodes an
enzyme responsible for conjugating IAA with ami-
no acids. A reduction in free IAA content was ac-
companied by increased ABA levels and enhanced
cold tolerance (Du et al.,, 2012). The formation of
an auxin gradient through intracellular transport
represents a key regulatory mechanism influencing
plant growth, development, and yield under fluctu-
ating temperatures (Rahman, 2013). Investigating
the interactions among temperature stress respons-
es, growth regulation, and hormonal signaling is
therefore essential for understanding how cereals
optimize development and yield under both high
and low temperature conditions (Bidabadi, Abdel
Latef, 2022).

Winter rye (Secale cereale L.) is an important ce-
real crop that ranks first among cereals cultivated
in regions where wheat production is difficult or
impossible (Bushuk, 2001). It is the most cold-tol-
erant of the cereal crops and less demanding of soil
fertility and moisture than wheat. Unlike many oth-
er cereals, rye can be cultivated without herbicides
and, in most cases, without fungicides, ensuring an
environmentally friendly harvest (Arendt, Zannini,
2013). With the advancement of agriculture, the
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advantages of rye—its winter hardiness, resilience,
and low soil requirements—became increasingly
evident (Behre, 1992).

Although the molecular mechanisms regulating
temperature stress resistance in wheat, rice, barley,
maize, and other cereals have been well studied, the
physiological aspects of adaptive responses in rye
remain comparatively underexplored. To compre-
hensively evaluate the physiological resilience of
winter rye during early ontogenesis, a unified mul-
ti-target experimental model was established [14-
and 21-day-old plants under heat stress (+40 °C, 2
h) and chilling (+4 °C, 2 h)]. Within this broader
experimental framework, our previous research ad-
dressed cytokinin homeostasis and morphological
growth recovery (Kosakivska et al., 2025), alongside
cellular ultrastructural rearrangements (Babenko et
al., 2024) and secondary metabolite dynamics un-
der soil drought (Voytenko et al., 2025).

However, primary stress perception, stomatal
dynamics, and early metabolic adjustments are
governed by distinct signaling cascades operating
upstream of or in coordination with cytokinin-me-
diated recovery mechanisms. While cytokinins pre-
dominantly control nutrient sink strength, cell divi-
sion, and post-stress regeneration, the rapid alarm
signaling phase is orchestrated by key stress-sign-
aling phytohormones (ABA and SA) together with
primary growth regulators (IAA and gibberellins).
To prevent overcomplicating the narrative and to
isolate the specific physiological functions of this
early response, the present study focuses exclusive-
ly on this complementary phytohormonal panel.
Therefore, the aim of the present study was to ana-
lyze the dynamics and organ-specific distribution of
endogenous ABA, SA, TAA, and gibberellins (GA3
and GA,) in the shoots and roots of young winter
rye plants during the initial alarm phase of heat
stress and chilling, as well as during post-stress re-
covery. We hypothesized that short-term tempera-
ture stress induces rapid, highly coordinated adjust-
ments in the ratio of stress-protective (ABA, SA) to
growth-regulating (IAA, GAs) hormones, establish-
ing a primary adaptive signaling pattern distinct
from cytokinin-driven recovery mechanisms.

Materials and Methods

Plant material and experimental design. 'Bo-
ghuslavka' winter rye is a mid-season variety char-
acterized by moderate drought, frost, and disease
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resistance, and is successfully cultivated on many
Ukrainian farms. For the study of phytohormone
accumulation and distribution, calibrated seeds
were surface-sterilized in 70% ethanol for 1-2
min, rinsed thoroughly with distilled water, then
placed on moistened filter paper in cuvettes and
germinated in the dark at 21 °C for 24 h. Uniform-
ly germinated seedlings were transplanted into 2 L
pots filled with calcined river sand and grown in a
Votsch growth chamber (Balingen, Germany) un-
der the following conditions: 20 °C day/17 °C night,
190 umol m~2 - s7! photon flux density, 16 h photo-
period, and 65 * 5% relative humidity. Plants were
watered daily with 50 mL Knop’s solution per pot.
The shoots and roots of 14- and 21-day-old plants
were analyzed.

Temperature stress modeling and sampling.
The experimental design and plant material were
identical to those described in Kosakivska et al.
(2025). To simulate heat stress, 14-day-old plants
were exposed to +40 °C for two hours under illumi-
nation of 190 pmol m=2 - s71. To simulate chill stress,
14-day-old plants were exposed to +4 °C for two
hours under the same light conditions. For recov-
ery, the plants were returned to controlled growth
conditions and cultivated until day 21.

Extraction and analysis of phytohormones.
Shoot and root samples (2 g each) were frozen in
liquid nitrogen, ground to a homogeneous pow-
der, and extracted with 10 mL of a methanol: dis-
tilled water: formic acid solution (15:4:1, v/v/v).
Extraction was carried out for 24 hours at +4 °C in
the dark. The extracts were centrifuged at 15,000
rpm for 30 minutes at 0 °C and evaporated under
vacuum at +40 °C to a final aqueous volume of 5
mL. For further purification from lipophilic com-
pounds, proteins, and pigments, a C18 Sep-Pak
Plus cartridge (Waters, USA) was used. Phytohor-
mones were sorbed using an Oasis MCX cartridge
(6 cc/150 mg, Waters, USA). IAA, ABA, SA, and
gibberellins (GA, and GA,) were eluted with 100%
methanol (acid fraction) according to the method
described by Kosakivska et al. (2020). Phytohor-
mones were quantified by high-performance liquid
chromatography (HPLC) using an Agilent 1200
LC/MS system (USA) equipped with a G1315B di-
ode array detector and an Agilent G6120A single
quadrupole mass spectrometer. Chromatographic
separation was performed on an Agilent ZORBAX
Eclipse Plus C18 column (4.6 x 250 mm, 5 pm).
For quantitative determination of SA, an Agilent
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ZORBAX Eclipse Plus C18 SS column (3.0 x 150
mm, 3.5 um) was used. Unlabeled standards of [AA,
ABA, SA, GA,, and GA, (Sigma-Aldrich, USA)
were used to construct calibration curves. Detec-
tion was carried out in combined electrospray and
chemical ionization modes at atmospheric pressure
with negative ion polarity. Data acquisition and
quantification were performed using Agilent Open-
LAB CDS ChemStation Edition (rev. C.01.09).

Statistical analysis. Experiments were conduct-
ed in three biological replicates, each performed
independently three times. Data were plotted us-
ing Microsoft Excel (Redmond, USA). Statistical
analysis was carried out using SPSS 16.0 software
(IBM SPSS Statistics, Chicago, USA). Treatment ef-
fects were analyzed using one-way ANOVA, with
P < 0.05 considered statistically significant. Results
in figures and tables are presented as mean + stand-
ard error (SE).

Results

Abscisic acid accumulated more pronounced af-
ter heat stress than after chilling, particularly
in the shoots. In recovered plants, the hormone
content exceeded the control, and after chilling it
was higher than in stressed plants. In the shoots
of 14-day-old plants of Boghuslavka' winter rye,
short-term exposure to high temperature (+40 °C,
2 hours) and chilling (+4 °C, 2 hours) caused an
increase in ABA content by 137.0% and 61.6%, re-
spectively. In the roots, heat stress led to a 150.5%
increase in ABA, while chilling caused a 20.7% de-
crease (Fig. 1). After the cessation of high temper-
ature, the ABA content in the shoots of 21-day-old
recovered plants remained unchanged, whereas in
the roots it decreased 1.4-fold. In the shoots, ABA
level exceeded the control by 129%, while in the
roots it remained within control values. After chill-
ing, ABA continued to accumulate in 21-day-old
recovered plants, more intensively in the roots (2.5-
fold increase). As a result, the ABA levels in shoots
and roots became nearly equal, exceeding the con-
trol by 79.7% and 8.6%, respectively (Fig. 1).
Salicylic acid accumulated in the shoots af-
ter heat stress. The hormone dominated in the
roots of recovered after chilling plants. Follow-
ing short-term heat stress and chilling, SA content
in the shoots of 14-day-old plants of 'Boghuslavka'
rye increased by 416.1% and 50.6%, respectively. In
contrast, in the roots, SA levels decreased by 19.2%
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and 39.7% compared with the control (Fig. 2). Dur-
ing recovery after heat stress, the SA content in the
shoots of 21-day-old plants slightly decreased (1.1-
fold) but remained 101.2% higher than the control.
After chill-stress recovery, SA levels in the shoots
did not change and were 37.7% lower than the con-
trol. In the roots of recovered plants, SA content
increased 1.3-fold after heat stress (still 11% low-
er than control) and 2.2-fold after chilling (16.4%
higher than control) (Fig. 2).

The level of IAA decreased in roots more signif-
icantly after heat stress than after chilling. In the
recovered plants, the hormone content continued
to decrease. In the shoots of 14-day-old plants of
'‘Boghuslavka' rye, IAA content decreased under both
heat stress and chilling, reaching 102.1 + 5.1 and
107.6 + 5.4 ng g fresh weight (FW), respectively.
A reduction in IAA was also observed in the roots
- by 35.4% under heat stress and by 17.9% under
chilling (Fig. 3). During the recovery period, IAA
levels in the shoots and roots of 21-day-old plants
decreased 3.2- and 1.7-fold after heat exposure, and
1.7- and 1.4-fold after chilling. The IAA content in
the roots of plants recovered from both stresses was
similar, at 48.4 + 2.4 and 46.7 + 2.3 ng g' FW, re-
spectively (Fig. 3). The IAA levels in the shoots of
recovered plants were 15.2% (after heat) and 51.7%
(after chilling) lower than the control, while in the
roots they were 32.1% and 29.1% lower, respectively.

The content of gibberellins in the shoots of
stressed plants increased due to the accumula-
tion of GA, while in the roots it decreased. In
the shoots of 14-day-old plants of 'Boghuslavka'
rye, the total content of gibberellins (GA,+GA,)
increased by 6.1% and 20.7% under heat stress and
chilling, respectively. These changes resulted from
an increase in GA, levels, which reached 16.2 + 0.8
and 159 + 0.8 ng g ! FW under stress conditions.
In contrast, GA, content decreased markedly (2.5-
fold) under heat stress. In the roots, total GA,;+GA,
content decreased by 30.4% and 23.7% under high
and low temperatures, respectively. Under heat
stress, this reduction was due to a 2.2-fold decrease
in GA,, while chilling caused a 1.7-fold decrease in
GA, (Fig. 4).

In the shoots of 21-day-old plants recovered af-
ter heat stress, GA, predominated, whereas after
chilling, GA, was dominant. In the roots, the total
GA,+GA, content increased during recovery, more
markedly after chilling, mainly due to GA; accu-
mulation. After high-temperature stress cessation,
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the balance between gibberellins in recovered
plants shifted toward GA,, whose content was 1.7
times higher than GA,. In the roots, total GA;+GA,
content during recovery was 12% lower than the
control after heat stress, but corresponded to con-
trol values after chilling (Fig. 4).

Discussion

The perception of environmental factors and the
subsequent adaptive modification of plant growth
occur through a complex, differentiated signaling
system in which phytohormones play a key role.
Changes in the accumulation and distribution of
stress-dependent hormones are among the most
dynamic physiological responses to stress, coor-
dinating plant adaptation. Recent studies have
demonstrated close interactions among phytohor-
mones in shaping stress responses (Abhinandan
et al., 2018; Khan et al., 2020). Nevertheless, each
phytohormone occupies a distinct position in the
cascade of external signal transduction and per-
forms specific functions (Eyidogan et al, 2012).

ABA is a key plant hormone that regulates respons-
es to both high and low temperatures, enhancing
stress tolerance through diverse physiological and
biochemical mechanisms. Owing to its ability to
move long distances, ABA serves as a central stress
messenger. Its transport is a diffuse process in-
volving specific ABA transporters (Boursiac et al.,
2013). During stress, ABA is believed to connect
roots and shoots, regulate water and ion transport,
and, in coordination with other signaling mole-
cules, mediate organ-to-organ communication
(Xu et al., 2013; Vishwakarma et al., 2017). We
observed that endogenous ABA accumulation in
‘Boghuslavka' rye plants at the initial growth stage
was more pronounced after heat stress, whereas
chilling caused a reduction in ABA levels in roots
(Fig. 1). The changes in ABA accumulation in re-
covered rye plants revealed the long-term, systemic
effects of both heat and cold stress on ABA home-
ostasis. ABA-mediated responses to temperature
stress influenced not only root growth but also cy-
tokinin levels and other physiological parameters
(Kosakivska et al., 2024b, 2025). Guo et al. (2023)
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reported that ABA deficiency suppressed the re-
sponse to low temperature (0 °C, 24 h) in barley
plants at the early vegetative stage (three-leaf stage),
disrupting chloroplast ultrastructure, altering
starch and sucrose metabolism, reducing antioxi-
dant enzyme activity, and modifying the hormonal
network. In 14-day-old plants of a cold-resistant
barley variety, exposure to low temperature (+5 °C,
one day) significantly increased endogenous ABA
content (Ahres et al., 2023). It has also been estab-
lished that ABA enhances rice heat tolerance by
regulating antioxidant enzyme activity, heat shock
protein synthesis, and carbohydrate metabolism
and transport to spikelets (Wu et al., 2016).

Salicylic acid (SA) enhances plant tolerance to
both heat and cold stress by activating a series of
protective mechanisms. Acting as a signaling mol-
ecule, SA triggers physiological and morphological
responses that improve stress resistance (Yang et al.,
2023; Kosakivska, Shcherbatiuk, 2025). Our find-
ings revealed significant organ-specific differenc-
es in SA homeostasis under stress. In 14-day-old
plants of 'Boghuslavka' rye, SA content in shoots
increased after heat stress but decreased in roots
following chilling. During recovery, SA levels in
the shoots of plants exposed to high temperature
exceeded the control, whereas root levels remained
below control values. After chilling, the opposite
trend was observed: SA levels were lower in shoots
but higher in roots compared to controls (Fig. 2).
Other studies have shown that under heat stress, SA
reduces oxidative damage and mitigates the nega-
tive effects on plant growth and membrane stabili-
ty, while under cold stress it enhances antioxidant
enzyme activity, thereby minimizing damage and
improving physiological performance (Liu et al,
2022). By strengthening antioxidant defenses, SA
reduces the accumulation of reactive oxygen spe-
cies (ROS) such as hydrogen peroxide (H,0,) and
superoxide anions (O,-"), which can damage plant
cells at low temperatures (Zhang et al., 2021). SA
also interacts with ABA to modulate stress respons-
es (Zhang et al., 2022).

Auxin homeostasis under heat and cold stress
depends on the plant species, developmental stage,
and the intensity and duration of stress exposure
(Jing et al., 2023; Gonzales, Kelley, 2025; Voytenko,
Kosakivska, 2025). Our previous work on winter
wheat and spelt demonstrated that IAA dynamics
and localization during thermal stress were both
organ- and species-specific: in wheat, roots were
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more stress-sensitive, whereas in spelt, shoots were
more affected (Kosakivska et al.,, 2024a, 2024b).
Similar patterns were observed in rye plants, where
IAA content decreased under both heat and cold
stress. The root system showed a stronger response
to heat stress, and by the 21% day, a further decrease
in hormone content indicated a prolonged stress
effect (Fig. 3). It has been reported that reduced
auxin levels under cold stress lead to root growth
inhibition and morphological alterations (Tiwari et
al., 2023).

In addition to regulating growth and develop-
ment, gibberellins (GAs) actively participate in sig-
naling pathways that mediate plant responses to
abiotic stress. Under unfavorable environmental
conditions such as drought, salinity, extreme tem-
peratures, and nutrient deficiency, plants exhibit
altered endogenous GA levels that influence stress
tolerance (Kosakivska, Vasyuk, 2021). We found
that in 14-day-old shoots of 'Boghuslavka' rye, the
content of gibberellins GA,+GA, increased under
both high and low temperatures, while root lev-
els decreased. During recovery after heat exposure,
GAs content fell below control levels, whereas after
chilling it returned to control values (Fig. 4). Under
heat stress, GAs have been shown to increase the
activity of antioxidant enzymes (SOD, CAT, POD)
and the accumulation of osmolytes in wheat, there-
by alleviating oxidative damage (Zhang et al., 2023;
Romanenko et al.,, 2025). Gibberellins also positive-
ly influence root growth. A recent study indicated
that histone deacetylases HDT1/2 mediate the ear-
ly transition from cell division to elongation in root
tips by suppressing transcription of the GA2o0x2
gene, which inactivates gibberellins (Li et al., 2017).
The protective role of GAs in maintaining photosyn-
thetic activity under heat stress has also been docu-
mented (Nagar et al., 2021). By regulating GAs levels,
the negative impact of climate change on agricultur-
al production can be reduced (Sakata et al., 2014).

Conclusions

Overall, our study revealed distinct effects of short-
term high-temperature and chill stress on the dy-
namics and localization of four classes of endoge-
nous phytohormones in 'Boghuslavka' winter rye
during early vegetative growth and subsequent
recovery. The results indicate that rye shoots and
roots form distinct adaptive strategies in response
to temperature stress. These findings provide the
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foundations for further investigation of the hormo-
nal mechanisms underlying cereal crop tolerance
to high and low temperatures and for developing

National Academy of Sciences of Ukraine, No. III-
99-24.489 “Natural growth regulators in the in-
duction of cereal plant resistance to heavy metals”

strategies for enhancing their adaptive potential. (2024-2028).
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V. VASYUK et al.

Yuacrs ABK, CK, IOK Ta ri6epeninis y ¢popmyBaHHi NepBIHHOI peakuii-Bigmosini
>K1Ta 03umoro (Secale cereale, Poaceae) 3a iii BUCOKOI TeMIIepaTypu Ta OXOTO)KEHH
B.A. BACIOK, J1.B. BOMTEHKO, M.M. IIEPBATIOK, 1.B. KOCAKIBCbKA

InctutyT 60Tanixy im. M.I. Xonoguoro HAH Vkpaiuu,

By1. Tepemenkiscpka 2, Kuis 01601, Ykpaina

Pedepar. [JocmimKeHo BIIMB KOPOTKOTpyBaoi Aii Bucokoi (+40 °C, 2 rox) Ta HM3bKOI HOSUTHBHOI Temmepatypu (+4 °C,
2 TOJf) Ha TOPMOHA/TBHIIL TOMeOCTa3 14-1060BUX CTPeCOBAHNUX Ta 21-1060BUX BiTHOB/IEHNX POCIMH O3VIMOTO XXUTA. XapakK-
TEPHOIO O3HAKOIO peakllii Ha TeMIlepaTypHuUil cTpec 6y/10 MIBUAKe 3pOCTaHHA BMIcTy abciysoBoi kucnoru (ABK) Ta cani-
nunool kucnoru (CK), 617l iHTeHCHBHe HiC/Is TEIUIOBOTO CTPeCy, 0co6mnBo y maroHax. Ilicist 060x cTpeciB 3adikcoBane
36inpienns smicty ri6epeninis (IK,+TK,) Ta sMenmenna Bmicty ingomin-3-omnrosoi kucnotu (IOK). ¥V xopensax oxormo-
IKEeHHA CIPUYVMHIIO HesHauHe 3HIDKeHHA piBHA CK, ribepeninis Ta IOK. ¥V 21-5060BMX pOC/INH, BifHOBIEHNX ITiC/IA TEIUIO-
Boro crpecy, piBHi ABK Ta CK sHusummca B 060x opranax, 3a BuHATKOM CK y kopensax. Ik ABK, Tak i CK HaxomuayBamics
IepeBaXKHO y maroHax, BMicT CK y KOpeHsX TakoX 36iMbIINBCS Ta IEePeBUINB Lieil MOKa3HNUK Y maroHax, smict IOK 3ann-
IIABCST HIDKYMM, HDK Y KOHTPOJI. ITic/is OXOIOMKeHHsI 3aTa/IbHIIL BMICT TibepertiHiB y BiTHOB/IEHNX POC/IMHAX 3MEHIINBCA,
TOJ SIK TIC/IA TEIUIOBOTO CTPeCy BiH 3a/MIIABCA Ha PiBHI KOHTPOIIO. Y 21-T060BUX POCIMH >KUTA MIC/IS TEIUIOBOTO CTPECY
mominysana I'K,, Toni sk micnsa oxonomuenns nepesaxana I'K,. OTpumani pesynpTatu IeMOHCTPYIOTb OpraHOCTIelMdiaHi
3aKOHOMIPHOCTi peopraHisaliii ropMOHaIbHOTO TOMEOCTA3y IIijl Yac MBU/KOI alalTallii 0 TeMIepaTypHOTo CTPeCy.

KnrouoBi croBa: BiTHOBIIEHH:, TeMIIepaTypHi cTpecn, pitoropmoH, Secale cereale
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Abstract. Pre-cultivation time, exposure duration with xenobiotic, and its concentration are among the most significant
factors that can influence biotransformation efficiency. Therefore, the objective of this study was to investigate these three
major parameters influencing the biotransformation process of two white-rot fungal strains, Ganoderma lucidum 1900 and
Bjerkandera adusta 2144. High-performance liquid chromatography revealed that both strains converted flumequine into
hydroxyflumequine. The optimal biotransformation conditions were determined. A five-day pre-cultivation period is optimal
for both cultures; the optimal exposure time is 18 hours for G. lucidum 1900 and 36-84 hours for B. adusta 2144. The optimal
flumequine concentration was determined for G. lucidum 1900, and the highest metabolite production was observed at 200
mg/L of flumequine. Both strains effectively biodegraded flumequine: G. lucidum 1900 showed 97.7% degradation of flume-
quine after 60 hours of submerged cultivation, while B. adusta 2144 reached 96.0% after 108 hours.

Keywords: biodiversity, biotransformation, Bjerkandera adusta, chromatography, fluoroquinolones, fungi, Ganoderma
lucidum, hydroxyflumequine

Introduction 2015). In farming, antimicrobial agents can be used

to treat or prevent disease, or for mass prophylaxis
Flumequine is a first-generation fluoroquinolone (Van Boeckel et al., 2017). Flumequine is used in
that has broad-spectrum activity against Gram-ne-  figh farming in Chile (Jara et al., 2022), South Korea
gative microorganisms and is used in poultry and (Lee et al., 2025), France (Le Bouquin et al., 2021),
aquaculture (Baati, 2022). Despite the fact that flu-  and some other European countries (Swinkels et

mequine is not used for human treatment, antimi- 4] 2024). Residues of flumequine are found in both
crobial resistance is interlinked with other popu- ol and water (Ariyani et al., 2024; Barathe et al,,
lations such as animals or fish (Woolhouse et al,  2024). A comprehensive study conducted by Korean
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researchers has demonstrated that flumequine is the
second most frequently detected compound in li-
vestock products in Korea (Kim et al., 2025). Thus,
there is a strong demand for effective strategies to
degrade antibiotics released into the environment.

Biotransformation is an important tool that can
be used in white biotechnology for transformation
of various pollutants, or even natural compounds
(Smitha et al., 2017; Sales et al., 2019). For biotrans-
formation, factors such as temperature, pH, and
carbon source were widely studied and recognized
as highly impactful (Prasad et al.,, 2008; Sampaio
et al., 2008). Additionally, the productivity of bio-
transformation can be significantly enhanced by
pre-cultivation time, cultivation duration, and sub-
strate concentration (de Souza Sevalho et al., 2024).
However, they remain considerably less studied
than the parameters mentioned before. Regarding
flumequine biotransformation by fungal species,
the influence of such operational conditions re-
mains completely unexplored.

The physiological age of the fungal culture is a
critical factor in xenobiotic degradation and is di-
rectly related to pre-cultivation time in experimen-
tal setups. It was demonstrated that the removal
efficiency of chlorophenols by Trametes versicolor
(L.) Lloyd was strictly dependent on the age of the
culture, which correlates with the peak production
of extracellular enzymes such as laccase (Ullah et
al., 2000). The cultivation period is also a significant
factor, because its duration may influence the pro-
duced amounts of metabolites, and even change the
metabolites profile (Esmaeili et al., 2011).

In our previous study, five fungal strains from the
Mushroom Culture Collection (IBK) were screened
for their ability to transform and degrade flume-
quine (Kerner et al., 2026). Based on the results of
the screening, one of the strains, Ganoderma lu-
cidum (Curtis) P. Karst. 1900, was found to form
hydroxyflumequine as its sole metabolite, where-
as another, Bjerkandera adusta (Willd.) P. Karst.
2144, produced both hydroxyflumequine and trace
amounts of flumequine ethyl ester. Both cultures
showed the highest conversion rates into the pri-
mary metabolite of flumequine among the screened
strains and were therefore selected for detailed eval-
uation of the key cultivation parameters and fur-
ther development of biotransformation conditions.
Consequently, this study aimed to evaluate the
key parameters of flumequine biotransformation
by selected basidiomycetes for developing stable
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laboratory systems, thereby providing a baseline for
further investigations and future large-scale imple-
mentation of this technology.

Materials and Methods

Reagents. Acetonitrile (Chemsolute, Germany), Bac-
to agar (Saveen Werner, Sweden), Dimethyl sulfoxide
(DMSO) (Sigma-Aldrich, USA) Ethyl acetate (Ena-
mine, Ukraine), Ethanol (Enamine, Ukraine), Flume-
quine (Enamine, Ukraine), Formic acid (Enamine,
Ukraine), Glucose (Chimlaborreaktiv LLC, Ukraine),
Magnesium sulfate (heptahydrate) (Chimlaborrea-
ktiv LLC, Ukraine), Methanol (Enamine, Ukraine),
Peptone (VWR International, Belgium), Potassium
dihydrogen phosphate (Chimlaborreaktiv LLC, Uk-
raine), Potassium hydrogen phosphate (Chimlabor-
reaktiv LLC, Ukraine), Yeast extract (Conda, Spain).

Fungal strains and medium. The strains Gano-
derma lucidum 1900 and Bjerkandera adusta 2144
(GenBank accession number PQ740472) were ob-
tained from the Mushroom Culture Collection
(IBK) of the M.G. Kholodny Institute of Botany
of the National Academy of Sciences of Ukraine
(Bisko et al., 2024). Stock cultures of mushrooms
were maintained on beer-wort agar slants (pH 6.5)
at 4 °C.

Biotransformation experiments. The biotrans-
formation experiment was divided into three stages
as demonstrated in Fig. 1. At each stage, the cultures
were grown in 250 mL Erlenmeyer flasks, each con-
taining 45 mL of glucose-peptone-yeast medium
(GPY) composed of (g/L): glucose — 25; peptone
— 3; yeast extract — 3; KH2P04 — 1 KZHPO4 — 1
MgSO,-7H,0 — 0.25; pH 6.5. The fungal mycelia
were first grown on Petri dishes with GPYA media,
which additionally contain 20 g/L of agar-agar.

Based on the results of the initial biotransforma-
tion experiments, G. lucidum 1900 and B. adusta
2144 showed the highest conversion of flumequine
to hydroxyflumequine and were therefore select-
ed for further experiments to adjust parameters
for flumequine biotransformation (Kerner et al.,
2026). Those parameters included pre-cultivation
time of cultures, exposure time with flumequine,
and flumequine concentration; the parameters
were varied one at a time, while two other variables
were constant. The initial stage of biotransforma-
tion experiments (zero phase) and the extraction
procedure were performed for all fungal strains us-
ing the same procedures.
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For inoculation, seven-day-old fungal mycelia
grown on one GPYA Petri dish were used. The obtained
mycelium was suspended in approximately 200 mL of
sterilized water and homogenized to use as an inocu-
late for 45 mL GPY medium in a 250 mL Erlenmeyer
flask (10% v/v). Cultures were grown on a rotary shak-
er at 26 °C with shaking at 120 rpm in darkness. Flum-
equine was dissolved in dimethyl sulfoxide (DMSO)
and added to each flask; after that, the cultures were re-
turned to the rotary shaker for further cultivation. The
concentration of flumequine varied depending on the
experiment, and the final concentration of DMSO was
constant for each stage of the experiment, and did not
exceed 0.5%. To avoid abiotic degradation of flume-
quine, all cultivation and extraction were performed in
the dark to prevent photodegradation of flumequine.

Extraction procedure. Culture broth and my-
celia were separated by filtration. The pH of the
culture broth was adjusted to 4.0 based on the pre-
dicted log D value of flumequine and its metabolite
(hydroxyflumequine). The mycelial biomass was ex-
tracted with ethyl acetate at a 1:5 (m/v) ratio, while
the culture broth was extracted with ethyl acetate
at a 1:1 (v/v) ratio. The organic phase was collect-
ed, and the extraction was repeated three times for
both the biomass and the culture broth. Both bio-
mass and culture broth extracts were merged into a
single sample. The samples were concentrated using
a vacuum rotary evaporator. The residues were dis-
solved in a 3 mL mixture of methanol, ethanol, and
ethyl acetate (1:1:4 v/v). Extraction of the abiotic
controls was performed the same way.

Control flasks containing the medium and flum-
equine (without fungal cultures) were prepared and
incubated for 5 days under the same conditions.
Furthermore, to confirm flumequine metabolites,
the experiment with strains without flumequine
was performed for each of the strains. Each culture
was cultivated for 7 days on a rotary shaker at 26 °C
with shaking at 120 rpm in darkness, and the ex-
tracts were prepared as described above. Obtained
chromatograms from non-flumequine culture
broth were analyzed by HPLC and used as blanks to
compare with flumequine-containing samples.

Assessment of pre-cultivation time on the ca-
pability to transform flumequine. To determine
the optimal time for flumequine addition, the com-
pound was added to the cultures of different ages.
Flumequine was introduced to fungal cultures aged
3,4, 5, 6, and 7 days. After that, the flasks were re-
turned to the rotary shaker and cultivation was

continued under the same conditions (26 °C, 120
rpm, darkness). The final concentration of flum-
equine was constantly 200 mg/L, and a constant
exposure period of 3 days was chosen as the start-
ing point, based on studies of biotransformation
by other basidiomycetes (Bondaruk et al.,, 2025).
Therefore, the total time for biotransformation last-
ed from 6 to 10 days, depending on the pre-culti-
vation time. Afterwards, the contents of the flasks
were harvested and extracted as described in the
extraction procedure.

Effect of exposure time on the biotransforma-
tion efficiency. The optimal pre-cultivation time
was determined based on the extent of flumequine
conversion to its main metabolite, hydroxyflume-
quine. For both B. adusta 2144 and G. lucidum 1900,
a pre-cultivation period of 5 days was selected for
turther evaluation of the optimal exposure time. On
the 5% day of cultivation, flumequine was added to
each flask at a constant concentration of 200 mg/L.
After the addition of flumequine, the experiment
was conducted over 108 hours. Sampling was per-
formed every 6 hours over the first 48 h, and at every
12 h thereafter until the end of the experiment. At
each time point, the contents of the flasks were har-
vested and extracted as described in the extraction
procedure. Samples were performed in duplicate to
determine the concentrations of flumequine and
its metabolites by high-performance liquid chro-
matography (HPLC). Overall, the experiment was
performed in quadruplicate, consisting of two inde-
pendent experiments conducted in duplicate.

Evaluation of the optimal flumequine concen-
trations using strain G. lucidum 1900. To deter-
mine the optimal concentration of flumequine for
the biotransformation process, a dose-response
experiment was performed using the strain of G.
lucidum 1900 that showed the highest conversion
efficiency in the exposure-time experiment. Flume-
quine was added to the cultures of G. lucidum 1900
after 5 days of pre-cultivation at four different con-
centrations: 5, 10, 20, and 30 mg per flask, receiving
final concentrations in culture broth of 100, 200,
400, and 600 mg/L, respectively. The cultures were
incubated for the optimal period (18 hours), and
the residual concentration of flumequine was deter-
mined after extraction by HPLC. The main purpose
was to identify the concentration that provides high
transformation efficiency and does not have a nega-
tive impact on fungal growth. This experiment was
performed in triplicate.
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Conditions before
adjustment
Parameters

Pre-cultivation

concentration

Irpex lacteus 2437, Bjerkandera
adusta 2144, Ganoderma
Jucidum 1900, Coprinus
comatus 1687, 2325

Cultures

Assessment of pre-
cultivation time

duration 5 days Fralenliia stage stage
Exposure time 3 days 3 days From 6 to 108 h Sieccssg :tl;gt:e
Flumequine 200 mg/L 200 mg/L 200 mg/L From 100 to 600

Bjerkandera adusta 2144,
Ganoderma fucidum 1900

Assessment of
flumequine
concentration

Assessment of
exposure time

Selected on the first Selected on the first

mg/L

Bjerkandera adusta 2144,
Ganoderma lucidum 1900

Ganoderma lucidum 1900

Fig. 1. Stages of selection of optimal parameters for the biotransformation of flumequine by Bjerkandera adusta 2144 and

Ganoderma lucidum 1900

The design of biotransformation experiments is
demonstrated in Fig. 1.

Identification of transformed products

Analysis procedures. To analyze the composition of
extracts obtained from two selected fungal strains,
analytical high-performance liquid chromatography
(HPLC) was performed using an Agilent Technolo-
gies 1200 Series (Agilent, USA). Five microliters of
the extract were injected and separated on a chro-
matographic column with a diameter of 4.6 mm and
a length of 100 mm, a particle size of 2.7 pm was
used as the stationary phase. The column was filled
with silica gel modified with hydrophobic C18 gro-
ups. The flow rate was 1 mL/min. The total run time
was 10 min. Gradients of solvent A (0.1% formic
acid in water) and solvent B (0.1% formic acid in
acetonitrile) were as follows (%): (I) 0-2 min (A:B,
(v/v =95/5), (II) 2—-6 min (A:B, from 95/5 to 0/100),
(IIT) 6-8 min (B, 100), (IV) 8.0-8.5 min (A:B, from
0/100 to 95/5), (V) 8.5-10.0 min (A:B, 95/5). A UV
detector and a Quadrupole LC/MS 6120 mass ana-
lyzer (Agilent, USA) were used to identify the obta-
ined compounds. UV detection was recorded at 215
nm and 254 nm. The results were obtained and ana-
lyzed via Open Lab CDS software (version C.01.10).
The analysis was carried out using flumequine and
hydroxyflumequine as standards.
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Preparative chromatography. The metabolites
of flumequine obtained from extracts of B. adusta
2144 and G. lucidum 1900 were collected and pu-
rified by preparative chromatography provided
on an Agilent Technologies 1290 Infinity II series
(Agilent, USA). For that, 300 pl of the extract was
injected and separated on a chromatographic col-
umn with a diameter of 19.5 mm, a length of 100
mm, and a particle size of 5 um was used as the sta-
tionary phase. The column was filled with silica gel
modified with hydrophobic C18 groups. 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 acetonitrile)
were prepared as follows (%): (I) 0-2 min (A:B,
80/20), (II) 2-6 min (A:B, from 60/40 to 0/100 ),
(IIT) 6-7 min (B, 100%), (IV) 7-7.5 min (from B
100% to A:B, 80/20), (V) 7.5-9 min (A:B, 80/20).
A UV detector was used to identify the obtained
compounds. UV detection was recorded at 215, and
254 nm. The results were obtained and analyzed via
Open Lab CDS software (version 3.3.65).

Confirmation of the flumequine metabolite
by nuclear magnetic resonance (NMR) spectral
analysis. The purified metabolite of flumequine was
dissolved in deuterated dimethyl sulfoxide (DM-
SO-ds). Proton (*H) and carbon (*C) nuclear mag-
netic resonance spectra were performed on a Varian
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Fig. 2. Chemical structures of flumequine (1) and its biotransformation products identified after cultivation of Ganoderma

Iucidum 1900 (2) and Bjerkandera adusta 2144 (2, 3)

VNMRS 600 MHz spectrometer operating at 25 °C,
with an acquisition frequency of 600 MHz for 'H
and 150 MHz for *C. Chemical shifts (§) were re-
ported in parts per million (ppm).

Calculation of biodegradation percentage. The
percentage of degraded flumequine was calculated
by formula (1):

0~ G

x 100% ,
G
expressed as percentages, where C; — initial con-
centration of flumequine, C, — residual concentra-
tion of flumequine.

Degradation (%) =

Results

At the first stage of the biotransformation expe-
riments, we tested five strains of fungi from the
IBK Mushroom Culture Collection: Irpex lacteus
2437, Bjerkandera adusta 2144, Ganoderma luci-
dum 1900, Coprinus comatus 2325 and 1687 for
their ability to transform flumequine (Kerner et al.,
2026). The biotransformation products of flume-
quine and their mass-to-charge ratio (m/z) were
identified by analytical HPLC. Based on the high-
er extent of flumequine (m/z 262.4) conversion
observed for B. adusta 2144 and G. lucidum 1900,
these two strains were selected for further investi-
gation. In both fungal cultures, hydroxyflumequine
(m/z 278.2) was determined to be the major meta-
bolite formed during biotransformation, and trace
amounts of an ethyl ester of flumequine (m/z 290)
were formed only during biotransformation with
B. adusta 2144. The proposed structures of the pa-
rent compound (1) and the identified metabolites,
together with their mass-to-charge ratios (m/z),
are presented in Fig. 2. The structure of the major

metabolite, hydroxyflumequine, was confirmed by
NMR. Abiotic controls and non-flumequine culture
samples had no peaks corresponding to any of the
three metabolites.

Assessment of pre-cultivation time on the capa-
bility to transform flumequine. The results of the
assessment of pre-cultivation time on flumequine
biotransformation demonstrate that in B. adusta
2144, the extent of flumequine biotransformation
differed among cultures of different pre-cultivation
ages. The highest transformation was observed in
4-5-day-old cultures. The concentration of hydroxy-
flumequine was higher in 4- and 5-day-old cultures
(12.2 and 12.5 mg/L, respectively) than in 6- and
7-day-old cultures (6.4 and 10.2 mg/L, respectively).

On the contrary, in G. lucidum 1900, the highest
concentration of hydroxyflumequine was detected
in cultures pre-cultivated for 3 days (46.8 mg/L).
At this time point, a high residual concentration of
flumequine was also observed (16.8 mg/L). Howev-
er, in 5-day-old cultures, both the concentration of
hydroxyflumequine and the residual concentration
of the parent compound were lower (20.0 mg/L and
2 mg/L, respectively). Therefore, we assume that
the 5-day pre-cultivation period is optimal for G.
lucidum 1900. According to the obtained results,
culture age had a significant effect on the biotrans-
formation process in both investigated fungi. How-
ever, the observed trends differed between B. adusta
2144 and G. lucidum 1900.

Effect of exposure time on the biotransforma-
tion efficiency. The dynamics of flumequine bio-
transformation by B. adusta 2144 are shown in Fig.
3A. Across the analyzed cultivation time points, the
concentration of flumequine showed an overall de-
crease, following an approximately linear trend. In
contrast, the concentration of hydroxyflumequine
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Fig. 3. Effect of exposure time on biotransformation of flumequine by investigated strains. A: Bjerkandera adusta 2144;

B: Ganoderma lucidum 1900

exhibited an S-shaped profile, with the highest
concentration detected at 84 h, followed by a grad-
ual decrease at later time points. Considering that
not all flumequine was converted into hydroxy-
flumequine, the biodegradation of flumequine was
also calculated in relation to its initial concentra-
tion in the culture medium. At later time points,
higher degradation values were recorded, with a
maximum of approximately 96% observed after
108 hours of cultivation.

Fig. 3B demonstrates the effect on the biotrans-
formation of flumequine by G. lucidum 1900. Hy-
droxyflumequine was detected at all analyzed time
points. After 18 h of cultivation, its concentration
reached 15.2 + 0.81 mg/L, whereas the highest con-
centration (18.1 + 3.0 mg/L) was recorded after 60
hours. After 42 h, the concentration of hydroxy-
flumequine plateaued, whereas the concentration of
flumequine continued to decrease.

Ganoderma lucidum 1900 exhibited a high flum-
equine degradation efficiency throughout the ex-
periment. The degradation rate was calculated at
all sampling times, with a maximum value of 97.7%
observed after 60 hours of cultivation. Overall, G.
lucidum 1900 exhibited faster flumequine trans-
formation than B. adusta 2144, while both cultures
reached comparable final degradation efficiencies.

Evaluation of the optimal flumequine concen-
trations for strain G. lucidum 1900. Ganoderma
lucidum 1900 was selected for optimization of the
biotransformation process in order to determine the
optimal flumequine concentration. The culture was
pre-cultivated for 5 days, the exposure time lasted 18
h, and initial concentrations of flumequine ranged
from 100 to 600 mg/L. As shown in Fig. 4, residu-
al concentrations of flumequine were comparable
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Fig. 4. Effect of flumequine concentration on the
biotransformation efficiency of Ganoderma lucidum 1900

when initial concentrations ranged from 100 to 400
mg/L, varying between 12.9 + 4.5 and 15.1 + 3.9
mg/L. When flumequine was added at 600 mg/L, the
residual concentration increased to 22.3 + 1.7 mg/L.
The formation of hydroxyflumequine was slightly
dependent on the initial substrate concentration.
The highest concentration of the metabolite was de-
tected at 200 mg/L flumequine (15.2 + 0.81 mg/L),
whereas lower amounts were observed at 400 and
600 mg/L (9.5 + 1.7 and 11.9 + 2.3 mg/L, respective-
ly). The structure of hydroxyflumequine was verified
by 'H and *C NMR spectroscopy.

The biodegradation efficiency varied with sub-
strate concentration, reaching 91.7% at 200 mg/L and
increasing to 96.3% at 600 mg/L, indicating that G.
lucidum 1900 maintained a high degradation capac-
ity even at higher initial flumequine concentrations.

Overall, the most significant factors that influ-
enced the biotransformation process were culture
age and exposure time with xenobiotic, whereas the
concentration of xenobiotic did not influence either
biodegradation or conversion rate.
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At each stage of the experiment, non-inoculated
controls without cultures and with flumequine had
no peaks corresponding to any metabolites, con-
firming that the conversion was provided by the
fungal cultures.

Discussion

The interest of researchers in exploring the bio-
transformation of fluoroquinolones began in the
early 2000s due to the increasing consumption of
this class of antibiotics (Wetzstein et al., 2006; Wil-
liams et al., 2007). Considering that flumequine is
still applied in livestock production in several coun-
tries, the risk of developing resistance among
Gram-negative bacteria remains significant (Swin-
kels et al., 2024). Therefore, the demonstrated abi-
lity of fungal cultures to degrade this compound
highlights their promising potential for mitigating
antibiotic contamination and resistance dissemina-
tion in the environment.

The conversion of flumequine into hydroxy-
flumequine has been studied in both ascomy-
cetes and basidiomycetes (Williams et al., 2007;
Cvancarovd et al., 2015). Previous research
demonstrated that Cunninghamella elegans
Lendn. and some basidiomycetes are capable of
producing hydroxyflumequine as the primary
metabolite (Williams et al., 2007; Cvanéarova et
al., 2013). Our previous study showed that all
tested strains (Bjerkandera adusta 2144, Copri-
nus comatus 2325 and 1687, Ganoderma lucidum
1900, Irpex lacteus 2437) formed hydroxyflume-
quine (Kerner et al., 2026). However, only certain
species possess the enzymatic capacity to catalyze
further reactions leading to the formation of oth-
er derivatives.

The key role in fungal biotransformation is
played by their enzymatic systems. Fungi, especial-
ly wood-decaying species, are capable of producing
intracellular cytochrome P450 monooxygenases as
well as a wide range of extracellular oxidative en-
zymes such as laccase, lignin peroxidase, manganese
peroxidase, etc. Previous studies suggest that, at the
early stages of fluoroquinolone degradation by B.
adusta, cytochrome P450 enzymes play a dominant
role in initiating the transformation process (Akrout
et al., 2024). Alterations in pre-cultivation time, xe-
nobiotic concentration, and exposure time with xe-
nobiotic can have an impact on enzyme formation,
influencing biotransformation productivity.

Assessment of pre-cultivation time on the ca-
pability to transform flumequine. The influence
of pre-cultivation time on flumequine biotrans-
formation reflects the physiological state of fungal
cultures. In B. adusta 2144, the highest formation
of hydroxyflumequine was observed in 4-5-day-old
cultures, whereas older cultures (6-7 days) showed
lower concentrations of the metabolite. This result
is likely associated with sufficient biomass develop-
ment combined with active metabolic capacity. In
contrast, younger cultures may not yet possess ad-
equate biomass, while older cultures may exhibit
reduced metabolic efficiency due to nutrient limita-
tion or the onset of stationary-phase processes. Lit-
erature data show that fungal culture age influences
not only enzyme activity, but also the composition
of oxidative isoenzymes (Levin et al., 2002), which
may contribute to the observed differences in flum-
equine biotransformation at different pre-cultiva-
tion stages.

In G. lucidum 1900, the maximum concentra-
tion of hydroxyflumequine was detected in 3-day-
old cultures. However, it was accompanied by a
relatively high residual concentration of the parent
compound. In contrast, in cultures pre-cultivated
for 5 days, both hydroxyflumequine and residual
flumequine concentrations were lower, indicating a
balance between xenobiotic conversion and overall
transformation efficiency compared to B. adusta.
Therefore, we selected the 5™ day of pre-cultivation
as the optimal period for G. lucidum 1900. These
results demonstrate that the optimal pre-cultiva-
tion age differs between fungal species, reflecting
species-specific growth dynamics and metabolic
regulation. Overall, the data indicate that pre-cul-
tivation time is an important parameter that must
be optimized individually for each fungal strain to
achieve efficient flumequine transformation.

Effect of exposure time on the biotransfor-
mation efficiency. The exposure time had a pro-
nounced effect on the flumequine biotransfor-
mation by both fungal cultures. In Ganoderma
lucidum 1900, the most pronounced accumulation
of hydroxyflumequine was observed during the
early phase of exposure, with 18 h selected as the
optimal time point. Further increases in metabo-
lite concentration were relatively limited, indicating
that prolonged exposure did not result in higher
transformation yields.

This pattern may be related to changes in the
physiological state of the fungal culture during
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exposure. As cultivation proceeds, the biomass con-
tinues to age, which may alter metabolic activity and
the capacity for xenobiotic transformation. Thus,
the most effective biotransformation appears to oc-
cur when the culture maintains a balance between
active metabolism and the amount of biomass. Re-
markably, in our study, the major metabolite, hy-
droxyflumequine, remained unchanged throughout
the whole biotransformation period. In contrast,
during the biotransformation of other compounds,
such as citral, the longer exposure time can signif-
icantly change the final metabolic profile. Specifi-
cally, a 6-day incubation leads to hydroxycitronellal
production, whereas the period of 15 days shifts the
pathway toward the commercially valuable prod-
uct citronellol (Esmaeili et al., 2011). Consequently,
while the exposure time serves as an instrument for
changing the target product depending on the ap-
plication, flumequine biotransformation by investi-
gated basidiomycetes demonstrates a highly stable
and predictable metabolic outcome.

Bjerkandera adusta 2144 exhibited a slower but
more sustained transformation profile, with hy-
droxyflumequine detected throughout most of the
cultivation period and maximum biodegradation
achieved after prolonged exposure time (36-84 h).
This suggests species-specific differences in trans-
formation kinetics, where G. lucidum favors rapid
conversion at earlier stages, while B. adusta main-
tains transformation capacity over longer cultiva-
tion times.

The results of assessing biodegradation rate dur-
ing cultivation demonstrate that both G. lucidum
1900 and B. adusta 2144 are capable of rapidly de-
grading flumequine shortly after its addition to the
culture medium. High biodegradation rates have
already been detected after 6 h of cultivation, reach-
ing 93.4% for G. lucidum and 91.8% for B. adusta.
The biodegradation efficiency increased further,
reaching a maximum of 97.7% for G. lucidum after
72 h and 96.0% for B. adusta after 108 h. These val-
ues are comparable with previously reported data
for white-rot fungi, where more than 90% of flum-
equine was degraded within several days of cultiva-
tion (Cvancarova et al., 2013). The slightly slower
attainment of maximal degradation by B. adusta
may reflect species-specific differences in enzyme
induction or substrate processing rates.

The high biodegradation capacity observed
for B. adusta in this study is consistent with ear-
lier reports demonstrating its effectiveness toward
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other fluoroquinolone antibiotics. For example,
Befenzi et al. (2025) reported complete degrada-
tion of levofloxacin by B. adusta within seven days
of cultivation, highlighting the broad potential of
this species for fluoroquinolone removal. Overall,
the results confirm the ability of white-rot fungi
to degrade fluoroquinolone antibiotics under sub-
merged cultivation conditions.

Evaluation of the optimal flumequine concen-
trations for strain G. lucidum 1900. Xenobiotic
concentration is considered an important parame-
ter for biotransformation effectiveness. Even small
changes in concentration from 0.04 to 0.05% of xe-
nobiotic can demonstrate a change in variety and
amounts of metabolites (Prasad et al., 2008). Previ-
ous studies investigating fungal transformation of
fluoroquinolones have used a broad range of initial
concentrations, depending on the fungal species
and experimental design (Cvancarova et al., 2013;
Williams et al., 2007). In our study, four different
initial concentrations of flumequine were tested in
order to assess their effect on biotransformation ef-
ficiency. The results demonstrated that the highest
metabolite production was observed at 200 mg/L,
whereas lower metabolite levels were detected at
both lower and higher concentrations. At lower
concentrations, the substrate availability was likely
ineffective in activating the oxidative enzyme sys-
tems of the culture, whereas higher concentrations
may have inhibited fungal metabolism, thereby re-
ducing transformation efficiency.

Conclusion

The present study demonstrated that the efficiency
of flumequine biotransformation by Ganoderma lu-
cidum 1900 and Bjerkandera adusta 2144 depends
on cultivation parameters, including pre-cultivation
duration, exposure time, and initial antibiotic con-
centration. Both strains exhibited a high efficiency of
flumequine degradation: G. lucidum 1900 achieved
91.7-97.7% degradation, while B. adusta 2144 sho-
wed 91.8-96.0% within five days of cultivation with
flumequine. In both cultures, the main metabolite
was identified as hydroxyflumequine, which began
to accumulate as early as six hours after the start
of submerged cultivation and increased through-
out the cultivation period, confirming the active
involvement of fungal enzymatic systems in the
transformation process. The obtained results de-
monstrate the importance of cultivation conditions
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HocnimkenHa ¢paxTopis, 10 BININBAIOTH Ha 6ioTpancdopmaniro praroMekBiny
Kynbrypamu Ganoderma lucidum 1900 ta Bjerkandera adusta 2144

A.O.KEPHEP |, T A. AJIb-MAAJII 12
! Incturyr 6oraniku im. M.I. Xonogaoro HAH Vkpainy,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina
2 TOB "Enamin", By Bincrona Yepuwmna 78, Kuis 02094, Ykpaina

Pedepat. TpuBaicTh IONEpeIHbOTO KyIbTUBYBAHHA, Yac iHKyOaIlii 3 KCeHOOIOTHKOM Ta JI0r0 KOHLIEHTpALis € ONHIMU 3
HallBXMBIiIMX HaKTOpiB, AKi MOXKYTb BIMBATK Ha eeKTUBHICTh GioTpaHchopmaril. MeTow AOCHipKeHHA OYIO BU-
3HAYeHH: BIUIMBY TPHOX CYTTEBUX IapaMeTpiB Ha mpolec 6iotpancdopmarii fBoMa Kynprypamn rpubis — Ganoderma
lucidum 1900 ta Bjerkandera adusta 2144. Anayi3 MeTo0M BCOKOe(eKTUBHOI pifHHOI xpomarorpadii ITokasas, 10 06u-
7iBa IITAaMU IIepeTBOPUIN (IIOMEKBIiH Ha rifpokcndmomMeksin. OnTumanpHi yMoBu A 6ioTpanchopmalii BigpisHAmMCA
I/ [OCTIIKEeHNX KY/IBTYP: Yac MOIePeFHbOr0 Ky/IbTHBYBAHHs CTAHOBMB 5 IHIB /I 000X LITaMiB, TPUBAICTh iHKyOanil
— 18 rop st G. lucidum 1900 i 36-84 rox anst B. adusta 2144. [Tns xynerypu G. lucidum 1900 BCTaHOBJIEHO, 1110 HalIBMIIeE
IIPOAYKYBaHHA IiIpoKCUQIIOMEKBiHY BinOyBa€eThCs Ipy BHeceHHi 200 Mr//1 GpIioMeKBiHY, TOMY TaKa KOHLIEHTpAllis € OITHU-
MasbHOI0. BCcTaHOB/IEHO, 110 06MABA IITAMV MAIOTh BYUCOKI IIOKasHMKM Giomerpapanii ¢paroMekBiny: Kynerypa G. lucidum
1900 mpopemoncTpyBana 97,7% pmerpapaiii (meMeKBiHy micig 60 rof IMMOMHHOTO KY/IbTUBYBaHHS, TOi K B. adusta 2144
mocarna 96,0% micna 108 rom KynbTUBYBaHHA.

Krrouosi cnoBa: Bjerkandera adusta, Ganoderma lucidum, 6iopisnomanirtsi, 6iotpancdopmaris, rpubmu,
rifpoKcUQIIOMeKBiH, GTOPXiHOTOHU
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Abstract. Induction of cellulolytic enzyme systems in four strains of Schizophyllum commune (IBK 2904, IBK 2905, IBK 2906,
and IBK 2907) cultivated on lignocellulosic substrates and their efficiency in oat straw saccharification were studied. The fun-
gi were grown on Norcrans medium containing 1% alder sawdust or 1% oat straw as inducers of enzyme synthesis. It has been
demonstrated that oat straw is a more effective inducer of cellulase production. Endoglucanase activity reached 109.60 U/g .,
in strain 2904 and 103.39 U/g,,, in strain 2905 on oat straw, compared with 78.64 U/g,,, and 92.26 U/g., . on alder sawdust.
Carboxymethylcellulase activity increased up to 2.6-fold under oat straw induction, with a maximum value of 245.75 U/gp,(
for strain 2904. Filter paper activity was moderately higher on oat straw, reaching 23.90 U/g,,, in strain 2906. Supernatants
obtained after cultivation on medium with oat straw provided higher efficiency of oat straw saccharification (7.87% for strain
2904), whereas supernatants obtained after cultivation on medium with alder sawdust increased saccharification efficiency to
3.95%. The highest substrate mass loss after 48 h of hydrolysis (9.30%) was recorded for strain 2905 cultivated on oat straw.
The results indicate the potential of S. commune 2904 grown on oat straw-containing medium for the production of efficient
enzyme preparations applicable to lignocellulosic biomass conversion.

Keywords: bioconversion, cellulase, enzyme, hydrolysis, macromycetes

Introduction into fermentable sugars is a cornerstone of bio-

ethanol production and other biorefinery processes.
The bioconversion of lignocellulosic biomass (en-  This multi-stage pathway typically involves pre-treat-
compassing cellulose, hemicelluloses, and lignin)  ment to disrupt recalcitrant structures, followed by
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enzymatic saccharification and microbial fermen-
tation (Halysh et al., 2025a, 2025b; Pereira Junior,
2026). Amid rising fossil fuel prices and escalating
greenhouse gas emissions, lignocellulosic materials
offer a promising, low-cost alternative for biofuel
generation, promoting environmental sustainability
(Bukhari et al., 2025).

Cellulose, the principal structural polysaccha-
ride in plant cell walls, represents the most prev-
alent organic polymer on Earth and serves as a
vital renewable feedstock for sustainable biotech-
nologies (Sreedharan, 2016; Benalaya et al., 2024).
Composed of linear chains of D-glucose units in-
terconnected by B-1,4-glycosidic linkages, cellulose
exhibits high crystallinity and resistance to degra-
dation, necessitating efficient enzymatic breakdown
for industrial applications (Abolore et al., 2024).

Enzymatic hydrolysis, mediated by cellulases,
stands out as an energy-efficient and eco-friendly
saccharification strategy, with outcomes modulat-
ed by parameters like pH, temperature, substrate
accessibility, and enzyme specificity. However, the
high cost of cellulases contributing up to 48% to
bioethanol production expenses drives the need
for novel, cheaper enzyme sources (Mussatto et al.,
2021; Santos et al., 2026).

Cellulolytic enzymes are synthesized by plants,
select animals, and diverse microorganisms includ-
ing protozoa, bacteria, and fungi (Ejaz et al., 2021).
Fungal systems have garnered substantial attention
for their superior cellulase yields, with ascomycet-
es such as Aspergillus P. Micheli ex Haller, Penicilli-
um Link, Rhizopus Ehrenb., and Trichoderma Pers.
dominating commercial production due to their
well-characterized enzyme complexes (Sreedharan,
2016). Nonetheless, basidiomycete fungi, particu-
larly macrofungi, or mushrooms, excel in ligno-
cellulose degradation in natural ecosystems, where
they colonize decaying wood, leaf, and other cel-
lulose-enriched substrates (Boiko, 2020). These
organisms deploy enzyme arsenals to dismantle
complex biopolymers like cellulose, hemicellulos-
es, lignin, and pectin, enabling efficient nutrient
cycling (Zubyk et al., 2025). Strain-specific genetic
variability and substrate-inducible expression un-
derpin their cellulolytic prowess, making them ad-
aptable to varied environmental cues (Boiko, 2020;
Kumla et al., 2020).

Extensive research has highlighted the efficacy
of basidiomycetes in cellulases production via sol-
id-state fermentation (SSF) on agro-industrial or
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forestry residues, leveraging their natural sapro-
trophic lifestyles (Sharma, Duggirala, 2020). Sub-
strates such as wheat, sorghum, or rice straw; oak or
pine sawdust; peanut hulls; mandarin peels; cotton
waste; corn stover; and others have proven effec-
tive for inducing enzyme synthesis. Notable genera,
including Auricularia Bull.,, Flammulina P. Karst.,
Fomes (Fr.) Fr., Ganoderma P. Karst., Irpex Fr., Lae-
tiporus Murrill, Lentinula Earle, Pleurotus (Fr.) P.
Kumm., Schizophyllum Fr., and Trametes Fr., have
been cultivated on these wastes, yielding robust
cellulase activities through SSF (Bentil et al., 2018;
Boiko, 2020; Zubyk et al., 2025). This valorization of
lignocellulosic byproducts not only mitigates waste
accumulation but also aligns with circular economy
principles by converting low-value materials into
high-value ones (Akinbile et al., 2026).

While SSF mimics natural fungal habitats and fa-
cilitates high enzyme titres on solid substrates, sub-
merged fermentation (SmF) presents complemen-
tary advantages for industrial scalability, including
precise regulation of growth conditions (e.g., aera-
tion, agitation, pH, temperature, and nutrient sup-
ply), enhanced mass transfer, and simplified down-
stream processing (Kowanga, 2026).

Schizophyllum commune, a cosmopolitan basid-
iomycete known for its rapid growth and versatile
metabolism, is a model for studying cellulase bio-
synthesis. The secretome of S. commune is charac-
terized by a balanced and diverse set of extracellular
enzymes, including endoglucanases, exoglucanases,
B-glucosidases, xylanases, polygalacturonases, lyt-
ic polysaccharide monooxygenases (LPMOs), and
accessory enzymes, forming an efficient enzymat-
ic complex for lignocellulosic biomass conversion.
Compared to other wood-decaying fungi, S. com-
mune demonstrates enhanced hydrolytic perfor-
mance toward agricultural lignocellulosic residues,
largely due to its strong hemicellulolytic and pecti-
nolytic capacities (Kumar et al., 2022; Tovar-Herre-
raetal., 2018; Zhu et al., 2016).

Despite the predominance of ascomycete-de-
rived commercial cellulases, insights into basidio-
mycete enzymology underscore their untapped po-
tential for cost-effective saccharification processes.
Comparative genomic analysis has demonstrated
that this basidiomycete possesses one of the most
comprehensive lignocellulose-degrading systems
among studied Basidiomycota, including approx-
imately 240 glycoside hydrolase (GH) genes, 16
polysaccharide lyases (PL), and 30 carbohydrate
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esterases (CE), enabling efficient decomposition of
cellulose, hemicellulose, and pectin-rich substrates
(Ohm et al.,, 2010). Particularly noteworthy is the
expansion of gene families such as GH28, GH43,
PL1, PL3, and PL4, which are associated with pec-
tin and hemicellulose degradation, distinguishing
S. commune from many other basidiomycetes and
conventional ascomycete enzyme producers.

The objective of this study was to assess the cel-
lulolytic potential of S. commune strains cultivated
via submerged fermentation on lignocellulosic sub-
strates, characterize the crude multi-enzyme com-
plexes for key activities, and evaluate their sacchari-
fication efficiency on plant biomass (oat straw).

Materials and Methods

The objects of study were strains of Schizophyllum
commune deposited in the IBK Mushroom Cul-
ture Collection of the M.G. Kholodny Institute of
Botany, National Academy of Sciences of Ukra-
ine: S. commune IBK 2904, S. commune 1BK 2905,
S. commune IBK 2906, and IBK S. commune 2907.
The strains are stored on agarized malt extract agar
(Mykchaylova et al., 2025).

The inoculum was prepared on a glucose-pep-
tone-yeast medium with the following composition
(g/L): glucose — 25.0, peptone — 3.0, yeast ex-
tract — 2.0, KH,PO, — 1.0, K,HPO, — 1.0, Mg-
SO,7H,0 — 0.25; pH 6.5 (Lomberg et al., 2023;
Mykchaylova et al., 2023).

To study the cellulolytic activity of fungal strains,
a modified Norcrans liquid medium was used (g/L):
NH,NO, — 1.0, KH,PO, — 1.0, MgSO,-7H,0 —
0.5, FeSO,7H,0 — 0.005, ZnSO,-7H,0 — 0.0044,
CaCl, — 0.0055 with the addition of lignocellulosic
components as carbon sources, namely: alder saw-
dust or oat straw (10.0 g/L) (Buchalo, 1988). The in-
itial pH value was set at 6.8 + 0.2 using 0.1 N NaOH
and HCI solutions.

Five milliliters of inoculum were added to a 250
mL flask containing 50 mL of nutrient medium.
Macromycetes were cultivated in static mode (with-
out stirring) at a temperature of (28 + 1) °C for 14
days (Lomberg et al., 2023).

At the end of cultivation, the biomass was sepa-
rated from the culture liquid by filtration. The ac-
tivity of cellulolytic enzymes in the culture liquid
was determined by the amount of reducing sugars
from specific substrates released during incuba-
tion (using the dinitrosalicylic method, according
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Fig. 1. Cellulolytic activity after cultivation of Schizophyllum
commune on media with lignocellulosic waste. A:
endoglucanase; B: CMCase; C: FPase

to the glucose calibration curve). To determine the
activity of FPase (filter paper or total cellulase, EC
3.2.1.91), one strip of filter paper (FP, 1 cm x 6 cm)
was used as the substrate. To determine the activi-
ty of CMCase (carboxymethylcellulase, EC 3.2.1.4)
— 1% carboxymethylcellulose (CMC) solution. The
unit of activity was taken as the amount of enzyme
that releases 1 pumol of reducing sugars from the
substrate per minute (Mohd Azmi et al., 2016). En-
doglucanase activity (EC 3.2.1.4) was determined
according to Dudka et al. (1982). The unit of activi-
ty was taken as the % decrease in viscosity of a 0.5%
CMC solution per minute. Enzyme activity was cal-
culated per 1 g of dry weight of the substrate used
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The lignocellulosic substrate (untreated oat
straw) was saccharified by a modified method ac-
cording to Cardoso et al. (2018). Shortly, 20 mL of
culture liquid was added to 0.5 g of straw in 100
mL flasks. The amount of reducing sugars (using
the method described above) released during en-
zymatic hydrolysis was determined in the reaction
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mixture, and the biomass was dried to a constant
weight at (105 + 5) °C. Then, the percentage of cel-
lulose saccharification in oat straw was calculated
according to Alrumman (2016) based on the previ-
ously determined cellulose content of the raw mate-
rial (Halysh et al., 2025a, 2025b) and the mass yield
of the substrate after treatment (Silva et al., 2015).
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Statistical data processing was performed using
Duncan's Multiple Range test. All experiments were
performed in triplicate, and the results are present-
ed as the mean + standard deviation obtained from
three measurements. The results were considered
statistically significant at a p-value < 0.05. Letters
a, b, ¢, d... in Figs. 1-3, 5 indicate significant differ-
ences between strains at p < 0.05 according to Dun-
can's Multiple Range test.

Data processing and graphing were performed
using Excel software (USA).

Results

Schizophyllum commune strains 2904, 2905, 2906,
and 2907 were cultivated on media containing li-
gnocellulosic waste as inducers of cellulolytic en-
zyme synthesis.

Endoglucanase activity was higher in S. com-
mune strains 2904 and 2905 when cultivated on
oat straw compared to alder sawdust (Fig. 1A): for
strain 2904, the value reached 109.60 U/gp On oat
straw versus 78.64 U/g, . on alder sawdust, and for
strain 2905 — 103.39 U/g,,, on oat straw versus
92.26 U/gp,,, on alder sawdust. In contrast, strains
2906 and 2907 demonstrated slightly higher activity
when grown on alder sawdust: 76.21 U/g.,, versus
72.91 U/gp,, for strain 2906 and 79.35 U/g,, ver-
sus 78.86 U/gp, , for strain 2907.

The lowest value of endoglucanase activity was
observed for strain 2906 on oat straw (72.91 U/g, ).
The obtained values did not differ statistically from
those recorded for strains 2904 and 2906 cultivat-
ed on alder sawdust-containing medium, as well
as from strain 2907 grown on both induction sub-
strates (p > 0.05).

CMCase activity was consistently higher in oat
straw-supplemented media across all tested strains
(Fig. 1B). The highest activity is observed in S. com-
mune 2904 on oat straw (245.75 U/gp, ), nearly 2.6
times greater than on alder sawdust (94.34 U/gp, ).
Similarly, S. commune 2905 shows a 1.8-fold in-
crease on oat straw.

FPase activity increased moderately in oat straw-
grown cultures compared to alder sawdust-grown
variants (Fig. 1C). The most pronounced enhance-
ment is observed in S. commune 2906, with activity
rising from 21.77 U/gp, ; on alder sawdust to 23.90
U/gp,,; on oat straw, a relative increase of approxi-
mately 10%. Other strains show smaller increments,
ranging from 2% to 6%.

The observed preference for oat straw as an in-
ducer of cellulolytic activities suggests more effec-
tive stimulation of the synergistic cellulase com-
plex under these conditions. Notably, the activities
remain relatively uniform among strains, with the
highest value recorded for S. commune 2906 on oat
straw (23.90 U/gp,, ) and the lowest for S. commune
2904 on alder sawdust (19.79 U/g., ).

Because enzymatic activity reflects catalytic poten-
tial rather than actual substrate conversion, sacchari-
fication assays were performed to validate hydrolytic
performance. In the saccharification experiment, a
culture liquid with previously characterized cellulase
activity was used as the enzyme source; oat straw
was used as a lignocellulosic substrate to assess the
intensity of oat straw bioconversion.

For S. commune 2905, saccharification using su-
pernatant derived by cultivation with alder sawdust
increased progressively from 4.43% at 24 hours to
6.10% at 120 hours (Fig. 2A). In contrast, the en-
zyme complex derived by cultivation with oat straw
demonstrated higher efficiency, reaching 7.87% at
72 h (Fig. 2B). The supernatant from S. commune
strain 2904 cultivated with alder sawdust yield-
ed inconsistent results, fluctuating from an initial
2.96% at 24 hours to a peak of 3.28% at 120 hours.
In the oat straw-derived counterpart, yields were el-
evated yet stabilized, progressing from 6.11% at 24
hours to 7.13% at 72 hours and hovering between
6.53% and 6.76% in subsequent intervals.

Strain 2907 showed a steady increase in saccha-
rification induced by alder sawdust, from 2.63% at
24 hours to 3.95% at 120 hours. For the cultivated
with oat straw, an accelerated early phase reached
5.20% at 72 hours, followed by a brief decline to
4.93% at 96 hours (possibly due to dynamic sub-
strate-enzyme interactions). The supernatant from
strain S. commune 2906 after cultivation on medi-
um with alder sawdust demonstrated equilibrated
performance, ascending from 4.00% at 24 hours
through 4.69% at 48 hours, 4.93% at 72 hours, and
5.39-5.62% in the mid-to-late phases. Its counter-
part on oat straw maintained steady advancement
from 5.65% at 24 hours to 6.20% at 72 hours and
5.60-6.20%, devoid of notable regressions.

Saccharification kinetics revealed that the ma-
jority of reducing sugars were released within the
first 24-48 hours of hydrolysis. During this period,
the increase in yield was most pronounced across
all variants, indicating the highest catalytic effi-
ciency of the enzyme systems at the early stage of
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substrate conversion. Beyond 48 hours, the rate of
sugar release declined markedly, approaching a pla-
teau phase. This stabilization suggests progressive
limitation associated with substrate recalcitrance
and depletion of readily hydrolysable polysaccha-
ride fractions.

Given the limited increase in yield after 48 hours
(Fig. 2), further prolongation of hydrolysis was con-
sidered technologically inefficient. Therefore, sub-
sequent quantitative assessments of substrate mass
loss and saccharification efficiency were focused on
the 24 hours and 48 hours time points as the most
informative and technologically relevant stages of
bioconversion.

Substrate mass loss increased in all variants be-
tween 24 and 48 hours is caused by more active
hydrolysis at the early stage of incubation (Fig. 3).
However, the magnitude of this increase differed
substantially among strains and induction condi-
tions. For supernatants derived from alder saw-
dust-grown cultures, the highest oat straw mass
reduction at 48 hours was observed for strain 2905
(8.92%) and strain 2906 (8.49%). Strain 2906 ex-
hibited a moderate increase from 5.03% to 5.88%,
whereas strain 2904 demonstrated minimal progres-
sion (5.99% to 6.10%), indicating limited hydrolytic
enhancement after the initial 24 hours. In contrast,
supernatants obtained from oat straw-grown cul-
tures generally resulted in higher mass loss values. At
48 hours, strain demonstrated 9.30% mass loss, rep-
resenting the highest overall degradation efficiency.

Strain 2907 also showed pronounced activity
(8.77%), followed by strain 2906 (8.30%) and strain
2904 (7.90%). The increment between 24 and 48 h
was particularly marked for strains 2905 and 2907
under oat straw induction, suggesting more effec-
tive formation of enzyme systems adapted to poly-
saccharide-rich substrates. Overall, enzyme systems
induced by oat straw exhibited higher efficiency in
degrading oat straw compared to those induced by
alder sawdust. The only exception was strain 2907,
for which the difference between induction sub-
strates was negligible. These findings support the
presence of substrate-specific regulation of extra-
cellular enzyme complexes in S. commune, influ-
encing subsequent hydrolytic performance.

Discussion

Our findings reveal a substrate-dependent modula-
tion of enzyme activities, where oat straw generally
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elicited superior endoglucanase, CMCase, and FPase
production compared to alder sawdust, aligning with
the notion that agricultural residues like straw, rich in
accessible cellulose and hemicelluloses, serve as more
potent inducers for fungal cellulase systems. This
preference is evident in strains 2904 and 2905, which
exhibited 1.4-fold and 1.1-fold higher endoglucanase
activities on oat straw versus alder sawdust, potenti-
ally attributable to straw's lower lignin content (12.9-
18.1 %), in contrast to sawdust's higher lignification
(22.0-37.3 %) imposing steric constraints (Szadko-
wska et al., 2022; Rencoret et al., 2023; Halysh et
al., 2025a, 2025b; Santos et al., 2026). Conversely,
strains 2906 and 2907 displayed marginal advantages
on sawdust, suggesting strain-specific adaptations
to woody substrates, possibly linked to enhanced
expression of accessory lignin-modifying enzymes
as reported in other basidiomycetes like Pleurotus
ostreatus (Jacq.) P. Kumm, where sawdust induced
higher laccase but variable cellulase outputs (Han et
al., 2020). The uniformity in FPase activities across
strains (19.79-23.90 U/gp, ), with modest 2-10%
enhancements on straw, underscores the synergistic
nature of the cellulase complex, where straw's hemi-
cellulose components may stimulate complementary
hemicellulases, echoing observations in Phanero-
chaete chrysosporium Burds where inducers like whe-
at straw boosted overall filter paper degradation by
5-15% (Datsomor et al., 2022). CMCase, a targeted
measure of endoglucanase on soluble substrates, am-
plified this trend with 1.8-3.3-fold increases on straw,
peaking at 245.75 U/g., . for strain 2904, which sur-
passes values reported for S. commune mutants on
cellulosic substrates (e.g., 100-150 U/gp, . on bagas-
se), highlighting the efficacy of straw as an inducer in
solid-state-like fermentations.

Metreveli et al. (2021) reported that polysaccha-
ride composition of the cultivation substrate serves
as a primary determinant of extracellular enzyme
secretion profiles in basidiomycetes, with agricul-
tural residues generally stimulating higher cellu-
lase production than woody substrates due to their
lower lignin content and greater accessibility of
cellulose and hemicellulose fractions. This observa-
tion corresponds closely with the present findings,
where oat straw consistently promoted higher CM-
Case, FPase, and, for most strains, endoglucanase
activity compared with alder sawdust. Oat straw
likely provides more accessible cellulose microfi-
brils and a more favorable lignin-to-polysaccha-
ride ratio, facilitating induction of cellulolytic gene
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expression and secretion of a more effective hydro-
lytic enzyme complex.

Similarly, Kachlishvili et al. (2020) demonstrated
that the enzymatic productivity of higher basidio-
mycetes is strongly affected by cultivation param-
eters, including substrate form, inoculum char-
acteristics, and nutrient adaptation, emphasizing
the importance of physiological conditioning in
enzyme biosynthesis. The strain-specific differenc-
es observed in this study, particularly the superior
hydrolytic performance of strains 2904 and 2905 on
oat straw, support the notion that genetic and phys-
iological variability among S. commune strains sig-
nificantly determines their substrate responsiveness
and enzyme production efficiency.

Translating these S. commune enzymatic poten-
tials to practical bioconversion, saccharification
assays using culture supernatants on oat straw
demonstrated that straw-induced enzymes con-
sistently outperformed sawdust-induced enzymes,
achieving average yields of 7.13% versus 4.74% at
120 hours. This corroborates literature data for S.
commune, where straw induction enhanced saccha-
rification of pretreated biomass by 20-30% due to
a balanced complex of cellulases, pectinases, and
LMEs, as seen in studies yielding 15-25% glucose
release from wheat straw (Zhu et al., 2016). Strain
2904 emerged as the superior performer on straw
(7.87% maximum at 72 hours), reflecting robust
induction akin to S. commune IBL-06 optimized
on rice straw for LME production, where similar
kinetics led to 8-10% saccharification efliciencies
(Asgher et al., 2016).

The rapid initial sugar release (0-48 hours) fol-
lowed by plateaus post-96 hours indicates preferen-
tial hydrolysis of amorphous cellulose, with crystal-
line fractions and potential end-product inhibition
(e.g., cellobiose) limiting late-stage gains, a com-
mon bottleneck in fungal bioconversion as noted
in consolidated biological processing (CBP) with
S. commune on cedar wood, achieving only 5-8%
ethanol yields without supplementation (Horisawa
et al.,, 2015). Strains 2906 and 2907 exhibited steady
hydrolysis advancements, with induction by straw
6.76% and 7.38% at 120 hours, respectively, compa-
rable to reports of 7-9% digestibility enhancements
treated with S. commune laccases of paddy and
wheat straw (Sornlake et al., 2017).

Substrate mass loss further validated these effi-
ciencies, with straw-induced supernatants causing
7.90-9.30% reductions at 48 hours, peaking for

strain 2905 (9.30%), exceeding sawdust variants
(6.10-8.92%). This selective degradation, minimal
for strain 2904 on sawdust (6.10%), aligns with
the white-rot strategy of S. commune, where straw
fosters lignin delignification, enhancing in vitro
digestibility as observed for paddy and finger mil-
let straws (Kumar et al., 2022). Compared to liter-
ature, our yields (up to 7.87%) are modest against
theoretical 40-50% cellulose conversion, yet they
surpass untreated baselines (2-5%) and approach
optimized CBP systems, underscoring the need
for pretreatment (e.g., alkaline) to mitigate recal-
citrance, as demonstrated in S. commune on wheat
bran yielding 1.162 mg/mL glucose from rice straw
(Kumar et al., 2018). The negligible difference for
strain 2907 between inducers suggests broader sub-
strate adaptability, potentially exploitable in mixed
waste media.

Conclusions

This study demonstrates that oat straw is a signi-
ficantly more effective inducer of cellulolytic en-
zymes for Schizophyllum commune strains 2904,
2905, 2906, and 2907 than alder sawdust. Strains
2904 and 2905 showed the highest endoglucanase
activity on oat straw (109.60 U/g,; and 103.39 U/
gpw Tespectively), while CMCase activity increased
1.8-2.6-fold across all strains in oat straw-supple-
mented medium, reaching its maximum of 245.75
U/gpy, in strain 16. FPase activity was moderately
higher on oat straw, with the largest gain recorded
for strain 2906 (23.90 U/g,, ).

The best saccharification performance was
achieved by strain 2904 (a maximum of 7.87% at
72 hours). The majority of reducing sugars were re-
leased within the first 48 hours, after which the pro-
cess reached a plateau, indicating that prolongation
beyond 48-72 hours is technologically inefficient.
Substrate mass loss at 48 hours further confirmed
these findings: oat straw-induced supernatants
caused 7.90-9.30% degradation.

Thus, the present research identifies S. commune
2904 cultivated on synthetic medium with 1% oat
straw as the most promising system for cellulase
production and subsequent saccharification of
lignocellulosic biomass under the tested conditions.
Future work should focus on alkaline or biologi-
cal pretreatment of substrates thereby advancing
cost-effective, sustainable biofuel and bioproduct
platforms.
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Pedepar. JocnimxeHo iHAYKLiO LemonomTHIHNX GepMEeHTHUX CucTeM Kinbkox mrtamiB Schizophyllum commune (IBK
2904, IBK 2905, IBK 2906 ta IBK 2907), aki KY/IBTUBYBa/I/ Ha JIITHOLIE/TIONIO3HUX cy6CTpaTax, Ta IXHI0O e(eKTUBHICTb B
OLIYKpIOBaHHI BiBcsAHOI comomu. [prbu KynpruByBanu Ha cepenoBuiti HopkpaHc, mo mictuno 1% BinpxoBoi tupcn abo 1%
BiBCAHOI CONOMM AK iHIYKTOPY CMHTe3y depMeHTiB. By/no mpoieMOHCTpOBaHO, 1110 BiBCAHA conoMa Oyra 6imbir edekTus-
HVM iHZYKTOPOM IPORYKIii Ijemonasy. AKTMBHICTb eHJI0T/II0KaHasy focsaria 109,60 o;[/rCP mnsg mramy 2904 Ta 103,39 ozx/rCP
ns mramy 2905 Ha BiBCAHIN conomi MOpiBHAHO 3 78,64 Ozg/rCP Ta 92,26 OJI/FCP Ha BIIbXOBIiT TUPCi. AKTUBHICTD KapOOKCH-
MeTHILeNIoNasy 30inpmmIacs fo 2,6 pasa mpu iHAYKIIl BIBCAHOIO COIOMOIO, 3 MAKCHMAAbHUM 3HAUeHHAM 245,75 OI[/I“CP
mst wramy 2904. OllasHa akTMBHICTD Oy/Ia BUILOIO Ha BIBCAHIN comomi, gocsraoodn 23,90 o,u/rCP y mwrtami 2906. OinbrpaTn,
OTpMMaHi MiC/Is Ky/IbTHBYBAHHs Ha CEPEJOBUII 3 BIBCSHOI CONOMOI0, 3a0e3Ieunm BUILY e(eKTUBHICTb OLlyKPIOBAHHS
BiBcstHOL comomu (7,87% st ramy 2904), Toxi K GinbTpary, OTpUMaHi MiC/sA KY/IbTUBYBAaHHS HA CEPeOBMIL 3 BITbXOBOIO
TUPCOI0, MiABMIIN e(DeKTUBHICTD OLYKpIoBaHHsA [0 3,95%. Hait6inbina BTpata Macu cybcTpary micyst 48 royH rigpomisy
(9,30%) 6ymna 3adikcoana mus mramy 2905, AKMit Ky/IbTUBYBa/IM Ha BiBCAHIN coomi. PesynbraTi BKasyloTh Ha IOTEHIIia
S. commune 2904 mpu Ky/IbTYBYBaHHI Ha CepeOBUII, sIKe MiCTUTb BiBCSAHY COJIOMY, LI BUPOOHNIITBA e(eKTUBHUX (ep-
MEHTHMX HperapaTis, 110 BUKOPUCTOBYIOTbCA [ KOHBEPCIi NTirHoIemono3Hoi 6iomacn.
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