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I'ene3uc Ta nuuamika apeany Daphne cneorum (Thymelaceae) B
MeKax YKpaiHu

Bixrop 1. MEJIBHUK, Onekcannp P. BAPAHChKUI

Hauionansauit 6oraniunnii cax im. M.M. I'pumka HAH Vipaian
Byi. TumipszeBceka 1, Kuis 01014, Ykpaina
melnykviktor6@gmail.com
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Melnyk V.I., Baransky A.R. 2020. Genesis and dynamics of the range of Daphne cneorum (Thymelaceae) within Ukraine.
Ukrainian Botanical Journal, 77(5): 349-362.

M.M. Gryshko National Botanical Garden, National Academy of Sciences of Ukraine
1 Tymiriazevska Str., Kyiv 01014, Ukraine

Abstract. A detailed study of the geographical distribution and populations status in historical aspects of Daphne cneorum
(Thymelaceae), a rare species in Europe, was conducted to establish the dynamics of its range in Ukraine. Analysis of phyto-
geographic and paleological data showed that this is a migratory relict species (sensu Szafer, 1975). As a tertiary relic, D. cneorum
survived in the Volhynian-Podolian Upland. From this refugium, it migrated to the Polissya and Dnipro lowlands as well as the Dnipro
and Lublin uplands in the interglacial and postglacial periods. The range of D. cneorum in Ukraine currently consists of two separate
areas, Volhynian-Podolian and Dnipro fragments. The disjunction apparently arose as a result of inconsistency of the ecological
conditions (acid soils on crystalline rocks) of the Ukrainian shield and physiological needs of the calcephilous species D. cneorum.
In our opinion, the disjunctions between the Volhynian-Podolian, Belarus and Lublin parts of the range are of anthropogenic origin.
Over the last century, an intensive degradation of populations and fragmentation of the range of D. cneorum took place in Ukraine.
Anthropogenic pressure has led to regressive changes in the species range in the country. Due to low seed productivity, plant death
is not compensated by replenishment and therefore in disturbed habitats populations of D. cneorum are completely eliminated. The
species has apparently disappeared from the flora of Roztocze, Volhynian Upland and the Kremenets Mountains. Since the absolute
protection regime is ineffective for D. cneorum populations, the need to develop conservation management for this species in natural
habitats is emphasized.

Keywords: Daphne cneorum, habitat, population, protection, range, Red Data Book of Ukraine, relic, Ukraine
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Menbuuk B.1., bapancekuit O.P. 2020. I'ene3uc ta nunamika apeany Daphne cneorum (Thymelaceae) B Me:xxkax Ykpainu.
Vxpaincokuii 6omaniynuii scypuan, 77(5): 349-362.

Pedepar. [leranbHe BuBUSHHS reorpadidHOro MOMMPEHHS Ta CTaHy HOMySLii piakicHoro Buay ¢uiopu €Bpornu Daphne cneorum
(Thymelaceae) B icTOpUYHOMY aCIIEKTi BiJl MOYATKy (GIOPUCTHYHUX AOCIIHKEHDb 03BOJIMIIO BCTAHOBUTH JUHAMIKY HOro apeaiy B
Hauri kpaiai. AHami3 ditoreorpadiuHux Ta MajeoNOriYHUX JaHUX MOKa3aB, L0 Lei BUJ € Mirpauidaum peikrom (B cexci Szafer,
1975). SIx Tpetunnuii penikt D. cneorum 36epircs Ha BoinHo-IToainbehkiii BUCOUnHI Ta 3 bOT0 pedyriymy Mirpysas Ha [Tomicbky Ta
[MpunHinpoBckKy HU30BUHH 1 [IpuaHIinpOBChKY Ta JIFOOTIHCHKY BUCOYMHH B MXKIIbOJOBHKOBOMY Ta MiC/ISUTLOIOBUKOBOMY MEpiofax.
VkpaiHcbka yacTUHA apeainy D. cneorunm CKIaiaeThes 3 BOX pparMeHTiB — BOIMHO-NOAIBCHKOTO Ta IPHIHIIPOBCHKOTO. J{M3'IOHKILIS,
BOYEBH/b, BUHHUKJIA B PE3y/IbTaTi HEBI/MOBITHOCTI €KOJOTIYHUX YMOB (KHCII IPYHTH Ha KPHCTAIIYHHUX MOPOax) YKpaiHCHKOTO
muTa (dizionoriuHuM norpedam KanbliedigpHoro Buay D. cneorum. Jn3'tOHKLIT MK BOJHHO-TOAUTBCHKOIO, OITOPYCHKOIO Ta
JHOOJTIHCHKOIO YaCTHHAMU apeajy BHIY MaioTh, Ha HAIly AyMKY, aHTPOIIOI€HHE IMOXO/UKeHHA. [IpOTAroM OCTaHHBOTO CTOPIYYS B
VYkpaini BinOyBaeThCsl IHTEHCHBHA JAerpajalis Momyssiuiid Ta ¢parmenramis apeany D. cneorum. AHTPOIIOTGHHE HABAHTAKCHHS
MIPU3BENIO 10 PErPEeCUBHUX 3MiH apeany BUAY B KpaiHi. Y 3B'3Ky 3 HU3bKOIO HACIHHEBOIO MPOAYKTHUBHICTIO BIAMUPAHHS POCIUH
HE KOMIICHCYETHCS TIOMIOBHEHHSM 1 B OPYIICHUX MICLE3POCTAHHAX BiIOYBA€ThCS MOBHA eNiMiHauis nomyssiuiid D. cneorum. Bug
3HUK 31 cknany ¢uopu Poszrouusi, Bonmucbekoi Bucounnn ta Kpemeneupkux rip. OCKiUIbKH aOCONIOTHUH 3aMOBITHUN PEXUM €
Hee(EeKTUBHUM /Il IOMYIALii D. cneorum, HaroJomeHo Ha HeOOXiAHOCTI PO3pOOUTH 3aX0AN 3 OXOPOHH I[LOTO BUAY B MIPUPOTHHUX
MICIIe3pOCTaHHSX.

KurouoBi ciioBa: Daphne cneorum, apeast, MiCLIe3pOCTaHHsI, OXOPOHA, MOMYJISILis, pentikT, Ykpaina, YepBona kuura Ykpainu

© 2020 V.I. Melnyk, A.R. Baransky. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access article under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits use, distribution, and reproduction
in any medium, provided the original work is properly cited
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Beryn

Daphne cneorum L. (Thymelaceae) — piaxicHHIA BUI
¢nopu  Ykpainu Ta Bciei €BponM, BKIIOYEHHH 10
UYepBonux kHHUT YKpainu, binopyci, Bonrapii, [Tombii,
Pocii, Xopsarii Ta Yexii i CloBa4unHM, HAI[IOHATBHUX
UYepBonux cmmckiB ABctpii, bocuii i T'epuerosunn,
Himeuunnn, Pymynii, Cnosenii, Yropuwnu, YopHoropii,
[IBefiiapii, perioHaNbHAX YEPBOHUX CHHCKiB Icmawii,
Itanii, ®panuii, a Takok OyB pPEKOMEHIOBAHWH JUIs
BHECEHHS J0 €Bpormeiicbkoro YepBOororo ComckKy
(Rote..., 1986; Landolt, 1991; Oltean et al., 1994; Rote...,
1996; Skoberne, 1996; Maglocky, 1999; European...,
2001; Przemyski, 2001; List..., 2002; Crvena..., 2005;
Kiraly, 2007; Kiseleva, 2008; Didukh, 2009; Dymytrova,
2011; Crvena..., 2013; Parfenov, Savchuk, 2015; Giroén,
Garcia, 2018; Orsenigo, 2019).

VY 3BSI3Ky 3 pErpecHBHHMH 3MiHaMH apeaiy
D. cneorum mij BIUIMBOM aHTPOIIOTEHHHX (DaKTOpIiB
aKTyaJIbHUMH 3aBIaHHSMHU € BUBUCHHS CTAHY MOIYJIALIH
LILOTO BUJIY B Meax BCiel €Bpornu. Y HallMX MONEpeaHix
myomikamisx (Melnyk, 1986, 1994, 1995) ommcano
YMOBH MICLIE3POCTaHb Ta CTaH Nonysiii D. cneorum B
VYkpaini. MeToro 1aHoi poOOTH € BUCBITICHHSA TCHE3UCY
Ta JMHAMIKH apealry IIboro BH/y B MEKax HaIloi KpaiHH.

Marepianu Ta MeTOIH

OO0'exToM pociikeHb Oynu reorpadidni HOMyJsii
D. cneorum B Yxpaini. Ictopiro dopmyBaHHS apeany
D. cneorum B YKpaiHi BCTaHOBIJIIOBAJIM 3a MaTepiajlaMu
¢iToreorpadiyHoro Ta MaNC0OOTAaHIYHOTO BHBUYCHHS
FOTO BUAY B Mexax Bciei €Bpomnu. [eranpHuii aHami3
reorpadigHOTO TONMIMPEHHS Ta yMOB MICIE3POCTaHb

B ICTOPMYHOMY acleKTi IpOBEJEHO Ha OCHOBI
JNITEpaTypHUX, TepOapHUX, apXiBHUX JaHUX Ta
MarepiaJliB  BIaCHMX  CKCHEAWLIHHUX  JIOCII/DKCHb

(naBeneni y Ilepeniky sokasiteriB). MoHITOpHHT 3a
CTaHOM NONYJSLIA BUAY B PI3HUX YacTHHAX apeaiy
B Ykpaini npoBoiuBcs BOpoZoBk 1979-2019 pp.
Jlo HaykoBOro 00iry 3allydeHO apXiBHHH JOKYMCHT,
B SIKOMY HaBeJIeHI pe3ylbTaTH OOJIKy MOMYJISIIii
D. cneorum 'y micHEUNTBaX YepKachkkoro 00JIaCHOTO
YIpaBJiHHS JIICOBOIO TOCIOAAPCTBA 1 JIICO3aroTiBelb
y 1977 p.: "Hupexropy LIPBC unen-xop. AH YCCP
ToB. [pomsmHckomy A.M. OOnactHoe ynpaBieHue
HalpaBiIgeT Marepuaiabl 00CIIeNOBaHUA HACAKICHUH
C HaJMYMEM KyCTapHUKa BOJYESTOIHHKA JTYIIHCTOTO
(oopoBuka)..." (ocobuctuit apxis B.I. MembHuKa).

350

diToneHOTHYHI OITMCH YTPYHIOBaHb 3 yyacTio D. cneorum
MPOBOAMINCH 33 METOIUKOIO, MPHIHATOK B CXIiTHIH
€ppori (Rabotnov, 1984). V crarti oriisig reorpadigHOTO
MOIIMPEHHS TTOMYJISILIN Ha TepUTOpii YKpaiHu 31iCHEHO
3a (isuxo-reorpadivamM pationyBaHHAM (Marynych
et al., 2003).

JlaTMHCBKI Ha3BH POCIMH TIOHAaHO 3a 0a3010
Catalogue of Life: 2019 Annual Checklist (http://www.
catalogueoflife.org/annual-checklist/2019/).

Pe3yabTaTn Ta 00roBOpeHH

Daphne cneorum — pinkicanii Bug uopu €Bponw,
IU3'TOHKTHBHUI apeaj sKOro OXOIUTIOE SIK TipChKi
macuBu (Ilipenei, Llentpampauii Macus, Aunbmmy,
Anenninn, lOpa, Boresu, bankanu, Kapmatu (3a
BUHATKOM YKpaiHCbkux Ta [lombcekux), [l'eHinm),
Tak 1 piBHMHHI perionn ABctpii, ®Ppanuii (piBHHHA
Jlanam, BUCOYMHM B MeXKax ICTOPHYHHX obOIacTeit
Byprynais i Hlamnans), HiMequnuu (BUCOUMHH B MeXax
(dbenepanpaux 3emens baapis, bamen-Bropremoepr,
Eccen, Peitnnana-Ildansn), Pymynii (TpanciipBanchke
riaro), CrnoBauunuu (3aropchka HuU30BHHA), [lombri
(Canmomupcbka  HU30BHMHA,  MaJomoibCcbka — Ta
JlroOnincbka BucounHu), Yipainu (ITonicekka HH30BUHA,
Bomuno-Ilominechka 1 [IpumHIIpoOBChKa BHUCOYHHH,
[Tpuaninposckka HU30BUHA), Pocii (CepenHbopociiicbka
BrucournHa) (Aymonin, 1958, 1959; Meusel et al., 1978;
Melnyk, 1986; Witschel, Seyboldt, 1986) (puc. 1).

Y wMexax VYKpaiHH pO3TamIoBaHO [Ba (parMeHTH
apeary D. BOJIMHO-TIONIITBCEKUN ~ Ta
TMPUIHITPOBCHKUH 3 Mn3'toHKIIE0 B 350 kM (pHc. 2).

i  ¢parmentn  mpuypodeHi o oOmacreit
MIPUIIOBEPXHEBOTO 3aJsITaHHS KapOOHATHUX TOpim —
Bomuno-Iloginechkoi  Ta  JloHenbko-/HITPOBCHKOI,
MK SKMMH po3MilleHui Ykpaincekuii murt. Ha fioro
KPHUCTAJIIYHUX ITOPOJaxX CHOPMYBAIUCH KUCII IPYHTH, K1
HE BIJIIIOBIIAIOTh CKOJIOTIYHUM 1OTpedam D. cneorum i€
Oap'epoM 1A ioro reorpadivroro nommpenss (Melnyk,
1995). 3 ormsny Ha 1€, JIOTIYHO JOMYCTHUTH, 10 00HBa
yKpaiHceki (parmeHtn apeanmy D. cneorum He Oymu
3'elHaHUMU MK coOoro. B repbapHux Qonmax maiike
BincyTHi 3pa3ku D. cneorum 3 XKutomupceskoro Iomices.
VY BITUM3HAHUX Ta 3apyObKHUX repOapisix 3agdikcoBaHO
JUIme TPU 3pa3ky, 3i0paHi Ha KpalHBOMY 3aXOIi
noJicekoi yacTuHH JKMTOMHMpPCHKOi 00JacTi Ha Mexi 3
Bonuncekum [lomicesim (auB. Tleperik JiokamiTeTiB).
e B 1852 p. Oynu opraHi3oBaHi CIEIialbHI MONIYKH
D. cneorum 'y micax JXuToMHpCBHKOrO JIICHHIITBA

cneorum  —

Ukrainian Botanical Journal, 2020, 77(5)
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Puc. 1. Kaprocxema apeany Daphne cneorum (3a nanumu Witschel, Seyboldt, 1986)
Fig. 1. A map of the range of Daphne cneorum (according to Witschel, Seyboldt, 1986)

Puc. 2. BonuHO-MOINBCHKUI Ta MPUAHINIPOBCHKUM (Gparmentu apeany Daphne cneorum B YkpaiHi: 1 — Miclie3HaXOKSHHS,

BusiBieHi micns 1950 p.; 2 — Bix 1900 go 1950 pp.; 3 — mo 1900 p.

Fig. 2. The Volhynian-Podolian and Dnipro fragments of the range of Daphne cneorum in Ukraine: 1 — localities reported after 1950;
351

2 — from 1900 to 1950; 3 — before 1900
Yipaincoruii 6omaniunuii scypnan, 2020, 77(5)



(Hreve, 1855), sixi, onHak, He Manu ycmixy. Jlo cboroasi
D. cneorum y pomy perioHi He OyB BusiBIeHU. 310paHi
HAMH JeTajubHI BiOMOCTi 3 Xoposorii D. cneorum
JIO3BOJISIFOTH BCTAHOBUTH TTOILIMPEHHS [[LOTO BUY B 000X
YKpaiHChKHX (hparMeHTax apeaiy.

BonmHo-nozinbebka vacTuHa apeany D. cneorum
3aliMa€ TPOCTIP BiA TOIBCHKO-YKPAiHCHKOTO KOPIOHY
J0 Mexi Mibk BommHebkum Ta  JKutommpchkum
[Momiccsm. IliBHIUHA Meka IBOTO (parMeHTy apeairy
D. cneorum mpoXoAnTh IO JiHIi HAaCEIEHHWX ITyHKTIB
M. Kaminb-Kammpcrkuii BonuHcebkoi 0011.; cMT 3apidne
PiBHencekoi 001.; c. 30paHpku OBpyIBKOro p-HY
YKuromupcbkoi 001., 1aii OBEpTa€e Ha MiBJACHb 10 CMT
Toponaus HoBorpaa-BomuHcbkoro p-Hy Ta cMT brkiBka
PomaniBcbkoro p-Hy YKutomupcskoi ooi.; mict CrnaByTa
ta IllemreriBka XMenbpHUIBKOI 0011.; MicT KpemeHenp i
bepexanu Tepuomninbebkoi 00i. [TiBreHHa Mexa LBOTO
¢parMeHTy apeaiy MpOXOAWTH Bim M. bepexanu o
M. 3onoueBa JIbBiBChKOT 0011. Ta 710 M. JIbBOBa. BonumHo-
MOAIIbChKA YacTHHA apeany D. cneorum CTaHOBUTH
€IMHUN (parMeHT apeajgy 3 MiCLEe3HaXOPKCHHSIMH
ga JlroOmiacekin BucoumHi B Ilomemil.  OcranHi
Ha CHOTOJHIMIHIA JE€Hb BBAXKAIOTHCS  3SHUKIUMH
(Przemyski ..., 2001).

[linkoM MOXIJIMBO, IO B MHUHYJIOMY BOJIMHO-
MOAIIBCHKI  JIOKANITETH MOMIM OyTH 00'€IHAaHUMHU
B €OWHYy TeorpadidHy MOMyIAIil0 3 OUTOPYCHKUMH
MiCIe3HaXOKeHssMU. B Ham yac y bBinopycbkomy
Momicci D. cneorum 3poctae B JlenpuuchkoMy p-Hi
lomenbcpkoi 0011, B okomuusX cinm  MapkiBcbke,
I'mymoBmui, Cumowdi, BerBums (Parfenev, Savchuk,
2015). Y munynomy B upomy perioni D. cneorum 0OyB
OUITBII MIMPOKO TOMIUPEHNM, TIPO IO CBITYMTH 3HAXiJKa
B. Beccepa (Besser, 1832) nmoomuzy m. Ilincek. OTxe,
Ha Hally JyMKY, AU3'FOHKINI Mi>K BOJHHO-TIOIITBCHKOIO,
0110pYCHKOIO 1 JIFOOMIHCHKOIO YaCTHHAMHU apeairy BHIY
MAaOTh aHTPOIIOTCHHE MOXO/KECHHSL.

[punHinposcbkmii pparmeHT apeary D. cneorum
po3mimieHuii Ha Bigctani 350 KM Big  BOJIMHO-
MOTECHKOTO Ta oxornTroe KuiBehbky 1 Uepkacbky obmac-
ti. Teorpadiune nommpenus uporo Buay B [lpuaHi-
mpoB'i oOMeKeHe JIiHI€I0 HaceNeHUX ITyHKTiB ¢. Bira-
ITomrroBa cmt Ko3un Kuepo-CBSATOMMHCHKOTO p-HY;
c. Tpunimts OOyxiBcekoro p-Hy; Mict bima Ilepxsa
ta borycmas KwiBcekoi 00m; wmict  Kopcyns-
[TepuenkiBcbkuii, Cmina Ta Yepkacu Uepkacbkoi 001.,
JlaJTi Ha TIBIHI HIDKHBOIO Tediero pidyok Pock i TsacmuH.
Ha cxomi niHist i€l yaCTHHU apeairy MpOXOAUTh MO0Iu3y
cin CBuaiBok, MuxaiiniBka, CodiiBka Yepkacbkoi o0i1.
i mami B3MOBXK JiiBoi OopoBoi Tepacu JlHimpa moOnu3y
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c. Jlinusee 3omoToHickkoro p-Hy Yepkacbkoi o0i.; cin
Kwuitni, Commnunkis 1 Crape bopucniibcbkoro p-Hy
KuiBcrbkoi 0011

YMmoBH Micue3poctanb D. cneorum B YKpaiHi getalib-
HO OMNHCaHi B HAIIUX TonepenHix myomikamnisx (Melnyk,
1995). Tyt 3ayBa)kuMo, 1110 HOT0 JIOKATITETH ITPUYPOUEHI
0 COCHOBHX Ta JIyOOBO-COCHOBHX JiciB BommHO-
[oninus, Ionices ta [Ipuaninpos's, OyKOBO-COCHOBHX
miciB Po3touus ta smyunux cremniB Bomuao-ITomims.

Hamu Oysno BusiBICHE HOBE MICLIE3pOCTAaHHS BHIY B
nyooBoMy Jtici Ha IIpuaHINpOBCHKIM BHCOYMHI. BOHO
po3mimieHe 3a 4 KM Ha IMiBHIYHHA 3axXif BiJ c. Pycbka
[Tonsina B micoBomy Macusi Benukuit Uepkacbkuii Oip y
UepkachkoMy BiticbkoBoMy JticHUNTBI (Uepkachkuii p-H
Yepkacbkol  001.). Micue3pocTaHHss — MPUYpPOYCHE
0 CymimaHux BiakmamiB OopoBoi Tepacu /JlHimpa.
Penbed) MmicueBocti ropOuctuii. IpyHTH — I€pHOBO-
mig3onucTi, cymimani. CBiTauid ayO0oBHil mic acorriamii
Quercetum roboris pteridioso-herbosum — po3piHKCHUIA
(3iMkHEHicTh KpoH 0,6%) Ta HU3BKOPOCIHH — CepeTHs
BHCOTA AepeB 12 M, cepenHiil miameTp cToBOYpiB 25 cM.
Jlo ckmamy pepeBocTaHy OKpiM JoMmiHaHTa Quercus
robur L. BXOIATH TOONUHOKI aepeBa Acer campestre L.,
A. platanoides L., Betula pendula Roth, Carpinus
betulus L., Malus sylvestris Mill., Populus tremula L.,
Pyrus communis L., Tilia cordata Mill. Po3pimkeruii
miamicok  yrBopeHuit  Chamaecytisus — ruthenicus
(Fisch. ex Wotoszcz.) Klaskova, Corylus avellana L.,
Frangula alnus Mill. ta Euonymus verrucosa Scop.
TpaB'ssHO-uarapHUKOBUH  sSpyc J00pe pO3BHHEHHH,
3 MPOEKTUBHUM MOKPUTTIM 90%. Y HbOMY HOMiHYE
Pterydium aquilinum (L.) Kuhn (mpoekTUBHE MOKPUTTS
40%), KypTHHH SIKOTO YepTyIOThCS 3 PI3HOTPAB'AM Ta
yarapHUYKaMu. J{o 1bOTO SIpyCy BXOISTH TaKOXK Ajuga
genevensis L., Anthericum ramosum L., Betonica
officinalis L., Carex leporina L., Clematis integrifolia L.,
Clinopodium vulgare L., Convallaria majalis L., Galium
verum L., Pilosella officinarum Vaill., Hypericum
perforatum L., Iris hungarica Waldst. & Kit., Jasione
montana L., Luzula pilosa (L.) Willd., Melica nutans L.,
Origanum vulgare L., Peucedanum oreoselinum (L.)
Moench, Thymus serpyllum L., Tragopogon ucrainicus
Artemczuk, Trifolium alpestre L., npoeKTHBHE TOKPUTTS
KO)KHOTO 3 SIKMX CTaHOBUTH MeHIe 1%. IIpoexTtuBHe
nokputtst D. cneorum — 5%. Y 11bOMY J1iCOBOMY MacHBi
Ha 100 ™M* mpunagae 6muspko 30 Kyptu D. cneorum.
Tyt 3pocrae me nBa Buau 3 UepBoHOi KHUTM YKpaiHH
(Didukh..., 2009) — [Iris arenaria Waldst. & Kit.
(maBenenuit sk [Iris peneticola Klokov) 1 Pulsatilla
pratensis  Mill. 1liikoM MOXIHWBO, 1[0 OINHCAHUN
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IyOOBHIA JTIIC € TIOXITHHM Bil TyOOBO-COCHOBOTO. 3a
CBIJIYCHHSIM MICIEBHUX JKUTENIB, y IICISIBOEHHI POKH
TYT MPOBOJMIIACH BUPYOKA COCHHU, MicCIIs 4Oro Iy0, sIKHi
3poctaB y Il sipyci, craB JOMIHAHTOM YIPYIOBaHHS.
Po3pimkeHIicTh HepeBOCTaHy Ta HEBHCOKI ITOKa3HUKH
HOro BHCOTH Ta JiaMeTpa CTOBOYpIB CBig4aTh, IO
€KOJIOT1YHI yMOBH HE € ONTUMAJIBHUMH IJIst HOTO POCTY.

[Toni6Hi ymoBu Micuespocranb D. cneorum BiAMIY€HO
B 1yOOBO-COCHOBHX Ta COCHOBHX JIiCaX HAaBKOJIO
LILOTO HEBEJIMKOTO OCEepesKy AyOoBHX JliciB Benmkoro
Uepkacbkoro 6opy. Tak, y 136 kB. Pyceko-ITonssHCEKOTO
JiCHUNTBA Micue3pocTanus D. cneorum TpHypodeHe
mo ceimioro 100-piyHOro cocHoBoro Jyicy Pinetum
pteridioso-herbosum.  ]JlepeBoCTaH  OTHOSIPYCHUH,
noBHOTa cTaHoBUTH 0,7, cepenHst Bucora aepeB — 30 M,
cepenHiii miamerp cToBOYpiB — 45 cm. Y migpocTi
nepeBaxkarots Pinus sylvestris L., Acer platanoides,
Betula pendula, Carpinus betulus, Populus tremula.
Y mimmicky 3pocraiork  Berberis  vulgaris L.,
Chamaecytisus ruthenicus, Crataegus monogyna Jacq.,
Euonymus europaeus L., Juniperus communis L.,
Rosa canina L. Tpap'ssHO-uyarapHUYIKOBHH spyc mo0Ope
PO3BHHEHUH, 3 NpOoeKTUBHUM MNOKpUTTIM 90%. Tyt
noMminye Pteridium aquilinum (IPOCKTUBHE TOKPHUTTS
40%), KypTHHH SIKOTO YepryloThCS 3 PI3HOTPaB'sIM
Ta yarapHuukamu. Jlo ckiagy 1bOro sSpycy BXOMSTh
Ttakox Achillea millefolium L., Anthericum ramosum,
Asparagus officinalis L., Betonica officinalis, Clematis
integrifolia, Convallaria majalis, Pilosella officinarum,
Genista tinctoria L., Iris hungarica, Koeleria glauca
(Spreng.) DC., Origanum vulgare, Ornithogalum
gussonei Ten., Peucedanum oreoselinum (L.) Moench,
Polygonatum odoratum (Mill.) Druce, Pyrethrum
corymbosum (L.) Scop., Pyrola rotundifolia L., Rubus
saxatilis L., Sedum acre L., Stellaria holostea L., Thymus
serpyllum, Tragopogon ucrainicus, Trifolium alpestre.
I3 pigkicHUX BUIIB, BKIIOUEHHUX 10 YUepBOHOI KHHUIH
VYkpainu (2009), Tyt okpiM D. cneorum 3pocTaroth Iris
pineticola (I. arenaria) ta Pulsatilla pratensis Mill. Ha
kokHi 100 M? IBOTO JIICOBOTO MACHBY TIPHUIIAIAE OIU3HKO
25 kyptuH D. cneorum 3 TPOEKTUBHHUM IOKPHUTTSIM
ocTaHHbOTO 3%.

M.K. Mauocekuii (Paczoski, 1910), W. Szafer (1923),
M. Koczwara (1926), J. Kornas (1948) BimHocwim
D. cneorum no TpeTMHHHX penikTiB ¢uopu Bonmno-
[Mopims, W.Gajewski (1937), H. Walter (1974) — no
JILOJIOBUKOBUX (IVISIIQJIBHUX) PENIKTIB (ropu BonmHo-
Honumast ta Ipunainpos's. F0.JI. Kieomor (Kleopov,
1928) BBaxkaB 1eii Bua penikToMm (iopu [IpumHIpos's,
HE 3a3HAYMBIIH HOTO BIKY.

Yipaincoruii 6omaniunuii scypnan, 2020, 77(5)

OCUTBKY MUTAHHSA TIPO PEIIIKTOBY MPUPOIY TA FCHE3UC
apeany D. cneorum B YKpaiHi € IUCKYCIHHHM, IS
3'scyBaHHS icTopii (hopMyBaHHS apeany IbOTO BHAY B
MesKax Haioi KpaiHu HeoOXiHO MpoaHalli3yBaTu HasBHI
Ooraniko-reorpadiuHi Ta mameo0OTaHIUHI BiIOMOCTI
I10/10 TEHE3UCY apeaity BUIy 3 yciei €Bpomnu.

3Ha4yHA KUNBKICTh MyONiKamild MPUCBSUEHA TEHE3NUCY
CepelHbOPYChKOI  4YacTUHM apeaiy D. cneorum.
€B. Bymsd (Wulf, 1944) BignocuB D. cneorum
(D. julia Kozo-Pol.) no TpernHHuX pelikTiB ¢opu
CepenHpOpyChKO1  BHCOYMHU. 3TiHO 3 TIMOTE3010
B.M. Kozo-ITonmsHCBKOTO (Ko0ZO-Polianskiy, 1931), meit
BHJI HAJIGKUTL 0 TaK 3BaHUX "3HMKEHUX aJIbIHIIIB",
K1 B Iepio]] INIEHCTOLCHOBHX 3JIE/ICHIHb CITyCTWINCH Ha
CepeaHbopyChbKy BUCOUMHY 3 rip LlenTpansHoi €Bpor.

H.II. BunorpamoB i C.B. Tomimma (Vinogradov,
Holitsyn, 1963) Bkasytore, mo D. cneorum He €
aJNBITIHCHKAM BHIOM, OCKUTBKH B TOpax €BpOIH 3pOCTae
B IEpEArip'saX Ta HIKHIX mosgcax Tip. OCKiJIbKH TipchKi
mokamitetn D. cneorum po3MmimeHi Ha BHUCOTI 930-
2280 m Hax p. M. (Hegi, 1925-1926; Aymonin, 1958;
Witschel, Seybold, 1986), Hemae miacraB BBaxaTu
e BUJA aJbIIMCBKUM. 3arepedyroud IPUHAIEKHICTD
D. cneorum no "3umwkenux anpminnis", H.IT. Bunorpamos
i C.B. Tomimmu (Vinogradov, Holitsyn, 1963) ne
craBwin nix cymHiB Te3y b.M. Kozo-IlomsiHcbkoro mpo
D. cneorum sx THONOBUKOBUH pemikT. BoHm BBaXkamm,
1m0 Ha CepeIHbOPYChKY BUCOYMHY IICH BUJI MPOHUK ITif
gac IHIIPOBCHKOTO 3IeeHIHHSA, a B [IpuaHinpos's — y
B'topmi. I. I'poccer (Hrosset, 1964) BinHocus D. cneorum
IO PETIKTIB (GJIOPH COCHOBUX JIiCIB MiCISITHOTOBHKOBOTO
Hepiomy.

Bussnenns III. Jlopodeeum (Dorofeev, 1986)
BUKOITHOTO HaciHHA D. cneorum y BiiKJIaaXx BEpXHBOTO
mionieHy B okonuigix cin Myexmanb 1 MoiiceeBo
Tam60BcrK0i 001. Pociticekoi Denepariii € BaXJIIMBOO
OCHOBOIO  PEKOHCTPYKIii  HAyKOBO-OOIPYHTOBaHOI
icropii apeanmy Buay B Mexax CxigHoi €Bpomm.
[TaneoHTONOTIUHI PEIITKHA BKa3yIOTh, IO IEH BUA €
TpeTUHHUM perikToM ¢mopu CximHol €Bporm, SKAN
NEPeKUB 3JIEACHIHHS Ha He3alMaHUX JIbOJOBUKOM
MABUIICHHAX y penbedi. Bukonne nacinus D. cneorum
takox Oynmo BusBiaeHo ILI. Jlopodeesum (Dorofeev,
1986) y Bigkmamax HIDKHBOTO IUIEHCTOIEHY MoOmm3y
c. MoiiceeBo pa3oM i3 BUKOIHUMHU 3aJIMIIKaMK Betula
humilis Schrank, Selaginella sp. Ta IHIIHUX JIbOJTOBUKOBUX
penikTiB. Marepiaiay X JOCTIDKEHb CBiI4aTh, 10 Ha
CepenHbOpyChKii BHCOYMHI D. cneorum € PETiKTOM
BEPXHBOTO IUTIOEHY, SKWH Yy JIbOJOBUKOBOMY Iepioai

353



3poCTaB y IbOMY PErioHI pa3oM 3 JIbOJOBHKOBUMH
penikTamMHu.

AbcomoTHo mpoTmnexkHuME Tinore3i b.M. Ko3o-
[MonstHCBKOTO TIPO Mirparito D. cneorum i3 3axony Ha
cxin € morsin K. Tpomms (3a Hegi, 1925-1926), srinao
3 IKUMH D. cneorum MIrpyBaB 31 CXOJy Ha 3aXijl y3/0BX
tedii JlyHato i mpoHUK Ha baBapchke BUCOKOTIpHE IIIaTo,
3aXOITUBILY OKPIM JI0JIMHU J{yHaro J1iBOOEpeXHY YaCTHHY
fforo OaceiiHy, Ta HE NPOHUK y HOTO TpaBOOEpPEKHY
JaCTHHY.

H. Gams (1930) BigHOCcHUB D. cneorum 10 PENiKTiB
TPETUHHUX KEAPOBUX TA CEKBOEBUX JICIB AJBIL. 3TiIHO
3 P. Jakucz (1961), D. cneorum € TpeTHHHUM DEIiKTOM
¢mopu Ampm i banmkaH, IEHOTHYHO TIOB'S3aHUM 3
yrpynoBanusimMu  Orno-Ericion — cornaeae  Horvat.
M. Gusuleac (1932) BimHOCHB D. cneorum 10 TPETUHHAX
pexnikriB ¢uiopu IliBnennux Kapnar (TpancinbBanis), a
B. Zo6lyomi (1958) — 1o TpeTHHHUX PENiKTiB (GIopH Tip
byna nmobmusy Bynanemra. G. Pottier-Alapetite (1943)
BimHOCUB D. cneorum 10 cepeI3eMHOMOPCHKO-TIPCHKAX
BUIiB, B Topax lOpa BiH € peniKToM pHCC-BIOPMCHKOTO
nepioxy. lle miATBEepMKYEThCA HASBHICTIO BHKOIMHHUX
PELITOK BUIY Y BIOPMCBKHX BIJIKJIaZax IIbOTO PETiOHY.
S. Muller (1997) BigHocuB D. cneorum 10 PEIIKTIB
OopeanmpHOTO TeEpiogy ¢uopu perioHy brorepranmg
(ITiBuiuni Boresn).

Icropist popmyBanns apeany D. cneorum y Mexax
Bciei €Bpomny po3IsIHYyTa B y3arajibHIOIOUUX podoTax
J. Aymonin (1958, 1959) ta M. Witschel (1980, 1986).
J. Aymonin BigmiuaB, mo D.cneorum € TPETHHHUM
permikrom ¢mopu IlipeneiB, 3Bimku BigOymack Horo
Mirpaiiss Ha miBmeHHud 3axin ®pannii, ta Kapmar,
3BiKM BiH MirpyBaB Ha piBHMHH PymywHii Ta Ilombmi.
M. Witschell BBaxkaB, II0 INEPBUHHUMH OCEpPEIKAMH
3poctanHs D. cneorum € llipenei, IliBneHHi Anbmm,
bankann Ta CepeaHbOpyCbKa BHCOYMHA, J€ BIH
30epircs sIKk TPETUHHUHN PEIiKT, @ B PIBHUHHUX PErioHax
HiMeuunHY BiH € IHTEPIIAIIAIEHIM PEIIKTOM.

Kpurnunuii  ananiz  OoraHiko-reorpadiuHux i
MAJICOHTOJIOTIYHAX JAaHUX 3 pI3HUX 4YacTHH apeaiy
D. cneorum moxasas, IO I 4ac 3JI€ACHIHb e BHUI
30epircs sk TpeTHHHHH pemikt y IlipeHesx, Ambmax,
Ha bankanax, y IliBnennnx Kapnarax, Ha BonuHo-
[ominecekifi Ta CepeaHBOPYCHKIH BHCOYHMHAX. Y
MIXKITbOJIOBUKOBUN Ta MICISUIBOIOBUKOBUI TEPiof BiH
npoHuk i3 [TipeHeiB Ha miBneHHUH 3axin @paniiii, 3 Anb
ta Kapnar — na pisauan Cepeanboi €Bpornu, 3 BonuHo-
[Mopisnns — B [Momicest Ta [Tpuaninpos's, Ha JI10OIiHCEKY
ta Masononbecbky  BUcouMHM 1 CaHIOMHpPCBKY
komoBuHy B [lonbmii (Aymonin, 1959; Melnyk, 1986,
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1995; Witschel, Seybod, 1986; etc.). Takum dYnHOM,
D. cneorum — 1ie TUNIOBUI MIrpaliiiHuil peiikt. 3rigqHo
nmo BusHaueHHs W. Szafer (1975) mixm mum TepMmiHOM
pPO3YMIEMO BHIIM, PEIIIKTOBI JIMIIEC B JICAKAX YaCTHHAX
apeaniB. Omxke, B Ykpaini D. cneorum € TPeTHHHUM
penikroM ¢utopu Bonuuo-I1oainbCchk0i BUCOUNHY, SKHUN
B MDKJIBOJOBHKOBHH Ta MiCISUTBOJOBUKOBHN TEPiof
MirpyBaB Ha [Tomiccst ta B [IpuaHinpos's.

Sk BuUcOKoAeKOpaTMBHa pociuHa D. cneorum
3aBHAa BHKOPHCTOBYETHCS JUIsl OyKETiB, IIO BILTMHYIIO
Ha CTaH MOro TOMyJAIid Ta apeai. 3a CBiAUEHHSIM
W. Curtis (1795), D. cneorum GyB IIUPOKO MOITMPEHUM
B okonusiX BinHs Ta Bke 3 XVI cToniTrs Horo KBiTH
MacoBO 3pHBaIM Ta INPOAABAIM HAa MICBKHUX pPHHKaXx.
OCKUTbKM TIpM BHPHBaHHI HA/I3eMHHX KBITKOHOCHHX
cTeben JIETKO BHCMHKYIOTBCS KOPEHI pOCIHH, IIe
BIUIMHYJIO Ha CTaH MOMyJsnid. B okoiuisix cydacHoro
Binus momymnsmii D. cneorum BXe He TPAIUIAIOTHCS, IO
€ pe3ynbTraToM OararopiuHoi eKcInTyaranii Horo pecypcis
B I[bOMY PETiOHI.

BupuBanns Ha OyKeTH, BUKOITYBaHHS Ta IEPEHECEHHS
POCJIMH Ha MPUCAAUOH] TUISTHKH, XUXKAIlbKe BUHUIICHHS
JiciB, 3aMiHa TIPUPOAHUX JICIB HA MTYYHI TPU3BEIH /10
3aru0esi HU3KH MOMYJISLIHN 1 perpeCMBHUX 3MiH B apeali
Buy Ha teputopii Himewuwnn, [Monemi, CroBauunamy,
Opanrii (Aymonin, 1981; Witschel, Seybold, 1986;
Bednarz, Peret, 2003).

PosmisiHemMo  cydacHuit  craH  momyssuid  Ta
3MiHE apeany D. cneorum B YKpaiHi TiJ BIDIABOM
AQHTPOIOTreHHUX (aKTOPiB.

Ha Bomuacekomy Ilomicci B Mexax cydacHOL
Bomuncbkoi  obmacti  D.  cneorum  ymnepuie  Oyio
BUSIBJIICHO B OKONHUILIX MicTeuka Llymans (KiBepriiBchkuit
p-H) (Vandas, 1886). HasBHiCTb 1bOTO BHIY TYT Yy
nepmrid mosoBuHI XX CTOMITTSA Oyna MiATBEpIKEHA
nocmimkennsivu C. Marko ta 1. [Taxeka (Macko, 1935;
Panek, 1939), nicast {pyroi cBiToBoi BiliHu D. cneorum
TyT BKe He (pikcyBanmu. B cycimapoMy MaHEBUIIBKOMY
p-Hi D. cneorum ymuepuie Oyio repOapu30BaHO B
okomuiix cMT Manesuui B 1916 p. (mauB. Ilepemix
JIOKAJITETIB. .. ). 32 OUIBII HIXK CTOPIYHUI IEPiOJ] TYT OYII0
BUSIBJICHO ONM3BKO NIECATH JOKATITETIB, MPUYpPOUCHUX
JI0 1y0OBO-COCHOBOTO JIiCY, SIKHH B MUHYJIOMY CTOJITTI
3aiiMaB wromry Omu3pko 2000 ra B bopiBchKOMY,
CodisniBcbkoMy Ta  YepeBaxXChbKOMY  JIICHHIITBAXx.
[HTeHCHBHI BUpPYOKHM JCIB B OCTaHHI JCCATHPIUYS
npu3BeNu 10 (parMeHTarnii boro J1icOBOro MacuBy Ha
okpemi nutsHku. Ha ceoromui nonymsuii D. cneorum
TPAIUIIOTBECS. TYT Maike BHUKJIIOYHO Ha IPHUPOIHO-
3aMoBIIHUX TepUTOPIsiX. Y Oinbl miBHIYHOMY KamiHb-
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Kammpcekomy p-Hi 3a¢ikcOBaHO JHIIE JBa JOKATITETH
D. cneorum (nuB. Ilepenik JIOKaJiTeTiB. . .).

VY miteparypi € YyHIKanbHI CBITYEHHS NP0 CTaH
nonyJsinii D. cneorum y nonicbKiit yactuHi PiBHEHCHKOT
obmacti B cepemmui XIX cromitra. 3a3Ha4eHO, IO
D. cneorum tpamnsietbess "B yiecax BOnMm3u PoBHa u
Jajee Ha CeBep M CeBepo-3alajHylo JacTb POBEHCKOro
ye3Ja B JIOBOJILHO 3HauuTelbHOM KoimdectBe" (Hreve,
1855: 395). Cnin 3ayBaxxuTH, 10 TOAiHIH PiBHEHCHKHIT
TIOBIT BKJIIOYAB B ce0e He JHIIe Cy4acHUi PiBHEHCHKHH,
a ¥ cywacHi Koctominbchbkuii, bepe3HIBCbKUI p-HH.
VY npyriit momosuui XIX — Ha mouarky XX CTOMITTS
Ha Teputopii PiBHEHCHKOrO p-HY OyiaM BUHHIIEHI
Maibke BCi JIiCH y 3B'SI3KYy 13 PO3MIMPEHHSM ILIOM]
clIbChKOrOCHONapchkux  yrigp. lLle He wMomio He
BIUIMHYTH Ha CTaH momyisiuid D. cneorum. 3a naHUMH
M. Tlaneka (Panek, 1931, 1939; ITepenik nokanitetis. ..)
y mepmriii momoBmHI XX CTOMITTTS Ha TEPHUTOPIi
cydacHoro PiBHEHCBHKOrO p-HY Oyiio 3aikcOBaHO JIHIIE
YOTHPH JOKATMTEeTH D. cneorum, i nuine B OJHOMY 3
HUX — B OKOJHUIISIX 3aJi3HUYHOI cTaHIil JItoOOMHPCHK,
Je JUIIUBCS HEBUPYOAaHWH JICOBMII MacwB, BHJ e
TPAIUISBCS JOBOJI 4acTo.

VY niBHIYHIH YacTHWHI KOJHUIIHBOTO POBEHCHKOTO
HOBITYy Ha TepuTopii cydacHoro Koctominbchbkoro p-Hy
D. cneorum OyB Ounpm nommpeHuM (auB. Ileperix
mokamiteriB...). [lepen Jlpyroro cBiTOBOIO BifHOIO,
3a cBimuennsm C. Manko (Macko, 1935), y mnepioxg
KBiTYyBaHHA D. cneorum 1oro OyKeTH MacoBO IIpoO-
JlaBali  HA 3aJi3HUYHUX CTaHLisIX BoimHCBKOTO
[omices. 3a iHpoOpMAaIIi€ro, OTPUMAHOIO BiJ MICIIEBHX
KUTEIIB, D. cneorum 1€ IOBOJII 4acTO 3HAXOAUIH B
KocrominschkoMy p-Hi B MICISABOEHH]I POKH. 32 HAIIUMHU
cnocrepexenHamu B 1960-1970-x pp., D. cneorum
3pifka TpamisiBcs B JyOOBO-COCHOBHX JlicaX Ha
miBHIYHAH 3axif Bix M. Kocrormine — y KocrominscbkoMmy
Ta MaIlaHChbKOMy JTICHUITBAaX. Y pe3ynbTati BUPYOOK
BIKOBHX JyOOBO-COCHOBHX JICiB 1, BIIIOBIIHO,
MOCHJICHHSIM OCBITJICHOCTI, JIOKyCH D. cneorum [eIio
30LTBITYBAJIHCE 1 e ASSKHUIA 9ac 3pOCTalld Ha BUPYOKax.
[Tpore Haca/HKEHHS JIiICOBUX KYJIBTYp Ha MiCLli 3BEJICHUX
MPUPOAHUX JICIB 1 3apoCTaHHA BHPYOOK MPHU3BEIH
JI0 TIOBHOI eJIiMIHAIl OCTaHHIX OCEPEAKIB 3pPOCTaHHS
D. cneorum y KocrominpcbkoMy Ta MamiaHCEKOMY
micaunreax (Melnyk, 1986; Melnyk, Baransky, 2006).
[IpoTtarom OGaraTbox pOKiB BimOyBaeThCs aerpamaris
KOJINCh YUCEIBbHOT momysnii D. cneorum y G0TaHIYHOMY
3akazHuky Cycekuit. Tyt mnonymsuis D. cneorum
JIerpamye pasoMm i3 (ITOICHO30M depe3 iHTCHCHBHE
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3apocranHs yarapaukamu (Didukh, 1974; Rasevych,
2010).

Y Kutomupcekomy I[lomicci 3adikcoBaHo wIIe
Tpu nokamitetn D. cneorum, JBa 3 SKHX BHSBIICHI
B XIX — mepmiii momoBmHI XX CTONITTS (IUB.
[Tepenik JsoxamiTeTiB...), WMOBIpHO, BXe 3HHKIU. B
1998 p. B oxommmsax c. 30panpku OBpPYHIBKOTO p-HY
JKuromupcebkoi 0011. Oynia BUSIBIICHA JIUILE OZIHA 0COOMHA
poro Buny (Orlov, 2005).

Ha Manomy Ilomicci D. cneorum cnopagndHo
MOIIMPEHUH B yChOMY PETiOHi, J1e 3aiKCOBAHO OJIM3BHKO
JIBAIIISATH WOTO JIOKATITETIB. SIK CBiT4aTh JTiTEpaTypHi Ta
repOapHi nani (auB. Ileperntik JOKAIITETIB...), OMHUM i3
HaWOUIBII 3HAYHUX OCEPE/KIiB 3POCTAHHS LLOTO BHIY
Oy yOOBO-COCHOBI JIicH B OKOJHIIX cMT Cwmwura
Jy6uiBcbkoro Ta c¢. byma 3monOyHiBChKOTO p-HIiB
PiBHeHcbkO1 0071, (muB. Ilepemik JokamiteTis...). B
ocraHHi aecaturmittss B Cmm3pkoMy Ta bymancbkomy
JICHUITBaX HaM¥ (DIKCyBaJIUCh JIMIIIE OKPEMi 130JIbOBaHI
kyptuan D. cneorum (Melnyk, 1986). B oxommisx
c. bapanne PanuBuniBcbkoro p-Hy PiBHeHCBKOT 0051
Tmicisg BUPYOKH COCHOBOTO JIICY Ta MIATOTOBKH IPYHTY
IUTY)KHUMH OOpOHAMH Ha MEXi 3HUKHEHHs IepeOyBae
KOJIMCh urcenbHa nomyssiis (Batochenko, 2019).

Ha BonmuHChKiit BUCOUMHI OiNbIIa YacTHHA JIOKATiTe-
TiB D. cneorum Oyna 3adikcoBana B XIX cromiTri (auB.
[epenix nokamiteTiB...). B XX cromitTi Oy10 BUSBICHO
JMIIE [Ba JIOKAIITETH Ha KPEWIOBHX BIJICIOHEHHAX
JIucoi Ta KBiTy4oi ocranmeBux rip modmusy c. Mama
Murpua JlyGHiBchKOTO p-HY PiBHEHCHKOI 0011, (Melnyk,
1986; Ilepenmik mokamiTeTiB...). OOwABI mOMymAMil
Oynu BKpall HEUYMCENBPHMMHM 1 CKIQJAJIUCh 13 JIBOX
(ma ropi Jluca) Ta Tprox (Ha ropi KBiTywa) KIIOHIB
wiomieto 0,1-0,2 M?, B sSKUX OyJiM MpeACTaBIICHI JIHIIE
reHepaTuBHI pociauan. BumoOyTok kpeian Ha Topi Jluca
Ta TEpacyBaHHsS CTEIOBHX CXMJIIB 1 TMOCaJIKa JepeB Ha
ropi KeiTyda mpusBenu 10 einiMiHamii MUX YHIKATbHUAX
nomyisiiid. ToMy € Bci miJcTaBU KOHCTAHTYBAaTH HOBHE
3HUIIEHHS reorpadivyHoi momysii Buxy Ha BonuHCbKii
BHCOYHHI 1 pOpPMyBaHHS HOBOi aHTPOIIOTEHHO-ITOX1THOT
JU3'FOHKIIIT B HOro apeari.

Ha Tloxmimbecekiit BucoumHi D. cneorum mepebyBae
B JICIIO KPAIOMy CTaHi. VIOro HeBemmki 3a IUIomiero
nomyysiii 36epermcs y Boponskax ta Iomoropax Ha
ocraHueBux ropax bima ta Cunyxa, Jluca, XKynuupka,
Makitpa, Cs'sta y bpoxaicekomy, bBy3pkomy,
3onouiBcbKoMy p-Hax JIbBiBCbKOT 001. Ta HAaTopi 'Oy B
BbepexxancbkoMy p-Hi TepHOMiIBECHKOT 0051, (1uB. [Tepernik
JIOKAJITETIB...). Y TOW X€¢ Yac BHUJ, OYCBHIHO, 3HUK 31
cxiany ¢nopu Kpemenenpkux rip. M. Koczwara (1926)
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3ayBaKyBaB, 0 D. cneorum OyB JOCHTH MOUIMPEHUM
Ha TepeHax "KpemeHneupkoi Bonuni". B iHmiii cBoiii
npani BiH (Koczwara, 1930) HaBogute D. cneorum mist
COCHOBOTO Jiicy mo0nu3y I. boxa B okosuisgx KpemeHiis.
B miteparypi Ta repbapHux (hoHOAX BIiICYTHI BKa3iBKH
PO 3pOCTaHHs L[Oro BUIY B KpemeHeubkux ropax y
poxu micns J{pyroi cBiTOBOI BiifHH.

Daphne cneorum 3HMK TakoX 31 ckiaxy ¢iaopu
Po3rouus. Jlns 1mpOro perioHy HABOMWIM JIMIIE [Ba
JIOKQJIITETH BUJy — B OKOJIMISX C. 3aBajiB — Cy4acHUH
SIBopiBchbkuit p-H JIbBiBChKOI 00i1. (Szafer, 1923) ta B
Crpam4aHChKOMY JIiICHHUITBI moOmu3y cenmma I[BaHO-
Opanxose (Melnyk, 1995).

Y 1970-x pokax NPOBOAWIM OOJIK MOIMYJISIIN
D. cneorum 'y nicHunTBax Yepkacbkoro o00JIaCHOTO
YIPaBITiHHS JIICOBOTO TOCIIOJAPCTBA Ta JIiCO3arOTiBEIb.
byno BcTaHOBJEHO, MO BHJ 3pOCTac Ha TEPUTOPIl
Pycero-IlonsHcpkoro, [lyOGiiBcrkoro, bimoosepcrkoro,
JlaxuiBcbkoro, TscMUHCBKOTO JIICHUITB YepKachbkoro
nepxiicrocry, Kymeidicekoro Ta  SIcHO03epCHKOTO
micannTB  KopcyHb-1lleBueHKIBCHKOTO — JIepKITicrociry
Ta B  3akpeBchkoMy  JcHHUOTBI  CMUISHCHKOTO
nepxkiicrociy. HalmommpeHinmmM BHJ BUSIBHBCS B
Pycwro-ITonsacskomy, Jly6iiBcbkoMy Ta binoo3epcbkomy
JICHUITBAX, B IKUX CyMapHa IUIOIIA JTiCOBUX yTPyTOBaHb
3 yuactio D. cneorum ctanoBuia 1119,2 ra. IIpu upomy
wroma KypTaH D. cneorum Oyna BiJ KUTBKOX KBaIpaTHAX
METpIB JI0 OfiHi€T COTOT rekrapa.

3a cimuennsamu H.€. ArToHIOK (Antonyuk, 1982), y
binoo3epchkoMy JTiCHUITBI Ha ony 1 ra B cepenHbo-
My npunanaro 700 xyptuH D. cneorum, y Pycwko-
[Monsacbkomy micHUITBI — 1500. [IpoexTnBHE NOKPUTTA
BUly B TpaB'sHO-4arapHUYKOBOMY sipyci focsrio 10%.
VY Pyceko-IlonsHCBKOMY 3aKa3HUKY Ta Ha MNPUIEIIHX
Teputopisix 'y bimoosepcekomy, TscMuHCBKOMY Ta
Pycpko-IlonstHCbKOMY JTICHULITBAX TPOEKTHBHE MOKPHT-
T BUAY Aocsrano 10-20%. Ha 10 m? mpumangano 2-5
ocobuH Buay (Temchenko et al., 1986).

VY Ham yac 3a yMOB aOCOJIFOTHOTO 3arlOBiJJaHHS B
Pycpko-IlonstHCbKOMY 3aKa3HHMKY B MICIIE3pOCTaHHSAX
D. cneorum BinOyBaeTbcsi (OPMYBaHHS —MIIIBHOTO
nigpocty 3 Carpinus betulus 1 B pe3ynprati — Ierpaiaris
nomyJsiiit D. cneorum (Rasevych, 2010).

3 ompimy Ha KatacTpo(idHEe YCHXaHHA Ta BUPYOKH
COCHOBHUX JiepeBocTaHiB Benmkoro Yepkacbkoro 6opy
BimOyBa€eThCA JEeTpajalist MiCIIe3pOCTaHb Ta eIiMiHAIisg
nomyssiin: D.  cneorum. 111006 omiHuTH MacmTadu
IIBOTO SIBHINA, HEOOXiTHO MPOBECTH TOBTOPHUH OOJIK
JCOBHX yIpyNOBaHb 3 y4acTio D. cneorum y 3a3Ha4CHUX
JIICHHIITBAX.

356

[Toni6Hi mporecu BinOyBaroThes i Ha [IpuaHITPOBCHKIi
H130BHUHI. B 1920-X pokax y COCHOBOMY JIiCi B OKOJIHIISIX
c. Kuitnie (bopucminecekuit p-H KwuiBcbkoi 0011.)
"3HAMIIOB MPUTYJIOK HEBEIWKUI PETIKTOBUI YarapHUK
D. cneorum, sikuil pocTe TYT BEIUKHUMHU IUIIMaMu"
(Kleopov, Dubovyk, 1926: 44—45).

N JTyOOBO-COCHOBUX micax Poxnriscekoro
BIICEKOBOTO Jiicrociy B OKONHUIEIX cin  COUIHHKIB
i Crape bopucminscekoro p-ay KwuiBcbkoi 00
D. cneorum BiIpi3HSABCSI BUCOKUMHU (PITOLECHOTHYHUMH
MIOKa3HUKAMH, HOTO MPOEKTHBHE IOKPUTTS B TPaB'sHO-
YarapHU4IKoBoMy sipyci pmocsiranio  60%. ITomymsis
Oyna mpejicraBieHa KypTuHamu Iuiomero 10-200 w2
(Melnyk, 1994). MoHIiTOpUHT 3a CTAaHOM MOITYJIAII{
MOKa3aB, M0 Ha MOYaTKy HOBOTO THUCSIUOJITTS B 3B'SI3KY
13 3apOCTaHHIM YarapHUKOM Ta IHTECUBHUM (hOpPMyBaH-
HSM TimTicKy D. cneorum ctaB TyT piakiceum. Moro
y4acTb y TpaB'sTHO-4arapHUYIKOBOMY SPYCi CTaHOBHUTH
He Oinbiie 1%. 1lle OinbIn HEraTUBHO HA CTAH MOMYJIAIIIT
FOTO BHUAY BIUIMBAIOTH CYIUIBHI Ta BHOIPKOBI pyOKwH,
SIK1 3TOJIOM ITPU3BEIYTh JI0 TIOBHOT eTiMiHalii TOmyJsmii.

3aramom B VYKpaini BimOyBaeThCs IHTEHCHBHA
Jerpajamist momyiasuid  ta  QparMeHramis  apeaiy
D. cneorum. Jl0 pErpecMBHUX 3MiH HPU3BOIATH
BHPYOyBaHHS COCHOBHX 1 JyOOBO-COCHOBHX JIICIB,
3apOCTaHHs JIICOBUX MICUE3POCTaHb YarapHUKaMu,
TEpacyBaHHS CTEMOBUX CXWJIIB 1 HAaca/PKeHHS Ha HHUX
JiepeB, BUIOOYTOK Kpeian Ta 30ip pociuH Ha OyKeTH.
B 3B'S3Ky 3 HH3BKOIO HACIHHEBOIO NPOAYKTHBHICTIO
D. cneorum, 3yMOBJIEHOIO HETOOPOSKICHUM ITHIKOM

(Horb, 1988), Bigmam pociuH HE KOMIICHCYETHCS
[OHOBJIEHHSIM, 110  TPHU3BOAUTH  JIO  IOBHOL
emiMiHaIil TOMYNALiA B aHTPOIIOTEHHO MOPYIICHUX
MICII€3pOCTaHHSX.

B Vkpaini D. cneorum oxopoHstoTh y UepeMchbkoMy
MIPUPOAOMY 3aTIOBITHHKY, B HAI[IOHATBHUX TMPHPOIHUX
napkax Jlepmanceko-Octposbkuid, [TiBuiune [logimis, B
0OTaHIYHHX 3aKa3HUKAX 3aralbHOACPIKABHOTO 3HAUYCHHS

"Kpymie Osepo", "CodisniBebkuit", "CyHUYHHK"
(Bommacpka 00m.), "Cycpkmii" (PiBHeHCBKa 001.),
"Tamuupkuil"  (TepHominbebka — o0i.),  "JlicHuku"

(M. Kuis), "Pycero-Ilonsacpkmii" (Yepkackka 001.).
HeoOxinHo opraHi3yBarH 3aka3HHK y bopucniibcbkoMy
p-ui KwuiBcbkoi oOmacti. 3Bakaloud Ha  BHCOKY
CO30JIOTIYHY IiHHICTH D. cneorum, SKUU 3aHECCHO
no YepBOHMX KHUT a00O HAI[lOHATBHUX YEPBOHUX
cnuckiB 15 kpain €Bpornu, Horo HEOOXiJHO BHECTH IO
€BpOMENCHKOTO YEPBOHOTO CITHCKY.
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BucnoBknu

Daphne cneorum € TPEeTHHHUM PEJIKTOM (Iopu
Bonuno-TToqiasCchbKkoi  BHCOYMHHM, SKHW 13 I[LOTO
pedyriymy mirpysaB Ha [lomiceky Ta IIpumHIIPOBCEKY
HU30BUHY, [IpraHinpoBcbKy Ta JII0OMIHCHKY BUCOUMHH B
MDKIIbOJJOBUKOBHH Ta MiCISUTLOOBUKOBUH nepioan. [IBa
YKpaiHChKi ()parMeHTH apeajy — BOJIMHO-TIOUILCHKHUHI Ta
TIPUIHITPOBCHKUN PO3ALICHI I3 TOHKITIEIO TPOTSHKHICTIO
350 kM mpupomHOro MOXO/MKEHHS. HasBHICTE 1i€l
IU3'TOHKINT TOB'sI3aHa 3 HEBIAMOBIIHICTIO €KOJIOTTUYHHUX
ymoB XKuromupcebkoro [Tomices ¢izionoriaanm norpedam
D. cneorum. CdopmMoBaHi Ha KPUCTAIIYHUX IOPOIAX
VYKpalHCHKOTO IMUTa KHUCII IPYHTH € HEBIAMOBIIHUM
cyocTtparoM it KanbliedinbHOro Bugy D. cneorum i
CITyTYIOTh €KOJIOTIYHUM Oap'epoM Jutst HOro MOMINPEHHS.

JIu3'toHKIT MK BOJIMHO-TIOALIBCHKOI0, MOJIBCHKOO
Ta OUTOPYCBKOIO YaCTHHAMH apealliB  yTBOPWIHCH
MiJi BIUIMBOM aHTPONOreHHUX (aktopiB. BupyOku
JCIiB, 3apOCTaHHS JICOBMX CEKOTOIIB YarapHUKaMHU Ta
JHUCTSIHAMH JIEPEBaMHU, TEpacyBaHHsI CTEMOBUX CXMJIIB
Ta TOCcaJKa Ha HHUX JepeB, BUIOOYTOK Kpeian Ta 30ip
pociyH Ha OyKeTH IPU3BOIATH JI0 AeTrpajanii momyssii
Ta ¢parMeHTamniii apeany D. cneorum B Yipaini. Uepes
HU3bKY HACIHHEBY IPOIYKTHUBHICTBH BiJIaJ POCIMH HE
KOMIIEHCY€ETBCSI iXHIM ITOHOBJICHHSIM, 10 IIPU3BOIUTH /10
MOBHOI eJeMiHalil BUay B aHTPONOT€HHO-MOPYIICHHUX
MICIIE3pPOCTaHHAX. B OCTaHHI AecCSATUpIUYsl BUI 3HHUK
31 cxiany ¢uopu Pozrouus, BommHCBKOT BHCOYMHM
ta KpemeHeupkux rip. ¥ pesyisrari 1bOro y BOJHHO-
MOJITBCHKINH YacThHI apeaiy D. cneorum YTBOPHIACS
MU3'TOHKIIS, sIKa PO3AUTWIA HOro Ha MOJIChKUH Ta
TOTECHKUH (pparMeHTH.

3 omisiy Ha Hee(eKTUBHICTh a0COIFOTHOT 3aIOB1IHOT
oxopoHH D. cneorum HEOOXiTHO pO3pPOOUTH Ta BTLJINTH B
JKUTTS IPUPOJOOXOPOHHUI MEHEKMEHT MOMYJISIin. Sk
pinkicHuii Bua ¢uopu €Bpornu, BHeCEHUH 10 YepBOHUX
KHUT a0o cruckiB 15 kpaiH, D. cneorum 3aciyroBye Ha
BHECEHHS /10 €BPOMNEHCHKOr0 YepBOHOIO CITHCKY.
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Bucnosntoemo BosuHicTh aupexTopy boraniunoro IHcTHTYTY
im. B.JI. Komaposa PAH (Cankr-IletepOypr) a.0.H. mpod.
J1.B.Tensrmany Taacmipanty A. JIbocTpiHy 3a HalaHi MaTepiaan
Deneparii, kadenpu
YepHiBeIBKOTO YHIBEPCUTETY

repbapiiB  Pociiicekoi 3aBigyBady

GoTaHiKH HAaI[{OHAJILHOTO
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Hepenik nokauireriB Daphne cneorum B
Ykpaini
[TOJIICBKA HM30BHNHA

Bonuncwxe Ionices

— BoamHcbka 064, Kawminp-Kammpcekuid  p-H: OK.
c. Bepxu (3a 7 xm), Ha y3micci cocHOBOTO Jicy, 28.07.1949,

bapb6apuui (KW); ox. M. Kawminp-Kamupcekuii, B 1y6oBo-
cocHoBomy Jici (Browicz, 1968). KiBeplliBChbkUii p-H:
KiBepuiscrke n1-Bo (Macko, 1935); ok. cmt Llymans, minasi
COHsYHI TansBuHH, 3BuYaiiHo (Vandas, 1886; Panek, 1931,
1939). ManeBunpkuii p-a: 'opononbskuii jicrocr, boposchke
71-Bo, KB. 21-22, ypou. CyHWYHUK, TiIaHi JIOHH ITOKPHUTI
MOJIOIMMHU PO3PIPKEHUMH COCHAMH COCHOBHIL tic, 1990,
Menbuuk (KWHA); I'opomonkwuii sticroctr, TpostHiBCBbKe JI-BO,
B CTapoMy 0epe30BO-COCHOBOMY JIiCi, TaHAIIAQTHUI 3aKa3HUK
Kpydene o3epo, 07.1972, Amnppienxo (KW); c. 3amocts
ypou. yboBuis, ty6oBo-cocHoBHi Jic, 10.09.2002, Koninryk
(KW); MaHeBHYH, COCHOBBIH MOAPOCT Ha TEMIAHOW TpsIe,
1916, Unbunckuit (LECB); ox. cmT ManeBuui, ay6oBo-
cocHoBui Jic, 1983, Memsank (KWHA); ok. cmT Manesnui,
COCHOBO-Iy00BO-0Oepe3oBuii nic (Rasevych, 2010); 3 km Ha 3X.
Bix c. CooisHiBKa, po3pimpkenuii Bupyokoto iic, 08.07.1949,
Kocenp, det. bapancekuit (KW); ok. c. Co¢isiHiBKa, COCHOBHIA
mic, 08.08.1949, bap6apuui (KW); 1985, Tepnenpkuit (KW);
CodistHiBebke 11-Bo, KkB. 37-38, 20.07.1995, bapaHcbkuii
(KWHA); ok. c. CodisuiBka, Co¢isHIBCbKHI OOTaHIYHHI
3aka3Huk, kB. 9, 1993, Menpuuk (KWHA); 10.05.2005,
Pacesnu (KW); UepeBaxcbke JI-BO, B CTapoMy Oepe30BO-
cocHoBoMy uici, 07.1972, Ampnpienko (KW); UepeBaxcbke
n-Bo, OepesoBo-cocHoBHid Jic, 05.06.1987, MenbHUK
(KWHA); YepeBaxchbke J1-BO, 3piiHii COCHOBHIL jtic 1 OOHITETY,
14.07.1992, bapancekuit (KWHA); Yepemcpkuii mpupomHuii
3aroBiqHHK, ypouniie "bip", cocCHOBHH JTic — 3€JI€HOMOXOBHIA,
ransiBuHa, 10.06.2003, Koningyk (KW).

— PiBHencbka 001. [omancekuii p-H: c. Piunmg,
cocHoBuii uic, 1988, TlomipHuk, AnTtoHOBa (PiBHEHCHKHI
Kpae3HaBumMii Myseil). Kocrtominbchkuii p-H: oK. JlepakHo,
Topunceke 51-BO, kB. 41, cocHsk 3 rpadom, 1990, AHTOHOBA
(PiBHeHCHKHI Kpae3HaBumii My3eil). KocTominbchke 1-BO, KB.:
26-29, 1993, MenbHUK; JIFOHA B3JIOBXK JIICOBOT IOPOTU MiX CC.
MariiBka — JansHka, cocHOBO-1yO0BHit JHic, 1994 MenpHUK,
Bapancekunit (KWHA); nH. ok. c¢. MariiBka, Jyku Ha Micui
BHUPYOaHHX COCHOBHX JICIB, Jerpajayioda momyismis, 1994,
Menbauk, bapanceknit (KWHA); Mamanceke 71-BO, KB. 5,
rpaboBo-ny6oBo-cocHoBu ic, 1993, Menbuuk (KWHA).
PiBHeHCBKMI p-H: "B necax BONMmM3uM I. PoBHO u naiee Ha
CEBEpHYI0 W CeBepo-3amajHylo 4acTd PoBeHckoro yesma',
1855, I'pese; Klewan, 1877, Sobkiewicz (KRA); KneBancokuit
microcn, OyekcaHapiichKe JI-BO, KB. 62, MOJIOAHIA OEpe30BHii
mic Ha Micmi mopyba cocam, 1981, AntoHOBa (PiBeHCHKMIA
Kpae3HaBunii Mmyseif); st. Lubomirsk k. Réwnego (poleska
cze$¢ powiatu), las mieszany, czgsto, 19.05.1927, Panek
(LW); (Panek, 1931, 1939); Jlro6omupcrk, 1981, AntoHoBa
(PiBeHchKMii Kpae3HaBumii My3eil); ok. c. OpxkiB (Panek, 1931,
1939); ok. c. Pybue (Panek, 1931, 1939); ok. c. Cycbk, Cycbke
1I-BO, COCHOBHH Jic, 1981, AHTOHOBa (PiBeHCHKHMI Kpac3HABUMI
my3eit); 2005, PaceBuu (KW); ok. c. CychbK, BepIIHA CXHIIIB
mpaBoro Oepera p. [opuHb, TajsiBHHA cepell HACaPKEHb COCHH,
06.05.2002, Hizyx (KW); ok. c. CychK, KpeHiasHi BiICIOHEHHS
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Ha Gepesi p. Topuns, 06.05.2002, Hdizyx (KW); (Rasevych,
2010); ok. c. Llly6kiB (Panek, 1931, 1939). CapHeHCBKHI p-H:
(xonumne) c. IMorymsaka (Mik cMT. Crenanb CapHEHCBKOTO
paifony i c. 3onotonuH (KocTominbchkoro paiioHy), COCHOBUIM
mic, 21.06.1957, llumanceka (LW); CapHenceke 1-Bo, 1985
[s. coll.] (I'epbapiii CxXiZHOE€BPOMEUCHKOTO HAIIOHAILHOTO
yHiBepcutety iM. JI. Ykpainkwm).

Kumomupcore Ionices

— Kurtomupcebka 0064. JXuromupckuii yesn, Ha JTyrax
mesxay JKutomupom u PosHo, 05.06.1862, Asryctunosud (LE).
HogBorpan-Bonuncbkuii p-H: cmT [opoanuus, 1855, Porosuu
(KW). OBpyupkuii p-H: OK. ¢. 30paHbKH, Ha 3aJ€PHOBAHOMY
cxmiti ecoBoro spy, 20.04.1998, Opaos (KW); (Orlov, 2005).
PomaniBcekuii p-H: ok. cMT bukiBka (Barbarych, 1955).

Mane [loniccs

— JlbBiBcbKka 0041. bpomiBebkmii p-H: Brody, 05.1850,
[s.coll.] (LWS); 1874, Rehman (KRA); Wotyn, Bor sosnowy
"Swidowiec" pod Brodamy, 06.1910, Wycieczka 1. B. B.
(LW, LWS, KRA, KRAM); 1910, Polanski (KRAM); z lasow
sosnowych w Korsowie (c. Kopcis), duzo, 08.1860 Gomolinski,
det. JlazeOna (LWS); ok. c. JIeniHiB, COCHOBHIA JIic, Ha MIIIIAHOMY
rpyHTi, 1937, Duda (LW); Cranicnasis mix bponamu (Szafer,
1923). Bycbkuii p-u: kolo Toporova (c. Toropis), w sosnovych
lasach, 1959, [s. coll.] (LWS). 2KoBkiBcbkuii p-H: Mix JKOBKBOIO
i 3amkoBuM (Szafer, 1923). Kam'suko-by3pkuit p-u: Berbeki-
Potoniczna pr. Kamionka Strumitowa (m. Kam'sinka-by3bka),
in silvis, frequens, 05.1891, Btocki (LW). PagexiBcbkuii p-H:
Pawlow [I1aBniB], bor sosnovy, 1857, Rehman (KRAM); 1913,
Elowicki (LW); Radwance [PaxBanmi], las sosnowy, 1861,
Dzieduszycki det. Rehman (LWS); 05.1898, Tymrakiewiz
(LWS); Radwance, 1876, Schauer (LWS); 1888, Tyniecki
(LWS; LW); Ponolow pod Radziechovem, bor sosnowy, 1857,
Rechmann (KRAM); 05.1913, Elonishi (LW).

— PiBHeHcbKa 00u1. [lyGeHchkuii pH: Buszcza (c. byma)
koto Krzemienca, las sosnowo dgbowy na podtozu piasczystym
zpodglebiem marglistym, [s. data], Motyka (LW); Smyga, 1923,
Czeczott, Kozlowski (KRAM); Smyga (Szafer, 1923); Smyga
koto Krzemienca, las sosnowo dgbowy na podtozu piasczysto
marglistym, 22.07.1936, Motyka (LW); lasy sosnowy m.
Smyga a Buszcza; 1923, Pawlowski (KRA); CmuriBcbke J1-Bo,
kB. 78, cocHoBwii 1ic, 30.05.1987, Menbauk (KW); 18.05.2007,
OpmnoB  (KW); CwmmuriBebke 1-Bo, 100-piuyHHit CcOCHOBHI
mic, 30.06.1987, Menpauk (KWHA). 3mon0OyHiBCbKHI p-H:
c. byma, cocroBo-myboBwmii Jic, na podlozu piasczystym z
podglebiem marglistym, [s. data], Motyka (LW); ok. c. Byma,
nigBuIIeHui cepen bymiaHcekoro 0osiora milmaHuii OCTPIB,
BKpuTHii cocHOBUM Jticom, 2001, MenpHuk, bapaHchkuii
(KWHA). Octpospkuii p-H: c. barekiBmi, 1995, Barouenko
(PiBHeHCHKMI Kpae3HaBumii My3eil). PaquBuiiBChbkuit p-H: yp.
Bapanne (ok. c. bapanne), 14.07.1984, [s. coll.], (KW); 1984,
Amnppienko (PiBHeHChKkHI KpaesHaBumid My3eil); Kpymerpke
n-Bo, cocHoBuii sic (Rasevych, 2010); okon. ¢. MuxaiiniBka,
ypounmie bapanse, 1977, Annpienxo, [Ipsnxo; PaguBnnicbke
1I-BO, COCHOBHII Jic Ha kpeimi, 10.08.1972, Annpienko (KW);
PanuBuiiBCbKe J1-BO, KB. 80, B. 2, y PO3PIPKEHOMY COCHSIKY,
Oararo, 17.05.2007, Opmio (KW).

— Tepuoninbebka 006 LLymcpkuit p-H: Suraz, Malinow,
las sosnowo dgbowy na glebie bardzo plytkiej piasczystej o
podglebiu marglistym, 06.05.1939, Motyka (LW); c. Crixoxk,
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cOocHOBHH Jric, micok, 24.05.1959, [s. coll.] (KW); B oxoi.
c. Cypax (Motyka, 1947); na Wotyniu, na péinoc od Surazu,
1936, Madalski (KRAM).

— XMeJbHULbKA 00.1. [3'acnaBchkmii p-H: [LmyXHAHCBHKE
1-BO, KB. 3, B COCHOBOMY JIiCi 3eJleHOMOXOBOMY, 26.05.1997,
Amnpnpienxo, IOrmivex (KW). CrnaByTchkuii p-H: B COCHOBOM
necy Omu3 1. CraByta, 05.1861, Tumenskuii, Porosuy (KW);
22.05.1904, Paxoun (LW); [s. data], Liunrep (LW); (Szafer, 1923).
Ileneriscokuiit p-v: B IllemeriBepkux micax (Matuszewski,
1913); HIIII Mane Ilomiccs, ypou. Knumoseuske, 2016,
Anpnpienko-Masok, FOrmiuek. Iymcbkuii p-H: ok. ¢. Cypax
(Motyka, 1947).

PO3TOYYA

— JIbBiBcbKa 00.1. SIBODIBCEKHMI p-H: OKOJ. C. 3aBaliB
(Szafer, 1923).

BOJIMHCBKA BUCOUYMHA

— JIbBiBchKa 001 Cokanbehkuii p-H: Borek — Poturzyca,
rzadko (mix cc. Bipkn — IToropums), 05.1898, Dzieduszycki,
Tyniecki (LWS); Poturzyca, 1861, Dzieduszycki, Rehman (LW,
LWS).

— PiBHeHcBKa 00.1. [lyOeHChKHI p-H: OKp. T. [lyOHO, J1ec,
Ha 13 kM o Kpemeneukom mocce, 21.08.1899, ITypunrs (LE);
ok. ¢. Mana Muitsua, crernoBi cxmti KBitywoi ropu, Ha Buxomax
kpeiian, 29.05.1987, Menpauk (KWHA); ok. c. Mana Munbya,
crenoBi cxuin Jlucoi ropu, 29.05.1987, Menpuuk (KWHA);
Mumsaa — Homi Camm, Ksitywa ropa, 1987, AnHTOHOBa
(PiBHEeHCHKMIA Kpae3HaBUMU My3eii); ropa mepen c. [lupsatun
(Pieratyn), Ha cXuJTi BKDHTOMY PO3PLIKEHUMH COCHAMH, IPYHT
BCistHUM Kyckamu kpeiiam, 20.04.1895, Ilagocekmit (LW).
3nonOyHiBcbkuit p-H: Mizoch na Wolyniu, 1882, Rehman
(KRA).

MOAIIbCbKA BUCOUYMHA

— JIbBiBcbka 004, BposiBebkuii p-H: na wzgdrzach
kredowych pod Boratynem, 1858, Lobarzewski (LWS);
c. boparuH, Ha kpeissHuX cxunax, pazom 3 Teucrium chamaedrys,
1858, Jlobauescrkuii det. Jlaze6na (LWS); ok. c. Boparus,
15.05.1955, Henect (KWHA); Brody, na Makitrze, [s. date],
Rehman, det. Sytschak (LW); oxoxn. c. I'ai, iyuHO-cTenosi
cxmmi T. Makitpa, 25.07.1973, Mopo3z (KWHA); 16.05.1987,
yminosa (KW); ok. c. ['ai-Cyxoninbceki, JIuca ropa (Onoka),
cyxi cxmmm, 15.05.1955, Hlenect (KWHA); Leszniow koto
Brodéw, las sosnowy na podtozu piasczystym, 22.07.1937,
Duda (KW); . Makitpa (Koczwara, 1926); 12.06.1980,
Cikypa, Antoniok (KWHA); Pieniaki (c. Ilensiku), w lasach
sosnowych, [s. data], Trautvetter (LE); oxon. c. [TonukoBwuIs,
Jluca Topa, 15.05.1955, enect (KWHA). Bycbkwmii p-H:
c. OxuniB, kpeitnsaui Biacaonenus bimoi ropu, 18.05.1958,
boiiko (LWS). 3omouiBcekmii p-u: Lysa Goéra koto Gotogor
w Ztoczowskiem, stepowa halawa na podlozu marglistym,
15.07.1935, Kazimirski (LW); . XKyaunpka 3a c. XKynnui,
1891, Trusz (LW); 1925, Koczwara (LWS); 25.04.1961,
MamunoBcekuii, det. Kysspin (LWS); Wotyn, brzeg lasu na
gorce Zulickiej pod Ztoczowem, 20.04.1911, J.B. (LW, LWS,
KRA, KRAM); gora Zulicka za Zulicami, 1891, Trusz (LW); na
poludniowych zbochach Zulickej Gory, Zulich, kolo Zlochowa
(Madalski, 1933); Lysa, k. Ztoczewa, 05.1929, Tuliglowicz
(LWS); 05.1932, Trusz det. IllumkeBua (LW); 22.05.1969,
Tomaguyk (LW); na poludniowych zbochach Lysej Gory kolo

Yipaincoruii 6omaniunuii scypnan, 2020, 77(5)

Zlochowa (Madalski 1923, 1933, 1936); Luka k. Ztoczewa, na
stoku gldwnego ramienia "Gory Loskotowskiej", 15.07.1936,
Kedzierski (KW); na stepach Lysej, Zulickej, Swientej i
Bialej Gory (Motyka, 1947); Cssra ropa mig binmum Kamenem
(Koczwara, 1926); c. ITimyucces (c. [Migmices) 6inst Oxumosa,
Ha miBieHHUX cxwuiax bimoi Topu, 07.05.1949, MenpHuayk
(LWS); c. [ignmuccs, bina ropa, 25.04.1961, ManuHOBCEKHIA
det. Kyzsapin (LWS); 1961, €pmauenko (LWS); 25.04.1961,
HleBuyk det. Kyzspin (LWS); 2 xm Ha cx. Big c. [lizmuces,
miBHIYHI cxwim T. bima, pigko, 09.05.1985, 3arymechkuii
(LW); 2 xm Ha cx. Big c. [Tigmuccst, 3axiguuii cxun 1. bina, Ha
cyxoninpHii syni, 23.04.2020, Kyzspin (LWS); c. Iignuces,
r. bima, 3ax. cxmnm, vacto, 02.05.1986, 3arymecekmii (LW);
c. [Mimmucces, Jluca ropa, 25.04.1961, €pmauenko, det. Kyzsipin
(LWS); miBn.-3x. cxun . bina, 19.05.1982, Aurontok (KWHA);
3aximHi cxwn T. binma, wacto, 1986, 3arynscekuii (LW); 2 kM
Ha cx. Big c. Ilimnuces, 3x. cxun binoi ropu, Ha CyXOiIbHIN
nyni, 23.04.2010, Kyssipia (LWS); B 3 kM roro-3am. c. Cacosa,
ypountie "CropokeBasi ropa", 3amajHble JIyrOBO-CTEITHBIE
CKJIOHBI Ha Wu3BecTHAKOBoH mouBe, 30.05.1987 3eneHuyk
(LW, MW); ok. c. Crinka, ['onoropwu, Jluca ropa, 09.05.1951,
IBanmmekuit (LWS); 20.05.1976, Kimr det. Jlazebna (LWS);
20.05.1976, Jlazebna (LWS); 02.06.1961, 3aBepyxa, Cmonko
(KW); 31.05.1976, I'nanxoBa, Bunorpanosa (LE); Lackie Mate
[c. UepBone]| k. Ztoczowa, Lysa Gora, 17.05.1937, Motyka,
Radwanski (LW); c. Yepsone, Jluca ropa, Jy4HO-CTEINOBI
ninsaky, 19.04.1955 byxano (KW); 06.1968, lensar-Coconko,
KykoBumst (KW); 06.1980, 3enenuyk (LW); 02.05.1983,
Karamno (LW); c. Yepsowne, Jluca ropa, miBHIYHI CXHJIH, 9acToO,
14.05.1985, 3Barynbcekuit (LW); 3amoigauk "Jluca Topa”,
13.05.2005, PaceBuu (KW).

— Tepuomninbebka 00J1. bepekaHcbkuil p-H: OK. ¢. JlemHs,
r. [omuis, JIy9HO-CTENOB] YIpyHNOBaHHS Ha IMiBJICHHUX CXUJIAX,
1988, Karano (LWKS); (Rasevych, 2010); ok. c. ['yrucsko,
JIyYHO-CTETOBA POCIMHHICTh Ha cxmiax, 07.2002, MenbHUK,
Bapancekniit (KWHA). Kpemenenbkuit p-H: B COCHOBOMY Jici
Henonanik Big ropu boxoi, 1930, Koczwara (LW).

MMPUAHITIPOBCBHKA BUCOUMHA

— KwuiBcbka 06.1. BinoriepkiBebkuii p-H: ok. bernoii Llepkew,
[s. data], Tumenskuii, Porosuua (KW); 1886, IlImansraysen).
BorycnaBceknit p-H: ok. M. borycmas (Kleopov, 1928);
ok. c. Yaiiku, cy6ip, 03.07.1929, Kneomos (KW); 1972,
Kapnenko (KW); cocroBnit sic mixkx cc. Yaiikn — JlioTapi,
03.07.1929, Tlononceka (KW). KueBo-CBATONIMHCEKHNA p-H:
B COCHOBOM Jiecy Mexay jaep. Buroro u Koszuneim y Bomueit
Homuue, [arman, Rogowicz (LE, KW); 05.1880, Montpe3op
(KW); 1886, Ulmanerayzen (KW); Butsno-Tpumonsckuit
sec, ypouuuie "Bomubs [omuua", 15.05.1879, Monrpesop
(KW); Butsanckoe 1-Bo, 611. Kymesatoii 1onussl, Ha HOpyosx,
14.05.1923, CemenkeBuu (KW); BupyOanmii cOCHOBHUH JIic 3a
c. Bira JIutosceka, 03.06.1923, Kneornos (KW); Ginst Bitn
JlutoBcwkoi, 22 kB. BitsHcbkoi micoBoi madi, 1924, CrosiHiB;
cocHoBHH Jic 3a c. Bita JlutoBchka, 25.05.1925, JlyGoBuk
(KW); Kosine, pow. Kijowski, 1877, Montresor (KRAM); 3-x
Jlicaukwn, kB. 25, cocHOBO-1y60BMii 1tic (Pacesuy, 2005); micose
rocnonapctBo Konwa-3acma, 6oraniuamii 3aka3nuk "Jlicaukn",
Ta npuient tepuropii, 1992, Hinyx, Uymak. OOyXiBCbKHI p-H:
Tripolie (c. Tpumimmt), yp. "Kymosa [Jommua", 29.07.1889,
Momutpeszop (KW).
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— Yepkacbka 00s. KaHiBCbKHH p-H: OKOI. ¢. Mexupid,
cocHoBuii 6ip Han p. Pock, 21.06.1849, Porosuu det. bapancokmii
(KW); 22.07.1972, KoroB (KW). Yepkacpkuii p-H: c. I'yra
Mexwupinpka, B ['yrssHCbKOMY Jtici, gacTo, 06.08.1937, Ocamua
(KW); Elisawetowka (c. €nuzaBeriBka) zwischen Kanew und
Tscherkassy, 28.06.1844, Trautvetter (LE); okou. cin /Iy6iiBka Ta
Codiieka (I"aiioBa, Kopordyenko, 2013); Keuischke [BilichkoBe]
11-Bo, Uepkacekuii 6ip, kB. 100, cTapuii cocHOBO-1y00OBHii JicC,
02.05.2005, Pacesuu (KW); ok. ¢. MuxaiiniBka, B COCHOBOMY
mici, Ha BUpyOKax, JOCHTh YacTO, BTOPHHHE IBITiHHS,
15.09.1931, Koros, Kapnayx (KW); 1938, Kneomos (KW);
22.07.1972, KoroB (KW); 18.07.1946, I'moanpka (KWU);
31.05.1980, Jlrwouenko (KWU); 23.06.1982, Ky3pmeHKO
(KWU); ma. ok. c. MuxaiiniBka, mo nopo3i B ¢. MupoHiBka,
0opu Ta BUpyOKH Ha paBomy Oepesi p. Pock, 15.09.1931, Kotos
(KW); cybopoBswuii i 6opoBuii mic MuxaiiniBcskoro n1-a, 1952,
Hemenuyk (KWU); 03.07.1976, dosoum, 3enenceka (KWU);
22.05.2002, JlerxoBuu (KWU); MuxailioBCKHii Jiec, ecuaHast
Teppaca p. Pock, cocHoBBIIT 6op, 10.06.1973, Kapakam (MW);
MuxaiiniBcbkuii Jic, OopoBa Tepaca, 23.06.1978, boprtHsk
(KWU); MuxaiiniBcbke J1-B0 KaHIBCBKOI JicOMETiOopaTUBHOL
cranmii, 1980, JIroOuenxo, SleHko; ok. ¢. MOIIHK, COCHOBHIA
aic, 19.07.1946, Bictomina (KW); 19.07.1946, I'noaibka
(KWU); ok. c. Pycbka IlonsiHa, B cocHOBOMY Jici, 22.04.1927,
KneonoB (KW); PyceromnonsHcbke 11-Bo, kKB. 103, cocHOBHIA
mic, y miggmicky, 15.06.1977, Autonrok (KWHA), (Temchenko
et al., 1986); ok. c. Pyceka-IlonsiHa, Pycbko-IlonsHchbke
1-Bo kB. 136, 17.05.2017, Menbuuk, bapancekuii, [llunnep
(KWHA); 3a 4 kM Ha miBH.-3aX. Binx c. Pycbka-Ilomsina,
UYepkackke BilicbkoBe JI-BO, KB. 59, aybosuii yic, 17.05.2017,
Menbauk, bapancekuii, Huanep (KWHA); 6ins c. CBUIIBOK,
Yepkacekuii JJIT, CBumiBcbke 5-Bo, B J1y0OBO-COCHOBOMY
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mici, gacro, 28.09.1958, I'punb (KW); 23.07.1983, Bipuenko
(KWU); cocHoBsrii nec Mexay CocHOBKOW (HHHI MiKpOpaiioH
M. Uepkacu) u c. MoIHbI, BICOTa pacTeHuit 22 cm, noiaHora 0.4,
16.05.1963, [s. coll.] (MW); c. CodiiBxka, yp. MuxaiimiBchKuid
mic, cBikmii cy6ip, 27.04.1990, Boprusk, Boiitiok (KWU);
UYepkacekuit 6ip, 1948, JleBurchka (KWHU); Yepkacbkuii
0ip, binozepcrke i Pycero-IlonstHChKE 1-Ba, KB.: 142, 239, 240,
9.06.1982, Ynpa (KW); micauursa Yepkacskoro, CMiISTHCHKOTO
ta Kopcyns-llleBuenkiBcbkoro sicrocmiB (AHTOHIOK, 1982).
Cwmingacekuit p-H: distr. Czerkassy, in querceto-pinetis prope
opp. Smiela, 06.19258.09.1927, Borysevicz (KW); 08.09.1927,
Kleopow (KW); 1927, [s. coll.] (KRA); Cwminsacekuii Gip
(Kieoros, 1928).

IMPUAHITIPOBCBKA HU30BUHA

— KuiBcbka 00.1. bopuchinbcekuii p-H: oK. c. Kwuiimis,
COCHOBHH Jic, 6araro, 15.06.1924, ly6osuk, Kineornos (KW);
Mimanuif gic mix c. Kuitnis ta 6oxorom Kapans, xyxe gacro,
16.04.1924, Hy6osuk, Kneonos (KW); (Kleopov, Dubovyk,
1926); PxxuiiBchKuii BiichKoBHIA Ticroct, kB. 12, 17.05.2005,
Pacesna (KW); ok. c. CommukiB, 1yO0BO-COCHOBHII IIic,
25.06.1987, Menbauk (KW); ok. ¢. COIIHUKIB, COCHOBHI JIiC,
17.05.2003, Menbhuk, Illesuenko, Ileperpum (KWHA); ok.
cc. CommnuunkiB — Crape, ny00oBO-cocHOBHIA Jic, 25.06.1987,
Mensauk (KWHA); ok. c. Crape, y CBITIIOMy COCHOBOMY Jici
Ha OopoBux mickax Jluimpa, 15.10.1978, Boprtusk, Boiitiok
(KWU).

— UYepkacbka o0s1., KaHIiBCbKMH p-H: OK. 3aJli3HUYHOL
crannii Jlimsee, mopyd cocHoBoro icy, 12.09.1931, Kortos

(KW); okom. c. Jlinnsse, JlimuisBceke 1-BO, 1yOOBO-COCHOBHI
aic, 2017, Mensauk (KWHA).
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€nuna 3naxiaka Ophioglossum vulgatum (Ophioglossaceae) y
JicocTenoBiil YacTuHi Z/KHTOMUPCHKOI 00J1aCTI
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Burlaka M.D. 2020. A unique locality of Ophioglossum vulgatum (Ophioglossaceae) in forest-steppe part of Zhytomyr Region.
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Abstract. A new population of a regionally threatened species Ophioglossum vulgatum is reported. It is the southernmost record of
the species within Zhytomyr Region and the only one in its forest-steppe part. The population is comprised of four parts with overall
area of about 16 m? and total number ca. 1000 specimens. A two-fold observation of the locality revealed fluctuation in number and
density of specimens. The population is located within a settled area and is exposed to moderate anthropogenic pressure. Further
monitoring is needed to detect population trend.
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Bypmaka M./l. 2020. €xuna 3uaxinka Ophioglossum vulgatum (Ophioglossaceae) y nicoctenosiii yactuni ’Kutomupcpkoi
obaacti. Yrpaincokuii bomaniunui scypuan, 77(5): 363-368.

Pedepar. BusiBinena HoBa momyssimis perioHaabHO pinkicHoro Buny Ophioglossum vulgatum. lle HaiimiBaeHHImIa 3HaXigKa BUAY
B JKutomupchkiit obnacti Ta equHa B i JlicocTenoBii yactuHi. [Tomyssiist CkilaiaeTbesi 3 YOTUPHOX YACTHH 3arajbHOIO IUIOMICIO
noHax 16 M? i uncensHicTio Gimu3bko 1000 ocoOuH. JIBokpaTHe OOCTEXKEHHS 3 IHTEPBAJIOM y TPH POKH BUSBWIIO (UIyKTyarii
KUTBKOCTI Ta OIIBHOCTI 0coOuH. [Tomymsiis po3TamoBana B MeXKax HACEIEHOTO IMyHKTY Ta MiJIa€ThCS TOMIPHOMY aHTPOIIOT€HHOMY
HaBaHTa)keHHI0. HarosomeHno Ha HeOOXiJHOCTI MTOAANBIIOr0 MOHITOPHHTY JUIsSl BCTAHOBJICHHS ITOMYISILIIHHOTO TPEH LY.

Kurouosi ciioBa: XKuromupcrka 06macts, nicoctenosa 30Ha, Ophioglossaceae, Ophioglossum vulgatum, TONMyIAIis, TOMIPEHHS,
Vkpaina

Beryn Ophioglossum vulgatum 31e01IbIIOT0 IPUYPOUCHUHN 110

. JYYHUX JTUISTHOK, JTICOBHUX TaJISBUH, Y3JiCh, KpaiB OOIT,
Ophioglossum vulgatum L. —TONapKTHIHUF BUJL3 POMHH yarapuukiB (Parnikoza, 2010; Vasheka, Bezsmertna,
Ophioglossaceae, B YKpaiHi CTIOpaJIndHO MOIIMPEHUH Y 2012).

Kapmarax i Ilomicci, menmie B Jlicocteny i myke piako
B cremoBiit 30HI Ta [ipcekomy Kpumy (Chopik, 1978;
Opredelitel..., 1987; Didukh, Protopopova, 2000;
Parnikoza, Celka, 2016, 2018; Parnikoza et al., 2017).

SIk perioHanbHO PIAKICHUII BUJ OXOPOHSIETHCS Ha
teputopii 16 ob6macred: Binaumbkoi, JlHimpomer-
poscekoi, JKutomupcekoi, 3akapnarcekoi, IBaHO-
®pankiBcpkoi, KwuiBcpkoi, Jlyrancekoi, JIBBIBCBKOI,

© 2020 M.D. Burlaka. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access article under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited
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Opeceroi, [lonrtaBcbkoi, PiBHeHCBHKOI, CyMCBKOI,
XapkiBcbkoi, XepcoHcbkoi, UepHiBenpbkoi ta YepHiris-
CpKOi, a Takok y Mexkax M. Kwui (Official..., 2012).
[TporionyBaBcsi 10 BKJIIOYEHHS B HACTyIHE BHIAHHS
UYepronoi kauru Ykpaiau (Parnikoza, Celka, 2018).

VY rtpasui 2016 p. Hamu Oyno BusiBieHno O. vulgatum
y Mexax c¢. MiHbKiBIi AHAPYIIBCHKOTO  p-HY
JKutomupcekoi 00, Ha BONOTIH Jymi mopsg i3
03epoM 1 3aNi3HWYHUM HacumoM. Llg momymamis €
HaMIIBAEHHIIIOW 3HAX1JIKOK B 00JaCTl Ta €JUHOIO IS
ii micoctenoBoi wactuHu (puc. 1). HaitOmmxunmu 3
ITITBEP/IKEHHX ITPOTATOM OCTaHHIX 30 pOKiB JIOKAJITETIB
e nonymsiii B JKuromupcekomy p-Hi Kuromupcbkol
00i. (6mm3pko 50 kM Bix HOBOI mormyssmii) (boryHchke
1-BO, OK. c¢. bapamiBka, ayOoBuil Jlic pi3HOTpaBHHH,
20.09.1992, O. OpnoB (KW001044)) Ta nanamadtHOMY
3akazHuKy "KoBaniBebkuit sp" (6am3bko 90 kM) moousy
M. BacunpkiB KwiBcbkoi 001, (Parnikoza, Celka,
2016). Jns JKuromupcbkoi oOnacTi HaMM 3HAMICHI
BKa3iBKM BCHOTO JUIA JEB'SITH MICIIE3pOCTaHb, 3HAYHA
YacTHHA SKUX JaryeThes KiHNeM XIX — movaTkom
XX cromiTTa 1 TMOBTOpHO He HaBoaWThes (JKutomup,
Bucoko mpu TerepeBi. Montpesop, 1890 (KW, s.n.);
JloBOHCHKHIA p-H, ¢. bukiBka, 1982 (KW, s.n.); c. bBukiBka
MapxseBcbkoro p-Hy, Borka Jiyka, 18.07.1932, A.
bap6apuu (KW, s.n.); c. Bnagua MapxieBcbkoro p-Hy,
nmyka Borka, 17.06.1932, A. Bapbapuua (KW, s.n.);
Chopik, 1978; Orlov, 2005; Parnikoza, 2010; Parnikoza,
Celka, 2016). Meroro maHOTO OCHiIKEHHS OyIo
0XapaKTepu3yBaTH HOBE MICIE3POCTAHHS Ta MOMYJISIIO
O. vulgatum.

Marepianu Ta MeTOIH

OO0cTekeHHST TOMYIALIT MPOBEICHO IBiYi: HA MOYATKYy
tpaBHsi 2016 p. ta HampukiHui kBiTHa 2019 p. VYV
2016 p. 3nmilicCHEHO TTOBHHH MiAPaXyHOK CIIOPOHOCHHX 1
BEreTaTMBHUX OCOOMH 1—3 YaCTHUH MOMYJALIl IUIIXOM
TOJTLTY TIOTYJISIIHOTO OIS Ha KBaparH miomero 1 m>
Ta MiIPaXyHKOM OCOOUH y KOKHOMY 3 HUX. Y BHIIQJIKY
HETIOBHOTO 3allOBHEHHS KBAaJpaTy BKa3ye€TbCS IUTOIIA
MOMYJISIIIHOTO MOl B Mekax kBazapary. Y 2019 p.
IIPOBEJEHO MTOBTOPHUN OIS NEPIIOT Ta TPETHOI YACTUH
MOIYJISINiT i3 3arajdbHUM MiAPaXyHKOM CIIOPOHOCHHX
1 BereTaTMBHUX OCOOMH y MeXaX KO)KHOI YaCTHHH.
3a pmgaHUMH OOCTe)KCHHS BCTAHOBICHO 3arajibHYy
IUTOILY MOMYJIALIi, YACENBHICTh 1 IMIJIBHICTE OCOOMH.
CratuctiaHy OOpOOKYy IIPOBEACHO 3 BHKOPHCTAHHIM
nporpamu MS Excel.
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Puc. 1. Hommpenus Ophioglossum vulgatum y XXutoMupcokiit
obnacri: 1 —3naxigku 10 1990 p.; 2 — micisa 1990 p.; 3 — HoBa
3Haxinka; 4 — mexa [lomicest ta Jlicoctemy

Fig. 1. Distribution map of Ophioglossum vulgatum in
Zhytomyr Region: 1 — localities reported before 1990; 2 —
localities reported after 1990; 3 — a new record; 4 — Polissya
and Forest-Steppe border

[leHOTHYHY XapaKTEPUCTUKY ITOIAEMO 32 Bi3yalbHIM
00CTEXEHHSIM POCIMHHOrO nokpusy B jumHi 2020 p.,
OCKIIbKM Ha MOMEHT MOMY/SIIHHAX TOCIIIKCHD
TpaB'sTHAN MOKPUB TIJIHKU BiTHOBIIFOBAB BETCTAIIIO TTiCIIS
BECHsAHMX BunaiB. Ha3su TakcoHIB HaBOAMMO 3a Species
2000 & ITIS Catalogue of Life (www.catalogueoflife.org/
col)

PesysabTaTn T2 00roBOpeHHS

Hocnimxena momymsimis O. vulgatum cKiIamgaeTses 3
YOTUPHOX YACTHH, SIKi 3HAXOAATHCS Ha BifcTaHi 15-60 M
ofHa Big oxHOI (puc. 2, A). [lepma yactuHa, Tutomnia Sxoi
8,45 M?%, po3TanioBaHa Ha BiIKPUTIH Jylli Ha MiBHIYHOMY
Oepesi o3epa. [lpyra, miomero 4,60 M? 3HAXOAUTHCS
HalOMmmK4Ye M0 3aJi3HUYHOTO HACHITy IIJ[ CTapuM
nepesoM Salix alba L., rpyHT mieOeHUCTHI (KaMiHHS 13
Hacuiry). TpeTs yacTHHa TOMYNALIi 3aiiMae TEPUTOPIrO
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Puc. 2. Micuespocraunns Ophioglossum vulgatum y mexax ¢. MiHBKIBIII. A: KapTOCXeMa PO3TalllyBaHHs YaCTHH MOIYJISLIT Ta TUIIIB
pocaunHOTO okpuBy (2016 p.); B: ocodbunu O. vulgatum (27.04.2019)

Fig. 2. Location of Ophioglossum vulgatum within Minkivtsi village. A: schematic map of population parts and vegetation types

(2016); B: individuals of O. vulgatum (27.04.2019)

3,45 M? MK NPUOEPEKHOW CMYIOK 3 JIOMiHYBaHHSIM
Typha latifolia L. 1 npucaanOHO0O JUISHKO0. 3arajibHa
TUTOIIA TIOTyJIsAIiHOoTO TosIst B 2016 p. crmamana 16,4 M2,
YHCeabHICTh momyJisimii — 912 ocobun. Y 2019 p. Oymno
BUSIBJICHO YETBEPTY YAaCTHHY MOMYJALIT — MiXK HEPIIOIO
Ta 03epoM, Ha Teputopii 1,3 x 0,5 m.

TpaBoctiii mnpubepexHOi ITyKH, B MeEXax SKOi
pO3TaIloBaHi Mepiia Ta 4eTBepTa YaCTHHH IOIYJILI,
CKIIaa€Thesl TepeBakHO 3 Phalaris arundinacea L.,
mofekymu 3 gomimkamu  Carex sp., Phragmites
australis (Cav.) Trin. ex Steud. (yrpynoBaHHs acouiariii
Phalaridetum Libbert 1931 corozy
Phalaridion arundinaceae Kopecky 1961 mnopsuky
Nasturtio-Glycerietalia Pignatti 1953 xnacy Phragmito-
Magnocaricetea Klika in Klika & Novéak 1941). ¥V
MICIIi PO3TAalllyBaHHA TPEThOI YACTHHHU JOMIHYIOTH
3nakd. OKpiM Ha3BaHMX BH[IB, y MEXKax LHUX TPbOX
YacTHH MIPUCYTHI Takox [ris pseudacorus L., Lysimachia
vulgaris L., Stachys palustris L., Vicia cracca L. Y
Me)Kax TPEeThOl YaCTHHU MOMYJIAII] YMOBH AETIO CyXiIli,
BOHA TIJUIA€THCSl OLTBIIOMY BIUIMBY BUIAacaHHS. TyT,
OKpIM HaBeICHNX BH[IIB, TPAIUIAIOTHCS TaKoX Erigeron
annuus (L.) Pers., Argentina anserina (L.) Rydb., Cirsium
arvense (L.) Scop. (yrpymnoBanHs coto3y Deschampsion

arundinaceae
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cespitosae  Horvati¢ 1930 mopsianky ~ Molinietalia
caeruleae Koch 1926 xmacy Molinio-Arrhenatheretea
Tx. 1937). PocnuHHUI MMOKPUB Y MicIi APYroi YacTHHH
MOMYJISIIIIT TTOIOHUE 10 YMOB MEPIIIOT, aJie PO3PiHKECHUIH
Ta 3apoctae Rubus caesius L. (yrpymoBaHHS COMO3Y
Phalaridion arundinaceae Kopecky 1961 mnopsaky
Nasturtio-Glycerietalia Pignatti 1953 xnacy Phragmito-
Magnocaricetea Klika in Klika & Novak 1941).

Ha Bciif rutommi normmpeHas 0COOMH TPaBOCTii HABECHI
BUIIATIOETHCA. TpeTs yacTrHa MOMYJISLii TAaKOX ITissrae
BUMacaHHio. Ilopsa mpossrae CTexka, IPOTE 3arajioM
AQHTPOIIOI€HHE HABaHTA)KCHHS Ha IIOIYJIALIIO ITOMipHE.
Briponosx ocrannix 10 pokiB Ha TEpUTOPIT TOCIIIKEHHSI
3a HALIMMH CIIOCTEPE)KCHHSIMH BiI0yBa€ThCS 3HUKCHHS
pIBHS IPYHTOBHX BOJ, 3MEHIICHHS IUIOL[ BOJHOTO
J3epKaja o3epa O THMYacOBOIO IOBHOTO HOro
MepeCcCUXaHHsl Ta BIJCYTHICTh B OKPEMi POKH BECHSHOTO
Bomomnia. Came 3 IUX IpUYUH TpoTsroM Jita 2016 p.
3a JIOTIOMOTOI0 MOTOPH30BaHOI TEXHIKH OYIIO TPOBEICHO
PO3UHIIICHHS Ta MTOTIINOJICHHS 03epa 3 HOTro MiBACHHOTO
6oky. Beper o3epa 3 nonyisuiero O. vulgatum He 3a3HaB
6e3nocepeaHporo BITUBY. [Ipu moBTOpHOMY 00CTEKEHH]
momyssiii B 2019 p. cyTrreBUX 3MiH OOBOJHEHOCTI
JUISTHKU He BUSIBJICHO.
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PosranryBaHHs =~ 0COOMH y  MeXax  HOIYJISLil
HEPIBHOMIpPHE, B TEBHHUX MICISIX MOXKHA BIAMITHTH
CKYITYCHHS CIIOPOHOCHHX a00 BEreTaTHBHHX I1aroHiB
(puc. 2, B). TparuisitoTbest TAKOXK JUISTHKH, 3aHHATI TUTBKH
BereTaruBHUMH ocoOuHamu (nmB. Tabdxn. 1). IliutbHICTE
TeHepaTUBHUX 0coOuH y 2016 p. KonuBanacs B 3HAYHUX
Mmexax (Bim 0 mo 68 ocobuu/m?), y cepemabomy 15,2
ocobuH/M?. 3araibpHa IIUTBHICTh 0COOMH TAKOXK 3HAYHO
Bapiroe (18,0-206,7 ocobun/m?), y cepemuapomy 71,9
ocobun/m* (2016 p.).

HaiiBumi momysisimiifHi TOKa3HUKW BIIACTUBI TEPIITii
gacTuHI momyrsmii. Sk OGaummo 3 Tabm. 1, T mmoma
MK OOCTeKEHHSIMHU MPaKTHYHO He 3MiHMiack. [Ipore
YHCEThHICTh 1 MIUIBHICTh 0cOOMH TopiBHSIHO 3 2016 p.
3pocia Oinbie HiX yaBiui (3 521 g0 1284 ocobuH Ta 3
71,9 1o 151,4 ocobun/m? BiAmoBiaHO). 30KpeMa, YacTHHA
€T TUISTHKY Yy BUIVISIL KOJia JiaMeTpoM Onu3bko 1,4 My
2019 p. Oyma MOCHUTH OIHOPIAHOIO i Mayia HaJ3BUYAHHO
BHCOKY WIUIbHICTH — 461 ocobuna/m>. 3a3HAYMMO, IO
94acTKa TeHepaTUBHUX OCOOWH Y I YaCTHHI MOyl
3HayHO He 3MiHwiachk (37-40%). 3a miTeparypHUMH
JIaHUMM L€ TIOKa3HMK € TunoBuM. Hanpuxman, nmns
micoBux nonymsui O. vulgatum na niBHO4Yl @Ppanuii
BKazyeTbesi 30—60% CriopoHOCHUX 0COOMH Y TIOMYJISIIISX
(Muller, 2000); aust miBrO4I [Tonbii — 30-50% y my4ynnx
MOMYJISIISIX 1 IXHS BIICYTHICTh a00 HEe3HauHa KUIbKICTh
Ha BUpYyOKaX, y 3a00JI0YCHOMY JicCi, a TaKO)X Ha JTyKax
(Mysliwy, 2008); na miani [onbmi — 46% criopoHOCHUX
0COOWMH y MOyl 1Mo Kparo Tipcbkoro 6oiota (Sitek
etal., 2018).

Jns apyroi Ta TpeThol YacCTHH MOIYJIAMIi, MOpsa 3
MEHIIOI0 IUIOUIEI0, XapaKTepHa HEeBEJIHMKa KiJIbKICTh 1,
BiIMOBIHO, HIUTBHICTh CHOPOHOCHUX MaroHiB (5-7%,
2016 p.). IIpote TpeTst nuIsHKAa Maja BUCOKY 3arajbHy
HIIBHICTh OCOOMH 3a PaxyHOK BEreTaTUBHHX OCOOWH
(83,4 ocobun/m?). IlpurHiYeHICTH JpPYroi YacTHHH
MOMYJISIIT MU TIOB'SI3yeMO 31 crienuiqHUM ISl BHILY
cyOcTparoM: 30KpeMa, Ha il JUISHIN BiH KaM'STHHCTHI
tTa Oararmii Ha BigMmepny jaepeBuny. OkxpiMm TOTO,
TEpUTOPIis 3HAYHY YaCTHHY CBITJIOBOTO IHs 3aTiHCHa,
CIIOCTEpIraeThCs IMOLIMPEHHSI NaroHiB Rubus caesius,
a TIJBWIICHHSA B HANPSIMKY 3aTi3HAYHOTO HACHIy Ta
CKEJICTHICTB IPYHTY CHPUSIIOTh MEHIIIH 3aTPUMILi BOJIOTH.

3a Bi3yalbHAM OTVISAOM, IUIOMIA TA HIITBHICTD IPyToi
yacTunu nonyssnii O. vulgatum 'y 2019 p. He 3MiHMIHCS,
a TpeTsd 4YacTHHAa CYyTTE€BO 3MEHIIWIacid 3a oboma
nokazHukamu. [1pu moBropHOMY 00CTEXKEHHI BOHA Majia
oty Besoro 0,1 mM? 1 Oyia mpeacrasieHa 9 ocoouHaMu.
BisyambHUX 3MiH MICIIE3pOCTaHHS TpPEThOI YaCTUHHU
HEe BHSBICHO. LIMOBIpHO, 3adikcOBaHe CKOPOUYEHHs
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YHCEIHHOCTI 0COOMH Y Iilf YaCTHHI € TPOSBOM (PIyKTyarIii
BHACJIIZIOK 0coOauBOCTe#t oHTOoreHe3y O. vulgatum.

Otrxe, HaBITh NPH IOMIPHOMY aHTPOIOTCHHOMY
HaBaHTAXXCHHI B YMOBaxX HAceJCHOTO IIyHKTY B
JIICOCTEIOBIA 30HI BHI MOXE JOCATAaTH BHUCOKHUX
3HAYCHb YHCEJIBHOCTI Ta INIIBHOCTI MOMyNsmii 3
THUTIOBAM DPIiBHEM YaCTKH CIIOPOHOCHHX OCOOWH. Y TOI
caMuil 4ac, BUNAJIOBAHHS Ta BHUIACAaHHS, WMOBIPHO, €
HaJMipHIM HaBaHTAKCHHSM 32 MMOIIOHNX YMOB. 3 METOIO
BCTAHOBJICHHS 3arajbHOi TEHJAEHLIi 3MiH y MOMMYJSIil
HEOOX1THO MPOIOBKUTH MOHITOPHHT.

Hacamkinenp, NpONOHYEMO pPO3IISHYTH ITUTAHHS
oxopouu O. vulgatum 1 TPONO3MINi HAYKOBIIB IIOI0
BHECEHH HOT0 710 HACTYIHOTO BUAaHHS YepBOHOT KHUTH
Vkpainu (Parnikoza, Celka, 2018). BoueBunp, 3HauHa
KUTBKICTh 3HAXiJOK BHY € 3aCTapiJior0 i CydacHHA CTaH
OaraTbox momyJsiii HeBigomuil. [Ipote He citig BBaXxaTH
BIJICYTHICTD MiITBEpKCHb MaBHIX MICIIE3POCTaHb SIK
MIPsSIMY O3HAKY 3MEHIICHHS YHCEIBHOCTI BUJLY, OCKUJIBKH
€ TIPUYUHM TaKol CHUTYyaIlil, [0 MpsSMO HE MOB's3aHi i3
3arposamu s Buay. [lepi 3a Bee, 11e HEBEIHMKI PO3MipH
0COOMH, TPUYpPOYECHUX 31e0imbImoro 1o OioTomiB 3
JIOCUTh T'YCTUM Ta BHCOKHM TPaBOCTOeM. BinmosinHo,
HaBiTh 3a HASBHOCTI BKa3iBOK Ha 3POCTaHHS BHUJY B
TIEBHOMY MicIli, BUSIBUTH HOTO HE 3aBXIH PocTo. OKpim
TOrO, HEUIOJaBHI NyOmikamii Kojier i3 CyciHIX KpaiH
CBiUaTh, IO NPH JETaIbHOMY BHBYCHHI HEBEIMKHX
TEPUTOPIH, 32 HASBHOCTI CIPUATIUBUX OIOTOMIB, BH[
HEPIKO BUSIBISIOTH ONpa3y B MEKUTBKOX JIOKAJITETax
(Mysliwy, 2008; Krivosej etal.,2013; Swachaetal., 2013;
Kotodziej et al., 2015; Bogosavljevi¢, Zlatkovi¢, 2018).
[ToniOHa cuTyaris i 3 HOBUMH 3HAXiKaMH B YKpaiHi, TIpo
mo cBiguate nosigomieHHs A. Toxapiok (UepHiBerpka
o6n.), B. Jloi (3akapmarts), B. Temorn (Bomunb),
I. ITapuiko3u (KuiBchka 0011.) Ta iH. (muB. Parnikoza,
Celka, 2016). Tomy, Ha Hamly IyMKY, Al PO3YyMiHHS
HEOOXIZJHOCTI OXOpPOHM BHIY B YKpaiHi mnoTpiOHi
[TeCTIPSIMOBaHI TOMYKH Y BIIOMHX JIOKaJiTeTaX Ta
CHPUSIIIMBUX OloTONAX, iXHSI IHBEHTapH3aIlisl.

lepbapamii  3pa30k 3  JOCHTIMHKEHOI MOl
O. vulgatum niepenano 1o repdapito [HcTuTyTy OOTaHIKK
iMm. M.I. Xomomnoro HAH Vkpaimm (KW144368),
(orocnocrepexenns omyonikoBani Ha nopraii UkrBIN
(http://www.ukrbin.com/showimages.php?category=132
323&action=added&uid=552).
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Tabnuus 1. Honyasiuiiini nokasuuku Ophioglossum vulgatum y 2016 Ta 2019 pp.*

Table 1. Population characteristics of Ophioglossum vulgatum in 2016 and 2019*

Thnoma Kinpkicts | KigbkicTs | 3aranpHa
MOMyJIs- . N
. Howmep ™ CII0po- Berera- KUIBKICTD [inpHIiCTH . . Yacrka
Pik oGcre- Homep iHOTO 3araybHa MIiTBHICTH
YaCTUHH . HOCHHX TUBHUX | OCOOMH Ha CIHOPOHOCHUX CIOPOHOCHHX
JKEHHS .. | AinaHKHA OISl Ha . . 0cobuH, o1./M>
HOITYJISILIT R . 0co0OuH, | 0coOuH, JUIISTHL, ocobuH, of1./m? ocobuH, %
JUIISTHIT,
> o11. o11. ox.
1 1,00 48 85 133 48,0 133,0 36,1
2 1,00 13 11 24 13,0 24,0 54,2
3 0,90 18 10 28 20,0 31,1 64,3
4 0,90 13 4 17 14,4 18,9 76,5
5 0,40 2 6 8 5,0 20,0 25,0
6 0,10 2 14 16 20,0 160,0 12,3
1 7 1,00 0 35 35 0,0 35,0 0,0
8 1,00 1] 18 18 0,0 18,0 0,0
9 0,30 20 29 49 66,6 163,3 40,8
10 1,00 68 78 146 68,0 146,0 46,6
11 0,60 5 27 32 8,3 53,3 15,6
12 0,25 5 10 15 20,0 60,0 333
2016 X 8,45 194 327 521 23,62 + 13,59* 71,89 + 33,93* 37,24 +13,78*
1 1,00 2 49 51 2,0 51,0 39
2 2 3,60 9 76 85 2,5 23,6 10,6
X 4,60 11 125 136 2,25 +0,49* 37,31 £ 26,84* 7,25 + 6,53*
1 0,75 0 69 69 0,0 92,0 0,0
2 0,40 1 8 9 2,5 22,5 11,1
3 1,00 3 64 67 3,0 67,0 4,5
3 4 0,10 0 6 6 0,0 60,0 0,0
5 0,30 1 61 62 33 206,7 1,6
6 0,80 6 36 42 7,5 52,5 14,3
X 3,35 1 244 255 2,72 £2,21% 83,44 + 51,54* 5,25 + 4,87*
0,0-68,0 18,0-206,7 0,0-76,5
Bceworo 16,40 216 696 912
15,21 £9,27* 71,90 + 25,41* 22,54 +10,30*
1 1,90 46 152 198 242 104,2 232
2 1,54 246 464 710 159,7 461,0 34,6
1 3 1,00 45 34 79 45,0 79,0 57,0
4 4,00 139 158 297 34,8 74,3 46,8
2019
x 8,44 476 808 1284 65,93 + 61,85% 179,62 + 184,30% 40,41 + 14,35*
3 1 0,10 3 6 9 30,0 90,0 333
24,2-159,7 74,3-461,0 23,2-57,0
Bceboro 8,54 479 814 1293
58,74 + 16,56* 161,70 + 46,18* 38,99 +12,97*

* Jlyist MOKa3HUKIB MIITBHOCTI Ta YaCTKU OCOOWH MOJIaHi cepeHi (A1si OKPEeMHUX YaCcTHH MOMYIIALii) Ta y3araabHeHi 3a pik 3HaYSHHs
(min-max/cepeHe)

* For densities and portion parameters there are given average values for parts of population and summary values within specified
years (min-max/average)
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BucHoBknu

Bussnena mnonymsauis  Ophioglossum — vulgatum €
HaMITiBICHHINIOW 3HaxXinKow B JKUTOMUPCHKIN 00acTi
Ta €IUHOI0 JUIS 1i JlicocTenoBoi yacTuHH. [lomyrsirist
pO3TallloBaHa B ME)Kax HACEJICHOTO MYHKTY Ta ITiUIsTae
MOMIPDHOMY  QHTPOIIOTEHHOMY  BIUIMBY  (BECHSHE
BUIIAJIIOBAHHSI, CIIOpaJu4yHe BunacaHHs). [lomyssuiiiui
mapaMeTpd 3a JaHUMH JBOKPATHHUX CIIOCTEPEKEHb
3HAYHO (IIYKTYIOIOTH $IK y HamlpsIMKy 30UIbIICHHS,
Tak 1 3MeHIIeHHA. {71 BCTaHOBIIGHHS TOBTOTPHBAJIIX
TEHAEHIIII napameTpiB MOMyJSAIil  HeoOXimHui
nmojaneinii  MoHiTOpuHL.  OTpuMana  iH(opMarris
JIOTIOBHIOE BIJIOMOCTI MPO MOIIUPEHHS Ta OCOOIMBOCTI
nonysisiiiii Ophioglossum vulgatum B YkpaiHi.
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Abstract. The results of the study of flowers, pollen grains and fruits of Valeriana tuberosa (sect. Tuberosae, Valerianaceae) are
presented. Materials of the National Herbarium of the M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine
(KW) were studied. The morphological structures of flowers, pollen grains and fruits were examined using both light microscopy
and scanning electron microscopy; detailed descriptions of the elements of the flower, pollen grains and fruits were made and their
specific features were established. The morphological features of the inflorescence, bracteoles, and the elements of the hermaphrodite
flowers have been clarified. The pollen grains of V. tuberosa are 3-colpate, suboblate to subprolate (P/E = 0.85-1.33), medium- or
large-sized. Their outline in equatorial view is elliptic, rarely circular, in polar view slightly trilobate or trilobate. Exine sculpture
is echinate-microechinate with verrucae. The known and new carpological features are specified. In particular, papillate growth of
periclinal walls of exocarp with stroke-shaped, jet and warty cuticular formations of the surface were noted the first time; details of
exocarp stomatal system were revealed; features of trichomes and their cuticular structure on fruit wall are described. The obtained
data are important additional characters for identification of the species and for the issues of taxonomy and phylogeny.

Keywords: exine sculpture, flower, fruit, microstructure, pollen grains, scanning electron microscopy
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Hapenko O.M., Humbamok 3.M., Bynax O.B., Hunenko JI.M. 2020. MopdoJioriuni 0co01mBoOCTi KBiTOK, MHJIKOBUX 3epeH i
nioniB Valeriana tuberosa (Valerianaceae). Vkpaincoxuu 6Gomaniunuil scypuan, 77(5): 369-377.

Pedepar. [IpencrasieHo pe3ynbraTi JOCTIIKCHHS KBITOK, MMIKOBUX 3€peH 1 OAiB Valeriana tuberosa (cexuis Tuberosae,
Valerianaceae). 3a 10IOMOTOI0 CBITIIOBOI Ta CKaHyBaJIbHOI €JIEKTPOHHOT MiKpoCKoIil Oyiu nociimkeHi MopgosoriuHi
0COOJIMBOCTI KBITOK, MMIKOBHX 3€PeH 1 IUTO/IB, CKJIaeH] TXHI IeTaIbHi ONMCH Ta BCTAHOBIIEH] CIIeIM(ivHI 03HAKH. Y TOUHEHO
MOpPQOIOTiYHI 03HAKHU CYLBITTS, MPUKBITHUYKIB Ta €JIEMEHTIB ABOCTATEBHX KBITOK. BecTaHOBNEHO, 110 MUIIKOBI 3epHa V. fuberosa
3-00po3Hi, crutoieHo-chepoinanbhi abo Maibke erincoinanshi 3a Gpopmoto (IT/E = 0,85-1,33), cepennix Ta BEIMKUX pO3MIpiB,
B 00pHCi 3 eKBaTOpa eNINTUYHI, 3piaKa OKpyIIi, B 00pHci 3 mooca cinabko 3-yonaresi abo 3-nmonaresi. CKyIbITypa eK3UHH
[IMITyBaTO-UIMITUKYBaTa 3 00pogaBKaMu. Y TOYHEHO BiIOMi Ta BUSBICHO HOBI O3HAKH IUIOMIB. YIIepIe BiJ3HAYEHO COCOYKOMOMIOH1
HaMiJI03HI BUPOCTH HEPUKITIHAIBHUX CTIHOK €K30KapIa 3i ITPUXOMOAIOHIUMH, CTPYMEHSCTUMH Ta 00pPOJaBYaCTUMU
KyTHKYJISIPHUMH YTBOPaMH MOBEPXHi, BUSBICHO 0COOIMBOCTI IIPOJJMXOBOTO allapaTy eK30KapIry, OIMCAHO 0COOIMBOCTI TPUXOM,
KyTHKYJISAPHOI CTPYKTYpH IUI0iB. OTpUMaHi 1aHi € BAKJIMBUM JKEPENIOM I0JaTKOBUX O3HAK NMPH iAeHTH]IKALIT BUIY Ta
HOJAJIBIIOTO IXHHOTO BUKOPUCTAHHS y BUPIIICHH] MUTAaHb TAKCOHOMIT Ta inoreHii.

Ku1rouoBi cji0Ba: KBiTKa, MIKpPOCTPYKTYpa, IIMJIKOBI 3€pHA, ILTiJI, CKAHYBAJIbHUI eEKTPOHHHUN MIKPOCKOII, CKYJBITYPa €K3UHH
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Beryn

Pin Valeriana L. (Valerianaceae Batsch) npencraBienuit
y cBiTOBIi (uopi 6mu3bko 200 BHgaMH, sIKi MOUIUPEHI
y €Bpori, IeHTpadbHUX 1 MIBHIYHUX dYacTUHaX A3ii,
y IliBuiunii Ta [liBgeHHiii Amepuiti Ta IliBHIUHIN
Adpuri (Grubov, 1958; Katina, 1961, 1987; Ockendon,
1976; Voroshilov, 1978; Takhtajan, 1987, 2009;
Gorbunov, 2002). ns ¢mopu VYkpaiHH HaBEIECHO
necste BuaiB poay (Mosyakin, Fedoronchuk, 1999),
OTHUM i3 KX € V. tuberosa L. 3aranbuuii apean BUILY
OXOILTIOE MIBJICHHI Ta IEHTpaJibHI TepuTopii €Bpormm,
CepenzeMHOMOpCchKUi  perioH, Cepennio A3zito  Ta
[TiBuiuny A¢puky (Grubov, 1958; Katina, 1961, 1987;
Ockendon, 1976; Voroshilov, 1978; Gorbunov, 2002). B
Vkpaini V. tuberosa nommpenuii Ha nisaHi Jlicocreny, B
Creny Ta Kpumy (cximHa yacTHHA), THIIOBI HOTO MICIIsI
3pOCTaHHS BKJIFOYAIOTh CTEIOBI Ta COJOHLEBI JIYKH,
MACOBHIIA, Oeperu BOJOHM, TaISIBUHHU JTICOBUX MACHBIB,
PIBHUHH Ta TACOBHUINA HU3BKHUX Tip, KaM'SHUCTI CXWIN
(Katina, 1961, 1987).

Valeriana  tuberosa 3aciyroBye Ha  0COOIHBY
yBary, OCKUIBKM BKJIIOYEHUH J10 UepBOHOrO CHHCKY
MixnaponHoro coro3y oxoponu mnpupoan (MCOIT)
(Rankou et al., 2015) i3 Haganusm crarycy LC ta 1o
CITUCKIB perioHajabHO piaKicHUX poCIuH
JIHIITPOIIETPOBCHKOI, 3anopi3pKoi, XapKiBCBKOT,
[MTonracbkoi obnacreir Ykpainu (Andrienko, Peregrym,
2012). IMomymsimii OTO BHIY VY BHIIC3a3HAYCHUX
o05acTsX € MaJIOYHCENIbHUMH, POCIMHU MalOTh BY3bKY
SKOJIOTIYHY aMIDTTYdy, CNa0Ky KOHKYPEHTO3IATHICTh
MOPIBHSHO 3 BUJIaMH B YIPYIOBaHHSIX
Ta 3HAXONATHCA TMiA HAOMIPHUM  peKpeariiftHuM
HaBaHTKECHHSIM (TypHU3M, PO3BUTOK 1H(YPACTPYKTYpHU Ta
ypOanizamist), ToMmy moTpedyroTs oxoponu (Andrienko,
Peregrym, 2012). Sk 1 OinbliicTh NpeICTaBHUKIB
pony, V. tuberosa 1IHMPOKO BHKOPUCTOBYETbCS B
HAPOIHIM MEAWMIMHI 3aBISKA YHCICHHUM Oi0JOTIYHUM
BJIACTHBOCTSIM, OJIHAK B OCTaHHI POKH HE JIOMYCKAEThCS
30ip HOTo poCIHH SK Jlikapchkoi cupoBuHH (Minarchenko,
Tymchenko, 2002). Ha Hamty aymky, asst 3amoOiraHHs
3HUIICHHIO BUTY MMOTPiOHA YiTKa HOTO JiarHOCTHKA.

Valeriana tuberosa — enuuuii Bun ¢nopu Ykpainu,
10 HAJEeXKUTH 10 cekuii Tuberosae (Hoeck) Grub. pomy
Valeriana, yHIKaJTbHOK PHCOIO TPEACTABHUKIB SIKOT €
HaSBHICTb MiJI36MHUX SIMIIETTONIOHNX a00 Maiike KyJsic-
TUX KOpeHeBUX Oyib0. JliarHOCTHYHMMH KpUTEPiIMHU
CeKIlii € TaKoXX HasABHICTh TOJIOBYACTOTO CYIIBITTH,
TpyOuacToro BiHOYKA 3 BY3bKHM BIATMHOM Ta IUIOAAMH
3 MOTOBIIEHUMH KpasMu (OOJIIMIBKOIO) 1 IETHHUCTHM

IHITUMHA
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omymeHHsM 3 OokiB (Grubov, 1958; Katina, 1961;
Ockendon, 1976; Voroshilov, 1978; Gorbunov, 2002).
Valeriana tuberosa — 1ie GaraTopidHa poCIHHA 3 TOIHM
crebiom 12-50 cM 3aBB., 3 IUTICHUMH NPUKOPEHEBUMH
JMUCTKAMH,  JIPOMOAIOHUMHE,  IipYacTOPO3CIYCHUMU
CTeOJOBUMH  JIMCTKAMH 3 JIHIHHAMH ~ OIYHUMH
CerMEHTaMH, LIIJIBHMUM TOJIOBYACTUM CYLBITTSM, SIKe
il Yac TUIOJOHOLIEHHS PO3POCTAETHCS, 13 TPUKYTHO-
JIAHIETHUMHU, TOIMMH a0o0 1HOMI 3 IMOOJUHOKHMU
BiliKaMH, TPUKBITHUYKAMH; BIHOYOK KBITKH CBITJIO-
poxeBuii, 4-6 mm 3aBn. (Grubov, 1958; Katina, 1961;
1987; Ockendon, 1976; Voroshilov, 1978; Gorbunov,
2002).

Mopdororigai 03HaKH KBITKH B MeKax pony Valeriana
BU3HABAINCH JIOCHTh MOAIOHHMH, TOMY KpHTepii
CTPYKTYpH 1i €EMEHTIB Mai’ke He BUKOPHCTOBYBAJIICH
JUISL BUPIMIEHHS CIIPHUX IHUTaHb TaKCOHOMII pOIY.
Mopdomoriuai 03HaKH IUIONIB PIAKO 3aTydaaucs st
JiarHo3iB Ta 0OMEXEHO BHKOPHCTOBYBAJIMCS B KIIFOYaX
MpU BU3HAYCHHI BHIIB POAY, 1HOAI BPAaXOBYBAIHCS
¢dopma, po3mipu Ta omymeHHs miofiB (Grubov, 1958;
Katina, 1961, 1987; Ockendon, 1976; Voroshilov, 1978).
IcHye Hunzka myOmikamiii, TPUCBIYEHUX JOCIIKEHHIO
KapIioJIOTIYHUX 0CcoONuBOCTe BUIIB pomy Valeriana,
METOIO SIKMX OyJIO BUSIBJICHHS JIarHOCTHYHHX KPHUTEPIiB
UIs et TakcoHomii Ta  (imorenii  (Voroshilov,
1978; Gorbunov, 1978, 2002, 2014; Jacobs et al.,
2010; Vakulenko et al., 2016). ITaninomopdomnoriuni
ocobmuBoCTi V. tuberosa MOCIiIXyBalu 3 BUKOPHCTAH-
HSAM CcBiTIIOBOro Mikpockony (Pyltsevoy analiz, 1950;
Kupriyanova, Aleshina, 1978) Ta ckaHyBaJpHOTO
enekrponHoro mikpockomy (Clarke, Jones, 1977; Diez,
1984).

3 ommsiay Ha BUIE3a3HAuYCHE, METOI0 HaIIol poOOoTH
0yJ10 HoCTiauTH MOP(OJIOTIUHI 03HAKH KBITOK, ITHJIKOBUX
3epeH 1 mioniB V. tuberosa Ta yTOYHUTH OCOOIMBOCTI
ixHbOT OyHOBH, CHCTEMAaTH3yBaTh Ta HAJATH JETaJbHY
XapaKTePUCTHUKY, BHUSBHTH JOJATKOBI KpHUTEpii Juist
TouHiImOl izeHTHdIKAIT Ta MOJaNbIIOr0 BUKOPUCTAHHS
[IUX O3HAK Yy BUPIMICHHI TUTaHh TAKCOHOMII Ta (hijOoTeHil.

Marepiajau Ta MeToIH

JUtss MOCHiKCHHST KBITOK, MHJIKOBHX 3€pCH 1 IUTOIB
OyB BUKOpUCTaHMK Matepian 3  HamioHaiabHOTO
repOapito Iucruryty Ooranikm iM. M.I. XomomHoro
HAH VYxpainn (KW). Ertukerku repOapHUX 3paskiB
UTYIOTHCSI MOBOKO OPHTIHAITY, 32 HEOOXiTHOCTI HaBeIeH1
YTOUHCHHS IIOJI0 CYYaCHUX Ha3B aIMiHICTPATHBHHUX
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perioniB. Mop¢homoridyai 0coOIUBOCTI KBITOK Ta TUIOIB
JmocimpKyBanu i 6iHokyasipom MBC-9. Ilnoau Takoxk
BUBYAJIH 111 CKAHYBAIbHUM €JICKTPOHHUM MIKPOCKOTIOM
(CEM, JEOL JSM-6060 LA), 3pa3ku skux ¢ikcyBaiau
Ha CTOJNIMKAaxX Ta HANWIIOBAIM mIapoMm 3onorta. Ommcu
TIPOBOJIUIIN 3 BUKOPUCTAHHSIM TEPMiHOJIOT 11, y3araibHeHOT
B miteparypi (Fedorov, Artyushenko, 1975; Barthlott,
1981; Artyushenko, Fedorov, 1986; Plisko, 2000; Zyman
et al., 2004). [lna cknagaHHA ONHWCIB TUIOMIB 3aiydeHi
Takox pekomenaanii M.M. Kagena ta C.A. CMupHOBOi
(Kaden, Smirnova, 1974). Y wmikpoMop}oaoriaHux
JIOCTI/DKEHHSAX ~ €K30JIepMH  30CEpE/DKYBald  yBary
Ha 3arajbHUX O00pHcax KIITHH Y IapajepMaibHii
IUIOMKHI, (GOpMi 30BHINIHIX NEPUKITIHATBHUX CTIHOK
KJIITHH, 3BUBUCTOCTI AHTHKIIHAJILHUX CTIHOK KIIITHH
Ta CTPYKTYPHHUX OCOOIMBOCTSIX KyTHUKYJISIPHUX yTBOpIB
iXHbOT TOBepXHi. BuMipu po3MipiB eJeMeHTIB IUIOIIB
(momXWHA Ta MMPHUHA Tila IJIOAY, IIUPUHA OOJSAMIBKH,
JIOB)KMHA BOJIOCKIB 1 4yOKa, po3mip mariix) BHKOHAHO
3 BHKOpHUCTaHHAM mporpamu AxioVision Rel.4.8.
Bumipu po3mipiB CynBiTh, IPUKBITHUYKIB Ta €IIEMEHTIB
KBITOK (MOBKHMHA Ta IIUPUHA BIiHOYKA OIBITHHU 1
3aB'si31 MaroOukW, JOBKMHA THYMHOK, CTOBITYMKA Ta
MPUAMOYKH) — 3a JIOIOMOTOI0 MAacIITaOHOT JiHIHKH
Oinokymsipa  MBC-9. IlunkoBi 3epHa BHMBYAIM 3
BUKOPUCTaHHSM CBiTIIOBOro Mikpockorny (CM, Biolar
x700) Ta CEM. [ns mocmimkenns mig CM martepian
MoriepeIHbo ~ 00pOOJISUIM 32 3arajbHOIPUHHATUM
anetomizauM  meronoMm  (Erdtman,  1952).  Jlna
BCTAHOBJICHHS po3MipiB y 20 MUIKOBUX 3€peH KOKHOTO
3pa3ka BuUMipioBaiu moisipHy Bick (I1), exBaropiambHumit
niamerp (E) 1 ToBuny ex3unu, y 10 nunkoBux 3epeH —
JiaMeTp  amoKOJBIiyMy, [JiaMeTp  ME30KOJBIIyMY,
mUpHUHY OOpO3HM Ta OKaHTOBKH. [locTiiiHi mpemnaparu
MMAJIKOBHUX 3€PEH IMepenaHi Ha 30epiraHHs B NaTIHOTEKY
Hamionansnoro repbapito Ykpainu KW-P (Bezusko,
Tsymbalyuk,2011). JI7st 10 Citi IKEHHS 117 CKAaHY BaJIbHUM
CIIEKTPOHHIM MIKPOCKOIIOM CyXi THJIKOBI 3epHa
¢ikcyBanu 96%-M €TaHOJIOM Ta HAIMIIOBAIN IIAPOM
30II0Ta 3a cTaHxapTHO Metoaukor (Tsymbalyuk et al.,
2018, 2019a, b). Bumipu po3mipiB HIMIIB Ta MIUIHKIB
MPOBOIIJIN 3 BHUKOPHUCTAHHSAM mporpamu AxioVision
Rel.4.8.2. OnucyBany MUIKOBI 3¢pHA 32 TEPMIHOJIOTIED
Punt et al. (2007) ta Halbritter et al. (2018).
Hocaimxeni 3paskm  kBiTku: 1. CramuHckas
[donenpka] o6m., Bomomapckmii p-H, c. Hazaposka,
sanoBeqHuK "Kamennesie mormwibl". 05.V 1953, CoOp.
Konecuukos, onp. Ky3nerosa (KW, s.n.). 2. Kamencrka
[Teprominbceka] 061., YopTKiBChKUI p-H, YOPTKiIBCHKHN
gicrocm, yp. "Haromene", kB. No 93, ramsBuHa B
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Oaiipagromy myooBomy dmici. 20.IV 1954. JlobpodaeBa
(KW, s.n.). 3. [XapkiBcbka 001.] Okp. c. Bopkwy,
3MHEBCKOTO ye3/1a, CTEMHBIC CKJIOHBI, Y OIyLIKH Jieca
mo BepxoBbsiM Oanku "Imy6okoi". 06.V 1923. Koros
(KW, s.n.). 4. Muxonaisceka o611., [Teppomaiicekuii p-H,
rpaHiTi Ha JjiBomy Oepe3i p. IliBnennuii byr, Mix
HOxHoykpaiHcpkuM Ta cenummeM by3pkum. 05.04.1990.
Kpuupka, [epxkau (KWO00105685). 5. Vkpaina,
Jlyranceka 06i7., Jlyryruacekuii p-H, Mix c. IlloBkoBa
[Tporoka Ta c. BonHyxiHe, CTENOBI CXWJIH IO JIIBOMY
Oepesi p. Jlyramuuk. 29.04.2003. Ileperpum (034281,

KW, s.n.).
Hocaimkeni 3pa3kum nuiakoBux 3eped: 1. Bopo-
mmtoBrpanckas  [Jlyranceka] obmacth, MenoBckoit

paiton, 3anoBegHuk "Crpenenxas crems", miaaro. 02.V
1955. 3. CaperaeBa (KW, s.n.). 2. Jlonempka o0,
Bomonapcekuit  p-#, oxon. c. HazapiBka, "Kam'sai
mormnmu", 'y cTemy, 3BmyaifHO. 29.0V  2013.
B.IT. Kontomiituyx (KW00107777). 3. Herbier de Georges
Desplantes. A Flavigny sur Ozerain (Céte-d'Or). France.
Cote-d'Or: Gevrey, plateau de chateau Renard. Calciare —
alt. 320 mm. Mai 1930. G. Desplantes (KW, s.n.).

Hocaimxkeni 3pa3km muoniB: 1. Distr. Melitopil,
HoBorpounkuit paiton, yu. 64, oxp. c. Hoso-
Muxaininosku, Crnankuii moa. 15.V 1928. JleBuna N.c.:
V. tuberosa 09.1V 1952. Karuna (KW, s.n.). 2. Cranunckast
[donemnpka] o0m., BymeHoOBCKuii paiioH, 3amOBEIHUK
"XomyTtoBckas cremnp". 25.V 1956. @. I'puns (KW, s.n.).
3. Bopommnosrpazackas [Jlyranceka] 061., MemoBckoit
paiion, x. BEsxauuii, 3anoBegnuk "Crpenenkasi cremsp'.
06.V 1953. T Ky3nenosa (KW, s.n.).

PesyabraTn T2 00roBOpeHH

3a pesynTaTaMy OINPALOBAHHS JIITEPATypH Ta BIACHHUX
JOCIIDKCHb MOP(OJIOTIYHUX O3HAK HaMHU CKJIaJCHI
YTOUHCHI XapaKTEPUCTHKH CYIBITTSA, MPUKBITHUYKIB Ta
€JIEMEHTIB JIBOCTAaTeBUX KBITOK V. tuberosa. Cyupirts
HITEHE, HAIIBKYJACTE 9n Kymsicte, 0,8—4,5 x 1,0-5,5 cwm,
NPU TUIOAAX PO3POCTAETHCS 1 MOJOBKYETHCS B IYXKY,
KATHUIICTIONIOHY BOJIOTH, TIJIKM SIKOT PO3CISHO OITyIIeHi
KOPOTKMMH IIETHHUCTHMHU BOJIOCKaMHu. [Ipu OCHOBI
CYUBITTSI HasBHI JHCTKA OOTOPTKH, SIKi CYHNpOTHBHI,
roJli, Mai>ke 10 OCHOBH pO3Cid€HI Ha II'ITh BY3BbKHX
JoTaTed, IMEeHTpaJbHa 3 HHUX HaWmoBIIa, 5-8 MM.
[puksiTHmykn 1-2 x  0,5-0,75 ™M, CynpOTHBHI,
TUTIBYACTI, TPUKYTHO-JIAHLIETHI, [IPU OCHOBI PO3IINPEHI,
Ha BEPXIBIi 3arOCTpPEHi, KOPOTII 3a KBITKYy Ta ILI,
roai abo 3 MOOJWMHOKMMH BiMKaMH 1 3aJI03KaMH 10
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kpasx. Yamreuka 3 8§—11 ONMyIIEHUMH OCTSAMH, SIKi LT
Yac UBITIHHS 3aropHyTi BCepenuHy. BiHOYOK pokeBHH,
IMicIIsg 3aKiHYeHHS LBITIHHA omanae, 4,5-6,0 x 2-3 mm,
ronuii, 3a GopMOr0 BY3bKHUH, TPyOUaCTONIMKOIOIIOHNH,
MIPU OCHOBI 3 HEBEJHKOIO OIYKJIICTIO 3 ONHOTO OOKY,
JIe PO3MIlllCHI HEKTAPOHOCHI KIIITHHH, HA BEPXIBIN 3
BY3bKHM BIATHHOM, IiaMeTp SIKOTO ONU3BKO 2 MM, 3
m'sThbMa OBaJbHUMH JionatsaMu, 1-2 x 0,7—1 mm. Jlomari
Maibke piBHI Mi’k co60r0. CBOTO "acy Ha If0 0COOTUBICTD
Juis BuaiB poxy BkasyBaB FO.M. TopOynos (Gorbunov,
2002: 106), wa BigMiHY Bix paHille HaBEACHUX B
JiTepaTypi TaHWX IIOAO HEMPaBHIBHO I'SITHIIONATEBOTO
Bimruny BiHouka (Grubov, 1958; Katina, 1961, 1987,
Voroshilov, 1978). TuumHOK TpH, NPHUKPIILICHI IO
OCHOBU TpyOOYKH BiHOYKa, 5-6(6,5) MM 3aBm., 3a
JIOBKMHOIO JICTO IIEPEBUILYIOTh BIHOYOK, 3 TOHKHMH
TUYMHKOBUMH HUTKaMH Ta LIMPOKOEIIICOIaIbHUMHU
MAIAKaMH, SKi TPUKPIIUICHI J0 HHUTOK MOCEpenuHi
(pyxnusi), 0,5-0,7 MM 3aBn. 3aB's3p MaTouku 2—4 x 0,5—
1,0 MM, BUIOBKEHOsMIIETIONIOHA, TUIOCKa, pedpucTa, il
BEpXiBKa 3 JieKinbkoma octsiMu (8—11 ox.), 3aropHyTHMH
BCEPEIHHY, 3aB'A3b M0 TPAHsX, IHKOJH 1 IO pedpax TycTo
omymena sxopctkumu Bojockamu (0,1-0,3 MM 3aBn.,
TIPY TI0/IaX MOIOBXKYIOTHCS ); CTOBITYMK HUTKOIIOA1OHHH,
4-6 MM 3aBI., 332 JTOBKUHOIO BiH JOPIBHIOE BiHOYKY;
[IpUIIMOYKa TPUJIOIIATEBA.

3a pe3yabraramMu JIOCITIPKCHHS CKJIAJICHO
XapaKTepUCTUKY THIKOBUX 3epeH V. tuberosa (puc. 1,
A-D, puc. 2, A-D).

CM. [IlwnkoBi 3epHa 3-00pO3HI, CIUTIOIICHO-
cthepoigampai abo Maibke emincoigameHi 3a (GopMoro
(IVE=0,85-1,33), B 00puci 3 moiroca caadko 3-momnaresi
abo 3-;momaTeBi, 3 eKBaTOpa ENINTHYHI, 3piAKa OKPYIIi
(puc. 2, A-D); cepennix abo Benwkux posmipis, I1 =
39,9-61,18 mxm, E = 359-51,87 wmxm. boposnu
cepenHboi 1oBKuHY, 4,0—10,6 MKM 3aBILlL., 3 XBUJISICTUMHU
KpasiMH, 3aroCTpeHUMH a00 MPUTYIUICHUMH KIHIISIMHU Ta
TOHKOIO OKaHTOBKOI0, 0,6—1,0 MKM, 1110 0TO4y€E OOpO3HY
(puc. 2, B, D). bopozni memOpanu rpanynsipai. llupuna
ME30KOINBITiyMiB 29,3-33,2 MKM, iaMeTp alOKOIbITIyMiB
11,9-22,6 mxm. Exzuna 2,7-4,0 mxm 3aBt. [TokpuB ayxe
TOHKUHM, y 1,5 pa3a TOHIIMH 3a CTOBIYMKOBMM IIap.
CroBnuunky 4itTki. CKyJabITYpa €K3MHH YiTKa, NIMITyBara,
IINITA TI0 KParo 3epHa MaJIo MTOMITH.

CEM. CxynbnTypa €K3WHM IINIMYBaTO-IIUIKKyBarTa
(puc. 1, C, D). Hlunu i mmwnuku moaioHi 3a hopmoro, 3
piBHEMH 200 OIyKJIIMMH KPasiMH 1 TOCTPOIO BEPXiBKOIO.
Munu 0,9-1,1 mxm 3aBB., 0,8—1,1 MKM mpHU OCHOBI,
posramoBaHi piako; mmwmukn 0,2-0,3 MKM 3aBB.,
0,3-0,4 MKM [pH OCHOBI, OLJBII YHCEJIbHI; MOBEPXHSI
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MDK [IMIaMH  [IepliaBa 3 PIOKO PO3TalIOBAHHUMH
nepdopauisimu. boposzHi MmemOpanu rpanysipHi (puc. 1,
O).

AM. Tlokposceka (Pyltsevoy analiz, 1950),
JOCTI/DKYIOYH THIIKOBI 3epHa V. fuberosa, Bin3Hadana,
0 BOHM MAalOTh XapakTepHy OyJOBy, ska BiJpi3HsE
iX BiJ Takux y OyIOb-AKOi IHIIOI TpPaB'SHOI POCIIHHH.
JocnigHuns Hajana cXeMaTHYHUH PUCYHOK IHIIKOBHX
3epeH V. tuberosa, SKA WIJKOM Y3rOMKY€EThCS 3 HAIIUMH
CIIOCTEPEKECHHSMH, 32 BUHITKOM THUILy anepryp, sKi Ha
PUCYHKY TIOKa3aHO $IK 3-00pO3HO-OpPOBiI 3 BHPA3HOIO
OKpymioro opor. OmHak OTpUMaHi HAMH JaHI Ta
nocmipkennss iHmux aBropiB (Clark, Jones, 1977,
Kupriyanova, Aleshina, 1978; Diez, 1984) moBonsTh, mo
THII aneptyp y V. tuberosa 3-00po3Huid.

OtpuMaHi po3MipH THIKOBUX 3epeH V. tuberosa
MU TIOPIBHSUIM 3 TakKUMHU 3 JITEPaTYpHHUX JDKEPEIL.
Po3mipn munky waBegeHi sk II = E = 56-59(60) Mxm
(Pyltsevoy analiz, 1950) sk IT = (54,0)55,2-57,6 MKkwm,
E = 58,8-61,2 mxm (Kupriyanova, Aleshina, 1978),
sk IT = 40-54 mxm, E = 43-53 mxm (Clark, 1977) Ta
sk IT = 30-52 mxm, E = 20-44 mxm (Diez, 1984). 3a
naaumu A.M. Tlokposerkoi (Pyltsevoy analiz, 1950) i
JILA. KynpisiHoBoi ta JI.A. Anpsommunoi (Kupriyanova,
Aleshina, 1978), nuiukoBi 3epHa MaixH OUIBINI PO3MIPU
NOPIBHSHO 3 TaKUMH, SIKI HAaBOIWIM IHII aBTOPH
(Clark, 1977; Diez, 1984). ochiKeHHS TPHOX
3paskiB mokasaiu, o s V. tuberosa (39,9-61,18 x
35,9-51,87 MKM) XapaKTepHi MUJIKOBI 3epHa CepemHiX
Ta BEJIMKUX PO3MipiB. MOXIMBO, NesKi BiAMIHHOCTI y
PO3Mipax TOB's3aHi 3 PI3HOI0 METOJMKOIO ITPUTOTYBAHHS
rpenapariB 1 He3HAYHOIO BHOIPKOIO 3pasKiB. Y NWIKY
V. tuberosa BuCOTa MHUMIB OUTBII-MEHII JOPIBHIOE iXHIH
LIMPHHI IPU OCHOBI, 1110 100pe crioctepiraersest Ha CEM
Mikpodororpadisix Ta y3romKyeThCSA 3 JaHUMH IHIIHX
nocmigaukis (Clark, Jones, 1977).

Ha migcraBi NOpPIBHSUIBHOIO — aHaMi3y MaiHO-
MopororigHuxX ocodnmuBocTer V. tuberosa, OTpuMaHHX
panime (Pyltsevoy analiz, 1950; Clark, Jones, 1977;
Kupriyanova, Aleshina, 1978; Diez, 1984), Mu yTouHmIH
THIT allepTyp, pO3Mip MUIKOBUX 3€peH Ta LIMMIB, TXHIO
(hopMy Ta HasSBHICTH IMIUITUKIB i 6OPOTABOK.

B Xoil KpUTHYHOrO ONpAaIlOBaHHS JITEpaTypHUX
JMAHUX HaMH 3'SICOBAHO, 110 MOP(OIOTiyHI 0COOTMBOCTI
TUTOJIIB NTPEACTaBHUKIB pony Valeriana MaloTh BaykIIuBe
3HaYeHHsI 1 JiarHoctuku BuiB (Gorbunov, 1978, 2002,
2014; Vakulenko etal.,2016). [Tnin V. tuberosa (arremymna)
HIDKHIH, CyXWil, HEpO3KpUBHMH, 13 31€peB'sHIIUM
CHJIOKApIIOM, YTBOPCHHH TpboMa IUIOJOJIUCTKAMH, 3
SIKMX OUH (DePTUIIbHUHI, TOAIOHHUI 0 MJIOAIB O1IBIIOCTI
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Puc. 1. [TunkoBi 3epHa Valeriana tuberosa (ckaHyBalbHUH eIEKTPOHHHUN MIKPOCKOIT). A: BUIVIAZ 3 €KBaTopa; B: Burmsax 3 momoca;
C: 60opo3Ha; D: ckynpnTypa eK3MHA

Fig. 1. Pollen grains of Valeriana tuberosa (scanning electron microscopy). A: equatorial view; B: polar view; C: colpus; D: exine
sculpture

Puc. 2. InnkoBi 3epHa Valeriana tuberosa (cBiTnoBuit Mikpockorm). A, B: Bunsin 3 exBaropa; B: 6oposna; C, D: Bunsiz 3 momoca.
MacmTabna niniiika: 10 MkM

Fig. 2. Pollen grains of Valeriana tuberosa (light microscopy). A, B: equatorial view; B: colpus; C, D: polar view. Scale bars: 10 um
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BugiB poxy (Katina, 1961; Grubov, 1958; Plisko, 2000;
Gorbunov, 1978, 2002). 3a 30BHIIIHLOI (OPMOIO BiH
JENI0  CIUTIOCHYTHH, 37e01IbIIOro BHIOBKEHOSHIIC-
nonionmii, 3,4-4,6 mm 3asx., 1,2-1,8 MM 3aBmi., 3a
KOJTBOPOM  THMSHO-KOPWYHEBHH. BepxiBka Imiomy
BUJIOBKECHA, OCHOBA 3a0KpyIVIeHa Ta JENIO PO3IIMPEHa,
3 Jiemp TIOMITHAM 3amIHONICHHAM MOCEpenuHi, e
PO3MILIICHUN KapIOMoAiyM 3 0a3ajbHUM IUIOJOBUM
pyOunkoMm (puc. 3, A). Ha BepxiBui 1miomy po3TamoBaHa
JIETIOUKa, $IKAa YTBOPWJIACS BHACIIOK PO3POCTAHHS
Yalieykd Ta TEepeTBOpeHHs ii Ha OuMi mipyacTuid
YTBip — 4yOOK, CXOKUI1 Ha TaIyc, 3 JICKUIBKOMa JOBITUMHU
TOBCTHMH  IIKIPACTUMH OCTSIMH  Ta  YHCJICHHUMH
BoroconomiOHMMu BupocTamu. Lli octi 3pocmi Mix
c000¥0 0715t OCHOBH y BHIVISI I IJTiBYACTO KOpOHU (puC. 3,
B). YV Heno3pinux miomiB, SK i y MaTO40OK KBITOK, OCTI 3
OUTMMU TOBFUMH M'SIKUMH BOJIOCKAMU 3TOPHYTI IOHU3Y
Ta pPO3TOPTAIOTHCS JIMIIE TicTs Mo3piBaHHA. Ha HIDKHIN
MOBEPXHI IOy PO3TALIOBAHO TPU pedpa — IEeHTpalIbHEe
mpsiMe, Mo OOKax BiJ HBOTO MO OXHOMY JYTOIOIIOHO
3ITHYTOMY, Ha BEpXHi — omHE mpsme. 3 000X OOKiB
IUTOLy pO3BUHEHA 00IsAMiBKa — BUpicT 10 0,5 MM 3aBi.,
BiH 3aIIOBHEHMH NMAPEHXIMHOIO TKAHUHOIO 3 MO3I0BKHIM
CYIIMHHUM IYYKOM.

[ToBepxHs IUIOAY 3 BEPXHBOIO Ta HIKHBOTO OOKIB
(3a BUKJIFOUCHHSIM OOJISIMIBKH) OITylIIeHa MiDX peOpamu,
a IHKONMHM 1 10 pedpaxX MPOCTUMH BiACTOBOYPICHUMH
xopctkumu josrumu (no 0,3-0,4 mMm) crpiukonozio-
HUMH, CIUTIOIICHUMH ab0 TpyO4acTHMHU BiJ OCHOBH Ta
OKpYIVIMMH Ha BepxiBui Boockamu (puc. 3, A-C, F).

Uy6ox 3,7-6,9 MM 3aBn., 3 8—11 ocTsimu. Ocri ormymieHi
JIOBI'MMH  CTPIYKONOMIOHUMH, YacTO NEpPEKpyUYECHHMH,
3BUBHCTUMH BOJIOCKaMH. PyOunk okpyrmii, OLTyBaTui,
OazanbHuii (puc. 3, A, B).

Crning 3a3HauuTH, MO B JITEpaTypHUX JDKeperax
moyo pony Valeriana M He 3HaWNUIM iHpOpMaii Mpo
MikpoMopdooriuHi 0coOIMBOCTI uis WIOAIB V. tuberosa
(Grubov, 1958; Katina, 1961; Ockendon, 1976; Gorbunov,
1978, 2002, 2014; Voroshilov, 1978). Bukopucranus
CEM y wHamomy IOCTIIKCHHI JJO3BOJIIO BHSBUTH
CYTTEBI O3HAKH MIKPOCTPYKTYPH MOBEPXHI IUIOY [[LOTO
BUJly Ta BIEpUIE CKJIACTHU ii AETAIbHY XapaKTEPUCTHUKY.
[ToBepxHsi miomy ropOKyBaTa, MeXi MK KIITHHAMH
4iTKi; Ha pebpax Ta MDKpeOepHHX MIMAHKAX KIITHHU
€K30KapIlil0 PO3TallOBaHi B3/OBX MO3I0BXKHBOI OCI;
Ha pebpax KIITHHH JOBTacTi, 3 OMyKJINMH 30BHIIIHIMHU
MIepUKIIIHAIBHUME CTIHKAMH, Ha MDXKpeOepHHX AUISTHKAX
BOHHU OKPYIIIi, KYTacTi, 3 OMYKIMMHU NEPUKITHATBHUMH
CTiHKamM#, 3 OOpomaBUYaCTHMH ab0 MITPUXOIOTIOHUMU
KyTUKYJISIDHUMH ~ yTBOpaMu. AHTHKIIIHAIbHI ~CTIHKH
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mpsiMi, OKpyDNIi  a00  XBWIACTI, JEAKI  KJIITHHH
CK30KapIlil0  MalTh  COCOYKOMOMIOHO  BHJIOBKCHI
yTBOopHu abo mpencraBieHi mamizamud 1m0 30—40 MM
3aBB. Ha MiKpeOepHHMX JAUITHKaX  pO3TAlIOBaHI
MPOIMXH, 3aMUKAIO4l KITHHHU SKHX MAalOTh IVIaJICHBKY
KyTUKYJSIDHY ~ CTPYKTYpy TOBEpPXHI Ta  OTOYEHI
pazmiadbHO PO3MIMIEHUMH T'SIThMa-IIiCThMa OIYHUMH
KJIITHHAMH, KYTHKYJSIPHA CTPYKTypa SIKMX HEepEeBa)KHO
CTPYMEHSCTOTO THITY, MPOIMXOBI IIUTMHU TapaieibHi
mo3oBXHiH oci moay (puc. 3, D). [ToBepxHs BOJTOCKIB
Mae OOpodaByacTi, IITPUXOMOMiIOHI abo0 BHIOBXKEHI
yTBOpH KyTukymu (puc. 3, F).

TakuM 4YMHOM, y pe3yibrari [ETaJbHOrO aHallizy
MOPQOJOTIYHIX OCOOIMBOCTEH CYNBITTS, EIEMCHTIB
JIBOCTATCBUX KBITOK, MUJIKOBUX 3CPCH 1 IUIOAIB HaMHU
YTOUHEHO BiZIOMi JiTepaTypHi HaHi Ta IS MHJIKOBHX
3epeH 1 IUIOAIB BHSBJICHO HOBI cHenU(iuHI O3HAKH
V. tuberosa.

YTO4YHEHO THN amepTyp Ta po3Mip NMUIKOBUX 3€peH
V. tuberosa. JleTanbHimmii aHaII3 €IEMEHTIB CKYJIBIITYPH
€K3MHU MWIKOBUX 3epeH 3 Bukopucranusm CEM
JTO3BOJIMB YTOYHUTH PO3MIp 1 OpMY IIHITIB Ta HASBHICTH
IIMITHKIB 1 00POIABOK.

3a pomomororo CEM BHSBICHO HOBI MIiKpO-
MOpQOJOTiUHI O03HAKW IUIOMIB, 30KpEeMa, BIIEpIIC
BI[3HAYCHO  COCOYKOIMOMIOHI  MamiIo3HI  BHUPOCTH

MEPUKITIHATBHIX CTIHOK EK30KapITy 3 IITPUXOIIOIOHNMH,
CTPYMEHSICTUMH Ta OOpOAaBUYaCTUMM KYTHKYJISIPHUMH
YTBOpPAMHU TIOBEPXHi, ONMHCAHO OCOOIHMBOCTI BOJIOCKIB,
SKMMH OIyIIeHI TUIOAW, CHEHU(IKY KyTHKYJISIPHOT
CTPYKTYpH IXHBOI TOBEPXHi Ta 0COOIMBOCTI TPOITUXOBOTO
arapary eK30KapIry.

BucnoBku

3a pesynbpraraMd = aHadi3y KOMIUIEKCHOTO MOp(o-
JIOT1YHOTO TOCIIPKEHHS KBITOK, TUIIKOBHUX 3€PEH 1 TTOIB
V. tuberosa, cknaneHo iXHi JeTallbHI XapaKTePUCTHKH,
YTOYHEHO BiZIOMi Ta BHUSIBICHO HOBI MOpPQOIOTidHI
0COOJHMBOCTI, SIKi € BAXKJIMBUMU JIOATKOBUMH O3HAKAMHU
UIA TO4HIMIOl imeHTH(iKamii BuUAy Ta M IXHBOTO
MOAJIBIIOr0 BUKOPHCTAHHS Y BHUPILIEHHI MHUTaHb
TaKCOHOMIi Ta (piyoreHii.
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Puc. 3. Ilnoxu Valeriana tuberosa (CEM). A: 3aransuuii Bursin; B: uy6ok; C: ¢parMeHT moBepxHi 3 Bosockamu; D: ¢parment
noBepxHi 3 npoauxoM; E: okpemi KIiTHHHU noBepXHi; F: oBepXHst BoOCKa
Fig. 3. Fruits of Valeriana tuberosa (SEM). A: general view; B: pappus-like calyx; C: fragment of the surface with hairs; D: fragment
of the surface with stoma; E: individual surface cells; F: surface of the hair
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Boiko S.M. 2020. Cellulases of basidiomycetes for the development of cellulose bioconversion technologies. Ukrainian Botanical
Journal, 77(5): 378-385.
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37 Acad. Lebedeva Str., Kyiv 03143, Ukraine

Abstract. Basidiomycetes cultures were screened for the ability to actively express the cellulases complex. Nutrient media
with various forms of sugars were used. From 22 cultures of macromycetes (14 species), a group of six cultures with high level
activities of extracellular (II-11 1. lacteus — 70 1U, Fvv F. velutipes — 78 1U, Pe-1 P. eryngii — 87 1U, Ps-1 L. sulphureus — 83 1U,
Mg M. giganteus — 74 1U) and intracellular (Sc-51 S. commune — 102 1U) cellulase complex was selected. Cultures of the species
exhibit notable differences in the expression of enzymes, which indicates a significant influence of genetic factors on the process
of producer selection. Endo-1,4-pB-D-glucanases isozymes for most fungi had a molecular weight of 55 kDa and above, except for
S. commune, which had more variability of conformation and weight 1255 kDa. The culture of 1I-11 1. lacteus on media with
Avicel and filter paper had the highest activity, its endo- and exo-1,4-B-D-glucanases activities ranged 37-39 IU/mL and 18-20 U/
mL, respectively. The culture of S. commune Sc-51 is able to accumulate a significant amount of intracellular cellulases, but the
production of culture fluid with high viscosity complicates technological manipulations and increases processing time. The obtained
data allowed us to isolate an Il-11 1. lacteus culture with stable expression and high activity of the cellulases complex at different
carbon sources.

Keywords: Basidiomycota, cellulases, endo-1,4-B-D-glucanase, exo-1,4--D-glucanase, expression
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boiiko C.M. 2020. Hearwaa3zu O6a3uaieBuX rpudiB Ajias po3poOKU TeXHOJIOrili OiokoHBepcii KIITKOBUHM. Yipaincvrutl
bomaniunutl xcypran, 77(5): 378-385.

Pedepar. IIpoBeneHo CKpHHIHT KynbTyp Oa3uuieBUX TpUOIB Ha 3[aTHICTh O aKTHBHOI €KCIIPEeCil LEJI0Ia3HOr0 KOMILIEKCY.
KyneruByBaHHS BiZOyBajloCh Ha TIOKUBHHUX CEPEIOBHUINAX i3 BMICTOM IyKpiB pisHUX (opm. 3 22 mTaMiB MakpomineTis (14 BuIiB)
OyJ10 BULIEHO TPYIy 3 IIECTH KyJIbTYp, IO Majd BUCOKI MMOKAa3HUKH aKTHBHOCTI mo3akmituHHOTO (Irpex lacteus 11-11 — 70 IU,
Flammulina velutipes Fvv — 78 1U, Pleurotus eryngii Pe-1 — 87 1U, Laetiporus sulphureus Ps-1 — 83 1U, Meripilus giganteus
Mg — 74 IU) ta BHYTpIIHBOKIITHHHOTO (Schizophyllum commune Sc-51 — 102 IU) xommiekcy nemtonas. BcraHoBieHo, 1Mo
KyJIBTYPH OTHOTO BH/y MArOTh 3HA4YHIi BiIMIHHOCTI y TpoIiecax eKCIpecii eH3UMiB, 1[0 CBIAYUTH PO CYTTEBUI BIUTUB T€HETHYHOTO
(hakTopy — 11e TOTPIOHO BPaxoBYBAaTH IPH J000PI mpojayieHTa. [3opepmentu eHno-1,4--D-nirokanasu st 611bInocTi rpubiB Mau
MoJIeKyJsipHY Macy Bix 55 kDa i Butie, Okpim KyneTyp S. commune, Ut SKHX XapakTepHa Oibla BapiadenbpHicTh (opM Ta Maca 12—
55 kDa. Ha cepeoBuinax i3 BMiCTOM MiKpOKPUCTaNIYHOI [esr01031 Avicel i pibTpyBasbHAM MarnepoM Hail0ibIly akTHBHICTh Majia
Kynerypa 1. lacteus 11-11, Ti eno- Ta ex3onmokaHa3Ha aktuBHOCTI cranoBm 37-39 [U/mit ta 18-20 U/ BinnosinHo. Kymsrypa
S. commune Sc-51 37MaTHa HAKONHMYYBaTH 3HAYHY KUTBKICTh BHYTPIIIHBOKIITHMHHHX IEIIONA3, OAHAK YTBOPEHHS KYJIbTypaJbHOI
PIIMHU 3 BUCOKOIO B'SI3KICTIO CYTTEBO YCKJIAJHIOE Ta 30UIBIIY€E TPUBAIICTh TEXHOIOTTYHUX MaHiny i, OTpuMaHi 1aHi 103BOIMITH
BUJIUTNTH TIEPCHEKTUBHUN NPOXYLEHT — KylbTypy [ lacteus 11-11, mo neMoHCTpye CTabiabHY €KCIPECilo Ta BUCOKY aKTHBHICTh
LEJTI0NIA3HOTO KOMILICKCY 3@ Pi3HHX JUKEpEs ByIVICIIIO.

Kawuogi ciioBa: Basidiomycota, excripecis, eHno-1,4-p-D-rimokanasa, ex30-1,4--D-rimrokanasa, menromnasu
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Beryn

Llemono3a — TOMOBHUM MOJIMEPHUH  KOMITOHEHT
POCIMHHOT ~CTIHKM KIITHHHM, € HaHNOIIMPEHININM
NOJMICaxapuJoM  Ta  BAXKIMBHUM  IIOHOBJIIOBAaHUM

pecypcom. Ii ximMiunuii ckazg € IpoCTHM, CKIAgaeThCs i3
3aaUIIKIB D-Troko3u, moB'si3aHux b-1,4-I1iKo3uIHIMHI
3B's3kamMu. [lepeTBOpeHHs JIrHOILEIIOI03HOT Oiomacu
€ 0araroeTarHuM MPOIECOM, M0 BKJIOYAE MOMEPETHIO
00poOKy (MexaHiuHy, XiMiuHy abo O0ioJOriuHY),
(epMeHTaTHBHUN Tifpomi3, mpomec OpoxminHsi. Ha

puc. 1 TpencTaBiieHI [UIAXH OTPUMAHHS PI3HUX
OIOTEXHOJIOTIYHUX  TPOAYKTIB 3  JITHOLEIIONO3HOT
oOioMacu.

[TocriitHo 3pocTatoyi BUTpaTH HA BUKOITHE MAIUBO Ta
HAPHUKOBHUI €()EKT BUMATalOTh IOLIYKY aIbTePHATHBHHX
JIEMIEBIIMX ~ Ta  OUIbII  EKOJOIiYHO  Oe3rneuyHHux
6ionamuBHUX pecypciB (Himmel et al., 2007; Gaurav
etal., 2017). OquH 3 MOTEHLIHHUX METO/1iB BUPOOHHIITBA
OioeTaHOy TONATaE y BUKOPUCTAHHI JITHOLIETIONO3HOT
OiomacH, sIKy IOINEpesHbO MEPETBOPIOIOTH Ha IMPOCTi
mykpu (Sharma et al., 2018). Takuit pepmeHTaTHBHUI
TriJIpodIi3 € e(heKTUBHUM Ta EKOHOMIYHUM METOJIOM 1 KpiM
pH, Temneparypwu, 3aIeXHTh BiJ CyOCTpaTy i aKTHBHOCTI
¢depmentis (Wyman, 1999).

IcHye puUHKOBMH TONUT Ha LEJIIONA3U, ajke
BUTpAaTH Ha el kiac (EpMEHTIB CyTTEBO BIUIMBAIOTH
Ha BHpOOHHMITBO eraHonmy (40-49% Big umcroi
nponykiii) (Hahn-Hagerdal et al., 2006). Ha croromni
KOMEPIIIHHI TEeNF0Na3u BHUPOOJSIOTHCS TEPEBAYKHO 3

rpudiB Aspergillus sp. i Trichoderma sp. (Ascomycota)
(Singhania et al., 2010).

BasunmiominieTrt 3maTHI  CHHTE3yBaTH (PEPMCHTH,
SKI Karali3yloTh pO3Maj CKJIJAHUX OiomoiimMepiB —
LIEJTFOJI03Y, TeMILIeNI0N03Y, JTITHIH, TIEKTHHOBI PEYOBUHU
(Floudas et al., 2012). 3pmatHiCTh 10 HPOLYKYBaHHS
LETIONIA3HUX  KOMIUIEKCIB  BHUIIMUMHM  OasumialbHUMU
rpubamu y 3Ha4Hill Mipi TOB'SI3aHa 3 TEHETHYHOIO
(ImTamMoBOIO)  PI3HOMAHITHICTIO, a  eKCIpecis B
OCHOBHOMY IHJYKY€ThbCsl HasiBHUM cyOctparom (Xiao
et al., 2013; Boiko, 2018). Iadopmariis npo BIacTUBOCTI
(depMeHTHHX cucTeM OasumialbHUX TPHUOIB  Jlae
MOXKJIMBICTh PO3INISAATH OCTAHHI SIK CKIIAJIOBY YaCTHHY
KOMIUTIEKCHOTO 010TEXHOJIOTIYHOTO TIPOIIECy.

Mertoro JociipkeHHsT OyJ0 NPOBENCHHS CKPHUHIHTY
KyIbTyp TIEBHHX Oa3ulieBUX TPHUOIB Ha 3[aTHICTH IO
AKTHBHOTO CHHTE3y LIENIONAa3 Ta BH3HAUCHHS IITaMiB
3 BHCOKHM TIOTCHIIAJOM EKCIIpecii IeroIa3Horo
KOMIIJIEKCY.

Marepiaau Ta MeTOaH

O6'exmu  0ocnioxncens. Jliisi TIEPBUHHOTO CKPHUHIHTY
BUKOPHCTOBYBaNM 22 KyIbTypu Oa3muieBuX rpudis 14
BUJIIB, sIKi 30epirarThbCsi B KOJEKIii KyabTyp rpuOiB
IHctuTyTy eBomonitinoi exomorii HAH Ykpainu (A-7 —
Auricularia auricula Underw.; Cs-1 — Coriolus sinuosus
Bondartsev & Singer; Fvv — Flammulina velutipes
(Curtis) Singer; Gl — Ganoderma lucidum (Curtis)

JlirnHouesro103Ha 0iomaca

[ BioximiuHa KoHBepCist ]

[ Tepmoximiuna KoHBepCisi ]

[Fopim—m] [l"amcbixauin] [ri,upOTepMqua 06p061ca] [3piz[>lce1-mﬂ] [l'[ipo.ni3]
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Meran Enepris Bonenn
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Puc. 1. TepmomexaniuHa Ta 6ioxiMiuHa nepepoOKa JIirHOLEI0I03HOT 6ioMacy B pi3Hi GI0TEXHOIOT YHI TPOLYKTH

Fig. 1. Thermomechanical and biochemical processing of lignocellulosic biomass into various biotechnological products
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PKarst.; 1l-11, 1115, 11-20 — Irpex lacteus (Fr.) Fr.; Ps-1 —
Laetiporus sulphureus (Bull.) Murrill; Mg — Meripilus
giganteus PXarst.; Pe-1 — Pleurotus eryngii (DC.)
Quél.; Po-3, Po-5, P191 — Pleurotus ostreatus (Jacq.)
P.Kumm; Rs-1 — Ramaria stricta Quél.; Sc-51, Sc-51-5,
Sc-89 — Schizophyllum commune Fr.; Sh1-4 — Stereum
hirsutum (Willd.) Pers.; Tk-1, Tv-13, TvcB — Trametes
versicolor (L.) Lloyd; Tb-33 — Trichaptum biforme (Fr.)
Ryvarden).

ITiozomoeka inokynama. KyasTypu BUPOLIYBalIu Ha
arapru30BaHOMY TTOKHBHOMY CEPEIOBHIIII TAKOTO CKIIaLy
(r/m): arap — 9, moko3a — 5, KpoxMaib — 5, MenToH — 3.
[Ticnst 7 peHHOTO KyJBTHBYBaHHS OTPUMAaHHWIl Mileniit
BUKOPUCTOBYBAJIM JUISl IHOKYJALIT PIJKOTO IOXXKHBHOTO
cepeoBuIIa.

Kynomueysannsa oaszudiomiyemie. I'pubnu KynbTUBY-
BaJIM B CTAI[lOHAPHUX YMOBaX Ha PIIKUX CEPEIOBHIIAX.
BukopucToByBain NOKHUBHI CEPETOBHIIIA TAKOTO CKIIATy
(r/m):

1) Momm¢ikoBaHE TITIOKO30-TIENITOHHE CEPEIOBHUIIC
(Ne 1): K, HPO, - 0,4; KH PO, - 0,6; MgSO, x H,O —
0,5; ZnSO, x H,O — 0,001; CaCl, — 0,05; nmenTon — 3,
nmoko3a — 3; Na-kapOoKCHMEeTHIIIEN o032 — 3;

2) w™onudikoBane cepemoBuiie Yameka (Ne 2):
NaNO, -2,0; K,.HPO, - 1,0; MgSO, x TH,0 - 0,5; KCI -
0,5; FeSO, x 7H,0 — 0,01; ¢insrpysanbuuil namip — 8,0.

[NoxxuBHE CepenoBHIIE PO3ITUBAIH 10 25 MIT y KOHIYHI
koitbu o6'emom 100 M1, KHCIOTHICTH JOBOIMIU JIO
pH 5,0, Temneparypa KyneTHByBaHHS cTaHoBmia 28 °C.

Busnauennsn emicmy 6inkie. KoHueHrpauito OUIKIB
BU3HAYAJIW  CHEKTPOPOTOMETPHYHMM  METOAOM  Ha
npwiani Ulab-131UV 3 BukopucTtaHHsM (GOpMyIH:
C, = L3S x A, —076 x A, ne Ay, — OonTHIHA
rycTuHa po3uuny mpu A = 280 um, A, — oNTHYHa
ryctuHa po3uuny mpu A = 260 um (Stoscheck, 1990).

Busznauenns axmuenocmi uenionaz. AXTUBHICTD
(bepmeHTIB LEITIONI030ITHYHOTO KOMILJIEKCY
BU3HAUaIM 110 BiJHOIICHHIO 10 TaKUX CyOCTpaTiB:
3arajibHa  Lemono3oniTuyHa  aktuBHicth  (FP)  —
dimprpyBaneHui mamip (Whatman Ne 1, miinmbHICTB
80 /M), enmo-1,4-B-D-mmokaHa3Ha — aKTHBHICTB
(endo-) — Na-xKapOOKCHMETHIILIENION03a, eK30-1,4-f-
D-rirokana3Ha akTHBHICTH (€X0-) — MIKpOKpHCTaJiuHa
nemono3za Avicel PH-101 (Eveleigh et al., 2009).
Cknan  peakuilHMX — cymimed Tpd  BHU3HA4YEHHI
(hepMEeHTaTUBHOI aKTHBHOCTI Ta YMOBH IPOBEICHHS
peakuiii Bigmosinanmu pexomengauism [UPAC (Ghose,
1987) Tta 3arampHonpuitHatuM wmetoaukam (Eveleigh
et al., 2009). 3a oquHUIIO (epMEHTATHBHOI aKTUBHOCTI
(international units — IU) npuiimasu yrBopeHHs | MKMOJIb
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PeOyKYIOUHX IyKpiB (A7 TONIMEpPHUX CyOCTpariB)
nporsirom 1 xB 3a temneparypu 40 °C nipu nonasanHi 1
MJI KYJIBTYypajbHOTO (inbTpary. 3aIUIIKH PeIyKYUHX
ByINIeBO/IiB Bu3Havyainu meronoMm Comomku-Henbcona
(Somogyi, 1952), mutoMy (epMEHTATHBHY aKTUBHICTbH
(specific international units — splU) — BigHOIIECHHSIM
3araibHOi (pepMEHTATHBHOT AKTHBHOCTI JI0 BMICTY OiNIKiB
y KyJIbTypaJibHOMY (iJbTpari.

Enexmpogopes depuenmuux npenapamis.
Enextpodopernune posmisieHHs (epMEeHTHOI cymimn
nemona3 3miicHioBam 'y 11,25%-my momiakpuiamin-
Homy reni (ITAAID') 3 BUKOPHCTaHHAM mpuc-TIIMHOBOT
oydepnoi cuctremu (pH 8,3). Hdus nmerekuii enmo-1,4-
B-D-rorokaHa3 micis enekTpodope3y Teib, M0 MICTHB
Na-KMLI, Butpumysamu Brnpogorx 30 xB y 0,1 M
arieratHOMY Oydepi 3a Temneparypu 50 °C. Hagaui iforo
3abapBimoBaiy, Bukopucrorytoun 0,1% pozunn Konro
yepBOHHMH. 17151 BCTaHOBJICHHS MOJICKYJISIPHOI MacH O1IKiB
BuKopucroByBanu Halip PageRuler Plus Prestained
Protein Ladder (Fermentas — Thermo Scientific). T'enn-
JIOKyMEHTYBAHHSI 3/[IICHIOBAIN 32 JIOIIOMOTOIO0 CUCTEMH
Alphalmager 2200 (Alpha Innotech).

Cmamucmuuna 006podoka. Bci  excriepuMeHTH
MaJll TPUKpPATHY IMOBTOPHICTh. CTaTHCTHUHY OOpOOKY
OTPUMAHUX JAHHUX TIPOBOIMIM 3 BHKOPUCTAHHSIM
JICIIEPCIHHOTO aHalli3y Ta METOJy HOPIBHSHHS CEPEeHIX.

Pe3ysabTaTn T2 00roBOpeHHs

JocnimkeHHs pocTy 0a3umioOMileTiB 3a HasABHOCTI B
CepeIOBHIII IIETI0I03U a0 MPOCTUX I[YKPiB HE PUBEIH
HAyKOBIIiB 0 €JMHOI JyMKH BiTHOCHO iHIYKTHBHOTO
a00 KOHCTUTYTMBHOTO MEXaHI3MIB CHHTE3y IIeJIrojas.
PeuoBuHM, 1110 BHUKOHYIOTH QYHKIII 1HIYKTOpIB,
pEeTYIIOIOTh  MIBHAKICTH  CHUHTE3Yy  "iHIyKOBaHUX'"
(epMeHTIB, a MIBHUAKICTh CHHTE3Yy "KOHCTUTYTHBHUX'
(epMeHTIB He 3aleKUTh Bill HASBHOCTI IHAYKTOPIB y
JKMBIJIBHOMY CepeloBHUILi. BiporimHuM iHIyKTOpOM
OiocuHTE3y Ienmona3 y TpubiB Moxke OyTH menobiosa —
MPOAYKT PO3KJIaJaHHs HEPO3UMHHOTO CyOcTpary, IO
MicTHTh [3-1,4-TIroK03uaHAHN 3B'130K. [IpUIycKkaroTs, mo
y BUIIUX 023U 1IOMIIIETIB OCTIHHO iCHYE nesika "0a3oBa”
aKTHBHICTH IIeIONIa3, sKa 3a0e3nedye TOYaTKOBHH
T1pOJIi3 ENION03U B CEPEIOBHUII 3 TOSIBOIO HEBEITHKOT
KUTBKOCTI PO3YMHHHUX TPOAYKTIB. YHACHIJIOK I[HOTO
MPOIIECY YTBOPIOETHCS HEOOXiTHA MOYATKOBA KUTBKICTh
1eno6io3u (abo IHIMIMX HU3BKOMOJISKYJISIPHUX CIOJYK,
o0 MarTh [-TITKO3UIHUH 3B'SI30K), MOCTaTHS IS
MOoYaTKy IHIYKOBAaHOTO OioCHMHTE3y. 3BaXKarouM Ha Ie,
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Puc. 2. CymapHa aKTHBHICTH MO3AKJIITHMHHHX IEIIONa3 KylabTyp OasumieBnx rpubiB. TyT i Jaml Ha pHUCYHKaX MO3HAYEHO:
"endo-": enno-1,4-f-D-mmrokanazHa aKTHBHICTB; "exo-": ex30-1,4-B-D-mokaHa3Ha aktuBHICTh; "FP": 3aranpHa memono3onitnaHa
AKTHBHICTh

A-7 — Auricularia auricula; Cs-1 — Coriolus sinuosus; Fvv — Flammulina velutipes; Gl — Ganoderma lucidum; 11-11, 11-15, 11-20 —
Irpex lacteus; Ps-1 — Laetiporus sulphureus; Mg — Meripilus giganteus; Pe-1 — Pleurotus eryngii; Po-3, Po-5, P191 — Pleurotus
ostreatus; Rs-1 — Ramaria stricta; Sc-51, Sc-51-5, Sc-89 — Schizophyllum commune; Sh1-4 — Stereum hirsutum; Tk-1, Tv-13, Tvcs —

Trametes versicolor; Tb-33 — Trichaptum biforme

Fig. 2. A graph of extracellular cellulase activity of basidiomycetes ("endo-": endo-1,4-B-D-glucanase activity; "exo-": exo-1,4-B-D-

glucanase activity; "FP": total cellulase activity)

JI0 CKJIaJy NOXHUBHHX CEPEIOBHI OYyJIO BKIIOUCHO SIK
MIpOCTi IyKpH, Tak i nomimepHi popmu (Ha et al., 2011).
[lepBUHHUI CKPUHIHT KYJIBTYP Ha 3aTHICTH 10 CHHTE3Y
KOMIUICKCY IIeNfoiia3 MpOBOAWIN Ha cepemoBmmmi No 1
npotsrom 10 1i6. Yei canporpodHi rpubH yTBOPIOBAIH
mo0pe PO3BHHEHUH IMOBEPXHEBUH 1 3aHYpEHHN MIIEINii
Ta CHHTE3yBaJIU MMO3aKTITUHHI [Ieroa3u (puc. 2).
Cepen mocnmigHUX KyasTyp Oylio BHIUIEHO TPymy i3
Jy’)K€ BHCOKUMH CYMApHHMH MOKa3HUKAMH aKTHBHOCTI
¢depmenTis, a came: 1. lacteus (I1-11 — 70 IU), F. velutipes
(Fvv — 78 TU), P. eryngii (Pe-1 — 87 IU), M. giganteus
Mg — 74 TU), L. sulphureus (Ps-1- 83 IU). Bucoxka
AKTHUBHICTh KOXKHOTO CH3UMY KOMIUICKCY IICJIONa3
JI03BOJIsIE IpUOY MIBU/IIIE Ta €PEKTHUBHILIE I'1IPOJIi3yBaTH
NPUPOJHI  MOTIMEpPU Ta OTPUMYBATH  BYIJICBOJIH.

Yrpaincovruii 6omaniunuii acypnan, 2020, 77(5)

IIpu upomy 3BepTae Ha cebe yBary HOMIpHHH piBEHb
KoHHeHTpauii Oinka B Mexkax 900-1080 pr/ma (okpim
Ps-1 L. sulphureus — 1450 ur/mi), mio B 1iJIoMy CBiT4UTh
PO BHUCOKWH PiBEHb MMHTOMOI IIETFOJIA3HOI aKTHBHOCTI.
MoskHa BIA3HAYUTH, IO KYJIBTYPH OAHOTO BHIY MalOTh
3HAYHI BIIMIHHOCTI B TIpoIiecax eKCIpecii eH3UMIB,
a 1€ CBIIYUTH MPO CYTTEBHH BIUIMB TE€HETUYHOIO
(hakTopa, TOMYy HEOOXiHO II€ BpaxoByBaTd Iia dYac
no6opy mpoxyueHra. HasBHO 1e NMpouTOCTpOBaHO Ha
puc. 3. Croctepiraerbes Bi3yalbHa Pi3HHUIS TAaTEpHIB
y mpeacTaBHUKIB BUAY [. lacteus Ta T. versicolor. JIns
OLIBIIOCTI  JOCHIAHUX TpHOIB i30(hepMeHTH  eHIO-
1,4-B-D-rmrokaHa3su  MaroTh MOJICKYJSIpHY Macy Bif
55 kDa i Buiie, OKpiM NpeACTaBHUKIB S. commune,
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Fig. 3. The electrophoregram of extracellular endo-1,4-B-D-glucanases of basidiomycetes
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Fig. 4. Specific activity of intracellular cellulases of basidiomycetes
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SKI BIAPI3HAIOThCS BapiaOelbHICTIO i30(hopM 1 Macoro
12-55 kDa.

BpaxoByroun MOXJIHBY HEpCIIEKTHBY 3aCTOCYBAaHHS
KyJIBTYp Y O10TEXHOJIOTIYHUX Tpolecax, Oyiao IoCiin-
JKCHO pIBEHb HAKONHWYCHHS BHYTPIIIHBOKIITHHHUX
nemona3. llomepeaHbo 3a  HHU3BKHX — TEMIeparyp
MIPOBOIVIIN TOMOTCHI3aIil0 IMPOMHUTOTO MIIENio Ta
BOJIHE EKCTparyBaHHs O1IKIB 13 MOAAIBIINM OYHILCHHIM
BIJI 3aJIMINKIB MIIETI0 METOJAOM BHCOKOIIBHIKICHOTO
uentpudyrysanus (3000 g). Orpumani ekcTpakTy OyIio
MIEPeBIPEHO HA AaKTHUBHICTh BHYTPIIIHBOKIITHHHUX
nemrona3 (puc. 4). BeraHOBieHO, 1O 3arajioM piBeHb
iXHBOT aKTHBHOCTI MOCTYMABCSl PIBHIO MO3AKJIITHHHHX
(muB. puc. 2). Ognak st Kyneryp P ostreatus Po-3,
Po-5, G. lucidum Gl BiH OyB BHIIMM, a I KyJIBTYD
S. commune Sc-51 (102 IU/mr), Sc-51-5 (73 IU/mr),
Sc-89 (64 IU/Mr) — 3HaAYHO BHIIMM 3a AaKTUBHOCTI
MO3aKTITHHHUX QOpM. SIKIIO Y TIO3aKIITHHHUX IEN0Ta3
y OLIBIIOCTI MpEeBaJiOBajia aKTUBHICTh eHMO-1,4-B-D-
IJTIOKaHa3, TO IS BHYTPIIIHBOKITITHHHHUX IIETIONIa3 —
aKTHBHICTb ek30-1,4-B-D-rmokanas. 3Beprae yBary
Oimpmn 30aaHCOBaHA AKTHBHICTH PI3HHX IETIONIa3 y
MPEJCTaBHUKIB S. commune (puc. 4).

3 JociipkeHnX HamMu 22 KyJBTYp MakpOMIleTiB
OyJl0 BUIJIEHO TPYNy 3 HIECTH KYJIBTYp 3 BHCOKHMH
nokasuukamu nozakmituaHoro (II-11 — 1. lacteus; Fvv —

Vkpaincexuii 6omaniunuii ocypuan, 2020, 77(5)
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Puc. 5. AKTUBHICTH MO3aKIITHHHHUX LEIIONAa3 Oa3uIieBHX
rpubiB 3a pI3HUX JpKepen Bymiemioo (A: MIKpOKpUCTaJIiuyHa
nenrono3a Avicel; B: BuciBku mmennni; C: QuisTpyBansHH
Tiarip)

Fig. 5. The activity of extracellular cellulases of basidiomycetes
at various carbon sources in the nutrient medium (A: Avicel; B:
bran; C: filter paper)

FE velutipes; Pe-1 — P. eryngii; Ps-1 — L. sulphureus;
Mg — M. giganteus) Ta BHyTPIlIHBOKIITHHHOTO (Sc-51 —
S. commune) xoMIuIekcy nemonas. Hamami i Kynerypu
BUPOIIyBaJId Ha cepenoBuiili Ne 2 3 1ofaBaHHIM Pi3HUX
JUKepeT BYTJICIIo (MIKpOKpHUCTaJliuHa Tiertono3a Avicel,
BUCIBKM NIIEHHUI, (UIBTPYBaJbHUI Mamip) 3 METO0
OIIHKH CTaOLTHPHOCTI CHHTETHYHOI MisSUTBHOCTI (pHC. 5).

3a aKTHMBHICTIO IEJIIONIa3 BHUPI3HSIACS Cepell 1HIINX
kyneTypa I lacteus 11-11, ii eHmo- Ta ex3omTiOKaHA3HA
aktuBHOCTI craHoBmwimm 37-39 IU/mn i 18-20 IU/mn
BIZIMIOBIZTHO HA cepemoBUINax 3 Avicel 1 GinpTpyBaTbHIM
nariepoM (puc. 5 A, C). Cnix 3a3Ha4uTH, O KYJIBTYpa
L. lacteus 11-11 TOpIBHSIHO 3 IHIIUMH TOCIIAHUMH
KyJIBTypaMH IIBHUJIKO ECTPYKTypyBasia (GiasTpyBambHUH
Tarip, o CBi[YUTh IIPO IHTEHCUBHY EKCIIPECIFO eITtoNIas.

HeBucoka 3arajoM akTHBHICTH ILeEJONA3  Ha
CepeNloBHIIlI 3 BUCIBKAMHU 3yMOBJICHA, Ha HAIIy IYMKY,
BHCOKHMM BMICTOM JITHIHY, SIKHA 3aXUINA€ KITITKOBHHY
Bin mii (epMeHTIB, 1 Jis pyHHAIi sSKOro HeoOXigHa
aKTUBHICTB TOMaTKOBHX (hepMeHTHHX cucTeM (Jorgensen
et al., 2007; Padhiar et al., 2010). BinmosigHo 10 poboTH
(Zhu et al., 2016), rpud Schizophillum commune mae
B CBOEMY TEHETHYHOMY apceHasii mopaiOHi (epMeHTHI
CHCTEMH, III0 MU 1 CIIOCTEPIraeMo y BUIIIAA1I HAHOUTBIIOT
CyMapHOI akTHBHOCTI nemonas (puc. 5, B).
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BucHoBknu

TaknM 4MHOM, 3 IIECTH KYJBTYp OasuIiaIbHUX TpHOiB
moxkHaBuauTH B (11-11 7. lacteustaSc-51S. commune),
SKi CIIPOMOXKHI CHHTE3yBaTH KOMIUICKC LIGJIONA3 Ha
BUCOKOMY piBHI. Kynerypa S. commune Sc-51 3natHa
HAKOMUYYBATH 3HAYHY KTBKICTh BHYTPIIIHBOKITITHHHAX
1eJIF0N1a3, 1110 POOUTS 11 PUBAOIMBOIO TSI 3aCTOCYBAHHS
B TEXHOJOTIYHHMX IIpoLecax, OAHAK YTBOPECHHS
KyJIBTYpQJIbHOT PIJAMHH 3 BUCOKOIO B'SI3KICTIO CYTTEBO
YCKITaJHIOE TEXHOJIOTiYHI MAaHINyIAIii Ta 30iIpIIye
TPHUBANICTH iIXHBOTO ITPOBEICHHS.

Bunmineni HamMM ITaMH  TOKAa3ylOTh  3HAYCHHSA
AKTHBHOCTI LIEJIIONA3, SIKi HE TOCTYNAIOTHCS aKTHBHOCTSIM
KOMEpUIHHUX KyasTyp Aspergillus niger, Trichoderma
reesei, Trichoderma harzianum, Trichoderma viride, a
iHOzI ¥ mepeBuIy 0T 1X (Juhasz et al., 2004; Kang et al.,
2004). ITomanpmia onTUMI3aIlis PeKUMY KyIBTUBYBAHHSI
HA/AaCTh MOXJIMBICTH 3HAUHO 30UIBIIUTH  PiBEHb
eKCIIpecii IeJroIa3 3arajom.

Kynerypa I lacteus 11-11 nemoHcTpye crabinbHy
eKCTIPecil0 Ta BHCOKY AaKTHBHICTh IENIOIA3HOTO
KOMILIEKCY 3a pI3HMX JDKepel ByIIeLlo, IO JIae
MOXUIUBICTH ~ PO3MIAAATH ii  AK  TEPCIEKTUBHUI
MIPOJYLICHT.
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Gluconeogenic fructose-1,6-bisphosphatase from the mature
sporocarps of common aquatic ferns: partial purification and
basic characterization of this enzyme from Marsilea minuta
(Polypodiopsida)
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Ghosh S.S., Das M., Basu S., Adhikari J. 2020. Gluconeogenic fructose-1,6-bisphosphatase from the mature sporocarps of
common aquatic ferns: partial purification and basic characterization of this enzyme from Marsilea minuta (Polypodiopsida).
Ukrainian Botanical Journal, 77(5): 386-397.

Abstract. The present communication reports substantial activity of gluconeogenic fructose-1,6-bisphosphatase (FBPase; EC
3.1.3.11) in three common heterosporous aquatic ferns (Marsilea minuta, Salvinia natans, and Azolla pinnata) and also describes
a protocol for its partial purification from mature sporocarps of Marsilea minuta. The cytosolic FBPase, obtained from Marsilea
minuta, Salvinia natans, and Azolla pinnata was recognized as gluconeogenic enzyme due to its drastic catabolic inactivation in
presence of externally administered glucose and its insensitivity towards photosynthetic light illumination. Cytosolic gluconeogenic
FBPase was partially purified from mature sporocarps of Marsilea minuta to about 22-fold over homogenate following low-speed
centrifugation (11, 400 x g), 30-80% ammonium sulfate fractionation followed by subsequent chromatography using matrices like
CM-Cellulose, Sephadex G-200, and Ultrogel AcA 34. The profile of partially purified FBPase in PAGE under non-denaturing
condition was recorded. The enzyme activity increased linearly with respect to protein concentration to about 100 pg and with
respect to time up to 75 minutes. Temperature optimum was found at 35 °C. The effect of substrate concentration and kinetic analyses
for FBPase were carried out using D-fructose-1,6-bisphosphate (D-FBP, the substrate) in the range of 0.0 to 1.0 mM at an interval
of 0.1 mM concentration. The K value for D-FBP of FBPase was 0.06129 mM and ¥V, was 4525 nmole P released (mg)™ protein
h' as determined by nonlinear regression kinetics using Prism 8 software (Graph Pad). The enzyme was functional in a constricted
pH range of 7.0 to 8.0, giving maxima at pH 7.5. This cytosolic enzyme was significantly stimulated by Mg?* and strongly inhibited
by Hg?**, Cu*" and Zn**.

Keywords: aquatic fern, enzyme purification and characterization, FBPase, gluconeogenesis, sporocarp
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Towr C.C.Y, Tac M.2, Bacy C.!, Anikapi O.' 2020. I'trokoHeorenna ¢ppyxro3o-1,6-6icdocdarasa 3piinx ciopokapmis 3BH4aiiHUX
BHIIiB BOASIHMX MNANOPOTEii: YaCTKOBE OYMINEHHS Ta OCHOBHA XapaKTepHCTHKA Uboro depmenrty y Marsilea minuta
(Polypodiopsida). Ykpainuceruii 6omaniunuii scypuan, 77(5): 386-397.

'Kadenpa 6oraniku, [lepixaBuuii koiaemk M. bapacar

Bapacar 700124, 3axinna benramnis, [nais

*Kadenpa 6oraniku, MemopialibHuii sxKiHOUMI Kosiepk Xipanan Mazymuaap

JaxmmuaecBap, Komkara 700 035, 3axigna benramis, [amis

Pedepar. V crarri NmOBIZOMIISIETBCS NMPO 3HAYHY aKTUBHICTH DIMIOKOHEOTeHHOI (pykro3o-1,6-Oichocharazn (Pbd-aza; KD
3.1.3.11) y TppOX 3BHYAHUX BHIIB T€TEPOCHOPOBUX BOMSHUX mamnoporeit (Marsilea minuta, Salvinia natans 1 Azolla pinnata).
Kpim TOro, HaBOJMTHCS MMPOTOKOJ YaCTKOBOIO OYHMILEHHS [[bOro (hepMeHTy i3 3pinux cropokapmiB Marsilea minuta. 1luto3onpHa
OBbd-aza, orpumana 3 Marsilea minuta, Salvinia natans ta Azolla pinnata, BU3HaHa TIIIOKOHEOT€HHUM (DepPMEHTOM 3aBISKU Pi3Kii
KaTaOOMiyHii iHAKTUBALii 32 HASBHOCTI 30BHIIIHHO BBEACHOI INIIOKO3H Ta HEYYTIMBOCTI 10 (OTOCHHTETHYHOTO OCBITIICHHS.
[uro3ospHa rirokoHeorenHa @Bbd-aza i3 3pinux cnopokapmis Marsilea minuta Oyna 4acTKOBO OYHIIEHA /10 TPUOIM3HO 22-KPaTHOTO
PIBHSI TOMOTEHATOM IIiCJIsi HU3BKOIIBHKICHOTO HeHTpudyrysanus (11400 x g), ¢ppaxunionyBanus 30—80% cynbharom aMoHIIO i
MOAAIBIIOTO XpoMarorpadiunoro posaiteHHs Ha CM-umemronosi, Sephadex G-200 ta Ultrogel AcA 34. PeectpyBamu mpodinb
yacTkoBO ouniieHoi GBbd-a3n nusixoM enekrpodopedy y HaTHBHHX ymoBax B mosiakpuiaminHomy reni (PAGE). AxrtuBHicTb
(epMeHTy JTiHIHHO 3pocTana moao KOHIeHTpanil Oinka mpuoau3Ho 1o 100 Mr ynponoxk nepioxy xo 75 xsuauH. TemneparypHuit
ontuMyM yctaHosieHo mpu 35 °C. Jlnsg BU3HaUEHHS BIUIMBY KOHIGHTpALil cyOCTpary i KIHETHYHOTO aHalli3y BUKOPHCTOBYBAIIU
D-¢pyxro3o-1,6-6ichocdar (D-DbD, cyberpar) y mianasoni 0,0-1,0 mM 3 inteppanom 0,1 mM xonnenTpanii. 3nauenns K, s
D-®b® db®d-asu cranosuno 0,06129 mM, a V| =~ 4525 nmole P, uninenoro Ginka h' (mg)”, mo Bu3HauamM 3a J0MOMOTOIO
HelniHiiHOT perpecii 3 BukopuctanusM nporpam Prism 8 (Graph Pad). lis ¢pepmenty BinOyBanack y 3By>keHOMY mianma3oHi pH Big
7—8, a MakcUMaITbHi TOKa3HuKK oTpuMano nipu pH 7,5. Beranosneno, mo Mg?* 3HauHO0O Miporo ctumyitioe, a Hg?', Cu*™ i Zn*" —

IHTIOYFOTh aKTUBHICTH IIHOTO IIUTO30JILHOTO (DEPMEHTY.

Ki1rouoBi cji0Ba: BosiHAa ManopoTh, NIIOKOHEOTEHE3, OYMIIICHHS Ta XapakTepucTuka ¢pepmentis, @bd-aza, ciopokapm

List of abbreviations

BSA — bovine serum albumin; CM — carboxymethyl;
EDTA - ethylene diaminetetraacetate; F-6-P — fructose-
6-phosphate; FBP — fructose-1,6-bisphosphate; FBPase —
fructose-1,6-bisphosphatase; g — gravitational field;
K — michaelis constant; OD — optical density; PAGE —
polyacylamide gel electrophoresis; P, — inorganic
phosphate; ¥ — maximum velocity.

Introduction

Aquatic ferns bear specialized and unique reproductive
structures known as ‘sporocarps’. These are sclerified
seed-like propagules whose morphological nature has
been variously interpreted. It is now generally agreed that
these specialized, stomatiferous foliar units are modified
leaflets with two reflexed and connate segments, each
bearing a number of elongate sori following the veins
(Kramer, 1990). The young immature sporocarps are
green, leathery and photosynthetic, while on maturation
they become non-photosynthetic, blackish brownin colour
and eventually break down as a result of disintegration
of the indusial and the sporangial walls releasing the
spores to the external environment. These unique
desiccation tolerant structures have been extensively
studied from various angles like morphology, anatomy,
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physiology, cytology, phytoremediation, environmental
biology, phylogeny, antioxidant activity, etc. over a
period of several decades (Bierhorst, 1971; Bold et al.,
1987; Gifford, Foster, 1987; Raubeson et al., 1994;
Rothwell, Stockey, 1994; Nagalingum et al., 2006; Sood
etal., 2012; Arokiyaraj et al., 2018). However, a thorough
biochemical analysis of this specialized structure during
its development has not been conducted adequately. There
is a dearth of information regarding the biochemical
aspects of sporocarp maturation and sprouting. It has been
reported earlier that adequate glucose concentration is the
central parameter in living organisms for optimization
and fulfilment of all metabolic events either directly or
indirectly (Eckstein et al., 2012). In plants this sugar
is available in all parts basically via photosynthesis in
leaves followed by phloem translocation. It has also been
observed that under certain physiological conditions,
the requisite concentration of glucose is provided via
non-photosynthetic pathway like gluconeogenesis. The
conversion of immature fern sporocarps into mature and
senescent ones involves a definite loss of photosynthetic
activity which in turn indicates the possible occurrence of
gluconeogenic pathway and the concomitant involvement
of the gluconeogenic marker enzyme, fructose-1,6-
bisphosphatase (FBPase).

Fructose-1,6-bisphosphatase is a ubiquitous enzyme
which catalyzes the hydrolytic dephosphorylation of
D-fructose-1,6-bisphosphate (Fru-1,6-P,) to D-fructose-
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6-phosphate and inorganic phosphate. Two isoforms of
FBPase has been recognized for more than five decades.
The first one is associated with the photosynthetic plastids
and is involved in the reductive carbon assimilation cycle
of photosynthesis. The second is located in the cytoplasm,
which is involved in both gluconeogenesis and sucrose
synthesis (Zimmerman et al., 1978; Stitt, Heldt, 1985).
Cytosolic  fructose-1,6-bisphosphatase is  primarily
associated with the regulation of gluconeogenesis in
non-photosynthetic tissues like mature fern sporocarps.
The occurrence of gluconeogenic FBPase is widespread
in living organisms vacillating from bacteria to highly
structured plants and animals. Several workers have
studied this ancestral gluconeogenic enzyme from a
wide number of microbial, plant and animal genera with
diverse phylogenetic significance (Kobr, Beevers, 1971;
Yu, 1989; Botha, Turpin, 1990; Jardon et al., 2008; Dey
et al.,, 2014). However, perusal of available literature
clearly reveals a serious information gap regarding
the existence of this enzyme in vascular cryptogams,
particularly in non-green senescent sporocarps of
common aquatic ferns like Marsilea sp., Salvinia sp.,
and Azolla sp. Taking all the above facts into consideration
the present investigation was aimed towards detection,
partial purification and characterization of this ancestral
gluconeogenic enzyme from three common heterosporous
water ferns belonging to Marsileaceae and Salviniaceae.

Materials and methods

Chemicals and reagents

D-fructose-1,6-bisphosphate (di-sodiumssalt), D-fructose-
6-phosphate (di-sodium salt), D-glucose-6-phosphate
(di-sodium salt), D-galactose-6-phosphate (Gal-6-P, di-
sodium salt), D-fructose-6-phosphate (F-6-P, di-sodium
salt), D-mannose-6-phosphate (M-6-P, di-sodium salt),
bovine serum albumin (BSA), were obtained from SRL
(Mumbai, India). 2-Mercaptoethanol (ME), ammonium
molybdate, acetic acid, ammonium sulphate, ammonium
chloride, copper chloride, potassium chloride,
tris(hydroxymethyl)aminomethane, trichloroacetic acid
(TCA), dipotassium hydrogen phosphate, magnesium
chloride, hydrochloric acid, sodium chloride, sulphuric
acid, zinc chloride were purchased from E Merck India
Ltd. (Mumbai, India). 2-Glycerophosphate was obtained
from BDH, England. Coomassie Brilliant Blue (R-250
and G-250), Ultrogel AcA 34 (U8878) were obtained
from Sigma Chemical Company, St. Louis, Missouri,
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USA. Sephadex G-200 was obtained from Amersham
Pharmacia Biotech marketed by SRL, Mumbai, India.
Ascorbic acid, sodium bicarbonate, ammonium sulfate
and ammonium chloride were procured from SRL
(Mumbai, India). CM-Cellulose column matrix was
purchased from Genei, Bangalore, India. Manganese
chloride, dialysis membrane, etc. were obtained from
Hi Media Laboratories Ltd. (Mumbai, India). Mercuric
chloride and calcium chloride were obtained from
Qualigens Fine Chemicals (Mumbai, India). All other
chemicals used were of analytical grade and acquired
from renowned Indian companies.

Plant material

Sporocarps of Marsilea minuta L., Salvinia natans L.,
and Azolla pinnata R.Br. were collected in different
seasons from different ponds and paddy fields of
Bongaon (23°4' N, 88°49" E) and Hasnabad (22.5°7' N,
88.9°1" E), 24-Parganas (N), WB, India in fresh
condition and kept under —20 °C in the laboratory until
use. Specimens were identified using standard taxonomic
literature and herbarium specimens available at Central
National Herbarium (CAL). Voucher specimens were
deposited in the Departmental herbarium of Barasat
Govt. College.

Isolation of fructose-1,6-bisphosphatase

In order to assay the enzyme (FBPase), and for detecting
its activity in the sporocarps of the experimental samples
separately at the initial phase of our work, the enzyme
was isolated according to the following steps. The
experimental material (about 10 gms) were collected
and washed thrice with chilled distilled water and
homogenized in a pre-cooled mortar and pestle in two
volumes of the extraction buffer [S0 mM tris-acetate
(pH 7.5) containing 0.2 mM B-mercaptoethanol (ME)].
Neutral sea-sand was used in the mortar during the process
of extraction. This homogenate was filtered to eliminate
sand, unbroken cells and cellular debris. The resultant
residue was discarded and the filtrate (homogenate) was
collected. Half of the total volume of the filtrate was
centrifuged at 11, 400 x g for 30 minutes in a Remi C
24 Plus cold centrifuge and the pellet was discarded.
The supernatant (low-speed supernatant fraction) thus
obtained was dialyzed overnight against the same buffer
solution used for homogenization. On completion of
dialysis, the low-speed supernatant was recovered from
the dialysis bag and used for the preliminary assay.
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Assay of fructose-1,6-bisphosphatase

A simple assay method of fructose-1,6-bisphosphatase
was designed during the course of the present
investigation in our laboratory, based on the method
of Biswas et al. (1981). The typical incubation mixture
restricted 100 mM tris-acetate buffer (pH 7.5), 5 mM
MgCl,, 0.2 mM fructose-1,6-bisphosphate (FBP), 0.1
mM EDTA, and an appropriate protein aliquot (50-200
ug) in a total volume of 1.0 mL. 0.2 mM fructose-
6-phosphate (F-6-P) substituted FBP in each set of
assay which served as control against non-specific
phosphatases. Zero minute controls for both FBP and
F-6-P, where the protein of the incubation mixture was
destroyed by 0.25 mL of 20% chilled trichloroacetic acid
(TCA) prior to the addition of substrate, served as double
check against prying inorganic phosphate (if any). In
totalling to these sets, an appropriate blank (minus
enzyme) was also maintained. The enzyme incubation
was carried out at 37 °C for 1 hour. After 1 hour of first
(enzyme) incubation, the reaction was finished by the
procedure applied for zero minute control. Therefore, in
an assay set, there were six tubes, i.e., one blank, one
zero minute control and one experimental tubes for each
set (i.e., FBP set and F-6-P set). Afterwards, the amount
of inorganic phosphate released on hydrolysis from
the substrate(s) by the enzyme action was estimated
according to the procedure of Chen et al. (1956) with
slight modifications (Adhikari et al., 1987). 3.0 mL of a
reagent (P-reagent) and 3.0 mL H,O were added to the
reaction mixture (total volume thus became 7.25 mL)
and incubated at 37 °C for 1 hour. The P-reagent was
prepared immediately before use by adding H,SO, (6N),
ascorbic acid (10 % w/v), ice-cold ammonium molybdate
(2.5 % w/v) and H,O in 1:1:1:2 ratios in that order. After
incubation, the blue colour developed was measured at
820 nm in a Systronics-106 spectrophotometer. The free
inorganic phosphate was estimated with the help of a
standard curve prepared from different known quantities
(0100 pg) of phosphorous (K,HPO, was used as the
source). The enzyme-dependent release of inorganic
phosphate was considered by subtracting the second
corrected value (experimental tube — zero minute tube
of ‘FBP set’) from the first corrected value (experimental
tube — zero minute tube of ‘F-6-P set’). Protein was
estimated by the method of Bradford (1976) with minor
modifications using BSA as standard. A standard curve
could thus be obtained and using that, the protein content
of the experimental samples were estimated. As 1 mole
of inorganic phosphate was hydrolyzed from one mole of
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FBP, mole number of inorganic phosphate quantified was
equal to the number of FBP hydrolyzed at C-1 position.

Catabolic inactivation by externally administered
glucose

In set I, sporocarps of Marsilea minuta, Salvinia natans,
and Azolla pinnata were washed with distilled water and
then two similar batches were designed, each containing
2 gms of fresh tissue for each individual genus. These
experimental materials belonging to each batch were than
kept in two different petri plates over moist filter paper
(soaked thoroughly with distilled water). The experimental
sets were maintained in presence of 5% glucose (at 24—
26 °C) and control sets were also maintained parallel
without glucose under similar temperature regimes.
This treatment was carried out for 7 days and rotational
light / dark condition was maintained identically for both
the sets (experimental & control). After completion of the
treatment, respective homogenate (s) of the tissues were
prepared independently from both the sets (materials
placed separately in presence of 0% and 5% glucose).
FBPase assay was carried out following the procedure
described in the previous section.

Influence under photosynthetic light

In set II, Marsilea minuta, Salvinia natans, and Azolla
pinnata were washed with distilled water and then two
similar batches were designed, each containing 2 gms of
fresh tissue. These materials of each batch and for each
genera were then maintained in two different petri plates
over moist filter paper (soaked thoroughly with distilled
water). One of these investigational sets were placed
under alternate light/dark condition (8 hours light, 16
hours dark) for 7 days and the control set was maintained
under complete darkness for 7 days. Subsequent to 7 days
of treatment, respective homogenate (s) of the tissues
were prepared independently from both the batches.
FBPase assay was carried out following the procedure
described earlier.

Partial purification of FBPase (from the sporocarps
of Marsilea minuta)

10 gms of mature Marsilea sporocarps were washed
with chilled distilled water twice and the partial
purification of the cytosolic fructose-1,6-bisphosphatase
from this sample was carried out following the steps as
mentioned below (all the steps were carried out under
0to 4 °C).
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Homogenate

Water-washed sporocarps of Marsilea minuta was
homogenized in a mortar and pestle with 2-volumes of
50 mM tris-acetate (pH 7.5) buffer containing 0.2 mM
ME in presence of a little amount of washed sand. This
homogenate was filtered to eliminate the sand, unbroken
cells and cellular debris. The resultant residue was
discarded and the filtrate (homogenate) collected.

Low speed supernatant

The resultant homogenate was centrifuged at 11, 400 x g
for 30 minutes in a Remi C-24 Plus cold centrifuge. On
completion of centrifugation, the pellet was discarded
and the supernatant fraction was collected from the
centrifuge tubes and pooled together.

Ammonium sulphate fractionation

The low-speed supernatant fraction obtained from the
preceding step was then made 30-80% saturated with
(NH,),SO, by adding requisite amount of solid salt
slowly with constant rousing (by using a Remi magnetic-
stirrer). Then it was kept at 0 °C for 30 minutes and then
centrifuged at 11,400 x g for 30 minutes using Remi C-24
Plus cold centrifuge. The resultant pellet thus obtained
after this centrifugation was dissolved in minimal volume
of 50 mM tris-acetate (pH 7.5) buffer having 0.2 mM ME
and dialyzed overnight against the same buffer (at least
1000 volumes) for complete removal of (NH,),SO,. On
completion of dialysis, the 30-80 % (NH,),SO, fraction
was recovered from the dialysis bag.

Cation exchange column chromatography through
CM-cellulose

The 30-80% ammonium sulphate (dialyzed) fraction
obtained from the earlier step were loaded onto a
column (0.8 x 10.9 cm) of CM-cellulose [before this
experimentation, commercially available CM-cellulose
was flooded with 300400 volumes of glass-distilled
water over-night at room-temperature for complete
swelling of gel beads. The excess water was then poured
out and the column material equilibrated earlier with
50 mM tris-acetate buffer (pH 7.5) having 0.2 mM ME]
pre-equlibrated with 50 Mm tris-acetate buffer (pH 7.5)
containing 0.2 mM ME. Proteins were eluted with the
same buffer with KCI gradient (0.0 to 0.5 M) in fractions
of4.0 mL ata flow rate of 20 minutes per tube. Fifteen such
fractions were collected. Fractions containing fructose-
1,6-bisphosphatase activities were pooled collectively
and this preparation was stored at —20 °C.
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Gel filtration through Sephadex G-200

Active CM-cellulose fractions were pooled together
and column chromatography was carried out through
Sephadex G-200 (0.8 x 14.0 cm). Proteins were eluted
with the 50 mM tris-acetate buffer (pH 7.5) having
0.2 mM ME in fractions of 3.0 mL at a flow rate of 25
minutes per tube. Eighteen such fractions were collected.
The FBPase active Sephadex G-200 fractions were
pooled together and molecular sieve chromatogram was
made through UltrogelAcA 34 column.

Molecular sieve chromatography through
UltrogelAcA 34

Active Sephadex G-200 fractions were pooled together
and column chromatography was carried out through
UltrogelAcA 34 column (0.8 x 9.5 cm). Proteins were
eluted with the same buffer in fractions of 2.5 mL at a
flow rate of 15 minutes per tube. Fifteen such fractions
were collected. The FBPase active fractions obtained
from UltrogelAcA 34 were pooled together and used as
the enzyme preparation for biochemical characterization
of FBPase.

Characterization of FBPase

Polyacrylamide gel electrophoresis was performed under
native conditions following the method of Bollag et al.
(1996) with minor modifications. All other experiments
were carried out following conventional methods of
enzymology.

Kinetic analysis

The K value for D-FBP of FBPase was 0.2215 mM
and ¥, was 7663 nmole P, released (mg)' protein h'
as determined by nonlinear regression kinetics using
Prism 8 software (Graph Pad). All experiments were
repeated thrice and results were expressed as means + SE
of three replicates.

Results

Screening of FBPase

Both young (green) and mature (brownish black)
sporocarps of Marsilea minuta, Salvinia natans, and
Azolla pinnata were screened separately for the presence
of FBPase. In the young sporocarps of all the experimental
samples, the specific activity of FBPase was relatively
lower than the mature sporocarps obtained from the same
source (Table 1).
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Fig. 1. A-C: uninfluenced activity of FBPase under photosynthetic light illumination for 7 days in Marsilea minuta (A), Salvinia
natans (B), and Azolla pinnata (C); D—F: catabolic inactivation of FBPase activity by externally administered glucose (5%) for 7
days in Marsilea minuta (D), Salvinia natans (E), and Azolla pinnata (F)
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Table 1. Activity of fructose-1,6-bisphosphtase from young and mature sporocarps of common aquatic ferns from low-speed
supernatant fraction (11, 400 x g) [Results are mean + SE, n = 3]

Growth stage of sporocarps Specific activity of FBPase
Pl Pl
ant ant part and collection period (nmole P, released (mg )" h”!
Young ( June 2019) 28.16 £4.21
Azolla pinnata Sporocarps
Mature (September 2019) 159.45 £25.77
Young (November 2019) 122.36 + 18.05
Marsilea minuta Sporocarps
Mature (February 2019) 210.16 + 31.44
Young (December 2019) 71.22 + 8.46
Salvinia natans Sporocarps
Mature (March 2019) 176.31 £22.52

Identification of gluconeogenic FBPase

The activity of such FBPase in mature sporocarps
remained unaltered under alternative light/dark
conditions (Fig. 1, A—C) but, it was subdued under the
presence of externally administered glucose for all the
investigated genera (Fig. 1, D-F).

Partial purification of FBPase from the mature
sporocarps of Marsilea minuta

This enzyme was partially purified from the mature
sporocarps of Marsilea minuta to about 22-fold and with
about 71% yield over homogenate following low-speed
centrifugation (11, 400 x g), 30-80 % ammonium sulfate
fractionation followed by subsequent chromatography
using matrices like CM-cellulose, Sephadex G-200
and Ultrogel AcA 34 as detailed earlier in the methods
section (Table 2). The general blueprint of elution profile
of cytosolic FBPase and proteins are presented in Fig. 2,
A-C.

Characterization of FBPase

The Partially purified FBPase profile was identified in
PAGE under non-dissociating condition. Two major
bands were marked in the native PAGE profile, out of
which the first major protein band was found to coincide
with the enzyme activity (Fig. 2, D). This partially
purified enzyme exhibited variable activity in absence

of different assay components (Table 3). The enzyme
activity increased linearly with respect to protein
concentration to about 100 pg (Fig. 2, E) and with respect
to time up to 75 min (Fig. 2, F). Temperature optimum
was found at 35 °C (Fig. 3, A). The effect of substrate
concentration and kinetic analyses for FBPase were
carried out using D-fructose-1,6-phosphate (D-FBP, the
substrate) in the range of 0.0 to 1.0 mM at an interval of
0.1 mM. The K value for D-FBP of FBPase was 0.06129
mM and V _was 4525 nmole P, released (mg)"' Protein
h! as determined by nonlinear regression kinetics using
Prism 8 software (Graph Pad) (Fig. 3, C). This FBPase
specifically utilized fructose-1,6-bisphosphatase as its
exclusive substrate. No other phosphorylated sugar could
replace it (Table 4). The enzyme was functional in a
confined pH 7-8 giving maxima at pH 7.5 using tris-HCI
buffer in experiments (Fig. 3, B). This cytosolic enzyme
was significantly stimulated by Mg?" and highly subdued
by Hg?*, Cu*', and Zn?* (Fig. 3, D).

Discussion

The reproductive structures of heterosporous ferns
although referred collectively under a common term
‘sporocarp’, each structure is unique to their respective
genera and are strikingly different from each other. The
difference lies in terms of gross morphology, anatomy,
time of maturation and mechanism of dispersal. Previous

Table 2. Partial purification of gluconeogenic FBPase from non-photosynthetic sporocarps of Marsilea minuta

[Results are mean + SE, n = 3]

. Tota} Specific activity Total activity Yield Fold purification
Fraction protein [nmole P. released
(mg) (mg)! pr‘otein 1] [nmole P, released h™'] (%) (Fold)
Homogenate fraction 27.08 +2.46 176.90 + 16.11 4790.45 + 6.48 100.00 +2.14 1.00 £0.03
11, 400 x g supernatant fraction | 22.83 +2.13 201.32 +30.34 4596.13 £ 4.11 95.94 +3.06 1.13+0.04
30—80% (NH,),SO, fraction 18.75 +3.86 237.05 +26.71 4444.68 +12.34 92.78 £ 7.16 1.34+0.11
CM-cellulose fraction 3.93+6.42 1106.15+5.43 4347.16 £ 6.73 90.74 + 5.49 6.25+0.43
Sephadex G-200 fraction 2.06 +5.09 1706.42 +2.11 3515.22+1.26 73.37 +4.88 9.64 +1.31
Ultrogel AcA 34 fraction 0.85+0.13 4035.16+1.50 3429.88+32.14 71.59+£2.73 22.18+1.14
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Table 3. Effect of different assay components on FBPase
activity [Results are mean = SE, n = 3]

Table 4. Substrate specificity on FBPase activity
[Results are mean = SE, n = 3]

Specific activity . Specific activity An average
Sl . An average Concentration .
Condition [nmole P released .. Substrate [nmole P.released activity
No. Lo activity (%) (mM) .
(mg)™! protein h''] (mg)"! protein h'] (%)
1 Complete set 3853.46 +234.11 100.00 D-fi -1,6-
e 57 -fructose-1.6 02 3942.17£187.76 | 10000
2 | Minus substrate (FBP) 0.00 0.00 bisphosphate
3 Minus buffer 3326.05 + 187.19 86.31 D-glucose-6-P 0.2 0.00 0.00
4 Minus MgCl, 3642.85 +£206.15 94.53 D-fructose-6-P 0.2 0.00 0.00
5 Minus EDTA 3516.31 + 188.32 91.25 D-galactose-6-P 0.2 0.00 0.00
6 | Heat killed enzyme 0.00 0.00 D-Mannose-6-P 0.2 0.00 0.00

reports are also indicative of the fact that because of
the striking overall morphological differences among
the spore-bearing structures, the two heterosporous
fern families Marsileaceae and Salviniaceae are not
considered to be related closely (Bower, 1928; Eames,
1936; Tryon, Tryon, 1982). In the present investigation
the activity of cytosolic FBPase was found to vary
considerably among the three aquatic ferns screened.
The activity varied considerably according to the growth
stage of the collected sporocarps. Young and immature
sporocarps exhibited a low enzyme titre value while
maximum activity was recorded in mature sporocarps
which were about to dehisce. Out of the three species
scanned, highest activity was recorded in mature
sporocarps of Marsilea followed by Salvinia and Azolla,
respectively (Table 1) and this may be due to genotypic
and physiological differences and other accompanying
environmental factors.

The elevated activity of this enzyme in senescent
sporocarps in comparison with their juvenile
counterparts (Table 1) raises a very pertinent question
regarding its actual physiological significance, which is
yet to be conclusively resolved. A possible explanation
of this phenomenon can be given from a biochemical
point of view. Fern sporocarps are unusual modified
reproductive structures that are reported to be highly
desiccation tolerant [some are known to be viable 40
years after being collected (Bierhorst, 1971; Johnson,
1985)]. These structures have thick, sclerenchymatous
walls that provide adequate protection against dryness
and mechanical damage by insect herbivores. During
maturation and before dispersal the sporocarp has to
cope up with internal stress from the turgor developed.
Just prior to spore dispersal the shielding coat of the
sporocarp breaks down due to its prolonged acquaintance
with water or a scratchy surface. Hydration changes the
internal components and a gelatinous frame of pectin
(i.e., the sorophore) comes out from the sporocarp.
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Sprouting of sporocarps is dependent largely on the
heterosachharide pectin, which besides providing
mechanical strength and protection also helps the cells to
cope up with the stress. Unequivocally, it is known that
adequate glucose concentration is the central parameter
of all living organisms for optimization of biological
balance and for successful fulfillment of all metabolic
events either directly or indirectly (Eckstein et al., 2012).
It is also well established that under certain physiological
conditions, the required concentration of glucose
can be provided by non-photosynthetic pathway like
gluconeogenesis. Since very little is known regarding the
principal pathways of carbohydrate metabolism in fern
sporocarps, the possibility of a gluconeogenic pathway in
senescent fern sporocarps cannot be ruled out. Enzymatic
studies on aquatic ferns have been conducted partially
and discretely by Soltis and Soltis (1986), but their
findings did not throw any light regarding the source of
carbohydrates or sugars that are essentially required for
growth and development of fern soprocarps, particularly
at that time when the concerned vegetative mother plant
becomes senescent and its photosynthetic efficiency and
solute translocation remain on a low-level.

The present work accords with the pilot indication
for the unique presence of the gluconeogenic fructose-1,
6-bisphosphatase for the first time in sporocarps of
three heterosporous water ferns followed by its partial
purification from mature sporocarps of Marsilea minuta.
The results obtained in the present investigation reinvents
the primordial nature of this protein in aquatic fern system.
The persistence of this enzyme in vascular cryptogams
and its alliance with the process of gluconeogenesis
can clearly be proved through its catabolic suppression
by glucose and simultaneously its lack of response
under any light activation which is strongly evident in
photosynthetic form of this enzyme (Fig. 1, A-F).

Previous reports dealing with the characterization
of cytosolic FBPase have elucidated that the enzyme
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has a high affinity for its substrate (FBP), neutral pH
optima, is inhibited by AMP and glucose and is also
strongly stimulated by Mg (Kobr, Beevers, 1971; Dey
et al., 2014). The rudimentary characters of this enzyme
illustrated in the present study are also comparable
to other genera (Kobr, Beevers, 1971; Botha, Turpin,
1990; Jardon et al., 2008; Say, Fuchs, 2010; Yu, 1989).
The preeminent activity of this FBPase in mature
sporocarps in comparison with the young developing
sporocarps (Table 1) nurtures a fundamental question
regarding its physiological connotation, which is yet to
be conclusively resolved. Is it a ‘safe-guard’ metabolic
strategy for maintenance of the reserve carbohydrate pool
during the stressful sprouting phase? In order to provide
a satisfactory answer, further work may be carried out
with the aid of radio isotope study, gene expression and
proteomic analysis.

Conclusion

The present communication thus reports substantial
activity of gluconeogenic FBPase in senescent spore
bearing structures of three common heterosporous aquatic
ferns. This ancient cytosolic enzyme (purified partially
from Marsilea minuta sporocarps) was recognized as a
gluconeogenic enzyme, due to its drastic inactivation
in presence of glucose and its insensitivity towards
photosynthetic light illumination. The results obtained in
the present study also reveal the fact that a gluconeogenic
pathway is operative in senescent sporocarps of Marsilea
minuta, which may be regarded as a metabolic protective
strategy adopted by the aquatic ferns for maintenance
of the reserve carbohydrate pool during the stressful
sprouting phase.
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Abstract. For the first time the data on the distribution of the potential (¢, ) and resistance (R ) in the plasma membrane and cell
wall (R) of Chara fragilis cells were obtained using the Hogg method by the number of C. fi-agilis cells in standard conditions. The
Hogg method allows simultancous measurement of electrophysiological parameters, such as ¢ _and R . The stationary values of the
membrane potential and resistance varied in a rather wide range: —90...-300 mV and 1.0-32.6 Ohm-m?, respectively. The average
values of @ were —183.0 £ 4.9 mV, R_-9.0 £ 1.2 Ohm-m*. Using standard modifiers of membrane transport, the electrogenic
activity of the cells was differentiated into two types: K*-channels and H'-membrane pumps. The activation ranges of the K*-inward
rectifying channels and K*-outward rectifying channels are —130...—50 and —300...—162 mV, respectively. The cytosolic activity of
K*-ions was 61.6 mmol/L. Since in our research, C. fragilis cells were studied for the first time, their electrogenic activity and ionic
conductivity were tested using ammonium metavanadate (VO3 ) — a proton pump inhibitor and tetracthylammonium (TEA") — a
universal blocker of K*-channels of plasma membranes. Chara fragilis cells can be recommended as a test object for establishing
the mechanisms of changes in plasma membrane transport under exogenous stress factors influence.

Keywords: Chara fragilis, H-pumps, K*-channels, membrane potential, membrane resistance, plasmalemma, TEA*-iodide,
vanadate
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XacanoBa A.E.', Mycaes H.A.> 2020. Bioesekrpuuni xapaxkrepucruku wiituu Chara fragilis (Characeae). Yxpaincoxuil
6omaniunuti acypran, 77(5): 398404,

TacruTyT GoTaniku, HamioHansHa akanemis Hayk AsepOaiimkaHa

Bbanamaapceke moce, 40 baky AZ1004, Azepbaiimkan

*Bimin 6io¢i3zuku Ta MONEKyIsipHOi 6ionorii, BakMHCBKUiT Aep)KaBHUN YHIBEPCUTET
Byn. Akagewmika 3axina Xaninosa, 23, Baky AZ1148, Azepbaiimpkan

Pedepar. 3a nomomororo Mertoxy Xorra Brepiie OTpHMaHi JaHi 3 po3nofiny noreHuiany (¢, ) Ta omopy (R ) miasmaruunoi
MemOpanu Ta KIiTuHHOT cTinku (R)) knitun Chara fragilis y cranjapTHUX ymMoBax 3a Kinbkictio xkiitun C. fragilis. Meron Xorra
TI03BOJISIE OJIHOYACHO BHMIPIOBATH eNeKTpodizionoriuni napamerpu @ i R . CranioHapHi 3Ha4eHHS MEMOPaHHOTO MOTEHIlATY
Ta OIOPY BapilOBadd B JOCHTh MHpoKoMy miamasoHi: —90..—-300 mMB Ta 1,0...32,6 Om-M*, Bimmosizno. CepenHe 3Hau4eHHA @
cranosuno —183,0 £ 4,9 MB, R, 9,0 = 1,2 Om-M’. I3 3acTocyBaHHAM CTaHIAPTHUX MOAM(iKaTOpiB MEMOPAHHOTO TPaHCHOPTY
3MificHeHa TU(epeHItialis eJIeKTPOreHHOT aKTUBHOCTI KIITHH Ha JBa Tumnu: K'-kananiB ta H'-memOpanHux HacociB. [lianazonu
aktuBaii K'-kaHamiB BHYTPINIHBOTO Ta 30BHIIIHBOTO BHIpsAMIIEHHS craHoBIM —130..—50 Ta —300..—-162 MB BigmosinHo,
LUTO30JbHA aKTUBHICTh K'-ioHiB — 61,6 Mmonb/n. Ockinbku B Hamux fociipkeHsx kiituau C. fragilis BUKOPUCTOBYBAIHCS
BIEpIIe, MepeBipsutacst TXHs eJISKTPOTeHHAa aKTHBHICTh Ta iOHHA IPOBIJHICT 3 BHKOPHCTAHHSIM MeTaBaHajzary amoHilo (VOs
) — iHTi6iTOpa MPOTOHHOIT oMK Ta TeTpaeTmiamoHio (TEA™) — yHiBepcanpHOro Onokaropa K'-kanamiB mmasMaTHdyHUX MEMOpaH.
Kuitunu C. fragilis MOXyTb OyTH peKOMEHI0BaHI SIK TeCT-00'€KT /U1l BCTAHOBJICHHS MEXaHi3MiB 3MiHH MEMOPaHHOTO TPAHCIIOPTY B
ITa3MaTUYHIit MeMOpaHi IiJ] BIULTMBOM €K30TCHHUX YHHHUKIB Ta CTPECOBUX (HaKTOPIB.

Kurouosi cnoBa: Chara fragilis, H-nacocn, K'-xananu, Banagat, MeMOpaHHUI omip, MeMOpaHHHMI MOTEHIIAN, IUIa3MaleMa,
TEA*-#omun
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Introduction

Experimental studies of Chara algae contributed to
establishing the components and kinetic characteristics of
primary active transport in the plasma membrane of plant
cells (Yurin et al., 1991; Véry, Sentenac, 2003; Volkov,
20006), and to revealing the mechanisms of modification
of membrane transport by a number of xenobiotics,
pharmacological agents, etc. (Musayev et al., 2009;
Musayev, 2012). The application of Chara algae as
a test object is not restricted to the study of cellular
mechanisms of the above listed exogenous stimuli
action. Isolated Chara cells are a very promising tool
for detecting adaptive reactions during the modification
of membrane transport in the plasma membrane under
stress (Demidchik, 2012). To this end, the involvement
of new objects with different electrochemical and
kinetic characteristics could stimulate identifying
meaningful patterns of the response of isolated cells
and plants in general to exogenous stimuli. This paper
describes the bioelectric parameters of the cells of Chara
fragilis Desvaux, which we first introduced into the
electrophysiological practice. Using specific modifiers
of the transport properties of the plasma membrane,
the components of the primary active transport and
electrogenic activity of C. fragilis cells were identified.

The use of vanadate, an inhibitor of H'-pumps
(Opritov, 2000; Larskaya, Zabotin, 2001), could provide
valuable information about the possible interactions of
the two components of the ion transport system in the
plasma membrane of plant cells — H™-pumps and K*-
channels. Such studies are especially important for
cells of freshwater alga C. fragilis, since so far there is
insufficient information about transport properties of
the plasma membrane of these cells (Hasanova et al.,
2017). Thereby this work is devoted to the study of
the electrogenic and diffusion properties of the plasma
membrane of C. fragilis under the influence of different
concentrations of ammonium vanadate. The aim of the
work is to monitor the state of K*-channels at inhibition
of the electrogenic transport implemented by the H'-
pumps of the plasmalemma.

The established facts indicate a close relationship
between the two main components of the ion transport
system of the plasma membrane, can be used in
constructing a general theory of the interaction of
xenobiotics with biological membranes. The high
sensitivity of C. fragilis cells to low concentrations of the
inhibitor can be used for express diagnostics of the ion
transport system of plant cells.

Yipaincoruii 6omaniunuii scypnan, 2020, 77(5)

Materials and methods

The object of the study was the alga Chara fragilis
found in a small pond, a collector of sewage from a
number of mountain springs, on the territory of "Katib
Bulagy" in the Tovuz Region of the Azerbaijan Republic.
Chara fragilis belongs to the family Characeae Ag.
emend. Hollerb. of the Charophyceae class. Taxonomic
position of the alga was identified by its anatomical and
morphological characteristics using the Guide to Fresh-
Water Algae of the USSR (Gollerbach, Krasavina, 1983),
with the kind support of the algologists of the Institute
of Botany, National Academy of Sciences of Azerbaijan.

The length of mature internodal cells of C. fragilis
reached 6-11 cm with 0.3-1.0 mm diameter. Due to
the large size, the internodal cells of C. fragilis may
be used for several days in the microelectrode assays.
The mineral composition of the "Katib Bulagy" water
was determined by atomic absorption spectroscopy
AAS-1 spectrophotometer company Bruker, Germany,
corresponded to the mineral composition of artificial
pond water (APW), containing 0.1 M K%, 1 M Na’,
0.4 M Ca*, 0.3 M Mg*-cations and Cl, HCO*, NO*,
PO,*, SO, >-anions at pH 6.9-7.2 (Hasanova et al., 2017).
Plants harvested from the "Katib Bulagy" pond were well
adapted to laboratory conditions. Plants were grown on
APW, in aquariums with 0.3 % 0.4 x 0.5 m dimension
under room light conditions (with intensity 6 W/m?)
12-14 hours per day. The optimal temperature ranges
for growing C. fragilis was 18-23 °C. Increasing the
temperature of growing medium to 30 °C and higher was
lethal for the plants.

The cells no longer than 20 mm in length were
used in the experiments to ensure the high accuracy
of membrane resistance measurement. This value
corresponded to the length of the second cell from the top
of the C. fragilis plants. The day before the experiments,
an intranodal cell of C. fragilis, second from the top,
was separated from neighbor internodes and placed
in Petri dish with a standard nutrient medium. It was
necessary for an accurate assessment of the direction of
fluxes and gradients of electrochemical potentials. To
measure the main electrophysiological parameters (the
membrane resistance R , the potential ¢ _ of the plasma
and vacuolar membranes) we used the two-electrode
Hogg method (Hogg et al., 1968) developed for cells
having a cylindrical shape. The Hogg method made
it possible to simultaneously register the membrane
potential ¢_ and resistance R in algal cells for many
hours. The direct current pulses with a density of 10~
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A/m? in a duration of 2-3 seconds was transmitted
through one microelectrode introduced into the center
of the cell. Values ¢, and the electrotonic potential AU
generated by passing a direct current through the cell
was recorded via the second microelectrode. We also
carried out a measurement of the current passing through
the middle of the experimental cell. The numerical
value of the current was determined by the voltage drop
at the etalon resistance, connected in series with the
experimental cell in the current circuit. R of cells is
calculated by the formula

R, =4 ndl,
where I — current transmitted through the middle of the
cell, I, d — length and diameter of the experimental cell.

APW was used as a solvent in the preparation of
working solutions of inhibitors and blockers. Cells were
treated with inhibitors or blockers in the measuring
chamber during measurement, not in Petri dishes.
The growth medium (APW) or working solution was
regularly introduced into the corresponding part of the
measuring chamber using thin (1.5 mm diameter) silicone
tubes (inflow tube), and then removed using these tubes
(outflow duct). To treat cells with APW modifiers in the
measuring chamber, they were replaced with appropriate
solutions.

Statistical processing of experimental results was
carried out according to the laws of variation statistics
(Lakin, 1990) using of computer programs Excel-2016
and SigmaPlot 12.0.

Results

Statistical analysis of the electrophysiological
parameters of Chara fragilis cells under standard
conditions

Since the C. fragilis cells were first introduced by us in
the practice of electrophysiological research, we needed
to conduct a statistical analysis of the distribution of
electrophysiological parameters by the number of cells
in standard conditions. It was found that the stationary
values of @ _and R varied in a rather wide range: —90...
-300 mV and 1.0-32.6 Ohm-m?, respectively. The
average value of ¢_ was —183.0 + 4.9 mV. The sample
size¢ m of the experimental material was 106. The
distribution of ¢_ obeyed to the Gauss — Moivre —Laplace
law of normal distribution. The value of the membrane
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resistance, which is calculated from the resistance level
of the cell membrane, was 9.0 + 1.2 Ohm-m? (m = 45).
The distribution of the set of values of R did not obey
the law of normal distribution. The distribution curve
compresses on the right. The majority of cells were
characterized by less resistance (more conductivity).

Upon contact of the measuring microelectrode tip
with the cell membrane under standard environmental
conditions, a signal was recorded which value was
¢, =—-30.0 £ 2.5 mV (m = 28). It represents the potential
of the cell membrane relative to the environment, and
this value is commonly called the potential of the cell
wall. By passing current through the cell with a current
microelectrode, on the cell wall a voltage drop was
recorded AU, by which the value of its resistance R =
3.8 £0.7 Ohm'm? (m = 28) was calculated.

The number of classes was determined by the formula
proposed by Brooks and Caruzer and amounted 10. The
sample size m of the experimental material was 106, the
class interval i = 21 mV. Therefore, we presented the
variational series ¢_ as a distribution of the total volume
between 11 classes (Fig. 1). The variational series of ¢_,
represented as a histogram, had a maximum at —174 mV.

The estimation of this value, according to our
empirical data, yielded > = 16.75. And the theoretical
value of critical value for the 0.5% significance level was
16.75,i.e. x* = x’,, This means that the distribution of ¢ _
in classes corresponds to the normal distribution.

The reached stationary levels of ¢ _and R under
standard conditions were stable for several hours.
Spontaneous transitions of ¢ _, R to other levels were
not detected.

Similar calculations were made for the membrane
resistance. The distributions of the empirical and
theoretical ~ frequencies sharply differed among
themselves. The distribution of the set of values of
R_ did not obey the law of normal distribution. There
was no correlation between ¢ and R . The correlation
coefficient between these values was r = —0.019878. In
the total set of cells, proportion of cells with increased
conductivity dominated.

Electrogenic activity and conductibility of plasma
membrane in Chara fragilis cells under influence of
vanadate

The next step in our research was testing the limits of the
electrogenic activity of the H*-pumps and the conductivity
of K'-channels of the plasma membrane using the
appropriate modifiers. The electrogenic composing of
the membrane potential was determined using vanadate,
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Fig. 1. Histogram of the membrane potential ¢_ distribution
of the Chara fragilis by the number of cells (m). The figure
shows the theoretical frequencies calculated from the variation
statistics of the dotted variants. A continuous line shows the
calculated normal distribution

a common inhibitor of H'-pumps of plasmalemma. The
minimum concentration of the inhibitor, which caused
a noticeable depolarization of the plasmalemma, was
10° M. An increase of its concentration in the medium up
to 10° M, led to the depolarization of the plasmalemma
to 80—100 mV within 30-60 min (Fig. 2).

In 89% of the cells of the total population,
VOs-induced depolarization of the plasma membrane
was accompanied by a monotonic decrease of the R . The
relative decrease in R in these cells under the influence
of a 10* M inhibitor for 33-30 minutes was 33%, but
under the influence of the most effective concentration of
the inhibitor 10 M was 14% (Fig. 2).

The removal of the inhibitor from the solution of
artificial pond water was accompanied by the restoration
of the ¢_, R values in the investigated cells. However,
¢,, as a rule, was restored to levels exceeding the
initial level on 36 mV. On the contrary, under normal
environmental conditions after inhibitory treatment, the
final R levels of of the investigated cells processing
were 7-8% lower than the initial values (Fig. 2).

Electrophysiological analysis of changes in the
kinetics of ¢ _and R in Chara fragilis cells under the
influence of tetraethyl ammonium

To test the electrogenic activity of C. fragilis cells
while reducing the shunt load of H*-pumps of plasma
membrane, we used in our measurements iodide salt of
tetraethyl ammonium (TEA™) — a blocker of all types of
K*-channels. The minimum concentration of the blocker
that caused the primary bioelectric response of the cells

Yipaincoruii 6omaniunuii scypnan, 2020, 77(5)
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Fig. 2. The potential ¢_ and resistance R of the plasma
membrane of Chara fragilis cells in the presence of
vanadate. The arrows indicate the moments of the appropriate
concentrations (molar) addition in the nutrient medium (APW).
Cell size: length 7.1 mm, diameter 0.325 mm

was 107 M in the medium. The electrophysiological
reaction of the plasma membrane of C. fragilis was
rather complicated in the presence of different blocker
concentration in the medium (Fig. 3).

K*-characteristics of Chara fragilis cells

The dependences of ¢_and R on the K*-concentration
in the medium were illustrated by three-phase curves
(Fig. 4). The first phase of the dependence in the range
of ¢_ —300..-165 mV probably shows the activation
of K'-channels of inward rectification (KCIR), and
the third phase in the range of ¢_ —120..-50 mV —
K*-outward rectifying channels (KCOR). The second
phase can probably be called a transition phase, because
presumably the partial inactivation of the K'-inward
rectifying channels and activation of the K*-outward
rectifying channels occur in this phase.

For the other Chara species, the K'-equilibrium
potential in a medium with 10*M K* corresponded to
the boundary range of the activation for two kinds of
K*-channels. According to it, ¢ _ for C. fragilis is —162
mV (Fig. 4). In view of this value, the intracellular
activity of K*-ions (a_,) can be calculated from the Nernst
formula, which was 61.6 mmol/L.

401



40 min

-130

-150

-170

@m, mV

T T 1T

APW 107 106 10° 10*

10°% APW

Fig. 3. Changes of the potential ¢_ and resistance R of the
plasma membrane of the Chara fragilis cells with a progressive
increase in TEA'-iodide concentration 107-10° M in the
nutrient medium. The arrows indicate the moments of the

appropriate concentrations (molar) addition in the nutrient
medium (APW). Cell size: length 10.6 mm, diameter 0.45 mm

Discussion

The established ranges of ¢ reflecting the conductivity
states of the two types of K*-channels are consistent with
the analogous parameters of other species of Characeae:
Nitella flexilis (Musayev et al., 2008; Musayev, 2012),
Chara gymnophylla (Sokolik, Yurin, 1986; Musayev,
Ismailov, 2007) and Nitellopsis obtusa (Musayev, 2012).
For these cells, the measured K'-equilibrium potential in
a medium with 10* M K*-corresponded to the boundary
of the activation ranges for two kinds of K*-channels.
According to this position, ¢, for Chara firagilis is —162
mV (Fig. 4). In view of this value, the intracellular
activity of K'-ions (a) can be calculated from the
Nernst formula, which was 61.6 mmol/L. The obtained
value of a_is much lower than in Nitellopsis optusa
cells (Musayev, 2012). However, it is comparable to the
value of a,_established for another species of Chara —
C. gymnophylla (70 mmol/L) (Musayev, Ismailov, 2005).

The electrogenic composing of the membrane
potential was determined using vanadate — a common
inhibitor of H*-pumps of plasmalemma. The inhibitor
has been most effective in concentration 10* M. The
addition of an inhibitor at this concentration to the
standard medium caused depolarization of the plasma
membrane by —170..—180 mV in cells with the initial
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Fig. 4. Dependence of stationary values of ¢_and R of the PM
of Chara fragilis cells on the concentration of KCl in the APW.
The marks 1, 2, 3 on the curves indicate the particular phases
of change of the corresponding values. Each point reflects the
average of the measured values of ¢ and R for 9-10 cells.
Vertical lines indicate the standard deviation of the mean of ¢_
and R

¢, = —250 mV (Fig. 2). This indicates a significant
contribution of H'-pumps to the electrogenic activity of
the plasma membrane of C. fiagilis. The decrease R
on the background of progressive depolarization of the
plasma membrane represents the massive activation of
K*-outward rectifying channels, that was also found in
C. gymnophylla cells (Musayev et al., 2008).

For testing the electrogenic activity of C. fragilis
with a decrease in the shunt load of H*-pumps of plasma
membrane, we used iodide salt of tetraethyl ammonium
(TEA") — a blocker of all types of K*-channels (Yurin
et al., 1991). The minimum concentration of the blocker
that caused the primary bioelectric response in the
cells was 107 M. The electrophysiological reaction of
C. fragilis plasma membrane was rather complicated
in the presence of different blocker concentration in
the medium (Fig. 3). When analyzing the kinetics of
the electrophysiological reaction, it is necessary to
consider the multifacetedness of the blocking action of
TEA". In the cells of Nitella flexilis (Vysotskaya et al.,
2005) and C. gymnophylla (Musayev, Vorobev, 1983),
TEA"-blocking of K*-channels led to stimulation of the
H*-pump of the plasma membrane and reduction of its
integral resistance. Earlier, we also observed changes in
the structural-polarization state in the cells of Nitellopsis
obtuse under the influence of the blocker (Musayev,
Vorobev, 1983).
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The distribution of the potential and resistance by the
number of cells indicates that a significant part of the
total number is composed of cells with high electrogenic
activity.

Conclusion

Based on the results reported in this study, it can be
proposed that the interstitial cells of Chara fragilis
with stable electrophysiological parameters can serve
as a new promising object for the investigation of
the membranotropic actions of exogenous stimuli,
including xenobiotics, nanoparticles, phytoprotectors,
pharmacological agents, etc. Established dependencies
of the resistance and potential of the plasma membrane
on the concentration of K" in the medium made it
possible to identify the ranges of the membrane potential
within which the K*-channels of the inward or outward
rectification are in the conducting state. Inhibitory analysis
allowed to determine the proportion of the electrogenic
component in the total membrane potential. Accordingly,
the differentiation of the membrane potential into
K*-channels and H*-pumps was implemented. Significant
values of the potential and resistance of the cell membrane
allow the using of isolated C. fragilis cells for studying
the ion-exchange properties of the plant cell membranes.
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IOBineiini gaTn
\[¢ Anniversary Dates

IBan IBanoBuy KOPIHLIMKOB
(mo 70-pivyus Bix 1HA HAPOXKeHHA Ta S0-pivust HAYKOBOI AISVIBHOCTI)

4 Bepechs 2020 poky BunoBHmUI0Cs 70 POKIB BiIOMOMY
YKpaiHCHKOMY BYEHOMY, JIOKTOpY OIOJOTiYHHMX HayK,
npodecopy I.I. Kopinkosy.

Hapomuscs IBan IBanoBuu B c¢. IlpyneHrose
[TpnazoBchkoro  paifony  3amopi3pkoi  oOmacri.
Micns mxomn B 1967 p. BcTymmB 1m0 Kpumcekoro
cibcpKorocnonapebkoro iHeruryty im. M.I. Kaninina,
SKUA  3aKkiHuuB y 1972 p., OTpHMaBIIM TUILIOM
BUCHOTO-arpoHOMa 3 Big3HaKow. JlumioMHy podoty
BUKOHYBaB y Bcecorosnomy HJII BmHOTrpamapcTsa i
BuHOpoOcTBa "Marapaua" (M. fnra). IliBTopa pokwm
MpaLioBaB y IOCTIIHOMY TOCHOAAPCTBI YKPaiHCHKOTO
H/I 3pomryBansHOTO caaiBHUNTBa (M. Memitonons). Y
1973 p. IBan IBaHOBHMY poO3MOYaB MpAIfOBATH y BiIALI
¢iziomorii crilikocTi pocnuH JIOHEIBPKOTO OOTaHIYHOTO
cany AH YPCP, Tyt y 1975 p. BCTynuB /10 acmipanTypH.
Kanmunarceky mucepraiito Ha TeMy "®HUTOTOKCHIHOCTH
(DEHONILHBIX MHIPEJUEHTOB 3arps3HEHUs] OKPYKaroILeH
cpensl" 3aXUCTHB y BiNbHIOCBKOMY yHIBEpPCHTETI
iM. B. Karnicykaca (JIutea) y 1981 p. Ilicast nporo mpa-
IIOBAaB Ha MOCAaJi CTApIIOT0 HAYKOBOTO CIiBPOOITHHKA
BiJry (i3ionorii CTIMKOCTI POCIIUH, SKHH OYOJIUB Yy
1990 p. JloxTopchKy nmucepTarmiro Ha Temy "AmanTaris
POCIIHH 10 yMOB TEXHOT'€HHO 3a0pyHEHOT 0 cepeoBuma”
3axucTHB y KHiBChKOMY HalllOHAJbHOMY YHIBEPCHUTETI
im. T.I. IleByenka y 1994 p. Ha mocazi 3aBimgyrodoro
BiJILIOM, sikuii 3rogioM (y 1997 p.) OyB nepeiiMeHOBaHU
Yy BIAOUT TPOMHCIOBOI OOTaHIKM Ta TOMYIAIIHHOI
reretuky, [.I. Kopummkos nparoBas 1o 2014 p. 3 nunas
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2015 poky i foHHHI BiH 040fO€ JJOHEIIbKUI OOTaHIIHUI
cax HAH Vkpainu, a ognogacHo 3 6epe3ns 2016 poky
e mupexTopom KpuBopizpkoro 6ortaniunoro caxy HAH
VYkpainu.

VYech mepion cBoei HaykoBOi Kap'epu [BaH IBaHOBHY
pO3BMBAaE TakWii HAyKOBUI HampsiM, SK MPOMHCIOBA
Ooramika. ILli mocmimkeHHs Oynu CHpsMOBaHI Ha
BUBUCHHSl BIUIMBY TEXHOTEHHOTO CEPEIOBMINA Ha
pOCIMHM Ta I1X BHUKOPHCTAaHHS I IHAMKAIii Horo
CTaHy 1 HaJaHHS pPEKOMEHJAIliil MIoJ0 HOro OonTu-
Mizarii. BoHM TpoBOgWIMCH Ha PI3HUX PIBHAX —
¢131071010-010XIMIYHOMY, ~ MOJICKYJISIPHO-TEHETHYHOMY,
MOMYJSIHHOMY 1 (DITOIEHOTHYHOMY, a TXHI pe3yJIbTaTH
BukianeHi B 470 wnHaykoBux mpamsx. Cepen HHX
O6nm3pko 60 crareil HaIpyKOBaHI y MPOBIIHUX (haxoBUX
MepiOANYHUX BUAAHHSIX, SIKI HaJIeKaTh 0 MDKHApOIHOL
HAyKOBO-METpUYHOI 0a3u Scopus, 6 moHorpadiit Ta 20
TIaTeHTIB.

VY ramy3i nmpoMuciIoBOi OOTaHIKM JOCITIDKCHHS B
TepIry gepry Oy OpieHTOBaHI Ha BUBUCHHS CTIHKOCTI
Ta ajanTauii pOCIWH A0 BHKHUAIB IPOMHCIOBHX
MIANPHEMCTB, BHUXJIONHUX Ta3iB  aBTOTPAHCHOPTY
IPU TIOCENICHHI POCIMH Ha JIOKOPIHHO TEXHOTCHHO
MOPYIICHNX 3eMJISIX Ta BiJBajiaXx BYTUIBHUX IIAXT,
3ai30pymHUX  Kap'epiB, CONOBOTO  BHPOOHUIITBA.
L.I. KopmnkoBy OmHOMY 3 MEpIIMX BIAJIOCS IOBECTH,
0 aCpOMOJIIOTAHTH TIOIIKO/DKYIOTh JICTS POCIHH HE
TUIBKKA BHACJIJIOK mpsiMoi 1ii, ajie i OmocepenkoBaHO
yepe3 aKTHBAII0 IIPOLECIiB TMEPEeKUCHOTO OKHUCICHHS
mmigiB y iXHIX kimiThHax. Hum Oynm BH3HaA4eHi CTIHKi
BUIH JCPEBHUX POCIHH JUIA O3CJICHEHHS TePUTOPIN i
CaHITapHO-3aXMCHUX 30H METAIypriiHUX KOMOIHaTIB,

KOKCOXIMIUHMX 1 XimiuHEX 3aBofiB Jlombacy Ta
peKyabTHBALll TEPUKOHIB 1  BiABaNIB  COJOBOTO
BUPOOHUIITBA.

I.I. KopmmmkoB € BimoMuM (haxiBIeM 3 eKCIIepUMEeH-
TaNbHOI OOTaHIKM, MepIl 3a BCE 3aBISKH BHBYCHHIO
BHYTPIIIHBO- 1 MDKBHIIOBOI MIHJIHBOCTI Ta ii poii y
30epeKeHH] 1 BiIHOBJIGHHI MOMYJISAILIIHOTO Pi3HOMAaHIT-
T nepeBHux pocnuH. Ille B cepemmni 80-x pokiB
XX cTONTTS BiH OAHUM 3 TEPLIMX [10YaB BHKOPHCTO-
BYBaTH METOJ EJIEeKTPO(OPETHIHOTO 130(hepMEeHTHOTO
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aHaJi3y K MapKepHOi CHCTEeMH JUIl BU3HAYCHHS
reHotuily pociuH. [lepuii #oro mociipkeHHs Oynu
MIPUCBSAYCHI 3'AICyBaHHIO TUTAHb 3MiH PiBHIB MIiHIHBOCTI
NOMYJSIIA  cocHM 3BUuaiHol (Pinus sylvestris), ski
JETPanyioTh Bil IOIIKOMKYIOYOTO BIUIUBY  eMicCii
BEJIMKUX XIMIYHMX KOMOIHATiB, BTpar TE€HETUYHOTO
pI3HOMAHITT B  IHTPOAYKIIWHUX  MOMYJAMIsAX 1
BIZIMIHHOCTEW MIKPOIOIMYJIALIHHOT CTPYKTypH POCIIHH,
10 CTUXIMHO KOJIOHI3yIOTh IPOMHUCIIOBI BiABAJIH.

VYropomorx 10 pokiB pazoM 3 acmipaHTamMu Ta
yuasima - 1. KopmmkoB  MpoOBOAMB  TOCIIKSHHS
MOMYJSIIHO-TEHETHYHOTO ~ PI3HOMAHITTA  TIpaliciB
BUIiB poauHu Pinaceae B Yxkpaincbkux Kapmarax, a
TaKo)X HOro BIJHOBIICHHS B HACIHHEBOMY ITOTOMCTBI.
Byno BcTaHOBIICHO, 10 PETIKTOBI KapIarchKi MOMyJISIil
Pinus sylvestris MaloOTh HWKYANA piBEHb MIHIUBOCTI
MOPIBHSIHO 3 JIICOCTETIOBUMH Ta CTEIIOBUMH TTOIYJISILIISIMH
JliBoGepexxnoi Yikpainu. HaitHmx4amii piBeHb MiHIHBOCTI
OyB BCTaHOBJICHUH [UISi COCHHM KEIPOBOI €BPOIEHCHKOT
(Pinus cembra), sixa pocTe Ha BEPXHii MEXI1 MOMTUPEHHS
miciB 'y Kapnarax. bByno BusBieHO, IO OCTpiBHI
nomyysiii smHu 3BUYaiiHOi (Picea abies) y Ilomicci
MaJlo BiJIPI3HSIOTBCSl 32 PIBHEM I'€TEPO3UTOTHOCTI Bij
nonyinsiii Kaprnar, crpykrypa sikux audepeHiiioBaHa
32 BUCOTHHM TIPO(iJeM, sIK i COCHH KPUMCBKOI (Pinus
pallasiana) 'y Tipcekomy Kpumy. J[leranbHo 0Oyio
JOCTIDKCHO  TOMYNANIHHO-TEHeTUIHE  PI3HOMAHITTS
TPBOX BUJIB poay Pinus Ta 1n'sstu BUIIB poiy Juniperus
Iipceroro Kpumy.

BaxnuBuM ~ TpakTHYHUM  PE3yJBTaToM  CTaJlo
nmocmimkeras [.I. KopmukoBuM reHeTHUHHX 0c0OIH-
BOCTEH IUIIOCOBUX JepeB Pinus sylvestris Ta IXHBOTO
HACIHHEBOTO ITOTOMCTBA, @ TAaKOX JIEPEB IHIIMX BHUJIB
XBOHHHX, 1110 Bi/J3HAYAIOTHCSI BACOKOIO PETIPOLYKTHBHOIO
3/1aTHICTIO MOBHOIIIHHOTO HACIHHSI 3 ITiIBUIIICHUM PiBHEM
rerepo3urotHocti. [.I. KopmmkoB omuuM 3 mepmmx
B YKpaiHi MoYaB BHKOPHCTOBYBAaTH TOYHI METOIU B
TeHOCHCTEMATHIII POCIIHH 1 IT0Ka3aB, o Pinus cretacea i
P, kochiana ne € camocTiiiHUMH BU/IaMH, @ y BUCOKOTIp'sIX
Kapmar BincyTHil Takuit BunI, sk Picea montana.

Oco6nuBy yBary LI. KopumkoB npuaiise gpopmyBaH-
HIO OKPEMHX MIKpPOIIOIMYIISIINA POCITHH, Ki KOJOHI3YIOTH
NPOMHUCIIOBI  BiBAJIM  PI3HUX  PYAOBHIOOYBHHX
mignpueMcTB  (Ha mpuknami  Pinus  sylvestris i
P pallasiana, mo caMOCTIHHO 3acelsIOTh 3aJi30pyaHi
BimBamu KpuBopixoKs, a mepmuii BUI — e W BigBaIn
COZIOBOTO BHPOOHMIITBA). BueHMM moOKazaHO, MmO IIi
MIKpOTOMYJIsiii 3HAXOAATHCS y BPIBHOBOKEHOMY CTaHi
3a piBHEM TI€TEPO3UTOTHOCTI, MajJo MOCTYHAaIOThCA
KOPIHHMM MOMYJISIIisIM 3 IXHBOTO MPUPOIHOTO apeary.
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PesynpratoM mUX JOCHIDKEHb CTAJIO PO3POOJICHHS Ta
NAaTeHTYBaHHSI METOJIIB CIPHSIHHS PO3BUTKY AEPEBHOI
1 TpaB'sSHOI POCIMHHOCTI Ha TPOMHCIOBHX Bi/IBajax.
3aBsIkM BUBYCHHIO O10JIOTIT pOCTY i PO3BUTKY OKPEMHUX
BHUIIB pociuH Oynmu po3poOieHi Ta BIPOBapKEHI Ha
rronti 150 ra criocobu MUIIONPHUTHIYEHHS TPOMHUCIIOBHX
myctenb KpHBOpiIXOKS — XBOCTOCXOBHII 3aTi30PYIHHUX
KOMOIHATIB, 10 JO3BOJIWJIO OTPUMATH 3HAUYHUH SK
COlliaNbHUH, TaK i eKOHOMIUYHUH e(heKTH.

L.I. KopmmkoB OyB i € KepiBHUKOM 0ararbox HayKOBHX
TE€M y Tajy3i MPOMHCIOBOI OOTaHIKH. YIPOMOBXK CBOET
HayKOBOI JISUTHOCTI BiH ITPOBOJIMB TIOIIYK MapaMeTpiB
pociuH (Bifl LUTOTEHETHYHUX 10 MOP(OMETPHUYHHMX),
YyTAMBAX JIO BIUIMBY TEXHOT€HHO 3a0pyJHEHOTO
CepelloBUIla JUIsl BUKOPHCTaHHS B OlOHIUKALIHHMX
OIX Horo cra”y. B ocTaHHI poku Iz HOro KepiBHHII-
TBOM TIPOBOAMTHCS BUBUCHHS ypOaHOLEHAPO(IOpH
mpomucinoBux Mict Jlorbacy Ta IIpaBoGepexxHOTO
crenoBoro IIpuaHINpOB'st A1 BUKOPHCTAHHSI POCIUH B
ONTUMI3aIlil MICBKOTO CepeloBHINA. 3a pe3yJlbTaTaMu
LUX JIOCII/UKEHb IIATOTOBICHO PYKONHUC KOJEKTHBHOI
MoHorpadii "JlepeBHi pOCIMHE B yMOBaX MPOMHCIOBUX
mict Cremy".

IBan  IBanoBuu KopmmkoB  miaroryBaB  JIBOX
JOKTOpIB Ta 19 KaHAMAATIB HayK 3a CIELiabHOCTAMHU:
MOJICKYJISIPHA TCHETHKA; TCHETHUKA; [UTOJIOTIs, KIITHHHA
Oiomoris 1 ricToNmoris; Qizionmoris pociuH; OoTaHiKa;
€KOJIOTiA.

IOBinsp € maypearom mpewmii imeni B.S. FOp'eBa, Ha-
ropopkenuit BijzHakamn HAH Ykpainu: "3a niaroroBky
HaykoBoi 3MmiHH", "IlaM'iTHOIO BiI3HAKOIO HAa YECTh
100-piuust HamionansHoi akanemii Hayk Ykpainu", "3a
HAayKOBi JOCATHEHHA'", a Takox TpamoTamu [Ipesmmii
HAH VYkpainu, JloHenpkoi 001acHOT i MiCBKOT pajl.

HaykoBi mpami [.I. KopmmnkoBa BUKOPHUCTOBYIOTHCS
B HaBYAJILHOMY TIIporieci OloioridyHux (haKysIbTeTiB
NpOBIIHUX yHiBepcuTeTiB Ykpainu. Hespaxarounm Ha
Hemepen0adeHi BUMYIICHI 3MiHH Micis poOotu, IBaH
IBaHOBMY TIOBHMI HacHAarum W TBOPYMX 3aJyMiB, BIH
MIPOJIOBXYE iX peasi3oByBaTH B HAYKOBUX JOCIIIKEHHSIX,
OJTHOYACHO KEePYIOUM JBOMA OOTaHIYHMMHU YCTaHOBAMHU
HAH VYkpainmu.

Tupo BiTaemo IBaHa IBaHOBHYA 3 10BLIEEM, ODAKAEMO
JI0OPOTO 37I0POB'St T HOBUX HAYKOBHX 3100y TKiB!

SI.B. TIIPKO, H.M. [TIPKO, JI.O. KAJIA®DAT,
C.M. IIPMBAJIIXIH, A.€. JEMKOBUY,

10.0. BUIOHOXKO, 10.B. JIUXOJIAT, C.M. BOMKO,
[B. BOMKO, 5.5. BJIIOM
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Brparu Hayku

In Memoriam

Ceituaiii mam’aTi
Muxkoau [Hasaosuuya KO3JIOBCBKOI'O
(28.10.1956 — 24.05.2020)

24 tpaBas 2020 poxy, micast TSDKKOi XBOpoOH, Ha 64
POL JKHUTTSI, BiAiHIIOB y BidHICTh BigoMuil yKpaiHCHKUI
YYeHHUII-eKOJIOT, OpraHi3aTop Haykw, (axiBemp y ramysi
eKoJylorii  yrpymoBaHb (iTOHEMATOl Ta IHAWKAIIL
€KOJIOTIYHOTO CTaHy JICOBUX EKOCHCTEM, TUPEKTOP
Incruryty exonorii Kapmar HAH Vkpainu, noxrop
OlosoriuHuX Hayk, wieH-kopecrnongeHT HAH VYkpainu
Muxkona ITaBnoBuu KozinoBcbkuil.

Hapoauscs M.I1. Ko3nosebkuit 28 sxoBTHA 1956 p. B
c. JJobauika ['opoxiBcrkoro p-Hy Bommackkoi 0011. [Tics
3aBepIlICHHs HaBYaHHS Ha OlosorivHOMY (bakynbreTi
JIpBiBCBKOTO JEp)KaBHOTO YHiIBepcuTeTy iMeHi IBaHa
Opanka (1974—1979 pp.) BiH po3mnouas cBoo npodeciiuy
IisUTBHICTH Yy Bimminmi  Oioreomenonorii  JIbBiBCEKOTO
BiguineHHs I[ncruryry Ooranikm AH VYkpainm im.
M.I. Xomomnoro (Bim 1991 p. — ImctutyT exomorii
Kapmar HAH Vkpainu). Kanauaarceky aucepranito Ha
temy "HemaroHi KoMITIeKCH TpabOBUX JiIOPOB BEPXiB'st
Oaceiiny JlHicTpa Ta iX O10T€OICHOTHYHA POJIE" 3aXUCTHB
y 1988 p. mig KepiBHUIITBOM YJICHA-KOPECIIOHICHTA
HAH VYxpaian M.A. Tomy61s. Baene 3BaHHS cTapIioro
HAyKOBOTO CIiBPOOITHHKA 3a CIeIiaabHICTIO "ekooris”
M.II. Kosnoscekuit orpumaB y 2000 p. [lokTopchbKy
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JUICEPTAIifo i Ha3BOK "BiOoiHIWKAIiiHI BIACTHBOCTI
(iTOHEMATO/IHUX yrpyNOBaHb HA3eMHUX EKOCHUCTEM
Kapmarcekoro periony" 3axuctuB y 2007 p., 3BaHHS
uneHa-kopecnonaeHTa HAH Ykpainu itomy 0ys10 HagaHO
B 2018 p. B IncturyTi exonorii Kapmar HAH VYkpainu
Muxkona [laBnoBud NpoWNIOB HIISIX BiJ iH)XKEHEpa JI0
JTUPEKTOpa, Ha Tocai sikoro OyB 3arBepmkeHuit B 2010 p.

HayxoBy nisutbHicts ML.II. Ko3noBckkuii posmnouas
3 JOCHIJKEHHS €KOJOTIYHOI POl MallOBHBYCHOI TPYITH
I'PYHTOBHUX OpraHi3MiB — (piToHeMaTo 1 y GyHKIIOHYBaHHI
MicoBHX ekocucTeM. Moro KammujaaTchka aucepTaris
Oyua neproro podororo B komumaboMy CPCP 3 BuBUCHHS
i€l rpynu TBapHH, SIKY BiH 3aXMCTHB 32 CIIEIaJbHICTIO
"exornoriss". LluM MOCHiDKCHHSAM BUCHHH TPUCBSTHB
BCIO CBOKO HAyKOBY AISUTBHICTB, i 3alI0YaTKyBaB HOBHIA
HarpsM — "eKoJIoTiA yrpymnoBaHb (iToHeMaron'".

M.IIL Ko3noscbkuii BCTaHOBUB 3arajbHi
3aKOHOMIPHOCTI (POPMyBaHHS HEMAaTOTHHUX YTPYNOBaHBb
y NEPBUHHHUX €KOCHUCTEMaX BHCOTHHX IIOSICIB POCIHH-
HoCTi YkpaiHchknx Kapmar i BU3HAUYMB OCHOBHI pHCH
CTPYKTYPHUX 3MiH IIMX YIpyNoBaHb y BTOPHHHHUX
Gioreomeno3ax. BiH Takox po3poOWB cxeMmy ydacTi
HEMaTOJHUX YIPYINOBaHb Yy CIIOKMBaHHI eHeprii B
exocucreMi. Ha OCHOBI JOCHIIKEHb CIOKHBAaHHS
eHeprii TpoQIUHUMH TpyHamMH TIPYHTOBHUX HEMATol y
MEePBUHHUX EKOCHUCTEMax JIiCOBOTO, CyOalbIIiiiCbKOro
Ta aJbIIHCHKOTO TMOSACIB POCIMHHOCTI BUBYUB 3arajibHy
3aKOHOMIPHICTb I[LOTO TIPOIIECY, 1[0 CTATI0 OCHOBOO JIJIs
PO3pOOIIeHHST METOIVMKH OIIHKK 3MiH ()YHKIIOHAJIHHOI
opraHizamii ~I'PyHTOBHUX HEMaroJ, Yy BTOPHHHHX
exocructemax. IcrotHa pisHUOS y (yHKIiOHATBHIN
oprasizarlii yrpyrnoBaHb I'pyHTOBUX HEMATOJl IEPBUHHUX
i BTOPHMHHHUX €KOCHCTEM [IO3BOJMJIA  PO3POOUTH
Kacudikamito iXHIX KOMIUIEKCIB 3a (DYHKIIOHAJIbHUMH
o3HakaMu. JIOCTIDKEHHSIMH BYEHOTO OyjI0 TOKa3aHo,
IO IS 3aKOHOMIPHICTh TaKO)X 3arajoM BIIACTHBA
JUIsl yrpyNoBaHb IPYHTOBHX 0e3XpeOeTHUX TBapHH Yy
MEPBUHHUX 1 BTOPHUHHUX Oi0TEONEHO3aX, IO HAaIallo
MOXKJIMBICTh BHKOPHCTOBYBATH TIPYHTOBI HEMaTOIH B
SIKOCTI  O10i1HAWKATOpPiB (PYHKI[IOHATBHOI OpraHizarii
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YIpyNOBaHb TPYHTOBUX O€3XpeOCTHUX Yy HA3eMHHX
eKocHCcTeMax.

Buxopucranas  OioiHAWKAIiHHUX  BIACTHBOCTEH
HEMaToJIHUX YIPYNOBaHb Jajlo 3MOry ineHTH]iKyBaTH
€KOCHCTEMH MIEPBUHHOTO Ta BTOPHHHOTO THIIIB 1 3'ICYBaTH
BIZIMIHHOCTI (DyHKI[IOHAJIGHOT oOpraHi3auii yrpyrnoBaHb
0e3XpeOeTHHX IPYHTY y BTOPHHHIX €KOCHCTEMAaX MOPiBHS-
HO 3 NEPBUHHUMH, OXapaKTepH3yBaTW CAHITAPHUI CTaH
BTOPMHHUX JIICOBHX 1 TIPCHKUX arpoexocucTeM. Ha ocHOBI
X JOCIIHKEHb OOIPYHTOBAHO CIIOCOOHM 30epeiKCHHS
MIPUPOTHOTO Pi3HOMAHITTS (HITOHEMATO[ 1 IMTYYHOTO
PETYIIIOBaHHS CTPYKTYypHO-(DyHKIIIOHAJIBHOT OpraHizarmii
(hiTOHEMaTO/IHUX YrPYyNoOBaHb 3 METOK (HOpPMyBaHHs
He(ITOMAaTOTCHHUX KOMIUIEKCIB Y JIICOBHX €KOCHCTEMAX,
MIABHUIICHHS iXHBOT CTIHKOCTI Ta MPOIYKTUBHOCTI.

Jo mwnamoro wacy poborm M.II. Ko3zmoBcrkoro
3 BUBYEHHS OloiHMKALITHNIX BJIACTUBOCTEH
(hiTOHEMAaTOAHUX YTPYHOBaHb HA3eMHHUX EKOCHCTEM
He MaloTh aHaJoriB B YKpaiHi Ta 3a kopaoHom. Ilin
HOro KepiBHUITBOM OyJ0 3aXWIIEHO 5 KaHAMJATCHKUX
JUCEPTaIlil.

Pesyneratn pocmimkxens M.II. KoznoBcekoro MaroTh
TaKOXX NPaKTUYHUH acnekT. Tak, 30kpema, BiH ymepiie
BCTAHOBHUB, [0 HA TIPCBKUX TEPHUTOPISIX Y BTOPUHHHX
SUTMHOBUX JTicaX (DOPMYIOThCS (PiTOIMATOTEHHI IPYHTOBI
HEMaTO/IHI KOMIUIEKCH, SIKI HEraTMBHO BIUIMBAIOTh Ha
KOpPEHEBY CHCTEMY SUIMHHM €BPOIEHCHKOI Ta € OIHIEIO
3 NPUYMH TOTipUIeHHs ii CaHITapHOrO CTaHy, a B
OKpeMHUX BHUIAOKaxX 1 BcuXaHHSA. ByacHO mpoBenmeHi
OloiHIUKALIIIHI JTOCHTI/DKEHHSI CTPYKTYPU HEMaTOJIHUX
YIPyNOBaHb IPYHTYy JAlOThb MOXIIHMBICTh OLIHUTH
Cy4YacHMH CaHITapHMUH CTaH SUIMHHUKIB 1 repeadavynTH
MEPCIEKTUBH  IXHBOTO TOJAJBIIOTO PO3BUTKY Ha
OCHOBI TIOCTIHHOIO MOHITOPHHTY I[bOTO IPOIECY.
Cxoxa cutyarisi mae micue i Ha [lomicei, 1e mpoBeneHi
JIOCII/DKEHHSI BCHXAlOUYMX MAacHBIB COCHOBHX JICIB 1
BCTAHOBJICHA pOJIb AaKTHBI3alii AOOPUTCHHUX BHJIIB
HeMaToJ] y LUX Ipouecax IiJ BIUIMBOM KIIMAaTHYHHX
YMHHHKIB, 30KpeMa KUIbKOCTI onaaiB. OKpiM 1oro, Ha
tepuropii CxomiBcbkux beckunis (Yipainceki Kapmarm)
y 1999 p. BueHuM yriepiie Oysi0 BUSBICHO MOIIMPEHHS
30JIOTUCTOI KapTOIUIIHOI HEMAaroju, IO IPHU3BENO A0
BBEJICHHS JICP)KaBHOTO KAapaHTHHY Ha BHPOILYyBaHHS
KapTOILIi Ta 3aIpOBaKEHO 3aX0I1 MIOA0 eTIMIHAIT X
NapasuTHYHUX OPraHi3MiB.
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M.II. Ko3noBcekuii OyB KEpiBHHKOM 1 BHKOHABIICM
TPbOX MIDKHApPOAHUX HayKoBHUX TpoekTiB. [lig #oro
KepiBHHIITBOM 1 3a 0Oe3mocepeqHboi ydacTi OyB
BUKOHAHMI mepmuid B YKpaiHi CHUIBHUH yKpalHChKO-
HiMernpbkuil mpoekT "TpaHchopmamiiiHi TpomecH B
perioni BepxiB'ss [uictpa" min erimoro IOHECKO
(19962008 pp.) ¥ ycmimHO 3aBepIICHUI HAMCAHHIM
kostektiBHOI MoHorpadii "Transformation processes in
the Western Ukraine" (2008).

Buennit € aBropom 180 HaykoBuX mpalb, y T.4.
monorpadii "®iToHeMaTOAM HA3eMHHUX EKOCHCTEM
Kapmarcekoro periony"” (2009), Ta cniBaBTOpoM 5
KOJIGKTMBHUX ~ MOHOrpadiii: "AHTpPONOreHHI 3MiHH
OioreorieHoTHUHOTO  MOKpHBY B Kapmnarchkomy
perioni", "Exosnoriyna cutyarist Ha MiBHIYHO-CXiJTHOMY
Makpocxmini  Ykpaiacekux —Kapmar", "Exomoriunuit
MOTEHINa Ha3eMHHUX ekocucTeM", "Dkonorus u (ayHa
IMOYBEHHBIX  0eCHO3BOHOYHBIX  BomsrHo-Ilomonssa",
"KoHuenTyanbHi 3acaji CTAJIOr0 PO3BUTKY TipPCHKOTO
periony".

M.II. Ko3noBchkuii Oy wieHoM cekiii "PamioHans-
Horo mpuponokopuctyBanHs" Komitery 3 Jlep:kaBHUX
npeMiit YkpaiHu B rairy3i Hayku i TEXHIKH, wieHoM bropo
Bukonkomy 3axigHoro HaykoBoro neHtpy HAH Ykpainu
ta MOH VYkpainu i ronoBoro cekmii "Exororii, 3araapHo1
Giosorii Ta OXOPOHH MPUPOIH", TOIOBHUM PEIaKTOPOM
HayKOBOTO TMIOpiYHOTO 30ipHHMKa [HCTHUTYTY ekomorii
Kapnar HAH VYkpainu "HaykoBi OCHOBH 30epexeHHs
010THYHOI PI3HOMAHITHOCTI", WIEHOM PEIKONIETiH HU3KH
IHIIMX TIep10IMYHUX HAYKOBHUX BH/aHb, wieHoM [Ipesnmii
JliciBHM4Oi akagemii HayK YKpaiHu.

HesOnaranna xBopoOa mnepepBajia HOro KHUTTEBUI
OUIIX Ha 371eTi HAayKoBOI TBOPYOCTI Ta HAyKOBO-
oprauizauiiiaux 3100yTkiB. Ilam'ste mpo Muxkomy
[laBnoBHYA, TaTaHOBUTOTO BYEHOIO, HPUHIUIIOBOTO
KepiBHHUKA, BIPHOTO TOBAapHIla 3aBXId Oy/e >KUTH B
CepIsiX WOro KoJier i Apy3iB.

0.0. KATAJIO, O.I' MAPUCKEBUY,

10.B. KAHAPCBHKHI, B.I. KISIK,
O.I. JOBAYEBCBKA, L.M. IIIITAKIBCHKA
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ITam’aTi BUeHoi
MIJIKIHA Jlinis IBaniBHa
(18.12.1935 - 09.03.2020)

9 Oepesnst 2020 poky Binmifinuia y BiuHicTe JOKTOp
0i0TOTIYHNX HayK, KOJHIIHIM TPOBIAHUN HAyKOBHUIl
CHIBPOOITHUK BiJUITy OXOPOHM TPHPOIHHUX EKOCHCTEM
Incturyty exonorii Kapmar HAH  VYkpainn Jligis
IBaniBHa MinkiHa.

3BUYAHO, Yac — MOHSTTS OMHOMIPHE, 1 BIAXIJ 3 IIOTO
CBITY JIFOZCH CTapIIOTO BiKy SBHINE 3aKOHOMIpHE, aje
3 BTPaTOI0 JIIOJMHU MOTO/PKYBATHCS 3aBXKIU BAXKKO.
Tum GinmpIre, Komm TepecTae OUTHUCS ceplie BUCHOI, sKa
Oararo 3poOwia il HAyKH, TMPUCBSITUBIIA CBOE KHUTTS
cnpaBi oxopoHH mpupoau Kapmar, BmpoBaamia cBoOi
HayKOBI pO3pO0OKH y IpakTHKy. [loMepita qroanHa BUCOKO
OCBiUeHa, sKa JOOpe 3Hama CBOIO CIIPaBy i TBOPUO
IiIXOAMIA 0 BUPIIICHHS HAYKOBHX IIPOOIIEM.

Hapomumacs Jlixist IsaniBaa B ¢. IlectpaBka (Temep
Camapcbkoi 0011., PD). [Torim xwuna B . Lllyniencsromy
(Kpacnosipcbkuit kpaii, P®d), napuamacs na Oiosoro-
TpyHTOBOMY (pakynsreTi [pkyTchKoro yHiBepcuTety (PO,
1954-1957). 3a cimMeiiHUMH OOCTaBUHAMH (YOJIOBIK —
odimep) mepeBenacs Ha OiomoriuyHWA  (paKyaBTET
JIbBIBCHKOTO yHIBepCcHTETY, SIKMH 3akiHumia B 1961 p.
3a cremianpHICTIO "OoTaHiKa" Ta TpaloBana B HOTO
HAYKOBO-IOCIITHOMY CEKTOpi mpoTsiroMm 1965—-1968 pp.
Bix 1968 p. — y Binmini eKkCmepruMeHTaNIbHOI eKOJOTil
ta Oiouenonorii Incturyry Ooraniku AH YPCP, skunit
1969 p. OyB mepeBeneHmii 10 JIbBIBCHKOTO IEPKABHOTO
npupoposHaBuoro Mysero AH YPCP. 'V 1970 p.
Oyia 3aTBep/pKeHa Ha I10Calli MOJIOJIIOrO HayKOBOTO
CHIBpOOITHHKA HOBOCTBOPCHOTO  BIIJNITY OXOPOHH
MIPUPOJHUX EKOCHCTeM Jlep»aBHOrO MPHUPOI03HABYOTO
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myseto AH YPCP (JIbBiB), sikuii ouonuB a.0.H. Crenan
Muxaitiopud Croiiko. Y 1poMy BiIUI, SKUH TiCIs
peopranizanii My3ero HaJie)xaB criodaTky /10 JIbBIBCbKOTO
Biginenss [Heruryty 6oraniku AH YPCP (1974-1991),
aBig 1991 p. e y cxmani [actutyty exonorii Kapmatr HAH
Vkpainu, Jlimis IBaniBHa mparoBaiia Oe3mepepBHO,
MPOMIIOBIIN NUIAX Bi MOJOAIIOTO IO IPOBITHOTO
HayKOBOTO CIIIBPOOITHHKA.

Britky 1972 p. JL.I. Minkina 3axucTiia KaHIHAATCHKY
qucepramito  Ha TeMy  "PacTHTenbHBIM  TOKpOB
LIEHTpaJibHON yacTu YkpauHckux Kaprar u HekoTopbie
BOITPOCHI €r0 BOCCTAHOBJICHHS M oXpanbl". Po3BuBatoun
1Ieil HayKOBHI HAIPsIM, BOHA 3/11HCHIUIA 0araTo MoJbOBUX
JIOCITIJKEHb, 310paBIIM BEIMYE3HNI MAacCHB JIAaHHUX II0/I0
¢iTonieHoTryHol  cTpykTypu JiciB  Ilepeaxapmarts,
3po0uIIa TEOPETHYHI y3araJbHEHHS, [0 CTaJI0 OCHOBOIO
JIOKTOPChKOT aucepraiii mig Ha3Bor "KopeHHbie ieca
CEBEPO-BOCTOYHOIO MAKpPOCKJIOHAa YKpauHckux Kapnar
(puroneHoTHueckass  CTPyKTypa, pacHpOCTpaHEeHHE,
9KOJIOTWMYECKHE OCHOBBI BOCCTAHOBIICHHSI M OXpaHbI)",
SIKy BUEHA YCITIIIIHO 3axucTuia B rpyaHi 1988 p. Hacryn-
Horo 1989 p. ii Oyno mepeBeeHo Ha mocay MPOBIIHOTO
HayKOBOTO CITIIBPOOITHHUK BIAJUTy OXOPOHHM HPUPOAHUX
eKOCHCTEM, Ha SKI BOHa IpalfoBaja A0 BHUXOIY Ha
TICHCIIO.

BuBuaroyu JiCOBY POCIMHHICTD IMiBHIYHO-CX1JHOTO

Makpocxmny YkpaiHcekux Kapmar, JIL.I.  Minkina
posrfnana  Ta ONpalbOByBaja IIMPOKMH  CIEKTP
HAyKOBUX TPOOJIEM 3a TAaKUMH HampsMaMmHu, SK
¢iTorieHoNOTIS, IHAMKaIiiiHA Teo0OTaHiKa, pPEKOH-
CTPYKTHBHE Te00OTaHIYHE KapTyBaHHS, EKOJOTisd
JICOBOT POCIMHHOCTI; PO3BUBAJa TEOPETHYHI 3acaju
3amoBiHOI  cmpaBm W YHOCKOHAJNCHHS  MEpPEexi

MPUPOJOOXOPOHHUX TepuTOpiil. Bona 3pobuia Baromuii
BHECOK y BHU3HAYCHHS 3aKOHOMIPHOCTEW (hOpMyBaHHSI
KOPIHHOTO POCIIMHHOTO TOKpHBY YKpaiHchkux Kapmar
3aJIe)KHO BiJl T€0JIOTIYHOT Oy/10BH, KIiMarTy Ta enadiyHux
yuHHUKIB. [le cripusiio ompairoBaHHIO (QYHKIIOHATBHOT
kinacudikamii 3amoBiIHUX 00'€KTIB JKHUBOI Ta HEXKUBOT
MIPUPOIH, PO3MINPEHHIO MEPEXi MPUPOIHO-3AIIOBITHOTO
douny [epenkapmarts.

Bix 1973 p. y Bigaiiai 0OXOpOHU IPHPOTHUX EKOCHCTEM
po3noyYanocsi ~ aKkTUBHE  BHBYEHHS  POCIMHHOCTI
Kapnarcekoro 3amoBimHmKa, 30kpemMa YOpHOTIPCHKOTO
fioro macuy. JI.I. MisikiHa poj1oB»KHiIa BUBYATH 00'€KTH
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IBaHO-®paHKiBCbKOI  007acTi, KOHICHTPYIOUHCH Ha
eKoCHCTeMax 3aloBifHMKa. BoHa akTMBHO MparoBaja
B TIPHPOIOOXOPOHHHUX EKCIIEIUIISAX, 3 E€KOCHCTEMHHX
MO3UIIH JIETaIbHO JIOCIIDKYIOYH POCIMHHICTD JIOJIMHH
piuku Iloropinens Ta aHaMi3ylO4d OiOTCOICHOTHYIHY
perpe3eHTaTUBHICTh 3allOBiIHUKA.

JII. Minkina € crHiBaBTOpOM HH3KH MOHOTpadii,
0ITyOJIIKOBaHUX KOJIEKTUBOM HAYKOBIIIB BiJILITy OXOPOHH
MIPUPOAHUX EKOCHUCTEeM, 30Kpema: "OXopoHa MPHPOIH
Vkpaincekux Kapmar Ta npuwienmx  tepuropii”
(1980); "®dmopa 1 pocnuHHICT  Kapmarchkoro
3anoBimauKa" (1982); "MeTtoanka KpyImHOMACIITaAOHOTO
PEKOHCTPYKTHBHOTO T'€000TaHHYECKOIO KapTUpOBaHHS"
(1984); "Ykpamnckme Kapnars: Ilpupoma" (1988);
"IMpupoaa Kapnarcekoro HarioHaapHOTo mapky" (1993);
"PapureTHi (iTOEHO3M 3aXiTHUX pETiOHIB YKpaiHu
(Perionanbna "3enena kuura")" (1997); "PapurerHuii
¢iTorenodonn 3axigHUX perioHiB YKpaiHu (Co30I0TigHa
OIliHKA i HayKoBi 3acaau oxoponu)" (2004).

Jlinis IBaniBHA 6araTo yBaru mpuIiIAIa TEOPETHIHUM
MUTAaHHSIM 3alOBIAHOI CIIpaBH, IO BiJOOpPaKCHO B
il myOmikanisx, 3okpema: "[eorpaduueckne OCHOBBI
3anoBesHoro nena" (1975, Mzeecmus  Bcecowosnozo
2eozpaguuecrkozo oouecmsa, 107(6): 485-495) ta "Cran
1 3aBIAHHS OXOPOHHM POCIMHHOTO CBITY YKpaiHCBKHX
Kapmat" (1975. Bichuxk AH YVPCP, 1: 96-102).

[Ipamrorodn  IMOPOKY B KapmarcbKuX  Jiicax,
JL.I. Misnkina BusiBuiia 6arato HOBUX MiCIlb BUPOCTAHHSI
PIAKICHUX BHUIIB POCIHH, HapHUKIAN: Syringa josikaea
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Jacq., Pinus cembra L., Saxifraga luteo-viridis Shott &
Kotschy.

CHiBIpamo9Yr  JIOBI POKH Y BIAIUTI OXOPOHH
NPUPOIHNX €KOCHUCTEM, MU BHCOKO I[IHYBaJH HAyKOBO-
ocBiTHIN piBeHb Jlinii IBaHIBHY, BiAUyBaIl TBEPHICTH ii
XapakTepy Ta NOBaXKaJIU 3a MPSIMOTY Y BUCJIOBIIIOBAHHSIX.

[Ticnst Buxony Ha meHcito Jlimis [BariBHA pOIOBXKMIA
HayKOBY JisJIBHICTB, 30CEpEIUBINUCH Ha BHBYCHHI
pocamHHOCTI  HamioHampHOTO  TPUPOTHOTO  MApKy
"CkomiBebki becknau", Oyna 4ieHOM HayKOBO-TEXHIYHOT
pagu mapky. Ha 3acimaHHAX pagu BOHA 3aBXKIH
3aliMajia aKTUBHY HO3HUINIO MO0 OXOPOHH MPUPOTHHUX
€KOCHCTEM, Y T.4. MiATPHUMYBaJja JOLUiJIbHICTh aKTHBHOTO
30epeKeHHSI PIIKICHUX POCIMHHUX YIPYIOBaHb Ta
JIOKAJIITETIB PAPUTETHUX BUJIIB (IIOPH.

3a MarepiamaMu OCIHIIKEHb OCTaHHIX POKIB TiJ
kepiBauirTBoM JI.I. MinkiHoi Ta 3a ii yuacTi omy0I1ikoBaHO
kauru:  "Jlicu HamioHanhHOTO TPUPOTHOTO  MApPKY
«CrxomiBcbki  beckumu»"  (2000);  "HamioHanbHuit
npupoganii mapk «CkomiBebki  beckmmm»"  (2008);
"Haumionaneuuit  npupomHuit  mapk  "CKoJiBCBHKi
Beckumu". Papurernmii dpitorenodona” (2011).

Konern Ta yuHi mmpo CyMmyloThb 3 NPUBOAY CMEpPTi
Jligii IBaniBHM Minkinoi. CBiTna maMm'aTb Tpo Hed,
HayKOBI JIOCATHEHHS Ta BaroMHuil il BHECOK y CIIPaBy
oxoponu mnpupomu Ilepeakapmartss Ta beckumis
Ha3aBK/1 3aJMIIATHCS B HAIINX CEPIIX.

[1.T. AINEHKO, B.I1. TPUHAAK, O.0. KATAIJIO,
ML.IL XKIMXKHWH, O.0. AHIPEEBA
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