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Abstract. Endemic plant species are of great scientific interest because they determine the identity of
the flora. Astragalus schumilovae Polozhij (Fabaceae) is one of the few endemic species known in the
northern floras. The work is aimed to characterize the distribution and ecological, coenotic and biological
features of A. schumilovae based on the new data obtained in a study of the flora of the Tunguska and
Chunya interfluve. According to the data obtained, A. schumilovae is an endemic of south-eastern
Evenkia which inhabits periodically disturbed specific ecotopes of the valleys of the Podkamennaya
Tunguska, the Chunya and their tributaries — the Chamba, the Khushma, the Verkhnyaya Lakura,
the Tetere, the Vanavarka, the Mutorai, the Makikta, and the Ukochit. According to its ecological
confinement, 4. schumilovae is a stenotopic floodplain species which occurs on floodplains, on sandy,
pebbly-sandy, rocky sites with sparse vegetation, and in riparian meadow and forest communities.
The projective cover of 4. schumilovae in most of the examined habitats does not exceed 1-2 %. In
two habitats, on the left bank of the Khushma River and on the right bank of the Verkhnyaya Lakura
River at Lake Sredneye, A. schumilovae has a significant projective cover of 10—15 %. 4. shumilovae
is a long-rooted, monocentric, vegetatively immobile subshrub. Its cenopopulations are characterized
by seed renewal exclusively. The long-term existence of cenopopulations even in the most disturbed
habitats is ensured by the longevity of individuals, by their long, strong tap roots that securely hold
plants and prevent them from being uprooted by ice drift, and by irregular seed reproduction, which is

still sufficient for the survival of the species.
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PacnpocTpaHeHue U 3K0JI0T U
Astragalus schumilovae Polozhij (Fabaceae) —
Y3KO0JIOKAJBbHOI0 3HAeMuKa FOro-BoctouHoit IBeHKun

(Cpennsisn Cudupp)

E.E. Tumomoxk?, . U. I'ypeena®,

10.T. Paiickas?®, E. H. Tumomok?
“Uncmumym MOHUMOPUHEA KAUMAMUYECKUX
u oxonocuveckux cucmem CO PAH
Poccuiickas ®eoepayus, Tomck

STomckutl 20Cy0apcmeenublil yHueepcumen
Poccuiickas ®eoepayus, Tomck

AHHOTAaNUsI. DHJIEMUYHBIC BU/Ibl PACTEHUI NIPEICTABIIOT OOJIBIION HAYYHBIH HHTEPEC, TOCKOJIBKY
OTIPENeNIOT caMOOBITHOCTE (hiopbl. Actparan lllymunosoii — Astragalus schumilovae Polozhij —
OJIMH M3 HEMHOT'MX DHJIEMHYHBIX BHJIOB, U3BECTHBIX B ceBepHBIX (yiopax. L{enpo paboTsl ObLIH
XapaKTEepPUCTHKA PACIIPOCTPAHEHHSI, SKOJIOT O-IIEHOTHYECKOH TPUYPOUYEHHOCTH 1 HKOJIOT0-OHOTOr HIECKUX
ocobeHHOCTel A. schumilovae Ha OCHOBE HOBBIX JaHHBIX, [TOJYYEHHBIX [IPH UCCIECAOBAHUU (IIOPHI
Tynryccko-UyHckoro mexaypeubs. COrIacHO MOIy4eHHBIM AaHHBIM A. schumilovae siBnsieTcs
sHgeMukoM lOro-BocTouHoit DBeHKHH, 3aHUMAIOIINM NEPUOAMYECKU HapylIaeMble CBOEOOpa3HbIe
skoTonbl nonuH [logkamennoit TyHrycku, UyHn u ux nputokoB — YamOs1, Xymmel, Bepxuei
Jlakypsl, Tamaps, BanaBapku, MyTopas, MakukTsl 1 YkouuTa. [1o s3komoruyeckoi npuypo4eHHOCTH
A. schumilovae NOIMEeHHBIN CTEHOTOINHBIM BU, OOMTAIOMINK HA IIECYAaHBIX, FAJIEYHUKOBO-TIECYAHBIX,
KaMEHHCTBIX Y4acTKaX ¢ Hec(hOPMHUPOBABILEHCS PACTUTEIBHOCTBIO, B JIYTOBBIX U JIECHBIX IPUPYCIOBBIX
coO0IIEeCTBaxX B €XKErOAHO 3a1nBaeMoii oiiMe. [IpoexktuBHOE MOKpbITHE A. schumilovae B GONBIINHCTBE
MecToOOMTaHu# He npeBblaeT 1-2 %, TOJNBKO B IByX MECTOOOMTAHUSIX Ha JIEBOM Oepery p. XyIIMbI
n Ha ripaBoM Oepery p. Bepxusst Jlakypa y 03. Cpennee 4. schumilovae umeeT 3HaUNTEIIBHOE TIPOSKTUBHOE
nokpeitue — 10—-15 %. A. shumilovae TMIUHHOCTEPKHEKOPHEBON MOHOIICHTPUUECKHUI BET€TATUBHO

HeHO,I{BPI)KHLIﬁ TOJYKYCTAapHUYCK, HECHOIIOITYJIALIHUAM KOTOPOIo CBOMCTBEHHO HCKJIIOUHTEIIHFHO CEMECHHOE
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camorofiepxanue. JlonroBpeMeHHoe CyIeCTBOBAHNE IICHONOMYJISIHN, Jayke B HanboJee HapyaeMbIxX
MECTOOOUTAHUSAX, 00SCIIEUNBACTCS JUIATEIBHOCTHIO XKU3HU 0CO0CH, JITHHHBIM, TPOYHBIM CTSP)KHEBBIM
KOpHEM, HAaJIe)KHO YIeP)KUBAIOIIUM PACTEHUS U MPEMSITCTBYIOMMUM UX BBIPHIBAHUIO JIEJJOXOAO0M,

HEPETYJISIPHBIM, HO JOCTATOYHBLIM [1JI1 BBDKUBAHHW 1 CCMCHHBIM BOCIIPOU3BCACHUCM.

KuaroueBsble cinoBa: Astragalus schumilovae, 3HNIEMHK, paclipocTpaHeHue, )Ku3HeHHas ¢popma, FOro-

Boctounas OBenkusi, Cpentsist CuObupb.

BbuaaropapnocTu. Pabora BbinonHeHa B pamkax rocowomkeTHoit tembl FWRG-2021-0003 (MuCcTHTY T
MOHUTOPUHTA KJIMMaTHueckux u skojgorunueckux cucrem CO PAH: E. E. Tumomoxk, FO.T. Paiickas,
E.H. Tumormok) u noxaepsxana [Iporpammoii pa3Butus ToMCKOT0O rocyapCTBEHHOTO YHUBEPCUTETA

(ITpuoputet 2030) (Tomckuii rocymapcTBeHHbIN YyHEBepcuTeT: M. U. I'ypeesa).

Huruposanue: Tumomoxk E. E. Pacnpocrpanenue u sxonorus Astragalus schumilovae Polozhij (Fabaceae) — y3konokanbHOTo
sugemuka FOro-Bocrounoii Osenkun (Cpennsisi Cubups) / E. E. Tumomoxk, U. U. T'ypeesa, FO.T. Paiickas, E. H. Tumorok
// XKypu. Cub. dpenep. yu-ta. buonorus, 2023. 16(2). C. 129-148. EDN: ZYVILE

Asmopel noceswarom amy pabomy namamu ceoux yyumesed, 8bI0arUUXCS
uccnedosameneli gpaopsl u pacmumensHocmu Cpedreli Cubupu, npogeccopos
ToMcko20 2ocydapcmeeHH020 yHuUsepcumema AHmMoHUHbI BacunsesHsi [Monoxud,
105-5 20008wWuHa co OHA poxdeHus komopol ommeydanace 8 2022 2.,

u Jlodmunel BacuneesHsi LLlymunosgodl.

The authors dedicate this work to the memory of their teachers,
the eminent researchers of the flora and vegetation of Central Siberia,
Antonina Vasilievna Polozhij, whose 105th anniversary was celebrated

in 2022, and Lyudmila Vasilievna Shumilova.

BBenenne

OHOW U3 IPUOPHUTETHBIX 3a]]a4 OOTAHUKH,
B CBSI3M ¢ 00mIel TeHASHINEH BBISIBICHUS U CO-
XpaHEeHHs! OMOJIOIMYEeCKOr0o pa3Hoo0pasusi, siB-
JSETCS U3yUYEHHE YHIEMUYHBIX BUJIOB PACTEHU,
MPEACTABISIONINX OOJIBIION HAYYHBIH HHTEPEC
JUTst OOBSICHEHNU S 1Ty Tell reHe3uca (Iopsl U orpe-
JEJISIIOINX CaMOOBITHOCTD ()JIOPBI, OTTPAaHUYH-
Bas ee oT Apyrux. B Cubupu Hanbombiee 4nucio
9HJIEMUKOB BKJII0YAIOT (DJIOPBI FOPHBIX CHCTEM
IOxHo#t Cubupu, ceBepHbIE TEPPUTOPUHN 00CIIe-
JIOBAaHBI B OTHOIIEHUH YHAEMHU3MA, KaK U B I[EJIOM

BO q)HOpI/ICTI/I‘ICCKOM OTHOLICHUH, T'Opa3a0o ciabee.

Actparan  IlllymunoBoit —  Astragalus
schumilovae Polozhij (Fabaceae) — onun u3 He-
MHOTHX 9HJEMUIHBIX BUIOB, H3BECTHBIX B CEBEP-
HBIX (hIOpax: BCE MECTOHAXOXKACHHS BbISIBJICHBI
K HacCTOSIIIEMY BPEMEHH TOJIBKO B MEX]Iypeube
IlonkamenHnoit Tynrycku u Uynu.

A. schumilovae (moppon Phaca (L.) Bunge,
Gontsch.), omnwucan
A.B. Tlonoxwuit B 1955 1. (ITonmoxuit, 1954; u3-

naHue onyOmukoBaHo B 1955 1)) mo oOpasmam,

cexkuus  Komaroviella

cobpannsiM JI. B. lllymmuioBoii B mrone — aBry-
cre 1932 r. B Gacceitne p. [lonkamennoit TyHry-

ckn. B xagecTBe Thna ykasaH obpasern, coOpaH-
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Helit 10 aBrycrta 1932 r. B non.p. Ilogxamennoit
Tynryckn, Ha ayrax no p. UyHe; B KadecTBe
WCCIIeIOBAaHHBIX 00pa3ioB (IMapaTUIOB) — JK-
3eMILTAphI, coOpannble 3 uions 1932 r. B Oac-
ceitne p. [lonkamennoit Tynrycku u 10 aBrycra
1932 1. Ha nyrax 6mu3 ycThs p. Kumay (Ilomo-
xkuit, 1954). Bo «®nope KpacHosipckoro kpas»
A.B. Tlonoxwuit (1960) nmpusena mist AHrapo-
TyHrycckoro (GJIopucTuueckoro paioHa, Kpo-
M€ YKa3aHHBIX B IIEPBOONMCAHHH, €IIEe OJHO
MecTOHaxoxeHue: «pakropusi BepxHsis KoH-
topa Ha p. [lonkamennoit Tyurycke, 59°40'
c.ur., JI.B. lllymunosay». Bo «®nope Cubupu»
A. schumilovae yxa3zaH Kak SHIEMHUK, BCTPEYaIO-
HIMHCS Ha rajieYHUKaxX U NPUOPEKHBIX 3aKyCTa-
PeHHBIX Jyrax B TyHrycckoM (pIoprucTHdecKkomMm
paiione KpacHosipckoro kpasi: B locus classicus
mo p. YUyns u np. (6e3 KOHKPETHBIX MECTOHa-
xoxaeHnit) (Berapuna, 1994). B nocnenyrommux
(dropuctrueckux m3nanusax (Korcmekr..., 2005;
Koncrmexr..., 2012) Bux ykasbiBaercs 15 Oonee
KpynHOro Belzena — TyHryccko-Jlenckoro ¢o-
PUCTUYECKOTO paiioHa.

A. schumilovae BkmouéH B «KpacHyto KHUTY
Kpacnosipckoro kpas» co crarycom 3R — peakuit
BUJ, HJIeMHUK KpacHosipckoro kpas (CrenaHos,
2012, 2022) Ha ocHOBe 00pa3lOB, XPaHSIIIUX-
csi B I'epbapun ToMCKOro TrocyaapcTBEHHOTO
YHUBEpCHUTETa, yKa3aHHBIX Bo «Pmope KpacHo-
sipckoro kpasi» (Ilonoxnit, 1960), «®Dnope Cu-
oupu» (Beiapuna, 1994), u mecroobutanuii, 00-
Hapyx)eHHbIX Hamu 70 2008 1. (Tumornok u ap.,
2008): «B DBenkuu: 6acceiin u 6epera p. [loaka-
meHHo# Tynrycku — p. Uyns, p. Kumuy, p. Ham-
6a, p. Xymmay (Cremanos, 2022: 208).

[lenblo HACTOAMIETO COOOIIEHUS SBISETCS
XapaKTepUCTHUKA PACIPOCTPAHEHUS, HKOJOTO-
LCHOTHYECKOH TNPHUYPOYEHHOCTH M IKOJIOTO-
Ouonoruueckux ocoOeHHocTel A. schumilovae
Ha OCHOBE HOBBIX JAHHBIX, MOJYyYEHHBIX IPH
(opsl

HCCIEN0BAHUN TyHnryccko-HyHckoro

MEX Ty PEUbsL.

Paiion ucciaenoBanuii,

MarTrepuaJibl 1 METOAbI

CoryiacHo COBpEMEHHOMY  aJIMHHUCTpa-
TUBHOMY JICTICHHIO TEPPHUTOpPHUS HCCIEI0Ba-
Hust — Mexnaypeube [lonxkamennont TyHrycku
u YUyHu — OTHOCHTCS K DBEHKHIICKOMY paiioHy
KpacHosipckoro kpas u HaXOZUTCS B €ro IOro-
BOCTOYHOH 4acTH. B ¢usmko-reorpaduueckom
OTHOLIEHHUU MEXJypeube pacrojiokeHo B Ba-
HaBapcKOW BIAJMHE, B IOXKHOM YacTH oOmup-
Holt TyHrycckoit cunexiussl (Ilapmysun, 1964),
JUISL KOTOPOM XapakTepHbl MHOTOCIOHHBIE OT-
JIOKEHUs, CPOPMHUPOBABIIMECS B pa3inyHbIC
reoJIoTHYecKre nepuoabl. B ux crpykrype npu-
CYTCTBYIOT BaHaBapcKas CBHUTA — CBETJIbIC IEC-
YaHWKH, TIIMHUCTBIC CIIAHIIBI, YTIUCTHIE TJINHBI
(O6pyues, 1931), ByJKaHHYECKHE OTIOKCHHS
KkapOoOHa, Tpuaca W IOPbl, HMPEUMYIIECTBEHHO
Ty}bl ¥ cHOMpCKUE TpPAMIbl, MPOAYKTHI BYJIKa-
HUYECKHX BHIOPOCOB M U3BEPIKEHUH — Oa3aiIbThl,
nuabassl U Ip. U MO3AHEHIINE 0CaJO4YHbIC OTIO-
xkerus ([Mapmysun, 1964; Canponos, Banpyak,
2003). CoBpeMeHHBI penbed MPeacTaBIsieT Co-
6011 HEBBICOKOE I1JIaTO, PACUJIIEHEHHOE JIOJTMHAMHA
PEeK Ha OTAENbHBIE MJIOCKHE MeXaypeubs. Ot-
JIETTbHBIE BBIXO/IBI TPAIITIOBBIX TEJI BO3BHIIIAIOTCS
B BHJIE KOHYCOOOpa3HBIX CONOK WJIM CTOJIOBBIX
rop Beicotol okoino 500 M Hazg yp.M. B snoxu
OJICICHEHH S paliOH HaXOJWJICA BHE 00JIacTH pac-
MIPOCTPAHEHUS! JIEAHUKOBOI'O IIOKPOBa, HO IIO[-
BEPrajicsi ero KIMMaTHYECKOMY BIIMSHHUIO, YTO
00ycioBnII0 (hOPMUPOBAHNE MHOTOJIETHEH MEP3-
notel (I'pocBanba, 1999; Bacunbes u np., 2003).

Knumar paiioHa pe3ko KOHTHHEHTaJIbHBII
¢ OOJNIBUIMMH aMILTUTYJAMH CYTOYHBIX M CE30H-
HBIX KOJIeOaHUI TeMIiepaTypbl BO3yXa, MaJIbIM
KOJIMYECTBOM aTMOC(EpPHBIX 0CaJKOB (CpelHe-
TOJIOBEIE Ocaaku OKoJo 390 MM) W BBIpa)KCH-
HBIM NIEpUOJIOM JIeTHeH 3acyxu. CpemHeronosas
temmneparypa cocrasisier —6 °C. 3amopo3ku
BO3MOXKHBI Ha MPOTSIKEHUHU BCETO JIeTa, KPoMe

HIOJIA; JHEBHBIC TEMIICPATYPLI B CEPEAUHEC JICTA
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MoryT pocturarb +30 °C, 3uMoi — OIyCKaThCs
1o —58 °C. CHeroBoil TOKPOB OOBIYHO HETIY-
0OKWMii, TIOUBBI CHUJIBHO mpomep3arT (Bacuiber
u ap., 2003; Comus, 2008).

Pexu BanaBapckoil BHaguHbl OTHOCATCS
k Oacceiiny [lomkamenHoit TyHTYCKH; UX pyc-
J1la MEaHJPHUPYIOT, TeUCHUE CIOKOMHOE, OTHAKO
Ha MePeCceUeHMsIX PeK U TPAIIIOB B MECTAX CyIKe-
HUA pycila CKOPOCTh yBEIHMYHMBACTCS, UMEIOTCS
mepekaTsl 1 oporu ([Tapmysun, 1964). B roxHON
4YacTH palloHa UCCIeJOBaHUsI HanboJee KpyTHast
peka — [NogkamenHas TyHTycKa (IpaBbIif TPUTOK
Enmnces), ee T0BOIBHO KPyIHBIE PABbIe IPUTO-
ku — pp. Yamba u BepxHusas Jlakypa, u mpaBsie
nputoku p. YamObl — pp. Xymma u MakukTa.
CeBepHas 4acTb palioHa UCCIENOBAHUN OrpaHU-
yeHa pekoit UyHs (mpaBslif mputok p. [lonkamen-
HOIl TYHTYCKH) U €€ JIEBBIM IIPUTOKOM — PEKOU
Kumuy. BonHoe muTaHue pex cMemaHHOE: CHe-
rosoe — ok0y10 70 % romoBOro CTOKa, I0KJACBOE —
25 % n monzemuoe — 5 %. Takoii xapakTep nura-
HUS BBI3BIBACT HEPABHOMEPHOE paCIpe/ieIieHUE
cToKa 1Mo ce3oHaM. JUIs peK XapakTepHBI exke-
TOZHBIC MOIIHBIC BECEHHHE II0JIOBOJbS, KOTJa
cTekaeT okoJio 60 % rogoBoro croka BoJsl. B Be-
ceHHue naBojku Bozaa B [logkamenHoi TyHrycke
MoJHUMAeETCsl Ha 7-9 M, Ha ee MPUTOKaxX Ha 2—3 M
(Comun, 2008). OmuH pa3 B 2—3 roa 0TMEYAroT-
Csl ¥ BBI3BIBa€MbIC CHUJIBHBIMM JTUBHAMH JICTHUE
MOABEMBI BOJBI 10 2 M U OoJiee OT MEKEHHOTO
ypoBHs (Bacunbes u ap., 2003); He3HAYUTETBHO
TIOBBIIIATHCS YPOBEHB BOABI MOKET U BO BpPEMs
nenoctaBa. CpegHUE CPOKHU JeJ0cTaBa — HA4allo
OKTSIOpsI, Tleoxona — 9—12 masi, mepuo JesTHO-
ro nokpeiTus pek 6onee 8 mecsues ([lapmy3uH,
1964; Bacunbes u zp., 2003). B aT0o Bpems pa3Bu-
BAlOTCA 3UMHHUE HaJieau, HaCTPYTH, MHOTOCIION-
HEI# Jen. [IofiMbI B TOTMHAX PEeK Pa3BUTEHI C1a0o0,
KaK IPaBUJIO, OHU MPECTABICHBI HEIINPOKNMH,
CPaBHUTEJIBHO KPYTBIMH OTKOCaMu — rabepera-
MH, K KOTOPBIM INPHYICHSAIOTCS NPUPYCIOBHIE

IICCYaHO-TaJICUHBIC KOCHI; B peﬂbe(be BbIPAKCHBI

MOWMEHHbIE TPUBBI U OEPEroBble MPHPYCIIOBbIC
BaJIbl. B moliMax pex OTMEYeHbI 3aMETHBIE Clle-
JIbI ACATEIBHOCTH JIBJIa BO BPEMsI JIEJOXOI0B: Ka-
MEHHBIE MOCTOBBIE, BBIIIAXaHHBIE JIbJ0M YCTYIIbI
BBICOKOH ITOMMBI, BO3JICHCTBHE JILAOB Ha IIOMU-
MEHHBIE OTIIOKEHHS U IPUOPEKHYIO PACTHTEIb-
HOCTb.

OcoOenHocTh0 BaHaBapckoil  BIaIWHBI
SIBIISIETCSI TIPe00IIaflaHne CPEIHETACKHBIX JIaH -
madToB, B TO BpeMsi KaKk Ha OCTaJIbHOH IIJIOIAAH
TyHrycckoit CHHEKJIM3bI MPeodiasaloT ceBepo-
taexubie ([Tapmysun, 1964). B mpomiom Ha Tep-
PUTOPUH BHAJMHBI HMMEJIOCH OOJBIIOE HYHCIIO
03ep, 3HAYUTENIbHAS YaCTh KOTOPBIX K HACTOSIILIE-
My BpeMeHH TpaHchopMupoBasiach B 6010Ta, 3a-
HUMAaIOIUE 3HAYUTENBHYIO 4acThb BOJOpa3jela
Ilonkamennoit Tynrycku u Uynu. Ilo nnomanu
peobiaialoT BEpXOBbIe O0JI0TA, MHOT'HE U3 KO-
TOPBIX ABIAIOTCS NCTOKAMH MaJIbIX pek. bonora,
KaK IPAaBHUIIO, MEP3JIBIE U UMEIOT MaJOMOIIHBIN
topgsinoit ract (Illymuosa, 1963; [Tapmy3uH,
1964; BacunbeB u ap., 2003). B pactutenpHOM
MIOKPOBE MPeobIagaroT CBETIOXBOWHBIE COCHO-
BbI€, COCHOBO-IUCTBEHHUYHBIE M JTHUCTBEHHHY-
HBIE Jieca, IPU ITOM COCHOBBIE Jieca MpUypoUe-
HBI IPEUMYIIECTBEHHO K BBIXO/IaM TY()OTeHHBIX
mopo. TeMHOXBOITHBIE Jeca 3aHMMAIOT HE3Ha-
YUTENbHBIE MJIOIIAU, B OCHOBHOM Ha IPUPYCIO-
BBIX BaJIaX B MOIIMax peK MJIM Ha TIOCKUX BOZO-
pasnenax Ha TpannoBblX Kpspkax (Lymmiosa,
1963). Jlyra 3aHuMaroT O4eHb HEOOJIBLIYIO TLIO-
maab B JOIMHAX PEK.

Harypubie HaOntogeHuss 1 cOOp AaHHBIX
npoBoauiuck ¢ 2006 mo 2019 rr.. B 2007 r.
B KOHIIE Mas — Hayaje HIOHSA, B OCTajJbHBIC
rofibl — B KOHLE HIOHS — CEPEIUHE HIONS MpU
MIPOBEJCHHH JIOOYHBIX (110 pexam [logkameHHas
Tynrycka, Yamba, XymMa, TpPOTSIKSHHOCTBIO
oxouo 300 kM), Be3ziexoqHbIX (0osiee 40 kM) U mie-
IIUX MaplIpyTOB, B OCHOBHOM Ha TE€PPUTOPUU
locynapcTBEHHOTO NPUPOAHOTO 3aMOBEAHHKA

«TyHrycckuii» 1 B OKpecTHOCTAX c. BanaBapa.
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Ha nocTostHHBIX KJIFOYEBBIX y4aCTKaX B OKPECT-
HOCTSX KOpAoHOB «Hamba», «YcThe Bepxueit Jla-
KYpbI», «KopJoHa MainHay HaOnroJeHus Obun
HEOJTHOKpaTHEIMU. Bee 00pasiiel A. schumilovae,
coOpaHHbBIE 32 MEPUOJL UCCIICOBAHUMN, XPAHSITCS
B ['epbapuu um. I1. H. Kpreutosa (TK) Tomckoro
rocyJJapCTBEHHOTO YHHUBEPCUTETA.

JU1st OLIeHKH MECTOOOMTAHNHN U aMILTUTY/IbI
TOJICPaHTHOCTH A. schumilovae 10 BaXHEHIIUM
abnotnyeckuM (akTopaM — YBIAKHEHHUIO U aK-
THBHOMY OOraTCTBY IOYB — MCIIOJIb30BAHBI M10JI-
HbIE Te000TaHNYECKHE OITUCaHU S, BHITIOJIHCHHBIC
B MECTOOOMTAaHMSIX B tofuHax pp. [logxamennoi
Tynrycku, YUamob1, Xymmel, Bepxnaeit Jlakypsr.
VYyacTue BUJIOB B IIEHO3aX OIIEHUBAJIOCH I10 IPO-
€KTUBHOMY TIOKPBITHIO, BBIPAXCHHOMY B IIPO-
LIEHTaxX; KPOMe TOro, OLEHHUBAIIUCH 00IIee Mpo-
€KTHUBHOE TIOKPBITHE TPABSIHO-KYCTAPHUYKOBOTI'O
spyca (OIIII, B %) u COMKHYTOCTb KpPOH Jpe-
BecHoro sipyca (CK, B pmomsax ot 1). 'eobota-
HUYECKHE OIUCAaHMUsI 00paboTaHbl C MOMOIIBIO
MIPOrpaMMHO-MH()OPMAIIMOHHOTO  00ecneUeHU s
HCCIIeIOBAaHUN pacTuTenbHoro mokposa IBIS
(3Bepes, 2007), 6a3upytomerocs Ha CTaHAAPT-
HBIX JKOJIOTHYECKUX Ikajiax Pamenckoro — [la-
LeHKNHa (YBIa)XHEHHS, aKTUBHOTO OorarcTBa
U 3acoJeHHOCTH nouB) (Pamenckuii u ap., 1956;
Hanenkwn, 1967), u Ha 3TOH OCHOBE OIpe/IeIcHA
9KOJIOrMYeCKasi TPYIIIa 0 YBJIAKHEHHUIO U TPOd-
voctH ([Ipokombes, 2001).
bopmbl
W TPU3HAKOB OHTOT'CHETHYECKHX COCTOSHHH

Jnst  onpeneneHuss KU3HEHHOU

0C0o0U BBIKATIBIBAJIH MTOJTHOCTHIO. [T0CKOIBKY BU T
SIBJISIETCSL PEAKUM M DHJIEMUYHBIM, BBIKAIIBIBAIN
eMHUYHBIE 0COOM B TeX MECTax, Ie BHJ ObLI
oOminbHbIM. [Ipu onpeneseHun KU3HEHHON Qop-
MBI 00pallaii BHUMaHUE Ha MHOTOJICTHHUE Opra-
HBI, CTEMEHb OJPEBECHEHHsI MOOEroB, HAIUYHUE
Y pacrojoKeHue MmoyeKk Bo300HOBIeHHS. OHTO-
FeHEeTHYECKast CTPYKTYpa IEHOMOMYJISIUU ObliIa
BBISIBJIEHA TOJNBKO B OZHOM MECTOOOUTAHHH

B OKpPECTHOCTAX KopnoHa Manuna. Ilpu onpe-

JCJICHUN OHTOICHCTUYCCKOTO COCTOSHHUA ocoou
HC BbIKAIIbIBAJIX IMOJHOCTBIO, OHTOI'CHETUYCCKOC
COCTOSIHUE OIpEACIdIn Ha OCHOBC IPU3HAKOB
HAaA3CMHbBIX OPraHOB, BBISIBJICHHBIX Ha IIOJHO-

CTBIO BBIKOIIAHHBIX 0CO0MX.

Pe3yabrarhsl u 00cyxkaeHne

Astragalus schumilovae ipu3HaeTCcs B Tak-
coHOMHU4YecKUX Oa3ax kak npuHsAThIN Bug (WFO,
http://www.worldfloraonline.org/search?query=
Astragalustschumilovae) ¢ ecTecTBEeHHBIM ape-
anom B Cubupn (POWO, https:/powo.science.
kew.org/taxon/479713—-1) wnu B  KpacHosip-
ckom kpae (Tropicos, http:/legacy.tropicos.org/
Name/13039383). POWO, onupasice Ha pabdory
«Legumes of Northern Eurasia» (Yakovlev et
al., 1996), yka3sIBacT apeas B mpenaeiax coBpe-
MeHHBIX PecmyOmuku Aunrait, KpacHospckoro
Kkpas u MpkyTckoii obnacTu; B caMoi 3Toi pabo-
Te apeas yka3aH Kak «Russia — Siberia (Gorno-
Altaisk, Evenki, Irkutsk)» (c. 174). B cBoto oue-
penb, aBTOpbl CBOAKHM 10 0000BbIM CeBepHOI
EBpasuu cceputarorcss Ha 00paOOTKH 000OBBIX
st «Dmopsl KpacHosipekoro kpasi» (Ilomoxnid,
1960) u «®noper Cubupu» (Beinpuna, 1994).
IIpu sTom aBTop Buna, A.B. Ilonoxuii, npu-
BOJMJIA JUIsl HEro paclpoCTPaHEHHE TOJIbKO
B mpexenax DOBeHkuu ([lomoxwuit, 1954, 1960),
a C.H. Beigpuna (1994: 36) ykazana pacrnpocTpa-
HeHHME B mpexenax TyHrycckoro ¢opuctuye-
ckoro paiiona KpacHosipckoro kpasi co cChLIKOU
Ha «KJIACCHYECKOE MECTOHAXOXACHHE M Jp.».
OueBUIHO, TAKHE PACXOXK/CHUS B ONPEICICHUN
apeaJja IPOU3O0ILIN U3-3a TOTO, YTO B CBOEH 00-
padotke C.H. Beinpuna (1994: 36) cnenana mpu-
MeuaHHe CIeIyIOmero couepxanus: «B recHom
nosice Ha Antae (ropa Tanmayaup), B UpkyTckoit
00:1. (0. Yepenanuxa), Ha Xamap-/labdane (p. Mu-
muxa), B SIkytun (c. KoasiMckoe) BcTpedaroTcst
(dhopmBl, rabutycoM cxonmHble ¢ A. schumilovae,
HO KOpPEJSIIUU MEXAY pazMepamH JIMCTOYKOB,

BEIMYUHON YaIICYKH W JIIMHOW 3yOIIOB HE TPO-
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CIIeKHMBACTCS. YKa3aHHBIC B OTOM NPUMEYaHUN
00pasmbl He ObUTH OMpe/eIeHbl aBTOPOM 00pa-
60TkH KaKk A. schumilovae, mOATOMY OCHOBaHHI
JUTSL pacIIMpEHus apeaja 3a Npejeibl DBEHKHH
HeT. B «KpacHoit kaure Kpacnospckoro kpas»
H.B. Crenanos (2022: 208) yxa3bsIBaeT pacrpo-
CTPaHEHHE ITOr0 BH/Ia TOJILKO B DBEHKHUH, 3aMe-
THUB, 4TO OH «3a npenesnamu KpacHosipckoro kpas
HE U3BECTEHY.

Jlo mpencTaBIeHHBIX 31€Ch HOBBIX JaHHBIX
B ['epbapuu um. I1.H. Kpsuioa (TK) xpanu-
noce 16 oOpasuoB A. schumilovae, 6 U3 KOTO-
PBIX IPEACTABJISIOT COOOM THIIOBBIE, COOpAHHBIC
JI.B. Hlymumooit B 1932 1. (I'ypeera, bamamo-
Ba, 2011), a 10 0Opa31ioB sBIsIIOTCS cOOpamu JIpy-
TUX KOJUJIEKTOPOB, clienaHHbiMU B 1970-1980-e
ronbl. C 2006 o 2019 rr. aBTOpamMu cTaThu OBLIO
coOpaHo eme 25 00pasIoB 3TOr0 BHJA, B OCHOB-
HoM 1o pekam Ilogkamennas Tynrycka, Yam-

0a, Xymma u Bepxuss Jlakypa (puc. 1), gacts
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u3 HUX ObLIa ynomsinyta B padore E.E. Tumo-

ok u ap. (2008). Beero B TK B HacTosimee Bpemst

xpanutes 41 obpasen 4. schumilovae (taba. 1).
Kak

LIEHOTHYECKON MPUYPOUYEHHOCTH, A. schumilovae

MOKa3bIBaCT  aHAllU3  DKOJIOTO-
BCTpEYaeTcsl B BBICOTHOM Auanazone 239-377 m
HaJ yp.M., B y3KO# monioce mo Oeperam pek Ilox-
kameHHas Tynrycka, Yyns, Yamba, Xymma,
Bepxnssa Jlakypa, Makukra, TaTaps Ha cucre-
MATHYECKH HapyIIaeMbIX JIEJOXOAOM H IIOJIO-
BOJIbSIMH TI€CYAHBIX, TaJICYHUKOBBIX U KaMEHH-
CTBIX YyYacTKaX C pPa3peKEHHBIM TPABOCTOEM,
B 3JIaKOBO-Pa3HOTPABHBIX M PA3HOTPABHBIX 3a-
KYCTapeHHBIX HE3aJCpPHOBAaHHBIX COOOIIECTBAX.
BecHoii BO Bpems Jieqoxoda MeECTOOOMTaHUS
A. schumilovae HaXOmATCS TOJ] BBHITTAXHBAFOIITIM
U HUCTUPAIONIUM JEHCTBUEM JBHIKYIIMXCS Macc
JIbJa, 3aTe€M 3aJIMBaIOTCA Bomod Ha 14-20 mgHei,
Ha Tryouny 70-100 cm. Pexe A. schumilovae

BCTPCUACTCAA B HPHUPYCIOBBIX JHUCTBECHHUYHO-
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Puc. 1. Kapra-cxema MecToHaxoxXIeHUH Astragalus schumilovae B Mexnypeube pp. [lonxkamennast TyHrycka

u Yyns: ]

— cbopsl 1930-x TT; A - c6oper 1970-1980-x rT.; Q- cOopsl, mpousBeaeHHbie mocie 2000 T.

3aTeMHEHHOH 3aJIMBKOH [TOKa3aHa TepPUTOPHs ['0cyJapCTBEHHOTO MPUPOAHOTO 3an0BeTHIKA « TyHTyCCKUI»

Fig. 1. Map of Astragalus schumilovae locations in the interfluve of the Podkamennaya Tunguska and the Chunya:
B  collections of the 1930s; A\ — collections of the 1970-1980s; @ _ collections after 2000. The shaded field
shows the territory of the Tunguska State Nature Reserve
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Elena E. Timoshok, Irina I. Gureyeva... Distribution and Ecological Characteristics of Astragalus schumilovae Polozhij...

€JIOBBIX JiecaX (Ha MPUPYCIOBBIX BajlaX) C pas-
JUYHBIM COCTaBOM TPAaBSHO-KYCTapHHYKOBOT'O
apyca mo Oeperam pek Xymma, Bepxusas Jla-
Kypa W Makukra: pa3HOTPAaBHO-OPYyCHHYHOM
(p. Xymma), 6pycHHYHO-3eTIeHOMOITHOM (p. Ma-
KHMKTa), PA3HOTPABHOM M Pa3HOTPABHO-XBOIIEBO-
3eneHoMomtHOM (p. Bepxusas Jlakypa). Ot
MECTOOOMTAHNUS TaKXKe MOYTH EKETOIHO 3aJINBa-
I0TCSl TaBOJAKOBBIMH BOJAMH, HO MOYTH HE TOJI-
Beprarorcs AeicTBuIo jtefoxona. MectooontaHus
HaxoJISITCSl B YCIOBUSIX XOpomiel BiarooOecrie-
YEHHOCTH W APSHHPOBAHHOCTH ITOYB O]l OXJIAX-
JIAIOLIMM BIIMSIHUEM BOJIHBIX MOTOKOB B JIETHEE
1 OTEIUISIONINM — B OCEHHEE U 3MMHEE BpeMsl.

AHanu3 reo0O0TaHMYECKUX OMHCAHHI BbI-
SIBHJI TP THIIA MECTOOONTAHUH, O TIINYAIOIUXCS
YacTOTOM HapyIIaeMOCTH €CTECTBEHHBIMH (hak-
TopamMH. B kKaxjoM Tune MecTooOMTaHU! BBISB-
JIEHBI BApHAHThI COOOIIECTB, B KOTOPHIX yCTOM-
YUBO cymiecTByeT 4. schumilovae.

1. ExxeronHo HapyiaeMblie BO BpeMs JI0-
XOJIa U TTaBOJKa MECTOOOUTAHUS C Pa3peKCHHBIM
(1020 %) TpaBAHBIM HMOKPOBOM: MEJIKOKaMEHH-
CTBIC, TAJICYHUKOBBIE M TIIMHUCTO-TaJICTHUKOBEIC
Y4acTKH II0 OeperaMm peK, BpPEMEHHbIE BOJIO-
Toku 10 Typam. B Takumx MecTooOMTAaHUIX
A. schumilovae BcTpedaeTcss EAMHUYHO WIIH
C IPOEKTUBHBIM MOKPBITHEM 1-3 %, npyrue BUAbI
TaK)Xe MPUCYTCTBYIOT €IUHHYHO, C HEBBICOKHM
MIPOCKTHBHBIM TIOKPBITHEM, HEKOTOPBIE BHJIBI
00pa3yioT OJIHOBHJIOBbIE IMSTHA 3apOCJIEBOI0
tuna. K nepBomy TUIy OTHOCSATCSI pa3HOTPABHOE,
Pa3HOTPaBHO-KPOBOXJIEOKOBO-XBOILEBOE  COO0-
IIECTBA U PA3PEKEHHOE Pa3HOTPABBE C MOJIOBIM
HOJIPOCTOM JIEPEBHEB M KYCTAPHUKOB Ha MPAaBOM
oepery [logxamernnoit TyHTycku (Tabdm. 2).

2. MecTtooOuTanus, HapylIaemMble He exe-
TOIHO, HA KOTOPBIX (pOPMHUPYIOTCS JIyTOBBIE CO-
oOmiecTBa ¢ OOMMM HMPOSKTUBHBIM MOKPBITHEM
30-60 %, uHOrga € y4acTHEM KYCTapHHKOB.
C yuactueMm A. schumilovae Ha uccienyemoit

TEPPUTOPUN OTMEYEHBI 7 cooOIecTB 1o Oe-

peram pp. llonkamennas Tynrycka, Yamba
1 XyuIMa — pa3HOTPaBHO-XBOLLUEBBIN CHIPOM JIyT,
3aKyCTapeHHBIH Pa3HOTPaBHO-KPOBOXJIEOKOBO-
XBOIICBBIA JIYT, Pa3HOTPaBHO-CaOEITHHIKOBO-
[IOJIEBULIMEBBIM  CBIPOM JIYI, 3aKyCTapeHHbII
Pa3HOTPAaBHO-KYMATbHUIIUCBO-3]IAKOBBIA  JIYT,
Pa3HOTPABHO-TIOJIEBULIMEBBII JIYT, pPa3HOTPAaB-
HBIC U 3aKyCTapeHHBIC JIyra CO 3HAYUTEIHHBIM
y4acTHeM WJId JOMHHHPOBAaHHEM OOOOBBIX
(Tabm. 2, puc. 2).

3. Cnabo HapymaeMmble JieCHbIe cooOle-
CTBa Ha MPHUPYCIOBBIX BajaX, PacIoNiararolin-
ecst monocor mupuHo 10 20-30 M mo pexkam
Maxkwukra, Xymma, Bepxusas Jlakypa (03. Ile-
I0HT2, 03. CpenHee), 3aIMBaeMble BO BpeMS IM0-
JIOBOJIBSI: JIMCTBEHHHYHO-CIIOBBIN OpyCHHYHO-
3€JICHOMOIITHBIN, JIUCTBEHHHYHO-EIIOBBIA
pPa3HOTPaBHO-OPYCHUYHO-3CICHOMOIIHBI,
€JIOBO-JIUCTBEHHUYHBIH Pa3HOTPABHO-XBOIIEBO-
3€JICHOMOITHBIA ¥ JTUCTBEHHUYHO-EJIOBBIN ¢ Oe-
pe3oii pa3HOTpaBHbIH Jieca (Tabu. 2, puc. 2).

B uenom nenoxkomruiekc A. schumilovae
BKJIIO4aeT 168 BHIOB COCYIMCTBIX PACTEHUH.
[TocTOSSTHHBIMY CITYyTHHKAMHU 3TOTO BHJIA, BCTpE-
YaUIMMKCS B OoJiee YeM MOJIOBHHE COOOIIECTB
¢ yuactueM A. schumilovae, SBISIIOTCS 9 BUIOB:
Sanguisorba officinalis, Lathyrus pratensis,
Vicia cracca, Astragalus danicus, Veronica
longifolia, Equisetum pratense, Galium boreale,
Tanacetum vulgare L., Epilobium angustifolium;
emte 9 BumoB BcTpeuarorcs B 30 % coobmiecTs:
Salix

Cerastium maximum L., Lathyrus palustris,

saposhnikovii, Dasiphora fruticosa,
Thalictrum simplex L., Stellaria palustris Ehrh.,
Lilium pensylvanicum, Taraxacum officinale s.1.,
Hedysarum alpinum. Jlump 18 BUIOB IIEHOKOM-
miekca (okoso 11 %) siBasiroTcst Oojiee MiIM Me-
Hee TIOCTOSTHHBIMU CyTHUKaMU A. schumilovae,
39 Bu0B (24 %) BcTpeyeHbl B 3—4 co00IIECTBAX,
111 BunoB (66 %) B 1-2 coobiecTBax.

A. schumilovae vMeeT y3Kyr HDKOJIOTHYe-

CKYIO aMIUTMTYAy 1o (pakTopaM yBIaKHEHUS
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Puc. 2. Astragalus schumilovae B pa3nuuHbIXx MecTooOuTaHusiXx B OacceiiHe p. Ilomkamennas TyHrycka:
A —uBeryias ocodb 4. schumilovae nanpasom 6epery p. Uam6a (poto 0. T Paiickoit, 2012 1.); B— 4. schumilovae
B €JIOBO-TUCTBEHHUYHOM Pa3HOTPaBHO-X BOLLEBO-3€JIEHOMOIIIHOM JIecy, paBblii 6eper p. Bepxusis Jlakypa (Goro
10.T. Paiickoii, 2014 r.); C — 3akycTapeHHBIH JIyT ¢ JOMHHUpPOBaHHEM OOOOBBIX Ha JieBOM Oepery p. Xyuima
(doro B. Pomeiiko, 2008 1.); D — pasHoTpaBHOE c000IIECTBO C peodinaganueM 6000BbIX Ha Ty(OBBIX BBIXOJAX
no npaBomy Oepery p. [lonkamennas TyHrycka, okp. noc. Banasapa (dpoto 0. T. Paiickoii, 2008 r.).

Fig. 2. Astragalus schumilovae in different habitats in the Podkamennaya Tunguska Basin: A — flowering
individual of A. schumilovae on the right bank of the Chamba River (photo by Yu.G. Raiskaya, 2012);
B — A. schumilovae in a spruce-larch forb-horsetail-green-moss forest, the right bank of the Verkhnyaya Lakura
River (photo by Yu.G. Raiskaya, 2014); C — bushy meadow with leguminous dominance on the left bank of the
Khushma River (photo by V. Romeiko, 2008); D — forb community with the predominance of legumes on tuff
outcrops along the right bank of the Podkamennaya Tunguska River, near the settlement of Vanavara (photo by
Yu. G. Raiskaya, 2008).

u OorarctBa mous. [lo mmikane yBIaKHECHHUS aM-
IJTUTY/A ero TOJEPAHTHOCTH COCTABIISIET 7 CTY-
neHeit (u3 120) — ¢ 63 mo 69, 4T0 B OCHOBHOM
COOTBETCTBYET BIQXKHO-ITYTOBOU CEPHH MECTOO-
OMTaHUI; IO IIKaJIe aKTUBHOrO O0OraTcTBa M 3a-

conenHocty oy JI. 1. Pamenckoro u ap. (1956)

aMIUIATya coctaBisieT 3 crynenu (u3 30) —c 9
no 11, 4TO COOTBETCTBYET B OCHOBHOM ME303Y-
TpodHO# cepun Mmectoodutanuit (PameHckuit
u ap., 1956). Cornacno E.II. IIpokonbsesy (2001)
Takas aMIUTUTY/a 110 IKaJie YBJIAXHEHHUS COOT-

BETCTBYET 3KOJIOTHUECKOH TPpyIITie 5yMe30(HUTOB,
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10 11Kaje 60rarcTBa u 3aCOJICHHsI TI0YB — IPyTINe
Me303yTpododutoB. A. schumilovae, Takum 00-
pasom, SIBIISICTCsI 9yMe30(PUTOM B ME303yTPOdo-
¢dbuToMm.

B OosblIMHCTBE HCCIEIOBaHHBIX  CO-
o0IecTB, KaK 3HAUYMTENBHO, Tak W cinabo Ha-
pylLIaeMbIX, BHJ| BCTpEYaeTCs EIUHUYHO WIIH
€ro NpOeKTUBHOE MOKpbITHE Aocturaer 1-2 %.
Jlume B ABYX COOOIIECTBAX €ro MpPOCKTHBHOE
MOKPBITHE OBIJIO JOBOJIBHO BBICOKMM: Ha 3a-
KYCTapeHHOM JIYTy IO JieBoMy Oepery p. Xyui-
Mbl y kopumoHa «Ilpucranp» (10-15 %) (2x)
U B JIMCTBEHHUYHO-EJIOBOM C Oepe3oil pasHo-
TPaBHOM Jiecy HO IpaBomy Oepery p. Bepxuss
Jlakypa y 03. Cpeanee (10 %) (3r) (tabn. 2).
Eme B AByX MeCTOOOMTaHMSIX IIPOCKTHBHOE
nokpbitue A. schumilovae npesbimano 2 %:
Ha Pa3HOTPaBHO-CA0EITHLHUKOBO-IIOJIEBUIIIEBOM
Jyry mo mpaBoMy Oepery p. HamObr (3—5 %)
(2B) ¥ B MO3aWYHOM Pa3HOTPABHOM COOOIIECTBE
Ha MEJIKOKaMEHHUCTOM y4acTKe 110 IpaBoMy Oe-
pery p. [logxamennas Tynrycka (2-3 %) (1r).
B HeHapyliaeMbIX MECTOOOMTAHHUSX 3TOT BUJ
HE BCTPEYAETCs, HE BBIJICPKUBAs COCYIIECTBOBA-
HUS ¢ O0Jiee KOHKYPEHTOCIIOCOOHBIMH PacTEeHH-
sMu. TakuM 00pa3oM, CHEKTp MECTOOOMTaHUI
9TOrO BHJIA ONPEJIEIISIETCSl B OCHOBHOM PEXKHMOM
HapylIeHUWH ¥ OrpPaHWYeH MEeCTOOOHTaHHSIMHU
C ©XKEroJHbIM BO3JICHCTBUEM JIEJJOXOI0B U pas3-
JMBOB pEK.

A. schumilovae — NIMHHOCTEPIKHEKOPHEBOM
MOHOLICHTPHYECKUH TMoJyKycTapHu4ek. Han-
3eMHasi 4acTh B3POCJIOW OCOOM COCTOMT M3 Y[I-
JUHEHHBIX MOHOIMKJIMYECKHUX W JAWIMKIHYe-
CKHMX I00EroB, 00pa3yOmUXCs U3 3UMYIONIUX
W CIIIIMX TOYeK B 0a3aJbHOM 4acTh 1mo0eros,
NO/I3€MHAsl YacTh MPEICTaBICHA JIMHHBIM Ma-
JIOBETBSIIIMMCS CTEPXKHEBBIM KOPHEM M WHOTJa
OJIHUM HWJIM HECKOJIbKMMH XOpOUIO Pa3BUTBIMU
MIPUJIATOYHBIMH KOPHIMH.

PazButHe 0coOOM HAYMHAETCS C IPOPACTAHUS

CEMCHHU H O6paSOBaHI/I$I MMPOPOCTKA, COCTOALILCTO

u3 nobera, HeCyIlero Ha epBoOM 3Tare 2 Cynpo-
TUBHBIC CEMSIJIONH, a 3aTeM elle 1—3 HacTOAInX
HECApHONCPUCTBIX AaCCUMWIIMPYIOHNIUX  JIKCTA,
U JUIMHHOTO TOHKOTO HEBETBSILErOCs CTep)KHE-
BOI'0 KOpHA. ITocne OTMHUpAaHUA CEMAOOIBbHBIX
JICTHEB MPOJOIDKACTCsl (POPMHUPOBAHUE TTEPBHY-
HOro rnofera ImyTeM MOHOIOJIMAJILHOIO HapacTa-
HUSI 33 CUET JCSATEIBHOCTH BEPXYILCYHON ITOYKH,
MIPOJIOJKAOIIETrOCs IO TOrO0 MOMEHTa, MOoKa T104-
Ka coxpaHseTcs KuBOM. [lepBble Mex0y3ius
MIEPBUYHOrO 1100era yKopo4eHHbIE, B a3y Xe Kax-
JIOTO JIMCTA 3aKJIAJBIBAIOTCS MA3yLIHBIC ITOYKH,
KOTOPBIEC CTAHOBATCA CIIAIIMMU U BIIOCJICACTBUU
obecrednBarOT (HOPMHUPOBAHUE Pa3BETBICHHON
moberoBoii cucremsl. C 0OpazoBaHMEM MEPBBIX
OOKOBBIX MOOErOB M3 CIIAIIMX M 3UMYIOLIHX IO~
4YeK HauMHaeTcss (OPMHPOBAHHE CHUCTEMbI Hall-
3€MHBIX 100eroB. MOHOLMKIMYECKHE YIIHHEH-
Hble 100eru (OPMUPYIOTCS BECHOW TEKYILEro
roja, JTUIUKINIECKHe NO0erH — 03uMble, UX (Hop-
MHPOBaHUE HAYMHAETCS OCEHBIO, 00pa3yercs Oa-
3aJIbHasl YaCTh C YKOPOYCHHBIMHU MEKI0Y3IHSIMU
N YCITYECBUAHBIMU JIMCTBAMMU, B ITa3yXaX KOTOPBIX
3aKJIajJpIBaloTCs oYK, Ha crenyrommit rog ta-
KO Mo0er MpojioyKaeT MOHONOIMAJIbHOE Hapac-
TaHHe C 00pa30BaHHEM OPTOTPOIHOrO IModera
C OUCPEAHO PACIOJIOKEHHBIMU 3€JICHBIMU JIMCThA-
MU, OTMHPAIOLIEr0 OCEHBIO; ero 0a3ajbHas 4acTh
OIPEBECHEBACT U OCTACTCS B COCTaBe 0cobH. B co-
CTaBe B3POCIBIX TEHEPATHBHBIX 0CO0EH HMEIOTCS
MOHO- U JIMIUKIMYECKHE T0OETH, HECYIIHE 3elie-
HBIC TUCThs U corBeTus. [Iouku, 3am0KuBLIIHECS
B I1a3yXax HU30BbIX JIUCTHEB HA 6a3aHBHOI>lI qacTu
no0era, pa3BHBAIOTCS B MOHOLMKIMYECKHE WM
HOBBIE JTUIMKINYECKUE MO0 MM OCTAITCS
crsinMMU. B pesynbrate hopmupyercst pazBeT-
BJICHHAs CUCTEMa MOOEroB — KOMITAKTHBINA KYCT,
MHOTOJICTHUE OAPEBECHEBIINE YaCTH B3POCION
ocobu He mpeBblatoT 6—8 cM. Pa3Bureie opro-
TPOIHBIE TOOETH CPEIHEBO3PACTHBIX IeHEPATHB-
HBIX 0cO0ei HECYT BETC€TATUBHBIC MTA3YIIHBIC 110~

Oeru BETBIICHUS U napaxkjiaanu. JucTes CJIOXKHBIC,
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HETIapHOIIEPUCTHIE C PA3BUTHIM YEPEIIKOM U 3eJIe-
HBIMH NPUIMCTHUKAMU, B IPOLECCE OHTOrEHEe3a
YHUCIIO JTUCTOYKOB M3MEHseTcs oT 1-3 map B Ha-
gane 10 7-11 map y reHepaTUBHBIX 0co0eii ¢ 1mo-
CIIEAYIOIINM yMEHBIIEHHEM 10 5—2 Tap B KOHIE
onrtoreHeza. Comperne — mpocras OpakTeo3Has
KHUCTb. | TTaBHBIN CTEP>KHEBOW KOPEHb COXpPaHSET-
Csl B TEUCHHE BCEHl JKU3HU PACTEHUS, Y B3POCIBIX
ocobell OH MOXET MMeThb 1—3 OOKOBBIX KOpHS,
pacrionararomumxcsi OJInke K BEpXyIIKe IJIaBHO-
ro. [TepBbiii 00KOBOI KOpPEHb MOSIBIISETCS B KOHIIE
MIPEreHepaTUBHOIO MEPUOJA Y BEPXYILIKH IJaB-
HOT'O KOpHSI, B JaJIbHCHIIIEM OOKOBOW ¥ TJIaBHBII
KOpEHb PacTyT C OJAMHAKOBOH CKOPOCTBIO, B pe-
3yJlbTaTe Yero pa3Mepsl TUX KOpHEH Iocie pas-
BETBJICHUS CTAHOBATCS OJMHAKOBBIMHM U KOPEHb
BBITVISIAUT Pa3ABOCHHBIM. Y B3pPOCIBIX 0co0eit
Ha MHOrOJEeTHUX Oa3aJbHBIX YacTsX IOOETroB,
Hanbosiee OJIM3KKX K 0a3ajbHOM YacTH CTEpIKHE-
BOr0 KOPHSI, MOTYT JOMOJIHUTENBHO Pa3BUBATHCS
OJIMH WJIY HECKOJIBKO IIPUAATOUYHBIX KOpHEWH. Mo-
HOLIGHTpUYECKast )KM3HeHHas (hopMa, COXpaHEHHUE
TJIABHOTO KOPHS JI0 KOHIIA KU3HU OCOOM, OTCYT-
CTBHE JIC3UHTETrpallid MHOTOJIETHEH M0o0eroBoi
4acTH 0COO0M OOYCIIOBIMBAIOT BEr€TaTUBHYIO HE-
MOJBM>KHOCTD M UCKITIOYUTEIBHO CEMEHHOE CaMO-
NoJi/Iep>KaHue LIEHOMOMYJIALIH.

brarogaps 1IMHHOMY, IPOYHOMY CTEpIAKHE-
BOMY KOPHIO A. schumilovae XOpoIlo NepeHOCHT
MOII[HbIE BECEHHUE I10JIOBOAbS, BIIAXHUBAIOIIEE
U UCTHUparomee aeicTBue nenoxona. Kopuesas
CHUCTEMA «3asKOPUBAET» PACTEHUE, HE JaBas
BO3MOXXHOCTH BBIPBATh €T0 M3 TPyHTa (IIOYBHI),
XOTsl 4YacThb IIOYEK, HAXOAAIIUXCA HA MHOIO-
JIETHEH 4acTh NMOOEroBOW CUCTEMBI, MOXKET I10-
BpexxaaTecs. Ilocne monoBoabst MHOrOJIETHUE
CKEJIETHBIE YaCTH 0COOEH HepeqKO OKa3bIBAIOT-
Csl TIOrPeOCHHBIMH CJIOEM OCaXKJIAIOIEerocs Iie-
cka u rnuHbEL. OTpacTaHue moOeroB HAYMHACTCS
MoCIIe Craja IMOJIBIX BOJ, LIBETEHHE PACTSIHYTO
BO BPEMEHH B 3aBHCHMOCTH OT OKOHYAHHUSA TI0-

JIOBOJbA, B CPEAHEM OHO HAYMHACTCA B HGpBOﬁ

JieKaJie UIoJIsl U MPOIoJKAETCsl IO Havalia aBry-
CTa, TUIOJIOHOIICHHE — ¢ KOHIIA HIOJS IO cepe-
nuHy aBrycra. Hambonee yCTOMYMBBIMH K BO3-
JEUCTBUSIM SIBJISIFOTCS T€HEPATHBHBIC PACTCHMUS,
UMEIOIIE Pa3BUTBI KOPEHb, XOPOILO YACPIKH-
BAIOUINH PaCTEHHUE B IPyHTE.

Henonmonynsitiuu 4. schumilovae 3anuma-
10T HEeOOIIbIINE, BEITIHYTHIC BJIOJIb OEPEroB pex
y4gacTkd 4—6 M mupuHON u 15-25 M niIuHOMN;
camble OOJIbIINE IMJIOMATN IEHOMOMYISIUH OT-
MeueHbl Ha mpaBoM Oepery p. YamObl y kopioHa
«Bpre3m» (4-5 M x 120-150 M) 1 Ha KIHOYEBOM
yuactke «bapkymuxa» (10 m % 80 wm), miot-
HOCTB 0CO0eil BO BCEX MOMYJISUSAX COCTABISACT
B cpenHeM 2—4 oc./m? mipu koiebanusx 1-11 oc./
M?. OHTOreHeTHYecKasi CTPyKTypa OlpeaesieHa
B LCHONOMYJISIMK Ha TIMHHCTO-KaMEHHCTOM
yuactke Oepera p. [lonkamennas Tynrycka 6sn3
KopaoHa ManuHa (MectooOuTaHue 10): B 1IeHO-
MOMYJISINUK  TIpeo0IaaloT MpereHepaTHBHbIC
ocobu, cocrapisonue 6osee moaoBuHbI (53 %)
Bcex ocoOel, OoibIIas UX YacTh IIPEICTaBICHA
BUPIrUHWIBHBIM OHTOI'€HETHYECKUM COCTOSHH-
€M; T'eHEePaTUBHBIC 0COOM COCTABIISIIOT B CyMMe
47 % ot Bcero uncna, mpuaeM 30 % TpuxoauTcs
Ha MOJIOJIBIC TeHepaTUBHBIE 0coou (puc. 3).

Takasi cTpyKTypa XapakTepHa JJis LEHO-
TIONYJISIUNA B MECTOOOMTAHUAX ¢ Hec(HOPMHPO-
BaBIIMMCS TPaBSHBIM ITOKPOBOM, IJie OCIadieHa
KOHKYPEHIIMSI CO CTOPOHBI APYTUX PacTCHUH.
B 1ienom e 0coOu HavyanbHBIX CTAJMi OHTOIE-
He3a ¢ OOJBIION BEPOSTHOCTHIO YHHUTOXKAIOTCS
BO BpEMs JIEJIOX0Jla U TOJIOBOJIbSI, TIOATOMY HX
y4acTHe B LICHONOMYJIAIHIX HEBEINKO WIH OHH
OTCYTCTBYIOT. B MecroobuTanusix ¢ 6osiee com-
KHYTBIM TPaBSHBIM MOKPOBOM B IIEHOIOIYJIS-
uusx A. schumilovae abcoNOTHO TPeodIagaroT
TeHEepaTUBHBIE 0COOM, OTIHYaromuecs O0Jb-
niei yCTOWYMBOCTBIO K BO3JEHCTBHUSAM M OOJb-
mel  KOHKYPEHTOCIIOCOOHOCTBIO, Hampumep,
Ha Pa3HOTPABHO-Ca0EIbHUKOBO-IIOJIEBUIINEBOM

ayTy (2B) Bce MOMABIIME B TOACYETHI 0COOU
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Puc. 3. OHTOreHeTHyeckasi CTpyKTypa LEHONONyIsiuuu Astragalus schumilovae Ha TTMHUCTO-KaMEHHCTOM
yuactke Oepera p. Ilonkamennas TyHrycka 6iu3 kopaoHa Manuna. OHTOr€HETHUECKHE COCTOSIHUSI 0COOeii:
J — OBEHUIIbHBIE, i — UMMAaTypHbIE, V — BUPIMHUIIBHbBIC, g/ — MOJIOJbIC T€HEPATHBHBIE, g2 — CPEIHEBO3PACTHbIC

TEHEPATUBHBIC, g3 — CTapeCroLIMe IrCHEPATUBHBIC

Fig. 3. Ontogenetic structure of the cenopopulation of Astragalus schumilovae on a clay-stony site of the bank of
the Podkamennaya Tunguska River near the guard post Malina. Ontogenetic stages of individuals: j — juvenile,
im — immature, v — virginal, g/ — young generative, g2 — middle-aged generative, g3 — old generative

ObLITH TeHepaTUBHBIMU. B 1ieiom 4. schumilovae
CTaOMIIBHO CYNIECTBYET B OJHUX U TEX K€ N
OIM3KUX MECTOHAXOXKACHUAX, O 4YeM CBUICTEINb-
CTBYIOT IIOBTOPHBIE cOOPHI U HaOIIOCHHUS, ClIe-
JIaHHBIE B Pa3HbIC T'OJBI: B OKPECTHOCTSAX IIOC.
BanaBapa repOapHble cOopbl ciemansl B 1977
u 2007 rr., Ha 6epery Ilogkamennoi TyHTycKH
Ha yuvacTke «bemasa ropa» — B 2008 u 2018 rr.,
Ha Oepery p. Xyuimsl B paitone kopaona «IIpu-
craub» — B 1976, 2007 u 2008 rr. (cm. Tabm. 1).
OTO MO3BOJAET MpenarnojaraTb, YTO CEMEHHOE
CaMOIIOJIZICP)KaHUE IICHOMOIYIIANNN IIPONUCXO-
JUT B OTAENBHBIC TOABI YCIIELTHO, BH]I CIIOCOOCH
K HEPETYJISIPHOMY, HO JOCTaTOYHOMY IJISI BBIJKH-
BaHN CEMEHHOMY Pa3MHOKEHHIO JaKke B Hau0o-

JIEC HapymaeMbIX MECTOOOHTAHMSIX.

3akjaoueHne

[lonyyeHHbIC [OaHHBIC [O3BOJISIFOT — ClC-
JIaTh BBIBOA O TOM, 4uTO A. schumilovae sBns-
ercs osHjaeMukoM HOro-BoctouHoii DBeHKHH,
3aHUMAOIIUM

TICPUOANYCCKH HapyniacMbI€

CcBOEOOpa3Hble 3KOTOMbI 10iauH [logkameHHOI
Tynrycku, Yynu n ux nputokoB — YamObI, Xym-
mbl, Bepxueit Jlakypwl, Ta13ps, BanaBapkwu,
Myropas, Makukra u YkouuTa. BoabIIMHCTBO
MECTOHAXOXKACHUN A. schumilovae B DBEHKUI-
ckoM patioHe KpacHOSpCKOTO Kpasi, B TOM YHCIIE
Y BHOBb OOHAPY>KEHHBIX, HAXOASTCS MOJ] OXPAHOM
B IpeaesiaX TOCYAapCTBEHHOI'O MPUPOIHOTO 3a-
noBeaHuka «TyHrycckuit». [lo skxonmorunueckoit
MPHYPOYCHHOCTH A. schumilovae — moWMeH-
HBI CTEHOTONHLIN BHJ, OOMTAIOLIMK Ha Iec-
YaHBIX, TaJICYHUKOBO-TIECYAHBIX, KaMEHHCTHIX
U TJIMHUCTO-KAMEHHUCTBIX yd4acTKax ¢ Hechop-
MHUPOBABIICHCS PACTUTECIBFHOCTBIO, B JIYTOBBIX
U JIECHBIX TIPUPYCIOBBIX COOOIIECTBAX B €KErOI-
HO 3ajuBaeMoil noiiMe. [IpoeKTUBHOE MOKpPHITHE
A. schumilovae Ha rajnedyHuKax, raJedyHHKOBO-
KaMEHUCTHIX U KAMCHUCTHIX Y9aCcTKaX HE IPEBbI-
maet 1-2 %, Ha Tydax B MOHWKEHUIX C Paspy-
IICHHBIM MaTEPHUAJIOM 10 BPEMEHHBIM BOIOTOKAM
BUJI 00pa3yeT TOJOCHl C JOBOJIBHO BBICOKMM

MIPOEKTUBHBIM TOKpBITHEM (3—5 %). Tonbko
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B JIByX MECTOOOMTaHMSX — Ha 3aKyCTapEeHHOM
JYry ¢ JOMHHUPOBaHHEM OOOOBBIX Ha JICBOM
Oepery p. XylIMbl U B IPUPYCIOBOM pa3pexeH-
HOM JINCTBEHHUYHO-EJIOBOM Pa3HOTPABHOM JIECY
Ha mpaBoM Oepery p. Bepxusas Jlakypa y o3.
Cpennee A. schumilovae WMeeT 3HAUUTEIBHOE
npoektuBHoe mokpeitue (10-15 %) u saBnser-
Csl TOMMHAHTOM HJIM COZOMHHAHTOM TPAaBSIHOT'O
spyca. A. shumilovae NJIMHHOCTEPKHEKOPHEBOM

MOHOHCHTpI/I‘IeCKI/Iﬁ BCIr€TaTUBHO HCHO,I[BI/I)KHHﬁ

HOJ'[yKyCTapHI/I‘IeK, HCHOHOHyHS{HI/IﬂM KOTOpOFO
CBOMCTBEHHO HCKJIIOYMTEILHO CEMEHHOE CaMo-
noaaepxkanue. Jlo1roBpeMeHHOE CYIIeCTBOBAHUE
LICHOTONYJISIIIUN Jlaske B HanboJiee HapyIIaeMbIX
MECTOOOMTAaHMAX  OOecHeunuBaeTCs  JIUTENb-
HOCTBIO JKU3HH OCOOE€H, [UIMHHBIM, MPOYHBIM
CTCPXKHEBBIM KOPHEM, HAJICKHO YIACPIKUBAIOLIUM
pacTeHusi U MPENSTCTBYIOMIUM HMX BBIPHIBAHUIO
JICIOXOIOM, HEPEryJIApHBIM, HO JOCTAaTOYHBIM

JJIs1 BBDKMBAHW S CEMCHHBIM BOCIIPOU3BCACHUCM.

Crnucoxk aurepatypsl / References

Bacunbes H.B., JIsBoB 10.A., [Tnexanos I ®., Jlorynosa JI.H., Mynpausipos E. fl., bubuko-
Ba B.B., Bonkos A.E., Ky3smun C.JI., Jlanmuna E. /., ITananoruau A.H., Cepruesa 3. M., Cuno-
pos K.C., Tpasunckuii 1.B., llleprens b.U., Illepouna C.C. (2003) I'ocymapcTBeHHBIH TPUPOI-
HBIH 3amoBeqHUK «TyHrycckuit» (O4epK OCHOBHBIX NAHHBIX). TyHeycckull 3anogedHux. buoyenosvi
ceeepHOll matieu U 61UAHUE HA HUX IKCMPEMATbHBIX Npupoouvix ¢axmopos. Tpyovr 1113 «Tyneyc-
ckuty. Beinyck 1. Tomck, M3natensctBo Tomckoro yHuBepcurera, c. 33—89 [Vasiliev N. V., Lvov
Yu. A., Plekhanov G.F., Logunova L.N., Mul'diyarov E. Ya., Bibikova V. V., Volkov A.E., Kuz'min
S. L., Lapshina E.D., Papanotidi A.I., Sergieva Z.M., Sidorov K.S., Travinskii 1. V., Sheftel' B. I,
Shcherbina S.S. (2003) The Tunguska State Nature Reserve (survey of basic data). Tunguska Nature
Reserve. Biocenoses of the northern taiga and extreme natural impacts on them. Proceedings of the
Tunguska State Nature Reserve. Issue 1. Tomsk, Tomsk University, p. 33—89 (in Russian)]

Beinpuna C.H. (1994) Pon Astragalus L. — Actparan. @ropa Cubupu. T. 9. HoBocubupck, Hay-
Ka, ¢. 2074 [Vydrina S.N. (1994) Astragalus L. Flora of Siberia. Vol. 9. Novosibirsk, Nauka, p. 20-74
(in Russian)]

I'pocBanbn M.T. (1999) Eepasuiickue eudpocpeprvle kamacmpoghvi u onedenenue Apkmuxu.
Mocksa, Hayunsrnii mup, 120 c. [Grosswald M. G. (1999) Hydrosphere catastrophes in Eurasia and
glaciation of the Arctic. Moscow, Nauchnyi mir, 120 p. (in Russian)]

I'ypeesa 1. 1., banamosa B. ®. (2011) Tunossie odpasusl Fabaceae B 'epbapuu um. I1. H. Kpsi-
nosa (TK). Cucmemamuueckue samemxu no mamepuanam Iepbapus um. I1. H. Kpvinosa Tomckozo 2o-
cyoapcmeennozo ynusepcumema, 103: 3—41 [Gureyeva 1. 1., Balashova V.F. (2011) Type specimens of
Fabaceae in the Krylov Herbarium (TK). Systematic notes on the materials of P. N. Krylov Herbarium
of Tomsk State University [Sistematicheskiye zametki po materialam Gerbariya im. P.N. Krylova
Tomskogo gosudarstvennogo universiteta], 103: 3—41 (in Russian)]

3BepeB A.A. (2007) Hughopmayuonnvie mexnonrocuu 8 uccied08aHUAX PACMUMENbHO20 NOKPO-
6a: yuebnoe nocooue. Tomck, ToMckuit rocyaapcTBeHHbIi yHUBEepcuTeT, 304 ¢. [Zverev A. A. (2007)
Information technology in research into vegetation cover: textbook. Tomsk, Tomsk State University,
304 p. (in Russian)]

Koncnexm ¢nopuvl Asuamckoii Poccuu. Cocyoucmuie pacmenus (2012) baiikos K. C. (pex.) HoBo-
cubupck, UsnareanctBo CO PAH, 640 c. [Conspectus florae Rossiae Asiaticae. Plantae vasculares
(2012) Baikov K. S. (ed.) Novosibirsk, SB RAS, 640 p. (in Russian)]

— 146 —



Elena E. Timoshok, Irina I. Gureyeva... Distribution and Ecological Characteristics of Astragalus schumilovae Polozhij...

Koncnexm groper Cubupu. Cocyoucmoie pacmenus (2005) baiikos K. C. (pen.) HoBocubupck,
Hayxa, 362 c. [Conspectus florae Sibiriae. Plantae vasculares (2005) Baikov K. S. (ed.) Novosibirsk,
Nauka, 362 p. (in Russian)]

O6pyues C. B. (1931) IToeszoka na pexy Ilookamennas Tyneycka. Kpacuosipek, 34 ¢. [Obruchev S. V.
(1931) A4 trip to the Podkamennaya Tunguska River. Krasnoyarsk, 34 p. (in Russian)]

[Mapmysun O.1I1. (1964) Cpeousas Cubups: ouepx npupodsi. Mocksa, Mbicib, 310 c. [Parmuzin
Yu. P. (1964) Middle Siberia: An essay on the wildlife. Moscow, Mysl, 310 p. (in Russian)]

[Monoxwuii A. B. (1954) Hossle Buab! pona Astragalus L. u3 Cpenueit Cubnpu. Cucmemamuueckue
samemxu no mamepuanam I epoapus um. I1. H. Kpvinosa Tomckoeo eocydapcmeentoco ynusepcumema,
77-78: 1-5 [Polozhij A. (1954) Species novae generis Astragali L. e Sibiria media. Systematics notes on the
materials of P. N. Krylov Herbarium of Tomsk State University [Sistematicheskiye zametki po materialam
Gerbariya im. P.N. Krylova Tomskogo gosudarstvennogo universiteta], 77-78: 1-5 (in Russian)]

IMonoxwuit A.B. (1960) CemeticTBo 6000BBIC — Papilionaceae. @nopa Kpacnospckoeo kpas, T. 6.
Tomck, M3garenscTBo ToMckoro yHUBepcuteta, 94 c. [Polozhij A.V. (1960) Papilionaceae. Flora of
Krasnoyarsk Krai, Vol. 6. Tomsk, Tomsk University, 94 p. (in Russian)]

IMpoxonses E.II. (2001) Oxonocus pacmenuii (ocobu, 6udsi, 2K02pynnsi, dHCUHeHHbIE POPMbL).
Yueonux ons buonocuueckux gpaxynomemos 6y306. Tomck, ToMCkuii rocy1apcTBEHHBIH YHHUBEPCHUTET,
340 c. [Prokopiev E.P. (2001) Ecology of plants (individuals, species, ecogroups, life forms): Textbook
for biological faculties of universities. Tomsk, Tomsk State University, 340 p. (in Russian)]

Pamenckuit JI.T, Hanenkun . A., Ymwkukos O. H., Aatuniun H. A. (1956) Dxonoeuueckas oyen-
Ka KOpMOBbIX y2ooutl no pacmumenvhomy nokposy. Mocksa, Cenbxosrus, 472 c¢. [Ramenskiy L.G.,
Tsatsenkin I.A., Chizhikov O.N., Antipin N.A. (1956) Ecological assessment of forage lands by
vegetation cover. Moscow, Selkhozgiz, 472 p. (in Russian)]

Carnponos H. JI., Bansuak B. 1. (2003) XyniMuHCKHH 11a1€0BYJIKAHHUECKHI KOMIUIEKC: T€0I0T U
1 0a3oBas MuHepanuzanus. Tyneycckuil 3anogednux. bBuoyenosvl cegeproli maueu u erusAHue Ha HUX
IKCMPEMaANbHbIX NPUpoOHLIX paxmopos. Tpyowr I'TI3 « Tyneycckuiiy. Beinyck 1. Tomck, 3naTenseTBo
Tomckoro ynuBepcurera, ¢. 96—101 [Sapronov N. L., Valchak V.1. (2003) Khushminsky paleovolcanic
complex: geology and basic mineralization. Tunguska Nature Reserve. Biocenoses of the northern
taiga and extreme natural impacts on them. Proceedings of the Tunguska State Nature Reserve. Issue
1. Tomsk, Tomsk University, p. 96—101 (in Russian)]

Conun B.10. (2008) K mMeTeoponornyeckoit XxapakTepUCTUKE TEPPUTOPHH 3amnoBenHuKa «TyH-
rycckuity. Tpyosi cocydapcmeennozo npupooro2o 3anoseonura « Tyneycckuiy. Beinyck 2. Tomck, U3-
nmatenbetBo HTJI, ¢. 7-16 [Sopin V. Yu. (2008) On the meteorological characteristics of the Tunguska
State Nature Reserve. Proceedings of the Tunguska State Nature Reserve. Issue 2. Tomsk, NTL,
p. 7-16 (in Russian)]

Crenanos H. B. (2012) Actparan HlymunoBoii — Astragalus schumilovae Polozh. Kpacnas knuea
Kpacnosipckozo kpasi. Pedkue u naxooswuecst noo yepo30il UCHe3HO8eHUs GUObl pacmeHull u 2pubos.
T. 2. Kpacnosipek, 154 c. [Stepanov N. V. (2012) Astragalus schumilovae Polozh. Red Data Book of
Krasnoyarsk Krai. Rare and endangered species of wild plants and fungi. Vol. 2. Krasnoyarsk, 154 p.
(in Russian)]

CrenanoB H.B. (2022) Actparan llymunoBoit — Astragalus schumilovae Polozh. Kpacnas knu-

ea Kpacnosapckozo kpas. Pedxkue u naxooswuecs noo y2po30i UCHe3HO08eHUs. GUObL pACMEHUT U epU-

— 147 —



Elena E. Timoshok, Irina I. Gureyeva... Distribution and Ecological Characteristics of Astragalus schumilovae Polozhij...

606. T. 2. Kpacnosipck, 208 c. [Stepanov N.V. Astragalus schumilovae Polozh. Red Data Book of
Krasnoyarsk Krai. Rare and endangered species of wild plants and fungi. Vol. 2. Krasnoyarsk, 208 p.
(in Russian)]

Tumommok E. E., Paiickas FO.T", Cxopoxomor C. H. (2008) HoBble u penkue BUIbI IBETKOBBIX pac-
TeHul 11s1 3anoBeAHuKa « TyHrycckuit» 1 TyHIycCKOro (GhopucTHIecKoro paiona. 1pyodst eocyoap-
CMBEeHH020 NPUPoOHo20 3anoeeonurxa « Tyneycckuiy. Bunyck 2. Tomck, Uznarensctso HTJI, c. 8§2—88
[Timoshok E.E., Rayskaya Yu. G., Skorokhodov S.N. (2008) New and rare species of flowering plants
in the Tunguska State Nature Reserve and the Tungus floristic region. Proceedings of the Tunguska
State Nature Reserve. Issue 2. Tomsk, NTL, p. 82—88 (in Russian)]

Hanenkur U. A. (1967) Dronoeuueckue wikanvl 015 pacmeruti nacmouuy U ceHOKOCO8 20PHbIX
u pasnunnwix paiionos Cpeonel Azuu, Anmas u Ypana. Jyman6e, Honuur, 225 c. [Tsatsenkin 1. A.
(1967) Ecological scales for plants on pastures and hayfields in mountain and plain regions of Central
Asia, the Altai and the Urals. Dushanbe, Donish, 225 p. (in Russian)]

ymunosa JI.B. (1963) Ouepk npupoas! paiiona najgeHust TyHrycckoro mereoputa. Ilpooae-
ma Tyneycckoeo memeopuma. Beinyck 1. Tomck, M3matensctBo ToMckoro yHuBepcutera, c. 22-33
[Shumilova L. V. (1963) Essay on the wildlife of the Tunguska meteorite impact site. Problem of the
Tunguska meteor. Issue I. Tomsk, Tomsk University, p. 22-23 (in Russian)]

POWO: Plants of the World online. URL: https://powo.science.kew.org/taxon/479713—1. Accessed
on: 28 Nov. 2022

Tropicos: Tropicos.org. Missouri Botanical Garden. URL: http:/legacy.tropicos.org/
Name/13039383. Accessed on: 28 Nov. 2022

WFO: World Flora Online. URL: http:/www.worldfloraonline.org/search?query=Astragalus+sch
umilovae. Accessed on: 28 Nov. 2022

Yakovlev G.P., Sytin A.K., Roskov Y.R. (1996) Legumes of Northern Eurasia. A checklist. Kew,
Royal Botanic Gardens, 724 p.



Journal of Siberian Federal University. Biology 2023 16(2): 149-163

EDN: MCARJA
VIIK 582.32(571.16)

Bryetum argenteo-violacei (Physcomitrellion patentis),
a New Association from the Ob River Floodplain
(the Tomsk Region, Russia)

Alexander P. Dyachenko® and Georgy S. Taran*"

“Urals State Pedagogical University

Ekaterinburg, Russian Federation

"West-Siberian Division of V. N. Sukachev Institute of Forest, SB RAS
Branch of FRC «Krasnoyarsk Scientific Center» SB RAS
Novosibirsk, Russian Federation

Received 26.11.2022, received in revised form 13.02.2023, accepted 17.05.2023

Abstract. In Russia, the bryophyte vegetation included in the alliance Physcomitrellion patentis von
Hiibschmann 1957 (Funarietalia hygrometricae von Hiibschmann 1957, Psoretea decipientis Mattick
ex Follmann 1974) has been studied very little. Until recently, only one syntaxon of the alliance has been
known in Russia, namely the subassociation Riccio cavernosae-Physcomitrelletum patentis (Allorge
1921) von Hiibschmann 1957 riccietosum frostii Cortini Pedrotti et Aleffi 1990, which rarely occurs
in northern Italy (locus classicus), but is common on the banks of the Ob and Irtysh in the taiga zone
of Western Siberia. In 2021, in the south of the southern taiga section of the Ob River (Krivosheinsky
District of the Tomsk Region, in the vicinity of the Kaibasovo Research Station), the authors studied
original bryocoenoses with high abundances of Physcomitrella patens and Bryum violaceum using the
Braun-Blanquet approach. These bryocoenoses are described as a new association of the Physcomitrellion
patentis: Bryetum argenteo-violacei Dyachenko et Taran ass. nov. The diagnostic species of the
association are Bryum violaceum, Dicranella varia, and Barbula convoluta. In six relevés, 16 species
of mosses and 1 species of liverworts were revealed. The average moss projective cover is 80 %, the
average species richness is 11 bryophyte species per relevé. In years when the water level is high during
the low water period, the subassociation Riccio cavernosae-Physcomitrelletum patentis riccietosum
frostii dominates the alluvial bryophyte vegetation in the study area. In years when the water level is
extremely low during the low water period, the coenoses of the Riccio-Physcomitrelletum riccietosum
frostii in higher parts of the bank are replaced by coenoses of the association Bryetum argenteo-violacei.

For the first time, bryocoenoses with high constancy and abundance of Bryum violaceum have been
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found not on arable lands, as is observed in European countries, but in natural ecotopes.

Keywords: Bryum violaceum, Physcomitrella patens, alluvial bryophyte communities, bryosociology,

Braun-Blanquet approach, primary succession.
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Bryetum argenteo-violacei (Physcomitrellion patentis),
HOBAasl accouuanus u3 Nomel peku Oou

(Tomckas o0J1acTh, Poccus)

A.I1. Ipsiuenxo?, I. C. Tapan®

“Vpanvckuii cocyoapcmeennblil nedazocuyecKull yHugepcumem
Poccuiickas @edepayus, Examepunodype
?3anaono-Cubupckoe omoenenue Hncmumyma neca

um. B. H. Cyxkauesa CO PAH —

Gunuan OUI] «Kpacnospckuii nayunwvii yeump CO PAHy
Poccuiickas @edepayus, Hosocubupck

AnHoTanus. MoxoBas pacTUTEIBHOCTb, BXOIAIIAs B cot03 Physcomitrellion patentis von Hiibschmann
1957 (nopsinok Funarietalia hygrometricae von Hiilbschmann 1957, kiacc Psoretea decipientis Mattick
ex Follmann 1974), B Poccuu moutu He n3ydeHa. J[o mocinenHero BpeMeHu B Poccun ObLIT H3BECTEH
JIUIIb OJIMH CHHTAKCOH 3TOr0 CO03a, a MMEHHO cybaccouuaius Riccio cavernosae-Physcomitrelletum
patentis (Allorge 1921) von Hiibschmann 1957 riccietosum frostii Cortini Pedrotti et Aleffi 1990, koropas
penka B ceBepHoit Utanuu (locus classicus), Ho oObiuHa Ha Oeperax O6u u MpThiina B Tae)KHOMH 30HE
3amannoit Cubupu. B 2021 . Ha 1ore I0)KHOTae)KHOT0 oTpeska pekn O6u (KpuBomenHckuii paiion
ToMmckoit 001acTH, OKPECTHOCTH HAy YHO-HUCCIIEIOBATENbCKOM cTaHnu KaiibacoBo) aBTOPBI M3y UNIH
MeTtonoM bpayH-biianke opuruHanbHble OpHOLIEHO3BI ¢ BEICOKUM 00MineM Physcomitrella patens
u Bryum violaceum. DTn OprOIIEHO3bI ONTMCAHBI KaK HOBas accolualius corsa Physcomitrellion patentis:
Bryetum argenteo-violacei Dyachenko et Taran ass. nov. /lnarHocTH4ecKre BUBI aCCOLUAIIUN: Bryum
violaceum, Dicranella varia, Barbula convoluta. B mecTu onucanusx BeISBIEHO 16 BUI0B MXOB 1 1

BU/JI ITICYCHOYHHKOB. Cpe;[Hee IMPOCKTUBHOC NOKPBITUC MXOB — 80 %, cpeaHee BUAOBOC 0oraTcTBO —
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11 Bu10B MOX000Opa3HBIX Ha ONMKUCaHue. B roapl, Korjga ypoBeHb BOJIBI B IEPUOI MEKEHHU BBICOK,
B QJUTIOBHATBHON OpHOMUTHON paCTUTEIFHOCTH B paifOHE HCCIICNOBAHUH MpeodaataeT cydaccomnanus
Riccio cavernosae-Physcomitrelletum patentis riccietosum frostii. B ronsl, Korja ypoBeHb BOJIbI
B IIEPHOJ MEKEHU IKCTPEMAIbHO HU3O0K, IIEHO3BI Riccio-Physcomitrelletum riccietosum frostii na 6onee
BBICOKHX Y4YacCTKax Oepera CMEHSIOTCS IIEHO3aMu accouaiuu Bryetum argenteo-violacei. Biiepsoie
OpHOIICHO3BI C BRICOKHMU MTOCTOSTHCTBOM U 00mitHieM Bryum violaceum HaliIeHBI HE HAa TAaXOTHBIX

3eMJISIX, KaK 3TO HabIogaeTcs B CTpaHax EBpoMbI, a B IPUPOJHBIX KOTOMAX.

Kuarwuessble cioBa: Bryum violaceum, Physcomitrella patens, aniroBuaibHbie Opro(GUTHBIC COOOIIECTRA,

6puoconuonorus, Metox bpayHn-bianke, nepBUYHbBIE CYKIIECCHHU.

BaaronapuocTu. McciienoBaHus BEIIIOJHEHBI B paMKax 0a30BOro npoekra MHcTHTyTa Jeca
uM. B.H. CykaueBa CO PAH Ne 0287-2021-0009. I'. C. Tapan 6naronaput Prof. Michele Aleffi
(Yausepcuret Kamepuno, Urtanus) 3a ”HGOPMAMOHHYIO MOIIEPKKY. 3 IOMOLIb B IIPOBEICHHH
MOJIEBBIX MCCIIEOBAaHUI Ha HayYHO-UCcIenoBaTenbekoi ctaniuu Kaiibacoso I'. C. Tapan BeipakaeT
0JaroAapHOCTh KOJUICKTHBY YHUKAJIBHON Hay4HOH ycTaHOBKH «CHCTeMa 3KCIepHUMEHTAIbHBIX 0a3,

pacrIiojoKeHHbIX BAoJb mnpoTHoro rpaauenta (http:/ckp-rf.ru/usu/586718/)».

Iurtuposanue: Ipsuenko, A.Il. Bryetum argenteo-violacei (Physcomitrellion patentis), HOBast acCOLMALNS U3 ONMBI PEKH
O6u (Tomckas obnacts, Poccust) / A.I1. psiuenxo, I C. Tapan // Kypn. Cub. dpenep. yn-ta. buonorus, 2023. 16(2). C. 149-163.

EDN: MCARJA

BBenenue

B manoBonHBIE TOABI B KOHIIE BEreTAIlHOH-
HOT'O CE30Ha HA HU3KUX MIHNCTHIX Oeperax Oom
u HpTsllia B mpenesnax TaeKHOU 30HbI MOKHO
BCTPETHUTD JKEITOBATHIE YUACTKH, 3aCEICHHBIC
Opuotepodurom puckomutpesion, Physcomitrella
patens (Hedw.) Bruch et al. Acriext ygacTkoB 3a-
JIAeTCsl MHOXKECTBOM CIIOPOTOHOB (DUCKOMUTPEJLIIBI,
OKpalI€HHBIX B JKEJITbIN 1BET. B pycckoil cun-
TaKCOHOMMYECKOH JINTeparype Takue cooOlie-
CTBA OTHECEHBI K PUCKOMHTPEIIOBOH (amun
(physcomitrellosum patentis) cy6acconuariyu (Cy-
6acc.) Rorippo dogadovae-Limoselletum aquaticae
rumicetosum ucranici Taran 2005 (Tapan, 2001,
2005a; Tapan u mp., 2018).

B eBpomnelickoii tuTeparype, NoCBsAILEHHON
KJacCU(UKAUKU OTKPBITHIX OPHOIIEHO30B, Xa-
pakTepu3yeMbIX, KaK IpaBuiio, Ha HEOOIbIINX

YYETHBIX IUIOMIAIKAX, TIOMOOHBIE COOOIIECTBA U3-

BECTHBI Kak accoruarnus (acc.) Riccio cavernosae-
Physcomitrelletum patentis (Allorge 1921) von
Hiibschmann 1957 (Hiibschmann, 1957, 1986;
Diekjobst, Ant, 1970; Janovicova, Kubinska, 2003;
Schifer-Verwimp, 2009; Marstaller, 2013). bimus-
KHE 10 COCTaBy CPEeIHETAC)KHBIE OTMEIBHBIE CO-
obmectBa u3 moitmM O6u u UpThinia oTIngarTces
OT €BPOIEHCKUX aHAJIOr0B BBICOKMM MOCTOSH-
CTBOM Riccia frostii Aust. Ha 3ToM ocHOBaHHH
OO0b-UpThllickue coollIecTBa OTHECEHBI K acc.
Riccio cavernosae-Physcomitrelletum patentis,
a BHYTpPH Hee BblJejieHbl B cybacc. R.c.-Ph.p.
riccietosum frostii Taran 2005 (Tapasn, 20050).
Iocnenuss oka3anack CHHOHUIMOM OY€Hb PEIKON
B EBporte cybacc. R.c.-Ph.p. riccietosum frostii
Cortini Pedrotti et Aleffi 1990, onrcanHoii Ha ce-
Bepe Uramuu (Cortini Pedrotti, Aleffi, 1990).

B noitme p. O0u Ha I0)KHO# rpaHMIIE TOI30HBI

roxHoM Taiiru (MerHa u ap., 1985) Hamu oOHa-

— 151 —



Alexander P. Dyachenko and Georgy S. Taran. Bryetum argenteo-violacei (Physcomitrellion patentis)...

PYIKEHBI OPUTHHAIbHBIE MOXOBBIE IICHO3bI C BbI-
cokuM obunuem Physcomitrella patens n Bryum
violaceum, 3aMETHO OTINYAIOIIHAECS [10 BUIOBOM
KOMITO3UIIMH OT U3BECTHBIX aHanoroB. CHHTaKco-
HOMHYECKOM XapaKTePUCTHKE 3THX OPHOLIEHO30B

MOCBSIIEHO JaHHOE COOOIIEHHE.

MartepuaJibl U METOABI

Marepwuai coopan I. C. Tapanom B ceHTsSIOpe
2021 1. 0113 HayYHO-HCCIICIOBATEIhCKON CTAaHIIHU
(HUC) Kaiibacoso (57°14'44"N, 84°11'05"E), pac-
MOJIOXKEHHOM B 12 KM Ha 3anaji-ceBepo-3anaj or C.
Huxonsckoro Kpusormmenuckoro pationa ToMmckoit
o6nactu (Vorobyev et al., 2015). CraHuns — Kom-
MOHEHT YHUKAJIbHOW Hay4yHOH ycTaHOBKHU «CH-
CTeMa SKCIIEPUMEHTAIFHBIX 023, PACIIOIOKEHHBIX
BIOJIb IupoTHOTO rpaguenta (http:/ckp-rf.ru/
usu/586718/)».

ITsTh 6PUOCOIMOTOrMIECKUX OMTUCAHUH BbI-
ITOJTHEHBI Ha YUeTHHIX rutomasnkax (YII) semmndu-
Hoii 4 iv? (Berg et al., 2016); u3 Hux getsipe YII —
KBaJpaTHBIC, OlHA — IpssMoyTorbHAs (10%40 cwm).
OnHo onucanue (Janee — O1.) CAeNIaHo Ha KBaapa-
Te pasmepoM 25 am?. B npenenax YII moxoBbie
JIEPHUHBI CPE3aJMCh BMECTE C MOJCTUIIAIOIINM
HX CJIOEM WJIMCTOTO HaHOCA U TIOMETIAIHCH B T1a-
KeT. BunoBoil coctaB U IPOEKTUBHOE IIOKPBITHE
(TTIT) mxoB B makeTax ompenenui A. 1. J{psaeHKo.
Jnsg aToro npuMeHsanace npo3pavyHas majeTka.
Ha nouBeHHO-MOXOBOH BBIpPE3KE, TOMEILLIEHHOMN
B naket, I1I1 MX0B onpenensiocs ¢ TOUHOCTBIO
1o 1 %, ITIT menee 0,5 % 0003HaYaI0Ch 3HAKOM
«+t». [TouBeHHbBIE BBIPE3KHU JJIs1 OPUOOIIUCAHUS,
BBITIOJTHEHHOT'0 HAa TUIOMIAN 25 IM?, pa3MeCTHIIHChH
B CEMH MaKeTax: MATH GOIBIIHNX (110 4,5 1M?) U IBYX
masbix (2 1v? u 0,5 nm?). B aToM cinyuae Bce 1o-
Ka3aTeln BBIYUCISINCH CHaYaja JjIs OTACIbHBIX
MAKETOB, a 3aTeM MEPECUYUTHIBAIUCH JUIs 25 iM>
Kak cpennue apudmerndeckue I111, B3BemeHHBIC
IT0 TUTOIIA/IH COOTBETCTBYIOIINX MTAKETOB.

CHHTaKCOHOMHYECKYI0 00pabOTKy MaTepH-

ana meroznoM bpayn-brnanke (Westhoff, van der

Maarel, 1978) Beimoninui I. C. Tapan. Onucanue
HOBOT'O CHHTAKCOHA IPOBEJIEHO COTJIACHO Ipa-
BUJIaM MeXK1yHapOIHOro Kojekca puTocoiu-
onoruveckoit HomeHkiatypsl (Theurillat et al.,
2021). HomeHknatypa COCyaUCTBIX paCTeHUU
npusoxutces no C. K. Yepernranosy (1995), mxoB —
o M. C. UrnaroBy ¢ coasr. (Ignatov et al., 2006),
neyeHouHuKoB — 110 H. A. KoHcTaHTHHOBOI € cO-

aBT. (Konstantinova et al., 2009).

Pesyabrarhbl u 00cyxkaeHune
CUHmMAaKCcOHOMUHECKUL AHATUS
Kaubaco8ckux opuoyeHo306

Ha ypoeHe accoyuayuu

B mectu onucanusx orMedeHo 16 BUIOB
MXOB, | BHJ ICYCHOYHUKOB U 8 BUIOB COCYIU-
CTBIX pacTeHuM. [l OLIEHKU OPUTHUHAIBHOCTH
Marepuaa, coopannoro 63z HUC Kaiibaco-
BO, €r0 CpaBHUIIU C coodlecTBamMu acc. Riccio
cavernosae-Physcomitrelletum patentis (nanee —
Riccio-Physcomitrelletum), panee u3y4eHHbBIMU
B EBpore n 3anannoit Cubupu (rabdm. 1).

B noxanpHBIX eBponeicknx Habopax omnuca-
Huii cybacc. Riccio-Physcomitrelletum typicum
BuIbl Physcomitrella patens u Riccia cavernosa
O0OBIYHO yKa3aHBI C BEICOKHM MOCTOSHCTBOM
(tabm. 1, crondus! 1, 2, 5, 6), HO B HEKOTOPBIX
U3 HUX Riccia cavernosa OTCYyTCTBYET TUOO peji-
Ka (ctonbisl 3, 4). O0b-MpThINICKHE TaCKHBIC
coobmiectBa cybacc. Riccio-Physcomitrelletum
riccietosum frostii (cton6usl 8, 9) BIOIHE COOT-
BETCTBYIOT IIPOTOJIOTY 3TOT0 OPUOCHHTAKCOHA,
NpHUBEIEHHOMY U3 ceBepHOi Utanuu (cTonberr 7).

C mecoctemHOro oTpeska p. Obu B cocTase
cybacc. Cypero-Limoselletum riccietosum frostii
Taran 2019 npuBoasTCs JBa ONUCAHMS, CETAaHHbIE
Ha YII B 10 M? (Tapas, 2019: taba. 2, om. 25, 26).
Coctas u [1I1 M0OX000pa3HBIX B 3TUX OMUCAHUIX
TaKOBbI: Riccia frostii 35—40 %, Riccia cavernosa
r—r, Physcomitrella patens r—+. Ilockonbky T1I1
COCYIHCTBIX PACTCHHUI B ONMCAHUAX HEBEIHKO

(5-7 %), 1X MOXXHO HHTEPIPETUPOBATH 1 KaK (a-
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Tabnauna 1. EBpomeiickie U 3amaaHOCHOMPCKUE COOOIIECTBA ¢ JOMHHHpOBaHueM Physcomitrella patens

u Riccia spp.

Table 1. European and West Siberian communities dominated by Physcomitrella patens and Riccia species

Howmep cuaTakcona 1 2 3 4 5 6 7 8 9 10 | 11 | 12
Crpana nubo pernon Poccun e | dp | Te | e | Ue | UT | UT | XM | TO | TO | TO | Te
Umncno onucanuit 5 5 8 5 14 | 11 | 10 | 10 5 6 10
Cpessist miomaib, M2, M> - - 1 1,3 1,6 1 33 (10 | 7,5 | 12
Cpennee 11 moxoo6pa3zHbIx, % 39 | - — | 94 | 62| 8 | 80 | 17 | 36 7 80 | 70
Cpennee I1I1 cocyauctoix, % 0 - - 0 0 0 0 + LS|{21]105]| —
Cpennee UB Mox000pa3HBIX 50 (38|48 (34|66 |29|35]|29|48]68]|11,0| 5.8
O6mee YB Mox000pa3HbIX 9 7 9 4 10 7 7 3 5 11 17 9

J1. B. acc. Riccio cavernosae-Physcomitrelletum
Physcomitrella patens AYA RN "R AR VRN VA B VA I VAL S VAR VAL VAE B VA S A
Riccia cavernosa s 1 roovs o ve m? vtoovt v
I1. B. cybOacc. Riccio-Physcomitrelletum riccietosum frostii
Riccia frostii AVAER AL VAL A
J1. B. kaitbacoBckUX OpHOIICHO30B (1aniee — acc. Bryetum argenteo-violacei)
Bryum violaceum AR
Dicranella varia I | vi2
Barbula convoluta I | v
J1. B. cybacc. Riccio-Physcomitrelletum phascetosum cuspidati
Pohlia melanodon AYARREN Ve
Barbula unguiculata vt 12
Tortula acaulon r v
Dicranella staphylina I
J1. B. coto3a Physcomitrellion patentis
Botrydium granulatum 2 11 vt vz v2 | ye Ir
Pseudephemerum nitidum 2 rr urt|rvt
Physcomitrium pyriforme 1! v I I
Physcomitrium sphaericum v v
Physcomitrium eurystomum \'%& Ir
Riccia huebeneriana II
J. B. nopsinka Funarietalia hygrometricae
Leptobryum pyriforme 11 . Ir | vt 1v?
Marchantia polymorpha I v o+
Bryum klinggraeffii A%
J1. B. kntacca Psoretea decipientis
Tortula truncata It 1 111 I
Riccia glauca I I N
ITpouue BB MOXOOOPA3HBIX
Bryum caespiticium I 11 . . . A%
Bryum argenteum I m r© a2 + |+ AR A
Ceratodon purpureus 1I \A
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Iponomxkenune tadm. 1

Continuation of the Table 1

Howmep cunrtakcona 1 2 3 4 5 6 7 8 9 10 11 12

Pohlia camptotrachela . . II

Bryum funckii . . 1I

Riccia fluitans . . . N
Brachythecium rutabulum . . . . I
Amblystegium humile . . . . . 1
Amblystegium serpens . . . . . I | + .
Bryum pseudotriquetrum . . . . . . . . . . I
IIpouune Bomopocin
Vaucheria sp. . . . . A
I . . . [1'2

Algae sp. div.

IIpumeuanus. Cuntakconsl: 1-6 — cybacc. Riccio cavernosae-Physcomitrelletum typicum (Allorge 1921) v. Hiilbschm. 1957,
7-8 — cybacc. Riccio cavernosae-Physcomitrelletum riccietosum frostii Cortini Pedrotti et Aleffi 1990; 9 — cybacc. Rorippo
dogadovae-Limoselletum aquaticae rumicetosum ucranici Taran 2005 (syn. cybacc. Cypero-Limoselletum rumicetosum
ucranici Taran 2001), dbauus physcomitrellosum patentis; 10 — cuny3uss MOX000pa3HBIX B IieHO3ax cybacc. Rorippo
dogadovae-Limoselletum aquaticae juncetosum nastanthii Taran in Taran et al. 2018; 11 — OprOLIEHO3bI U3 OKPECTHOCTEH
HUC KaiibacoBo, oOcyxkaaembie B crathe; 12 — cybacc. Riccio cavernosae-Physcomitrelletum phascetosum cuspidati
Marstaller 2013. Mctounuku uapopmanuu no cuatakconam: 1 — Hiibschmann, 1957; 2-3 — Hiilbschmann, 1986; 4 — Schéfer-
Verwimp, 2009; 5 — Janovicova, Kubinska, 2003; 6—7 — Cortini Pedrotti, Aleffi, 1990; 8 — Tapan, 20056; 9 — Tapan, 2001;
10 — Tapan u z1p., 2018; 11 — [Ipsiuenko, TapaH, HacTosmas cratbs; 12 — Marstaller, 2013. Ctpansr: ['e — [epmanus, @p — Opan-
uus, Ye — Yexus, Ut — Uranus. Pernonst Poccun: XM — Xantel-Mancuiickuit aBToHOMHBI 0kpyT, TO — Tomckast 0011acTh.
YcenoBHble 3HaKku: JI. B. — TUAarHOCTUYECKHE BUIBL; «—» — HeT AaHHBIX; [II1 — mpoekTuBHOE MOKphITHE, UB — uncno BuaoB.
Knaccer moctostHeTBa: «+» — 6-10 %; I — 11-20 %; 11 — 21-40 %; III — 41-60 %; IV — 61-80 %; V — 81-100 %. IIII BumoB
yKkaszaHo B Oasax: «r» — He 6oxee 0,01 %; «+» — 6onee 0,01, Ho meHee 1 %; «1» — 1-5 %; «2» — 6-25 %; «3» — 2650 %);
«» — 51-75 %; «5» — 76—-100 %. [dnsa BHOOB cIpaBa OT KJacca MOCTOSHCTBA HAACTPOUHBIMH HHAeKkcamu (6ammamu I1IT)
yKa3aH MONHBIN qrana3oH BapbupoBanus [111; 1715 5JKOHOMUH MECTa YepTOUKa MEX Ty Oammamu omymena: V2 o3naqaet V™2,
II" = IT**, 1 T.;1. Buibl MOX00Opa3HBIX ¥ BOZOPOCIICH, Ybe TIOCTOSHCTBO He IpeBbImaeT | kiiacca, B Tabnnie He yka3aHbl. Buibt
COCYAMCTHIX HE YKA3aHBI.

nuio ricciosum frostii B coctase cyboacc. Riccio-
Physcomitrelletum riccietosum frostii.

Ha kaiibacosckom otrpeske O6u cybacc.
Riccio-Physcomitrelletum riccietosum frostii
JIOBOJIBHO 00BIYHA, HO K CEPEJUHE CEHTAOPS
Ha CaMBIX BBICOKHX ydacTkaxX puyduu (Riccia
cavernosa, Riccia frostii) MOTYT OTMHPATh, YTO
0COOCHHO SIPKO TPOSIBISCTCS B TOIBI C IKCTPE-
MaJIBHO HU3KOH JIeTHe-O0CeHHel MexeHbro. Cy-
bacc. R.c.-Ph.p. riccietosum frostii B THUITIHOM
BH/JIE Ha Kalil0acOBCKOM y4acTKe AETalIbHO HAMHU
He onrcana. O ee BUI0BOM COCTAaBE MOKHO CY/IUTB,
00paTUBLIUCH K OMMCAHUSIM MPOCTPAHCTBEHHO
CMEXXHBIX C HEIO coobmiecTB cybacc. Rorippo
dogadovae-Limoselletum aquaticae juncetosum

nastanthii Taran in Taran et al. 2018 (Tapan u ap.,

2018), B KOTOPBIX aJITIOBHAJIEHBIC MXH M IEYEHOU-
HUKH, BXomsmue B cydacc. R.c.-Ph.p. riccietosum
frostii, 00pa3ytoT HAOYBEHHYIO CHHY3HI0. BO BTO-
po# nonosuHe aBrycra 2017 r. B cocTaBe TakKux
cunysuii (cronbern 10) ¢ V kmaccoM MOCTOSHCTBA
OTMeueHBI Bryum violaceum v Bryum argenteum.
[To Habopy 3THX ABYX BUIOB KallbacoBCKHE CO-
obmectBa cybacc. R.c.-Ph.p. riccietosum frostii
MOYKHO Ha3BaTh BapHaHTOM Bryum violaceum.
Ha mo3niueit ctanum pa3BuTus (K cepennHe-
KOHIY CEHTSIOpst) 3TH BU/bI yBennuuBaroT [111
B Opuornieno3ax (Bryum violaceum V2, Bryum
argenteum V'3), K HUM e 100aBISIETCS €Ille
OJlHA TPYyIIa BUJIOB BHICOKOTO IIOCTOSIHCTBA:
Dicranella varia V2, Barbula convoluta V', Bryum

caespiticium V", Leptobryum pyriforme V*', Pohlia
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melanodon V", Ceratodon purpureus V*, Barbula
unguiculata IV*' (tabn. 1, ctonber 11).

HexoTopoe cXoacTBO ¢ KaiihaCOBCKUMU LIEHO-
3amu (cToiioer 11) MOXXKHO HAlTH B COOOIIeCTBAX
u3 ['epmanuu (cronberr 12), M3BECTHBIX Kak cyoacc.
Riccio cavernosae-Physcomitrelletum patentis
phascetosum cuspidati Marstaller 2013 (Marstaller,
2013). Cy0acc. R.c.-Ph.p. phascetosum cuspidati
3aMETHO OTJIMYAETCSI OT IPOYNX JIOKAJIBHBIX Ha0O-
pos acc. Riccio-Physcomitrelletum: B Hell He TOJb-
KO OTCYTCTBYET Riccia cavernosa, HO U C BbICO-
KHUM TIOCTOSTHCTBOM OTMEUYEeHa BecoMasl rpyIira
BHJIOB, BXOJSIIUX B JIMATHO3bI HHBIX COIO30B
kiacca Psoretea decipientis Mattick ex Follmann
1974: Tortula acaulon (=Phascum cuspidatum),
Pohlia melanodon, Bryum klinggraeffii, Barbula
unguiculata. 1o aToii mpuuuHe cybacc. R.c.-Ph.p.
phascetosum cuspidati, Ha Ham B3MIIs, OTM3Ka
K YPOBHIO CAMOCTOSITEJIbHOM aCCOIUAIINH.

Cpasrenue cybacc. R.c.-Ph.p. phascetosum
cuspidati ¢ 6pronieHo3amu u3 okpectHocTeir HUC
Kaii6acoBo 1o3BoIseT BHIIBUT BHIOBYIO CIIEIH(H-
Ky nocnennux. Ee onpenensitor Bryum violaceum,
Dicranella varia, Barbula convoluta. Tlockonbky
U3y4YEHHbIC HAMU I)KHOTAEXKHbIE 00CKHE CO0OIIIe-
CTBa CYIIECTBEHHO OTIMYAIOTCS OT €BPOMEHCKHIX
U CPEJIHETAC)KHBIX OOCKUX, OHU 3aCIIYIKUBAIOT
OITMCAHUS B PAHT'e HOBOH aCCOLMAIINN.

Acc. Bryetum argenteo-violacei Dyachenko
et Taran ass. nov. hoc loco.

Homenxknarypusiit tut (holotypus hoc loco) —
om. 3 (Tabiu. 2): moseBoit Homep 166, 27.09.2021,
Tomckas obnacts, KpuBomeunnckuil paiios,
OKPECTHOCTH HayYHO-HCCIIEI0BATEIBCKON CTAaHIINH
Kaiibacoro, winuctsiii 6eper p. O0w, 1101316 OIK-
canus 4 nm? (10x40 cm), 57°14'55.7" N, 84°11'15.1”
E, 61 M Hax ypoBHEM MODSI, aBTOPHI OMUCAHUS —
I'.C. Tapasn (cOop MXOB 1 0011ast XapaKTEPUCTHKA
yueTHoi mnomanku) u A. I1. [[psgenko (onpenerne-
HUE BUJOB MXOB U X TPOCKTUBHOTO MOKPBITHUSI).

JluarHoctuveckue BUAbL: Bryum violaceum,

Dicranella varia, Barbula convoluta.

Acc. Bryetum argenteo-violacei Bxmovaercs
B coto3 Physcomitrellion patentis von Hiibschmann
1957 (Hiibschmann, 1957, 1986).

Lleno3ssl acc. Bryetum argenteo-violacei
OTMEUEHBI Ha JIEBOOEPEIKHOM 11000uHe p. OOH.
Onu 3aHUMAIOT HEOOJIBIINE OTKPBITHIE MIMCTHIC
MO0 MIIMCTO-TIIECYaHble IJIONIA KU B HOBEH e
MIPUPYCIOBOI 30HE. MI3yueHHbIe OPHOLIEHO3HI
(Tab. 2) cOOKy yMEpPEeHHO MPUTEHEHbI: HEBBICO-
KUMH KypTHHAMU UB (o1. 1, 2, 6) 100 pa3pexeH-
HBIM TPABOCTOEM MHOT'OJIETHUX TpaB (om. 3-5).
Tonmuna peunoro una nox YII Bapsupyer ot 0,5
10 13 cMm, 1o 1iIoM 3ajieraet MecokK.

MaccoBoe pa3zButne ciopopuToB Ha Beex Y1
0TMEUasoCh TOJIbKO y Physcomitrella patens. 13-
penka criopo(UThl OTMEYAIIUCH €IIe y TPEX BUIOB
(tabm. 2): Tortula acaulon (omn. 2), Tortula truncata
(om. 3, 4), Bryum argenteum (o1. 4).

Bryum violaceum umeeT psiJl HHTEPECHBIX
ocobenHocTeil. B Poccun oH TOBOJTBHO pefioK.
B 3amagnoit Cubupu on HaligeH B r. Korabi-
Me XaHThl-MaHCUHCKOro aBTOHOMHOI'O OKpyTa
(Zolotov, 2006), ynaneaHoM Ha 777 KM Ha ceBep
ot HUC KaiibacoBo, u Ha tore TIOMEHCKOM 00-
nactu (Mruaros, 2018). B eBponeiickoif yactu
Poccuu Bryum violaceum otrmedeH B JleHUHTpai-
ckoii, MockoBcko#, KocTpomckoit, Pszanckoi,
Kypckoii, OproBckoii obmactsx, [Tepmckom kpae
u Pecny6nuke Kapenus, na Jlansaem Boctoke —
B Kamuarckowm u [Ipumopckom kpasx (Mraaros,
2018). B pycckoii nutepaType 1mo 6procorroiIorui
Bryum violaceum He ynnomuHaeTcsl.

B EBpone Bryum violaceum n3BECTEH Kak TH-
MTUYHBIH oOnTarens maxoTHbIX nojei (Callaghan,
Ashton, 2008; Preston et al., 2010; Andriusaityté,
Jukoniené, 2010; Hofmann, Schroder, 2014; Bisang
et al., 2021), Torna kak Ha 6eperax OOu npous-
pacTtaer B pupoAHbIX 3koTonax. B 20172022 rr.
y HUC KaiibacoBo 3TOT MOX peryJsipHO perucTpu-
pyeTcst HaMH Ha OTKPBITBIX y4acTKax U B HAIO-
YBEHHOM sipyce (PUTOIEHO30B, XapaKTePHBIX IS

aKTUBHOI HpI/Ipyc.HOBOI\/’I 30HBI U BXOJAIIUX B KJIaC-
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Ta6nuua 2. Acc. Bryetum argenteo-violacei Dyachenko et Taran ass. nov.

Table 2. Ass. Bryetum argenteo-

violacei Dyachenko et Taran ass. nov.

Howmep onncanus 1 2 3 4 5 6 [1-Bo
[Tonesoit HOMep 154 165 166 167 168 169
BeicoTta Hax ypoBHEM MOpS, M 62 61 61 61 61 62
TTomans onucanus, am> 25 4 4 4
I1I1 Bcxo10B UB, % + 0 1 0,5
[II Tpas, % r 0 + 0,5 1 0,5
[IIT mxoB, % 74 73 91 89 76 74
Yuciio BU0B MXOB 10 11 13 10 12
Ywucao BUIOB ICYCHOTYHHKOB 1 0 0
YHucno BUJOB COCYIUCTBIX 3 0 2
Tonmuna una, cM 1 0,5 13 13 1 0,8
YKJIOH IOBEPXHOCTH, I'PayChl 12 10 7 10 0 2
DKCIO3HIHS C 3 C C - C

J1. B. accouunanuu Bryetum argenteo-violacei
Bryum violaceum 13 21 12 14 21 18 \'%
Dicranella varia 2 4 5 5 8 viz
Barbula convoluta 1,5 3 2 3 2 V!
J1. B. coroza Physcomitrellion patentis
Physcomitrella patens 42 12 53 42 23 40 Vv
J1. B. nopsinka Funarietalia hygrometricae
Pohlia melanodon 3 0,7 2 3 2 3 A\
Leptobryum pyriforme 3 . 3 4 0,7 1,5 %A
J1. B. knacca Psoretea decipientis
Barbula unguiculata + 0,7 1 0,7 1,5 JA%AL
Tortula truncata + 2 i
Tortula acaulon 0,7 I
Weissia controversa F I
[Tpoune BuAE MOX00OPA3HBIX
Bryum argenteum 9 31 12 13 15 2 Vi
Ceratodon purpureus + + +* + + v
Bryum caespiticium + 0,7 1 3 0,7 A
Bryum pseudotriquetrum + 2 I
Bryum cf. lonchocaulon 0,7 I
Bryum creberrimum + I
Marchantia polymorpha + I
CocyaucTble pacTeHUs

Equisetum arvense T . + + 0,5 v
Salix alba (juv.) + . 1 0,5 11!
Chenopodium rubrum 0,5 I
Rorippa dogadovae 0,5 I
Juncus compressus + I
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Iponomkenune tad. 2

Continuation of the Table 2

Howmep onucanus 1 2 3 4 5 6 I1-Bo
Dichostylis micheliana I
Eleocharis palustris I
Salix triandra (juv.) + I

TIpumedanus. [1-Bo — mocrostHcTBO; [1T1 — mpoekTuBHOE NOKpHITHE; /1. B. — AMarHOCTUYECKHE BHU/IbI; juv. — BCX0Ibl. Paccto-
stHue Mexy om. 3 u 4 — 1 m. I1I1 BuioB B onucaHusX ykazaHo B npoueHTax; «+» — I1I1 menee 0,5 %. Cepoii 3an1BKOil BbI-
JIEJICHO OMHMCAHUEe-TOIOTHI accorranuu. Jlater onucanuii: 1 —7.09.2021; 2—5 —27.09.2021; 6 — 28.09.2021. KoopauHats! onu-
caumii: 1 — 57°15'13.3"N, 84°11'58.5"E; 2 — 57°14'57.3"N, 84°11'19.2"E; 3—4 — 57°14'55.7" N, 84°11'15.1" E; 5 — 57°14'55.7"N,

84°11'14.0"E; 6 — 57°15'13.6"N, 84°11'59.7"E.

cel Isoéto-Nanojuncetea, Bidentetea tripartitae,
Phragmito-Magnocaricetea, Salicetea purpureae.

Hakowneri, B EBponie Bryum violaceum nipu-
YHUCISETCSA K THAaTHOCTUYSCKUM BHJAM COI03a
Phascion cuspidati Waldheim ex v. Krusenstjerna
1945 (Schliisslmayr, 2001; Bardat, Hauguel,
2002; Marstaller, 2008; Puglisi, Privitera, 2012).
ONTUMYM MPOYUX TUATHOCTHYCCKUX BUIIOB
acc. Bryetum argenteo-violacei Taxkxe nexxut
3a penenamu cotosa Physcomitrellion: Dicranella
varia — nMarHocTudeckuit Buj acc. Dicranelletum
rubrae Giacomini 1939, Bxonsmieii B coro3
Phascion cuspidati, Barbula convoluta — nna-
rHOCTUYECKUU BuJ acc. Barbuletum convolutae
Hadac et Smarda 1944 u3 kcepoduIbHOrO CO03a
Grimaldion fragrantis Smarda et Hadac (Bardat,
Hauguel, 2002; Marstaller, 2009, 2010; Schubert,
2009; Puglisi, Privitera, 2012).

Takxum obpasom, B acc. Bryetum argenteo-
violacei IpoCIe)KUBACTCS MIEPEXO OT TUTPODHUT-
HoTO coto3a Physcomitrellion patentis x me30-
¢utHOMY coto3y Phascion cuspidati, 410 MOXXHO
0OBSCHUTH OCOOCHHOCTSIMU CE30HHOMU U MOTO/1Y-
HOM IMHAMHKHN YPOBHEH BOAKI B pycie p. Oon.

Coo011recTBa MMOMMEHHOT0 d(heMepeTyMa pas-
BHBAIOTCS Ha HU3KUX YPOBHSIX PEUHBIX OEPEroB,
T7e U3-3a MO3JHETO OCBOOOXKICHUS YUaCTKOB
CYIIH OT BOJBI HE MOTYT (POPMHIPOBATHCS COMKHY-
ThI€ LIEHO3bI MHOTOJIETHUX TPaB. ITOT BHICOTHBIH

OeperoBoii osic Ha3BaH MOsICOM MOHMEHHBIX d(e-

mepos (Tapan, 2001). Ha O6u 6113 Kaiibacosa
BEPXHsIS IpaHUIa 1osica 3(heMepoB coBIIaiaeT
C HUJKHEH I'paHULE MUKPOIIOsica COMKHYThIX
o0eNoBHIX (Petasites spurius) TyroB, U3BECTHBIX
kak acc. Physcomitrello-Petasitetum spurii Taran
et al. 2018 u3 xmacca Phragmito-Magnocaricetea
(Tapaun u ap., 2018). B nosice noiiMmeHHbIX deme-
poB Ha kaitbacoBckoMm oTpeske O0Ou npeobiana-
0T KOMIJIEKCHI [IEHO30B, OTHOCHUMBIX K cy0acc.
Rorippo dogadovae-Limoselletum aquaticae
Jjuncetosum nastanthi Taran in Taran et al. 2018
(Tapan u np., 2018) u Riccio-Physcomitrelletum
riccietosum frostii v acc. Bryetum argenteo-
violacei.

HiokHsist BBICOTHAsI TpaHuIia nosica 3heMepoB
TIOJIBMKHA 1 OIIPEIeIISICTCS TUHAMHUKON OCYIIIEHH S
peuHbIX OeperoB B nepuoj Bereranuu. OpueH-
THPOBOYHO HUIKHIOIO TPAHMILY MOXHO ITPOBECTH
110 JTMHUH Oepera, 0CBOOOTUBIICHCS OT BOIBI MECSIT
Hazaza. Mecsl — Z0CTaTOYHOE BPEMsl, 4TOOBI MOH-
MeHHbIe d(heMepbl 00HAPYIKUITH ce0sl MACCOBBIM
TIOSIBJICHUEM MMMATYPHBIX, BAPTUHMIIBHBIX B MO-
JIOZIBIX TeHepaTUBHBIX 0co0Oei. B 2017 1. HUKHSS
rpaHuIa nosica 3()eMepoB OIyCKaIach 10 YPOBHS,
cooTBeTCcTBYyoMmEro 370 cM Hajl HyJIeM THPOIocTa
¢. Hukonsckoro.

BepxHsisi rpaHuLa nosica MOMMEHHBIX d(hemMe-
poB B okpecTHOCTsAX KaitbacoBa BrIsiBiieHa B 2017 T.
Omaronapst KpaTKoBpeMeHHOMY (26—27 urons)

noabeMy Boabl 10 532 cm Hax HysieM Hukonbckoro
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TUPOIIOCTA, YTO BHI3BAJIO MACCOBOE OTMHUPAHUE
pUYYHNii Ha 3aTOILICHHBIX PEYHBIX Oeperax. Y3-
Kasl 110JI0CA C )KUBBIMU U OOMJIBHBIMU PUYUHSIMHU
(Tapan u gp., 2018: Tabm. 1, om. 10) Bo3BEIIIaNACH
HaJ JUHUEH 3aToIIeHus Ha 33 cM, ynupasch
B HIDKHIOKO TPAHUITY MUKPOIIOSCA MOI0STOBBIX
ayroB. Takum o0pa3oM, BEpXHsisl IpaHUIA MOsica
moliMeHHBIX d(pemepoB y KaiitbacoBa cooTBeT-
CTBYeT yPOBHIO 565 cM HaJ HyJeM THAPOIoCcTa
c. Hukounbckoro.

Acc. Bryetum argenteo-violacei o0benuuseT
[ICHO3BIL, IIPUYPOUCHHBIC K BEPXHEH IT0JI0Ce Tmosica
noiiMeHHbIX 3pemepoB. CoolIecTBa ITOM acCOIH-
aIli OTMEYCHHI B TOJIBI C IKCTPEMaIbHO HU3KOH
JIETHE-OCEHHEH MeXeHblo. B To/1bl BbICOKON Me-
JKCHU BeposiTHee (hOPMHUPOBaHUE IICHO30B cydacc.
R.c.-Ph.p. riccietosum frostii, OTHECEHHBIX BbIIIIE
K Bapuanty Bryum violaceum.

[osicHuM 3TO Ha puMepe paHee OnyoIIH-
KOBAaHHOTO OTNMCAHUSI, B KOEM CHHY3HUS MXOB
W pUYUM BbIpaxkeHa 1octaTouHo sipko (Tapan
u ap., 2018, Tabx. 1, om. 10). [lepeuncnum cambie
obubHbIe BB 3TOr0 onucanus (1111 nano B %):
Salix alba (juv.) 12, Rorippa palustris 3, Limosella
aquatica 0,5, Rorippa dogadovae 0,4, Filaginella
pilularis 0,3, Plantago intermedia 0,3, Riccia frostii
7, Riccia cavernosa 7, Physcomitrella patens 6.
ITockoTBKY TIOKPOB COCYTUCTHIX PACTEHUH B 3TOM
COo00IIIECTBE pa3pexkeH, ero MOJKHO PaCCMaTpPHBATh
KaK KOMITJIEKC MUKPOIIEHO30B M3 BCXOIOB BETIIBI,
OJTHO- U MaJIOJIETHUX TPaB U OTKPBITHIX MOXOBO-
pUYYHEBHIX yIacTKOB. [locieqHue — He 4TO WHOE,
kak cybacc. R.c.-Ph.p. riccietosum frostii, Bap.
Bryum violaceum (puc. 1).

B npuBeneHHOM BBIIIC ONUCAHUN PUYYNH
HaOJIIOOaTUCh 0 CEHTSIOPS, YTO MOXKHO OOBsIC-
HUTH BBICOKOW MekeHblo. B 2017 1. aTa y4yeTHast
mnomazka (YII), BeicoTa KOTOpOif COOTBETCTBYET
nuana3oHy 532—565 cm Hax Hyjem rpaduka Hu-
KOJBCKOTO THAPOIIOCTa, OCBOOOIUIIACH OT BOIBI
23 uroHs U Ko aHIo onucanus (18 aBrycra) octa-

Bajach He3aTOIJIEHHOH yxe 56 aueil. K nauany

aBrycTa ypoBeHb BOJbI yrai a0 437 cm, 6 uuc-
na nonHscs 1o 506 cm, 18 aBrycra BHOBb ynai
10 420 cM Haj HyJeM rujponocta ¢. Hukomabckoro.
Taxum 00pa3om, pa3HHIA BEICOT MEKIY YPOBHEM
Boxbl B OO ¥ HIDKHEH BBICOTHOM rpanuieit Y11
Ha JIeHb onvcanus coctasuia 112 cm, a 3a 12 qHer
JI0 9TOTO PABHSJIACH JUIIH 26 CM.

Wnas curyanus cinoxunacs B 2021 r. JIu-
Hus 6epera, COOTBETCTBYIOIIAsl yPOBHIO 532 cwM,
0CBOOOMMIIACH OT BOABI 7 HIONS. YPOBEHB BOJIBI
B O0u HEYKIJIOHHO CHIKaJICS M K 18 aBrycTa foctur
270 cM, 4yTO Ha 262 CM HUKE HUXKHEHN I'paHULIbI
paccMoTpeHHoro Bheime onucanus (Tapan u ap.,
2018, om. 10 B Tabm. 1). K 7 cenTs6psi, THIO TIEPBO-
T'0 ONHCAHMS LIEHO30B acc. Bryetum argenteo-
violacei (nanHas craThs, Ta0I. 2, o1 1), ypoBeHB
BOJIBI ymiaut 10 238 cM (pasHuia ypoBHei — 296 cm),
K 16—18 cenTs10ps — 1o 199 cm (pas3Huma — 333 cm),
a Ha JTHU MMOCJCIHUX OMucaHui (Tabdi. 2, om. 2—6)
BHOBB MOmHsuICS 10 229-234 cm. Takum oOpa-
30M, OBICTPOE OTMUpPAHKE PUIUUI B [ICHO3aX acc.
Bryetum argenteo-violacei (puc. 2) MOXHO 00b-
SICHUTDb UCCYIIIEHHEM TPUPYCIOBBIX MIECKOB, 3aJIe-
TaroIIUX MO/ BEPXHEH UITHCTOW KOPKOIt, 00KHUTOU

AJIJTFOBUAJIBHBIMU MXaMH.

Coroz Physcomitrellion patentis

6 cucmeme 8blCUUX CUHMAKCOHOB

ABrtop coroza Physcomitrellion cnauana 000-
cobun ero B op. Physcomitrelletalia patentis
u knacc Physcomitrelletea patentis (Hiibschmann,
1957), HO B manbpHellIeM mepeHec B MOp.
Funarietalia hygrometricae von Hiibschmann
1957 (Hiibschmann, 1986).

C koH1a 80-x ro0B MPOILIOr0 BeKa COI03
Physcomitrellion patentis yaiie BCero BKJO-
yaeTcsi Opuocounonoramu B nop. Funarietalia
hygrometricae (Cortini Pedrotti, Aleffi, 1990;
Bardat, Hauguel, 2002; Puglisi, Privitera, 2012;
Marstaller, 2013), cam xe nop. Funarietalia onu
OTHOCST B Kjacchl Barbuletea unguiculatae
Mohan 1978 (Cortini Pedrotti, Aleffi, 1990;
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Puc. 1. Llenos cy6acc. Riccio-Physcomitrelletum riccietosum frostii (Bap. Bryum violaceum) B noiime p. O6u
61113 Hay4YHO-HCClIeIoBaTeNbCKoit ctanuuu Kaitbacoso, 18.08.2017. Benyuue Bunel: 1 — Physcomitrella patens,
2 — Riccia cavernosa, 3 — Riccia frostii (xeHnckoe cioesuine), 4 — R. frostii (myxckoe cioesuiue). Asrop I. C. Ta-
paH

Fig. 1. The coenose of the Riccio-Physcomitrelletum riccietosum frostii (var. Bryum violaceum) in the Ob
River floodplain near the Kaibasovo Research Station, 18.08.2017. Leading species: 1 — Physcomitrella patens,
2 — Riccia cavernosa, 3 — Riccia frostii (female thallus), 4 — R. frostii (male thallus). By G.S. Taran

Puc.2.1leno3acc. Bryetum argenteo-violacei(cm. 1abi. 2, om. 4) Boitme p. O6u 61113 Hay YHO-HCCIIEJ0BATEIbCKOM
cranuuu Kaiibacoso, 27.09.2021. Asrop I'.C. Tapan

Fig. 2. The Bryetum argenteo-violacei coenose (see Table 2, relevé 4) in the Ob River floodplain near the
Kaibasovo Research Station, 27.09.2021. By G.S. Taran
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Bardat, Hauguel, 2002; Puglisi, Privitera, 2012)
6o Psoretea decipientis Mattick ex Follmann
1974 (Marstaller, 2010, 2013; Alatas, 2018). I'o-
pasno pexe nop. Funarietalia hygrometricae
u coro3 Physcomitrellion Bknro4anuch B Kiacc
Funarietea hygrometricae von Hiibschmann 1957
(Schubert, 2009). Heixe npunsito, uro Barbuletea
unguiculatae — cuHoHuM Kjacca Psoretea
decipientis Mattick ex Follmann 1974 (Marstaller,
2008, 2010, 2013; Alatas, 2018; Parolly et al., 2018;
Poponessi et al., 2018).

B HenaBHel CBOJKE 1O PAaCTUTEIBHOCTH
EBponsl (Mucina et al., 2016) crpykTypa psina
KJIaCCOB MOXOBOM PacTHTENBHOCTH ObLIa CyIIe-
CTBEHHO MEPECMOTPEHA. DTY PEBU3HIO BBINOJI-
Huia muxenocoruosnor H. Billtmann. Ona u3bsia
u3 knacca Psoretea decipientis nop. Funarietalia
hygrometricae, a n3 Hero, B CBOIO 04Yepe/lb, COI03
Physcomitrellion patentis, nepeMecTHB €ro B IOp.
Diplophylletalia albicantis Philippi 1963 xnacca
Cladonio digitatae-Lepidozietea reptantis Jezek
et Vondracek 1962. H. Biiltmann He mpuBena Be-
CKHX JIOBOJIOB B I10JIb3y CBOUX IIepecTaHOBOK. [1op.
Diplophylletalia albicantis ona xapakTepuszyeTt
KaK 00bEeIMHSIOINI «TeHEIIO0UBBIC U CyOTH-
rpodUIBHBIC MOXOBBIE (HHOT/IA C JIMIIAITHIKAMU)
COO00IIeCTBa Ha KUCIIBIX TOYBAX U BBIBETPEIbIX
MTOBEPXHOCTSIX BIKHBIX CHUIMKATHBIX TIOPOI»:
“Sciophilous and sub-hygrophilous bryophyte
communities occasionally with lichens on acidic
soil and weathered surfaces of moist siliceous
rocks” (Mucina et al., 2016: 245).

Coto3 Physcomitrellion patentis ne coot-
BETCTBYET 3TOMY olpeneneHuo. Llenossr acc.
Riccio-Physcomitrelletum, ciy>xamieit ToJ0TH-
oM coro3a Physcomitrellion, cBeTom00OUBEI, OHU
Pa3BUBAIOTCS Ha OTKPBITHIX CONMHITY Oeperax. Otu
Oepera 3aTOMIISIOTCS HOJIBIMU BOIAMH, HMEIOIIUMHU
PEAKIIMIO OT CYOHEHUTPAIBHON [0 CIIA00MICTOYHO.
Ha Taexubix orpeskax O0b-MpThImCKoil HOHMBI,
TJie 1IeHO3bI acc. Riccio-Physcomitrelletum Becbma

06LI‘IHBI, 3HA4YCHU A pH BOJEI C JIETA 10 OCCHH Ba-

peupytoT (Muxaiinosa u ap., 1988) ot 7,03 mo 7,66
Ha HmkHeM HpTeime (oTpe3ok ot r. Tobonbcka
1o T. XanTel-MaHcwuiicka), ot 6,67 10 7,56 Ha cpen-
Helt O6u (0Tpe30K OT ¢. AJIGKCaHIPOBCKOE IO C.
benoropse). Ha p. O6u B crBope HUC Kaiibacoso
B 2018 1. pH BOJBI ¢ Mast 110 CEHTSIOPh MEHSIOCH
ot 7,5 no 8,9 (Krickov et al., 2021). Cy6¢ctpa-
THI, HA KOMX Pa3BUBAIOTCS [IEHO3bI aCCOMAIUI
Riccio-Physcomitrelletum v Bryetum argenteo-
violacei, MO’)XHO OTHECTH, COTIACHO KIacCU(H-
kauuu A.U. Hlenenesa (Illenenes, [llenenena,
1995), x aJTIOBHATBHBIM ITECYaHBIM ITIPHMUTHBHBIM
JepHOBBIM NouBaM. B mpezenax Tomckoit obmactu
3aMepsUTUCh 3HaUYCeHUsT pH BOIHBIX CyCIICH3UH,
B3SITHIX M3 ATUX MOYB BAOJb pycia O0u: Ha cpel-
HETae)XHOM OTpe3ke (AJIEKCAaHIPOBCKUN paiioH)
3HaueHue pH cocTaBuio 6,9, Ha I0KHOTAEKHOM
(Konmamesckuii paiioH) — 7,3—7,5, Ha MOATAC)KHOM
(KoxeBHUKOBCKUH paiion) — 7,6—8,0 (Illenenes,
[enenesa, 1995).

Takum 00pa3zoM, CHHTaKCOHOMHUYECKOE
noJjioxkenue coroza Physcomitrellion octaeTcst
JUCKYCCHOHHBIM. BrIsIcCHeHHne JaHHOTrO BOmpoca
MBI OCTaBJISIEM 32 paMKaMU JTaHHOH CTaThH: IS
€ro pelIieHus TpeOYITCs B JOCTATOYHOM YHCIIe
MMOHMEHHBIC OPHOONIUCAHUS U3 Pa3HBIX PErHo-
HOB (ocoberHo Cubupu u JlanpHero Bocroka),
KOTOPBIX K HACTOAIMIEMY BpeMeHH HeT. [1o aToit
HPUYUHE MBI IPEATIOUUTAEM JCPIKATHCS YCTOSIB-
muMxcs npeacTaBieHui o coroze Physcomitrellion
patentis v Bciieq] 3a OOJBITMHCTBOM OPHOCOLIHOIIO-
roB (Cortini Pedrotti, Aleffi, 1990; Bardat, Hauguel,
2002; Puglisi, Privitera, 2012; Marstaller, 2013)
BKJIIOYaeM ero B nop. Funarietalia hygrometricae
u knacc Psoretea decipientis. Pesusus xiacca
Psoretea decipientis, BbIIOJTHEHHAs! TUXEHOCOLH-
osiorom H. Biiltmann (Mucina et al., 2016), Ha Hamt
B3I, HEyOeAUTENbHA, IIOCKOIBKY HEe CHaOKCHA
HU CHHONTHYECKUMU TaOJIHULaMH, KOTOPbIE MOT-
71 OBl MOSICHUTH €€ HOBAIIMH, HU JaKe CITUCKAMU
JUArHOCTHYECKUX BUJOB PEBHU30BAHHBIX CHH-

TaKCOHOB.
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3akJaoueHue

OnrcaHHas B HACTOSAMICH CTaThe aCCOMUAIIHS
Bryetum argenteo-violacei Dyachenko et Taran
ass. NOv. — MepBbIA B MUPOBOIA JINTEpaType Opro-
CUHTAKCOH, B KOTOPOM C BBICOKMMH NOCTOSAHCTBOM

1 NPOCKTHUBHLIM IIOKPLITUEM YKA3bIBACTCA Bryum

violaceum. BriepBbie OpHOIIEHO3bI C BECOMBIM y4a-
cTueM Bryum violaceum HaliJIeHbI HE Ha TAXOTHBIX
3eMJISIX, UTO XapaKTEePHO JJIs CTPaH 3apyOexHOi
EBporibl, a B IpUpOIHBIX 9KOTONAX. [Ipeacrais-
€TCsl BEChMa HHTEPECHBIM JaIbHEilIIee n3yYeHne

3TUX cooO0ImecTB Ha TeppuTopun Poccun.
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Abstract. Pollen emission and dispersal is the major stage of the reproductive cycle of anemophilous
plants critical for sustaining their natural populations. Qualitative and quantitative characteristics of
pollen determine the efficiency of seed formation, stability of generational change and maintenance of
intraspecific diversity. This paper studies the process of pollen flight in connection with the dynamics of
growth conditions in natural populations of P. brutia var. pityusa in the Crimean Mountains. Methods
of forest inventory and phenological observations were used. Some features of the pollen emission
phenophase in the western and eastern coastal habitats of P. brutia var. pityusa in the Crimean Mountains
were revealed. It has been established that in the natural populations of P. brutia var. pityusa in the
Crimean Mountains, the onset of pollination occurs in late April — early May. In the western areas,
this process begins earlier in comparison with the eastern ones. It was revealed that the pollination
phenophase changes with an increase in the altitude of the forest stands; in the upper zone, it occurs
later and increases in duration. The sum of active temperatures above 5° at the beginning of P. brutia
var. pityusa pollination in its coastal growth area varies within 467°—493° in the western territories,
and from 418° to 439° in the eastern territories. Based on the analysis of the long-term data on average
monthly temperatures in spring, trends to their increase were revealed. The total increase in the average
monthly temperature in April was 1.3° in the western territories based on 190 years of observations, and
in the eastern territories this parameter has increased by 2.0° over 140 years. A significant change in the
temperature regimen within a lifespan of individual trees affects the state and demographic structure
of populations. A further increase in temperature can cause phenological divergence — a shift of the

bioecological optimums of pollen flight and the receptive phase of the female cone for an unpredictable
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time period, which reduces the chances of implementing the subsequent stages of the reproductive cycle.
Taking into account these phenomena, a critical situation is currently developing in the eastern part of
the natural populations of P. brutia var. pityusa in the Crimean Mountains.
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JKOJOrHYeCKHe 0COOEHHOCTH PACTIPOCTPAHCHUS NbLIbIbI
B nonyasiuusix Pinus brutia var. pityusa (Steven) Silba
TI'opnoro Kpsima
B.II. Ko0a, O.O. KopenbkoBa, H. A. Makapos
Huxumckuii 6omanuyeckuii cao —

Hayuonanvnoiii nayunsiii yenmp PAH
Poccuiickasa ®edepayus, Anma

AHHOTauus. BeurleT u pacipocTpaHeHne MBUIBIBI SBISETCS Ba)KHEHIINM 3TAIIOM PEIPOIYKTHBHOTO
[MKJIa PA3JIMYHBIX BUJOB aHEMO(HIIbHBIX PACTCHHUI U UTPAET CYIIECTBEHHYIO POJIb B IIpoleccax
€CTECTBEHHOT'0 BOCIIPOM3BO/ICTBA UX NMPUPOJHBIX Moy nsinnii. Ee kauecTBeHHbIC M KOJHMYECTBCHHBIC
XapaKTePUCTUKHU OMPEAEISIOT 3QPEKTUBHOCTH (POPMUPOBAHUSI CEMSIH, CTAOUIIBHOCTh CMEHBI TOKOJICHU I
1 TIO/I/IepKaHus BHY TPUBHIOBOTO pa3HooOpasus. B pabore npuBeaeHbl pe3yabTaThl HCCIEA0BaHUI
0COOEHHOCTE PaCIIPOCTPAHEHHUS MBLIBLIBI B CBSI3H C IMHAMUKOM YCIIOBUI IIPOU3pACTAHKs B IPHPOIHBIX
nonynanusax P. brutia var. pityusa I'opnoro Kpeima. [Ipu mpoBeeHIM ncciie0BaHN HCIOIB30BAIN
METO/IbI TAaKCALMH U (peHOJIOrnuecKnX HaOmoieHn . BhIsSBIeHBI HEKOTOPbIE 0COOEHHOCTH TIPOXOXKICHH ST
(erodasbl MbUICHNS B 3aI1aJTHOM ¥ BOCTOUHOI YacTH pactipoctpanenus P. brutia var. pityusa B [opHOM
Kpeimy. YcTaHOBIEHO, UTO B MPUPOIHBIX NONMYIAuAx P. brutia var. pityusa I'opaoro Kpeima Hauaso
BBICHITIIAHMS M PACTIPOCTPAHEHUS TTBUIBIIBI IIPOMCXOIUT B KOHIIE allpessi — Hayaje Mas. B 3amagHbix
TEPPUTOPUAX TIPOU3PACTAHUSA ITOT MPOLIECC HAYMHACTCS PAHBIIE B CPABHEHUH C BOCTOYHBIMHU. BBIABIEHO
n3MeHeHue GpeHo(as3bl NBUICHHS C YBEINIEHHEM BBICOTHI MECTOIIPON3PACTAHMUS JPEBOCTOEB, B BEPXHEM
HOSICEe OHA HACTYTIAET MO3KE U yBEIUIUBACTCS MO MPOAOKUTEIFHOCTH. CyMMa aKTUBHBIX TEMIIEPaTyp
BBIIIE 5° B IEPUOJ] HAavasla MbUICHHS B IPUOPEXKHON 30He pouspactanus P. brutia var. pityusa
B 3aMaJHBIX TEPPUTOPUSIX U3MEHsIETCS B penenax 467°—493°, B BOCTOUHBIX BapbupyeT oT 418° mo 439°.
Ha ocHoBe aHanm3a MHOTOJIETHUX JAHHBIX BBISIBJICHBI TCH/ICHIIUH MTOBBIIICHUS CPEIHEMECIUYHBIX
TeMIepaTyp BeceHHero neproja. O0muit pocT cpeiHeMeCs IuHOM TeMIiepaTyphl arpelis B tedeHue 190 et

B 3allaAHBIX TCPPUTOPUAX ITPOBCACHUA HaGJ’IIOI[GHI/Iﬁ CoCTaBuJI 1,30, B BOCTOYHBIX 3TOT IIOKa3aTcCJIb
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3a 140 net yBenuumiics Ha 2,0°. 3HaUNTEIbHOE U3MEHEHHE TEMIIEPATyPHOT0 PEKHUMa BO BPEMEHHBIX
Macmtabax, COOCTaBUMBIX C IPOAODKUTEILHOCTHIO JKU3HH OTICIIBHBIX IePEBbEB, OKA3bIBACT BIUSHHIE
Ha COCTOSIHUE U JIeMOrpaMuecKyto CTPYKTYpy HOmyssinuil. JlaibHeHIuil pocT TeMrneparyp MOKeT
BBI3BATh (DEHOJIOTHUECKYIO ANBEPIEHIINIO — CMEIICHNE BO BPEMEHH OMOIKOJIOTHYECKUX ONTHMYMOB JIeTa
HBUTBLBI U PELENTHBHOM (ha3bl )KEHCKOM IHUIIKK Ha HEOIPEIeJICHHbIH CPOK, 4TO CHIYKAET BO3MOXKHOCTH
peanu3anuy mocueyonuX 3TarnoB PenpoayKTHBHOrO ukiIa. C ydeToM JJaHHBIX SIBICHUH Hanboee
KPHU3HUCHAs CUTYAIHs B HACTOSIIIEE BPEMsI CKJIa/[bIBACTCSl B BOCTOYHOW YaCTH IIPUPOJHBIX HOMYJISIIHA

P. brutia var. pityusa Toproro Kpsima.

KuaroueBsle cioBa: P. brutia var. pityusa, Tonynsinuu, GEHOIOT U, TBLIBIA, PACIIPOCTPaHEHUE,

penponyKTHUBHAs cdepa.

BaarogapuocTu. Pabora BeinoiHeHa TpU PUHAHCOBOHU moaaepkke rpanta PHO Ne 22-24-20128.

IuTtuposanue: Koda B.I1. Dxonorunyeckne 0COOEHHOCTH PacIpOCTPAaHEHHS IIBUIBIBI B IOMYISLUAX Pinus brutia var. pityusa
(Steven) Silba I'oproro Kpeima / B.I1. Ko6a, O.O. Kopenbskosa, H. A. Maxapos // Kypn. Cub. penep. yn-ta. buonorus, 2023.
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BBenenue

Bsuiet u pacnpocTpaHeHHe MbLIbLBI SBISETCS
BKHEHIINM 3TarioM PErpoyKTUBHOTO LIUKJIA pa3-
JUYHBIX BUIOB aHEMO(DHIIBHBIX PACTEHUI M HTPAET
CYIIECTBEHHYO POJIb B ITPOLIECCaX ECTECTBEHHOTO
BOCITPOM3BOJICTBA MX IPUPOIHBIX momysiuid. Ee
KaueCTBEHHbIE U KOJIMUECTBEHHbIC XapaKTepH-
CTHKH ONPenenstoT 3 (HeKTUBHOCTh POPMUPO-
BaHUs CEMSH, CTA0OMJIBHOCTh CMEHBI IIOKOJICHUN
1 IO A€pKaHMs BHY TPUBUIOBOTO Pa3HOOOpa3Hs
(Sonstebo et al., 2018). Ocoboe 3HaUCHKE 3TO UME-
eT JUISl PEAKUX U MCUYE3aloInX BUIOB PACTEHUH,
K KOTOPBIM OTHOCUTCS Pinus brutia var. pityusa
(Steven) Silba (Kpacnas kuura..., 2008). ITpo-
u3pacTas B IpUMOPCKOH 30He YepHOMOpPCKOIro
1o0epexps, JaHHBIM BUA, KaK B MPOIIJIOM, TaK
U B HACTOsIIIEE BPEMsl, B 3HAYUTEIbHOI CTENEHN
MOIBEPKEH HEraTHBHOMY aHTPOIIOT€HHOMY BO3-
neiictButo. Ousnueckoe yHUUTOXKEHUE U COKpallie-
HUE IIOMIAI1 IIPOM3PACTAHMUS OKa3bIBAIOT BIMSHHE
Ha JeMOIpauuecKyIo CTPYKTYPY H IPOILECChI
PEeNpOIYKIINHU TIPUPOIHBIX NOMYIsuil P. brutia
var. pityusa. B HacTosiee BpeMs yCuJeHHe Jie-

CTPYKTHBHBIX SIBIICHUH B OHpe,I[CJICHHoﬁ CTCIICHU

CBSI3aHO C INI00aJIbHBIM U3MEHEHUEM KJIMMaTa
U TEXHOTEHHBIM 3arpsi3HEHUEM MPUPOIHON Cpebl
(Vergotti et al., 2019; Lopez-Orozco et al., 2021;
Dias et al., 2022).

V3meHeHue NoroqHbIX YCJIOBUH B IEPHOL JI€Ta
MBUIBLBI, UX OTKJIOHEHUE OT HOPMBI, MOTYT OKa-
3aTh CyIECTBEHHOE BIUsIHUE HA 3()(DEKTUBHOCTD
ONBUICHUS, CHU3UTh BO3MOXKHOCTH YCIEIIHOTO
Pa3BUTHUSA MOCIEAYIOMHNX ITAMOB PEIPOIYKTHUB-
Horo nukia. [Toatomy cerofgHs BaxHOE 3HAUEHHE
NpHOOpETaIOT HCCIeAOBaHNU s, CBA3AHHBIE C U3-
y4eHHEM crienu(pUKH TPOLECCOB JIeTa MBLIBLIEI,
MPOJOKUTEIBHOCTH NIEPHO/A €€ MpeObIBaHMS
1 JJaJIbHOCTH IIEPEHOCA B BO3AYLIHOM cpene. AHa-
JIN3 TIOTOHBIX YCJIOBUH B MEPUO/ JIETA IBIIBIIBI,
CpaBHEHHE UX XapaKTEPUCTUK C MHOTOJIETHUMU
CPeAHMMH MOKa3aTeIIMHU MO3BOJIAIOT OIICHUTH
TEHJAECHIIUU U3MEHEHUS COCTOSIHUS T€HEPAaTUBHON
cdepsl pacTeHuil, pa3BUTHE KOTOPOIl ajanTHpo-
BAHO K 3KOJIOTHYECKHUM YCIIOBUSM €CTECTBEHHOIO
apeaJia Ipou3pacTanus, rae GIyKTyaius OTIelb-
HBIX ()aKTOPOB HE MPEBHIIIAET YPOBEHb 3BOJIONHU-
OHHO CJIOXKHUBIIEHCS TOJEPAHTHOCTH UHINBHIOB

IIpr NPOXOKACHUU OTACIbHBIX 9TAIIOB OHTOI'CHE34a.
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Ienb uccnenoBanuii COCTOSAIA B IIPOBEIEHUU
(heHONmornuecKX HaOMIOICHUH Pa3BUTHS MYKCKOH
PEenpoayKTUBHOI chepbl, OlieHKe 0COOCHHOCTEH
BIIMSIHUS MOTOJHBIX YCIOBHUM Ha BBUIET MBLIbLIBI
P. brutia var. pityusa NIpupOTHBIX TOMYISIIHN

T'opuoro Kpsima.

O0BEKTHI M1 METOBI HCCJIEJOBAHUS

VccnenoBanus MpOBOAMIIN B IPHPOIHBIX T10-
nysusax P. brutia var. pityusa Topaoro Kpsima
B niepuox ¢ 2020 o 2022 rr. s usyueHus GheHoo-
THH MTBUICHUS C UCTIOJIB30BAHIEM METOIOB JIECHOH
takcanuu (Barun, Yimakos, 1978; Anyuun, 1982)
ObLIN 3aJI0)KEHBI TPOOHBIE MJIOMIAN 110 YEeTHIPEM
TUIICOMETPUYECKUM MPOQUIISIM B 3aI1a]JHON YaCTH
F0’KHOTO MakpockJioHa ['aBHoi rpsasl KppiMckux
rop Ha MbIce Alid, B ypouniiax Aszpma u barnmu-
MaH ¥ BocTouHOM Ha I. Kapayn-Oba n B ypouwuie
Hogsrit Cet (puc. 1). B ypounie AsizbMa mpoOHbIe
IJIOLIAAN pacloiIokeHbl Ha BbicoTax 50 M, 180 M,

u 290 M Hy.M., B bBatnunumane — 50 M u 120 M HY.M.,

oy MeapAerickoe
Cakn i PAS

Hosopeaopoexal

HaT. Kapayn-O6a —40 M, 70 m 1 120 M HY.M., B ypo-
yuie Hosbiit Ceet — 50 M, 100 M 1 140 M H.Yy.M.
Bce npoOHbIe TIIoIa M UMeNu Iro-BOCTOUHY O
SKCHO3ULMIO C KPyTU3HOM CKIIOHOB 10°—15°.

Ha npoOHbIx utommaisx ObL10 BeiOpano 1o 10
MOJICITBHEIX JePEBhEB B Kax10i. B ampene — mae
2022 r. u3yyanau 0COOCHHOCTH BbLICTA U PACIIPO-
CTpaHCHUS MBUTBIBI P. brutia var. pityusa B Ipu-
ponubix nonynsuusax ['opuoro Kpeima. ITo mo-
JEITBHBIM JIEPEBBSIM aHAIH3UPOBAIH COCTOSHUE
MHKPOCTPOOHIIOB C MOMEHTA Hauaja ux pac-
TPECKUBAHHUS JI0 TIOJTHOTO BEICHITIAHUS TTBIIBITBL.
B macmrabax HacaxaeHU TPOBOIUIN OOLTYIO
OIleHKY (heHOJIOTHH BbLIeTa MBUIBIEI (Emarus,
1961). C ucrionp30BaHUEM JaHHBIX METEOPOJIOTH-
yeckux ctanuuii . CeBacromnosns u r. eogocun
AQHAJTM3UPOBAJIH BIUSHUE MOTOAHBIX YCIOBUH
Ha ()CHOJIOTHUIO BIJICHUS APEBOCTOCB P. brutia var.
pityusa. Pe3ynbrarsl HaOIIOICHNU 00pabaThIBAIIH,
MIPUMEHSSI METObI BAPHAIITMOHHOW CTAaTUCTUKHU
(JTakuH, 1990).
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Fig. 1. Map of trial plots for phenological observations in populations of P. brutia var. pityusa in the Crimean

Mountains

— 167 —



Vladimir P. Koba, Olesya O. Korenkova... Ecological Features of Pollen Dispersal in Populations of Pinus brutia var....

Pesyabrarsl n 00cyxaenue

dopMHIpoOBaHUE MHUKPOCTPOOUIIOB W TIPO-
NyUUpOBaHWE MbUIbLBI Yy P. brutia var. pityusa,
KaK M y APYTUX BUIOB COCCH, HAUWHACT IIPOHC-
XoauTh B Bo3pacte 10—15 met m mpomomkaercs
MPAKTHYECKH JI0 KOHIIA )KU3HEHHOTO IIUKJIa pac-
TEHH, BKJIIOYasi CHHUJIBHYIO CTaJIMI0 OHTOI €He-
3a (Hekpacosa, 1957a, 19576, 1960; CaHHUKOB,
1992; Huxonaesa, 2002). B mnpupomHbIx TmO-
MyJSIUAX HaOII0MaeTcs MOJOBOW TUMOP(HU3M
MO THIy CEKCyallu3alluh PacTeHUil — OIHU Jie-
peBbs B OOJBIIEH CTETIEHU POPMHUPYIOT MUKPO-
CTpoOuUIIBI, ipyrue — meractpoOuibl. [lous nep-
BBIX B 00mIel cTpykType coctaBisier 60-70 %,
BTOpBIX — 20-30 %. Ilpu »TOM pacTeHHs MyX-
CKOM CceKCyalm3aluu  (QOPMHUPYIOT MHKPO-
CTPOOHMIJIBI HAa 3HAYUTEIBHOH YACTH IOOCTOB
(50—60 % oT 0o0IIero KOJNYECTBa) C TOCTATOYHO
PaBHOMEPHBIM MX paclpe/ielieHHeM MO BHEIlHe-
My KOHTYPY KPOHBI, C HEKOTOPBIM IIpeodiana-
HHUEM C I0)KHOHU ee CTOpOHbI. PacTeHus keHCKOM
ceKcyanm3amu  (pOpMHPYIOT MeracTpOOWIIBI
B OCHOBHOM B BEPXHEH U CPEIHEH YaCTU KPOHBI.
Oxomo 10—15 % nepeBbeB HacaxkaeHuit P. brutia
var. pityusa UMEI0T HHU3KHE I10Ka3aTelu 1o 00-
pPa30BaHHIO KaK MHUKPOCTPOOWIIOB, TaK W Mera-
cTpobusioB. CienyeT OTMETUTh, 4TO MpoldiiemMa
ITOJIOBOTO AUMOP(H3Ma Y COCHBI 0OBIKHOBEHHOU
paccmotpena B paborax C.A. Mamaesa (1973),
E.T. Mununoii (1975), «Ocobennoctu ¢opmu-
pPOBaHUS TMOMYJISALUNA COCHbI OOBIKHOBEHHON)
(1984), B.JI. Yepenuuna (1980), 1. B. Tuxono-
Boii (Tikhonova, 2007). JlanHoe siBIeHHE B Ha-
caxaeHusx P. brutia var. pityusa MaJIOU3y4eHHO
(Camep u ap., 2022).

Criertuduka 1mooBoro 1uMophusmMa, a TaK-
Ke KiImMaTuueckue u snado-oporpaduueckue
YCIIOBHSI TIPOM3PACTAHUS OKA3bIBAIOT BIHUSHHE
Ha pa3BUTHE PEIPOAYKTUBHOU cdepsl P. brutia
var. pityusa. MHOTOJICeTHUE HAOTIOICHUS [TOKa3a-

JM, 4TO HanboJiee BaKHBIM (DAKTOPOM, JIMMUTH-

PYIOLINM Pa3BUTHE MUKPOCTPOOMIIOB y P. brutia

var. pityusa, SIBASETCS YPOBEHb Biaroobecrie-
yeHHOCTH AepeBbeB (Koba, 2004, 2005). Bruus-
HUE JIaHHOTO (haKTopa MPOSIBISIETCS B IPOJIOH-
TUPYIOIIEM JIeHCTBUU: CHMIKCHHWE MBLIBIEBOH
NPONYKTUBHOCTH HacaxaeHuit P. brutia var.
pityusa IpOMCXOIUT B TTOCIIETYIOIINE TOABI TI0-
clle 3acyIIIuBOro nepuoaa. Ocuuisnus ypoB-
HS TBUIBLIEBON NMPOAYKTUBHOCTH P. brutia var.
pityusa onpenensietrcss 10—12-meTHUM ITUKIOM
JUHAMHUKH PEXHMA YBIQKHEHHOCTH, KOTOPBIH,
KaK CUMTAIOT MHOTHE CHEIHMAJINCTBI, CBA3aH
C M3MEHEHHUEM COJIHEeYHOH akTuBHOCTH (Zhu et
al., 2022). Bonee neranbHbI aHAIU3 JTaHHOTO
SIBJICHUS TPEOYeT MPOBEICHUSI JOTIOTHUTEIBHBIX
JUTUTENIBHBIX UCCIIEAOBAHUN.

DopMHpOBaHUE >KEHCKMX TI'E€HEpaTHBHBIX
CTPYKTYp B HacaxAeHUsX P. brutia var. pityusa
T'opuoro Kpbima xapaktepusyeTcs MEHbLLIEHN cTa-
OunpHOCTHIO. HU3KMIT yPOBEHb CEMEHHOH Mpo-
JYKTUBHOCTH MOXET HaOJI0JaTbCsi B TEUYCHHUE
5—6 net, Korja MWHMIIKKA (GOPMHUPYIOTCS HA OT-
JCIBHBIX JICPEBbSIX B HEOOJIBIIOM KOJINYECTBE.
B neiom nepuogmdHOCTH MaCCOBOTO CEMEHOIIIEe-
Hus coctasisier 7-8 net. Y Pinus sylvestris L.
9TOT MEPHOJ B 3aBUCHMOCTH OT YCIOBHUU MHpPO-
m3pactaHus koiebiercs ot 3—4 mo 5-6 nerT.
B peanuzauuu npouecca GpopMupoBaHus ceMsiH
BaXHOE 3HAUYCHHME MMEIOT JiBa (hakTopa: Oiaro-
HOPHUATHBIE MOTOAHBIC YCIOBUSA B IEpUOJ JieTa
TIBUIBIBI ¥ TIOKA3aTeNH ee KauecTBa. JoxnBas
TIOT'0/Ia, TTOBHIIIEHHAS BIQXKHOCTh U HU3Kasl TEM-
repaTypa Bo3/yXa CyIIECTBEHHO CHHKAIOT BO3-
MOXXHOCTH PACIPOCTPAHEHHUS TBUIBIBI, yCHEIl-
HOTO ee TONaJaHusi B MEracTpoOHIIbl B NEPUO
peuenTuBHOH (a3bl. CHIKEHHE TaKCAI[MOHHBIX
XapaKTEePUCTHK M OCOOEHHO MOJHOTHI JPEBO-
CTOS TaK)Ke HETaTHBHO BIHAET HA IPOIECCHI
CEMEHOIICHHS, YTO CBS3aHO C YMEHBIICHUEM
BEPOSITHOCTH KOHTAKTa IBLIbIIBI C MEracTpoOu-
namu. CpemHsisi BBICOTA M TMAMETp M3ydaeMbIX
HacaxneHul P. brutia var. pityusa B ypodu-
me Assema 6putn 74 = 0,1 M u 18,7 + 0,2 cm,
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Bospact — 90,5 £ 0,5 net, monHoTta — 0,6. B ypo-
yuie batunuMaH JaHHBIE TOKA3aTeNH MMEIH
BeNMYUHBL: BbicOTa — 6,5 £ 0,1 M, nuameTp —
17,5+ 0,3 cm, Bo3pacT — 86,3 + 0,6 siet, noaHoTa —
0,4. B BocTOuHBIX TeppuTopusx, Ha I. Kapayn-
OO0a, cpenHsst BbICOTa HACaXJICHWH COCTaBHIIA
4,7 £ 0,1 m, guametp 18,2 = 0,2 cM Bo3pacT —
92,1 + 0,6 ner, nonnora — 0,3. B ypouuie Ho-
BbIii CBET JlaHHbIE T0Ka3aTesu ObLIN: BBICOTA —
6,8 + 0,1 m, nmametp — 21,1 + 0,4 cm, Bo3pact —
108,2 £+ 0,4 net, momaota — 0,5. OueBUIHO, OOJIB-
masi M3PEKEHHOCTh U (ParMEHTHPOBAHHOCTD
HacaxaeHui ypounma barunuman u r. Kapayn-
O0a sBISIOTCS TTIABHBIMH NPUYMHAMU WX HH3-
KO CEMEHHOU IIPOJyKTUBHOCTH.

Becnoii 2022 1. heHOTOTHUECKHE a3kl pac-
TPECKMBAHMSI MUKPOCTPOOUIIOB U Havalla BbLe-
Ta MBUIBIBI paHEe BCETO HAOJIOAINCh B yPOUH-
uie batunuman. B qpeBocTosX HUKHEHN IpaHUIlbI
nipouspactanus P. brutia var. pityusa Ha BEICOTE
50 M HY.M. 3TO SIBICHHE HA4MHAJIOCh 24 ampe-
ns (puc. 2). [TeuteHue mpomio B TedeHue 4-5
nueul. Ilpm 3ToM oTmedanach JOCTATOYHO BbI-
COKasi XpOHOJIOTHYECKasi CHHXPOHHOCTb JaHHOU
(deHodaszpl 0 OTAEITBHBIM JepeBbsiM. B BepxHe
4acTH OCHOBHOTI'O MAacCHBa HAaCakJICHUH Ha BbI-
cotre 120 M HY.M. BBIJIET NBUIBLBI Hadancs Ha 4

AHS TO3KC U INPOAOJIKAJICA Ooiee JJIUTCIIBHOC

Bpemst. HaOuopanoce yBenuueHue WHIUBUIY-
aJBHBIX PA3UYMi 110 CPOKaM Hayana M IIpo-
JOJDKUTEIIBHOCTH (peHoda3bl nbuieHus. JlepeBns
¢ mrapooOpas3Hoil GOpMOH KPOHBI paHbIIE HAYH-
HaJIM U ObICTpee 3aBepllajiy MbLICHHE B CPaBHE-
HUU C JEPEBbIMH, UMEIOINUMHU (OPMY KPOHBI,
KOTOPYIO B TOIl MJIM MHOW CTENEHH MOYXHO OBLIO
XapaKTepru30BaTh KaK MUPaMUAAIBHYIO.

B ypounime As3pMa BBUIET HBUIBIBI MPO-
XOJIMJI HECKOJIBKO T03Xke. B mpuOpexxHoi Tpa-
HHULIE IPEBOCTOEB HA BbIcOTE 50 M H.y.M. IepBBIE
MIPU3HAKH PACTPECKUBAHMUS MHUKPOCTPOOHIIOB
1 BBICBITIAHUS TBUIBIBI Yy OTJCIBHBIX JEPEBHEB
HayaJM POSBIATHCS 26 anmpens, B LEHTPe Mac-
cuBa jecoB Ha BbicoTe 180 M HY.M. JaHHOE SIB-
JIeHWEe HaOIo/1aI0Cch 29 anpens, U MO3Ke BCETOo
OHO MPOXOJUJIO B BEPXHEW YacTH HACAXKJECHUU
P. brutia var. pityusa Ha BeicOTe 290 M HYy.M.—
1 mas. IIpu 3TOM C MOBBIIICHHEM BBICOTHI HAJ|
YPOBHEM MOpsl yBEIMYMBAJach IPOJOJDKHU-
TeJIbHOCTh (a3bl nblIeHus u auddepenunams
JICPEBbEB 110 CPOKaM Hayana M JTHUTEIbHOCTH
nbuteHns. CiaenyeT OTMETUTh, YTO €ClId B ypo-
yuie barniarman 3710 B 6osblieli creneHn ObLIo
CBA3aHO C WHJUBHUIYAJIbHBIMHU DPa3THUYHAMU
(opMBI KPOHBI, TO B ypouuie Aszpma Oosee 3a-
METHOE BJIHMSHNE OKa3bIBAJIO PACIIONOKECHHE Jie-

PpeBa B MOJOre ApCeBOCTO. v JACPCBLCB BEPXHLCTO

Mecromonoxk. | Bricora |3 |2 |2 | |2 |33 |88 |8|8|8|8(8|8|8|8|8|8|/8|8|8
TI1 aym,m [ |8 S |& Q|| |3|8(8|2 8|88 8|82z |2|2|ZX |2
50
Aszpma 180
290
B 50
. Batinnman
» 120
40
r. Kapayn-O6a 70
120
50
Hoggrit Ceet 100
140

Puc. 2. ®eHosorus eTa MbUIBLI B IPUPOAHBIX monynsuusx P. brutia var. pityusa T'opnoro Kpsima

Fig. 2. Phenology of pollen flight in natural populations of P. brutia var. pityusa in the Crimean Mountains
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Apyca B pe3ysbTaTe yBEINUCHUS OCBEIIEHHOCTU
KPOHBI IBIJICHHE HACTYTIAJIO paHblie. O4eBHHO,
B YCIIOBHUSIX M3PEKCHHBIX HACAKICHUN ypouu-
ma baTwinMaH Ha OTKPBITBIX NPOCTPAHCTBAX
B OoJibllIeil cTeneHu peaynzyercs eHOTUInYe-
CKoe pa3zHOOOpasue epeBbeB 1Mo GopMe KPOHBI.
C yBenMueHHEM COMKHYTOCTH JAPEBOCTOS, NMPHU
MOBBIIICHUH BHYTPHUBHJOBOW KOHKYPEHIIUH,
ouoskonoruueckas auddepeHunanus 1HIUBU-
JIOB B OCHOBHOM CBSI3aHa C HHTEHCHBHOCTBIO UX
pocTa M pa3BUTHSL.

OOBsicHsIETCS. 3TO CIEIYIONUM 00pa3oM.
Pa3nuuuns mbUIBLIEBOTO peXUMa OTACIBHBIX Jie-
PEBBEB B YCIOBHSIX OTKPBITOTO IPOCTPAHCTBA
SBOJIIOLIMOHHO OIPENEeNSIOT yBEIHYEHUE TeTe-
POTCHHOCTH B KOMIIEHCALIMH HETaTUBHBIX IPO-
[IECCOB M3PEKMUBAHUS APEBOCTOEB, CHUKCHHS UX
YUCJICHHOCTH. DKOJOTMYECKass COCTaBIISIONIAS
BO3pacTaHUS T€TEPOreHHOCTH B JaHHON CHTYya-
LU CIOCOOCTBYET IMOBBIMICHUIO YCTOHYHBOCTH
U3PEIKEHHBIX JIPEBOCTOCB K a0MOTHYECKUM (haK-
TOpaMm, KOT/a MPH PE3KOM HapyIICHUH CTPYKTY-
PBI U COCTaBa PaCTUTEIBHOTO COOOIECTBA PO-
HCXOAMT JAerpajanusi OMOLEHOTHYECKOH CpeIb
¥ BO3pacTaeT JUMHUTHUPYIOLIEE BHEIIHEE BO3ACH-
cTBHE. B 1ipeBocTOE C BBICOKOW COMKHYTOCTBIO
nuddepeHIranus TbLUIBIEBOIO PSKUMA B 00JIb-
el CTereH! MMEeT CHHIKOJIOTMUECKY IO COCTaB-
JSIONIYIO B MOAJCPKAHUU YCTOMYHMBOIO pa3BH-
THS TIONMYJISIIMH, KOT/Ia MPHOPUTET B Pa3BUTHH
MPOLIECCOB PENPOAYKIMH HUMEIOT WHIUBHJIBI
TIOBBIIICHHOW 3HEPrUU POCTa M KOHKYPEHTHOTO
cTaTyca, B O0JbINeH CTENIEHH COOTBETCTBYIONINE
OMOLICHOTHYECKUM YCIIOBUSIM ITPONU3PACTAHNUS.

B BOCTOYHOH wYacTu pacHpoOCTPaHEHHUsS
P. brutia var. pityusa B Topaom Kpeimy de-
HO(a3a MbUICHHUS MPOXOJMJIA 3aMETHO IO3XKE.
Ha r. Kapayn-O6a =Ha BoicoTe 40 M HYy.M. ee Ha-
4aJo HaboAanocs 4 Masi, MpPOJOIKUTEIbHOCTD
coctaBusia 5—6 aHeil. C yBeIUYEHUEM BBICOTHI
MecTa MPOU3PaCTaHUs PACTPECKUBAHUE MUKPO-

CTpO6I/IJ'IOB M BBICBIITAHUEC NbUIbBLBI TPOUCXOAN-

JIO ¢ OTCTaBaHHWEM 1—2 JHSA C MOJBEMOM IO BbI-
cote Ha 40—50 M Hy.M., yBeIMYMBaJIach TaKkKe
IPOJIOJKUTEIBHOCTD MbLICHUS. AHanu3 00uen
OUHAMUKH (QeHo(asbl MBIJICHUS B MacmTadax
BCeil TeppuTopuu npouspactanus P. brutia var.
pityusa Ha 1. Kapayn-O0a BBISBHII JI0CTaTOYHO
YETKO BBIPAKCHHYIO CBSI3b HAa4Yala U MHTCHCHUB-
HOCTH JIeTa IBUIBIBI ¢ OporpadguyecKuMH Xa-
pakTepucTukamu penbeda. Ha ckioHax 1ox-
HOW 3KCIO3ULUU IOBBIIIEHHOW KPYTH3HBI, /€
CYIIECTBEHHO BO3pAacTaeT YPOBEHb HMHCOJISIINU
(AuTROQCEB, 2015; [Tnyraraps u ap., 2015), y ne-
peBbeB P. brutia var. pityusa $a3a nbUICHUS Ha-
CTYTIaeT paHbIle U ObICTpee 3aBepiraercs. B oT-
JCNbHBIX JIOKanuteTrax P. brutia var. pityusa,
c(OpMHPOBABIINXCS B JIOIMIMHAX M OBparax, mpo-
I[eCC MBLICHU S HECKOJIBKO 3aeP KHBACTCS U pac-
TAHYT 110 BPEMEHHU.

Haubonee mo3aHo NbLICHKUE TPOXOJAUT B Ha-
caxJeHusx ypouuma Hosbiii Cet. OueBuaHO,
9TO CBSI3aHO C TE€M, YTO OCHOBHAsl 4acTh Mac-
cuBa apeBocToeB P. brutia var. pityusa 31ech
HAXOAMTCS B amM@ureaTpe KOTIOBUHBI, TJe
MUKPOKJIMMAaTUYECKUE YCIIOBHS, IMpEXKAE BCe-
ro MO TEMIEPAaTypPHOMY PEKHUMY, 3HAUUTEIHHO
orinuatorcst ot I. Kapayn-O6a. B cpennem ot-
CTaBaHHWE MO BBICOTHBIM IOscaM Hadaja (a3bl
nbleHus B ypouuiue Hobiit CBeT cocTaBisiiio
2 CyTOK B CPaBHEHHMH C aHAJOTMYHBIMH ITOKa3a-
TelsiMH B 3koTonax I. Kapaym-Oba. Ilpn atom
oTMmeuascs Ooyiee PaBHOMEPHBIN PEXHUM IIPO-
XOXKJeHU (a3bl MBUICHUS, YTO CBA3aHO C J0CTa-
TOYHO OJHOPOJHBIMHU OpOrpaUUECKUMH XapaK-
TEPUCTHKAMU U ONPEJECIIEHHON 3aMKHYTOCTBIO
HIPOCTPAHCTBA B YCIOBHUSX KOTJIOBHHBI, CIIOCO0-
CTBYIOIIEr0 CHUIKEHUIO BapUallui MUKPOKJINMA-
Ta B ypounuie HoBeiif CBeT B CpaBHEHHUHU C KO-
toramu r. Kapayn-Oo6a.

Kax moka3aHo BO MHOTHX HMCCIEIOBAHMSIX,
HA4aJI0 BBICBHIIAHUS NBUIBLBI B 3HAYUTEIBHON
CTEIEHH OMpEeJeNsieTCs TeMIIepaTypHbIM PEXu-

MOM B IIepuoa €€ CO3pCBaHUA (CaHHI/IKOB u ap.,
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2008; Kopcakosa u ap., 2020). C ucnonb3oBaHU-
€M JJaHHBIX METEOPOJIOTHYeCKUX cTaHmwmii T. Ce-
BacTonoisi U . Peonocuu ObLIO YCTAHOBIICHO,
4TO Hagano GpeHo(has3bl MBUICHUS B IPUOPEKHON
30He Ha BbIcoTe 50 M HYy.M. B ypouuiue As3bpMa
MPOXOAMIIO TPH CyMME AaKTHUBHEIX TeMIepa-
Typ BbIme 5° — 493°. B ypouunme barunnman
Ha TOM kK€ BEICOTE HaJl yPOBHEM MOPSI TAHHOE SIB-
neHue Habronaaock npu 467°. Ha r. Kapayn-Oo6a
n B ypounuie HoBerii CBeT Ha MpOOHBIX IJIOIIA-
JSIX TPUOPENKHOI 30HBI Hayato (a3bl NbLICHUS
MPOXOJIHIIO TIPH CyMME aKTHBHBIX TEMIIEPaTyp
Boile 5° 418° u 439° cooTBeTcTBEHHO. TakKUM
00pa3oM, B YCIOBUSX BOCTOYHBIX TEPPUTOPHIL
npouspactanus P. brutia var. pityusa B [opHOM
Kpeimy, TI€ cpemHeTooBast TeMIiepaTypa HInKe
B CpaBHEHHMHM C 3alaJHbIMU (CPEIHErooBas
temneparypa B deonocuiickom pailone Ha 1,2°
HWXKe B cpaBHeHHH ¢ CeBacCTOINOJIbCKUM), TPO-
meccsl (POPMUPOBAHUS MYIKCKHAX PEIMPOAYKTUB-
HBIX CTPYKTYp OoJiee aanTHpOBaHbl K HU3KUM
TeMIIepaTypaM H UX pa3BHTHE MPOXOIUT IIPU
MEHbIIEH CyMMe aKTHBHBIX TEMIIEPATyP, B CPaB-
HEHUU C HaCa)KICHU MM 3aMaJHON yacTH. TakuM
oOpa3zom, eciiu 061 heHO(Da3a Ha 3armaJHOM U BOC-
TOYHOM MaKpPOCKJIOHAX HACTYyMaja MPpH OJH3KHX
CyMMax aKTHBHBIX TEMIIEpaTyp, TO pa3IHuus
B CPOKaX MEXIy HUMHU OBUTH OBI erie OobIie.
Apanrtanus pa3BUTHS TE€HEpaTHBHOW c(epsl
PA3JIMYHBIX BHJIOB COCHBI K TEMIICPaTypPHOMY
PEKUMY KOHKPETHBIX YCJIIOBHH IPOM3pACTaHUS
paccMoTpeHa B paboTax HEKOTOPBIX MCCIIEIOBa-
tenei (3emmsHol, 1971; Iloaropusiii, Pyrysos,
1979; Hexpacosa, 1983; Efimov, Komarovskaya,
2015).

AHanmm3upyst B [EJIOM TEIUIOBOW PEXUM
B BECCHHHE MECSIbl B IEPUOA JIETa IbLIBIbI
B HacaxIeHUAX P. brutia var. pityusa, ciemgyer
OTMETUTh HEKOTOPbIE TEHJCHLUN H3MEHEHHUs
TEeMIIEpaTypHOTO (POHA B MOCIECIHUE ICCSTIIIC-
TUs. B 3amagHoi yacTu mpou3pacTaHUsl HACaXK-

neruit P. brutia var. pityusa B T'opHom Kpeimy

CpeaHeMecsYHble  MOKa3aTelyd  TeMIeparyp
0 JIECSTIIICTHSIM IUJISL allpelis XapaKTepUu3yT-
¢ YyCTOMYMBON TEHJEHUUEH pocTa 3a MOCIen-
Hue 190 met (puc. 3). B TpeTheM AecATHICTHU
XIX B. cpenHeMmecsiyHas TemIiieparypa armpeist
cocrtaBisiia 9,5° B mocieHeM JAeCATUICTUH Ha-
IIET0 CTOJETHUs OHA AocTHINIa BenuuuHbl 10,8°.
B abcomrroTHOM BEIpa)KSHUH JaHHBIN TOKA3aTeh
yBenuumiics Ha 1,3°, B OTHOCHTENbHBIX BEIUYU-
Hax Ha 14 %. Ecnu oneHuBaTh CKOPOCTH pocTa
cpemHeil TemmepaTyphl anpens, TO OHa COCTaB-
asietr 0,07°, wim 0,72 % 3a necarunerue. Jis
Masi JJaHHbIe XapaKTEPUCTUKU UMEIOT HE CTOJIb
YCTOWYUBBIC TEHICHIINH YBEIUYCHHS, XOTS 00-
LU POCT CPEAHUX TEMIIepPaTyp, 0OCOOCHHO B TI0-
CIeTHUE ICCATHIICTUS, IIPOCMATPUBACTCS TOCTA-
TOYHO YETKO.

J171s BOCTOYHBIX TEPPUTOPHI MpoU3pacTa-
uust P. brutia var. pityusa 8 lopaom Kpeimy mMete-
OHAOJIO/ICHUST OXBATBIBAIOT MEHEE JIITUTEITHHBIN
nepuop — 140 net (puc. 4). OnqHaKo TEHACHIIUH,
BEISIBIICHHBIC B 3aIlaJHOW YaCTH PacIpOCTpaHe-
uust P. brutia var. pityusa, 371eCh TPOSIBISIOT-
cs1 Oojee 3HAYUTENBHO. BO BTOpOW IMOJIOBHHE
XIX B. cpenHeMmecsiuHas Temlieparypa armpeis
B BocTouHOM uactu ['opHoro Kpsima cocraBisi-
nma 9,5°, B mociaeanem aecsatuietnn XXI crome-
THs oHa Oputa 11,5°. B abcoFoTHOM BBIpaKCHHUH
yBenuueHue coctaBuiio 2,0°, B OTHOCUTEIbHBIX
BenuuuHax — 21,1 %. CxopocTb pocTa JaHHOTO
rnmokasaTeis 3a jaecsatwieTue cocraBuia 0,14°,
unu 1,51 %, To ecTh B J1Ba pasa BbILIE, YEM ITO
MPOUCXOJIUIIO B 3aMaJHBIX TEPPUTOPUIX MTPOU3-
pactanus P. brutia var. pityusa. CpegHue Temiie-
paTypsl Mas, Tak ke Kak U B 3aMaJHOM paioHe,
XapaKTepU3YIOTCSI MCEHBIICH CTaOMIBHOCTEIO,
IUJIS HAX TaK)Ke OTMeUYaeTcsl JOCTAaTOYHO yCTOM-
YUBBII POCT B MOCIICIHUE JCCSITHICTHS.

OueBUIHO, CTONb 3HAYUTEIbHBIE pa3iu-
YUsT U3MCHEHUS TEMICPATypPHOTO PEKHMa H3Y-
YaeMbIX PallOHOB B BECEHHHE MECSIIbI CBS3aHbI

C 0COOEHHOCTIMU PACIIOJIOKCHU A 66p€FOBOI\/’I
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Puc. 3. CpennemecsuHble [10Ka3aTeIl TEMIIEPATyp 10 JCCATUIICTUSM B 3aMaHON YacTH HacaxaeHuit P. brutia
var. pityusa B 'opaom Kpsimy

Fig. 3. Monthly average temperatures over decades in the western part of P. brutia var. pityusa populations in the
Crimean Mountains
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Puc. 4. CpenHeMecsiuHbIe IOKA3aTENN TEMIIEPATYD M0 ISCITUICTUSIM B BOCTOYHOW YacTH HacaxaeHuit P. brutia
var. pityusa B I'opaom Kpbimy

Fig. 4. Average monthly temperatures over decades in the eastern part of P. brutia var. pityusa populations in the
Crimean Mountains

muanKn YepHoro mops. CeBacTOMONBCKHN pali-  Macchl MOPCKOHM Cpellbl OKa3bIBAIOT 3HAYUTEIb-
OH HUMeeT OeperoByIo JIMHHIO, 3HAYUTENBHO Bbl-  HOE BIIMSHHUE HA TEMIEPATYPHBIH PEXUM IIpu-
CTYHAIOMIYI0 B MOpe, OeperoBoil menbd 31ech  OpeXHOW 30HBI, CHHXKAs YPOBEHb U Iepenaibl
XapaKTEePU3yeTCs Pe3KUM yBEeIHUCHUEM INIyOUH.  TeMmieparyp. B BocTo4HOM paiioHe mpoBeAeHHS

BecHoii ocThIBIIME B 3UMHHN TEPHOJA BOAHBIC  HAOIIOJCHWI MOABONHBIA penbed mmeeT Ooiee
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HOJIOTHE CKJIOHBI, OeperoBas JIMHUS W30THYTa
BOBHYTPb TEPPUTOPHUH MOIYOCTpoBa. B menom
B BOCTOYHOM KpbIMy yBeIMYHMBAeTCS KOHTHU-
HeHTaIbHOCTH KimMata ([opOyHOB u ap., 2020).
Bnusane Mops 31eck MeHee 3HaYUTEeIbHO, YTO
ompenenseT 0ojee BBICOKMH ypOBEHb (UIyKTya-
I[UU TeMIIepaTyp B BECCHHHUI MEPHOI.
AHanu3upys BO3MOXKHBIE TIOCJIEICTBUS H3-
MEHEHHSI TeMIEePaTypHOTo PEeKUMa ISl pa3BU-
THS TeHepaTUBHOM cepsl P. brutia var. pityusa,
CJIe/lyeT OTMETHUTh, YTO JaHHBbIH (aKkTop oOKa-
3pIBaeT Haubojiee aKTUBHOE BIWSHUE Ha Ha-
4ajg0 W TPOAOKUTENBHOCTh JI€Ta TIBIIBIIBL
3HAYUTEIBHOE €ro M3MEHEHHE BO BPEMEHHBIX
MmaciiTabax, COMOCTABUMBIX C MPOIOIKHTEIb-
HOCTBIO JKM3HU OTACIBHBIX JE€PEBbEB, OKA3bIBa-
€T BJIMSHHE Ha COCTOSIHHE U JIeMOIpa(huiecKyo
CTPYKTypy mnomyisuuii. B mpomnecce peanu-
3aIlMi TEHETHYECKOM MpOorpaMMbl OHTOTEHe3a
B paMKaX OJHOTO IIOKOJEHHUS PE3KO CHMIKACTCS
BO3MOXXHOCTh YCIICIIHON aJanTaluu TOIyJs-
nuit Kk QaykTyanuu (GakTopoB BHEUIHEH Cpesbl,
YPOBEHb KOTOPOM MOXKET IMPEBBIIIATH IBOJIO-
LIMOHHO OOYCJIOBJICHHYIO TOJIEPAHTHOCTH BHJIA.
B npanHOM cuTyanuu MeXaHU3Mbl aJalTaluu
peanusyloTcsi B IIpOLECCe E€CTECTBEHHOIO OT-
0opa, OnpeaesIsIoNero BbDKMBAHUE WHIMBUJIOB
MOCIIEAYIONINX TTOKOJICHUH, Hanboyee COOTBET-
CTBYIOIINX HOBBIM YCIIOBUSIM ITPOU3PACTAHUS.
BropsiM Hambosee BaXXHBIM SIBICHHEM,
CBSI3aHHBIM C YBEJIIMUCHUEM TEMIIEPATYP, MOKET
OBITh «XPOHOJIOTHYECKUN OO (CHOIIOTHH TTHI-
JICHUSI ¥ PEENTUBHOI (pa3bl KEHCKON HIMIIKH.
Pa3BuTHe MYyKCKOI TeHepaTUBHOU cepsl Ooiee
YyBCTBUTEJIBHO K ICHCTBHIO (PAKTOPOB BHEIIIHEH
Cpelsl B cpaBHEeHUU ¢ xeHckoi ([eomaksiH, 1977,
1993; Chropenova et al., 2016). [Ipu nanbheiimem
pocTe TeMIepaTyp He MCKIIO4aeTCcsl BpeMeHHas
(deHosornyeckas IuBepreHius, korma (opmu-
pOBaHNE MYXXCKHX PENPOAYKTHBHBIX CTPYKTYP
OylleT 3HAYUTENBHO ONEepPEeXaTh Pa3BUTHE KEH-

CKHX, H (I)GHO(I)EIBBI NbUICHUSA W PEUCHTUBHOTIO

COCTOSIHMSI MEracTpOOHIIOB OYyT «pa3BelCHbI»
BO BPEMEHHU HACTOJBKO, YTO NbLIbLA B MEPUOL
JleTa HE CMOXET IIONacTb B €ILIE HEPacKpbIB-
mruiicst Meractpodun. B Hacrosmee Bpems Kak
(akTop, CHIKAIOMINN BO3MOKHOCTH YCIICHIHOTO
OTIBLJICHH S, OH, 0€3YCIIOBHO, ICHCTBYET, XOTs OBI
Ha ypOBHE CMEIIECHHS BO BPEMEHU OMOIKOJIOTH-
YECKUX ONTHUMYMOB IpOLEcca MbUJICHUS U pe-
LENTUBHOU (ha3bl )KEHCKOH MIUIITKH.

OneHuBass B IEJIOM OCOOCHHOCTH BBIJIC-
Ta W pacHpocTpaHEHMs NBUIbIBI P. brutia var.
pityusa B T'opaom KppiMy, MOXHO KOHCTATH-
poBaTh, YTO HEraTUBHbIC SBJIEHUS B Pa3BUTHU
pPenpOAYKTUBHOU c(ephl, CBS3aHHBIC C BBISB-
JICHHOM TEHJEHLUEH IOBBIIICHUS TEMIeparyp
BECEHHETO Ieproa, B OOJNbIICH CTEeHH OyayT
BO3pacTaTb B BOCTOYHOW YaCTH TEPPUTOPUU €€
npouspactanusi. CHUXKEHUE PENPOLYyKTHUBHOIO
NIOTEHLMAJIa IIPU BCEBO3PACTAIOLIEM AHTPOIIO-
FEHHOM MPECCUHIe MOXET MPUBECTH B JIOCTa-
TOYHO KOPOTKHMM CPOK K TOJHOM Jerpajaluuu
W WCUYC3HOBCHHIO HacaxkaeHuWu P. brutia var.
pityusa Ha 1. Kapayn-O0a u B ypouwuine HoBbrii

CBer.

3akaoueHne

B npuponssix nonynsuusx P. brutia var.
pityusa Topaoro KpbimMa Hayanao BBICHIITAHMS
U PacHpOCTPAHEHHUS MBUIBIBI MPOUCXOIUT
B KOHIE ampessi — Hadaje Mas. B 3amamHbIxX
TEPPUTOPUSIX TMPOU3PACTAHHUSA OSTOT Mpolecc
HA4YMHAETCS paHbIlle B CPAaBHEHUH C BOCTOYHBI-
Mu. BeisiBiieHo n3menenue Gpenodaspl nblIeHUs
C YBEJIMYEHHEM BBICOTHI MECTOIPOU3PACTAHUS
JPEBOCTOEB, B BEPXHEM IOSICE€ OHA HACTYMHaeT
MO3KE M YBEIUYUBACTCS IO IPOMOJIKUTEIb-
HocTu. CyMMa axkTHBHBIX TEMIIEpaTyp BBIIIE
5° Havana TBIICHUS B MPHOPEKHON 30HE IMPO-
uzpactanus P. brutia var. pityusa B 3amagHbIX
TEPPUTOPUSIX H3MEHsieTcs B npenenax 467°—
493°, B BOCTOUHBIX Bappupyet oT 418° mo 439°.

Ha ocHOBe aHanmm3a MHOI'OJIECTHHX JaHHBIX
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M0 XapaKTEePUCTHUKE CPEIHEMECAYHBIX TeM-
reparyp BECEHHEro IEepHoja BBISIBICHBI TEH-
JCHIIMM UX 3aMETHOIO IOBBILICHHS, 0COOCHHO
B TocieHue aecsituietus. Oomuii poct cpea-
HEMECSYHOW TeMIepaTyphl ampess B TEUCHUE
190 neT B 3amagHbIX TEPPUTOPUAX MPOBEACHUS
HaOmroAeHui coctaBuil 1,3°, B BOCTOUHBIX 3TOT
nokasatens 3a 140 et ysennuunics Ha 2,0°. 3Ha-
YUTEIbHOE NU3MEHEHHE TEMIIepaTypPHOTO PEKHU-
Ma BO BPEMEHHBIX MaciuiTadax, COOCTaBUMBIX
C MPOJOJIKUTENBHOCTHIO JKM3HU OTHCIBHBIX

ACPCBbECB, OKAa3bIBACT BJIMUSAHHUC HA COCTOAHHC

U JIeMOorpaduyecKyro CTPYKTYpYy HOMYJISIIIHA.
JanbHedmui poct TeMneparyp MOXKeT BbI3BaTh
(EHONOTMYECKYI0 IUBEPreHLUI0 — CMEIICHHE
BO BpPEMEHH OHMOAPKOJOTMYECKHX ONTHMYMOB
JIeTa TBUIBIBI U PEUENTHBHON (a3bl KEHCKOH
LIUIIKY HAa HEONPEJIEIEHHBIN CPOK, YTO CHHUKA-
€T BO3MOXHOCTH pealHu3aluu MOCIEeTyOMHNX
JTanoB penpoaykTuBHoro nukiaa. C yderom
JAHHBIX SBIEHUN HanOoyiee KPU3UCHASA CUTYya-
LM B HACTOsIIIEE BPEMsI CKIaJbIBAETCA B BOC-
TOYHOW YaCTH NPUPOJHBIX OIS P. brutia

var. pityusa l'opaoro Kpsima.
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Abstract. The biological activity of soil is influenced by numerous factors, such as hydrothermal
regime, acidity, physical and agrochemical properties of the soil, etc. In tree stands, such factors can also
include the degree of crown closure. The present study reports data on indicators of biological activity
of the soil: the abundance of microorganisms and the activity of soil enzymes in stands of Scots pine
(Pinus sylvestris L.) with various degrees of crown closure. The research was carried out in the Kuzbass
Botanical Garden, located in the left-bank part of the city of Kemerovo, along the riverside of the Tom
River (near Lake Sukhovsky), east of the existing and future ensembles of the developing city center. The
material of the study was soil in P. sylvestris stands of age class 2 (2835 years) with different degrees of
closure of the crown canopy: sparsely closed (20-30 %), medium—closed (50—60 %), and highly closed
(80-90 %). Under-crown and inter-crown zones were established on each site, and an external zone was
additionally established on sparsely closed study site. The soil was not polluted, had a neutral reaction
of the medium, and contained average amounts of mobile phosphorus and potassium compounds. The
study showed that the abundance of soil microorganisms was determined by soil moisture content. The
following trends were revealed in the relationship between biological activity and the degree of closure
of pine stands: the highest content of invertase and protease was observed in the under-crown zone of
the sparsely and medium-closed pine stands. The soil in the inter-crown zone of highly closed stands
was the most abundant in microorganisms that utilize organic forms of nitrogen and microorganisms

that decompose mineral forms of nitrogen.

Keywords: crown closure, phytogenic zone, biological activity, soil microorganisms, micromycetes,

invertase, protease, phosphatase.
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Oco0eHHOCTH OHOJIOrHYeCKOM AKTHUBHOCTH MOYBLI
B HACAKACHUAX COCHBI 00LIKHOBEHHOM
PA3JIMYHOI CTEeNeHU COMKHYTOCTH KPOH
H. A. Makeesa, E. 1O. Koaimoroposa, B. U. Ypumues

DeoepanvHulil uccredosamenvckuil yeump yens u yenexumuu CO PAH
Poccuiickasa ®@eodepayus, Kemeposo

AHHoTanusa. Ha 6nonornyeckyio akTHBHOCTbh IOYBBI OKa3bIBAIOT BINSHUE MHOTOYHCICHHBIE
(haKkTOpBI, TAKKE KaK THAPOTEPMHUUYECKUN PEKHUM, KHCIOTHOCTD, (PU3NUECKHUE U arPOXUMUUECKHE
CBOICTBA MOYBKI 1 JIp. B ipeBeCHBIX HACAKICHUSIX K TAaKUM (PaKTOpaM MOXKHO TaK)Ke OTHECTH CTENEHb
COMKHYTOCTH KPOH. B cTarbe mpencTaBieHbl JaHHBIC O IOKAa3aTeNIsIX OMOJIOrMYeCKON aKTHBHOCTH
MOYBBI (KOJIMYECTBO MUKPOOPTaHU3MOB U aKTHBHOCTH OUBEHHBIX (PEPMEHTOB) B HACAYKACHUSIX COCHBI
0OBIKHOBEHHOH (Pinus sylvestris L.) pa3In4HOl CTEIEHN COMKHYTOCTH KpOH. VcenenoBaHns MpOBOAMIH
Ha Tepputopun Kyzdacckoro 60TaHn4ecKoro cajsa, pacrojoXeHHOT0 B JIeBOOEPEkKHOI YacTu ropoja
KemepoBo, B mpubpesxHoii uactu pexu Tomu (paiion ozepa CyX0BCKOTr0) K BOCTOKY OT CYIIECTBYIOIMINX
U IPOCKTHPYEMBIX aHcaMOJIel pa3BUBAIOIIETOCS 00IErOpoCKOro neHTpa. OOBEKT UCCIIeIOBAHUS —
rmouBa B HacaxaeHusx P. sylvestris 11 knacca Bo3pacra (28—35 yet) pa3HoOii CTETIEHH COMKHYTOCTH
JIECHOTO Tosiora: peakocoMkHyThIie (20—30 %), cpeqaecoMknyThIe (50—60 %) 1 BBICOKOCOMKHYTHIE
(80-90 %). Ha xax oM ydacTKe ycTaHOBJICHBI TOAKPOHOBBIC W IIPUKPOHOBEIE (MEKKPOHOBBIE) 30HBI,
Ha PEKOCOMKHYTBIX IJIONIa/IKaX HAOIIOIEHUs TaKKe yCTaHOBJIeHa BHELIHss 30Ha. Vccienyemas
[I0YBA HE OTHOCHUTCS K 3aTrPSA3HEHHOW, UMEET HEUTPAIbHYI0 PEAKIUIO CPEIbl U CPEJHEE CONEPIKAHNE
HOJIBYOKHBIX coeuHennid pochopa u kanus. [IpoBeneHHbIe HCCIEI0BAHUS OKA3AJIH, YTO YUCICHHOCTD
MTOYBEHHBIX MUKPOOPraHU3MOB 3aBUCUT OT BIAKHOCTH IOYBBL. BBISABIECHB! OTAEIBHbBIE TEHACHIIUU
3aBHCHMOCTH OMOJIOTMYECKOM aKTHBHOCTH OT CTEIIEHH COMKHYTOCTH COCHOBBIX HACQXK/EHUIT: HanOoblee
COJIep’)KaHHMe MHBEPTA3bl U MIPOTEa3bl HAOJIIOIATIOCHh B PEIKO- U CPETHECOMKHYTHIX HACAXKICHUSIX
COCHBI B ITOJAKPOHOBOM 30HE. [104Ba BEICOKOCOMKHYThIX HAaCaXICHHH B IPUKPOHOBOM 30He Hanboee
6oraTa MUKpOOpPraHN3MaMH, yTHIN3UPYIONIMMH OpraHn4decKue GOpMbI a30Ta,  MUKPOOPraHU3MaMH,

pasjiararoniiMyu MUHEPAJIbHBIC (I)OpMBI asora.

KuroueBble ¢j10Ba: COMKHYTOCTh KPOH, (PUTOTeHHAs 30Ha, OMOIOrMUeCKast aKTUBHOCTD, TIOYBCHHBIC

MHUKPOOpPraHU3MbI, MUKPOMUIIETHI, NHBEPTa3a, MpoTeasa, pocdarasa.

— 179 —



Nataliya A. Makeeva, Elena Yu. Kolmogorova... Biological Activity of Soil in Scots Pine Stands with Varying Degrees...

BaarogapHocTu. PaboTa BhINONHEHA 10 rocyaapcTBeHHOMY 3amanuio Ne 0286—-2021-0010 «Pa3paboTka

HAYYHBIX OCHOB OLHCHKH COCTOAHUS U BOCCTAHOBJICHUA (I)J'IOPI/ICTI/I‘{e()KOFO pa3H006pa31/1>1 in situ

U ex situ B peruoHax ¢ BBICOKOH CTEIICHBIO ACrpaganii 9KOCUCTEM B PE3YJIbTATEC aHTPOIIOICHHOI'O

M TEXHOI€HHOT'O BO3JICHCTBUI».

IutupoBanue: MakeeBa, H. A. OcoOeHHOCTH OMOJIOTMYECKOM AKTHBHOCTH MOYBBI B HACAKACHUSIX COCHBI OOBIKHOBEHHOI
pasnu4HOil cTeneHn COMKHYTOCTH KpoH / H. A. Makeea, E. 0. Konmoroposa, B. 1. Ypumues / Kypu. Cub. dpexnep. yH-Ta.

Buonorus, 2023. 16(2). C. 178-192. EDN: DQKWHI

BBenenne

B coBpeMeHHBIX UCCIIEI0BAHUSIX 110]] OUOIIO-
THYECKON aKTHBHOCTBIO IT0YB MPUHATO MOHUMATh
MHTEHCHBHOCTH BCEX IPOTEKAIOIINX B HEH OMO-
JOTHYECKUX Tporecco (Banbkos u np., 2004).
B kauecTBe nokasaresei OHOJIOrMYECKON aKTHB-
HOCTH TIOYBBI MOTYT IPUMEHSIThCS: Onomacca
Y YMCIIEHHOCTh Pa3JUYHBIX IPYIIN MOYBEHHBIX
MHKPOOPraHU3MOB, ()epMEHTAaTHBHAs aKTHBHOCTD
MOYB, KOJMYECTBO U CKOPOCTh HAKOILICHUS ITPO-
JIYKTOB XXH3HEAEATEIbHOCTH IIOYBEHHBIX OPraHu3-
MOB, HHTEHCUBHOCTbH OCHOBHBIX IPOLIECCOB, CBSI-
3aHHBIX C KPyTOBOPOTOM 3JIEMEHTOB, HEKOTOPbIE
sHepreTuueckue nanupie (Hetpycos u ap., 2004).
[TouBeHHBIE MUKPOOPTaHU3MBI (0aKTEpHH U I'PU-
ObI) U TUIpOIUTHYECKHE (PEePMEHTHI (IpoTeasa,
WHBepTa3a u Gocdarasza) peryITupyoT HHTCHCHB-
HOCTH IIPOLIECCOB NEePEepadOTKN OPraHUYECKUX
BEIIIECTB, YYaCTBYIOT B ITpOIecCax MPEBPAILCHHS
SHEPrvH U BELIeCTBAa B HA3EMHBIX 3KOCHCTEMAX,
TEM CaMbIM OCYIIECTBIISIOT (PYHKIHMOHAIbHBIC
CBSI3M MEMK1Y IMOYBOM U HACEISIOIINMHU €€ HKHUBbI-
MH OpraHU3MaMHu, a TaKXKe CHOCOOCTBYIOT MOJI-
JepKaHuIo 1enocTHocTH 6noreorieHosa (Kasees
u 1p., 2003; Xaszwmes, 2015; Albiach et al., 2001;
Li et al., 2018).

W3BecTHO, 4TO HAa OMOJIOTMYECKYIO AKTHB-
HOCTD I10YB OKa3bIBAIOT BIUSHHE TaKue (PaKkTOpbI,
KaK F'UAPOTEPMHUYECKUN PEKUM, KHCIOTHOCTD,
(bu3nyuecKre 1 arpoXUMMHUYECKHE CBOWCTBA TIOUBBI
u 1p. VI3MeHeHune BOAHOTO, BO3IYIIIHOTO U ITNTa-
TEJILHOTO PEKMUMOB MOYBbI CKa3bIBACTCSI, TIPEXK/IE

BCET0, HA [TOYBEHHOI MUKpOQJIIOpE, a B pe3yiIbTa-

TE€ U3MEHSETCS HE TOJIBKO COOTHOIIEHUE OTAEIb-
HBIX TPy MUKPOOPraHU3MOB, HO U JIMHAMHUKA
1 NHTEHCHUBHOCTH MUKPOOHOJIIOTHYECKUX TIPO-
L[ECCOB MPEBPAIICHHS] OPraHUYECKUX U MUHE-
paNBHBIX coequHEeHUH B mouBe (Xa3ues, 2018;
Li et al., 2018). MHOruMu aBTOpaMH OTMEYECHA
CEe30HHAsI AMHAMMKA AKTUBHOCTH ¥ YHCIICHHOCTH
MHUKPOOPraHU3MOB, 00YCJIOBIICHHAS BJIa)KHOCTBIO
u Temneparypoii moussl (Henry, 2012; Hashimoto,
Suzuki, 2004; AuToHOB 1 ap., 2014). Hecmotps
Ha TO YTO JaHHBIE ITOKAa3aTelH, IPEXJIe BCETO,
ONPENCIISIOTCS KIMMAaTUYECKUMH YCIOBUSIMU
KOHKPETHOH TEPPUTOPHH, B IPEBECHBIX HACAK-
JCHUSIX TUAPOTEPMHUUECKUE YCIOBHS ITOUBHI 3a-
BHCST OT CTEIICHU COMKHYTOCTH JIPEBOCTOEB,
MOCKOJIbKY 3HAUMUTEJNIbHAS YacTh aTMOC(epHbIX
OCaJIKOB M COJIHEUHOT'O CBETA 33/1€P’KUBACTCS
KkpoHamu aepesbeB (Porosun, 2019).

B nureparype umerorcst cBeieHus 00 n3Me-
HEHHUH SKOJIOTMUECKUX YCIOBUN OKPYIKAIOIIETr0
IIPOCTPAHCTBA IPEBECHBIX PACTEHUH, IIPHYEM KaK
B COMKHYTBIX HACQK/ICHUSX, TAK U BOKPYT OT/EIIb-
HBIX JepeBbeB (Jlammackuit, 1981; Topernos, 2013).
Takue nmpocTpaHcTBA HA3bIBAIOT (UTOTCHHBIMU
nonsimMu (Ypanos, 1965), KOTopble YCIIOBHO 1OJ-
Pas3/elNsIoT Ha 30HBL: MOAKPOHOBAs, IPUKPOHOBASI
Y BHELIHSIS, OTIMYAIONINECs TOYBEHHBIM COCTa-
BOM, YCJIOBUSIMH OCBELICHHOCTH U yBJIa)KHEHUSI
(Youmrues u ap., 2015).

Takum 00pa3zoM, LENbIO TaHHOH PabOTHI SIB-
JsieTcs U3yUeHHEe 0COOEHHOCTEH ONOIOrnYecKoH
AKTUBHOCTH MOYBBI B HACAKICHUSIX COCHBI OOBIK-

HOBEHHOM pa3anHoﬁ CTCIICHU COMKHYTOCTH KPOH.
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O0BEKTBI M METOABI MCCJIe0BAHUS

B kauectBe 00beKTa MCCIIEIOBAHUS B3SITHI
MOYBBI B HACAXKICHHUSIX COCHBI 00bIKHOBEHHOM 11
Ki1acca Bo3pacta (28—35 net), mpouspacTaromnei
Ha Tepputopun Kyszbacckoro 060TaHHYECKOro
cama (KysbC). Teppuropuss Ky3bC naxomut-
csi B JieBoOepexxHOW vactu ropoga Kemeposo
(puc. 1), B mpubpexHo# yacTu pexu Tomu (paii-
oH o03epa CyXOBCKOT0) K BOCTOKY OT CYII[ECTBY-
IOIMX W MTPOEKTHPYEMbIX aHcamOiel pa3BUBa-
tomerocs oodieropozckoro nentpa (Kysoacckuit
OoTaHWYECKHIA. .., 2022).

I'eomopdonoruueckn  Ky3sbC  pacnono-
JKEH B IOMIME M NEepBOW HAANOWMEHHOU Teppa-
ce pexu Tomu. BepxHsisa yacTb paszpesa mnpen-
CTaBJICHA BEPXHEUETBEPTHYHO-COBPEMEHHBIMU
aJUTIOBHAIBHO-/ICTIOBHAIBHBIMU OypbIMH
AEcCOBUIHBIMU CcyrnuHKamMu. Ha mnoHmxeH-
HBIX ydYacTKax penbeda, B Jorax W 3araju-

TopdoB
CornacHo

Hax  BO3MOXXHO  PACIPOCTPaHCHUC

U 3arop(OBaHHBIX  CYIJMHKOB.
MOYBEHHO-Teorpaduueckomy paiioHupoBa-
Huto Kewmeposckoit o6mactu mo C.C. Tpo-
¢umoBy (1975), mouBa OoTaHWYECKOTO cana
OTHOCHTCS K JiyroBo-uepHoszemuon (Gleyic

CHERNOZEMS), nnst KOTOpO# XapaKTepHO I10-

BBIIIEHHOE COJEpXKaHUe Iymyca, HeWTpajbHas
peaxius MOYBEHHOTO pacTBOPA, HACHIIIEHHOCTh
kanpipeM u MaraueM (Lumos u ap., 2004). Pa-
Hee MPOBEAEHHBIC MCCICAOBAHMS ITIOKa3ald, YTO
cofepkaHue OONBIIMHCTBA XHMHUYECKHUX 3JIe-
MEHTOB (KpOME MBIIIBsKA) HAXOJUTCS B IIpeJe-
nax [TJK (3arypckas u np., 2015).

Knnmar paiiona xapakTepu3yeTcst Kak pe3Kko
KOHTHUHEHTaJIbHBIN. CpeqHeronosas TemMmnepary-
pa cocrasister —0,9 °C. Cpennsist Temneparypa
HauboJiee xojaoxHoro mecsina —24 °C, nanbonee
skapkoro +24.,5 °C. T'onoBoe KOJIMYECTBO OcCall-
koB coctaBisieT 450—500 mm. [Ipeobnanaroriee
HalpaBJeHNE BETpa — loro-zanajanoe. Hanboms-
mas TyOMHa CHEKHOTO MOKpoBa paBHa 29 cMm
(Kyzbacckutid. ..., 2022). IloronHbie yCIOBHS B Tie-
puon wuccienoBanuii (Maii—centsiopr 2020 1),
1o JaHHbIM KemepoBCKOro LeHTpa Mo THAPO-
METEOpPOJIOTHH M MOHUTOPUHTY OKpYyIXKaromen
cpenst — punmana GI'BY «3anagno-Cubupckoe
yHpaBieHHe 0 THAPOMETEOPOIOTHH U MOHHUTO-
pUHTY oKpyXxaromeit cpenb» (Hdoxman..., 2021),
npencrasiensl B Tadn. 1. B mae nmpeobnanana
OYeHb TEIUIasl MOrojia, B MEPBOM M TPETheH Je-
KaJax ¢ JIUBHEBBIMHU JIOKISMHU, BO BTOPOU TO-

JJOBUHE MEcCiAla — C CyXOBeﬁHHMH SIBJICHUSMM.
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Puc. 1. Pacnonoxenue Kysbacckoro 6otanuueckoro caja B r. Kemeposo

Fig. 1. Location of the Kuzbass Botanical Garden in Kemerovo
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Ta6nuua 1. [Toronueie ycinosus B I. KeMepoBo B TeueHue BeretannoHHoro nepuoaa 2020 r.

Table 1. Weather conditions in Kemerovo during the growing season of 2020

Mecsig CpennemecsuHas Temneparypa, °C KonnuecTBo ocagkoB, MM
Mait 10,1 67
Uionb 16,0 22
Uronp 18,8 145
ABrycT 18,3 46
CeHTs0ph 10,0 57

B wuione Habmiomanach YMEPEHHO IPOXJIATHAS
cyxasi morojia. B wurone oOMIIbHBIC JMBHEBbIC
JOXIM mpeoOnaganyu B NMEpBOW M TpeTheil Je-
KaJax. ABryCT XapakTepH30Balics Hemo00poM
ocaqkoB. B centsiOpe npeobnajana HeycTOWYH-
Basl MOT0/Ia, C PE3KUMU KoJeOaHUSIMH TeMIepa-
TYPBbl, YaCTBIMH JIMBHEBBIMHU JTOXKISIMH, B KOHIIE
MecsiIia — ¢ MOKPBIM CHETOM.

Ilnomanku wHaOmronenust (ITH) 3amoskeHb
COTJIACHO TpajalusM COMKHYTOCTH JIECHOTO
rojiora: pegkocoMkHyTsie (20-30 %), cpenne-
coMkHyThIe (50—60 %) ¥ BBICOKOCOMKHYTBHIE
(8090 %). Ha xak1ioM y4yacTKe yCTaHOBIJICHBI
MOJKPOHOBBIE M MPUKPOHOBBIE (MEKKPOHOBBIC)
30HBI, Ha peakocoMkHyThIX ITH Taxke ycraHos-
JIeHa BHENIHA 30Ha (Tab:1. 2). OT60p MOYBEHHBIX
pOo0 IMPOBONIICS TPHIK/IBI 3a IEPHUOJ] BETETAINH
(TpeThs mekana mas, urons u ceHTA0psa 2020 r.)
B 5 Toukax Ha KaxJoi u3 cemu [TH. ITomyuen-
HbIE TIOUYBEHHBIE 00pa3slbl THIATEIBHO MepeMe-

HIBAJIN JJIs IOJTyUCHU A CMEIIaHHOMI HpO6LI.

VY4eT YUCIeHHOCTH MUKPOOPTaHU3MOB TIPO-
BOJIMJICSI U3 CMELIAHHOW TIPOOBI METOJIOM I10CEBa
MIOYBEHHOW CYCIICH3MM Ha arapu30BaHHBIE cpe-
JIbl B TPEXKPATHOW MOBTOPHOCTH U3 pa3Be/IeHUH
102-1073: msconenrounsiii arap (MITA) — mus
OIIpeJIeNICHUs] MHKPOOPTraHU3MOB, HCIOJIb3YIO-
IIMX OPraHNYECKHH a30T, KpaxMalo-aMMHAYHbIH
arap (KAA) — nns onpenenaeHust MUKPOOPTaHH3-
MOB, HCHOJIb3YIOLINX MUHEPAJIBbHBIN a30T, Cpey
Cabypo — 1J1s1 onpe/iesieHUsi MUKPOCKOITMYECKHIX
rpuboB (Herpycos, Kotosa, 2005). Koaddumm-
€HT MHHEpaJM3allii PacCUYUTHIBAIN KaK OTHO-
LIEHUE YNCIICHHOCTH MUKPOOPraHM3MOB, BHIPOC-
mx Ha KA A, K MUKpOOpraHu3Mam, BEIPOCIINM
Ha MITA (Hetpycos, Kotoga, 2005).

[TouBeHHbIe (epMEHTHI BBIACISUIM OOIIe-
MPUHATHIMH METOJAMHU U3 CMEIIAHHOH IpPOOBI
B TpexkpaTtHoW mnoBTOpHOCTH. OrnpeneneHue
WHBEPTA3HOM AaKTUBHOCTH IIPOBOJUIM METO-
nom Kymnpesuua u IllepOakoBoii, mpoTea3Hon —

mo [anctsny u ApytionsH (TutoBa, Koszmnos,

Ta6nuna 2. Cxema paciooKeHHU s TIIOINAT0K HAOTFOICHIUS

Table 2. Scheme of observation sites

durorennas 30Ha
CoCHOBBIE HAacaXACHUS Koopaunatst
ITonkponosas | IIpukponoBas Buemuss
PenkocomknyThIE 55,3668° c.u1., 86,1903° B.1. 3011 30 Ik 30B
CpellHeCOMKHYThIE 55,3668° c.u1., 86,1907° B.1. 60 I1 60 Ik -
BoicokocoMKHYThIE 55,3638° c.u1., 86,1871° B.11. 90 IT 90 Ik -
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2012), obmyto docdarasHyo akTHBHOCTH OIpe-
nersut Ha peHondranenH-pochaTHoM cyoCcTpa-
te (Munees, 2001). /111 oleHKH OHOJIOrMYECKOi
AKTHBHOCTH IIOYB HCIOJIB30BAJIN OOIIETIPUHS-
ThIe IIKaJbl Onoxumuueckoi aktuBHocTH (Tu-
ToBa, Koznos, 2012).

JlaHHBIE O KOJTMYECTBE OCAAKOB MU TEMIIE-
parype BO3/1yXa 3a MCCIIEYEMbIH Nepro OblIN
nojy4deHsl Ha caiite rpS.ru (URL: https:/rpS.ru/
Ioroga B Kemepose). BiraxxHOCTH MTOYBHI OIIpe-
nensitack BecoBelM MeTonoM (Hetpycos, Koto-
Ba, 2005).

MareMaTHUeCKy0 M CTaTHCTHYECKYI0 00-
pabOTKy 3KCIIEpPUMEHTAIBHBIX JAHHBIX IPOBOH-
JI C UCTIOJIb30BAaHUEM CTaHIAPTHOTO makeTa MS
Excel (bapas, Ileramkwun, 2014). Ha pucyHkax
U B TaOJHUIIaX TOKa3aHbl CPEHIE U CTaHIAPTHBIC
omnOKy. Pazmmuus Mexy cpeqHIMU 3HaYCHUS-
MU OIIEHUBAJH MpU oMo kputepus Ilupcona.

ATpOXMMUYECKHH aHAJIN3 MPOBOAMIMN IS
MOYBBl PEIKOCOMKHYTBIX HACaXKJAEHUH COCHBI
B HcnsitaTtensHom nentpe @I'BY nentp arpo-
XUMHYecKoi cimyk0bl «KemepoBCKkuii» B COOT-
perctBun ¢ ['OCT 26423-85, TOCT 26204-91,
I'oCT 27821-88, T'OCT 26951-86, TI'OCT
26489-85 (IIpoTokon mabOpaTOPHBIX HCHBITA-
Huit Ne 1613 ot 18.12.2020).

Pe3yabrarsl u 00cyxkaenue

ATpOXUMHYECKU aHAIN3 TIOYBHI TIOKA3aJ,
YTO MaccoBasi J10J1s1 HUITPATOB U3MEHSIETCS B ITpe-
neirax ot 11,8 mo 22,4 MI/KI ¢ MakCHMaJIbHBIM
colepKaHWEM B TPUKPOHOBOH 30HE (Tabin. 3).
W3BecTHO, YTO ONTUMATHHBIMA yCIOBUSMH HH-
TCHCUBHOU HUTPU(PHUKALUU SBIISIIOTCS XOPOIIast
aspauus mouBsl, BiaxxHocTh 60—70 % oT nosHoM
BJIarOEMKOCTH, TeMrnepatypa 25-35 °C, pH 6-8.
[pu 3THX YCIOBHUSAX U BRICOKOM COICPKAHIH Op-
TFaHHUKHU B TOYBE MOYKET HAKATIIUBATHCS OOJIBIIOE
konnuectBo HuTparos (bemses, 2012). Onnako
conepkaHue aMMOHUIHOTO U HUTPATHOTO a30Ta
B [TIOYBE OYCHb JUHAMUYHO U BO MHOI'OM 3aBUCHT
OT MUKPOOHOJOTHYECKOH aesaTeabHOCTH. JInib
MHOTOKPAaTHOE OIpeNeIeHne ITUX POPM B TeUe-
HHE BETeTaIMOHHOTO MepUo/ia AaeT MpecTaBiie-
HHe 00 a30THOM pEKIME ITOYB.

[Io ypoBHIO KHCIOTHOCTH HCCIEIyeMbIe
00pa3nbl OTHOCATCS K CITA0OKUCIBIM MU OJTU3-
KHUM K HeliTpanbHbIM (pH HaxoauTes B mpenenax
5,8-6,3). Uccnenyembie 00pasnbl MMOYBEI COEP-
kat 38,9-40,5 Mmob/100 T HOTJIOMIEHHBIX OC-
HOBaHWI, 94TO OMpeneNnseTcss Kak BhIcoKkoe. Kak
MPaBHJIO, JTYyTOBO-YEPHO3EMHBIE TOYBBI MMEIOT
JIOCTaTOYHO BBICOKYIO €MKOCTh KaTHOHHOTO 00-

MeHa (HarmuonaneHsrii..., 2011), yto 00yci0B-

Tabnuma 3. ATrpoXMMHUYECKHII aHalMW3 MOYBBI PEIKOCOMKHYTBIX COCHOBBIX HacaxkjeHuit Kysbacckoro

0OTAaHMYECKOTO caga

Table 3. Agrochemical analysis of the soil of sparsely closed pine stands of the Kuzbass Botanical Garden

. ETMHUIIBI PesynbraThl HCTIBITAHUI
HanmeHnoBaHue mokasaTeneit
U3MEPCHUS 1 2 3

PH BOIHOI BBITSIKKH en. pH 6,2+0,1 5,8+0,1 6,3+0,1
MaccoBast 10JIsI TOABHKHBIX COCTUHCHII MI/KE Boxee 80 Boxee 80 Boxee 80
docdopa (P,05)

MaccoBast 10J1s TOJ{BHKHBIX CO€IUHEHN N - Eoxee 80 Eosee 80 Boree 80
xanus (K,0)

CyMMa TIOTJIONIEHHBIX OCHOBAHUI MMmons/100T | 38,9+5,8 40,5 +£6,1 40,1 £6,0
MaccoBas 10Jsl HUTPaToB MI/KT 11,8+24 22,4+4)5 15,9+3,2
OOMEHHBIN aMMOHHMH MI/KT 12,0+1,2 10,0 £ 1,0 10,2+ 1,0

HpMMeanMe: 1- IIOAKPOHOBAas 30HA, 2- TIPUKPOHOBAs 30HA, 3 — BHEIIHsS 30HA
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JICHO COZECP)KaHHMEM B IOYBE I'yMyca, KOTOPBIH
oOnaziaet ropaso 0ojee BHICOKOH IOTJIOTHTEIb-
HOM CIIOCOOHOCTBIO, YEM INIMHUCTHIE MaTePUAIIbI.
ObecneyeHHOCTh MOYBBI (pocHOpoM M Kajmem
no YupukoBy onenuBaeTcs kak cpenuss ([OCT
P 54650-2011). ArpoxmMHUYecKUe ITOKa3aTeln
B [I0YBE I0AKPOHOBOH, IPUKPOHOBOX Y BHELIHEHN
30H CYIIECTBEHHO HE OTIIMYAIOTCSL.
UHCIEeHHOCTh MHUKPOOPTaHU3MOB SIBIISET-
Csl Ba)KHBIM IIOKa3aTelleM, XapaKTepU3yIOMINM
OHMOJIOTHYECKYI0 aKTUBHOCTH ITOYB, MOCKOJBKY
MMEHHO OHM CHHTE3UPYIOT M BBIACIAIOT OOJIb-
IIMHCTBO TIOYBEHHBIX (epMeHTOB (3aBap3uH,
2004; Mory3oBa, besyriosa, 2007). B nagaie
neproja BereTalluu MpeodsiagaloT MUKPOOpra-
HU3MBI, YTHIU3UPYIOIINE MUHEpPAJIbHBIN a30T,
K KOHIy TEpHOAa HCCIEAOBAaHUs HAOJIIOTAeTCs
YBEJIIMUYEHNE MUKPOOPTaHU3MOB, HCIIOIb3Y IOIINX
opraHudeckui a3ort (puc. 2 u 3). MakcumaiabHOE
coziep’kaHNe MHKPOOPraHM3MOB, YCBaMBAIONINX

MUHEpaJbHble M OpraHuueckue (OopMbl a30Ta,

20
18
16
14
12

10

4 J
0
3011

Kosmuectso, Mii KOE/ 1 cyxoii rnousbl

L8]

30 Ik 30B

. i L

Habmonanocs B Il nekane mas mpu coueTaHun
TEIUION MOTrOoIbl U MPEIIISCTBYIONINX JOKACH,
a MHHUMAJIBHOE — B UIOJIE, KOT/Ia BBICOKAsl TEM-
neparypa Bo31yXa Ha MPOTSIKEHHH HECKOJIBKUX
JIHEl TpHUBeJia K CHHXKEHHUIO BJIaKHOCTH MOYBBI.
3TO MOATBEPKAAET, UTO JIJISl IOYBEHHBIX MUKPO-
OpPraHU3MOB XapaKTepHa CHJIbHAsI 3aBUCHMOCTh
OT TEMIIepaTypbl BO3AyXa M IOYBBL, a TaKXke
OT KOJIMYEeCTBA aTMOC(EpHBIX OCaJAKOB M 3a-
1macoB BOAbI B moyBe. CTaTUCTHUYECKUI aHAJIN3
M0Ka3ajl IOJOXKUTEIbHYI 3aBUCHMOCTb KOJIH-
YeCTBa JaHHBIX MHKPOOPraHH3MOB OT BJIAYKHO-
ctu ouBsl B Mae (r = 0,26 u 0,25, mpu p<0,05)
u urorne (r = 0,29 u 0,19, npu p<0,05). [Hupoxas
BapuadeIbHOCTh YHMCIEHHOCTH MHUKPOOpPraHH3-
MOB, KaK B TCUCHHE BEreTalllu, TaK U Ha pa3HbIX
y4acTKax, MOXKET ObITh OOYCJIOBJICHA MX HEpaB-
HOMEpHBIM pacnpeneneHueM (3abennna, 2014).
MUKPOOPraHu3Mbl, YTHIH3UPYIOIIUE Op-
raHn4eckue GOopMbI a30Ta, OCYLIECTBIISIOT IPO-

IECChl MUHEPATIU3AIIUU OPTaHUYCCKUX COCIUHE-

*
*
60 IT 60 Ik 90 II 90 Ik

®Mmait ®Wupronme ¥ ceHTAGDH

Puc. 2. KonnuecTBO MEKPOOPraHU3MOB, YTHIM3UPYIOLIUX Opranndeckre (OpMbI a30Ta B II0UYBE COCHOBBIX
HacaxxaeHni Kysbacckoro 60TaHH4YeCKOro cajaa. 3Be3104Koi oTMedeHbl JocToBepHble (p<0,05) oTinums
OT PEAKOCOMKHYTBIX HaCaXKICHUI COOTBETCTBYIOLIECH 30HbI

Fig. 2. The abundance of microorganisms that utilize organic forms of nitrogen in the soil of pine stands of the Kuzbass
Botanical Garden. Asterisk marks significant difference from sparsely closed plantings of the corresponding zone
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Puc. 3. KonnuecTBO MUKPOOPTaHU3MOB, yTHIN3UPYIONINX MHHEpPAIbHBIE ()OPMBI a30Ta B MOYBE COCHOBBIX
HacaxkaeHuit Kysbacckoro OGoraHmueckoro cama. 3Be3JOUKOH OTMedeHB aocToBepHble (p<0,05) oTmmums
OT PEAKOCOMKHYTBIX HACAXKACHUH COOTBETCTBYIOMICH 30HBI

Fig. 3. The abundance of microorganisms that utilize mineral forms of nitrogen in the soil of pine stands of
the Kuzbass Botanical Garden. Asterisk marks significant difference from sparsely closed plantings of the

corresponding zone

HUI1 B I0YBE, BCIEICTBUE YEr0 BHICBOOOKAAIOTCSA
MuHepabHble GopMbl a30Ta. [loaTomMy Hanmnuue
MUKPOOPraHU3MOB, YCBAMBAIOUIMX MHUHEPaIb-
HBIN a30T U BbIABIsieMbIX Ha KAA, yka3biBaer
Ha UHTEHCHUBHOCTb MPOLIECCOB MUHEpATH3ALIH
OpPraHUYeCcKOro BEUIECTBA U HAJTHYNE MUHEPaIb-
HBIX (opM a3oTa. MakcHUMaJIbHOE KOIHYECTBO
MHUKPOOPTaHU3MOB, YTHJIM3HPYIOUINX OpraHu-
yeckue (OpMbI a30Ta, HAOIIONANIOCh HA ILIO-
IIaJIKaX C BBICOKOH CTEINEHBI0 COMKHYTOCTH
KPOH HPEUMYILECTBEHHO B MPUKPOHOBOIl 30HE
(4,1-17,3 mua KOE/ r cyxoit mouBsl). Ha Tex xe
Iomagkax 3aUKCUPOBaHbl HauboJee BHICO-
KM€ 3HaYEeHUs] YUCICHHOCTH MHUKPOOPraHU3MOB,
YCBaMBAIOIIUX MUHEPaIbHBIN a30T (10 16,1 MitH
KOE/ r cyxoit nouBbl). YCTaHOBIJIEHO, YTO YHC-
JICHHOCTb MHKPOOPTaHU3MOB, HCIOJb3YIOIIHUX
MUHEpaJIbHBII a30T B TEUCHHE BEreTaluu, Kak
[IPaBUIIO, OOIIBIIE, YeM KOJIWYECTBO MHUKPOOP-

TaHU3MOB, TPaHC(HOPMHUPYIONIUX €ro OpraHu-

4yeckue (OPMBI, YTO CIYKUT [OKa3aTesieM WH-
TeHCH(UKAIMN MOOMIIM3ALHMOHHBIX IPOLECCOB
B nouBe. K koHIly neprona Bereranuu HaOIro-
JlaJIoch YMEHbIIeHne K03 puIinenta MUHepau-
3aIlMU: B Mae OH Haxonwics B npezaenax ot 0,86
1o 5,87, B utone — 0,37-4,25, B centsiope — 0,21—
1,77 (tabm. 4).

I'ereporpodHOE NMUTaHME MUKPOCKOIHYE-
CKHX IprOOB 00YCIIOBIMBAET X ydacTHE B Ha-
YaJIGHBIX CTAAMSIX PA3JIOKEHUS OpPraHMYeCKUX
COCIMHEHUI, UMEHHO MM INPUHAJJICKUT TIJIaB-
Has poJib B paznoxenun auranna (Polyanskaya,
Zvyagintsev, 2005). MakcumMaIbHOE KOJHYECTBO
MHUKPOCKOITHYECKNX TpuoOoB (puc. 4) HaOro-
nanocek B utoae (736—4051 teic. KOE/ r cyxoit
MOYBBI), KOTJa IS JAPYTHX TPYII MHKPOOP-
raHU3MOB OBLIO OTMEYEHO CHUIKEHHE YHCIICH-
Hoctu. Ilpu 3TOM HaOmomaeTcsi 3aBUCHMOCTD
YUCJICHHOCTH MUKPOMHULIETOB OT CTENEHH COM-

KHYTOCTU KPOH: B MAa€ WX YUCICHHOCTH B IOA-
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Tabmuua 4. Koapduumentsr munepanusanuu (KMHUH) TOUBBI COCHOBBIX HACaXJICHHH pa3HOW CTeNeHH

COMKHYTOCTH

Table 4. Mineralization coefficients of the soil of pine stands with different degrees of closure

Kospdunments: munepannzanuu (Kmum)
[Tnomanka HaOMOACHU S
Maii Hrons CeHTs0ph
3011 4,01 0,37 0,60
30 Ik 5,84 2,10 0,27
30B 2,25 4,25 1,29
60 IT 5,87 2,21 0,69
60 Ik 1,20 2,44 1,77
9011 1,26 2,41 0,21
90 Ik 0,86 1,11 1,27
5000
*
4500
=
£ 4000
(=]
=
3500
5
< 3000
A *
S 2500 -
g
£ 2000
g
g 1500 =
= *
=
5 1000 5 %
4
500 * . *
0
3011 30 IIk 30B 60 IT 60 ITx 90 IT 90 ITk

®Mmait ®mone ¥ ceHTAGPH

Puc. 4. KonmnaecTBO MEKPOCKOIMYECKHUX IPUOOB B OUBE COCHOBBIX HacaxaeHHH Ky3bacckoro 6otaHmueckoro

cajga. 3BE3J0YKOM OTMEUYCHBI
COOTBETCTBYIOLICH 30HBI

nocroBepHele  (p<0,05) omImMuMsA OT pPEIKOCOMKHYTHIX HACaKICHUI

Fig. 4. The abundance of microscopic fungi in the soil of pine stands of the Kuzbass Botanical Garden. Asterisk
marks significant difference from sparsely closed plantings of the corresponding zone

KPOHOBOH 30HE PEAKOCOMKHYTBHIX HACaXJICHHUH
BBIIIE 110 CPABHEHHUIO C BBICOKOCOMKHYTBHIMHU B 4
paza (p=0,004), B utone — B 2 paza (p=0,0002).
MuunenuanbHOe CTPOCHHE MHKPOCKONMNYECKUX
rpuboB JenaeT ux Oosiee YyCTOWYMBBIMHU K Kpa-
TKOBPEMEHHBIM HM3MEHEHHSAM T'HAPOTepMHYE-

CKOr'0 peXXrMa IMOYBEI. OZ[HaKO 3aBUCUMOCTH HUX

KOJIMYECTBA OT BJIAYXHOCTH MOYBBI U TEMIEPATY-
PBI BO3yXa HAMH HE YCTaHOBJICHBI.

Kak ormeuanoch Bbllle, HA YUCIEHHOCTH
MHUKPOOPTaHU3MOB, YTHUIHU3UPYIOIIUX Opra-
HHUYECKUH a30T, U MUKPOOPraHH3MOB, YCBa-
MBAIOMIMX MHHEPANbHBIM a30T, OKa3bIBaeT

3HAYHUTCIBHOC BJIHUAHHUC BJIAXHOCTH IIOYBHI,
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KOTOpasi B OCHOBHOM 3aBHUCHT OT KOJIMYECTBa
BBINIABIIMX OCAJAKOB M TEMIIEpaTyp BO3ayXa.
KonrmgyecTBO MUKPOCKOMTUYECKUX I'PUOOB BBIIIIE
B PEIKOCOMKHYTHIX HAacakJIEHHUSAX I10 CpaBHe-
HUIO C BBICOKOCOMKHYTBHIMH B Mae, U Hao0o-
pOT — B CEeHTAA0pE, YTO, BEPOSITHO, MOXKET OBITh
CBA3aHO C HAKOIJICHUEM OPTaHHYECKOro Be-
mecTBa B MOYBE K KOHITY IE€pHO/a BEreTaluu.
J1s MUKpPOOPTaHM3MOB, Pa3jaralolluXx MHUHE-
panbHble (GOPMBI a30Ta, TaKXKe YCTAHOBIJIEHA
3aBUCUMOCTB OT CTENEHHU COMKHYTOCTH KPOH:
Hambosee CyIIECTBEHHBIE OTIMYHS B TEUCHHE
BEreTallil OTMEYEHBl B MPUKPOHOBOH 30HE
B BBICOKOCOMKHYTBIX HACAXIACHUSX IO CpaBHE-
HUIO C penKOCOMKHYThIMHE (p=0,02).

ITockonbKy /0Ka3aHO, YTO OMOXMMHYECKHE
METO/[bl UMEIOT OTHOCHTEJIBHO HU3KHEe KOd(du-
LUEHTH Bapualyu MO CPAaBHEHUIO C MHKPOOHO-
JIOTHYECKUMU (TIOCEB M OIpeAeseHne OHOMAacChl)
(Zvyagintsev etal., 1997; Konecaukos u zp., 2000),
AKTUBHOCTb NOUBEHHBIX (DEPMEHTOB SIBJISIETCSI O]
HUM U3 OCHOBHBIX IOKa3aTesell OMOJIOrH4ecKou
AKTUBHOCTU MOYBBI. OCHOBHBIMH HMCTOYHHKAMHU
(epMEeHTOB B IOYBE SBISIOTCS BHEKJIECTOYHBIC
(epMeHThl MHUKPOOPraHM3MOB U KOpHEH pac-
TEHUH W BHYTPUKJIETOUHBIC (PEPMEHTHI, MOCTY-
MaroIye B MOYBY IOCIE OTMHPAHUS MTOYBEHHBIX
OpPraHu3MOB W pacTeHuil. PepMeHTaTUBHAS aK-
TUBHOCTh IIOYBBI ONpENENsieTcs ee T'eHeTHYe-
CKUMH OCOOEHHOCTSAMH, TPaHyJIOMETPHUECKHM
COCTaBOM, (DM3MKO-XMMHUYECKUMH CBOWCTBaMH,
arpOXMMHYECKHUM COCTaBOM M THAPOTEpMHYE-
CKUM pexumMoM (Xasues, 2018). PepmeHTaTHBHAS
AKTUBHOCTH TI0YB TECHO CBSI3aHA C M3MEHEHHUSIMU
oburero kiumarudeckoro pexxuma (Henry, 2012).
B akTuBHBIC (pa3bl pocTa pacTEHUI MIPH BHICOKON
TeMIeparype MOo4YBbl U JIOCTaTOYHOW BIAKHOCTHU
B JIETHHE Mecslbl (PepMEHTATHBHAsI AKTHBHOCTD
MOYB MaKCHMaJIbHA.

CoracHo 1mKkae OnoJI0rnYeckoi akKTHBHO-
ctu niouBbl (TutoBa, Koznos, 2012) akTUBHOCTH

q)OCq)aTaBBI B II0YBE€ COCHOBBIX Haca)KZ[CHI/Iﬁ

omnpenenseTcs Kak ciadas u oueHb cinabasi u Ha-
xonutes B npenenax 0,04—1,33 mr P,Os/r mouBsl
3a 30 muH. (Tabia. 5). Beimenenue ¢epmeHTOB
B MOYBY MHKPOOpraHM3MaMH W KOPHSIMH pac-
TeHUH OOBIYHO HOCUT aJaNTHUBHBIA XapakTep
B (hOpMe OTBETHOI peaKIMy Ha IIPUCY TCTBUE UITH
OTCYTCTBHE cyOcTpara jiis eicTBust GpepMeHTa
WIM TPOAYKTa PEeakUUH, YTO OCOOCHHO YeTKO
nposiBisiercs ¢ docdarazamu (Xasues, 2005).
[ToaToMy 1pH HEZOCTATKE B CPE/e MOABUIKHOTO
¢dochopa MUKPOOPraHU3MBI U PACTEHHS Pe3-
KO YCHJIMBAIOT BbIJCJICHUE (DEPMEHTOB, T.e. aK-
THBHOCTH (ocdarasbl TeM BbIIIE, YEM MEHbILE
B TOYBE TOABIDKHBIX opM docdopa. [Ipu aTom
AKTUBHOCTH (ocdarasbl, Kak OOJBIINHCTBA I10-
YBEHHBIX ()EPMEHTOB, JWHAMUYHA B TEYCHHE
BereTannoHHoro nepuoia. K koHiy nepuosa Be-
reTalid OTMEYEH POCT aKTUBHOCTH (ocdarasbl,
BBI3BaHHbIH, CKOpEE BCET0, HAKOIIJICHUEM I'yMyca
B pe3yJibTaTe Pas3yIoKEHHsI MOACTHIKH. B ceHTs-
Ope B BapuaHTax C PEAKO- U CPEIHECOMKHYTBIMU
KpOHAaMH HaOII0IaeTCsl YBEIMYCHUE aKTHBHOCTH
(docdarassl B IPUKPOHOBOM 30HE MO0 CPABHEHHIO
C MOIKPOHOBOI, OJHAKO JaHHbBIC OTIUYHUS CTa-
THCTUYECKU HE JIOCTOBEPHBI, IO3TOMY FOBOPUTH
0 3aBHCHMOCTH aKTUBHOCTH JTaHHOTO (hepMeHTa
OT 30HBI (PUTOrEHHOTO MOJISI MBI HE MOXKEM.
OnnuM n3 Haubojee YCTOHYMBBIX ITOKa-
3arenel 3aBUCHUMOCTH OHOJOTMYECKOH aKTUB-
HOCTH TI0OYB OT BHEIIHUX (PAKTOPOB SIBIISETCS
AKTUBHOCTh MHBEPTAa3bl, KOTOpAsi KaTaJU3UpyeT
THIPOJIUTHYECKOE PACIICIICHHE JUCAXapHIIOB
(caxapos3a M OnHM3KME K HEW YIJIEBOABI) HA MO-
Hocaxapa (TJIroKo3a, (pyKTo3a). AKTHBHOCTH
WHBEPTa3bl TAK)KE 3aBUCHUT OT COJACPIKAHHS Ty-
Myca B II0YBaX, KOJINYECTBA OUYBEHHBIX MUKPO-
OpPraHM3MOB, TPaHYJOMETPHUYECKOr0 COCTaBa.
VYBeIMUCHUIO WHBEPTA3HOW AKTHUBHOCTH CIIO-
co0CTBYyeT 00pa3oBaHUE MOIIHON JCPHUHBI MO
TpaBSHHUCTHIM OKpoBoM ([ancTsH, 1974).
AKTHBHOCTbh MHBEPTa3bl BO BCeX oOpasuax

MMOYBKI OBbLIIa BEINIE, YeM y IpoTeasbl U ¢ocda-
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Tabauua 5. epMeHTaTHBHAS AKTUBHOCTD MIOYBBI COCHOBBIX HACAXKICHUH Pa3HOil CTeeHH COMKHYTOCTH

Table 5. Enzymatic activity of the soil of pine stands with varying degrees of closure

[Inomanka HaOIrIOIEHUS Mait Hrons CeHTs0pB
MHBepTa3Hasi aKTUBHOCTB, MT TJTIOKO3BI / T TIOYBHI 32 24 yaca

3011 45,76£2,19 37,30+0,89 52,48+2,16
30 Ik 38,28+0,89 53,41+2,67 16,58+0,94

30B 46,55+2,51 44,57+£2,08 24,86+1,11
6011 38,601,107 68,30+3,01 49,31+2,12 "
60 Ik 44,57+1,92 " 53,41+1,14 32,83+0,89 *
9011 60,49+ 3,11 " 30,20+1,21 32,04+0,78 *
90 Ik 45,76+1,87 69,39+3,05 24,26+0,65 "

IIporeonuTtHyeckas akTHBHOCTb, MI' ITTMLIMHA/T TIOYBBI 3a 24 4aca

3011 3,91+0,09 2,89+0,14 5,36+0,33

30 ITx 2,46+0,08 2,93+0,12 5,96+0,29

30B 1,83+0,01 3,01£0,09 4,08+0,11
6011 3,1240,20 3,25+0,30 7,79+0,22 "
60 Ik 1,88+0,11 " 3,56+0,31 " 5,06+0,19
9011 1,93+0,05 " 2,93+0,22 6,70+0,41 "
90 Ik 2,63+0,07 * 3,26+0,15 4,324+0,35 "

AxrtuBHOCTH (ocdarassl, Mr P,Os/r mouss 3a 30 MuH

3011 0,27+0,008 0,17+0,008 0,66+0,003
30 Ik 0,33+0,008 0,17+0,006 1,13+£0,04
30B 0,19+0,005 0,25+0,004 1,33+0,02
6011 0,09+ 0,003 * 0,21£0,006 * 1,16+0,02
60 Ik 0,09+0,003 * 0,21£0,006 * 1,33+0,03 *
9011 0,13+0,005 * 0,23+0,006 1,04+0,02
90 Ik 0,08+0,002 0,11+0,005 * 0,44+0,01

* OTMEYEHBI JOCTOBEPHBIC OTIIMYHS OT PEAKOCOMKHY ThIX Haca)K}:[eHI/Iﬁ COOTBeTCTByIOH.[eﬁ 30HBI ITPU P<0,05

Ta3pl. Bo Bcex oOpasnax ypoBeHb COICPKAHUS
MHBEpTa3bl BapeupoBand oT 16,58 mo 69,39 mr
TITFOKO3BI / T 32 24 9, 9TO COOTBETCTBYET CpeIHEH
Y BBICOKOHM aKTHMBHOCTH 1OUYBBI. CpaBHUTENIBHBII
aHaJIN3 T0Ka3ajl, YTO 3a MEPUOJ MCCIEA0BaHUN
MaKCHMaJIbHOE HakoIlieHHe (pepMeHTa B TOUYBE
OTMEYEHO B HI0JIE, MEHBIIIC BCETO HHBEPTA3bI Ha-
0J1r01aJ10Ch B CEHTIOPE.

[IpoTeonnTnyeckass aKTUBHOCThH IIOYB Xa-
pakTepu3yeT MEepBBIH 3Tal MHHEpaIH3alun
CJIOKHBIX a30TCOACPIKAIINX COCTUHEHUH (TyMU-
HOBBIX, (DyJIbBOKHCIIOT, OEIIKOB) 10 aMUHOKHUCIIOT

u amuaoB (Munees, 2001). IIpoTeonutnyeckas

AKTHBHOCTH B TCUCHHE BETETAIIHOHHOTO MIEPHOIa
Ha Y4YacTKaX C Pa3HOW CTCIECHBIO COMKHYTOCTH
KpPOH M3MEHsLIachk ot crnadoit B Mae (1,83-3,91 mr
[IMIAHA/T TIOYBBI 332 24 Yaca) 10 BBICOKOH cTe-
IIEHU aKTHBHOCTH B ceHTsa0pe (4,08-7,79 wmr
IMIAHA/T T0YBHI 32 24 yaca). Hanbonee nHTECH-
CUBHBIC TIPOIIECCHI TPOTEOIIH3a B KOHIIC IIEpHOIa
BEreTalliid MOKHO OOBSICHUTH HAKOIIJICHUEM Op-
TaHUYECKUX OCTATKOB B TOYBE (Ta0II. 5).

B cpexgnem 3a mepuos BereTanuu HauboIb-
mee coJepXKaHWe WHBEPTA3bl M MPOTEas3bl Ha-
0JIF071AJI0Ch B PEAKO- U CPEAHECOMKHYTBHIX Ha-

CAXICHUAX COCHBI B HOHKPOHOBOP'I 30HC (HpI/I

— 188 —



Nataliya A. Makeeva, Elena Yu. Kolmogorova... Biological Activity of Soil in Scots Pine Stands with Varying Degrees...

p<0,05). duist 3HaueHuit akTuBHOCTH (hocdaTasbl
JOCTOBEPHBIX OTIMYHIA B 3aBUCHMOCTH OT 30HBI
(UTOreHHOro MoJIsi He BBISIBICHO. B pesynbrare
CTaTUCTUYECKOr0 aHAJIM3a MOJTYYCHHBIX JaHHBIX
YCTaHOBJICHA JIOCTOBEPHAsI TOJOKHUTEIbHAS KOP-
peIsus MEKAY aKTHBHOCTBIO IPOTEasbl U oc-
¢arassl (r = 0,70, mpu p<0,05) u oTpunaTEIHHASL
MeXIy WHBepTa3oi u Qocdarasoit (r = — 0,50,
npu p<0,05).

3akJouenne

[IpoBeneHHBIC HCCIICNOBAHMS  IOKa3alH,
YTO CYLIECTBYET MOJIOKUTENIbHAS KOPPEISIus
MEXKAY BJIQXKHOCTBIO IMOYBBI U YUCICHHOCTBHIO
MHKPOOpPraHmu3MoOB, YCBaWBAIOUIUX MHHEPAJb-
HBIA a30T, © MHKPOOPTaHM3MOB, YTHIU3UPYIO-
KX oprannyeckue Gpopmel azora B Mae (r = 0,26
u 0,25, mpu p<0,05) u urone (r = 0,29 u 0,19, mpu
p<0,05). Mukpockonuyeckue rpudbl MEHee 4y B-
CTBHUTEJIEHBI K KPaTKOBPEMEHHBIM W3MEHEHUSM
BJIA)KHOCTH IIOYBBI.

Hamu ycTaHOBIICHO, YTO YHCJICHHOCTb
MHUKPOOPraHnu3MoOB, UCITOJIB3YIOIUX MUHEPAJIb-
HBI @30T B TCYCHHE BEreTallMH, KaK IIPABUIIO,
OoJIbllle, YeM KOJUYECTBO MHKPOOPraHHU3MOB,

TpaHCPOPMHUPYIOMHKX €ro opraHnuyeckue Qop-
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Abstract. Salinization is a common type of agricultural land degradation. It causes inhibition of
plant growth and productivity. Previous research into mechanisms of plant resistance to salinity and
other stressors has shown that one of nonspecific responses is cell wall lignification which limits
translocation of water and ions in the tissues and the whole plant. The current study aims to investigate
the responses of Zinnia elegans Jacq. grown under regular soil irrigation with 50 mM NacCl. Plant
growth parameters and biochemical characteristics, such as the level of hydrogen peroxide and
malondialdehyde (MDA), and phenolics and lignin content, were determined. The level of expression
of genes encoding the biosynthesis of phenolic compounds and lignin was evaluated by the relative
number of transcripts. Application of 50 mM NaCl to soil decreased plant growth and induced lipid
peroxidation in stem tissues, despite an increase in the concentration of phenolic compounds. It means
that the antioxidant potential of produced phenolics might be insufficient for plant protection. The
amount of lignin in stem tissues increased mainly due to Klason lignin which is known to limit cell
elongation. The concentration of phenolic compounds correlated with the expression of PAL, C4H
and 4CL genes involved in their biosynthesis; and the amount of lignin correlated with the expression
level of CCR, CAD, PRX, and LAC genes.
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JKenpeccusi FeHOB MeTa00J1u3Ma (eHOJIOB M JTMTHUHA

B Zinnia elegans B yCJIOBHSIX 32COJICHUSA

A.C. Tyroaesa®, A. A. Epmomnn?,

X. Bupysinran®, U. C. KucejieBa?
“Vpanvckuii hedepanvHulil yHUSepcumem
Poccuiickasa ®eoepayus, Examepunbype
S Vnusepcumem Buympenneii Monzonuu
Xyx-Xomo, Kumau

AHHoOTanMs. 3aCOJICHIE — PaCIIPOCTPAHEHHBIN BU/I HAPYLICHUS CEIbCKOX03IMCTBEHHBIX 3eMelb. OHO
BBI3BIBACT YTHETECHHE POCTA U IPOAYKTUBHOCTH pacTeHUH. V3yueHne MexaHu3MoB yCTOHYHBOCTH
pacTeHuil K 3aCOJICHHIO TI0KA3aJI0, YTO JTUTHU(UKAIHS KJIETOYHON CTEHKHU — OJIHA M3 HeCTIeU(PUUECKUX
peakuuii pacTeHUi Ha 3TOT U PYTHE CTPECCOPBI, YTO OI'PAHUYMBACT TPAHCIIOPT BOJIBI X HOHOB B TKAHIX
U 1esioM pacteHuu. Hacrosiiiee ncciieioBaHne HapaBiIeHO Ha U3yUYEeHUE peaKIuU pacTeHul Zinnia
elegans Jacq. Ha 3acoyieHUE B JUIMTEIBHOM SKCIIEPHMEHTE TP BBIPALIMBAHNN Ha MIOYBE C PETyJIsPHBIM
nonuBoM 50 MM NaCl. OnpeneneHbl pocTOBbIE XapaKTEPUCTUKH PACTEHUH 1 OMOXUMUYECKUE MTOKa3aTelH,
TaKHe KaK ypOBEHb IIEPOKCH/IA BOAOPO/Ia M MaJIOHOBOTO auanbaeruaa (M1A), conepxanue GeHOIbHBIX
COEJIMHEeHUIT M IMTHIHA. YPOBEHb 3KCIIPECCUH T'€HOB, KOIUPYIOMNX OMOCHHTE3 (DeHOJIBHBIX COSIMHEHUH
W JUTHUHA, OLEHUBAJIM 110 OTHOCUTEIIBHOMY KOJMUYeCTBY TpaHcKpuiToB. Buecenune 50 mM NaCl
B [I0YBY MO/IABJISIIIO POCT PACTEHUH U MH]IyIUPOBAJIO IIEPEKUCHOE OKUCIICHHE JINITUJIOB B TKAHSIX CTEOIs,
HECMOTpsI Ha YBEIMUYCHNE KOHIICHTPAUH (DEHOIBHBIX COeTMHEHHUI. BeposiTHO, X aHTHOKCHIAHTHOTO
MOTEHIIMANa ObIJIO HEJOCTATOYHO JIJIsl 3alUThI pacTeHnid. Koln4yecTBo JINTHUHA B TKaHSAX CTEOIs
YBEJIMYUBAJIOCH B OCHOBHOM 32 cUeT JUTHUHA KitacoHa, KOTOPBIHM OrpaHnYIMBall pacTsHKEHHE KIETOK.
YporeHns TpaHckpunToB reHoB PAL, C4H, 4CL, y4acTByONIIMX B CHHTEe3¢ (DEHOJIBHBIX COCTHMHCHHUH,
KOPpenupoBai ¢ NOBbIIEHHEM UX KoHLEeHTpanuy; a reHoB CCR, CAD, PRX u LAC — ¢ Konu4ecTBOM

JIUTHHUHA.

KuroueBble cjioBa: KieTouHas CTEHKa, IEPOKCHUJ BOAOpOAA, (I)GHOHI)HBIG COCAUHCHMS, TUTHUH, 3aCOJICHHUE.

BaarogapHocTu. Pabora BrinonHeHa npu noaaepxke Poccuiickoro Hayunoro ®ouaa, mpoekt Ne 22—
24-00817, https://rscf.ru/project/22-24-00817/.

— 194 —



Anastasia S. Tugbaeva, Alexander A. Ermoshin... Expression of Genes Involved in Phenolics and Lignin Biosynthesis...

Lutuposanue: Tyrbaesa, A.C. Dkcrpeccus reHoB MeTabou3Ma GeHOJIOB U INTHUHA B Zinnia elegans B yCIOBHUSIX 3aCONCHUS /
A.C. Tyr6aesa, A. A. Epmomnn, X. Bupysuran, U. C. Kucenesa / XXypn. Cu6. penep. yn-ra. buonorus, 2023. 16(2). C. 193-205.

EDN: FCXTTL

Introduction

Land disturbance due to improper
agricultural irrigation practices and climate
change cause soil salinization (Singh, 2021),
which limits plant uptake of water, micro- and
macronutrients (Negrao etal.,2017) and decreases
crop yields (Cuong et al., 2020; Oliveira et al.,
2020). Changes in the water balance of plants can
lead to the development of osmotic stress; excess
accumulation of Na* can have a toxic effect.
Under salt stress conditions, an oxidative burst
develops in plants, provoking serious changes
in photosynthesis, respiration, cell division and
expansion, and thus limiting plant growth (Zhao
et al., 2021).

Most horticultural (zinnia, impatiens, violet,
sage, etc.) (Tenhaken, 2015; Garcia-Caparros,
Lao, 2018) and agricultural (wheat, rice, corn,
tomato, etc.) (Cuong et al., 2020; Oliveira et al.,
2020; Yasemin et al., 2020; Zhao et al., 2021)
plants belong to glycophytes, i.e., are sensitive to
salinity. Under conditions of moderate salinity,
the synthesis of osmolytes and antioxidants
occurs in glycophytes (Yasemin et al., 2020;
Zhao et al., 2021), and a number of morphological
changes, e.g., an increase in root diameter and
cell wall lignification, are observed (Oliviera et
al., 2020).

The cell wall is a physical barrier which
helps to protect plants from environmental
stressors. The content of its main components,
ie,  polysaccharides  (cellulose, pectin,
hemicellulose), phenolic compounds (lignin,
suberin) and proteins, varies depending on the
tissue type, developmental stage, intensity, and
duration of external impacts (Tenhaken, 2015;
Byrt et al., 2018; Oliveira et al., 2020; Liu et al.,

2021). Secondary cell walls, where lignin and

suberin are deposited, contribute to plant salinity
resistance (Vaahtera et al., 2019) along with the
other mechanisms. Suberin is found mainly in the
Casparian strips, and its formation is associated
with the activity of NADPH oxidases (Vaahtera
et al., 2019). Early suberinization was found in
Arabidopsis thaliana L. endoderm under salt
stress compared to untreated plants; increased
deposition of lignin and suberin has been shown
in the stele, outer layers of cortical cells, and
epiderma in many cereals (Byrt et al., 2018).
Lignin makes cell walls rigid and hydrophobic.
Its precursors, monolignols (coniferyl, synapyl,
caffeyl alcohols), are synthesized in the cytosol via
the phenylpropanoid pathway, then transported
to the apoplast, where they are oxidized by class
IIT peroxidases (PRX, EC 1.11.1.7) and laccases
(LAC, EC 1.10.3.2) into radicals involved in
lignin biosynthesis by the free radical mechanism
(Veljovic Jovanovic et al., 2018; Berthet et al.,
2012).

Phenylpropanoid pathway reactions involve
the sequential conversion of phenylalanine to
p-coumaroyl-CoA  (Fraser, Chapple, 2011).
Phenylalanine ammonia-lyase (PAL, EC 4.3.1.24)
deaminates phenylalanine to cinnamic acid. Then,
cinnamate 4-hydroxylase (C4H, EC 1.14.13.11)
hydroxylate cinnamic acid to p-coumaric acid.
4-coumarate-CoA ligase (4CL, EC 6.2.1.12)
catalyzes the synthesis of p-coumaroyl-CoA,
a precursor of hydroxycinnamic alcohols,
flavonoids, lignins, and isoflavonoids (Fraser,
Chapple, 2011). Then cinnamoyl-CoA reductase
(CCR, EC 1.2.1.44) converts hydroxycinnamoyl-
CoA to hydroxycinnamic aldehydes, cinnamyl
alcohol dehydrogenase (CAD; EC 1.1.1.195)
catalyzes the formation of hydroxycinnamic

alcohol, the precursor of p-hydroxyphenyl (H),
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guaiacyl (G), and syringyl (S) lignin monomers
(Fraser, Chapple, 2011). It was shown that high
salinity induced lignification of plant cell walls
by increased activity of PAL, C4H, 4CL and class
III peroxidases (Gupta, De, 2017, Mrazova et al.,
2017; Liu et al., 2021).

Z. elegans is a widely cultivated, ornamental
plant that is grown for cut flower production and
used in landscape design. It is characterized by
strong development of mechanical and vascular
tissues (Pesquetetal., 2013; Tugbaeva et al., 2021);
that is why many experiments were carried out on
zinnia as a model plant for studying lignification
and xylogenesis (Novo-Uzal et al., 2013; Pesquet
et al., 2013). This research aims to study the
responses of Z. elegans plants including the level
of oxidative stress, the accumulation of phenolics
and lignin, and the expression of genes involved
in their synthesis in a long-term experiment at
50 mM NaCl in the soil substrate.

Materials and methods

In the preliminary experiment aimed
at selecting the effective concentrations of
NaCl, Z. elegans (cv. “Rotkappchen”) seeds
were germinated on Petri dishes by adding
aqueous solutions of 10200 mM NaCl and
distilled water as a control. The linear sizes of
the root and hypocotyl of the seedlings were
measured on the seventh day. For the long-
term experiment, 50 mM NaCl was applied to
the soil substrate. The long-term experiments
included two variants (treatment with 50 mM
NaCl, and controls irrigated with distilled water)
with three replicates, each of 25 zinnia plants.
All plants were grown individually in 0.2 | pots
on a pre-autoclaved substrate — a mixture of
peat and coco substrate in a ratio of 3: 1. The
peat was neutralized with lime. NH,NO; and
KH,PO, were used as fertilizers in the ratio of
total N — 1500, P — 2500, K — 3000 mg kg'. No

microelements were added. Pots were irrigated

every three days with 30 ml of aqueous solutions
50 mM NaCl for 21 days. In controls, distilled
water was used. Plants were grown at 23 °C; the
photoperiod was set to 16/8 (day/night). At the
start of the experiment, the pH of the substrate
mixture was 6.0; EC .5 was 947 uS cm™ in the
controls and 1794 uS cm in the soil treated with
NaCl. At the end of the experiment, EC ;.5 was
645 uS cm! in the controls and 2250 pS cm™ in
the treated soil. The pH of soil extracts was 5.4
in both variants.

The plants were allowed to grow for three
weeks, which corresponds to the middle of the
Z. elegans vegetative growth phase (Asghar
et al., 2022). By that time, the plants had two
internodes out of five. The first internode relative
to the hypocotyl was completely formed, while
the process of xylogenesis was still ongoing in the
second one (Pesquet et al., 2013; Tugbaeva et al.,
2021). On the 21* day of growth, both treated and
untreated plants (30 of each variant) were used
to measure root and stem size (length, mm), dry
weight (DW), and water content (%). Fresh weight
(FW) of plant organs was measured immediately
after detachment; DW was determined after
fixation at 105 °C for 5 minutes and drying at
70 °C. The water content was calculated as a
percentage of fresh weight.

The H,0,

spectrophotometrically  in

content was determined

crude extracts
obtained from the roots and stems (0.1 M Tris-
HCl buffer, pH 7.8) using the method based on the
peroxide-mediated oxidation of Fe (II), followed
by the reaction of Fe (III) with xylenol orange
dye (Bellincampi et al., 2000), and expressed in
uM H,O, g' FW. The lipid peroxidation (LPO)
level was estimated spectrophotometrically by
the thiobarbituric acid test and expressed in pM
MDA g! FW (Uchiyama, Mihara, 1978). The
content of phenolic compounds in 70 % ethanol
extracts was determined spectrophotometrically

using the Folin-Ciocalteu reagent and expressed
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as mg gallic acid equivalent (GAE) per g FW
(Larayetan et al., 2019). The Klason lignin
(KL) and acid-soluble lignin (ASL) content was
determined in dried roots or stems by the sulfuric
acid method (Bajpai, 2018) and expressed as
a percentage of DW. The optical density of all
samples was measured on a Tecan Infinite M200
Pro spectrophotometer (Tecan Austria GmbH,
Austria).

Total RNA was extracted from the root and
stem tissues using Trizol (TransGen Biotech,

China). The concentration and quality of isolated

RNA was assessed spectrophotometrically
using a NanoDrop ND-1000 instrument
(ThermoScientific, USA). For each sample,

100 ng of total RNA was used for the first-
strand c¢cDNA synthesis with Oligo(dT)23VN
primers and Random Hexamer according to
the manufacturer's instructions (HiScriptll 1st
standard cDNA synthesis kit, Vasyme, China).
The procedure of qRT-PCR and primers used
were published earlier (Tugbaeva et al., 2022).
The relative expression level was calculated using
the 2-44¢t method (Livak, Schmittgen, 2001).

Ten plants of each variant were randomly
in each

taken for morphometric analysis
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replicate, 30 individual plants in total. The data
are presented as mean values and standard error
for all 30 plants.

Biochemical parameters are performed as
mean values and standard error for 3 biological
replicates (separate experiments) and 5 analytical
replicates for each biological replicate, 15
replicates in total. Each of the 5 analytical
replicates represented a pooled sample of 10
plants of each variant. Gene expression data were
presented as mean values and standard error for 3
biological replicates (separate experiments) and 3
analytical replicates (3 plants) for each biological
replicate, totally 9 replicates. Statistical data
processing included the Student's r-test and
Mann-Whitney U-test and was carried out using
STATISTICA 13 for Windows 10.

Results

In the preliminary experiment, the effect of
different NaCl concentrations on the germination
of seeds and the growth of Z. elegans seedlings
was determined. In the case of 1025 mM NaCl,
the root length of seedlings did not change
relative to the control group of plants (Fig. I).
Under the conditions of 50 mM NaCl, the root

s
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Fig. 1. The root (a) and hypocotyl (b) length of zinnia seedlings on the seventh day of growth under NaCl
treatment. Results are expressed as mean + standard error (n = 30). Asterisks represent significant differences

from control (p< 0.05, ¢-test)
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length decreased by 44 %, while in the presence
of 75-200 mM NacCl, root growth was strongly
inhibited. Compared to the control, the hypocotyl
height decreased by 12—14 % at 25 and 50 mM
NaCl; by 53 and 67 % at 75 and 100 mM NacCl,
respectively; by 78 % at 150 and 200 mM
NaCl (Fig. 1). For the long-term experiment,
50 mM NaCl was chosen, as it was the minimal
concentration that suppressed the growth of both
the hypocotyl and the root, the latter more than
twice in comparison with the control. In the 21-
day experiment, salinization of the substrate
with 50 mM NacCl led to a decrease in the linear
size and biomass of the axial organs compared
with the control. The weight of the root system
decreased by 68 %, and the length of the main root
by 40 % (Table 1). The stem length decreased by
12 % (Table 1, Fig. 2); and the DW was lower by

42 % relative to the control. The water content did
not differ significantly in stem (77.2 % — control
and 83.8 % — 50 mM NacCl) and root (94.9 % and
93.0 %, respectively).

The content of LPO product, MDA, a typical
marker of stress, increased in all organs of
Z. elegans plants (by 1.8 times in stem and by 1.5
times in root) in the case of NaCl application to
the soil substrate, while the content of hydrogen
peroxide as a form of reactive oxygen species
increased by 1.9 times in the root and did not
change in the stem, compared with the untreated
plants (Table 2).

Under

accumulate low molecular weight antioxidants,

stress conditions, plants often
mainly phenolic compounds. In Z. elegans roots,
the growth of LPO products under increased

salinity was accompanied by a slight decrease in

Table 1. Morphological parameters of root and stem of Z. elegans plants under NaCl treatment

Variant of experiment Root length, mm  Root DW,mg  Stem height, mm  Stem DW, mg
Control (water) 13.6 +0.5° 135.6 + 8.8° 57.6+2.1° 43.8+1.9*
Salt treatment (50 mM) 8.1+0.9° 433 +3.9° 50.6 + 1.7° 25.0+0.6°

Note. Results are expressed as mean + standard error (n = 30). Different letters represent significant differences between

treatments (p< 0.05, r-test).

Control (water)

I cm

f\ 50 mM NaCl

Fig. 2. Z. elegans plants (21-days old) under NaCl treatment
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Table 2. The content of hydrogen peroxide and MDA, free phenolic compounds, ASL and KL in root and stem

tissues of Z. elegans under NaCl treatment

H,0,, MDA,

Free phenolic

Variant mg g' FW mg g' FW mzoén XE“;?;’W ASL.% KL%
Root Stem Root Stem Root Stem Root Stem Root Stem
Control 2358+ 1205+ 45+ 031+ 043+ 061+ 489+ 643+ 929+ 802+
(water) 8.8 9.1 0.2° 0.022 0.01° 0.03* 0.232 0.11° 0.41° 0.442
tre:tetlll:ent 4561+ 1397+ 6.7+ 087+ 037+ 109+ 507+ 510+ 831+ 10.60=+
(50 mg) 31.8° 8.1* 0.1° 0.04° 0.02° 0.10° 0.31° 0.30° 0.38° 0.30°

Note. Results are expressed as mean + standard error (n = 15). Different letters represent significant differences between

treatments (p< 0.05, U-test).

phenolic compounds. In the stem, on the contrary,
it increased by more than 80 % (Table 2).

Phenolic compounds can function not
only as antioxidants but also as precursors in
lignin biosynthesis. In Z. elegans roots, under
50 mM NacCl, the ASL content increased by 16 %
compared to the control (Table 2), while the KL
content decreased by 12 % relative to the control.
In the stem, the amount of ASL decreased by
21 %, and KL increased by 32 % compared to
the control.

The expression of genes involved in

the phenylpropanoid pathway and lignin
biosynthesis in roots and stems was evaluated
by the level of their transcripts. In the roots of
plants grown under increased salinity, the level
of transcripts of the PAL, C4H, CCR, and CAD
genes decreased, and the 4CL gene increased
by 4.1 times compared to the control (Fig. 3a).
The relative expression level of the PRX and
LAC genes also decreased. In stem tissues
of Z. elegans plants exposed to 50 mM NaCl,
the level of expression of the studied genes in
the phenylpropanoid pathway increased (Fig.
3): PAL by 1.9 times, C4H and 4CL by 1.4-1.5
times, CCR by 3.7 times and CAD by 9.5 times.
The level of expression of the PRX and LAC
genes involved in lignification increased by 2.2

and 2.9 times compared with the control, which

corresponded to an increase in the total lignin

content in stem tissues in treated plants.

Discussion

Under NaCl excess almost all functions

of glycophyte plants change: growth and
photosynthesis decrease, water balance and
mineral nutrition are disturbed, and a significant
part of metabolites are redistributed for the
synthesis of antioxidant components (Tenhaken,
2015; Cuong et al., 2020; Zhao et al., 2021). Salt
stress leads to a decrease in the biomass and height
of ornamental plants (Tenhaken, 2015). It was
estimated that in Z. elegans, such characteristics
as the germination rate, the FW and the size of
seedlings and their parts (hypocotyl, cotyledons)
100 mM NaCl

Caparrods, Lao, 2018). In our study, Z. elegans

decreased under (Garcia-
plants occurred to be sensitive to salinization
of 50 mM NaCl — the root and stem length and
weight decreased, but there were no symptoms of
acute salt stress in the form of chlorosis. Perhaps
one of the reasons for stem growth limitation was
the lignification of cell walls that restricted the
ability of cell walls to elongate.

In our study, sodium chloride caused the
development of oxidative stress in plants. The
lipid peroxidation level and hydrogen peroxide

concentration in tissues increased. Similar results
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Fig. 3. Relative expression levels of phenylpropanoid biosynthetic pathway genes in root (a) and stem (b) of
21-day-old Z. elegans grown under 50 mM NaCl. /8S rRNA was used as the reference gene. Results are expressed
as mean = standard error (n = 9). Different letters represent significant differences between treatments (p< 0.05,
U-test)

in the roots and leaves of Z. elegans were obtained ~ a common response of Z. elegans to salinization
by Manivannan et al. (2015) under 50 mM NaCl  within 50-200 mM NaCl.

in the medium and by Yasemin et al. (2021) under A typical reaction to stress conditions is
50-200 mM NacCl. So, it can be concluded that  quenching of reactive oxygen species. Phenolic

the decrease of growth due to oxidative burst is  compounds are known as effective antioxidants.
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They demonstrate antioxidant activity under
stress caused by various biotic and abiotic
factors, including salinity. Therefore, the
increase in phenolics content in the stem, found
in our study, can be considered as a response of
Z. elegans to increased salinity (Table 2). The
rise of phenolics amount in Z. elegans stem can
be attributed to an increase in gene expression
as a corresponding increase in the amount of
gene transcripts involved in the regulation of
phenylpropanoid pathway, PAL, C4H, 4CL,
CCR, and CAD, was also observed (Fig. 3).
The Spearman correlation coefficient between
the level of PAL, C4H, 4CL, CCR transcripts
and phenolics concentration was 0.85-0.89. In
roots, the concentration of phenolics slightly
decreased under 50 mM NaCl, which could be
explained by the fall of the levels of PAL, C4H,
CCR, and CAD gene transcripts.

Phenolics are known as substrates for
peroxidases. It was shown that the activity of
class IIl peroxidases, which use phenolics as
substrates in many reactions, increased under
saline conditions (Su et al., 2020). In our study,
the expression level of the PRX gene decreased
in the root but increased in the stem. The results
suggest that the synthesis of phenolic compounds
via the phenylpropanoid pathway and their use
by peroxidases could compensate for each other,
and as a result, the total amount of phenolic
compounds did not change drastically.

The changes in the content of phenolics and
gene transcripts involved in their biosynthesis
may depend on the duration of the stress period.
In Lactuca sativa L. leaves the content of phenolic
compounds decreased upon short-term treatment
by 50, 100, and 200 mM NacCl, but did not change
after a long-term treatment with 5 mM NaCl
compared with the control (Kim et al., 2008).
Accumulation of phenolics also depended on the
genotype: in the roots and leaves of salt-tolerant

Oryza sativa L. their concentration varied in

a more pronounced way than in salt-sensitive
plants (Gupta, De, 2017).

Phenolic compounds perform a variety
of functions, such as defense responses, signal
compounds, pigment compounds, attractants,
and repellents (Cheynier et al., 2013). They are
also used as precursors in lignin biosynthesis. It is
known that lignification is a nonspecific response
of plants to different stressors. It protects cells and
preserves their integrity under oxidative stress.
In our study, the total lignin amount in the stem
increased in the case of 50 mM NaCl application.
The enhanced lignification under salinity stress
was also shown in Glycine max L. (Neves et al.,
2010), Lycopersicon esculentum Mill. (Sanchez-
Aguayo et al.,, 2004), T. aestivum (Jbir et al.,
2001), Z. mays (Oliveira et al., 2020), etc.

The composition of lignin determines its
characteristics and could change under abiotic
stressors (Oliveira et al., 2020). Our results
have evidenced that under saline conditions,
the composition of lignin altered in Z. elegans —
in the stem the amount of ASL decreased,
while KL increased; an opposite pattern was
observed in roots (Table 2). It is known that the
predominance of S-units is characteristic of
ASL, while KL consists of H-, G- and S-units
(Yasuda et al., 2001). In stems of Z. mays, the
number of S-monolignols in lignin increased
under salt stress (Oliveira et al., 2020), while
in roots of G. max, both H- and S-monolignols
have risen (Neves et al., 2010). Changes in lignin
composition are known to result from a complex,
time-related regulation of the enzymes and genes
involved in the phenylpropanoid pathway and
lignin synthesis — PAL, C4H, 4CL, CCR, CAD,
PRX, and LAC (Mrazova et al., 2017; Cuong et al.,
2020). The phenylpropanoid pathway enzymes
catalyze a balanced sequence of reactions which
lead to formation of H-, G-, and S-units of lignin
in equal proportion (Fraser, Chapple, 2011). In

our study, the level of gene transcripts changed
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differently in the under- and aboveground
organs under saline stress compared with the
control. In the stem, the level of CCR and CAD
transcripts increased. The enzymes encoded by
them are responsible for the late stages of the
phenylpropanoid pathway (Fraser, Chapple, 2011)
and thus for the synthesis of all monolignol-units
(H-, G- and S) that are necessary for KL synthesis.
The Spearman correlation coefficient for KL and
the level of PRX, LAC, CCR and CAD transcripts
was 0.74—0.78. The level of root transcripts of
CCR and CAD decreased, which caused the
predominance of one type of monolignol units.

We suppose that in the Z. elegans stem, the
rise of the PRX gene expression level under saline
conditions may lead to an increase in the total
peroxidase activity and tissue lignification. The
decline in the PRX gene expression level in the
root did not provide additional lignin deposition.
Multidirectional changes in the expression level
of phenolics and lignin synthesis genes were also
shown for T. aestivum (Cuong et al., 2020) and
Lotus japonicus L. (Mrazova et al., 2017). In the
response to salinity stress, the gene encoding
class II1 peroxidases, for example, TaPRX-2A, was
differentially expressed in the roots and leaves of
T aestivum at 200 mM NaCl (Su et al., 2020).
The stress caused by 50 mM NaCl had a different
effect on the level of CsaNAPOD transcripts in
the roots, stems, and leaves of Cucumis sativus
L. seedlings, which suggests organ-specific (Fan
et al., 2014) and species-specific responses to salt
stress.

As peroxidases are involved in the
biosynthesis of lignin and in preventing the
development of oxidative stress by hydrogen

peroxide degradation (Tugbaeva et al., 2019), the
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Abstract. Growing mushrooms on nutrient substrates made of sawdust may be promising avenues for
utilization of sawmill waste. The authors have used sawdust of deciduous trees as the basis for a nutrient
substrate in growing shiitake mushrooms (Lentinula edodes (Berk.) Pegler) in laboratory conditions.
Spent mushroom substrates (SMS) after picking mushrooms can be used as an organic fertilizer and
(or) mulch. Applying SMS in growing dill (Anethum graveolens L.) ‘Bushy’ allowed to shorten the
seed germination period from 15 to 5 days and obtain a larger amount of green mass. The influence of
SMS on the composition and antiradical properties of dill extract has been studied. Essential oil was
obtained by water-and-steam distillation; the oil composition was studied by chromatography-mass
spectrometry. In control, the main components of the essential oil of dill were a-fellandren — 15.2 %,
limonene — 24.2 % and carvon — 42.5 %. When using SMS, the composition of dill essential oil was the
same, however, the ratio of the components changed: the content of a-fellandren and limonene increased
to 20.5 % and 31.5 %, respectively, while the content of carvon decreased to 31.0 %. Aqueous extracts
of dill were studied for antiradical properties for the first time. Antiradical activity was determined in
a model reaction with a free stable 2,2-diphenyl-1-picrylhydrazyl radical and made 27.4 % and 35.3 %
in the control and dill grown with SMS, respectively.
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IlepcnekTMBBI HCNIOIb30BAHUSA OTPA0OTAHHBIX
rPUOHBIX 0JIOKOB 1JIsl YJ1Y4IIEHUS
MOp(pOMETPUYECKHUX MOKA3aTe/Iell pacTeHU YKpona
U COCTABA MX OMOJIOrHYeCKU AKTUBHBIX COCAMHECHUI
T. A. Kyaaruna, 1. /1. 3sixkoBa, E. H. 3ajineBa

Cubupckuti hedepanvHulil yHUBepcumem
Poccuiickaa ®edepayus, Kpacnospck

AnHoTanus. [lepcriekTHBHBIM HaNPaBJICHUEM YTUIH3AIMH OTXO/I0B JIECOMUIICHNUS (OIMIIOK) CUUTACTCS
CO3/IaHMe Ha X OCHOBE ITUTATEIBHBIX CyOCTPATOB /IS BRIpalIuBaHus rpu0oB. B HacTosmel padote
OTIMJIKH JTUCTBEHHBIX IIOPOJ JIEPEBHEB NCIOIB30BAIH B KAUECTBE OCHOBBI MUTATEIBHOTO CyOCcTpaTa
IS BEIpaInuBaHus rpuboB muutake (Lentinula edodes (Berk.) Pegler) B mabopaTopHBIX YCIOBHUSIX.
Orpaborannsie rpudHbie 65oku (OI'B), octaromuecs nocie coopa rpudoB, MOTYT IPUMEHSTHCS B KAYECTBE
OpraHUYeCcKOro yA0OpeHus U (MiIu) MyJipunpytomero Marepuaia. Jlodasnenne OI'b B rpyHT 1ipn
BBIPAIIMBAHUHU YKpona naxyuero (Anethum graveolens L.) copra « KyCTHCTBII» MO3BOJIUIIO YCKOPUTH
CPOK IIpOpacTaHus CEMSH ¢ 15 10 5 CyTOK M MOIy4YUTh O0JIbIIIee KOJIMYECTBO 3eJIeHO0 Maccehl. M3yueno
Brnusinue mpumeHeHuss OI'b Ha cocTaB U aHTUPaAUKaIbHBIE CBOMCTBA OKCTpaKTa yKpona. MeToaom
TUJIPOTIAPOAUCTUILISAINH TOJTyUYeHO 3(PUPHOE MACIO U METOAOM XPOMATO-MacCC-CIIEKTPOMETPHH
HCCIIEJIOBAaH €r0 KOMIIOHEHTHBINA cocTaB. B KOHTPOJIBbHOM BapHaHTE OCHOBHBIMU KOMIIOHEHTAMHU
s¢upHOTro Macna ykpona Obuth a-pemtanapes — 15,2 %, numonen — 24,2 % n kapBoH — 42,5 %.
B Bapuante ¢ npumenennem OI'b n3MeHMIIOCH MPOLIEHTHOE COOTHOIIEHHE KOMIIOHEHTOB 3()MPHOTO
Maciia Ipy COXpaHeHNH ero KaueCTBEHHOTO COCTaBa: CoJepKaHue o-(heslaH/[peHa 1 IMMOHEHA BO3POCIIO
10 20,5 u 31,5 % cooTBETCTBEHHO, COAiep)KaHNEe KapBOHA CHU3UIOCH 10 31,0 %. BriepBbie n3yueHbl
AHTHPAJIUKAJIbHBIE CBOMCTBA BOJHBIX AKCTPAKTOB YKPOIIa B MOJIEIBHON PEaKIUN CO CBOOOIHBIM
CTaOMIBHBIM 2,2-TU(eHII- | -TUKPUIITHAPa3UI-pagruKaioM. [loka3aHo, 4TO UCCIICAYEMbIC IKCTPAKTHI
MPOSIBJISIIOT aHTUPAJAUKAIBHY 0 aKTUBHOCTb, 3HAUEHH S KOTOPOU cocTaBistoT 27,4 u 35,3 % nis ykpona,

BBIPAIIIEHHOT'0 Ha KOHTPOJIBHOM TPYHTE, U YKPOIIa, BeIpalieHHoro Ha rpyHTte ¢ OI'b, cooTBeTCTBEHHO.

KaioueBble ci10Ba: 0TXO/1bI JIECOMUIICHHS, TPUO IIMUTAKE, OTPAO00TaHHbBII I'PHOHOI OJIOK, YKPOII copTa

((KYCTHCTBIﬁ)), BOJAHBIC DKCTPAKTHI, 3(1)I/IpHO€ MacJjio, aHTUpaaAruKaJlbHasA aKTUBHOCTb.

Hutuposanue: Kynaruna, T. A. [lepcneKTUBBI UCIIOAb30BAHUS OTPA0OTaAHHBIX ITPUOHBIX OJIOKOB AJIS yJIy4UIICHUS
MOp(hOMETPHUECKUX MOKA3aTeNIel paCTCHUH yKpOIa U COCTAaBa MX OMOJIOrMYeCKH aKTUBHBIX coepannenuit / T. A. Kynaruna,
. 1. 3eixoBa, E. H. 3aituesa // XKypu. Cub. ¢penep. yn-ra. buonorus, 2023. 16(2). C. 206-217. EDN: JQUROZ

Beenenne KOTOPBIE YCHELTHO UCIIONIB3YIOTCS B KAUECTBE TO-

JleconpoMBbIIIICHHBIA KOMIIJIEKC TOJIBKO  IUIMBA B KOTEJIBHBIX, IeYaX Majoro oobema, st
Poccuiickoii ®enepaiuu B BUE€ OTXOAO0B JIECO-  NPOU3BOACTBA JPEBECHBIX MEJJIET, B CTPOUTEILHON
MUJIEHHUS €KETOAHO MPOU3BOIUT Gojiee 2 MIH M  MHJIYCTPUH, B THAPOTH3HON IPOMBIIIIEHHOCTH

npeBecHBIX ook (Kymaruna u np., 2009, 2021),  u np. (Illno6un, Tapasesud, 2017; 3otoB, 2018;
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bop3yHnoga, 3uHoBbeBa, 2012; Siyal et al., 2021;
Ahn et al., 2014). [TepcieKTUBHBIM HaIlpaBJICHHU-
€M yTHJIM3aLHU OTXOJIOB JIECOMUIICHUS TaKXKe
CUMTAETCS CO3J]aHNE HA UX OCHOBE MTUTATEIbHBIX
cyOcTpaToB ISl BeIpaliuBanus rpudos. s ue-
JIOBEKA IpUOBI ABISIOTCSA EHHBIM ITPOAYyKTOM
MUTAHUS; UX MUILIEBast IEHHOCTB 110 KaJIOPUHHOCTH
CPaBHHMBAETCS C OBOLIAMH M XapaKTEPHU3yeTCs
OoJBLIMM coliepKaHueM Oenka — B cpefHeM 3,9 T
Ha 100 r. CpenHuil nokasaresb COAEPKaHUs M0-
JIE3HBIX PACTUTEIBHBIX )KHPOB U YIIIEBOJOB CO-
crasisier 0,5 rpamm u 2,3 rpamma Ha 100 rpammoB
rpubOB, COOTBETCTBEHHO. [ pHOBI COztepKaT MHOTO
BaXHBIX MUHEPAJIOB, TAKHUX KaK eJe30, Gpocdop,
MeJlb, KaJHil U CelieH, OKa3bIBAIOT IOJIOKUTENb-
HOC BIIMSHHE HAa MMMYHHYIO CUCTEMY YeJIOBEKa
(BumHsKOB 1 11p., 2022; JlazapeBa, AjekcaHapoBa,
2017). [TockonmbKy OCHOBHAS Macca OIHIIOK YXOIHT
B OTBaJIbI JINOO CIKUTAETCs, UCIOJIb30BaAHUE X
B KQ4eCTBE OCHOBBI /IS CO3/IaHUS ITUTATEIBHBIX
CcyOCTpaTOB 117151 'PUOOB BHOCUT BKJIAJ B PCIICHUE
MIPOOIIEMBI 3arpSI3HEHHSI OKPYKAIOIIEH Cpeibl OT-
XOJIaMH JIECOTUJICHU .

OTtpaboTtaHHble IPUOHBIE OJIOKH, OCTAIOLIH-
ecst mociie coopa rpudoB, U3HAYAIBHO CUUTAIIUCH
0TX0JaMH — Ipo0JieMa, pemarb KOTOpYyIo ObII0
TpyaHo. X yTuiin3anus ocyuiecTBIsIach ¢ J10-
MIOJTHUTEIBHBIMU 3aTpaTaMu Il pepmMepoB, 110-
CKOJIbKY YUHTBIBAJIUCh IKOJIOTHYECKHE TpeOoBa-
HUS U IIPaBUjIa yHUUYTOKEHHS UCIOIb30BaHHBIX
6s10K0B. [Tocse Toro kak ObLT OOHApYsKeH Oorarhlii
OpraHMYecKni COCTaB TPUOHOT0 KOMIIOCTA, OTpa-
OoTaHHBIE TPUOHBIE OJIOKH CTAJH UCIIOIbH30BAThH
B KaueCTBE OPraHUYecKoro yaoOpenus, odbora-
IIEHHOT'O YTJIEPOJIOM, HIIH KaK MYJIbUHPY FOIINAN
Matepuan (MBaHoB u np., 2015; Grimm, Wosten,
2018). CnenyeT OTMETUTD, UTO MPUMEHEHHNE OTHU-
JIOK B KauecTBE y100pEHHs BO3MOXHO, HO TOJIBKO
MOCJIe CTIeHUaTbHON X HOATOTOBKH. CBEXHE OT-
XOZIbI JIECOTTMJICHUSI HE MOT'YT HCITOJIB30BATHCS
B CEJIbCKOM XO35IMCTBE, IOTOMY 4YTO COJEPKAT

B CBOCM COCTABC JIMTHUH, CMOJIbI, B CJ1y4ac XBOU-

HBIX — 3(HUPHBIE MaclIa, YTO I'yOUTEIBHO AJIsl POCTa
W nuTaHus pacteHuii. Kpome toro, 6akrepun,
coJiep Kalluecs: B IOYBE M PaCLIESILISIIOIINE 11eI-
JFOJI03Y, TOTPEOIISFOT a30T U3 OYBBI M BBIICISIOT
P 3TOM Pa3IMYHbIC BEIECTBA, yBEIMYHBAIOIIIE
€€ KUCIIOTHOCTb.

Llenbto naHHON pa®oOTHl OBLIO HW3yueHHE
BIIMSIHHS 1OOABIICHUS B TIOYBOIPYHT OTpabOTaH-
HOTo rpuOHOro 0JI0KA TOCIIe BhIPAIIMBAHUS I'PH-
0a muurtake (Lentinula edodes (Berk.) Pegler)
Ha Mop(doMeTpruyecKre IoKa3aTean pPacTeHHUU
yKpoma maxydero (Anethum graveolens L.) co-
pra «KycTHCTBII», a TaK)Ke Ha COCTAaB U aHTHpa-

JAUKAJIbHBIC CBOICTBA €ro OKCTpPAKTa.

MarepuaJibl U METO/bI

['pubbl 1mIMKTaKe BBHIpALIUBAIM Ha CyO-
CTpaTHOM OJIOKe, MPUTOTOBJICHHOM IOCPE/-
ctBoM cMmemeHuss 350 © Gepe3oBBIX OMMIIOK
(IpenBapuTEIBHO TEPMHUYECKH 00pabOTaHHBIX,
pa3smep wactun 2-5 mm), 100 r 3epHOBOTO MH-
menust 1 30 T OmoakTmBaTopa pocta (puc. la).
Muuenuii mMUTaKe W OHOAKTHBATOP pPOCTa
OBLITH TPUOOpPETEHHI B KoMIanuu «JlabopaTtopus
Gribanich-I'pu6anbruy» (r. HoBomockosck, Tyiib-
ckas 001acTs). Tepmudeckast 00paboOTKa OIHIIOK
IPOBOJMIIACEH CIEAYIOIUM 00pa30M: ONUIIKH 3a-
IPy’KaJid B METAJJIMYECKYI0 €MKOCTD, 3aJINBAJIH
ropsiuer Bojoii (temmnepatrypa 70—80 °C) u Ha-
IpeBaJId Ha AIICKTPOIUIMTKE B TEYCHHE 5 4acoB
IpU MEPUOJUYECKOM IEPEeMEIINBAaHUM, HE JI0-
BOJISL COJCP)KMMOE €MKOCTH J0 KHIEeHHS. 3a-
TEM BOJy CIIMBaJM U JaBaju cydcTpary o0reub
U OCTHITH Ha MEIKOW ceTke. BiaxHOCTh rorto-
BOro cyocrtpara okosio 65 %. Ha mpaktuke 3to
O3HAYaeT, YTO MPU CKATHH CyOCTPATHON Macchl
B KyJIaKe U3 Hee BbljiessieTcs: He Oouee 1-2 karum
BOJIbl. BroakTuBaTop pocta J0OABISUIN K ONMKJI-
KaM Ha CTaJu1 TepMUUYECKON 00paboTKH.

ToTOBBII cyOcTpaT moMeniaau B MOJUITH-
JICHOBBIH IAaKeT, KOTOPBIM IIJIOTHO 3allaKOBbIBA-

JIA. ,HJ'IH obecrieueHus JAbIXaHUS MHUICIWA B I1a-
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Puc. 1. Cranuu BelpamuBanus rpuOOB HIMHTAaKe Ha cyOcTpaTHOM Oiioke: a) — GopMmupoBaHUE OJoKa; 0) —

I/IHKyGaIII/IH; B) — HOABJICHHUC IIJIOOOBBIX TCII

Fig. 1. Stages of shiitake cultivation on a substrate block: a) — block formation; b) — incubation; c¢) — fruiting

KeTe JeJall HECKOJIBKO IPOKOJIOB, TOCIE Yero
cyOcTpaT moMemnanu B HHKyOalnOHHY 0 KaMepy.
B kauecTBe MHKYOAIlMOHHOW Kamepbl ObLT 3a-
JEHCTBOBAH JTA0OPATOPHBIN CYIIMIBHBIA IIKA()
OKPOC I13-4610 (Poccusi) ¢ 00beMoM KaMepsbl
56 1. B TedyeHue Tpex HEACNb B HHKYOAIIHOHHOM
Kamepe npu Temneparype +26 °C mpoucxoauia
KOJIOHM3aIusl CcyOcTpaTa MHIEIMEM IINHTAKe,
cyOcTpaTHbIi OJ0K cTan 6enbiM (puc. 16). B Te-
yeHne nocienyromux 30 gHEH mBer cyocTpat-
HOro OJIOKa M3MEHWJICS Ha KOPHYHEBBIH, YTO
CBHJICTEJILCTBOBAJIO O TOTOBHOCTH K IIJIOIOHO-
ieHuo. Ero noBepxHOCTh ObLi1a IOKPHITA BBIPO-
CTaMHM, OXOXXHMH Ha «IOM-KOPH», C TOMOIIBIO
KOTOPBIX IIUUTAKE B IPUPOHBIX YCIOBHSIX IIPO-
OMBaIOT KOpPY JepeBa.

KopuuHeBblii 0JIOK OCBOOOXJalU OT IIO-
JUATHJICHA W CTaBWJIM B BBIPOCTHYIO KaMmepy
(puc. 1B). BeipocTHast kamepa B HaIIEM SKCIEpHU-
MEHTE IPeJICTaBIIsIIAa COOO CaMOIeJIbHY 0 00 TS-
HYTYIO TONMATUIICHOM (C HaApe3aMH A Mpo-
HUKHOBEHHUS BO3/lyXa) KOHCTPYKIHIO pa3MEpOM
50x40x70 cM, BKJIFOUYAIONIYIO B ceOst: 1) moamoH
C BOJIOH, B KOTOPOM Ha pelIeTyaToil 1MoJcTaBKe
yYCTaHABJIMBACTCSI T'PUOHON OJI0K; 2) OBITOBOM
YIBTPa3BYKOBON YyBIaXHUTENb Bo3ayxa ME-
A205B (Kuraii); 3) uudpoBoii TepMOrUTpPOMETP
Mereon 20209 (Kuraif). Temneparypy mogaep-

skuBaiu B uHTepBasie 15—18 °C (0TKpbITHE OKOH,
BEHTHIISIIINS), BIAXXHOCTH — Ha ypoBHE 60—80 %.

[Ipouecc miomoHomeHus aauics 14 gHei.
Iocne cusatus ypoxas OI'b Haxoauics HEKOTO-
poe BpeMs Ha OTKPBITOM BO3TyXe JJISI YAaJIeHUS
u3 Hero ocrasiieiics Biaru. Jlanee OI'b ¢ Biax-
HOCTBIO 1,5 % NPUMEHSIN B KauecTBE JH00aBKU
IIPH BBIPALMBAHUH YKPOIIA.

«KycTucTslity — copT yKporia, KOTOPBIH BbI-
pamuBalOT B OTKPBITOM TPYHTE MPAKTHYECKH
Ha Bcell Tepputopuu Poccun. brnaropaps conu-
JKEHHBIM MEXKJO0Y3JIUsAIM PACTEHUs STOr0 copTa
(bopMHUPYIOT MHOTO IMCTHEB. JIncToBas poseTka,
cocrosimias u3 10—12 nucTheB, HEMHOTO MPUIIOJ-
HATA. JIUCTBA KpyNHBIE, HACHIILEHHOIO 3€JIEHO-
IO IBETa, NMEIOT HEOOJIBIIONH BOCKOBOW HAJeT.
®opwma nucTta — cpeaHepacceueHHas. LlenTpasb-
HBI IIBETOHOC HEMHOTO OOJIbIIE OCTAJIBHBIX.
Mounozast 3eneHb couHas U Msrkas. M3-3a 6011b-
LIOT0 COEPrKaHMs S(PUPHBIX Macell apoMar sipKo
BbIpakeH. OTHOCHTCS K TpyIIe OOMJIBHO JIHU-
CTBEHHOTO THIa. He J0ONUT 3aKNCIICHHBIX TI0OYB
1 OTCYTCTBHUS MOJHUBA.

Ykponm BbIpaluBaid B J1a0OPAaTOPHBIX
YCIOBUSIX B IUTACTHKOBBIX JIOTKax (6 mIT.), 3a-
TIOJTHEHHBIX TPYHTOM, NPHOOPETEHHBIM B PO3-
HUYHOW Tmponaxe («I'pyHT yHUBepCalbHBIN

IUTsL paccaaby, Pocens). 3a 2 Hepenu 10 oceBa

— 209 —



Tatiana A. Kulagina, Irina D. Zykova... Spent Mushroom Substrates to Improve the Morphometric Indicators...

CEMSH yKpOIa B TPEX U3 LIECTH JIOTKOB B TPYHT
ob10 BHeceHo 10 % OI'bB or o0mieii Macchl
rpyHTa. CeMmeHa 0e3 NpeaBapuUTEIBHOTO 3aMa-
YUBaHMS BHOCWIH B TpyHT 0e3 OI'b (koHTpOIIB)
U B I'PYHT C IPE/IBAPUTEIHHO BHECECHHBIM B HEr'O
OI'b Ha r1y6uny 10 MM ¢ paccTOsSSHUEM MEXIY
ceMeHaMM 5—7 MM. JIOTKM 3aKpelBaju MOJIU3-
TUJICHOBOH IUIGHKOW 10 MOMEHTa IOSIBJICHHUS
MEPBBIX BCXOJOB, IOCJE YETO IJICHKY yOupaau
W JOTKHM CTaBWJIM Ha IOAOKOHHUK. JlanmpHen-
Il pOCT YKpOMa IMPOXOAMJ MPH €CTECTBEH-
HOM OCBeIleHHH. J{ns1 HaOJoaeHus 3a POCTOM
pacTeHus B OgHOM JIoTke 0e3 mobasienus OI'b
n ontHoM JioTKe ¢ OI'b ObuM BBIOpaHBI yYaCTKH
¢ IsAThIO moderamu. M3mepenue 1iuHb HOOETOB
ocywectsiusiau Ha 7, 10, 13, 17, 21, 24, 26, 28,
30-b1i1 meHb MOCE npopacTanus. B e 3amepa
OIIpENeNIsN JUINHY KaKIO0TO U3 ISITH M0OeroB
¥ HaXOAMJIM CPEeIHIO0 BeanunHy. CeIpyio Maccy
mo0eroB OICHWBAIHN TOCie cpe3anus Ha 30-bId
JICHb pOCTa.

O¢upHoe Macio ykKpoma MOJIydalad Me-
TOJIOM

TUPONAPOAUCTHILIALMU.  XPOMAaTO-

MacC-CIIEKTPOMETPHUECKUI  aHAJIM3  IMPOBO-
qunu Ha xpomarorpade Agilent Technologies
7890A ¢ xBaJpyNOJIbHBIM Macc-CHEKTPOMETPOM
MSD 5975C B kadectBe paerekTopa. KosoH-
ka kBapueBast HP-5 (comommmep 5 Y%-nude-
HUT-95 %-TUMETHIICUIIOKCAaH) C BHYTPEHHUM
nuamerpoM 0,25 mMm. Temneparypa ucnapuresst
280 °C, Temmneparypa UCTOYHHKA HOHOB 173 °C,
raz-HocuTens — renuit, 1 mur/muH. TemmepaTypa
koonku 50 °C (3 muH), 50-270 °C (co ckopo-
cTbio 6 °C B MHH), H30TePMUYECKHUN PEXKUM IPH
270 °C B Teuenue 10 MuH.

Coznep)kaHne KOMIIOHEHTOB 3(MPHOTO Mac-
Jla OLEHUBAJIN IO TUIOIAJAM MUKOB. MneHTH-
(UKaIUIO OTAETBHBIX KOMIIOHEHTOB ITPOBOIIIN
Ha OCHOBE CPaBHEHHUS BpPEMEH YJEPKUBAHMSI
1 TIOJHBIX Macc-CIEKTPOB C COOTBETCTBYIOIIHU-
MU JaHHBIMH KOMIIOHEHTOB 3TaJIOHHBIX Macel

1 UWHAUWBUAYAJIBHBIX COGHHHeHHﬁ, €CJIM OHH

umenucb. Kpome toro, 1ist uACHTUPUKALIMH UC-
TI0JIH30BAJIN ATIIACHI MACC-CIIEKTPOB U JINHEHHBIX
unaekcoB yaepxkuanus (Tkaues, 2008; Adams,
2007). [Ipu moTHOM COBIIAJICHHH MACC-CIIEKTPOB
UACHTUQUIUPYEMBIX KOMIIOHEHTOB C HMEI0-
IUMUCS OMONMOTEYHBIMHU JAHHBIMHU (IIPOIICHT
coBmajicHUs: He MeHee 98 %) M coBmaaeHUEM
JVHEHHBIX WHJCKCOB YACPKUBAHUS (pa3iudus
He Oosiee 2—3 enMHUIIBI) UACHTU(DUKALIMSA CUNTA-
nack ofHO3HA4HOW. CozepkaHue KOMIIOHEHTOB
Macla ONpeieisaaoch B TPEX MOBTOPHOCTSIX.
Jlnst ompeneneHus aHTHPaAWKAJIBHOM ak-
TuBHOCTH (APA) BOZHBIX DKCTPAKTOB yKporma
n TpuOOB MIMMTAKE MWCIOIB30BATIN MOMAECIh-
HYI0 pEaKIHI0 CO CTaOWJIBHBIM CBOOOJHBIM
2,2-muheHuN-1-MAKPUITUAPA3UIT  PAJTHKATIOM
(ADII) (Sigma-Aldrich) (Molyneux, 2004;
Misharina et al., 2015; Zhigzhitzhapova et al.,
2020).

Ha cKkaHupytomeM cnekrpodoromerpe UV-1700

ONTHYEeCKyI0 IUIOTHOCTh  H3MEpSIN
(Shimadzu, SInonus) npu anuHe BoiHBI 517 HM.
Peaknuio mpoBOAMJIM B KBApLEBBIX KIOBETaX
C IJIOTHO 3aKPBIBAIOIIMMHUCA KPBIMIKAaMU (TOJI-
muHa KoBeTsl 10 MM) mpu Temmeparype 293 =+
IK mytem npunuBanust k 3 mut 2,0x10-* M pac-
tBopa JDIII" B 96 %-HOM 3Tanone 20 MKI BO-
JTHOT0 AKCTpaKkTa. MI3MepeHue onTuuecKkou mioT-
HocTH mpoBoamin 4epe3 30 MHH OT MOMEHTa
nobaBieHus dKcTpakTa K pactsopy ADIII B ka-
YecTBE KOHTPOJBHOTO 00pasna HCIOJIb30BaIH
pabounii pacrBop ADIII. AHTHpagHKaIbHYIO
aKTHBHOCTH (mporeHT wHrnbmpoBanus JOII)

ornpeaessau mo Gpopmysie:

[IpouenTt unrubupoBanus AP =

D — Dy
= ZmT X100 %,
DKOHTp

rae D, — onTuyeckasi IIOTHOCTh UCCIEAYeMOro
pactBopa, Dy, — ONTHYECKAS IJIOTHOCTh KOH-
TPOJBHOIO pacTBopa. Kaxkmoe ompeneieHue

MIPOBOJIMIINA B TPEX MOBTOPHOCTSX (T.€. TPH pasa
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HOBTOPSUIA U3MEPEHUSI, KX bl pa3 roToBs HO-
BOE COJECP)KMMOE KIOBETHI: mpminBas 20 MK
skcrpakTa K 3 mia 2,0x10* M pacteopa JDIIT
B 96 %-HOM dTaHOIE).

Xpomarorpadudeckuii npopuib GEeHOb-
HBIX COEAMHEHWI BOAHBIX SKCTPAKTOB yKpoma
ObUI TOJy4eH METOJOM BbICOKOA((EKTHBHON
XKUAKOCTHOM xpomaTorpapuu (BOXX) na xnn-
KOCTHOM xpomatorpade «Muuxpom A-02» 9
(BAO UncturyTr xpomarorpadun «koHoBay,
HoBocubupck) B rpagHMEHTHOM pEKHME 3II0-
npoBaHusi Ha kosoHke «Silasorb» (SPH 5C 18,
2*75 mm, dp = 5 mkwm), amoenter: A — 0,01 %
pacteop HCOOH, B — 100 % anetonurpun, cko-
POCTB MOIa4H MOBHKHOM (a3bl coctaisiiaa 100
MKJI/MUH, TpanueHT: 55,5 % 3a 30 muH., npu
JUTHHE BONTHBI gaeTekTupoBanus 300 um. O0beM
BBOJIMMOM MPOOBI — 5 MKJI 9KCTPAKTa pacTEeHUsI.
DJEeKTPOHHBIE CHEKTPbI SKCTPAKTOB PETUCTPH-
poBanu Ha cnekTpodoromerpe Shimadzu UV —
1700 B nuamazone ckanupoBanus 190-900 Hwm.

CTaTHCTHYECKYI0 3HAYMMOCTH pa3iIudui

orpenessiiu 1o kodppuuueHty CTbrojieHTa.

Pesyabrarsl u 00cyxkaeHne

[IpenBapuTenbHbIe SKCIIEPUMEHTHI ITOKA3a-
JIM, 9TO IprOHAs KyJIbTypa IIMUTAKE COBEPIICH-
HO HE MOJIXOIUT IS TepepaboTKH XBOITHOTO
omuia, TaKk Kak MUIEIUN Ha HEM pa3BUBAETCS
cimabo. Ypoxaii Tpu0oB MUKTAKe, BEIPAMICHHBIX
Ha cyOcTpate, MPUTOTOBICHHOM H3 OEpPEe30BBIX
OITHIIOK W TPUOHOTO MUIIETHU S, COCTaBUI 650 T.

Nwmeromasicst B nuteparype U HHTEPHET-
HWCTOYHUKAX WH(OpMAIUS HE CONCPKHUT Hayd-
HO OOOCHOBAHHBIX PEKOMEHIAIMH [0 HOpMaM
n cnocobam BHeceHus OI'b B mouBy npu BbI-
pamuBaHuu pacteHuil. Kpome Toro, Oosbiias
4acTh CYHICCTBYIOIIUX pa3padOTOK CBsi3aHa
¢ mnepepabOTKOW OTPabOTaHHBIX CyOCTPaTOB
B OMOTYMYC, YTO CYIIECTBEHHO 3aMeJIsCT Bpe-
M3l TIOJTyYEHHSI TOTOBOTO MPOJIYKTA U yBEIUYH-

BaeT ero ce0eCTONMOCTb.

B Hamux nccrenoBaHuAX BHECEHUE B TPYHT
OI'b 3HaYUTENBHO MOBJIMIIO Ha CPOK MIPOpaCTa-
HUSI CEMSH U JUINHY IPOPOCTKOB yKkpomna. OT™e-
YEHO, YTO I10CJIe OJHOBPEMEHHOTO 3aCEBa CEMSIH
yKpoIa B KOHTPOJBHBIN IpyHT U B TpyHT ¢ OI'b
IIpopacTaHNe CEMsSH BO BTOPOM cCllydae Haua-
JIOCh YK€ Ha MATHIE CyTKH, B TO BPeMsI KaK B JIOT-
K€ C OOBIYHBIM TPYHTOM ITPOPOCTKHU yKpOIIa I10-
ABHJINCH uepe3 15 nueit. Ha mpoTskeHnn Bcero
NIepro/ia pocTa JUTMHA MPOPOCTKOB YKPOIIA, BBI-
pamenHoro ¢ npumenennem OI'b, Oblna gocto-
BEPHO BBINIE MPOPOCTKOB YKPOIA B KOHTPOJIb-
HOM BapuanTe (puc. 2). Crlpasg mMacca moOeroB
YKpOIIa, BBIPAIICHHOTO B KOHTPOJIBHOM BapHaH-
te, yepe3 30 nueii coctaBmuia 201,0 £ 1,2 1, a BBI-
pamenHoro ¢ go6asienuem OI'b — 3180+ 2.0 r
(c oHOTO JTOTKA).

[TpexncraBisio nHTEpEC BIUsSHUE 100aBie-
Hus B TpyHT OI'b Ha cocTaB u aHTHpaAUKaTIbHBIC
CBOWCTBA OMOJIOTMYECKN AKTHBHBIX COEAMHEHHUH
YKpoOIa, B 4aCTHOCTH KOMIIOHEHTOB 3(HUPHOrO
Maclia ¥ BOAHOTO SKCTPAKTA.

D¢upHoe Mmaciio ykpoma copra «Kycrtu-
CTBI» TIpeACcTaBiIseT cOOOW JIETYyduylO TIOJ-
BIDKHYIO JKHJKOCTh CBETJIO-3€JICHOTO I[BETA.
OcHOBHBEIE KOMITOHEHTHI a-(pemnanapeH (15,2 +
1,1 %), mumoneH (24,2 + 1,2 %) u kapBoH (42,5 £
1,3 %). Ilo KOMIIOHEHTHOMY COCTaBY IOJyYCH-
HOE MacJIo IMOX0Ke Ha 3pUpHOE MACIIO PaCTEHHH
A. graveolens, niccieoBaHHOTO aBTOpaMu pado-
161 (Konapartiok, 3s1koBa, 2013).

CpaBHUTENBHBIH aHAJIN3 KOMIIOHEHTHOI'O
coctaBa (DUPHOTrO Macja yKporia, BbIpallleH-
Horo Ha rpyHTe 6e3 OI'b (KoHTpOIb), U yKpoO-
a, BBIPALIGHHOrO0 Ha TPYHTE C J00aBlieHUEM
OI'b, moka3sbIBaeT, 4TO HM3MEHUIOCH COOTHO-
LICHHE OCHOBHBIX KOMIIOHEHTOB J(QHUPHOI0
Macna (tabn. 1). [lo cpaBHEHHIO ¢ KOHTPOJIEM
JOCTOBEPHO YBEIUYHUIOCH COAEpXKAHHE O-
¢demranpeHa 1 JIMMOHEHA, CHU3WIOCH COJEp-
JKaHue KapBoHa. [IpepeIiBaHNe CHHTE3a MTOJHOTO

Habopa TEpPHEHOBBIX KOMIIOHEHTOB A(QHPHOI0
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Puc. 2. CpenHue 3Hau€HUS JUTMHBI IPOPOCTKOB M UX CTAHAAPTHBIC OTKJIOHEHMA (OCh abIucC — JeHb 3aMepa
JUINHBI TPOPOCTKOB ¢ MOMEHTA ITpopacTanus). Bece npencrasnennsie 3nauenus (¢ OI'b) 1ocToBepHO OTIMYaIOTCS
OT KOHTpOJIbHOI0 BapuaHTa (p < 0,05)

Fig. 2. Length of seedlings (average values and their standard deviations; the x-axis shows the days starting from
germination). All the values with SMS significantly differ from the control (p < 0,05)

Tabnuua 1. KomnoneHTHbI cocTaB 23¢pUpHOTro Macia yKporna

Table 1. Composition of the essential oil of dill

Conepxanue, %
KoMMOHEHT JInHEHHEI HHICKC OT IIEJIBHOT0 Maclla + CTaHJapTHOE OTKJIOHCHHE
YACP)KUBAHUS K OTE

3-tyiieH 926 0,2+0,1 0,3+0,1
O-TIMHEH 932 2,8+0,3 3,1+0,2
kampeH 947 0,1 £0,0 0,2+0,1
cabuHeH 973 0,2+0,1 0,3+0,1
[-TIHHEH 975 0,2+0,1 0,2+0,1
[-MHUpIICH 991 0,6+0,1 0,8+0,1
o-pennanapeH 1004 152+ 1,1 20,5+ 1,2%
ITUMOJT 1024 42+0,2 3,8+0,2
JIMMOHEH 1028 242+ 1,2 31,5+ 1,1%
p-pennanapeH 1029 1,5+0,2 1,2+0,2
JIUTUIPO-neo-KapBeoll 1196 0,1+0,0 0,1 +0,0
Mmpaunc-NUruIPOKapBOH 1205 1,2+0,1 1,3+0,1
Mmpanc-KapBeos 1219 48+0,5 5,2+0,3
mpanc-TUTUIPOKAPBEOIT 1229 0,3+0,1 0,2+0,1
yuc-KapBeos 1233 1,5+0,1 1,6 £0,2
KapBOH 1245 42,5 +1,3 31,0+ 1,1*
HUTOI'O 99,6 99,7

TIpumeuanus: K—koutpons, OI'b —rpyHT ¢ noGaBieHneM 0TpaboTaHHOTO rPUOHOTO OJI0Ka. 3BE3/104KOM OTMEUEHBI 3HAUCHMU S,
JIOCTOBEPHO OTJIMYAIOLIUECS OT KOHTPOoJIbHOTO Bapuanta (p < 0,05).
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Macja SBHJIOCH, IMO-BUIUMOMY, DPE3yJIbTaTOM
abuoTtmueckoro crpecca (nobasiaenue OI'D).
Panee B nuteparype ObLJIO MOKa3aHO, 4TO IU-
POHOCHBIE PACTEHHUSI, IPOU3PACTAIONINE B )KECT-
KHX YCIOBUSIX OOWMTaHHUs, MEPEeCTaroT CHHTE-
3UpOBaTh YHEPrOEMKHE TEPIEHBI (EHOIBHOTO
THIIA U B cOCTaBe d(PUPHOTO Macjia HAUMHAIOT
JOMUHUPOBATh AIUKIWKIMYECKHE COEIUHE-
Hus (IlenemoBa, Xycuetaunosa, 2018). Brixon
3(UpHOTO Macia U3 HAJA3eMHOW 4acTH yKpola
He 3aBucel oT gobasienust B rpyHt OI'b. Oru
JAaHHBIE COTJIACYIOTCS C MCCIIEOBAHUSIMH, TTPO-
BeJcHHBIMHU aBTOopamu pabot (Lllenenora, Xyc-
HeTauHOBA, 2018; [Tymkuna u ap., 2010).
W3MmeHeHune comepKaHUS MaKOPHBIX KOM-
TIOHEHTOB 3()MPHOr0 Maciia TOBJIMUIO HA apo-
MaT YKpoIma, BBIPAIIEHHOT0 Ha TPYHTE C IpUMe-
HenueMm OI'b. Tak, pacTeHHs] KOHTPOJIS MMeEIU
TUIUYHBIM YKPOIHBIN 3amax ¢ €€ YJIOBUMbIMU
HOTKaMM TMHHA. B 3amaxe ykpomna, BeIpaiieHHo-
ro Ha rpyHTe ¢ fodasnenuem OI'B, k mpeobiana-
folel mpsiHOW 06a30BOI HOTE JT0OAaBHIIACH OCBE-

JKAKoIIasi HoTa, OOYCJIOBJICHHAS, MO-BUIUMOMY,

2,0000

1.0000

OnrH4ecKas ILIOTHOCTh. OTHOCHT. €.

0,0000

300 400 500

JITHHA BOHBI, HM

BO3pOCLIEH KOHLIEHTpaluel JUMMOHEHA B COCTa-
Be 3(hupHOro mMacia.

PesynbraThl  IpOBENEHHOr0  CreKTpogo-
TOMETPHUYECKOTO HCCIIE0OBAHUS TOATBEPANIIN
HaJU4Hhe B yKPOIIe Pa3lIMYHBIX KJIacCOB OHOJIO-
THYECKH aKTHBHBIX COEIMHEHMH, oOecneynBa-
IOUIMX IIHPOKHN CHEKTp (hapMaKoIOrn4eckoro
nerctBust pacrenus. B Y®-cnekTpax BOIHBIX
OKCTPAKTOB, NPEICTABICHHBIX HA pHUC. 3, peru-
CTPHUPYIOTCSl TIOJIOCHI TIOTJIOMIEHUS, KOTOpBIC
CBUJICTENIBCTBYIOT O HAJIMYUU B YKpOIIe PEeHOIb-
HBIX BELIECTB PA3JIMYHBIX IPYIII.

[Mornomenue B obmactu 230-260 M 00-
YCIIOBJICHO, BEPOSITHEE BCETO, HAJIMYUEM B JKC-
TpaKkTax BOJIOPACTBOPUMBIX (hJIaBOHOB U (h1aBO-
HOJIOB, YTJIEBOJIHBIX KOMIIOHEHTOB, JyOWJIBHBIX
BEIIeCTB, KaTexWHOB. [lojmoca moryomeHus
¢ max mpu 3294 HM MOXeT OBITh OTHECEHa
K JISIKOAHTOI[MaHaM, KyMapruHaM U (pJiaBoHOHAM
(3anpomeros, 1974; Kubiues u np., 1978).

O HaJaM4Mu B yKpoIe BelecTB (GheHonbHOU
MIPUPOABI CBUACTEIBCTBYIOT TaKXe XpOMAaTo-

rpaMMbl, monydeHabie MmetonoMm BOXKX (puc. 4).

: 2]
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o
=) 2598
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3
1.0000
= 3294
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Puc. 3. DnekTpoHHBIC CHEKTPHI BOAHBIX AKCTPAKTOB YKPOIA, BBHIPAIIEHHOTO HA TPyHTE: 1 — KOHTPONIb, 2 —

¢ no6asnenuem OI'b

Fig. 3. Electronic spectra of aqueous extracts of dill grown on soil: (1) control; (2) with the addition of SMS
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Puc. 4. deHonbHBIC COSIUHEHUST BOAHBIX IKCTPAKTOB YKPOIIa, BBIPAIICHHOIO Ha IPyHTE: a — KOHTPOJIb, b —

¢ no6asnennem OI'b (numuna BosHbr 300 HM)

Fig. 4. Phenolic compound peaks (wavelength 300 nm) in aqueous extracts of dill grown on soil: (a) control; (b)

with the addition of SMS

AHanu3 IUIOIMIAJM TIMKOB, TIPEJICTABICHHBIX
Ha TIOJYYEHHBIX XpOMaTorpammax, MOKa3bIBa-
€T, YTO KOJIMYECTBO (EHOJBHBIX COCIMHEHHU
B YKpOIIe, BBIPAIIEHHOM Ha TPyHTE C j00aBJe-
Huem OI'b, Bospacraer (mouru B 1,3 pasa), uto
MOXET B CBOIO OYepeab CBHACTEIbCTBOBATh
00 yBEeIMYEHUH aHTHUPATUKAIBHON aKTHBHOCTH
€ro 3eJICHU.

ITo pesynpraTam DI -TecTa ycTaHOBIIEHO,
YTO UCCIeyeMble 00pa3iibl BOJHBIX IKCTPAKTOB
yKpoIla TpOSIBJISIIOT aHTHPaJAWKaJIbHBIE CBOM-
cTBa. B xauecTBe npumepa Ha puc. 5 npuBeseHa
JUHAMHMKa M3MEHEHHsI ONTHYECKON IIOTHOCTH
noJsiocs! paaukana @I npu B3auMonencTsuu
C KOMIIOHEHTaMH BOJHOTO 3KCTpaKTa yKpoma,
BBIpaILlEHHOr0 Ha IrpyHTe ¢ nqodasienuem OI'b.

3nauenust APA skcTpakTa ykpoma cocTaBu-

mu 27,8 £ 1,2 % u 35,3 = 2,5 % 171 KOHTPOJISt

u rpyHra ¢ nobasienuem OI'b, cooTBeTCTBEHHO.
Juist cpaBHEHUsI — pacTBOP aCKOPOMHOBOI KHC-
JIOTHI, B3TOH B KBUBAJIIEHTHON KOHIIEHTpalUU
M0 OTHOIICHHIO K BOJHOMY KCTPAKTY, 3a 30 MUH
mosTHOCThIO nHTHOHpyeT JDIIT.

W3yueHo Takke HaIW4Yue aHTUPAIUKAIb-
HBIX CBOWCTB Y BOJTHOTO 9KCTPAKTa IPHOOB IINH-
TaKe, BbIPALICHHBIX B JIA0OPATOPHBIX YCIOBHUSX.
DKCTparupoBaHue IOPOIIKAa I'PUOOB HIMHTAKE
ropsiueii BOJOW MO3BOJIAET IOJYUYUTh 3KCTPAKT,
6oraTslif BOMOPACTBOPUMBIMH HOJIHCAXAPHIAMH,
CBSI3aHHBIMHU C OEJIKOM U COCTOSIIIMMH U3 TIIIO-
KO3HBIX, MAHHO3HBIX, apa0MHO3HBIX U TAJIAKTO3-
HBIX OCTaTKOB, KOTOPBIE TPEANOI0KHUTEIBHO MO-
ryT o0nagaTh aHTUPAJUKAIBHBIMU CBOMCTBAMHU.
B wmomenpHON peakiuun ¢ 2,2-mudeHm-1-
NUKPUATHIpa3uI paaukaiom APA BogHoro skc-

TpakTa rpuboB cocraBuia 16,1 + 2,2 %.
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Puc. 5. DnextpoHHbIi ciektp noryoumenus pagukana DI (BepxHsAs IuHUA) U IUHAMUKA €0 U3MEHEHUS
uepes 5, 10 u 30 muH nocne godasnenus 20 MK BOJHOTO IKCTPaKTa yKporna

Fig. 5. The electronic absorption spectrum of the DPPH radical (upper line) and the dynamics of its change after
the addition of 20 ul of aqueous dill extract for 5, 10 and 30 minutes

3akJouenne

W3yueHo BiausHue oTpabOTAHHOTO I'pUO-
HOTO 0JIOKA, COJEP)KALIETO OIMIKH, Ha MOP-
Ho-

6aBnenune gaxe 10 % OI'b ot maccel rpyHTa

(dbomeTpuueckue MOKa3aTeNH YKpOIa.

MO3BOJIAET YCKOPUTH CPOK MPOPACTAHUSA CEMIH
U TOJNYy4YUTH OOJiblllee KOJHMYECTBO 3EJICHOU
MaccChl.

B Bapuante ¢ npumenenneM OI'b uzmenu-
JIOCh IIPOLIEHTHOE COOTHOLIEHHE KOMIIOHEHTOB
3¢UpHOrO Macjia MpH COXPAHEHWM €ro Kade-
CTBEHHOI'0 COCTaBa, YTO B CBOX OYEPElb BIIU-

€T Ha apoMar BBIpaH.[eHHOﬁ 3eaeHu. B ciry4dac

YKpoma CHHKCHHE COJICP)KaHUs KapBOHA (MCHbB-
me 40 %) u MoBBINIEHNE KOJIUYECTBA JTMMOHEHA
MTO3BOJIUT MIPUMEHATH d(PUPHOE MACIO IS apo-
MaTU3alUK [OMEILEHUH.

AHTHpanuKanbHass aKTHBHOCTH 3CIICHU
yKporma, BelpameHHoro Ha rpyHTe ¢ OI'b, Bo3-
pactaet B 1,3 pa3a, mo CpaBHCHHIO C KOHTPO-
nem. PerynspHoe ynoTpebieHue B MUITY TaKOro
YKpOTa IO3BOJIUT YMEHBIIUTH PAa3BHBAIOIIHICS
B HEOJArONMPUATHBIX JKOJOTHYECKUX YCIOBUIX
OKHCIIUTENBHBII CTPecC OpraHu3Ma, CBS3aHHBIN
C HAaKOILUICHHMEM B HEeM OOJIBILIOr0 KOJIMYEeCTBa

CBOOOMHBIX PaJHKaJIOB.
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Abstract. Chicory (Cichorium intybus L.) is a perennial herbaceous plant, a promising source of inulin
in functional nutrition. Inulin is a polysaccharide consisting of fructofuranose residues. Its traditional
production is associated with a number of difficulties, such as the need for thorough cleaning of the
roots and dependence on climatic conditions, but these can be overcome by means of biotechnology. As
biotechnological production of inulin is currently non-existent in Russia, obtaining cultures of chicory
hairy roots capable of producing inulin is of paramount value. It can provide an opportunity for launching
biotechnological production of inulin in Russia in the future. In this study, twelve lines of hairy root
culture of C. intybus ‘Kofeek” and wild type plants were obtained and the content of inulin in them was
quantified. For this purpose, leaf explants obtained from in vitro plants were subjected to transformation
with the A4 strain Agrobacterium rhizogenes containing the binary vector pCambia 1301. The content
of inulin was determined by the spectrophotometric method. The inulin content in hairy root culture
of wild type chicory plants and chicory ‘Kofeek” averaged 1.46+0.46 % and 1.34+0.34 %, respectively,
while the native roots of wild chicory contained 13.13+1.9 % inulin, and ‘Kofeek’ 11.55+2.32 %. The
results indicate that the content of inulin in hairy roots is significantly lower than in native ones.
Obtaining inulin from hairy roots under conditions of industrial cultivation in bioreactors may have a
number of advantages, such as independence of weather conditions, no need for preliminary cleaning

of the roots, and the possibility of year-round cultivation, which may partially compensate for the low
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content of inulin. However, further research aimed at increasing inulin content in hairy root culture is

of immense importance.
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KoanuecTBeHHOE onpeaeJeHue coaepkannust MHyJINHa
B BOJIOCOBUAHBIX KOPHAX NMUKOPHUSA 00bIKHOBEHHOI'0

Cichorium intybus L.

9. A. baiimyxameTtoBa®, /1. FO. llIBen*?,

X.I. Mycun?, b.P. Kyayes**®

“Uncmumym ouoxumuu u ecenemuxu YOUL] PAH

Poccuiickas @edepayus, Ypa

*Bawkupckutl 20¢y0apcmeeHnbil MeOUYUHCKULL YHUSepCumen
Poccuiickas @edepayus, Yha

‘Vehumckuil ynusepcumem HayKu u mexHon02uil

Poccuiickas @edepayus, Yha

Aunorauusi. Cichorium intybus L. — MHOTOJETHEE TPaBSHUCTOE PACTEHHE, MPEICTaBIISIONIEE
WHTEpEC B Ka4yeCTBE HCTOYHMKA WHYJIMHA. VHYIMH — TONHUCaxapuj, COCTOSIIMHA U3 OCTATKOB
¢bpykTo3sl B Gopme (ypaHO3bl, SBISIOMIMNACS MEPCIEKTUBHBIM KOMIIOHEHTOM (yHKIMOHAIBHOTO
nutadus. [IpOU3BOJACTBO MHYJIWHA TPAJAMIIMOHHBIM CIIOCOOOM COMPSIKEHO C PSIOM TPYAHOCTEH,
TAKHMX KaK HeOOXOAMMOCTb TIIATEILHON OUNCTKU KOPHEH M 3aBUCHMOCTD OT KJIIMMAaTHYECKHUX YCIIOBUH,
HO UX MOXHO MPEOIONIETh C MOMOIbI0 OHoTexHoJoruu. [lockonbky B Poccuu Ha JaHHBIA MOMEHT
POMBIIIICHHOE OMOTEXHOJIOI MUECKOE TPOM3BOACTBO HHYJIMHA OTCYTCTBYET, IIPE/ICTABIISIET HHTEPEC
MONTy4YeHHUE KYJIBTYP BOJIOCOBUIHBIX KOpHEH C. intybus, cHOCOOHBIX MPOIYIUPOBATH UHYIIHH, YTO
B IIEPCIIEKTHBE MOXET IPUBECTH K CO3/laHUI0 B Poccnm OMOTEXHOJOrMYECKOro MpOU3BOJCTBA.
Lenpio TaHHOTO HWCCIEAOBAaHUS OBLIO TMOJMYyYECHHWE BOJOCOBHAHBIX KopHeW C. intybus W aHaIM3
KOJIMYECTBEHHOI'0 CO/IEP)KAHMsI B HUX MHYJIMHA. [[BeHa [aTh JTMHUIT BOJOCOBUIHBIX KOPHEH AMKUX
pactenuii C. intybus n copta Kodeek ObLITH MOTyYEHBI ITyTEM arpoOaKTepHalIbHONU TpaHchopManum
mitammoM A4 Agrobacterium rhizogenes ¢ OuHapHbiM BekTOopom pCambia 1301 m1HCTOBBIX
SKCIUTAHTOB PACTEHUH, KYJIFTUBUPOBAHHBIX B YCIOBHSAX in vitro. CoaepxaHue WHYIIHHA OPEACIIsLTN
cnekrpodoTomerpuueckuM meronoM. ConepkaHue WHYJIMHA B BOJOCOBUIHBIX KOPHSX OT JAMKHUX

pactenuit C. intybus u copra Kodeek B cpeqnem cocrasuio 1,46+0,46 % u 1,34+0,34 % ot cwipoit
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Macchl COOTBETCTBEHHO, B TO BPEMsI KaK B HATUBHBIX KOPHSIX TUKHUX pacTenuit C. intybus copepikanoch
13,13+1,9 % unynuna, a copra Kogeex — 11,55+2,32 %. [Tomy4yeHnHble pe3yabTaThl CBHICTEIBCTBYIOT
0 TOM, YTO COZCpP)KaHHE MHYJINHA B BOJIOCOBHUJIHBIX KOPHSAX CYIIECTBEHHO HIKE, YUeM B HATHUBHBIX.
[lonyyeHne nHyIWHA U3 BOJIOCOBHMJIHBIX KOPHEH B YCIOBHSX IPOMBINIIEHHOTO KYJIHTHBHPOBaHHS
B OHOpeakTopax MOXKET HMEThb pSAJ MPEUMYIIECTB, TaAKUX KaK HE3aBUCHMOCTh OT MPUPOTHBIX
YCIIOBHH, OTCYTCTBHE HEOOXOIMMOCTH IPEABAPUTEIBHON OUYMCTKH KOPHEH, a TaK)Ke BO3MOXXHOCTH
KPYTJIOTOAMYHOTO KYJIbTHBUPOBAHHU S, UTO B IIEPCIIEKTHBE MOXKET YACTUIHO KOMIIEHCUPOBATh HU3KOE
cozxeprkanue nHyianHa. OgHAaKo TpeOyeTcs MpOoBeIeHIE ATBHEHIINX UCCIICA0BaHUN, HAIIPABJICHHBIX

Ha MOBBIMICHUE COACPKAHUA NHYJIMHA B KYJIBTYPEC BOJIOCOBUAHBIX KOpHeﬁ LUKOpHA.

KiroueBble cJIoBa: BOJOCOBUAHBIC KOPHU, Agrobacterium rhizogenes, arpodakTepuaabHas

TpaHCHOpMAIIHSL.

BaaropapuocTu. PaboTta BbINOTHEHA B paMKax rocyaapcTBeHHoro 3aganus Ne 122030200143-8.

Llutuposanue: baiimyxameroBa D. A. KonnuecTBeHHOE OIpEeICHNE COACPKAHNS HHYIHHA B BOJIOCOBUAHBIX KOPHSIX [IUKOPHSI
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BBenenne

Hukopuii o0bikHOBeHHBIH (Cichorium intybus
L.) — TpaBsHUCTOEC pacTeHUE U3 cemeiicTBa ACTpo-
BbIE (Asteraceae), IUPOKO BO3/IEIBIBAEMOE BO MHO-
rux ctpaHax mupa. C. intybus SBIsIeTCS BaXKHBIM
UCTOYHHUKOM OHMOJIOTMYECKH aKTHBHBIX BEILIECTB —
KOpPHH COZIEpKAT B OOJIBIIOM KOJMYECTBE pa3-
JIMYHBIE KUCJIOTHI (KOPEiHY0, XJIOPOTeHOBYO,
acKOpOMHOBYI0, ITMKOpHEBYI0 — 110 30 % Ha cy-
XYI0 Maccy), a Takxe (IIaBOHOMIbI, aJTKaJIOHIbI,
OKCHKyMapuHBI, TeprieHon bl (Petropoulos et al.,
2017; Malik, Rehman, 2021), omHako 0CHOBHBIM
KOMIIOHCHTOM, Pagd KOTOPOTO KYJIBTUBHPYIOT
C. intybus, sSIBIA€TCS UHYJINH, COJIEPIKAHUE KOTO-
pOTO B KOPHSIX 3TOTO PACTEHUS MOJKET JOCTUTATh
10 20 % Ha ceipyro Maccy (Perovié et al., 2021).

WuynuH npenctasiset co0oil BOAOpacTBO-
PUMBIH 3a11aCHOM MOJIMCcaxapu, NpUHaAIeKaAIUN
K rpymre GpyKTaHOB U MPUMEHSICMBIA KaK B Me-
JIMLIMHE, TAK 1 B COBPEMEHHOM CHCTEME 3710pPOBOT0
nuTaHus. P uccienoBaHmii mokasal y4acTue
UHYJIMHA B TIOAJIEPKaHUN HOPMaJIbHONH MUKPO]IIO-

PbI KMIICYHH KA, HOpMAJIM3allun oOMeHa BEIICCTB

(Hughes et al., 2022), BkITIO4ast CHIKCHUE Y POBHS
rimoko3sl B kKpoBu (Rao et al., 2019) u yBenuuenue
YCBOSIEMOCTH pa3IMYHBIX MUHEepasioB (Costa et
al., 2020), a Tak)xe B CHU)KEHUHU pPUCKA Pa3BUTHS
KEITYJOUYHO-KHIIETHBIX 3a00JIeBaHUH, TAKUX KaK
SI3BEHHBIN KOJIUT, Oosie3rb Kpona (Akram et al.,
2019), pak Toncroit kumku (Wan et al., 2020;
Perovi¢ et al., 2021). budunorennoe, aHTUKaH-
LIEPOT€HHOE, NMMYHOMOAYJIHPYIOIee IeHCTBUS
WHYJIMHA, OATBEPXKICHHbIC Pe3yJIbTaTaMU KIIU-
HUYECKHX HUCIIBITAHUMH, IENIAI0T €ro MepCHeKTHB-
HBIM KOMIIOHEHTOM ()YHKIIMOHAJILHOT'O TUTAHUS
(Kaur, 2019).

HecmoTpst Ha TO 4TO MOTPEOHOCTH B HHYJINHE
B Poccuu cocrasnser 1520 ToIc. T B rof, ero npo-
MBIIITIEHHOE TPOU3BOZICTBO B HAIIIEH CTpaHe OTCYT-
CTBYET; Ha OT€YECTBEHHOM PBIHKE IPHCYTCTBYET
HCKJIFOUUTENBHO UMIIOPTHBIN HHYNHH (Byabpko,
2019). OmHAaKO eXKETOTHBIA POCT 3aMHTEPECOBAH-
HOCTH B Kynbrype C. intybus TOBOPUT O HEOOXO-
JUMOCTH M TIEPCIIEKTUBHOCTU OPraHU3aIIH TIPO-
U3BOJICTBA MHYJIMHA U3 3TOT0 pacTeHus B Poccun.

[Tpu npomerienHoM nipousBonctse C. intybus
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HpeIIoYTeHHE OTAAIOT I0JIEBOMY BO3JIEIIbIBAHHUIO,
OIHAKO y TaKOTro crocoda ecTh CBOM MUHYCHI: Ce-
30HHOCTb, HEOOXOIUMOCTH OOPBOBI C COPHSIKAMH,
BpEIUTENSIMU 1 NH()EKIIMOHHBIMY 3200JIeBaHM -
MH, 3aBUCUMOCTb OT IOTOJHbIX ycJIOBUM. B 3TOM
CBSI3M HHTEPECHOM IIPeICTaBIISIETCS BO3MOXKHOCTh
OMOTEXHOJIOTMYECKOTO MPOU3BOJICTBA HHYJINHA
13 KyJIBTYp KieTok u Tkaneit C. intybus B Ono-
peaxTopax, 4TO MO3BOJTUT 000HTH OOJIBIIMHCTBO
BBIIIETIEPEYUCIICHHBIX TIPO0IeM.
IlepcriekTHBHOM TEXHOJOIUEH MOy YEHU I
LICHHBIX BTOPUYHBIX METa0OIUTOB SIBISETCS UC-
T0JIb30BaHUE TaK HA3bIBAEMOM KYJIBTYPbI BOJIOCO-
BHIHBIX (0OPOAATHIX) KOPHEH, TIOIy4YaeMbIX C TO-
MOIIIBIO OaKkTepHii Buaa Agrobacterium rhizogenes
(Rency et al., 2019). A. rhizogenes xapakTepusy-
IOTCSI CIIOCOOHOCTBIO IIEPEHOCUTh CETMEHT CBOCH
JHK, nassiBaromuiicst T-/IHK, u3 Ri-rurazmu bt
B CIIy4aiiHbI{l Y4aCTOK B FT€HOME PACTEHUH, IIPU
9TOM BCTPOCHHEIH (pparMeHT OyaeT cTaOMIIEHO Ha-
cnenoBathest (Canaday et al., 1992; Gelvin, 2021).
PesynpraToMm TpaHChOpMALIMK B TAKOM CIydae
SIBIISIOTCSL BOJIOCOBU/IHBIE KOPHH, OTIIHYAIOLIHECS
OT HATUBHBIX KOPHEH psAI0M (PU3UOIOTHIECKUX
XapaKTePUCTUK — CTOCOOHOCTHIO K HEOTPaHHU-
YEHHOMY POCTY Ha 0€3rOpMOHaJIBHBIX cpeaax,
IUIArMOTPOITM3MOM, CHJIbHBIM BETBJICHHEM, a TJIaB-
HOE — CIIOCOOHOCTBIO ITPOAYLIHPOBATH TE XKE Me-
TaOOJINTHI, YTO ¥ HATUBHBIC KOPHHU, HHOTA JaXKe
B Oonpmux konudecTBax (Gantait, Mukherjee,
2021; Pedrefio, Almagro, 2020). imeHHO 3TH Xa-
PaKTEPUCTHKH JENAI0T BO3MOXKHBIM KYJIBTHBHPO-
BaHHUE W30JINPOBAHHBIX KYJIBTYP BOJIOCOBHIHBIX
KOpHEH B criennaibHbIX (hepMeHTepax min ono-
peakTopax. CTOUT OTMETHUTb, YTO KOJIMYECTBO
HAKaIINBAEMBIX B BOJIOCOBHIHBIX KOPHSX BTO-
PUYHBIX META0OIHMTOB YaCTO 3aBUCHT OT MECTa
BerpamBanus T-J{HK B renom pacrenus (Demirci
et al., 2020), mO3TOMY Ka)K/[plii TIOJIyYEHHBIH KO-
peHBb ClIelyeT paclleHNBaTh KaK OTAEIbHYIO JIN-
HUIO, TaK KaK KaXX/IbIi U3 HUX 00pa3yercs u3 eiu-

HUYHOU TpaHCHOpPMUPOBAHHOW KiIeTKH. PaHee

ObLIM 10Ty YeHbI BosocoBHIHbIE KopHHU C. intybus,
CHHTE3UpYoLIne reH nurephepona 0.2b yenoseka
ifn-a2b, ren TeaoMepassl uesioBeka hlert, TaKKe
red Mycobacterium tuberculosis esxA:: fbpBA™P
(Marseesa u 1p., 2011; Matvieieva et al., 2015).
Fathi ¢ coaBropamu (2019) nmpoBoamu uccienoBa-
HUS IO MHAYKIUU KopHeoOpazoBauus y C. intybus
NPH yIaJCHUHU U3 MUTATEIBHOM CPeIbl Pa3InIHbIX
MaKpOHYTPHUEHTOB.

Llenpt0 HACTOSIIETO HCCICIOBAHUS OBLIO
co3JlaHue BOJIOCOBUAHBIX KopHer C. intybus
W aHAJIU3 KOJIWYECTBEHHOI'O COACPIKAHUS B HUX

HUHYJIMHA.

MarepuaJibl 4 METObI

Bonocosuausie kopuu C. intybus norydann
IyTeM arpodakTepraibHOI TpaHchopMaIiH JIU-
CTOBBIX AKCIIJIAHTOB, MOJIYUYCHHBIX OT PaCTEHU,
KyJIbTUBUPOBAHHBIX B YCJIOBHUSX in vitro. Jis
MIOJTYUYCHHs KYJIBTYDBI in Vitro ceMeHa AMKHUX
pactenuii C. intybus (coOpaHbl B UIOJIE-aBIyCTe
2020 1. B . Yde) u copra Kodeek («Asrmuray,
Poccust) crepunusoBanu B 70 %-HOM pacTBO-
pe atunosoro cnupra (I MuH) u 2 %-HOM pac-
TBOpe rumnoxnoputa Hatpusd (10 mun) («XuM-
peaxTuBcHaO», Poccus). 3arem cemena 5—6 pa3
NIPOMBIBAJIM  CTEPUJIBHON JUCTUILIMPOBAHHOMN
BOZOH U BbicaxkuBaiu o 10 mTyk Ha yawmky [le-
TpU ¢ arapu3oBaHHOU cpenoil Mypacure-Ckyra
(MO).

Jluctes momydeHHBIX 30-IHEBHBIX pacTe-
HUI Hape3aau Ha 3KCIUIaHThI pa3mepoM 1x1 cm
M HUCIOJIB30BAIM JUIsl JalibHEHIed Tpancop-
Manuu OaktepusiMu Buaa A. rhizogenes mram-
Ma A4, Hecyuumu OuHapHblii BekTop pCambia
1301, xoTOpble NpeABApPUTENBHO HapalluBalu
B xuakon cpeae LB (Lysogeny Broth) ¢ mo6as-
JICHWEM CEeJICKTHBHBIX aHTHOMOTHKOB pHpam-
nuuHa 100 mr/n («Dapmacunres», Poccus)
n kaHamunuHa 100 mr/n («Sigmay», CHIA). Ar-
pobaKkTepun ocaxkJaiu LEHTpUpyrupoBaHHUeM,

0CaJIOK PeCyCIIeHANPOBAIN B 5 MJI cpeasl minA
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(K,HPO,-1,37; KH,PO,-0,45; (NH),SO,—0.,1;
uutpar Harpus — 0,05; MgSO,x7H,O — 0,025;
caxaposa — 0,2 (w/w%); pH 5,4) ¢ nobaBieHuem
25 MxM anerocupunrona («Sigmay, CIIIA). Cy-
CIIEH3UIO arpo0akTepuil HapaluBalid Ha OpOu-
tanpHOM Teiikepe Innova 40 («New Brunswick
Scientificy, ['epmanus) B TeueHHe IBYX 4YacoOB
(OD 600=0,6—0,8), TTociie 4ero MpOBOINIH HHO-
KYJISILUIO JTUCTOBBIX dKCIUIaHTOB C. intybus ar-
pobakTtepusmu B 10 MI SKHAKOH MUTATEIBHOM
cpensl MC ¢ no6aienuneM 500 MKJI CycCHeH3UH
B TeueHue 30 MUHYT. DKCIJIaHTHI, NpeABapu-
TEJIBHO TMOJCYIICHHbIE Ha (QUIBTPOBAIBHOM
Oymare, 3areM IOMEINAJIH Ha arapu3OBaHHYIO
cpeny MC Ha cOBMeCTHOE KYJIBTHBHPOBAHUE
B TeueHue 2 cyTok npu temmeparype 23 °C,
mocje 4ero ux nepeHocmin Ha cpeny MC c ne-
tdotakcumom (250 mr/m) («buoxumuky, Poccust)
I onauMuHAIuu arpobaktepuil. Coycrs 18
CYTOK TIOclie TpaHc(opManuu oOpa30BaBIINeE-
Csl KOPHH OTCOETUHSAIN OT MATEPUHCKOTO IKC-
MJIaHTa U IePeCcCaKNBAIN Ha OTICIBHYIO YaIIKy
Iletpu. M3 HUX oTOMpanu KOpPHHU, CIIOCOOHBIE
K OBICTpPOMY IUIArHOTPOITHOMY POCTY Ha TBEp-
JIBIX TTUTATEeIbHBIX CPEAax, KOTOphIe HE TEMHENN
1 HE MUMEJIH BU3YaJIbHBIX MOP(OJIOrHUECKUX I1a-
Tostoruid. KaskpIii KopeHp paccMaTpuBaln Kak
OTIEIBHYIO JIMHUIO. [IJIsl OIEHKN POCTOBBIX Ia-
paMeTpoB Kax Ay JUHUIO KOPHEH mepecakuBa-
JY B TPH OTAEIbHBIE Yamku IleTpu, UCTonb3ys
UX KaK MIOBTOPHOCTH, ¥ BRIPAIIIMBAIN B TCUEHUE
30 cyTOK Ha TBEpAOH cpelie, Kaxable 5 CyTOK U3-
Mepss IIUHY TJIABHOTO KOPHSL.

W3 nonyueHHBIX 12 TWHUH, KOTOpBIE 000-
sHaunnu L1-L12 (L1, L2, L3, L5, L8, L9 — ot au-
kux pacrennit C. intybus, L4, L6, L7, L10, L11,
L12 — ot pacrenuii C. intybus copta Kodeek),
Bplensnu totansHyto JIHK ¢ ucnonb3oBann-
eM nerunaTpumetunammonus opomun (LITAB).
JUtst TONTBEpKACHNST YCIICIIHOCTH TpaHCHOp-
Manuu npooauinu III[P-ananu3 Ha Hanmuuue

reHoB HPT (TeH yCTOWYHBOCTU K aHTUOHOTHUKY

TUTPOMULIMHY) U uidA (TeH P-TIIOKYpPOHUA3bI)
¢ wucnosb3oBaHueM mnap npaimepoB HPTIF
CTACACAGCCATCGGTCCAGA wu HPTIR
ATCGTTATGTTTATCGGCACTTTG, GUS 1F
TGTGGAATTGATCAGCGTTGGTG u GUS 1R
AGCCGACAGCAGCAGTTTCATC (3AO «Es-
poreny, Poccus).

3aremM sl OLEHKH OCOOEHHOCTEH pocTta
KYJIbTYpP BOJOCOBHAHBIX KOpPHEH IPOBOIUIN
HU3MEpEHHE CBHIPOH Macchl KOpHEW B TE4eHHUE
30 cyTOK KynbTUBUPOBaHUSA. |1 9TOr0 TUHUHU
KOpHEH ca)kaJli Ha XUAKYIO MUTATEIbHYIO cpe-
a1y MC B Tpex MOBTOPHOCTSIX U KYJbTHBHPOBa-
Tu B opOutanpHOM Ielikepe Innova 40 («New
Brunswick Scientificy, I'epmanus) npu 25 °C,
100 o6/mMuH. M3MepeHne ChIpOil Macchl KOpHEH
IPOBOJIUIIN B CTEPHIIBHBIX YCIOBHSAX JIAMHHAP-
Horo Ookca «Jlamuuap C-1,2» («LamSystemsy,
Poccust) xaxapie 5 cyTOK.

B nanpHeiimmem OnoMaccy BOJIOCOBHIHBIX
kopHeit C. intybus, oJy4eHHYIO NIPH KYJIbTHBHU-
POBaHNU, MCHOIBH30BAIHN /IS KOJINIECTBEHHOTO
OTIpesieTICHNs] CofepKaHus HHyauHa. s cpas-
HEHMsI COZIepKaHNe HHYJINHA ONPEeIIsIIN TaKKe
B HaTuBHBIX KopHsAX C. intybus copra Kodeex
n gukux pacreHuit C. intybus, BbIpallEHHBIX
B BETETALIMOHHBIX COCYHaX C YHHBEPCAJIbHBIM
rpyHTOM B TeueHue 150 cyTok B yCIOBHUSIX Te-
TUTHIIBI.

ConepkaHne WHYJIMHAa B BOJIOCOBUJ-
HBIX M HATHUBHBIX KOPHSX OIpPENesIN CIeK-
TpoOTOMETPHUYECKHM METOAOM [0 pa3HHIE
B cojiepkaHuK (PpPYKTO3UAOB U (PpyKTa3aHOB
(Araunkas, Mutpodanosa, 2012). JIns storo
romorernusupoBann 150-200 Mr ceIipoil Maccsl
kopueit C. intybus B 1 M 96 %-HOTro 3THIIOBOTO
CHUPTA WM JUCTUIINPOBAHHON BOJIBI M HArpe-
Banu npu 90 °C 30 MmunyT B TepmocTtare Tep-
mut («JIHK-Texnonorus», Poccus). 3arem npo-
BOJIMIIN OCa)KJeHHe Ha meHTpudyre MiniSpin
(«Eppendorfy, I'epmanust) npu 10 ThiC. 00/MHH

15 mun, k 100 MK cynepHatanTa q00aBIISITH
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100 mka Boasl u 10 Mk 10 % PbAc («Xumpe-
akTUBCHaO», Poccus). IlonydyeHHYIO CMeCh pe-
CYCHEH/JMPOBAJIM B POTAIMOHHOM CMECHUTEJE
RM-IL («kELMI», JlarBus) B Teuerune 10 muH,
nobasisian 10 mxa 5 % Na,HPO, («Xumpeax-
THBCHA0», Poccus), BCTpsAXWBaIW B TEUYCHHE
5 MHH, J0BOAMIHM 00BeM 10 | M BOLOH MM
CIIUPTOM, COOTBETCTBEHHO, H IICHTpH(]YTHU-
poBanu 1tpu 10 Thic. 00/MUH 15 MuH. 3arem
orOupamu 200 MKJI BOJHOTO M CIHPTOBO-
ro 3KCTpakTa B NMPOOUPKHU JUIsl JNaibHEHIIEro
OIIpeJeIICHHs] MHYIHHA. B KakIyr TpoOHpKy
no0apisiiu 180 Mk Bombl, 20 MKJI pe30piuHa
(1 %) («JlenPeakTus», Poccus) u 600 mxa HCI
KOHII. («XUMpeakTUBCHA0», Poccus) u nHKyOH-
posaim cmech npu 80 °C, 20 muH. B kauecTBe
pacTBopa CpaBHEHHUS HCIOJIb30BAJIU CMECh 0e3
noOaBieHHUsT SKCTpakTa. ONTHYECKYIO IUIOT-
HOCTh aHaJIM3UpyeMoro oolpasua Hu3MepsUIH
Ha criekTpodoromerpe EnSpire 2300 Multilabel
Reader («PerkinElmery, CIIIA) npu niuHe BOJI-
HBI 480 HM. [Ins mocTpoeHUs KaauOpOBOYHOU
KPUBOH HCHOJb30BaJM PAaCTBOPBI CTaHAApTA
naynuHa («Sigmay, CIIA) 0,016, 0,08, 0,4,

2 mr/mi. Vcnonb3yst ONMH U TOT e IKCTPAKT,

MPOBOAUIN 3 HE3aBUCHUMBIX H3MEPEHHUs, BBI-
YHUCIISIA CPEHEE U OIIMOKY U3MEPEHH .
Pe3ynbraThl Bcex uccieqoBaHUi MpencTaB-
JICHBI B BHJIC TUCTOTPAMM U TaOJHI[ CO CPEIHU-
MU 3HAaYCHUSIMU BBIOOpPKU. bapamu 0003Haua-
MU cTaHIapTHyr omubOKy cpegHero (M=SE).
HopmanbsHOCTE  pacmpeneneHuss  MpOBepsIn
OITHOBBEIOOPOYHBIM KpuTeprueM Komamoroposa-
CmupHoBa. JIOCTOBEPHOCTh pa3iUYUd OLEHU-
Basnu npu nomomu U-xputepuss MaHHa-YUTHU
(p<0,05), a TakxKe ¢ MOMOIIBIO TUCTIEPCUOHHOTO
aHaJM3a, COMPOBOXKAaeMOro post-hoc Berumcie-
HueM Kputepus durnepa A1si HAUMEHBIINX 3Ha-

yumbIX pasnuuuii (LSD) (p<0,05).

PesyabraTsl

Ha nucroBsix sxcnnantax C. intybus Bono-
COBHJIHBIC KOPHU HAaYMHAJH IOSBIATHCS UYepes3
14 cyTOK mOCe WHOKYJISIHH arpo0aKkTepHsIMu
(puc. 1). Kopau pasmepom 1-1,5 cm mepenocu-
1 Ha TBepayto cpeny MC Ge3 nobasieHus ¢u-
TOropMoHoB. YUepes 7 CyTOK H30IMPOBAHHOIO
KYJIBTUBUPOBAHUS HAOIIOJald HMHTCHCUBHBIH
IIJIarHOTPONHBIA POCT KOpHEH ¢ oOpa3oBaHuEeM

OOKOBBIX OTBCTBHeHHﬁ, YTO KOCBE€HHO YKa3bI-

Puc. 1. ITomyuenne BoaocoBUAHEIX KopHEH C. intybus: a — TUCTOBBIE SKCIIIAHTHI AUKKUX pacTenuit C. intybus; 6 —

nuctoBble dkcIuanThl C. intybus copta Kodeex

Fig. 1. Obtaining hairy roots of C. intybus: a — leaf explants of wild chicory; 6 — leaf explants of chicory ‘Kofeek’
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BaJO Ha TPAHCI'CHHOCTH MOJYYEHHBIX KOpHEU
(puc. 2). Takum oOpa3oM, MOITyUCHHBIE BOJIOCO-
BUJIHbIE KOpHH JAUKUX pacTenuit C. intybus v co-
pra Kodeek mocne Tpancpopmanuu B TCUCHUE
7 CYTOK aJanTHpPOBAJIUCh K POCTY B HM30JIMPO-
BAaHHBIX YCIIOBUSIX.
DddekTuBHOCTh  TpaHCPOPMALMH  IKC-
mianToB C. intybus coctaBmia 60 %. OueHka
POCTOBBIX MapaMETPOB KOPHEH, IOSBUBIIMXCS

Ha pas3HbIX OKCIUIAHTaX, ITI03BOJIMJIA 0T06paTL

12 Hanbosiee MHTEHCUBHO PACTyIIUX JUHUN L1-
L12 nna nanpHeHmIero ux KyJIbTUBUPOBAHUS
(puc. 2). OTOOpaHHBIC KOPHH MMEIH XapakTep-
HBIN IS BOJIOCOBUIHBIX KOpHEH (eHotmi. Pe-
3yJBTAaThl M3MEPEHUs [JIUHBI TJIIABHOTO KOPHS
IIpU pOCTe Ha TBEPAOU cpene B TeueHue 30 CyTok
MOKa3aJIM, YTO BCE UCCIIEOBaHHBIC IMHUM KOP-
HEW XapaKTepu3yloTcs SKCIOHEHLHUAIbHBIM PO-
ctoM. HauOombIIuii mpupoCT JJIUHBI TJIABHOTO

KOpHs1 HaOJtoAacs y TuHUM L3, HanMeHbImii —

Puc. 2. BonocoBuaubsle KOpHH, pacTyImue Ha damkax Iletpu Ha TBepmoit cpene: L1, L2, L3, L5, L8, L9 — nunun
BOJIOCOBUHBIX KOPHEH, ModydeHHbIe OT qukux pactenuit C. intybus (1), L4, L6, L7, L10, L11, L12 — nuaun
BOJIOCOBUJIHBIX KOpHEH, momydennsle ot pactenuit C. intybus copta Kogeex (K)

Fig. 2. Hairy roots growing on Petri dishes on a solid medium: L1, L2, L3, L5, L8, L9 — lines of hairy roots
obtained from wild chicory plants (), L4, L6, L7, L10, L11, L12 — lines of hairy roots obtained from chicory

‘Kofeek’ (K)
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Tabnuua 1. Inuna rnaBaoro kopHs (MM, cpeatee = SE, n=3) y BonocoBuanbix kopueii C. intybus nuuuii L1-L12
IIpU KyJIbTUBUPOBAHUHU Ha TBepIoH cpese B TedeHue 30 cyTok

Table 1. Lengths of the main roots (mm, mean + SE, n=3) in C. intybus hairy root L1-L12 lines cultivated on a

solid medium for 30 days

Howmep Cyrku
JIMHAHA 1 5 10 15 20 25 30
L1 I 34+1,70 47+2,35 554275 8244.10 101£5,05  125£6,25  148+7,40
L2 11 31+1,55 424210 542,60 964,80 129£6,45 1524760  172+8,60
L3 42+2,10 53+2,65 62+3,10 99+4,95 131+6,55 163£8,15 189+9.,45
L4 K 40+2,00 53+2,65 60+3,00 85+4,25 107£5,35 138+6,90 168+8,40
L5 33+1,65 45+2,25 554275 80+4,00 107£5,35 139+6,95 161+8,05
L6 K 34+1,70 46+2,30 57+2,85 94+4.70 118+5,90 148+7,40 170+8,50
L7K 39+1,95 5242,60 63+£3,15 91+4,55 110£5,50 137+6,85 163+£8,15
L8 [ 36+1,80 49+2 .45 62+3,10 99+4,95 121+6,05 142+7,10 174+8,70
L9 J] 36+1,80 44+2.20 5242,60 89+4.,45 119+£5,95 139+6,95 164+8,20
LI0K 34+1,70 42+2,10 50+2,50 85+4,25 111+5,55 132+6,6 165+8,25
LI K 38+1,90 512,55 65+3,25 87+4,35 114£5,70  131£6,55  160+8,00
LI2K 35+1,75 4942 45 613,05 814,05 111£5,55  13246,60  159+7,95
K — nmuHHN BoOCOBHIHBIX KOopHEH copTa Kodeek.
J1 — TUHHUY BOJIOCOBUAHBIX KOPHEH, MOTYUYeHHBIX OT TUKUX pacTeHuil C. intybus.
y nuaun L1 (Tabmn. 1). OgHako naHHBIC pa3mudus UccnenoBanue  coiepkaHusi — MHYJIMHA

ObLIM CTATUCTHYECKHU HEJIOCTOBEPHBI.

[Tpn KynpTHBHPOBAHUHM Ha >KHIKOW cpexe
BOJIOCOBHJIHBIE KOPHM, HaKarIMBas WHTEHCHB-
HO Omomaccy, cmycTst 30 CyTOK HpeAcTaBISUIIH
HeperneTeHHbIe MeX1y co00i pa3BeTBICHHBIC
kopHHU. CTOMT OTMETUTH, YTO POCT BOJIOCOBH/I-
HBIX KOPHEH He MMeJl TeHJCHIIMH K CHUKXCHHIO
CKOpPOCTH B TEUCHHUE IITUTEIHHOTO BpeMeHH (120
cyTok). 3a 30 cyTOK KyJIbTHBHPOBAaHUS Mac-
ca KOpHEW B cpelHeM yBelnduBaiach B § pa3
(c 154,8+32,6 mr 10 1240,7+63,4 mr) (puc. 3).

JIJ1st OTHO3HAYHOTO TIOITBEPKACHUS TPAHC-
TE€HHOM INpUPOIbI IOJIYUYEHHbIE JIMHUU KOPHEH
WcclienoBaan Ha Hannuyue reHos HPT w uidA.
TII{P-ananu3 nokazana HaJlMYue MapKEPHBIX Ie-
HoB n3 T-JIHK Oumnapuoro Bextopa pCambia
1301 BO Bcex mccienoBaHHBIX JUHUAX (pucC. 4),
YTO CBUJETEILCTBYET O TOM, UTO IOJyUYCHHBIC
KOpHEBBIE KyIbTYpHl C. intybus SBIAIOTCS Te€He-

TUYECKH TPAHCPOPMUPOBAHHBIMHU.

B BOJIOCOBHJHBIX KOPHSIX MPOBOIWIHM CIEKTPO-
¢dotomeTpuueckum MetomoMm depes 30, 60, 90
CyTOK TIOCIIe Hayana HW30JIMPOBAHHOTO KYJIBTH-
BUpOBaHUS. Pe3ynbraTel MOKas3alM MOCTEIEH-
HOE YBJIEUCHHE COJEp)KaHUs MHYJIWHA MO Mepe
KyJIbTUBUpPOBaHMs. HambOonpmuM comepikaHu-
eM uHynuHa uepe3 90 CyTOK KyJIbTHBHPOBA-
HUSl XapaKTepU30BaJach JHHHS 1107 HOMEPOM
3-2,86+0,14 % Ha cBIpyl0 Maccy, JOCTOBEPHO
(p=0,000) mpeBeImas oCTaTbHBIC JTHHUH. Takke
OTHOCHUTEJIBHO BBICOKOE COZep)KaHUe HaOIo-
nanocs y auHUE L6, L7, L12 (tadm. 2). B menom
colepKaHWE HWHYJIMHA B OCTaJIbHBIX JHHHUAX
BOJIOCOBH/IHBIX KOPHEH BapbHpOBAJIO HE3HAUH-
TenpHO. B cpeanem copeprkaHue MHYJINHA B BO-
JIOCOBUTHBIX KOPHSIX AUKUX pactenuit C. intybus
cocraBisio 1,46+£0,46 %, a copra Kodeek —
1,34+0,34 %. B rmaBHOM KOpHE pacTeHUs COpTa
Kodeek, BbIpalIeHHOI'0 B TIOUBEHHBIX YCIOBUSIX,

coxepxkanoce B cpenHem 11,55+2,32 % unynu-
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Puc. 3. Ceipas macca (mr, cpeguee = SE, n=3) U301MpOBaHHO PAacTyIIUX HA )KHUJKOW Cpeae BOJIOCOBUIHBIX
KopHe# nmuHui L1-L12

Fig. 3. Fresh weight (mg, mean + SE, n=3) of isolated hairy root lines L1-L12 growing on a liquid medium
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Puc. 4. Pesynbratsl [11]P-anann3a BonocoBuaubix kopHeii C. intybus: a— Ha Hanuuue rena HPT, 6 — Ha Hanu4yue

reHa uidA, 1-12 — TUHUM BOJOCOBUIHBIX KOpHeH, M — mapkep moiekyisipHoro Beca 1 kb (3AO «Esporeny,
Poccus)

Fig. 4. Results of PCR analysis of hairy roots of chicory: a — for the presence of the HPT gene, 6 — for the presence
of the uidA gene, 1-12 — lines of hairy roots, M — molecular weight marker 1 kb (CJSC “Evrogen”, Russia)

Ha Ha CBIPYIO Maccy, B TO BpeMsI KaK B OOKOBBIX  JIMYMH B COJICp)KaHMM HHYJIMHA KaK B IJTaBHOM
KopHsxX — 4,28+0,79 %. B rnaBHoM kopHe nukux  (p=0,088), Tak 1 B 60KOBBIX KOpHsX (p=0,069).
pactenuit C. intybus comepxkanock 13,13£1,9 %

WHYIHHA, a B GOKOBBIX — 5,6141,38 % (rabn. 3). OOCy#enue

Mex 1y TMKMMH PaCTEHHSIMH LIUKOPHS U COPTa Taxum oOpa3oM, HaMu Oblla NpOBexe-

Kodeek He ObIIO HAEHO JOCTOBEPHBIX pa3- Ha TPaHCHOPMAIUsS JIMCTOBBIX OKCIIJIAHTOB
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Tabnuua 2. Coxmepxkanue uuynuHa (% OT chipoii Maccel, cpeanee += SE, n=3) B BOJIOCOBHUIHBIX KOPHSX,
MOJYYCHHBIX OT TUKHUX pacTeHUi nukopus u copta Kodeex

Table 2. The content of inulin (% of fresh weight, mean + SE, n=3) in hairy roots obtained from C. intybus
‘Kofeek’ and wild type

Homep aunun CopneprkaHue HHYJIHHA CopeprkaHue HHYJIHHA CopeprkaHue HHYJIHHA
gepe3 30 cyTok, % gepe3 60 cyTok, % gepe3 90 cyTok, %
L1 O 0,83+0,04 1,21+0,06 1,39+0,07°
L2 1 1,08+0,05 1,25+0,06 1,39+0,07°
L3 1 0,85+0,04 1,43+0,07 2,86+0,14*
L4K 0,93+0,05 1,12+0,06 1,33+0,06¢
L5 11 0,58+0,03 0,6240,03 0,660,03¢
L6 K 0,89+0,05 1,19+0,06 1,68+0,08°
L7K 0,91+0,05 1,63+0,08 1,67+0,08¢
L8 I 1,12+0,06 1,14+0,05 1,42+0,07°
Loa 0,32+0,02 0,71+0,03 1,04+0,05"
LI0K 0,13+0,01 0,25+0,01 0,34+0,02¢
LI1 K 0,66+0,03 0,81+0,04 1,33+0,06¢
LI2K 0,92+0,05 1,07+0,05 1,70+0,08¢

K — nuHuu BonocoBuaHbIx KopHe copra Kodeexk.
J1 — TMHUN BOJIOCOBH/HBIX KOPHEH, MOy YCHHBIX OT JuKuX pactenuit C. intybus.
CpenHue, OTMEUEHHBIE OJUHAKOBBIMH OyKBaMHU, HE UMEIOT JOCTOBEPHBIX pasnuuuii mo LSD-tecty (p<0,05).

Tabnuma 3. Conepxanne unynuna (% oT cbIpoil Macchl, cpennee = SE, n=3) B r1aBHBIX U OOKOBBIX KOPHSX
nukux pactenuit C. intybus u copra Kogeex

Table 3. The content of inulin (% of fresh weight, mean = SE, n=3) in the main and lateral roots of C. intybus
‘Kofeek” and wild type

Homep C. intybus copta Kodeex Huxwue pactenuns C. intybus

pacTCHUA ['naBHBII KOpEHD boxoBble KOpHU I'maBHBIA KOPEHD bokoBbIe KOpHU
1 9,80+0,49 3,14+0,16 13,31+0,67 9,09+0,46
2 13,53+0,68 5,33+0,27 15,84+0,79 7,05+0,35
3 16,93+0,85 5,01£0,25 13,6240,68 7,41£0,37
4 16,52+0,83 3,42+0,17 12,80+0,64 4,90+0,26
5 12,53+0,63 4,14+0,21 10,31+0,52 5,98+0,3
6 9,29+0,47 5,42+0,27 14,19+0,71 5,47+0,27
7 12,20+0,61 3,76+0,19 13,97+0,70 4,62+0,23
8 9,42+0,48 3,27+0,16 11,02+0,55 6,59+0,33
9 8,83+0,44 4,62+0,23 16,96+0,85 4,69+0,23
10 8,74+0,44 3,19+0,16 10,32+0,52 2,53+0,13
11 10,40+0,52 5,48+0,27 15,45+0,77 5,89+0,29
12 10,48+0,52 4,57+0,23 9,81+0,49 3,19+0,16

Cpennee 11,55+2,322 4,28+0,798 13,13+1,90° 5,61+1,38%

CpenHue, OTMEUEHHbBIE OJJUHAKOBBIMM OyKBaMH, I0CTOBEPHO HE oTiinyaroTcs no U-kpureputo Manna-Yutuu (p<0,05).
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C. intybus, B pe3ynpTaTe KOTOPOW OBLIX TOJTY-
yeHsbl 12 nuuuil kopHeil. [lonydyeHHble KyabTypbl
XapaKkTepU30BaINCh CIOCOOHOCTBIO K Heorpa-
HUYECHHOMY POCTY Ha cpere 6e3 GUTOroOpMOHOB,
OBICTPBIM HAKOIIJIEHHEM OMOMACCHl K OTCYTCTBH-
€M anuKajbHOro foMmuHupoBanus. I P-ananu3
nokasan Bcrpoiiky T-JIHK 6unapHoro Bekropa
pCambial301, 94TO BO3MOXXHO JNHIIb TPU Te-
HETHYECKOH TpaHchopManuu arpobaKTepusi-
Mu. Bce 3TH maHHBIE TOBOPSAT O TOM, YTO HAMU
OBLIH MOJIYYCHBI HCTHHHBIC BOJOCOBHIHBIC KOP-
wu C. intybus. Panee myOIMKOBaIINCh TaHHBIC
0 MOJIy4eHUH BOJIOCOBUAHBIX KopHel C. intybus
opomrHoro copra Ilamrma Pocca (Matvieieva et
al., 2011), KOoTOpbIE aBTOPBI UCIIOJIB30OBAIH IS
percHepanu U3 HUX TPAHCTCHHBIX PACTCHHIA.
31ech xKe MBI COO0IaeM O CO3JaHUHU BOJIOCOBH/I-
HBIX KOpHeW nukux pacrenuit C. intybus, a Tak-
ke C. intybus kopuesoro copra Kodeek.

[IpoBeneHHBINT Hamu CHEKTpodoTOMETpH-
YeCKUH aHalln3 MOoKa3ajl HaJllu4Yue B BOJOCOBHU-
HBIX KOPHSX WHYIHWHA, COACp)KaHHE KOTOPOTO
YBEJIIMYUBAJIOCH B IPOLIECCE KYIHTUBUPOBAHMS,
no kpaiinet mepe, B Teuenue 90 cyTtok. Pesymib-
TaThl UCCJICOBAHUSA CBUACTEIBCTBYIOT O TOM,
YTO BOJIOCOBHHBIC KOPHU, MOTyYCHHEIC TPaHC-
dhopmarueit A. rhizogenes, CIOCOOHBI COXPAHSIThH
OMOCHHTE3 KOpHecHenu(puIHOro MeTaboNunTa.
CojnepikaHue MHYJIMHA B BOJIOCOBHIHBIX KOPHSIX
MPU 3TOM OBLIO COMOCTABHMO C COACPIKAHHEM
HHYJIMHAa B OOKOBBIX KOPHSIX PacTEHHUU, pacTy-
X Ha TMOYBE, KaK y OUKOTO PACTEHUs, TaK
u y copra Kodeex (tabmn. 2 u 3). Mcxons u3 mo-
JyYeHHBIX HAMH JaHHBIX, MOKHO T0JIaraTh, 4YTO
JajbpHeWIee yBEIWYCHHE MPOROKUTEIBHO-
CTH KYJIETUBUPOBAHHS BOJOCOBHIHBIX KOpHEH
C. intybus MOXeT CIIOCOOCTBOBATH yBEINYCHUIO
COJIepXKaHUS MHYJINHA.

Hakonuienne KOpHEBBIX METabONHUTOB y BO-
JIOCOBHIHBIX KOPHEW MOXKET OBITh Kak OoJbIIe,
TaK U MCHbIIIE, YeM Y HaTUBHBIX KopHel (Gantait,
Mukherjee, 2021; Pedrefio, Almagro, 2020). On-

HAaKO B OTJIMYHE OT HATUBHBIX KOPHEH MPH KyJIb-
THBHPOBAHUH BOJIOCOBUTHBIX KOPHEH BO3MOKHO
NPUMEHEHHUE MIMPOKOTO CIIEKTPa CTUMYIATOPOB
npoaykuuu MetadbonutoB. [loaTtomy mpencras-
JISileT UHTEpec JNalibHEHIIUM TMOUCK ONTHUMAallb-
HOTO COYETAaHHS COCTaBa ITMTATEIBHBIX CpEI
U YCIOBUM KyNBTHBUPOBAHUSA I HAKOIJICHUS
HanOOJIbIIeHl OHMOMAacChl M WHYJIWHA B BOJIOCO-
BUIHBIX KOpHsAX. Tak, Hampumep, Tabatabace
u coaBTOopel (2021) B CBOMX HCCIICIOBAHUIX
YCTaHOBHJIM, YTO MOBBIIIEHNE COACP)KAHUS ca-
Xapo3bl B MUTATEIBHOU cpene m0 60 1/ mpuBo-
JUT K 3HAYUTEIbHOMY YBEITHUCHHUIO HAKOTIJICHUS
WHYJIHHA B BOJOCOBHIHBIX KOPHSX ITHKOPHS
10 53 % Ha cyxyro maccy. K Tomy sxe umu 06110
MoKa3aHo, yTo cHuxenue cogep:xkanus KH,PO,
10 0,5 MM Takke CcocoOCTBYEeT YBEIHUYCHHUIO
HAKOIUICHUS WHYJIMHA TIOYTH B 2 pasa 1o cpaB-
HeHHio ¢ KoHTponeM (1,25 MM). Takxke cTouT
OTMETHTb, YTO HA YPOBEHb HAKOIUICHUS WHYIIHU-
Ha MOT'YT BIIMSATH PEryJISITOPbI POCTa, YTO OBLIO
mokaszano B mccienoBanmsax Kirakosyan um co-
aBTOpoB (2022). DKCIEpUMEHTHI, TTPOBECHHBIE
Ha xanmnycax C. intybus, TIOKa3ayu yBeITUYCHHE
COZIepXKaHUs WMHYJIMHA TPH KyJIbTHBUPOBAHUHU
Ha THUTATCIBHOW cpene, comepkamend 2 Mr/i
BAIT u 7,5 mr/mn UYK.

BrIsiBIeHHOE HaMU JOBOJBHO HEOOIBINOE
comepkanue uHynuHa B KopHsax C. intybus
W3 TIOYBBI, BEPOSTHEE BCETO, CBSI3aHO C HEOITH-
MaJbHBIMH YCIIOBHSMHU JUISI POCTA: MaJCHBKHE
BETCTAIMOHHBIC COCY/bI, HEXBaTKa OCBCIICHUS
U MHUHEpaJIbHBIX ynooOpenuii. Kpome Toro, us-
BECTHO, YTO IS MONYyYEHUsI WHYIHHA B IPO-
MBIIIJICHHBIX 00BEMax HCIOIb3YIOTCS CIIeIH-
aneHBIe copTa C. intybus xopHeBoro — C. intybus
var. sativum, coJep)KaHue WHYJIMHAa B KOPHSX
KOTOpOro Moxet gocturats 12-30 % Ha ceipyo
Maccy B IIOJIEBBIX YCJIOBHSX BBIPAIMBAHUA, 11O-
ATOMY TSI NATbHEWIIUX WCCICIOBAHHUNA IIeie-
coo0pasHo

NPOBOIUTE  arpoOaKkTepHaTbHYIO

Tpancpopmanuio kopueoro C. intybus, npuuem
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IIOJIyUEHHBIE BOJIOCOBUJIHBIE KOPHU, BEPOATHEE
Bcero, OyIyT HaKaIruIMBaTh OOJIbIIE HHYINHA.
XOTsl IOJIyYEHHBIE PE3yJbTaTbl U CBUJE-
TEIbCTBYIOT O TOM, YTO COAEP:KAHHE UHYIINHA
B BOJIOCOBUAHBIX KOPHSIX HUKE, YEM B HATUBHBIX
KOPHSIX, NOJTy4YE€HUE UHYJINHA U3 BOJIOCOBUHBIX
KOPHEH B YCJIOBUSIX IIPOMBIIIJIEHHOT'O KYJIbTUBU-
poBaHUs B OMOpPEaKTOPax MOKET UMETh Psif IIpe-
MMYILECTB, TAKMX KAaK HE3aBUCUMOCTb OT IIpU-
POIHBIX YCIIOBHI, OTCYTCTBHE HEOOXOIUMOCTH
[IPEABAPUTEILHON OYMCTKM KOpPHEH, a Takxke
BO3MOYKHOCTb KPYTJIOTOJUYHOIO KYJIETUBUPOBA-
HUSI, YTO B IIEPCIEKTUBE MOKET YACTUYHO KOM-

NEHCUPOBATh HU3KOC COACPIKAHUC NHYJINHA.

3akaoueHne

B naHHOIi cTaThe ONUCBHIBACTCS UCCIIEN0BAHUE
COZlep)KaHMsI MHYJIMHA B BOJIOCOBHIHBIX W HaTHB-
HBIX KOpHsX pacteHuil C. intybus. IlomydeHHbIC

PE3YIbTAThI IOKA3aJik, YTO COACPIKAHNUC NHYJIINHA
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Abstract. Controlling harmful cyanobacterial “blooms” through developing a new generation of algaecides
based on allelochemical substances is a challenge facing modern aquatic ecology and biotechnology. The
present article is devoted to the use of the SAR (Structure-Activity-Relationship) information technology
to identify allelochemicals from aquatic macrophytes (floating-leaved Nuphar lutea (L.) Sm. and several
species of submerged macrophytes: Ceratophyllum demersum L., Myriophyllum spicatum L., Elodea
canadensis Michx, and species of the genus Potamogeton) effective against planktonic cyanobacteria.
Detection and identification of compounds were performed using gas chromatography-mass spectrometry.
The PASS (Prediction of Activity Spectra for Substances) computer program has been applied to predict
biological activity spectra of the major components of macrophyte metabolomes and discover their
ecological potential against cyanobacteria. A study of the biological activities of major low-molecular-

weight organic compounds showed that monocarboxylic acids, gallic acid, cis-6-octadecenoic acid,
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cis-9-octadecenoic acid, palmitoleic acid, linolenic acid, and 9-cis-12-cis-linoleic acid are the most
promising compounds for the experimental verification and creation of nature-like algaecides of a new
generation. PASS predictions were successfully compared to the available information on the biological
activity of those compounds and confirmed experimentally. The present study shows that some organic
acids significantly inhibit the growth of Synechocystis aquatilis Sauvageau and Aphanizomenon flos-
aquae Ralfs ex Bornet and Flahault and can be used as algaecides for suppression of cyanobacteria. The
inhibitory effect of the combined mixture of these allelochemicals is stronger than the effect of each

individual component, suggesting that there are various mechanisms of cyanobacterial growth inhibition.

Keywords: SAR, PASS, allelopathy, allelochemicals, macrophytes, cyanobacteria, fatty acids, algaecides.
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Hcnoan3oBanue metogojorua SAR
IS MACHTU(PUKALMH aJ1J1eJI0XEeMUKOB IPECHOBOAHBIX MaKpPOGuUTOB
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‘Uncmumym ouonocuu eHympenuux 600 um. M. J[. Ilananuna PAH
Poccuiickasa ®edepayus, n. Bopok

*Cankm-Ilemepbypeckuii cocyoapcmeenmwiil
xumuxo-ghapmayesmuueckuil ynusepcumem Munzopasa Poccuu
Poccuiickas ®eoepayus, Canxkm-Ilemepoype

AnnoTtauus. [Ipobiema 00prObI C OMACHBIMHU IIHAHOOAKTEPUATBHBIME «IIBETEHUSIMI [TOCPEICTBOM

pa3pa60TKH HOBOI'O IIOKOJICHHU S aJIbI'HIIUJ10B, OCHOBAHHBIX Ha aJIJICJIOXECMHKaXxX paCTeHI/II\/‘I, aKTyaJibHa

— 233 —



Evgeny A. Kurashov, Elena V. Fedorova... Using SAR Methodology for Identification of Freshwater Macrophyte...

Ha COBPEMEHHOH CTaJIMU Pa3BUTHS BOJHOM SKOJOTUU U OnoTexHoJoruu. CTaThs MOCBsIICHA
HCIOJIb30BAHUIO HHPOPMAIUOHHON TexHOomoruu SAR (CBsI3b CTPYKTYpa — AKTHBHOCTb) JIJISI BBISIBIICHUS
3 PEKTUBHBIX AJIICTIOXEMHUKOB BOJHBIX MAaKpO(HUTOB (C IIIABAIOLUIMMHU JIUCThSIMU — Nuphar lutea (L.)
Sm., 1 HECKOJIBKMX BUAOB IOTPY>KeHHBIX Makpodutos: Ceratophyllum demersum L., Myriophyllum
spicatum L., Elodea canadensis Michx u Buzbl pona Potamogeton) pOTHB IJIAHKTOHHBIX [[HAHOOAKTCPHH.
OGHapykeHue U UACHTU(DUKAIUIO COIMHEHU I TIPOBO/IIIIH C UCIIOJIb30BAHUEM METO/Ia Fa30BOi XPOMATO-
Macc-crnekTpomeTpun. KommerotepHas mporpamma PASS (mporro3upoBanue CieKTpoB aKTUBHOCTH TS
BEIIECTB) ObLIA IPUMEHEHA ISl IPOTHO3UPOBAHHUSI CIIEKTPOB OHOJIOrMUECKOM aKTUBHOCTH MaXKOPHBIX
KOMITOHEHTOB MeTabo0s0Ma MaKpo(pUTOB, YTOOBI OOHAPYKHUTH UX IKOJIIOTMUECKUI TOTEHIMAII IIPOTHUB
uaHobakTepuil. M3yueHnue OHOIOrMYeCKOM aKTHBHOCTH OCHOBHBIX HU3KOMOJICKYIISIPHBIX OPraHUIECKUX
COCJIMHEHHI 110Ka3aJI0, YTO MOHOKapOOHOBBIE KHCIIOTHI, rajjioBasi KUCJIOTA, [IHC-6-0KTaAelleHOBas
KHCJIOTA, [IUC-9-0KTa IeIEHOBAs KUCIIOTA, MabMUTOJICMHOBASI KUCIIOTA, IMHOJICHOBAs KUCII0Ta 1 9-111c-12-
LUC-IIMHOJIEBAsI KMCIIOTA SBJISIFOTCS HanOoJiee ePCIeKTHBHBIMU COSIMHEHUSIMU JJIS1 OKCIIEPUMEHTAIIbHOM
MPOBEPKHU U CO3AAHUS PUPOAONOIOOHBIX aJIbIUIIMI0B HOBOTI'O MOKOJICHUS. [[pOrHO3HbBIE OLIEHKHU
PASS 0bn ycnieno conocTaBiieHbl ¢ JOCTYITHON HHpopMalineil 0 OM0IOrH4ecKoil ak THBHOCTH 3THUX
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Introduction

Allelopathy is considered a natural
phenomenon for both stimulatory and inhibitory
effects of one plant upon another, including
microorganisms (Mushtaq et al., 2020; Asif et
al., 2021; Sliwinska-Wilczewska et al., 2021).

Functionally, plants have developed several

strategies for interacting with other organisms for
self-defense, symbiosis, and sexual attraction (Zhou
et al., 2022). The production, accumulation, and
release of primary and secondary metabolites (low-
molecular-weight organic compounds (LM WOCs))
by aquatic and semiaquatic plants, which inhibit

and/or stimulate germination and development
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of other plants and microorganisms, is an
important mechanism in the interactions between
these organisms (Fink, 2007; Li et al., 2020).
LMWOC:s constitute part of the low-molecular-
weight metabolome of aquatic plants and are
extremely important for forming hydrobiological
communities, thus acting as regulatory agents in
aquatic ecosystems (Gurevich, 1978; Fink, 2007;
Kurashov et al., 2014; Koksharova, 2020), as well
as in terrestrial ecosystems (Allelopathy ..., 2013).

Aquatic macrophytes are one of the critical
components of inland waters, which fulfill
the most important function in formation of
the environment. Allelopathic interactions are
carried out by synthesising specific compounds —
allelochemicals (including volatile substances).
In particular, several macrophyte species are
active producers of allelochemicals inhibiting the
development of phytoplankton in shallow lakes
(Hilt, Gross, 2008; Zhou et al., 2019; Zeng et al.,
2022).

Despite the importance of this phenomenon
in nature, higher plant allelopathy in aquatic
habitats has been much less studied than in
terrestrial ecosystems, although it should be
considered the most important regulatory
factor in the dynamics and composition of
phytoplankton communities (Cyanobacteria...,
2013; Co-Evolution ..., 2020). It has been well
reported that allelochemical metabolites can be
considered natural algaecides (Hu, Hong, 2008;
Balaji-Prasath et al., 2022) and must be the
basis of a nature-like convergent technology to
suppress the development of cyanobacteria and
to prevent “blooms” in water bodies. A number
of macrophytes have been reported to contain
anti-algal and anti-cyanobacterial compounds
(Amorim et al., 2019; Zhang et al., 2019). These
results indicate that some macrophytes can be
used to control algal and cyanobacterial growth.

To understand the mechanism of the growth

inhibition of cyanobacteria by the allelopathic

effect of macrophytes, allelochemicals must
be identified. At the same time, they can be
characterized by many biological effects, which
are very difficult to verify experimentally.
Moreover, previous studies showed that the
number of compounds in aquatic macrophytes
can reach more than 200 (Kurashov et al., 2014,
2018). Therefore, it is appropriate to use bio- and
cheminformatics approaches.

Developing new  Dbiologically active
compounds with potential practical applications
is one of the most complex and difficult tasks.
Experimental testing of the interaction of
many chemical compounds with thousands
of molecular targets is impossible from an
economic and practical perspective. Computer
bioinformatic program PASS (Prediction
of Activity Spectra for Substances) allows
researchers to screen large libraries of chemicals
for compounds with desired properties and
experimentally test those predicted to be
active. So far as there is a relationship between
structure and activity, and this principle is
called SAR (Structure-Activity-Relationship)
in this study, we aim to conduct SAR analysis
using a PASS computer program to predict the
biological activity spectra of LMWOCs and
their mechanisms of action. The PASS computer
system can simultaneously predict several
hundred types of biological activities (Filimonov
et al., 2014, 2018; Poroikov et al., 2019). The
prediction is based on the SAR analysis of
the training set, which is regularly updated
with data on new chemicals and their known
biological activities. Once trained, PASS can
predict for a test compound all likely biological
activities that are included in the training set.
In recent years, the use of SAR to identify
biological activities for natural compounds has
become increasingly widespread (Gillbro et al.,
2015; Lagunin et al., 2016; Khameneh et al.,
2019; Fattahian et al., 2020). One example is
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the identification of natural antioxidants from

marine algae that could be developed for further

industrial applications (Kelman et al., 2012).
The

allelochemicals

present study aims to identify

released from the floating-
leaved Nuphar lutea (L.) Sm. and several species
of submerged macrophytes — Ceratophyllum
demersum L., Myriophyllum spicatum L.,
Elodea canadensis Michx., and species of genus
Potamogeton — and to choose among them
compounds with the most probable allelopathic
potential for suppressing cyanobacteria using
SAR methodology.

To achieve these goals, several major
LMWOCs (> 1 % of the content of total
LMWOCs) predicted by PASS were selected
from the metabolome of freshwater macrophytes,
and then they were tested in vitro against two
species of cyanobacteria: Synechocystis aquatilis
Sauvageau and Aphanizomenon flos-aquae Ralfs

ex Bornet and Flahault.

Materials and methods

Plant materials

The LMWOCs of macrophytes N. lutea,
C. demersum, M.
Mert. et

perfoliatus L., Potamogeton natans L., and

spicatum, Potamogeton
obtusifolius Koch, Potamogeton
E. canadensis were investigated in the plant
material that was collected in the summer
seasons of 20152017 in the following habitats:
(1) oligotrophic Lake Suuri (Karelian Isthmus,
Leningrad Oblast, N 61° 07.859", E 29° 55.076")
with still waters and sticky silt bottom, (ii) an
area in the estuary of the Volkhov River (Volkhov
Bay, Lake Ladoga, N 60° 07.139", E 32° 19.566")
with fast waters and silty sand bottom, (iii) ponds
of the Victory Park (St. Petersburg, N 60° 52.025",
E 30° 19.91") with small depths and silt bottom,
(iv) different habitats in mesotrophic Lake Ladoga
(N 60° 50, E 31° 33'), and (v) mesotrophic Lake
Naroch (N 54° 51', E 26° 45"). Plant samples were

washed to remove debris and air-dried in a closed

and darkened room without direct sunlight.

Isolation of oils

Before distillation, the dried plant material
was ground to a powder in a Waring BB 25ES
blender (Waring, United States). The fraction of
organic compounds was obtained from the dry
aquatic plant material using the same Clevenger-
type apparatus method, commonly used to extract
essential oils from terrestrial plants (Clevenger,
1928; Anderson et al., 1993). Hydrodistillation
was performed for 8 hours. Then the oils were
extracted with hexane (5 mL). The extracts were
stored in a freezing chamber (18 °C) prior to
GC-MS analysis.

GC-MS analysis

The concentrations of LMWOCs were
determined after hexane
a TRACE ISQ gas

spectrometer (Thermo Electron Corporation)

extraction using

chromatograph-mass

equipped with a quadrupole mass analyzer and
Thermo TG-SQC Column (15 m, inner diameter:
0.25 mm, and 0.25 pm film). Helium served as a
carrier gas, the ionization voltage was 70 eV. The
mass spectra were registered in scan mode for the
whole mass range (30—580 amu) in a programmed
temperature regime: the oven temperature was
kept at 35 °C for 3 minutes; then the temperature
was increased to 60 °C at a rate of 2 °C/minute
and kept constant for 3 minutes; after that, the
temperature was increased to 80 °C at a rate of
2 °C/minute and kept constant for 3 minutes,
increased to 120 °C at a rate of 4 °C/minute and
kept constant for 3 minutes, increased to 150 °C
at a rate of 5 °C/minute and kept constant for 3
minutes, increased to 240 °C at a rate of 15 °C/
minute. Finally, it was held isothermal for 10
minutes.

Asanexample, Fig. 1 presents chromatogram

sections of Potamogeton perfoliatus essential oil
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Fig. 1. Chromatogram sections of Potamogeton perfoliatus essential oil (Lekhmolahti Bay, Lake Ladoga) with
marked peaks of carboxylic acids. a: A — Octanoic acid, B — Nonanoic acid, C — Decanoic acid, D — Dodecanoic
acid; b: E — Tetradecanoic acid, F — Pentadecanoic acid, G — 14-Pentadecenoic acid, H — Palmitolinoleic acid,

I — Hexadecanoic acid, J — Linolenic acid

(Lekhmolahti Bay, Lake Ladoga) with marked
peaks of fatty acids that are of the greatest
The LMWOCs determined in the

samples of aquatic plants were identified by

interest.

matching their mass spectra with those from
the NIST 2014 and the Wiley mass spectral
libraries. The identification of the compounds

was confirmed by Linear Retention Indices
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obtained from a series of straight-chain alkanes
(C 7-C 30) (Zellner et al., 2008). Quantitative
analysis was performed using Merck-certified
reference materials
and benzophenone (CAS Numbers 119-61-9 and

853-30—4) as internal standards.

decafluorobenzophenone

PASS analysis

Predictionof Activity Spectrafor Substances
was carried out with the PASS 2014 Refined
version to get biological activity spectra of each
compound. PASS 2014 Refined is software for
predicting biological activity spectra for organic
compounds based on their structural formulas
(Filimonov et al., 2014). As input information,
PASS uses the information on the structural
formula of the molecule represented as a Molfile
for a single structure or as an SDfile for a set
of structures (Accelrys Inc., http://accelrys.
com). PASS output is a list of probable activities
with two estimates: P, — the probability of
being active and P; — the probability of being
inactive. Prediction of PASS is based on SAR
analysis of the training set containing about one
million compounds showing more than 7000
biological activities. Being probabilities, the P,
and P; values vary from 0.000 to 1.000, however
P,+P:#1, since these probabilities are calculated
independently.

Assaying allelochemicals

The experiments were carried out in
microcosms with a volume of 0.5 liters.
Cyanobacterial cultures of S. aquatilis and A. flos-
aquae were introduced as suspensions. We used
in experiments an axenic strain of Synechocystis
aquatilis Sauvageau No. 1336 from the collection
of the living cultures of cyanobacteria, algae, and
algal parasites (CALU, Collection of Algae of
Leningrad University), which was provided by the
Centre for Culture Collection of Microorganisms

of the Research Park at St. Petersburg University.

The strain was isolated from a sample of water
taken in the Gulf of Finland near Sosnovy
Bor. Another axenic strain of Aphanizomenon
flos-aquae was provided by the St. Petersburg
Scientific Research Center for Ecological Safety
of the Russian Academy of Sciences from the
culture that is maintained in that Center.

Cyanobacteria were cultured on medium
No. 6 of the following composition: KNO;—1 g
/ L; K,HPO,~0.2 g / L; MgSO, x TH,0 - 0.2 g
/ L; CaCl,—0.15 g / L; NaHCO; 0.2 g / L; trace
element solution 1 ml / L. The trace element
solution for medium No. 6: ZnSO, x 7H,0 — 0.22
g/L; MnSO,-1.81 g/L; CuSO, x SH,0-0.079 g
/L; NaBO; x 4H,0 —2.63 g/ L; (NH,) 6Mo0,0,, x
4H,0-1g/L; FeSO, x TH,0-9.3 g/ L; CaCl,—
1.2 g/L; Co(NOs), x 4H,0-0.02 g/ L; Na,EDTA
(Trilon B) — 10 g/ L (Gromov et al., 1991).

Cultivation of cyanobacteria was carried out
in a special aquarium using a liquid circulation
cryothermostat with cooling and heating (Baths
WCR Circulation water bath WCR-MaXircu
CR-P8 (Daihan (Witeg)). The unit maintained
a constant temperature of 25 °C during the
experiments. The lamp (Lamp Biodesign RIF
80 / 110 / PANORAMA 80/100 / DIARAMA
150/200) provided a luminous flux of 1500 Im.
The day-night mode was set using an adjustable
timer (FERON TMS50, 3500W / 16A230V).

Instead of natural LMWOCs, the purified
analogous substances (heptanoic acid, octanoic
acid, tetradecanoic acid, and gallic acid) from
Acros Organics BVBA and their combination
were used in experiments to test their algaecidal
effects on S. aquatilis and A. flos-aquae.

The compounds were added to the algal
cultures to achieve their final concentrations of
0.00l mg/L,00l mg/L,01mg/L,1mg/L,
and 10 mg/ L.

The growth of cyanobacterial cultures was
monitored using a light microscope (ZEISS Axio

Lab.Al) and a luminescent microscope (LOMO
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MIKMED-2) at 2-7-day intervals in different

experiments.

Results and discussion

LMWOCs
macrophytes from various water bodies indicated
above were identified using the GS-MS method.

In total, 75 major from

In order to predict the biological activity profiles,
their structural formulas were presented as an
SDF-file and then used in the virtual screening
based on a commercially available software
product, PASS 2014 Refined.

The PASS software product, which predicts
biological effects and biochemical mechanisms
based on the structural formula of a substance in
less than a second with more than 80 % accuracy,
can be efficiently used to obtain the predicted
biological activity profile for compounds
and to find new mechanisms. We previously
reported high probabilities of anti-inflammatory,
antibacterial, and antifungal activities for some
of these compounds (Kurashov et al., 2016).

Despite alarge number of biological activities
(several thousand) inherent in all identified
LMWOCs according to PASS predictions, in
this study, only those types of activities were
taken into account that could potentially have an
inhibitory effect on cyanobacteria.

Although many substances have an
inhibitory effect on cyanobacteria, only a few
inhibitory mechanisms have been elucidated. A
general mechanism for inhibiting cyanobacteria
due to the oxidative damage by polyphenol-
autoxidized products has been described (Nakai
et al., 2001). Other studies suggest that alkaline
phosphatase inhibition (Gross et al., 1996; Dziga
et al., 2007) and interruption of electron transfer
chains of photosystem II (PS II) (Leu et al,
2002; Dziga et al., 2007) can also be inhibitory
mechanisms. Superoxide dismutase inactivation
and subsequent oxidative damage to algal cells

can also be a significant cause of inhibiting the

growth of cyanobacteria (Hong et al., 2008a,
2008b; Wu et al., 2019).

However, all explanations are based only
on speculation prompted by the chemical
characteristics of substances. Direct evidence
is missing, and how the substances act against
cyanobacteria is now unknown. Thus, further
study is needed to explain the inhibitory
mechanism. For this purpose, using the
literature data, we employ PASS to extract
information on specific activities and/or groups
of activities of the allelochemicals associated
with the biofunctions of cyanobacteria. This
is exemplified in Table 1. This table seems to
contain the main biological activities of the
allelochemicals that we could identify from the
PASS analysis and which were supported by
experimental evidence found in the literature.
However, there may be other mechanisms
that we have not considered. Based on the
information presented in Table 1, we regard as
the most important those specific activities or
groups of activities that lead both to inhibition
and impairment of the processes of cell
membrane formation in cyanobacteria.

The probability P, reflects, above all, the
similarity of the molecular structure of the
substance to the molecular structures of the most
typical «active» compounds in the corresponding
subset in the training set. Therefore, as a rule,
there are no direct correlation values P, with
quantitative characteristics of the activity.

The PASS prediction results are usually
interpreted and used in a flexible manner: (i) only
activities with P,>P; are considered possible for
a particular compound; (ii) if P,>0.7, the chance
to find the activity experimentally is high; (iii)
if 0.5<P,<0.7, the chance to find the activity
experimentally is lower, but the compound is
probably not so similar to known biological
agents, and (iv) if P,<0.5, the chance to find the

activity experimentally is even lower, but if it
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Table 1. Selected biological activities and/or groups of activities and reasons for selecting

1

Peptidoglycan glycosyltransferase inhibitor

Peptidoglycan is an important component of the
membrane of bacterial cells, protecting cells from
rupture due to turgor and maintaining the shape of
the cells. Peptidoglycan is also found in glaucocys-
tophytic algae, as part of the cell walls of cyanells,
which are evolutionarily derived from ancient bac-
teria (Loffelhardt, Bohnert, 1994). Glycosyltransfer-
ases are the most attractive target for bacterial inhi-
bition (Mesleh et al., 2016).

Groups of  activities:
amine  4-epimerase inhibitor; N  4-(beta-
N-acetylglucosaminyl)-L-asparaginase  inhibitor;
Acetylgalactosaminyl-O-glycosyl-glycoprotein
beta-1,3-N-acetylglucosaminyltransferase in-
hibitor;  Steroid  N-acetylglucosaminyltransfer-
ase inhibitor; N-acetyllactosaminide beta-1,3-
N-acetylglucosaminyltransferase inhibitor;
Alpha-N-acetylglucosaminidase inhibitor.

UDP-N-acetylglucos-

Responsible for the formation of the cell membrane
in cyanobacteria, since the supporting skeleton of
the bacterial cell wall consists largely of a peptido-
glycan polymer (murein). This macromolecule is a
heteropolymer built from chains in which the resi-
dues of N-acetylglucosamine and N-acetylmuramic
acid (N-acetylglucosamine lactate) alternate, and
which are interconnected by B-1,4-glycosidic bonds
(Schlegel, 1986)

Groups of activities: Carboxypeptidase Taq inhibi-
tor; Carboxypeptidase D inhibitor; Gly-X carboxy-
peptidase inhibitor; Muramoyltetrapeptide carboxy-
peptidase inhibitor; Metallocarboxypeptidase D
inhibitor.

Responsible for inhibiting the growth of the cyano-
bacterial culture.

The presence of activities of the 3rd group indicates
the general carboxypeptidase inhibitory activity of
the test compound. Thus, a high carboxypeptidase
inhibitory activity will help suppress the growth of
the cyanobacterial culture.

Groups of activities: IgA-specific metalloendopep-
tidase inhibitor; IgA-specific serine endopeptidase
inhibitor; Endopeptidase So inhibitor; Procollagen
N-endopeptidase inhibitor; Glutamyl endopeptidase
II inhibitor.

Responsible for impairment of the cell membrane
formation. It has been shown (Loffelhardt, Bohnert,
1994) that peptidoglycan is sandwiched between the
outer and inner membranes in the periplasmic space
and that the enzymes are on the outer surface of the
inner membrane.

Groups of activities:  Peptidoglycan  beta-
N-acetylmuramidase inhibitor; UDP-
N-acetylmuramate-L-alanine  ligase  inhibitor;
UDP-N-acetylmuramoylalanine-D-glutamate ligase

inhibitor

Responsible for impairment of the cell membrane
formation since the biosynthesis of the soluble pre-
cursor of UDP-N-acetylmuramyl pentapeptide in the
cyanella stroma follows a path similar to that of E.
coli (Loffelhardt Bohnert, 1994).

Groupsofactivities: Glutamyl endopeptidase [Tinhib-
itor; Gamma-D-Glutamyl-meso-diaminopimelate
peptidase inhibitor; Pyroglutamyl-peptidase I inhib-
itor; N-acetyl-gamma-glutamyl-phosphate reductase
inhibitor; Gamma-glutamyltransferase inhibitor;
Protein-glutamate methylesterase inhibitor.

These activities lead to the inhibition of some green
algae (Luque et al., 2006), and it can be expected that
they will inhibit the development of cyanobacteria
as well.

Groups of activities: L-glutamate oxidase inhibitor;
D-glutamate oxidase inhibitor; UDP-N-acetylglu-
cosamine 4-epimerase inhibitor; L-3-cyanoalanine
synthase inhibitor; D-alanine 2-hydroxymethyl-
transferase inhibitor; Gamma-D-Glutamyl-meso-
diaminopimelate  peptidase inhibitor; Diami-
nopimelate dehydrogenase inhibitor.

Responsible for the degradation of cyanobacteria.
All peptidoglycan components were found in cy-
anells, which explains the lethal effect of antibiot-
ics on these autotrophic organisms (Berenguer et al.,
1987).

Groups of activities: Cyanoalanine nitrilase inhibi-
tor; 3-Cyanoalanine hydratase inhibitor.

Nitrilases are an important component of the enzyme
system of cyanobacteria (Heinemann et al., 2003). In
this regard, this can be considered as an important
mechanism for limiting the growth of cyanobacteria.
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Continuation of the Table. 1

9

Groups of activities: Glycogen (starch) synthase in-
hibitor; 1,4-Alpha-glucan branching enzyme inhibi-
tor; Phosphorylase inhibitor.

Responsible for suppressing cyanobacterial blooms.
Cyanobacteria, as well as most phototrophic micro-
organisms, use carbon storage mechanisms. The
main C-storage of cyanobacteria is glycogen. Syn-
thesis involves four enzymes (Kromkamp, 1987).

10

Groups of activities: 2-Oxoglutarate decarboxylase
inhibitor; Oxoglutarate dehydrogenase (lipoamide)
inhibitor; 4-Hydroxy-4-methyl-2-oxoglutarate al-
dolase inhibitor; 4-Hydroxy-2-oxoglutarate aldolase
inhibitor.

In cyanobacteria, the main function of the oxidative
branch of the TCA cycle (Krebs cycle) is the synthe-
sis of 2-oxoglutarate, which serves as a C-skeleton
for the assimilation of ammonia through the GS-
GOGAT cycle (glutamate synthesis) (Zhang et al.,
2006). Like the previous one, this group of bioactivi-
ties will lead to the suppression of the development
of cyanobacteria through the inhibition of these pro-
cesses.

11

Groups of activities: Ferredoxin-NAD+ reductase
inhibitor; Aldehyde ferredoxin oxidoreductase in-
hibitor; Glutamate synthase (ferredoxin) inhibitor;
Ferredoxin hydrogenase inhibitor; Ferredoxin-
nitrite reductase inhibitor; Ferredoxin-NADP+ re-
ductase inhibitor.

Most studies of ferredoxins were carried out with
the model strain of cyanobacteria Synechocystis
PCC 6803 (Cassier-Chauvat, Chauvat, 2014), which
has nine highly conserved ferredoxins. Inhibition of
the corresponding functions of the 11th group will
lead to inhibition of the development of cyanobac-
teria.

12

Glucan endo-1,3-beta-D-glucosidase inhibitor.

Leads to disruptions in the glycogen cycle in cyano-
bacteria (Konishi et al., 1995; Attwater, 2010).

13

Groups of activities: Xylan endo-1,3-beta-xylosidase
inhibitor; Xylan 1,4-beta-xylosidase inhibitor.

It was shown in (Attwater, 2010) that the cyano-
bacteria Nodularia spumigena and Microcystis ae-
ruginosa produce xylosidase. These activities will
inhibit the synthesis of xylosidase in cyanobacteria.

14

Groups of activities: Leucine transaminase inhibi-
tor; Leucine dehydrogenase inhibitor.

Leucine in cyanobacteria, in particular in the genera
Microcystis, Nostoc, Phormidium, Nodularia, takes
part in the biosynthesis of microcystins (Attwater,
2010). In this regard, inhibition of the processes as-
sociated with the synthesis of leucine will lead to in-
hibition of the development of cyanobacteria.

15

Antibacterial

Considered as general antibacterial activity.

is confirmed, the compound might be a new

chemical-biological entity.

Thirty major LMWOCs that, according

to preliminary data (Macias et al., 2008; Li
et al, 2010; Nakai et al., 2012; Kurashov
et al., 2014, 2021; Zhu et al., 2021), may be
promising algaecidal allelopathic agents against
cyanobacteria were selected for the study of
biological activities using PASS (Table 2).

In the present study, we applied a stronger
criterion, P, > 70 %, to increase the chance of
experimental confirmation of the predicted
activities. As a result, among 30 LMWOCs, 26

were selected that met the above criterion. The
complete list of these compounds with activities
and their probabilities is given in Table 3.
Analysis of the results showed that among
the selected compounds, 18 contain carboxyl
groups and correspond to the highest P, values.
The predicted results are in good agreement
with literature data. For instance, it was reported
(Jand]l et al., 2002; Nakai et al., 2005; Zhai et al.,
2022) that saturated and unsaturated carboxylic
acids can be active allelochemicals. Moreover,
it was shown (Nakai et al., 2000; Lourengao et
al., 2021) that gallic acid actively inhibits the
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Table 3. The number of manifestations of various biological activities (out of 15 groups analyzed) for major

LMWOC:s of aquatic macrophytes, predicted by PASS

LMWOCs

0.7<P,<0.8

0.8<P,<0.9 P,>0.9

14-Pentadecenoic acid

W
N

Saturated carboxylic acids*

Gallic acid

cis-6-Octadecenoic acid

cis-9-Octadecenoic acid

Palmitoleic acid

Linolenic acid

9-cis,12-cis-Linoleic acid

— = W W WD

5,8,11-Heptadecatrien-1-ol

Decanal

Tetradecanal

Benzoic acid, phenylmethyl ester

Benzaldehyde

Hexenal

6,10,14-Trimethylpentadecan-2-one

cis, cis, cis-7,10,13-Hexadecatrienal

R WIN|WlOn|EA[BR|DND[O|A|W W] W[ W] =~

SO W[ W[ WL W[N] == W

o|lo|lo|o|lo|o| o

1-Butyl-3-(2-chloro-4,6-dimethyl-
pyridin-3-yl)-urea

—_—

[
(]

Note: * — Heptanoic acid, Octanoic acid, Nonanoic acid, Decanoic acid, Dodecanoic acid, Tridecanoic acid, Tetradecanoic

acid, Pentadecanoic acid, Hexadecanoic acid, Octadecanoic acid

growth of cyanobacterium M. aeruginosa. Thus,
the study of biological activities in PASS showed
that the most promising compounds for further
experimental verification are carboxylic acids
(saturated and unsaturated) and gallic acid, as
substances potentially possessing the largest
number of biological activities contributing to
the inhibition of development of cyanobacteria
(Table 3). The mass spectral patterns of some
carboxylic acids are given as an example in the
chromatogram sections of P. perfoliatus essential
oil (Fig. 1).

Four acids were selected for further
experimental verification — heptanoic, octanoic,
tetradecanoic, and gallic acids — against tested
species of cyanobacteria: S. aquatilis and A.
flos-aquae. We did not consider unsaturated

carboxylic acids in this study, since they have a

rather high market value (https:/www.made-in-
china.com/). This circumstance, apparently, will
limit their use as algaecides.

To test the effects of selected compounds at
several concentrations in different cyanobacterial
cultures, we applied a classical method performed
in microcosms and based on direct cell counts.
The experimental results are presented in
Fig. 2 and Fig. 3. Our results confirmed that
heptanoic, octanoic, tetradecanoic, and gallic
acids significantly inhibited the growth of both
cyanobacterial species (1.9-7190 times compared
to the control) (Fig. 2, 3), especially A. flos-
aquae (Fig. 3b). Application of even 0.1 mg/L
of the combined mixture showed a significant
decrease compared to the control (Fig. 3b). It is
important that this cyanobacterium is one of the

usual species that cause harmful cyanobacterial
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Fig. 3. The average number (median) of the culture of S. aquatilis (a) and A. flos-aquae (b) in an experiment
with the combined effect of heptanoic, octanoic, tetradecanoic, and gallic acids at various concentrations. On the

abscissa — the days of the experiment

“blooms” (HCBs) in water bodies (Svircev et
al., 2019; Zerrifi et al., 2021). It forms the most
common and noxious type of HCB in freshwater
environments, which has potentially serious
consequences for environmental and human
health.

Because gallic acid, a phenolic compound,
and straight-chain saturated fatty acids differ
in their chemical properties, their combination
may result in different growth inhibition modes.
It is reasonable to expect that their common
cyanobacterial growth inhibition activities may

be additive or synergistic. The inhibitions of

cyanobacteria by some substances are known
to be synergistic. For example, four polyphenols
(pyrogallic acid, gallic acid, ellagic acid, and
(p)-catechin) were identified as allelochemicals
antagonistic toward cyanobacteria (Nakai et al.,
2000; Zhai et al., 2022). Also, Zhu et al. (2010)
studied the combined inhibitory effects of these
polyphenols against M. aeruginosa and found

apparent synergistic effects.

Conclusions

The present study showed that a combined

approach can be used to search for effective
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allelochemicals against cyanobacteria, including,
in the first stage, the SAR methodology followed
by experimental verification of the most
promising compounds. Our results demonstrated
that representatives of saturated and unsaturated
fatty acids and gallic acid (possibly other
phenolic acids as well) with high activity against
cyanobacteria should become components
of various combinations for new-generation
algaecides to control HCBs.

All compounds tested in this study were
toxic for species of cyanobacteria in a dose-

dependent manner. Since the inhibitory effect of
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Abstract. Samples of the upper part of bottom sediments collected from saline lakes Shira and Uchum,
which are located in the steppe region of southern Siberia (Khakasia and Krasnoyarsk Krai), were
analyzed to investigate the distribution of charcoal particles >100 um. The sediments of ages up to 400
years BP were sampled by a freeze-corer in order to avoid mixing of the uppermost semi-liquid layers.
Charcoal particles were divided into three classes according to their morphology. The first-class particles
had an elongated shape, and they were interpreted as the remains of herbaceous plants. The second-class
particles looked like thin flat plates, and they were interpreted as the remains of leaves. The third group
consisted of solid particles of irregular shapes, which presumably were remains of burnt wood and coal.
In the last century, the sedimentary flux of third-class particles has increased significantly, which most
likely reflects an increase in the amount of solid fuel (wood and coal) burned by people in settlements
around the lakes. The contents of the first- and second-class particles, which were presumably traces
of wildfires, were not lower in the past than in the recent time. Thus, the intensity of wildfires in the
study region does not tend to increase in the modern period. The data obtained will be useful for the

reconstruction of fire regimes from longer cores, covering a period of a few millennia.
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YrojbHbIE MAKPOYACTHLBI B BEPXHHUX CJI0AX
AOHHBIX 0TJI0:KeHHi 03ép CeBepo-MHHYCHHCKON KOTJIOBHHBI
(ror Cubupu) KaK HHAUKATOP JUHAMHUKH 10KAPOB

HA OKPY:Kalolleil TeppuTopun

. FO. Poro3un®®, JI. A. Bypaun®°, I. H. Bosio6anmmnkoBa®
“@UL] «Kpacnoapckuu nayunwiti yenmp CO PAH»
000cobaennoe noopazoenenue Uncmumym ouoguszuxu CO PAH
Poccuiickaa ®@eodepayus, Kpacnospck

SCubupckuii ghedepanvhviil ynusepcument

Poccuiickaa @eodepayus, Kpacnospck

AHHoTanus. B BepxHell yacTH JOHHBIX 0TiI0KeHUH o3ep Lllupa n YuyMm, pacionokeHHBIX B CTEHON
3oHe tora Cubupu (Pecniy6iinka Xakacust u KpacHosipckuii kpaii) npoaHaiu3upoBaHbl pacipeaeieH s
MaKpOUYaCTHI[ JPEBECHBIX yTIel pasmepoM 6oiee 100 mxm. [IpoObI JOHHBIX OTIOKEHUH OBLTH 0TOOPAHBI
METOJIOM 3aMOpaKUBaHUS in Situ ¢ MOMOIIBI0 MPOO00TOOPHIKA — HaMmopakuBaTes (freeze-corer)
C IIEJTIbI0 COXPAHEHMS HEHApyIIEHHO! TOCIIeI0BAaTEIbHOCTH BEPXHHUX HOIYKUIKHUX cioeB. Bozpact
UCCIIeyeMbIX OTJIOKeHU cocTaBui 70 400 et Hazan. B oTiiokeHusix 06oux o3ep oOHAPYIKEHBI
JacTUIsl, 110 Gopme KiaccuuImpoBaHHbIe HA TPH Kiacca. [IepBhIif Ki1ace YacTUI] UMEET BBITSHYTYIO
(dhopMy, KOTOpast HHTEPIPETUPYETCS KaK OCTATKH TPABSIHUCTHIX pacTeHUil. BTopoii kitacc umMeeT BU
TOHKMX IUIOCKMX INIACTHHOK W MHTEPIIPETUPYETCS KaK OCTATKH JINCTHEB. TPEeTHii Kilacc COCTaBIISIIOT
00bEMHbIE YACTHIIBI PA3JIMYHON HENPABHIBHOM (OPMBI, TPEANOIOKUTEIBHO SIBISIOIUECS OCTaTKAMK
OT TOPEHUs APeBECHHBI U yTiist. [loka3aHo, 4To B CIIOSIX, COOTBETCTBYIOIINX MTOCIECIHEMY CTOJICTHIO,
3HAYUTEIBHO BO3PACTACT COACPIKaHNE YACTHI] TPETHEro Kilacca, 4YTO BEPOSITHEE BCEro OTPAXKAET
yBEJIIMYEHHE KOJIMYECTBA COKUTAEMOT0 JIIOABMHU TBEPJIOTO TOIINBA (IPEBECHHBI U YTUISL) 1JIs1 000TpeBa
JKUAITUI ¥ IPYTOU XO3STHCTBEHHOU JISSITETLHOCTH B OKPECTHOCTAX 03ep. CofepikaHue 4acTHI] IEPBOTO
1 BTOPOTO KJIACCOB, MPEIITOIOKHUTEIBHO SIBIISIIOIINXCS CIeJaMH IIPUPOAHBIX MTOKAPOB, B IIPOILIOM
He ObLJIO MEHbIIIE, YeM B HacTosiiee Bpemsi. ClieioBaTelbHO, MHTEHCUBHOCTh IPUPO/IHBIX T0)KaPOB
B HCCJIEly€MOM PETHOHE HE IEMOHCTPUPYET TEHCHIINN K YBEJINUCHUIO B COBPEMEHHBIH 1epro/.
[MonyueHHble cBeCHMsI OyIy T MOJIE3HBI IPU PEKOHCTPYKIUSX MOXKAPHBIX PEXKUMOB 110 O0Jiee JUTMHHBIM

KEpHaM, OXBATBIBAIOIIUM NIEPHUOA B HECKOJIBKO TBICSYCIICTHM.

KuaroueBble ciioBa: cTEITHEIS T1OKaphbl, YroJbHbIC YaCTUILIbI, TOHHBIC OTJIOXKCHU .
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BuaaronapuocTu. MccienoBanue BINOMHEHO 3a c4eT cpeacTB Poccuiickoro HayyHoro goHia, rpaHT
Ne 22-27-00398, https:/rscf.ru/project/22-27-00398.

Iutuposanue: Porosun, /1. 1O. YronbHbie MAaKpOYaCTHUIBI B BEPXHUX CIOSX JTOHHBIX OTIOKEHUIT 03¢p CeBepo-MuHYyCHHCKOIT
KOTJIOBHHBI (for CuOMpH) KaK MHIMKATOP JMHAMUKY [I0KAapOB Ha oKkpyskatomeit repputopun / /1. 10. Porosun, JI. A. Bypaus,
I H. Bonobanmukosa // XKypn. Cub. dpenep. yu-ta. buonoruns, 2023. 16(2). C. 252-266. EDN: VHDLIJR

BBenenne

[TpuponHbIe moKapbl HECYT YTPO3Y JECHBIM
1 CTEITHBIM 3KOCHCTEMaM, Hapyas pACTHTEIbHBIH
Y TIOYBEHHBIH [IOKPOB, & TAKIKE MOT'YT CYIIECTBEH-
HO YXYAILIAaTh Ka9eCTBO >KN3HU JIIOJCH, )KUBYIIINX
Ha MPUJIETaloLIMX TEPPUTOpHsIX. BMecTe ¢ Tem 1o-
Ka3aHo, YTO MOKapbl, BEI3BAHHBIE €CTECTBEHHBIMU
NpUYUHAMH (HaTpIMEp, BOTOPAHUS OT MOJIHUI),
B psiJie CITydaeB SIBJISIOTCS HEOOXOAMMBIM YCIIOBH-
eM (yHKI[HOHUPOBAHUS IKOCUCTEM, YCKOPSIsl KPY-
roBopoT yriaepoza B ouoctepe (Leys et al., 2018).
B Hacrosiee Bpemsi BO BceM MUpe HaOJIro1aeTcs
yBEIMYEHNE KOJTMYECTBA TPUPOIHBIX MOXKAPOB,
4YTO 00YCJIOBJIEHO KaK €CTECTBEHHBIMHU MTPUYH-
HaMHM (U3MEHEHHE KJINMATa), TaK U IPUIHHAMHU
anTpornoresHoro xapakrepa (Feurdean et al., 2020;
Marlon, 2020). [TockobKy YacTOTa U HHTCHCHB-
HOCTb MOXKaPOB 3aBUCAT OT KJIIMMATHYECKUX (haK-
TOPOB (TEMIIEPATYPHI, BIAXKHOCTH, KOJIMIECTBA
MOJIHHI) TPOTHO3 MOXKAPHBIX PEXKUMOB IIPH pa3-
JUYHBIX KIUMAaTHYECKUX CLHEHAPUSIX SIBISCTCS
4pe3BbIYAHO aKTyaJIbHOM 3ajjaueil B yCIOBUAX
ObIcTpo MeHsouerocs kiuMaTa. OueBHIHO, YTO
JUIsl IPOTHO3UPOBAHMS TIOYXKAPHBIX 00CTAHOBOK
BeCbMa I10JIe3Ha NH(OPMALHS O THHAMHKE T10-
»KapoB B rpounioM. CpaBHEHHE COBPEMEHHBIX
MO’KapPHBIX OOCTAHOBOK C TAKOBBIMH B JIOMH]LY-
CTPHAJILHBIN MIEPUOJI TO3BOJISIET OLUEHUTh BKJIA]l
AQHTPOIIOTEHHOTO (DAaKTOPa B ITOT IPOLECC.

CTenHble U JIYyrOBbIE DKOCHUCTEMBbI
(grasslands) cocTaBIsIOT OKOJIO TPETH PaCTHU-
TEJILHOT'0 MOKPOBa 3eMJIM, HO UMEHHO B HUX
npoucxonuT okosio 80 % noxapos (Mouillot,
Field, 2005). OqHako majaeopeKOHCTPYKIUH TI0-

JKAPHBIX PEKHUMOB HA CTCIHBIX TCPPUTOPUAX

HEMHOTOYHCJICHHBI [T0 CPABHEHUIO C JICCHBIMH,
a MOCKOJIbKY I'paHUIIbl OMOMOB CO BpEeMeHEM
MEHSIOTCS, TO TPYJHO J1a’K€ ONPEAEINTh, I'/Ie
M KOTJla CTEIHbIE yYaCTKH ObLJIM B MPOLILIOM,
yto 3aTpyaHseT ux ananus (Leys et al., 2018).
B EBpaszuu pacnpeneiieHue najeopeKoHCTPYK-
LIMH CTENHBIX MOXXapOB CHJIBHO HEPAaBHOMEPHO:
OOJIBIIMHCTBO U3 HUX PACIIOJIOKEHBI B 3ana HON
EBporre u Monronuu (Leys et al., 2018). B 0630-
pax no nayneonoxapam (Marlon, 2020; Lays et
al., 2018) ynomunanus o Cubupu Boobmie ot-
cyrcrBytot. s Teppuropun Cubupu Ha ceroj-
HSIIHUH IeHb UMEETCs sl paboT 110 PeKOHCTPYK-
[[MU [1aJICOTI0KAPOB, CACIAHHBIX 10 JIPEBECHBIM
konbenam (Knorre et al., 2019; Kirdyanov et al.,
2020; Wang et al., 2021), a Takxke 1o ToppsiHbIM
kosnonkaM (Feurdean et al., 2020; Grenaderova et
al., 2021) u o3epubim otioxenusm (Novenko et
al., 2022; Gliickler et al., 2021), omHaKO 3TH HC-
CJIE/IOBAHMUS IIPOBEJICHBI JUIS JIECHBIX DKOCHCTEM,
TOTJIa KaK 110 CTENHBIM pernonam rora Cubupu
Ha CerOJIHSIIHUI IeHb HAM U3BECTHBI JIMIIb JIBE
pabotsl o cremmrHOMY Aurato (Rudaya et al., 2020;
Kunuua, Pynas, 2021).

Ha crennbIx Tepputopusix oxHoi Cubupn
THIOXKaphl SIBJISIFOTCS XapaKTEPHBIM SIBIICHUEM, [TPH-
YEM YacTO OHH BBI3BAHBI yMBIIIJICHHBIMHU WJIH CITY-
YallHBIMHM OJIKOTAMHU CyXOH MPOULIOrofHel Tpa-
BBI BECHOH (KOHEI alpeisi — Hayajio Mas) X OCEHBIO
(oxTs16pb). Tepputoprss MUHYCUHCKOW KOTIOBUHBI
(Kpacuosipckuit xpaii u Pecniyonmka Xakacus)
B 3HAYMTEJBHOM CTENIEHH CTPaJaeT OT TAKHUX I10-
xapoB. [1o nanubeiM o6cepBatopun NASA (NASA
Observatory), akKTHBHOCTb OKapOB 3/IeCh BapbH-

pyert B quamnazone 1-10 moxapos/ 1000 km>1eHb
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(mauubie 3a 2015 1) (Leys et al., 2018). Uxoraa
TIOXaphl 371eCh HAHOCAT YIIEPO KHUIIBIM U XO35TH-
CTBEHHBIM TMOCTPOMKaM, KaK, Harpumep, 12 amperst
2012 r., xorga CUJIbHEHIINM OXKap YHUUTOXKUI
JIECATKH JKUJIBIX JIOMOB B HECKOJIBKUX MOCEIKAX
[upuHckoro pationa Pecrryonuku Xakacust, Oputn
Y YeJIOBEYECKHE JKEePTBBI.

JIOHHBIE OTIIOKEHHUSI 03€P SIBISIOTCS OJHU-
MH U3 JIYYIIHX apXUBOB JUISI PEKOHCTPYKIIUH
MOKapHBIX 00CTAHOBOK MPOLIIOro. YacTHIIBI
JIpeBecHbIX yriei (charcoal particles), siBisiro-
muecs MpoAyKTOM FOPEHUs PaCTUTEIBHOCTH,
nomnajas B arMocdepy, COXpaHsIOTCs B 03€PHBIX
OTIIOXKEHUSAX U SABJISIIOTCS KOJIMYECTBEHHBIM HH-
JIMKaTOPOM MHTEHCUBHOCTH noxapoB (Marlon,
2020). [TokazaHO, 9TO MEUKPOYACTHIIBI yTIIs (MEHEE
100125 MKM) XapaKkTepHU3yIOT PerHOHANbHBIN (HOH
MI0’KapoB Ha OOIIMPHOM TEPPUTOPUH, TOTIA KAK
MmakpouacTuiibl (6osnee 100 MKM) OTpaxaroT cKkopee
JIOKAJIBHYIO TI0)KapHYI0 00CTAaHOBKY B OKPECTHOCTH
nanHoro o3zepa (Anderson, Wahl, 2016).

OpnHako pu 0TOOpPE KEPHOB C ITOMOIIBIO
rPaBUTAIIMOHHBIX TPOOOOTOOPHUKOB BEPXHHE
MOJIOZIBIE CIIOW JJOHHBIX OTJIIOXXEHUH, UMEIoIIue,
KaK [PaBHJIIO, TOJIYKHUIKYI0 KOHCUCTEHIIUIO, Ya-
CTO OBIBAIOT pa3pyLICHBI U NTepEMEIIaHbl TU00
B npoiuecce ordopa, 1100 IpH MocaeNyomei
pasJiesike Ha OTAEIbHBIE 00pa3Ibl, YTO CHHIKACT
pa3penammyio CnocoOHOCTh PEKOHCTPYKIIUU
JUUIS. COBPEMEHHOTO epuofa. st BBICOKOTOU-
HOT'0 Hepa3pyliarolero ordopa BepxHeH yacTu
JOHHBIX OTJIIOKEHUI HANTy4dIIUM 00pa3oM 1oj-
XOJIUT METOJI 3aMOPaKMBAHUS in Situ, C TOMOLIBIO
mpobooTOOpHUKa-HAMOpaxuBarens (freeze-corer)
(Renberg, Hansson, 1993).

Llens HacTOsIIEH PabOTHI — aHAIIN3 KOJIHYe-
CTBa U COCTaBa MaKpOUYACTHUIl IPEBECHBIX yTIei
B BEpXHEH 4acTH TOHHBIX OTIOXkeHui o3ep [upa
U Y4yM, pacrooKeHHBIX B CTenHOil 30He CeBepo-
MuHycHHCKOH KOTJIOBHHBI (for CHOMpH), U OLIeHKa
JIMHAMUKH [I0’KapoOB Ha OKPYIKAIOIIEH TEPPUTOPUH

3a COOTBCTCTByIOH.[I/Iﬁ NEepHUOA.

MarepuaJibl U METObI

Obvexmul uccnedo8aHus

O3epo Ilupa (54°30° CIII, 90°11° B/I) na-
xonutes B LllupuHckom paiione Pecmyonmku Xa-
kacus, B 15 kM oT paitonHoro nentpa n. [llupa
(puc. 1). O3epo oBanbHOU (hOpMBI, pazmepamMu
5,3x9,3 kM, mwromaasio 35,9 km? (Rogozin et al.,
2017), makcuMmanpHas rayouna 24,5 m (2021 1.).
O3epo [lupa obaamaeT 6aIbHEOIOTHYCCKUMHU
CBOMCTBaMH, Ha €ro Oepery KpyriorognaHo GyHk-
LUOHHUPYET U3BECTHBIN KypopT «O3epo [Hupay,
KOTOPBIH SIBJISIETCS OCHOBHBIM I'Paio00pa3y oM
MpeAnpuATHEM s oceska JKeMuayKHBIH, pac-
TI0JIOKEHHOT'0 Ha I0ro-3amaj HoM Oepery o3epa.
K mocesnky npuMbIKaIOT Aa4HbIe MACCHUBBI M 0a3bl
OTJbIXA.

O3epo Yuywm (55°05° CIII, 89°43’ B/I) pacmo-
JoxeHo B 70 kM k ceBepo-3anany ot ozepa Ilupa,
Ha TeppuTOpuH YKypckoro paiiona KpacHosipcko-
ro kpas, B 30 kM K fory ot I. Ykyp (puc. 1). O3epo
nMeeT GopMy HENPaBHIBHOTO OBalla pa3MepOM
1,5%4 kM, TJIOIIA/1b TOBEPXHOCTH OKOJIO 4 KM?,
MakcuMalibHas riyouHa 9,2 m (2022 r.). I'psizb
1 BOsIa 03epa 001a1ar0T OAIBHEOTIOr HYECKUMHU
CBOMCTBaMM, Ha IOT0-3al1aJIHOM Oepery o3epa
¢yHKIHOHHUpYET KypopT «O3epo Yuym» u pac-
IOJIOXKEH MOCETIOK C OTHOMMEHHBIM Ha3BaHUEM.

O0a o3epa pacIoyIoKeHbl HA TEPPUTOPUHU
CeBepo-MHUHYCHHCKOH KOTIOBUHBI. Knumart
JTAHHON MECTHOCTH PE3KO-KOHTHHEHTAJIBHBIN:
cpenHsis TeMnepatypa utois okono +18 °C, ssuBa-
pst — oxono — 19 °C. TloTeHManbHOE NCapeHNe
Ha naHHo# Tepputopuu (600 MM rox!) mpesbimaeT
CPEIHETOI0BOE KOIHYECTBO ocankoB (300 MM
roa') (Parnachev, Degermendzhy, 2002). ITony-
apUIHBINH KIUMaT criocoOcTByeT (hopMUpOBa-
HUIO CTEITHOrO JIaHadTa 1 MHOTOUYHCICHHBIX
6eccrounsix o3ep. O0a o3epa GeccTOUHBIE, X
MUTaHUE OCYUIECTBIAETCS 3a CUET MPUTOKA T10-
BEPXHOCTHBIX U IMOJ3EMHBIX BOA. 3UMOH Ha 03e-
pax GopMHUPYETCsI JISTOBBIN MOKPOB TOIIHHOM

OKOJIO OAHOI'0 METpa. B netnee BpeMsd 03€pa
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Puc. 1. T'eorpaduueckoe nosnoxenune o3ep [lupa u Yaym

Fig. 1. Geographical location of Lakes Shira and Uchum

SIBJISIFOTCSI TIONYJISIPHBIM MECTOM OT/IbIXa, 3]1eCh
(GYHKIMOHMPYIOT KEMITMHTH, a TaK)Ke pacroia-
raercsi OOJIBIIOE KOJIMYECTBO HEOPIraHU30BaHHBIX
MAJATOYHBIX CTOSTHOK OT/IBIXAOIINX.

B Hacrosiiee BpeMst 1epeBbsi (B OCHOBHOM
Oepesa u JINCTBEHHUIIA) PACTYT B HEOOIBIIOM KO-
JUYECTBE HA I0)KHOM U 3amajHoM Oeperax o3epa
[Iupa. B ocHOBHOM k€ BIOTH O€pETrOBOM JTHHUU
BOKPYT 03epa Ipeodiafaet CTEHOM Janamadt
(Mraii, Cenensuukos, 2011). Ha paccrostann 10 km
OT 03epa JICCHBIE MACCHBBI OTCYTCTBYIOT, OTHAKO
KpYIIHBIE JIECHbIE MaccuBbI baTeHEBCKOTO Kpsika
pacnosokeHsl MpuMepHO B 20 KM K 10Ty U F0TO-
3amay ot o3epa. [1o paccka3am MECTHBIX KUTEIIEH,
cobpannbim U. T. CaBerkossiM B 1890 1, B cepeau-

He 19 Beka Bcs Ioro-3amnaaHasd, r0kHas 1 HaCTU4YHO

Krasnoyarsk=*

Lake Uchum
O

O

Lake Shira

Abakan
Minusinsk

IOTO-BOCTOYHAS YacTh O€peroBoil TMHNUU OBLITH
TIOKPBITHI OePEe3HIKOM, OJHaKO yxke B 1890 1. aToro
He HaOmonanock (CaBeHkos, 1891). B mpuibLieBBIX
CHEKTpax AOHHBIX OTIOXeHuH 03. [1lupa B mo-
cienaue okono 100 sieT HabroIaeTCs yBETMUCHIE
MIBUIBLBI O€PE3bl U CHH)KEHHE IBLIBIBI COCHBI,
TorJa Kak B Oosee apeBHUX ciosax 10 400 et Ha-
3aJ1 KOJIMYECTBO IMBUIBLEI Oepe3bl 1 COCHBI OBLIO
npumepHo noctosiHabiM (Hildebrandt et al., 2015).
Ha 1oxHOM Gepery o3epa YuyMm Takke Ipou3pac-
TaeT cocHa U Oepesa u ecTh HeOONIbLIOH MaccuB
nuctBeHHUNBI. C 3amaga HeOOIbIINE JIECHBIC
MaCCHBBI MTOJIXOST JJOBOJIBHO OJIM3KO K 03epYy,
Ha paccTOsTHUE MOPS/IKa OJJHOTO KUJIOMETpa, /-
HAaKO OHU PACIIOJIOKEHBI 32 OKPYIKAIOLUIMMHU 03€pO

xonmamu (kaprorpapuueckne nanusie Google,
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2023). B ocHOBHOM BOKPYT 03epa npeodiagaeT
crenHOM nanamadT. JlaHHBIE PEeKOHCTPYKITHI
PacTUTENIBHOTO MOKPOBA JIJIS1 OKPECTHOCTEH 03epa

Y4yM B IuTepaType OTCYTCTBYIOT.

Ombop npob

OT6Op JOHHBIX OTJIONKEHHUN TPOBOIMIN
Ha o3epe Ulupa B mapTe 2021 rona B TOUKE € KO-
opaunatamu (54°30.025' CIII, 090°12.122' BN),
Ha o3epe YuyM B MapTe 2022 rosna B TOUYKE C KO-
opaunatamu (55°05.670" CIII, 089°43.406' BJ1).
Touku orbopa pacnonaraiauch B HEHTPaIbHBIX
r1yOOKOBOJIHBIX YacTsX o0oux o3zep. [1yOouna
oToOpaHHBIX OTIOXeHHUH B 03epe [llupa cocraBu-
na 39 cm, B 03epe Yuym — 34 cm. [TpoObI TOHHBIX
OTJIIOXKEHUI 0TOMpaIN Yepe3 OTBEPCTHE BO JIbAY
C MOMOII[BI0 TPOOO0OTOOPHUKA-HAMOPAXKUBATEIIA,
n3rotosieHHoro B Mucruryre 6nopuszuku CO
PAH 1o o0Opa3ity, ony0JuKOBaHHOMY B paboTe
Renberg, Hansson (1993). JlanHOE ycTpOCTBO
MO3BOJISIET 3aMOPAXKUBATH JTOHHBIEC OTIOXKEHU
MIPsIMO Ha JHE BOJIOEMA C HOMOIIBIO XJIalareHTa
(cMech aTaHONA M TBEPJIOH YTIIEKUCIOTHI (CYyXOTo
apaa), —80 °C), HUPKYIUPYIONIETO BHYTPH MO-
Tpy’KaeMoro B 0CaJ0K METAIJIMYECKOT0 KINHA
(Renberg, Hansson, 1993). ITocie u3BiaedeHUst
3aMOPOKEHHBIE 00pa3Ilbl JOHHBIX OTIOKEHUM
TPAaHCIIOPTUPOBAJIH IIPH OTPULIATEIHLHONW TEM-
neparype B 1abOpaToOpHIO B ANIUKAX C CYXUM
JBJOM M XpaHuiu 1o ananu3za npu —20 °C. 3a-
MOpPO’KEHHBIE 00pa3Ibl paCIUINBAIN THIOHN
Ha MpoJoabHEIe Opycku cedeHrueM 20x20 Mm
u oTorpadupoBay ¢ 3aKpPENICHHON MHUILIH-
METPOBOW IMHEHKOH. 3aTeM MoTyUYeHHbIE OPYCKH
paspesasu rnornepek Ha OTAeIbHbIe 00pa3iibl C Ia-
rom 1 cM ¢ OMOILIBIO pacKaJieHHON HUXPOMOBOI
MPOBOJIOKH TONMIIUHOK 0,4 MM, MOJAKIIOUEHHOMN
K UCTOYHHKY ITOCTOSIHHOTO TOKa. Bee onepanuu
OCYIIECTBIISJIM IPU OTPULIATEIBHON TeMmepa-
type. OOpa3ubpl HoMemany B IOTUITUIICHOBBIC
MAaKeThI C BBIJABICHHBIM BO3YXOM M XPAaHHUIHN

B TemHoTe nipu —20 °C 10 06paboTKH.

Jlamuposra OOHHBIX OMIOANCEHUL

OreHka Bo3pacTa U CKOPOCTH HaKOTIJICHUS
JIOHHBIX OTioKeHu# 03. [1lupa Obuia IpoBeneHa
paHee 110 JIpyTruM KepHaM, 0TOOpaHHBIM B 3TOH ke
TOYKEe, Ha OCHOBE M3MEPEHUI aKTUBHOCTH H30-
toroB ¥’Cs, 2°Pb B coueTaHHUM C MOACUYETOM I'O-
JUYHBIX CII0eB (BapB), ¥ OIyOJIMKOBaHA B paboTe
(Kalugin et al., 2013). B xauecTBe penepa aist
CTBIKOBKH Pa3HbIX KEPHOB MCIIOJIb30BAIN BU3Y-
aJIbHO XOPOLIO Pa3JIMYMMBbIi CBETJIBIN CIIOH, pac-
TOJIOKEHHBIN Ha T1yOnHe okoio 15 cMm. JlanHbIi
cJ10#1 chopMUPOBaAH BBHINIAJICHUEM B OCaJ0K Kap-
OOHATHBIX MHUHEPAJIOB B MIEPUOJI MUHUMAJIBHOT'O
YPOBHS 03epa, KOTOPBIH HAOJIIOAJICS B IIEPUOL
1926-1930 rr. (Kalugin et al., 2013). B npexmo-
JIO)KEHUH, YTO BBINIaJICHUE 0Ca/iKa NPEKPaTHIIOCh
C HayaJIoM MobeMa 03epa, BepXHssI T'paHHIa JaH-
HOTO CJIOSI COOTBETCTBYET UHTEpBaLy Mex 1y 1930
n 1936 rr. 1 ycinoBHO npuHATa HaMu 3a 1933 1.

OueHka Bo3pacTa OTIOKEHUN 03epa YuyM
ObLia crienana panee /i kepHa 2015 r. Ha ocHoBe
pacupenernenuii ’Cs, ?'°Pb (Rogozin et al., 2020).
B HacrosIme paboTe MbI yTOUHHIIN ATY JATHPOBKY
C TIOMOIIBIO BH3YaJIbHOTO TIOICUETa TOANYHBIX CIIO-
eB. [TockonbKy roquyHbIe ciou (BapBbl) B KEPHAX
HCCIIEAYEMBIX 03€p HPOSIBIISIOTCS TOIBKO B PE3YIlb-
TaTe OKUCIICHUS TI0CIIE BBIJICPKKU Ha OTKPHITOM
BO3/1yX€, B 3aMOPOKEHHOM KepHe 2022 I. roAuyHble
cJou ObUTH TJI0XO0 pa3nuyuMsl. [losTomy nmoacuer
CJIOEB ITPOBOAMIIN MO (oTOrpadpuu KepHa, KOTOPHIH
ObLI1 0TOOPaH rpaBUTALMOHHBIM IIPOOOOTOOPHH-
koM UWITEC B 2015 1. (Rogozin et al., 2020),
TOI/Ia K€ pa3pe3aH Ba0Jb U choTorpadupoBan
¢ MUJJIUMETPOBOH JuHelkol. Kaxx b1l BUguMblil
croit mpuHUMascs 3a oquH rof. [loxcuer ocymect-
BIISLIICS IBYMSI JIIOJJbMU HE3aBHCHMO, IIPU STOM
BBIOOP MHTEPBAJIOB TOXKE ObLIT IPOM3BOJILHBIM IS
KaX/IOT0 U3 CYMTAIONINX. 32 INTyOHHY OTIOXKEHUH
B K&)/I0i TOUKe IIPUHUMAIIU CEPEIMHY HHTEpBaa,
Ha KOTOpPOM BeJics mojicueT cioeB. Koppensnnio
KEPHOB IPOBOIMIIN 110 BU3YallbHO Pa3JIMYUMbIM

B 000HX KEPHAX CBETIBIM CIIOSM (CM. Pe3yrbrarsr).
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Ananus Y2OJIbHblX Yacmuy

AHann3 yrojibHBIX YAaCTHI] B IOHHBIX OT-
JIOXKEHHUSIX TPOBOJIMIIN C marom 1 cm 1o riyou-
HE HAa OCHOBE METO/MK, OITMCAaHHBIX B paboTax
(Unkelbach et al., 2018; Anderson, Wahl, 2016).
st ozepa lupa 6110 IpoaHaTH3upoOBaHo 38 00-
pasios, 11 03epa YuyMm — 33 oOpasiia. BiaxkHsie
JIOHHBIE OTJIOXKEHHS TPUMEPHBIM 00beMOM 23 cm?
MOMEIIAJIU B IIGHTPUPYKHYIO TPOOUPKY € 6 MII
nediokynupyromero pacrsopa (6 % rexcamera-
(docdar HaTpust), TIIATEIBHO Pa3MEIINBAJIH, [IOCIIE
YEero ONpeAesIsiiIv TOYHBIH 00bEM aHATH3UPYEMOTO
o0pa3ia Mo JeneHnsIM Ha IPooupKe, Kak pa3HOCTh
MEXAYy KOHEYHBIM 00bEMOM U U3BECTHBIM 00b-
eMOM JIeIOKYJIMPYIOIIEro pacTBopa (B HaIIeM
cirydae 570 6 mi). [lo mpomecTBuy He MEHee Tpex
4acoB COJEPKUMOE MPOOUPKH IMPOCEHBAIH MO-
KpPBIM CIIOCOOOM 4epe3 TKaHb C Pa3MEpOM STUEeH
100 MxM (MenbHIYHBIH Ta3). [lomy4yeHHBII 0CcTaTOK
BBIIEP)KUBAJHN B 6 % TUIOXJIOPUTE HATPUS s
oTOEeJIMBaHUS U CHOBA IIPOCEUBAIIN Yepe3 Ty Ke
TKaHb. DKCIEPUMEHTAIBHBIM ITyTeM OBIJIO BBISB-
JICHO, 4TO BBIZIEP)KKH B TeueHHe | yaca J0CTaTOuHO
JUTs 00€CIIBEUNBAHMS BCEX TTOJBEPIKEHHBIX ATOMY
HPOLECCY YaCTHUIl, TOTa KaK YaCTHIIbI yIJIeH ocTa-
BaJMCch yepHbIMU. [Tocie Gosee nonToit BEIACPKKH
BHEIIHUH BHJI 4YaCTHUL HE MEHSIIICS, [I03TOMY MBI
BBIOpaIM BpeMsl BBIJICPXKKH B THIIOXJIOPUTE Ha-
Tpus 1 gac.

OcraTok nomemanu B kamepy boroposa
W yTOJIBKY MOJICUYUTBIBAIIN M10JI CTEPEOMHUKPO-
CKOIIOM B OTPa)XEHHOM CBETE IPH 25-KpaTHOM
yBerueHUHU. TakuM 00pa3oM MoJICUUTHIBAIUCH
BCE BCTPETHBIINECS YTOJIBHBIC YACTUIIBI B 00pasie
(ukcupoBanHoro oobema. B kauecTBe 00bEKTOB
JUUIS CPABHEHHMS UCIIOJIb30BaIH N3MEIbYCHHBIN
JIPEBECHBIN U aKTUBUPOBAHHBIN yIOjb. YTOJIbKU
Pacro3HABAJINCH TI0 HAJTMYHIO METAJIITNIECKOTO
61ecka, OCTPBIX TpaHel U XPYNKOCTH.

KonanyecTBeHHBINH aHAJIN3 TPOBOIUIHN
B nporpamme CharAnalysis (http:/CharAnalysis.
googlepages.com, Higuera et al., 2009). B nanHoi#t

nporpaMmMe KOJIMYEeCTBO MOJCUUTAHHBIX YT OJIb-
HBIX 9aCTHI[ B 00pa3iie HOpMUpYyeTCs Ha 00BeM
BJI&KHOTO 00pa3iia, 1oclie 4ero CKOpocTh IMOCTY-
IIJIGHUS] YTOJIBKOB B oHHBIE oTinoxeHust (CHAR,
YacTHI] CM~ FO) PACCUNTHIBAETCS YMHOKEHH-
€M KOHIICHTPAI! YTOJIBKOB B 00pa3iie (4acTuIl
cM™) Ha CKOPOCTh OCaJAKOHAKOILJIEHHUS (CM Toa™).
[Monyuennstit psa ganabix (CHAR) naTepnonu-
pyeTcsi uepe3 paBHbIE IPOMEKYTKH BPEMEHH,
3aTeM BBIICIACTCS POHOBBIH YpOBeHB («DoH»
Ha puc. 5, 6), KOTOPBIN OTpaKaeT yCPETHEHHYIO
WHTCHCUBHOCTB TOPCHHS B PETHOHE, TaK KaK OC-
HOBHBIM UCTOYHUKOM IOCTYIICHNS YACTHIL YIJIsI
B BOJOEM SIBIISICTCS BBITIAJICHUE YACTHI] U3 aTMOC-
(depbl B pe3ylibTaTe KOHBEKTUBHBIX MTPOLIECCOB,
BO3HUKAIOMUX B Xoze moxapa (Conedera et al.,
2009). Kpome Toro, mporecchl NepeoTIoKeHHU st
¥ IPUBHOCA MaTepHala CMBIBOM C TEPPUTOPUU
BOJZI0COOpa TaKkKe BHOCAT BKJIa]] B (JOHOBBIH ypo-
BCHB YTOJIBHBIX YACTHII B IOHHBIX OTIOXKCHHUSIX
(Higuera et al., 2009).

Pe3yabrarsl

Hamupoexa 0onnvix omaodicenuii 03. Yuym

JlaHHBIE MO/ICYeTa TOAUYHBIX CJI0EB ObLIH
00BbEJMHEHBI M HAa UX OCHOBE OblJIa MOJTyUYeHa 3a-
BHCHMOCTB CKOPOCTH CEAMMEHTAIUHU (JIeT MM™)
oT riryOmHBI KpeHa (puc. 2). Ha ygacTkax kepHa,
IrJie CIIOW ObLIM HePa3JINYMMBI, IOACYET HE MPO-
W3BOAMIIN, a TIPH pa3padOTKe BO3PACTHON MOJEITH
CKOPOCTb OCaJIKOHAKOIJICHUS HA 9TUX y4acTKax
CUHMTAJIN PABHOW TAKOBOM ISl COCEHUX yUaCTKOB.

Bospact oTiokeHu# pacCcunThIBAIHN 110 HOp-

MyJne:
T(z) =Ty — [ f(2)dz, M

r7ie Z — TIyOWHa OTIOKEHUH (MM), f(z) — 3aBUCH-
MOCTb CKOPOCTH CEIMMEHTAIMH OT TI1yOHHBI OT-
TOKeHUH (JeT/MM), Ty — HagallbHas TOYKa OTCYeTa
BpeMeHH (11eT). JlaHHbIe moacyeTa annpoKCUMHUPO-

BaJIH JIMHEWHOH (pyHKIHEW Buaa (puc. 2):
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f(z)=az+b,

Ha OCHOBE uero ypasuenue (1) Obu10 mpeodpaso-

BAHO B PACUETHYI0 QOPMYILy:
T(z) =T, — %zz — bz, )

rae T, = 2022 (rox orbopa kepHa), a = 0,0000,
b =0,55 — K03 PUIHEHTHI IMHEHHOTO ypaBHEHHSI
nust kepHa 2015 (puc. 2). JlaHHas MOIEITh XOPO-
II0 COOTBETCTBYET OLIEHKE BO3pacTa OTJIOKEHUI
o3epa YuyM, c/IeNaHHON paHee [JIsl 3TOTo ke Kep-
Ha 2015 r. Ha ocHoBe pacnpeaenenuii ¥’Cs, 2°Pb
(Rogozin et al., 2020).

JlaTupoOBKY 3aMOpPOXEHHOTI' O KepHa, Uc-
cJelyeMoro B HacTosmeil padore, IpoBOIUIN
U3 CIICAYIONMUX COO0pakeHH . B BepxHHUX cosax
3aMOPOKEHHOTI'0 KEePHA IOJJUYHBIE BapBbl ObLIH
BU3YaJIbHO Pa3IUUUMBI 710 18 MM, UX HacUUTAITH
6. Takum oOpa3om, riryOrHa 18 MM MpUHIMaIACh
32 2022—6 = 2016 T, a CKOPOCTH Ha 3TOM HHTEPBa-
je coctaBuia 3 MM roa’. M3 3Tux cooOpakeHui
JaTUPOBAJIM BEpXHHE ]Ba CAHTHMETpa o0pasia.
['my6>xe BapBbI OBLIM BU3YaJIbHO HEPA3IMUNMBI,

OJTHAKO W B 3aMOpOXKeHHOM KepHe 2022, u B Kep-

He 2015 ObLIM BUIHBI 1BA YETKO PAa3IMUYMMBbIX
OenbIx pociost. Ix monoxenue B kepae 2022
HE3HAYUTEIBHO OTIMYAIOCH [0 IIyOHHE OT KepHa
2015. OTu ciou 6bUTM KaTUpOBaHbl B KepHe 2015
1o popmyuiie (2), ¥ 3TH AaThl HPUHSTHI JJIs1 KEpHA
2022. ITosTomy Tiry6ke 18 MM CKOPOCTB OLIEHH-
BaJlach HA OCHOBAHHMHM JAThI IIEPBOIO OEJIOTO €105
(63 MM, 2000 roxm), TTOTYYCHHOMN IO TIOJICUCTY BapB
B kepHe 2015 1. (cm. Boite): (63—18)/(2016—2000)
=2,8 MM rox’!. I'myGixe nepBoro 6eyoro cios
(63 MM) BO3pacTHas MOJIeTb MPUHUMAIACh aHAJIO-
rugHOi kepHy 2015. B pesynbsraTe Oblia omydeHa
BO3pacTHAast MOZEIb AJIs 3aMOPOKEHHOI'0 KepHa
2022 r. (puc. 3).

Yeonvnoie uacmuybvl 6 OOHHBIX OMIIONCECHUSX

B nonsbix otnoxenusx osep llupa u Yuym
Ob1TH 0OHAPYIKEHBI YaCTHUIIEI IPEBECHBIX YTICH
pa3nuuHoi GhopMmbl (puc. 4), KOTOPbIE, COTTIACHO
JUTEePAaTypPHBIM JAHHBIM, MOTYT OBITh HHTEP-
MPETUPOBAHBI KAK OCTATKH CTOPEBIIUX pacTe-
HUU B HEMOCPEJACTBEHHOHN OJIM30CTH OT 03ep,
Ha OKPY’KaOIIEil TEPPUTOPUHU B paJIuyce MEHEe
10 kM (Anderson, Wahl, 2016; Unkelbach et al.,
2018). IIpu moacyeTe Bce yroJibHbIE YaCTHUIIBI

y =0,0006x+ 0,55
R*=0,4128

0 T T
0 100 200

300 400 500

InybuHa KepHa, MM

Puc. 2. CkopocTh ceiMMEHTAlu, OLEHEHHAs BU3YyaJlbHbIM I1OJCUYETOM YUCJIAa FOJUYHBIX CJIOEB HA OTACIbHBIX
UHTepBasIax kepHa Yuym-2015 aByMs mr0AbMHU (TOYKH) U €€ JInHEelHas perpeccus (JINHU)

Fig. 2. Sedimentation rate estimated by visual calculation of annual layers in certain parts of the Uchum-2015

core by two people (points) and its linear regression (line)
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Puc. 3. BozpacTHast MOAeNb 3aMOPOKEHHOTO KEpHA JOHHBIX OTIOXKECHHH 03epa Yaym, oTroOpanHoro B 2022 rony

Fig. 3. Age-depth model of a frozen core of Lake Uchum taken in 2022
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Puc. 4. Tunuuasle GOPMBI YrONBHBIX YacTHI, OOHapY>KEHHbIE B JOHHBIX OTIOXeHUSAX o3ep llmpa u Yuym

(MTOSICHEHH S B TEKCTE)

Fig. 4. Macrocharcoal types from sediment cores of Lakes Uchum and Shira (explanations in the text)

ObLIIM pa3/iesieHbl Ha TPU TUIIMYHBIX Kjacca:
A, B u C, paznuuatomuecs no gpopme (puc. 4).
Knacc A umeet BHITAHY Ty (OPMY U HHTEpIIpE-
THPYETCS] KaK OCTATKH TPaBSIHUCTBIX PACTCHHH,
tonkux kopheit (Unkelbach et al., 2018), a Takke
MOJKET OBITH OCTaTKaMH XBOM U JKUJIOK JINCTHEB
(Mustaphi, Pisaric, 2014) (puc. 4A). Knacc B
HMMeeT BUJ TOHKHX TUIOCKHX «YENIyeK», HHOTAa
c oTBepcTuAMH (puc. 4B) u nuaTepnpeTupyercs
B tuTeparype Kak ocrarku auctheB (Unkelbach
et al., 2018), a Tak)Ke KaK OCTATKHU JUCTHEB 31aKOB
(Mustaphi, Pisaric, 2014) 1 B HEKOTOPBIX CITydasx
KaK OCTaTKH JpeBecuHbl TucTBeHHbIX (Heidgen

et al., 2022). TpeTuit u caMblii MHOTOYHCICH-

bl K1ace C cocTaBasIOT 00bEMHBIE YACTHULIBI
pasnuuHOi HenpaBwiIbHON (opmel (puc. 4C),
MPEINOI0KNUTEIBHO SIBISIONINECS OCTaTKaMH
OT FOPEHUS TPEBECHHBI, YIS U IPOYNX TOPIOUNX
TBEPIBIX MaTEPHUAIIOB.

B o0ounx o3epax HaOm0qaeTCA yBEINUCHHE
CKOPOCTH aKKyMYJISLUU YTOJIBHBIX YaCTHUI] KJIac-
ca C npumepHo ¢ Hayasa 20 Beka 1 JO HacTosLIe-
ro BpemeHu. B Gosiee panHue nepruojsl GOHOBBIH
YPOBEHb 3THUX YACTHI[ HA MMOPSIIOK HUXKE, YeM
B HacTOsAIIEE BPEeMs, U OCTAETCS TOCTAaTOYHO
paBHOMEpHBIM (puc. 5, 6). B ozepe Yuym npu-
CYTCTBYET TaK)Xe JOKAJIbHBIH MUHUMYM YaCTHI]

knacca C B paiione 1970-x rr. CkopocTh akKy-
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MYJISIUN YTOJIBKOB KJlacca A I€MOHCTPUpPOBaAJIa
WHYIO THHAMHAKY: UX (POHOBBIA yPOBEHB B 000HX
03epax B MPOLLIOM ObUI B [IEJIOM HE HHUKE, & HHO-
I7la BBIIIE, YeM B COBPEMEHHBIN nepuoa. B ozepe
HIupa MaKCUMyM CKOPOCTH aKKyMYJISIITUU YaCTUI]

Kjacca A HaOmrogacs B Konue 17 Beka, 3aTeM 3Ta

BEJIMYMHA CHIKAJACh U OCTaBaJIach HA HU3KOM
ypoBHe BII0oTh 10 1980-1990-x rr., nocie uero
BHOBb BO3pacTaja g0 MaKCUMaJIBHOTO YPOBHS.
Kpowme Toro, HaOm0gaIICa TOKATBHBIA MAKCHMYM
B cepenune 19 Beka (puc. 5). B aToT e mepuog

Ha6m0;[anc;1 1 MAaKCUMYM CKOPOCTHU AKKYMYIJIs-
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Puc. 5. CenuMeHTanIMOHHBIH MOTOK YTOJNBHBIX MaKpOYacCTHIl B JOHHBIE OTIOeHHsS o3epa lllmpa. Kmaccer

4acTHII KaK Ha puc. 4

Fig. 5. Sedimentary flux of macrocharcoal in Lake Shira sediments. Particle types as in Fig. 4
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[[UH YaCTHUI KJ1acca A B 03. YuyM, TOraa Kak B 00-
JIee MOJIoAbIX cinosgx 20—21 BeKoB 3Ta BeIUYUHA
3aMETHO CHHMYKaJlaCh U OCTaBajach Ha HU3KOM
YpOBHE B COBpeMeHHEBIH mepuon (puc. 6). s
YyacTHI Kjacca B Takke He 0TMEUYEHO 3HAYUTEIIb-

HOTr'0 YBCJIMYCHU A TOTOKA B COBpCMeHHHﬁ nepuon

B 000uX 03epax. DOHOBBIN YPOBEHb OTOKA ITHUX
4acTUL B 000MX 03epax KoJsieOascs Ha MPOT-
KEHHUH BCETO NMEePHUOJIa UCCIECI0BAHUM, OHAKO
B LIEJIOM HE JEMOHCTPHPOBAI SBHBIX Pa3IHIUN
MEX/1y IPOILIBIMU BEKAMHU U COBPEMEHHOCTBIO
(puc. 5, 6).

0O3epo Yuym
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Puc. 6. CeHI/IMeHTaHI/IOHHHﬁ TIOTOK YTOJIBHBIX MAKPOYaCTHUIl B JOHHBIC OTJIOKCHUA 03€pa yLIyM. Kaccel vactui

Kak Ha puc. 4

Fig. 6. Sedimentary flux of macrocharcoal in Lake Uchum sediments. Particle types as in Fig. 4

— 262 —



Denis Yu. Rogozin, Leonid A. Burdin... Macrocharcoal in Upper Sediments of the Lakes of North-Minusinsk Valley...

Obcy:knenue

Pe3koe yBenndeHne CKOPOCTH aKKyMYJISIIAN
yacTuIl kiacca C B mocieHee CTOJIETHE BEPOAT-
Hee BCEro 0OBSICHSAETCS CKUTAHUEM TBEPOTO TO-
IIMBA (POB, YTIIS) ISl OTOTIJICHUSI YETI0BEUECKO-
'O XKUJIIbsSI, PACTIONIOKEHHOTO BOIN3H HCCIETYEMBIX
03ep, a TAK)KE CKUTAHHEM JIPOB U JPEBECHOTO
YT B JIETHEE BPEMsI OTABIXAIOLIMMH B TTOJIEBBIX
najaTo4yHbIX Jlarepsix. OJHAKO Heb3s UCKITIO-
4aTh, YTO YBEJIWUYMIJIACH TAK)KE YACTOTA U WH-
TEHCHBHOCTb JIECHBIX TI0)KaPOB B OKPECTHOCTSIX
03€ep, MOCKOJIbKY B OKPECTHOCTSAX MCCIETyEMbIX
03€ep UMEIOTCS IEPEBbsl, KOTOPBIC MIPH MOKapax
MOTYT OBITh HCTOYHHKAMH yTOJBHBIX YaCTHUII
BCEX TPEX KJIACCOB.

OmpHako yacTHIEI Kj1accoB A U B neMoH-
CTPUPYIOT CXOXHE TPEHIbl, OTIMYHBIC OT KJlacca
C. Ecnu npennonoxXuTh, 4TO YTOIbKN KJIACCOB
A u B oTpaxaior ¢oH NpUpPOIHBIX MOKAPOB,
MOKHO YTBEPKAaTh, 4YTO B COBPEMEHHBIH II€PHO
MHTEHCUBHOCTb IIPUPOJHBIX [I0XKAPOB HE YBEIH-
4YHIIack 1o cpaBHeHUIO ¢ 17-19 Bexamu. ConocTas-
JICHUE IMHAMUKH yYTOJBKOB C METEOPOJIOTHUECKH-
MU JIaHHBIMH, UMEIOLTUMHUCS JJISI HCCIIEyEMOTO
peruona ¢ 1930-x IT. (HaHHBIE TPEIOCTABICHBI
CpenHecHOMPCKUM YIIPAaBICHUEM I10 THIPOMETe-
OpOJIOTMU U MOHUTOPUHTY OKPYIKAOIel Cpe/ibl,
r. KpacHospck), He BBISIBUIIO KAKOKH-TTNOO CBSI3H
C TOZI0BBIM KOJIMYECTBOM OCaJIKOB, ITOCKOJIbKY Bpe-
MEHHOE pa3pelieHNe Halllero aHaJln3a U TOYHOCTb
JIATHPOBOK HE TTO3BOJISIOT OTCIICKNUBATH MEKI0JI0-
BbI€ pa3iauunsi. MHOTOJIETHUH e TPEH T 0CaJIKOB
32 9TOT MEPHOJI HE IEMOHCTPUPYET U3MEHEHHIA,
KOTOPBIMH MOKHO OBLIIO OB 0OBSCHUTH PE3KOE YBE-
JIMYEHHE [TOTOKA YroybKoB Kiacca C B mocienHee
cTonerne. AHAJIOTHYHOE yBEJINYCHNE YT OIbHBIX
YaCTHIL B TIOCJIE/IHEE CTOJIETHE 3aPErUCTPUPOBa-
HO Bo MHOTHX peruonax mupa (Kelly et al., 2013;
Marlon, 2020; Novenko et al., 2022). OcoGeHHO 3TO
KacaeTcsi TyCTO HaceJICHHBIX TeppuTopuii EBporibl
u CeBepHOU AMEPHKH M O0BSICHSETCS KaK KJIMMa-

TUYCCKUMHU USMCHCHUAMU, TaK U AICATCIBHOCTBIO

yenoseka (Kelly et al., 2013; Marlon, 2020). Bme-
CTE€ C TeM IMOKa3aHo, HAIIPIMED, YTO B OTHAJICH-
HoM peruoHe llenTpanbHo-TyHrycckoro niaro,
TIe X035MCTBEHHAS JAeATEIBHOCTh OTCYTCTBY-
€T, B 03€PHBIX OTIOKEHHUSAX OTCYTCTBYET TPEH]
K YBEJIIMUYCHUIO YTOJIBHBIX YACTHYCK B IIOCIICTHEE
cronetue (Rogozin et al., 2022). OgHako B Apyrom
OTAAJCHHOM M HE3aCEJICHHOM PETHOHE — ILIATO
[Iyropana, rae Takxe OTCyTCTBYET XO351iICTBEHHAs!
JeSITeIBHOCTD, OBIIIO 3aPErUCTPHPOBAHO YBEIIH-
YeHHE YIOJbHBIX YaCTHUI[ B IIOCIIEIHEE CTOJIETHE
(Novenko et al., 2022). Takum oOpa3om, TpeHT
K COBPEMEHHOMY YBEJIUUYEHHUIO YTOJIBbHBIX YaCTHI]
MIPUCYTCTBYET HE BE31e, HO TaHHBIX JJIs1 00001I1e-
Hui o Cubupu 04eHb Malio.

Hecmotps Ha OTCyTCTBHE HHCTPYMEHTAIIb-
HBIX METEOJIJaHHbIX, aHAIU3 PaUaIbHOTO TPUPO-
cTa IPEeBECHBIX KOJIEIl, celaHHbIi baOymkuHON
C COaBTOpaMHU, TMO3BOJISET YTBEPKIATh, UTO B Ie-
puoa ¢ 1850 no 1930-e rr. KOJIMYECTBO OCAIKOB
B peruoHe ObLT0 HIDKE cpennero (Babushkina et
al., 2017). B Hamux KepHAX 3TOT IIEPHO. BHIICIIS-
€TCS B BHJIC YBETMYCHHUSI TOTOKA YACTHUI] KJIACCOB
A u B B 03. YuyMm, 4TO, BO3MOXHO, YKa3bIBAET
Ha yBEJIMYEHUE HHTEHCUBHOCTH TOXKapoB (puc. 6).
JlokanbHbBIE MAKCUMYM 3THUX YacTHUI] B pailoHe
1850-rT. B 03epe lllupa TOXE, BO3MOKHO, 00Y-
CJIOBJICH 9TUM 3aCYILINBEIM EPUOIOM, C YUICTOM
NorperrHocTel natupoBok. OHaKo B psije padoT
MTOKA3aHO, YTO HHTCHCUBHOCTH TT0KAPOB B CTETI-
HBIX DKOCUCTEMAX MOXKET HA000POT TOJIOKUTEIb-
HO KOPPEIUPOBATH C BIIAYKHOCTHIO, ITOCKOIIBKY
BO BJIQJKHBIE IIEPHO/IbI YBEIMUNBAETCs OrnoMacca
TPaBEI, a CIIE0BATEIHHO — CYXOT'0 TOILJIBA BECHOM
u ocenbio (Leys et al., 2018).

CTOUT OTMETHUTH 4TO B 03. YUyM aOCOIIOT-
HbI€ 3HAUYCHHUS KOJIMYECTBA YTOJBKOB Kjacca
C Ha nopsiok Beime, yeM B 03. lllupa (puc. 5,
6). Bo3MoxHO, 1aHHBII (akT 0OBICHAETCS TEM,
49TO 03ep0 YUyM 3aKPBITO BEHICOKUMH XOJIMaMHU
CO CTOPOHBI ITpe0dIagaonIuX B 3UMHEE BpeM st

roJa roro-3amaaHbIX U 3allaAHbIX BETPOB, YTO IpEC-
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MATCTBYET PACHPOCTPAHEHHIO YaCTHUIL Ha 00JIb-
ITME PACCTOSHUS U CIIOCOOCTBYET MX OCEIAHUIO
Ha moBepxHocTh o3epa. O3epo Ilupa, Hampo-
THB, OTKPBITO JIJISI BETPOB BCEX HAIlPABIICHUH,
1, BEPOSITHO, YTOJIBKH PA3HOCATCS Ha OOJIBIINE
paccTosiHMS, B pe3yJIbTaTe 4ero IMOTOK Ha IM0-
BEPXHOCTH 03epa 3HaUMTEIbHO MeHbIne. Cexyer
3aMETHTB, UYTO Ha 00OMX 03€pax KHJIbIC MACCHUBBI
(. XKemuy:xHBIN 1 KypopT «O3epo Yuym») pac-
TI0JIOKEHBI Ha I0T0-3aIaIHbIX Oeperax, T.e. Co CTo-
POHBI IPeodIIaIAlOIINX BETPOB, YTO COCOOCTBYET
pacrpoCTPaHEHUIO YTOJIBHBIX YaCTHUII OT TMIEYHBIX
TpyO 1 KOTEIbHBIX HMEHHO B CTOPOHY 03€p.
HccenenoBanHast HAMHU paHee C HOMOIIBIO Ce-
JUMEHTAIIMOHHBIX JOBYIIEK CE30HHAS TUHAMHUKA
MIOTOKA yTOJIBHBIX YacThIl B 03. l1lupa 3a nepuon
2012-2019 (Burdin et al., 2022) yoeauTeabHO mpo-
JIEMOHCTPUPOBAJIA, YTO MAKCUMYM ITOTOKA YT OJIb-
KOB IIPUXOJIUTCS Ha XOJIOAHBIHN Meproz roja (C ox-
Ts0psI 110 Maii), Tora Kak B JICTHUE MECSIIBI IIOTOK
YyacTHIl ObLI 3HAYUTENILHO MeHbIIe. B JoBymIKax
BO BCE CE30HBI ITpeodiatany yacTuisl kiacca C,
TOTAa KaK 4acTULbl A U B B OONBIIMHCTBE JIOBY-
IeK BOOOIIIEe OTCYTCTBOBAJIHN, THOO BCTPEUAINCH
eIUHUYIHO, I NX KOIUYIECTBO OBIIIO0 HEIOCTATOUHBIM
JUUIs1 BBISIBJICHUSI CE30HHON TMHAMUKHU. B 1iesiom

JAHHBIC JIOBYIICK MOATBEPKAAOT, YTO HCTOYHHUKOM
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