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BBELEHUE

YKn3Hb BCcerga kasanacb MHe NMOXOXel Ha pacTeHue, KOTopoe nuTaeT-
Cs1 OT CBOEero cob6CTBEHHOro KOpHEBULLA. B AeicTBUTENBHOCTU e OHa HeBU-
auma, cnpsitaHa B KOpHeBuLe. Ta 4acTb, YTO NOSIBNAETCH Haf 3eMIIEN, Xu-
BET TOMbKO OAHO NETO M MOTOM yBaAaeT. Ee MOXHO Ha3BaTb MWMOMETHbIM
BuaeHnem. Korga ayMaellb 0 KOHUax 1 Havanax, He MOXelLlb OTAenaTbcsi oT
OLLyLLIeHNs1 BCEOOLLEN HUYTOXHOCTU. TEM HE MEHee MEHS HMKOoraa He MoKu-
[arno YyBCTBO, YTO HEYTO XMBET W NPOAOIMHKAETCS Mo NOBEPXHOCTbIO BEYHO-
ro notoka. To, YTO Mbl BUAMM, N1LLb KPOHA, U NOCHEe TOro Kak OHa MCYE3HET,
KOpHEBWLLE OCTaHETCS.

Kapn FOHe «BocriomuHaHus, CHO8UOEHUS, pa3MblUWIeHUs»

Wsyuenue popMupoBaHus, CTPYKTYPHI U GYHKIIMOHUPOBAHUS OMOJIO-
TUYECKUX CHCTEM BCEX YPOBHEH OT opraHusMa J0 O0mocdephl U MX B3aMMO-
IeCTBUS C OKPYsKAaIOIlell cpefoil sIBJseTCA OJHON M3 BasKHEHIIHUX IIPO-
6sem Guosioruu. Peanmsanusa ;KU3HEHHOI CTpaTeTMHM PacTeHWH CBsS3aHa C
¢opMUpOBaHUEM 3aITUTHO-IIPUCIOCOOUTEIHFHBIX MEXaHU3MOB, 00ecIieunBa-
OIUX QYHKIUOHAJBHYIO IIJIACTUYHOCTE U 3G GeKTUBHOE IoTpebiieHne pe-
cypcos cpenbl (Bazzaz et al., 1991; Larcher, 2003). C sTux mosunuii 60Jb-
IO MHTEpeC NIPeACTaBIAIT KOPHEBUIIIHBIE BUABI, IITUPOKO IIPEACTAaBJIEH-
HbIe B IIPUPOLHON (hjiope pasHBIX 00TaHMKO-reorpaduyecKux 30H. Popmu-
pOBaHUE MOA3EMHBIX TOOETOB — CIEINAJIN3NPOBAHHBIX OPTraHOB BEreTaTUB-
HOUM PENpOAYKIIUYM SABJAETCA Ba'KHBIM aJAlITUBHBIM IIPU3HAKOM, BO3HUK-
1M B IIPOIleCCe BOJIIOINY KaK IIPUCIOCO0IeHe K IIepeHeceHno Hebraro-
npusaTHBIX mepuogoB roga (Cepebpsakos, 1962; Taxramxsau, 1964; Muxaii-
soBckada, 1981; Xoxpakos, 1981). KopueBble cucTeMbl U IOA3EeMHBIE TT00E-
'Y yYacTBYIOT B JUHAMUUYECKOM B3aUMOIEHCTBUY PACTUTEIbHBIX OPraHU3-
MOB CO Cpefioi, 00ecreynBalOT UX BETeTaTUBHOE PAa3MHOMKEHUE W paccesie-
HUe, UT'PAIOT KJIIYEBYIO POJIb B YCTOMUYNMBOCTU PACTEHU.

WccrnemoBauusi Mo OMOJIOTHU IOJ3€MHBIX OPraHOB IIPEACTABJIEHBI B
KJaccuueckux paborax (Iomy6es, 1956, 1957; Cepebpsakos, 1952, 1962;
CepebparoB, CepebpsaxkoBa, 1965) u mOCBANIEHB M3YUYEHUIO CTPYKTYDPHI,
Mop(doreHesa M 9BOJIONUU MOA3EMHBIX m06eroB. COBpeMEeHHBIA aHAJIU3 II0
CTPYKTYPHOMY Pa3HOOOPAa3UIO TTOJ3€MHBIX OPTaHOB BBICIIINX PACTEHUH IPO-
BemeH B MoHorpaduueckux cBogkax JI.I'. Tapmume (2003, 2007). Ormens-
HBbI€ WCCJIEIOBAHUS IOCBSIIEHBI OHTOTE€HETUYECKON UM SKOJIOTMUYECKOI pe-
TYJAAINYN POCTA U PA3BUTUSA MOJ3€MHBIX MOGETOB KOPHEBUIIIHBIX PAaCTEHUI
(Mapkapos, 1994, 1996; Mapkapos, 'osioBko, 1995; Pearce et al., 1995;
Taylor et al., 1995; KouapatrseBa u ap., 2000, 2005; Ruifering et al.,
2012). CoBpeMeHHbBIE MCCJIEIOBAHUA AOKA3bIBAIOT, UTO IIOA3€MHBINA MeTa-
MEPHBIA KOMILIEKC XapaKTepusyeTcs COOCTBEHHBIMU MeXaHU3MaMU Pery-
JISIUU POCTAa, PA3BUTUA M POCTOBBIX opueHTanuii (Mapkapos, 1994, 1996;
Mapkapos, I'osioBko, 1995). Paszpaborana KOHIIENIIHUA 0 (PU3UOJIOTTUECKUX
MeXaHM3MaXxX MOANEPIKAHUA IOA3eMHOT0 TOPU30HTAJIHFHOTO POCTA CTOJIOHOB



u KopHeBuin. [[oKasaHO, UTO POCTOBAas OPUEHTAIIMA IIOA3EMHBIX IIOOETOB
KOHTPOJIIPYeTCs (PUTOXPOMHOI CHUCTEMOM, PeryaATopHble GYHKIIUU KOTO-
poii peasmu3yiOTCs B 3aBUCUMOCTH OT IIPOIIECCOB OpraHOoreHe3a KOHyca Ha-
pacTaHusA KOPHEBUINA UJIU CTOJOHA.

W3yuenue perysanum pocTa U PasBUTHUSA, IIOKOA IIOA3€MHBIX m06e-
OB, B3aUMOCBSA3U CTPYKTYPHI U (PYHKIIMOHAJIBLHON aKTUBHOCTU B IIPOIlEC-
ce ux Mop(doreHesa aKTyaJabHO B CBSABYU C BHIABJIEHNEM MEXaHU3MOB yCTOM-
YMBOCTHU M aJallTallui KOPHEBUIIHBIX MHOTI'OJIETHHKOB K PAa3/IMYHBIM 9KO-
JIOTUYECKUM YCJIOBUAM. OTH BOIIPOCHI MMEIOT 00IIe0MOoJIOTHYecKoe 3Haue-
HUEe, BaXHbI OJId IIOHMMaHUA 06HII/IX SaKOHOMepHOCTefI aﬂaHTI/IBHOﬁ 9BO-
JIIOIUY PACTeHUI, ONHOBPEMEHHO IIPOTEKAIOIEN B IBYX CPeJax — BO3LYIII-
HOUM W MOYBEeHHOU. B mMpakTHYecKOM acleKTe 3HAHUS O 3aKOHOMEPHOCTAX
dopMupOBaHUA MOA3EMHOTO METAMEPHOTO KOMILJIEKCA CO3JAal0T OCHOBY JIA
perynanuu MopdoreHe3a IOL3€MHBIX II00Er0B, YIPAaBJIEHUA IPOAYKIIUOH-
HBIM IIPOIECCOM KOPHEBHUIIHBIX MHOT'OJIETHUKOB, GOPHOBI C COPHBIMU pAac-
TEHUAMU, NCIIOJIb30BaAHUA ﬂaHHOfI T'PDYIIIIBI paCTeHI/IIU/I AJId BOCCTaHOBJIEHUA
HapyIIeHHBIX 3eMesb. VI3yueHUe IMOKasaTeslell KU3HENEeATEJIbHOCTU KO-
HEBUIIHBIX BUAOB aKTyaJbHO B CBS3U C UX 9KOJIOTO-I[EHOTUUYECKOUN POJIBIO
B PACTUTEJBHBIX COOOIIlECTBaX, MPUOOPETAeT BaKHOE 3HAUEHUE AJIsS OLeH-
K1 OmopasHooOpasus 1 paspaboTKU Mep II0 ero OXpaHe B YCJIOBUSAX MEHS-
[oIeiicsa cpelbl.

B kKHure IIpeacraBjJIEeHbl Pe3yJbTaTbl MHOI'OJIETHUX I/ICCJIeJIOBaHI/IIU/I II0
CTPYKTYPHO-QYHKIIMOHAJBLHON OpraHu3anuu IIOA3EMHOTO MeTaMepPHOI'o
KOMILIeKCa AJTMHHOKOPHEBUIITHBIX pacTeHui B yeaosusax Cesepa. [lokasambl
3aKOHOMEDHOCTHU CTPYKTYPHI, POCTA, BETBJIEHUSA U MOKOS IIOA3EMHBIX ITI00e-
T'OB, OIIPeJeJIeHbl OCHOBHBIE (DYHKITMOHAJIBHBIE IIOKA3aTEJNN B IIPOIECCE MOD-
¢doreHesa moa3eMHOr0 mobera B YCJIOBUSAX XOJIoAHOrO Kanmata. Ocoboe BHU-
MaHUEe YIeJeHO XapaKTePUCTUKe (DYHKIMOHWUPOBAHUSA JOHODPHO-AKIIEIITOD-
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1. NOA3EMHbIA METAMEPHbIA KOMMNJIEKC
MHOIOJIETHUX KOPHEBULLHbIX PACTEHU

TpaBAHUCTBIE PACTEHUSA XapaKTepPU3YIOTCA OOJLIITUM PasHOo-
O6pasueM OMOMOP(OJIIOTUUECKUX CTPYKTYP, CHOPMHUPOBABIIUXCA B
Impoilecce SBOJIOIUY IIOJ AeHCTBUEM KJINMATUUYECKUX, ITOYBEHHBIX
¥ IMEHOTUYECKUX (haKTOPOB. JBOJIIOIMOHHBIN DAL M3MEHEHUS JKU3-
HEHHBIX ()OPM, IIOCTPOEHHBIN Ha OCHOBE CTPYKTYPHI MOA3EMHBIX Op-
raHOB U CIIOCOOHOCTY K BEreTaTMBHOMY Pa3MHOMKEHUIO, MMeeT CJie-
IyIolllee HaIpaBJieHNe: CTePKHEKOPHEeBbIe — KUCTeKOPHEeBbIe — PhIX-
JIOKYCTOBBIe — IIMHHOKOPHEBUIITHBIE — CTOJIOHOOOpasytomue (I'osry-
6eB, 1956a, 19576). [IIMHHOKOPHEBUIIHBINI TUII CTPYKTYPBLI chOp-
MUPOBAJICSA B Pe3yJbTaTe YBeJIUUYEHUS IJUHBI TOAUYHOTO IPUPOCTA
Iua- U IJard0TPONHBIX KOPHEBUII[ U UX CIOCOOHOCTU K BETBJIEHUIO,
YTO IPUBEJIO K OTMUPAHUIO CTEP:KHEBOro KopHs. CokpallleHue mpo-
IOJIKUTENBHOCTY JKU3HU MIWHHBIX MMOA3€MHBIX ITOOETOB 0 OTHOTO
roja 0o0yCJIOBUJIO PA3BUTHE CTOJOHOOOPA3YIONIUX PACTEHUM.

OpraHusM KOPHEBUIIHBIX M CTOJIOHOOOPA3YIOIIUX MHOT'0JIET-
HUX TPaBSHUCTBHIX PACTEHUI COCTOUT M3 IBYX PAa3JUUHBIX MeTa-
MEPHBIX CHCTEM: HAA3eMHOH C aluKaJbHOII YacThI0 B KAuecTBe Op-
TaHU3YIONIeTo IeHTpa U MOA3eMHOMH, IIpeAcTaBJIeHHON KOPHEeBUIIa-
Mu, cromoHamu u capmenTamu (Mapkapos, 1994). ITogsemuasa me-
TaMepHas CHUCTeMa MHOTOJIETHUX PACTeHUH, SABISAACH aKIEIITOPOM
aCCUMUJISITOB ¥ T'OPMOHOB M3 HAI3€MHOI YacTuU, UMeEeT COOCTBEH-
HbIe MEeXaHU3MBbI PEryJsIluU POCTa, BETeTATUBHOTO PA3BUTUS U PO-
croBbIX opueHramnuii (Mapkapos, I'o1oBko, 1995; Mapkapos u ap.,
2001; Macmosa, 2001).

B usyuenHuu CTpyKTYPHO-QPYHKIITMOHAILHONE OPTraHU3aI[UuU TIOJ-
3eMHOTO METaMepPHOTO KOMILJIeKCAa MOYKHO BBIJEJUTH HECKOJIbKO
MOAXO0M0B: (hUBUOJIOTO-TeHEeTUUEeCKUI, MOP(PohU3NOIOTUUECKUIT U
9KOJOrnuYecKuii. PuU3n0JI0ro-reHeTUYeCKU IOAXO0] CBA3aH C U3Y-
YyeHHWeM BHYTPEHHUX MEXaHW3MOB PETYJIAINUU POCTa, PA3BUTUA U
YCTOMUYMBOCTH IIOA3E€MHBIX IT06eTOB KOPHEBUIIHLIX pacTeHui. Mop-
dodusuosornuecKuii MOAXOA HANpaBJIeH Ha W3yUeHHEe CTPYKTYDP-
HOII OpraHMW3alluy U 3aKOHOMEPHOCTell M3MeHeHUsA MeTaboam3Ma B
IIpoIlecce POCTa M PA3BUTHUSA IOA3€MHOT0 METaAMEPHOT0 KOMILIEKCA
¥ OHTOr'eHe3a KOPHEBUIIHBIX MHOTOJETHUX PAaCTeHHUil. JKOJIoruye-
CKUIi aCIIeKT CBA3aH ¢ U3ydyeHreM MOPGODU3U0JIOTUUECKON U3MEH-
YUBOCTH, YCTOMUYMBOCTU U aJallTUBHBIX BO3MOYKHOCTEI MOA3eMHBIX
mo0eroB KOPHEBUIITHBIX PACTEHUI PAa3HBIX TAKCOHOB, KHU3HEHHBIX
(opM U HKOJIOTO-I[EHOTUUYECKUX T'PYIII.
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1.1. Ponb noa3eMHOro MeTamepHoOro Komrnsiekca
B 3BOJIIOLUU U pacnpocTpaHeHun
TPaABAHUCTbIX MHOI0OJIETHUX paCTeHl/Iﬁ

B mporrecce sBosronnu pacTeHus MIPUCIIOCOOUINCH HA HebJaro-
MIPUATHBIN IIePUOJ T'oJa CBOM IIOYKM BO30OHOBJIEHUS IIOMEIaTh Ha
ompenesieHHy0 rayouny B mouBy (JIrobapckuii, 1960). 'eopunus
yaIe CBOMCTBEHHA PACTEHUSIM, OOMTAIOIIUM B 30HAX C XOJOTHBIM
WJIN YMEPEHHBLIM KJIMMAaTOM, I'lle MMEIOTCSA 3HAUNTeIbHbIE KoJeda-
HUSA TeMIepaTypbl. Biarogaps 9ToMy CBOMCTBY TPaBSHUCTBIE MHO-
TOJIETHUKYU HE TOJbKO M30eraroT AefCcTBUS HU3KOIN TeMIepaTyphl,
HO TIOYTH He MCHBITHIBAIOT IIOTEPU BOJBI 3MMOIi, UTO UACTO ABJISIET-
cA IPUUYMHON rubesu ApeBecHBIX pacTeHuil. Hapany ¢ Takumu Qu-
3WOJIOTUYECKUMY IIPUCIOCOOJIEHUAMM, KaK HAKOILJIEHNE CaXapos,
JKUPOB M APYrux HpoTeKTopHBIX BelnecTB (Tymanos, 1979; Komy-
naes, TpynoBa, 1992), reodpunausa crmocoOCTBOBaJIa BBIXKUBAHUIO U
ycmexy IMOKPBITOCEMEeHHBIX B 60ph0e 3a cyiecTBoBanue (CeHTHUHO-
Ba-Kopuaruna, 1967). 'eopunusa y npexmcraBuresieii pasHbIX O0MO-
MOP(OJOTUUECKUX T'PYIII BHICIINX PACTEHUH U B PA3HBIX 9KOTOIAX
BbIpaskaeTca mo-pasHomy (I'omy6eB, 19566; KpiokoBa, 1958). Ox-
HUM U3 TUIOB reoduanu sABjsiercsa (OPMUPOBAHUE MMOYEK BO300-
HOBJIEHUS HaA YacCTAX pacTeHus (KOPHAX, KOPHEBUINAX, CTOJOHAX
U IIP.), PACIIOJIOXKEHHBIX Ha TOW WMJIW MHOU TJIyOMHEe B IouBe. Boas-
pacranue reo(UJIBHOCTH PACTEHUIU B IPOIlECCE JBOJIOIUU IIPUBO-
IWJIO K Pa3BUTHIO MHOTOOOPAs3HBIX Moa3eMHbIX opraHoB (I'osybes,
1957a, 0).

B mpupoze cpegu pasmHooOpasus TPaBAHUCTBIX MHOTOJETHUX
pacTeHUil IMUPOKO MIPEeACTAaBJIE€HBI BHUABLI C IIOA3€MHBLIMU TOPHU30H-
TAJBHO PACTYIIUMHU (I'AIOTe0UarPpaBUTPOIHBIMU) T00eTaMu — CTO-
JIOHAMY ¥ KOPHEBUIIAMU, & TaKiKe IIOJI3YyIIlMe TPaBhbl C HAJ3eMHBbI-
MU TOPUBOHTAJBHO PACTYIUMU (3MUTre0qNuarpaBUTPOIIHBIMU) 06e-
ramMu — crojioHamMu, ycamu, mietamu (Cepebpsakos, 1962; Muxaii-
aoBckasg, 1981; Xoxpakos, 1981). O63o0p suTepaTypsl mo Mopdo-
CTPYKTYPE PACTeHUI PasIUYHBIX (PUIOT€HETUUECKUX JUHUHA U TaK-
COHOB IIOKAa3aJj, YTO AUATPONU3M KJIETOK, OPTaHOB M OpraHu3Ma
B I[eJIOM SBJIAETCS OAHUM M3 APEBHEHINNX MeXaHN3MOB POCTOBBIX
opuenranuii (Mapkapos, 1996). 'opusoHTanbHaA OPUEHTAIIUA PO-
CTa JacT! Tejla BCTPeEUAeTCA B IIOAIAPCTBE HUBIINX (CJIOEBIIOBBIX)
pacrenuin (Taxramxsan, 1964). ¥V npexncrasuresneir ormena Chlo-
rophyta (ucxomHasi mpeakoBas I'DYIIa BBICIINX PACTEHUI) cjioe-
uitie auddepeHInPoOBaHO Ha IIOA3€MHYI0 TUATPOIHYI0 W HaJa3eM-
HYI0O OPTOTPOIHYIO YacTh (puc. 1). Tak, mampumep, TeJIO CYXOIyT-
HOIT Bomopocau Fritschiella tuberosa Iyengar (ppurumesnaa Kiyo-
HEBUIHAS) COCTOUT U3 IIOA3EMHOTO CJIOEeBUINA (TOPM30HTAJIBHOTO
pdAla KJEeTOK) ¢ TUIIOTeouaTponHbIM poctoMm (Burorpamosa, 1998).
OT Hero K II0BEPXHOCTU IIOYBHI ()OPMUPYIOTCS BEPTUKAJIbHBIE Psi-
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Fritschiella tuberosa Caulerpaprolifera ~ Rhyniamajor ~ Asteroxylon Horneophyton

Climacium dendroides  Pteridium aquilinum Equisetum sylvaticum

Puc. 1. OBontoums guarpaButponmnama nogsemHbix noberos.
Fig. 1. Diagravitropism evolution of underground shoots.

Ibl KJeTOK. HazseMHas 4acTh CJIOEBUINA ABJIAETCA ACCUMUJINPY-
oIet, a moA3eMHas AUATPOITHAS YacTh BBIMOJIHSAET PEIpPONYKTUB-
HyI0 GYHKINIO, (GOpMUPYET 300CHOPAHTHMU U raMeTaHTruu. Kpome
TOTO, 9TA YaCTh CJOEBUIIA PA3MHOKAETCSA BereTaTUBHO, (POPMUPY-
eT ciyoeBuia. IIpu BereTaTMBHOU PEHNPOAYKIINN KJIETKA IIOI3€M-
HOM uyacTu cyoeBuitia Fritschiella tuberosa nenuTcs Ha OBe moUYep-
HUe KJETKHU C PA3JUUYHBIMU PEaKI[UIMHU POCTOBBLIX OPUEHTAIIUI II0
OTHOIIEHUIO K BEPTUKAJIBbHOI ocu rpaBuTamuu 3eman. OmHa gouep-
HAA KJEeTKa [IeJUTCA, (POpMUPYA BEPTUKAIbHBIA HaA3€MHBIN II0-
Oer, a apyras KJeTKa ¢ AUATPOIHON POCTOBOM peakIiiuein (popmu-
pyeT MOABeMHYIO0 YacTh cJjoeBuina. IlogsemMHas 4acTh CJIOEBHIIA,
BBITIOJIHSAOINASA PEIPOAYKTUBHYIO QYHKIINIO, HAXOAUTCS B YCJIOBU-
AX JIyUYIliero obecmeueHUs BOJAOM, UTO MOXKET OBITh aJalTHUBHBIM
mpucmocobsenreM Bogopocau Fritschiella tuberosa K KU3HU HA CY-
mre. JluaTponmsM Kak POCTOBOI IIPOIECC MOXKET JIOKAJIM30BATHCA B
anmuKaJbHOUN KJyeTke Fritschiella tuberosa mam B anmuKaJbHOU ua-
cTu Tesa B caydae ¢ Bogopociabio Caulerpa prolifera (Forsskal) J.V.
Lamouroux (kayiepmna miuomoputas) us oraena Chlorophyta. Pac-
tenue Caulerpa prolifera coctouT m3 OZHOI OOJBINION KJIETKU U
dopMUPYeT IOJ3yUne AUATPOIIHBIE YaCTU TaJIJIONJa, KOTOPhIE MO-
TyT ZOCTUTATh 3 M B AJauHy (puc. 1).

Y puHMOMUTOB, IIPEAKOB BBICIIINX PACTEHUI, CIOPOPUT UMeJ
BBIPAYKEHHYI0 I[IOA3E€MHYI0 TI'OPHUB30OHTAJBHYIO YaCTb — PHU3OMOU/I.
Coopodutr uckomaemoit Rhynia major (puHus OGoJbinas) dopmu-
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POBaJI IMXOTOMHUUECKU BETBAIUICS PU3OMOUL, OT KOTOPOTO K IIO-
BEPXHOCTU IIOYBBI IIOJHUMAaJUCH credau-tensombl (puc. 1) (Tax-
ramxan, 1998a). [JuaTponHbIll PU30MOUI MCKOIAEeMOr0 PUHUOMPI-
ta Horneophyton lignieri (ropeeoduToH JIMHBE) COCTOAN U3 OJHOH
uiu OoJsiee JYKOBUIIEOOPA3HBIX CTPYKTYpP ¢ pudommamu (pumc. 1).
Mopdosoruueckas nuddepeHnuanusa Teja IPeBHUX PACTeHUI CIIO-
coOCTBOBaJIa amalTallii K CYIIECTBOBAHUIO HA Cyllle PUHUOPUTOB,
UMEIOINX HEeCOBEPIIIEHHYIO CTEJY.

ITogzemHBIe TOPM3OHTAJBLHBIE KOPHEBUINA (HOPMUPOBATIU WUC-
KomaeMble ILIayHOBUAHBIE (Asteroxylon), xBomu (pon Equisetum)
u mnamoporHuku (us cem. Cyatheaceae). Mckomaembrit 1iays
Asteroxylon, Beimepmnii 400 MUIINOHOB JIeT Ha3al, MMeJI II0/13eM-
HBIH JUXOTOMUYECKU BETBAIIUIICA PU3OMOU] C MOHOIOAMAJIHLHBIM
poctom (puc. 1) (Cuurupesckasi, 1998). Ha anukanbHOM yacTu ru-
IIOTe0IMaTPOIIHOTO KOPHEBHUINIA BuAa-KocMonoauTa Pteridium aqui-
linum (L.) Kuhn (opisfiKk 0OBIKHOBEHHBI) €XKETrOLHO BOSHUKAKOT JBE
«mmoukn» (Taxramkan, 19986). Ogna ns HUX (MaTepUHCKAS TOYKA)
IIPOOJI}Kajia TOPUSOHTAIBHBIA POCT II0]] IOBEPXHOCTHIO IIOUBLI 0e3
dopMupoBaHUA JUCTHEB — Bail, Apyrad (mouepHsAs) — (PopMHUPOBA-
Jla YKOPOUEHHYI0 TOPM30HTAaJLHYI0O BETBh KODPHEBUIIA. BhIpasKeH-
HOe IO[3eMHOe TOPU30HTAIbHOE KOPHEBUIIlE UMEIOT IIPEICTABUTEN
COBPEMEHHBIX CIIOPOBBIX (IJIAYHBI, XBOIIM, HATIOPOTHUKN) U IIBET-
KOBBIX COCYIHMCTBHIX PACTEHMUI.

PasBuTue mogseMHBIX OPraHOB IIPOMCXOAMJIO HAa HAYAJIBHBIX
aTamax aJalTUBHOI SBOJIIOIMU BBICIINX PACTEHUN B YCJIOBUAX Ha-
3eMHOTO CYII[eCTBOBAHUSA B PE3yJIbTaTe MOPMOJIOTUUECKOTO pacue-
HeHUA crnopodura u guddepeHnuanuu TKaHei. Cpeiy coBpeMeH-
HBIX COCYJUCTBHIX CIIOPOBBIX DPACTEHWI caMble IPUMUTHUBHBIE IIOJ-
3eMHBbIe OPraubl (DOPMUPYET IPEeBHEHIINH BUI U3 OTAEJa ICUJIOTO-
BUIHBIX — mcuoT roJsiit (Psilotum nudum (L.) Griseb.) (Tapiuc,
2007). B momsemMHOM yacTu CIopouTa IICHIOTA XOPOIIO Pa3BUTHI
oceBble Oypble KOPHEBUINEIIOJ00HbIE OPTraHbl — PU30MOUIbI. Pu30-
MOUIBI IOKPHITHI PU3OUAAMU U UMEIOT @bl IPubOB (MHUKOPU3A),
KOTOpBIe 00ecIeunBaOT CHAGKEHe BOJJON 1 MUHEPAJIbLHOE TNTAHUE
9TUX IPEBHUX <«KUBBIX HUCKOIaeMbiXx». CliefyeT OTMETUTD, UTO 9H-
moTpoHAS MUKOPH3A PU3OMOMIOB IICHJIOTA T'OJIOTO ObLIa OOHApPY-
JKeHa paHee B PM30MOUIAX HCKOmaeMbIx puHHeBbIX (TaxTamxsH,
1956, c. 35). Kpome Toro, anaToMruueckoe CTPOeHUEe HAA3eMHBIX U
TIOI3EMHBIX OPTAaHOB IICUJIOTA 'OJIOT0 UMEET CXOJICTBO CO CTPOEHUEM
TesioMa ncKomnaeMbrx puuauoduros (Tapiuc, 2007).

Mopdosmornueckasi 9BOJIONKUS IIOA3€MHBIX OPraHOB BBICIIUX
pacTeHuil IPOXOAUJA IO IYyTH yBeJWUEHHA pasHoobOpasusa dopM,
YCIO0KHEHUs BEeTBJIEHUS U TKaHEBOU muddepeHIIMaliuyl OPraHoB B
CBSI3Y C BBIIOJIHEHUEM MMU cIelnGuyecKuX QYHKIIUI — IIOTJIOIIe-
HUA BOABI, MUHEPAJbHBIX BEIECTB U IPUKPEIJIEHUA DPACTEeHUI K
cybeTpaty. @opMUpOBaHUe TTOA3EeMHBIX T060eT0B (KOPHEBUII], KJIyO-
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Hel, JYKOBUII) y PACTeHUI ABJSETCA BAKHBIM aJallTUBHBIM IIPU-
3HAKOM, BOSBHUKIIIIM B IIPOIIECCE SBOJIIOINHN KaK IPUCIIOCOOJIeHE K
XOJOOHBIM U cyxuM BpeMeHam roza (Taxramxsam, 1964). B mporiec-
ce DBOJIIONMY ITPOUCXOAUIUN YCJIOKHEHWE CTPYKTYPhI KOPHEBUIII,
dopMuUpoOBaHUEe PAa3HOKAUECTBEHHBIX METAMEPOB, AKTUBU3AIUA -
SITEJILHOCTH JIaTePAJIbHBIX MEPHUCTEM, UTO CIIOCOOCTBOBAJIO 00Pas3o-
BaHUIO OOJILIIIETO UMCJa OOKOBBIX IOUYEK U II00eroB. ITU H3MEHe-
HUS MPUBEJIU K YCUJICHHUIO BEreTaTUBHOTO Pa3MHOMKEHU, YBeJIunye-
HUIO JJINTEeIbHOCTH JKUSHU TPABAHUCTBHIX M KYCTAPHUUYKOBBIX pac-
TEeHUMN.

BereraTuBHOe pasMHOKEHNe, IPU KOTOPOM oOOpasoBaHHEe U
yBeJIMUeHne Yucja 0co0eil OObIUHO IIPOMCXOAAT IOCPEACTBOM OT-
meneHus (TaPTUKYJIANNAS, cCApMEHTAIMsI) YaCTH BEereTaTUBHOTO Te-
Jla MaTePUHCKOrO PACTeHUs C IIOUKOI, mMeeT OOJILIIIOoe 3HAUeHIe
151 BO3OOHOBJIEHUA MONYJIAIINN MHOTUX BUIOB. B oTiimuMe OT »KU-
BOTHBIX, B PACTUTEJIbHOM MUPE C TOBBLINIEHUEM YPOBHSA OpraHm3a-
IIUY CIOCOOHOCTh K TAKOMY CIIOCO0Y PA3MHOMKEHUSI CTAHOBUTCS BCE
0oJiee CIIEUAJIU3WPOBAHHON 1 ycToliumBOii. C 9BOJIOIMOHHBIX IIO-
3UINII BereTaTUBHAA PENPOAYKIINS, BOSHUKHYB HA CAMOM HU3KOM
(IPOKapPUOTUUECKOM) YPOBHE OPraHM3aIliil, COXPAHNIACh KAK OJUH
13 HaJeKHBIX MeXaHM3MOB, CTPAXYIOIINX BUJ OT BRIMuUpaHusa. Ec-
JU TIPU CIIOPOBOM U CEMEHHOM BOCHPOU3BEeIeHUU HEOOXOIUM Iie-
JIBIH PAJ cIenu(PUIeCKUX 9K0JIOTUUECKUX (PaKTOPOB, TO BEreTaTUB-
HOEe PasMHOKeHWEe IMPOSBJAETCS Haske IIPU HAIUYUUA MUHUMAJIb-
HBIX ycJIOBUI s pocra opranmama (Jlesuuna, 1981). B ecrecTBen-
HBIX YCJIOBUAX 9(PPEKTUBHOCTL BET€TATUBHOI PEMPONYKIIUU 3aBU-
CUT OT BO3pacTa PACTEeHUI, CTeIeHU OMOJIOKEHUsS BereTaTUBHO-
O TTIOTOMCTBA, €r0 yAAJeHHOCTU OT MAaTEPUHCKOTO PACTEeHUS, IJIV-
TeJIbHOCTA (PUBMOJOIMYECKUX KOHTAKTOB Mexxay Humu (CMuUpHO-
Ba u Ap., 1976). [JIMHHOKOPHEBUIIIHbIE TPAaBhl U KYCTAPDHUYKM Xa-
PaKTepUl3yIOTCSA 3PeJIoil MapTUKYJIAIMell ¢ HerJIyOOKMM OMOJIOMKe-
HUEeM U aKTUBHBIM paspacTaHUeM, UTO ABJIAETCA BbICOKOI(P(EKTUB-
HBIM THUIIOM BETeTaTUBHOTO Pa3MHOMKEHUA. ¥ TaKUX pacTeHuil 00-
pasyeTtcsa 60JIbIIToe KOJuuecTBO TOTOMKOB (1o 20-50 Ha ogHO pacre-
HUE B T'OJl), OHU OTJIMYAIOTCA BBICOKOM 9HEPTHell pocTa, yCTONUUBO-
CTBIO U CIIOCOOHBI K OBICTPOMY 3aXBaTy TEPPUTOPUIi. ¥ CTOMUYNBOCTD
pacTeHUil KOPHEBUIIIHBLIX BUAOB K HEOJArONPUATHBIM (PakTopaMm BO
MHOT'OM OIIPEIeIAeTCA UX BO3PACTHBIM COCTOSIHIEM, (DOPMUPOBAHI-
eM OpraHoB BereTaTWBHOTO pasMHO:KeHHuA. Tak, ob6pa3oBaHUe KOp-
HEBUII Y UMMATYPHBIX PACTeHUHN 3eMJISHUKU JIECHOHM CIIOCOOCTBY-
eT UX OOJbIIel BBIXKMBAEMOCTH B 3MMHUH IEPHOM II0 CPABHEHUIO
¢ 1oBeHmIbHBIMU pacTrenusaMu (I[ly6posHas, 2000). B HapymeHHbIX
MeCTOOOHMTaHUAX 3UMOM B pasHble rofbl morubdaer 10 60-70% iose-
HUJBHBIX PacTeHUii, a rubeib UMMATYPHBIX PACTEHUI CYII[eCTBEH-
Ho HmKe — 30-50% .
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BereraTuBHOe pasMHOMKeHHE MMeeT SBHOE MPEUMYIIIECTBO II0
CKOPOCTH OCBOEHUS U NPOYHOCTU YAEP:KaHUA TeppUTOpuu 0u3
MaTePUHCKOTO pacTeHuA. Ilosromy oHO HamboJsiee 3(h(HEKTHBHO B
duTomeHO3aX C Pa3PE’KEeHHBIM TPaBAHUCTHIM HoKpoBoM (JleBmHa,
1981). Cuuraior, 4YTO BereTaTuBHOE PA3MHOKEHIE CIIOCOOCTBYET CO-
XPAaHEHUIO PACTEHUSMU OIIPeJeIeHHON KOMOMHAIIUY IeHOB, UTO Je-
JlaeT UX XOPOIIO IMPUCIIOCOO0JEHHBIMU K YCJIOBUSIM OKDPYKarorieit
cpeibl U JaeT BO3MOKHOCTH 3aceyiATh OOIIWPHBIE ITPOCTPAHCTBA
(Peitae u ap., 1990). Mophodr3moIorTuuecKy0 OCHOBY BBICOKOI
pereHepupyIOIeil CIIOCOOHOCTH PACTEHUII COCTABJIAET HAJIWUME TIO-
CTOAHHO (QYHKIIMOHUDPYIONIUX MepucreMmMarmueckux Tramein (FOcy-
doB, 1971). BereraTuBHOE pasMHOYKEHUE SBJSETCA MeHee 3aTpar-
HBIM CIIOCOOOM BOCIIPOM3BOJCTBA II0 CPABHEHUIO C FeHEePATUBHBIM.
BereraTuBHas penpoAyKIUs He CBA3aHa ¢ TAKMMU dHeprosarpara-
MU, KOTOPBbIe IIPUBOJAT K MBBLIMAHUIO UaCTU SHEPTUU U3 OI0KeTa
noxxep:kaHuA u npupocra 6uomaccsr (Muir, 1995). Bosbmioe ko-
JINYECTBO 3aIlaCHBIX IINTATEJNbHBIX BEI[eCTB U MX BBHICOKAS JIAOUJIb-
HOCTb 00eCIIeUMBaIOT BBICOKHE TEMIIbI POCTA Y PA3BUTUS BEreTaTUB-
HBIX II0Ye€K BO30OOHOBJIEHUS II0 CPABHEHUIO C CEMEHHBIMH 3apPOMIbI-
mamu. Caenyer OTMETUTDH, UTO BeTeTATUBHOE Pa3MHOKEHUE MOJKET
IOIIOJTHUTH WJU Ja’Ke 3aMEeHUTH II0JIOBoe. B yciaoBuAx, 3aTpymH:A-
IOIIMX TeHEePATUBHYIO PEIPOAYKIIUI0, OHO ABJISAETCA €INHCTBEHHBIM
cmocoboMm naisa BelKuBauuA Buzaa (Jlesunua, 1981).

IIpeobaamarne BereTaTMBHOTO PAa3MHOMKEHUS HaJ I'eHepaTUB-
HBIM YacTO OTMEUYaeTCss y PAJa MHOTOJETHUX TPaBAHUCTBIX pac-
TEeHUH II0 CPAaBHEHUIO C OJHOJETHUMHU. ITO 3aBUCUT HE TOJBKO OT
HeOJarONPUATHBIX KJIMMATHUECKUX YCJIOBUM, CKJAIBIBAIOIUXCSA
B TeUeHUe roja, HO WM OT OMOJOTHMUecKUX (paxTopoB (AXyHmoBa u
Ip., 1994). Bo-mepBBIX, B €CTECTBEHHBIX YCJIOBUAX IPOU3PACTAHUA
aTa rpPyIla PACTEeHUI CIYKUT KOPMOM [AJS TPABOSAMHBIX JKUBOT-
HBIX, KOTODbIE, I0eJasi BepXHUEe YaCcT! HaA3eMHbBIX IT00ETOB BMeCTe
C TeHepaTUBHBIMU OPTaHAMU, UCKYCCTBEHHO IIPUOCTAHABINBAIOT UX
IasbHelIee pasButue. To Ke HaOJIOTaeTCs U TPU CKAIIMBAHUU
JyroB. Bo-BTOPHIX, CHMJIBHOE 3aJlePHEHNE IIOYBHI B I[€HO3aX IIPUBO-
IUT K YXYOIIEHWO IOYBEHHOr'0 IUTAHUS, YTO YMEHBIIIAET BO3SMOIK-
HOCTU CEMEHHOTr'0 BOCIPOMU3BEIEeHUS. ITO TAKIKe CIOCOOCTBYET IIpe-
00/IalaHUIO0 BeTeTaTMBHOTO PAa3MHOMKEHUs Hal CeMEeHHBIM Yy TpPaBs-
HUCTBIX MHOTOJIETHUX DPACTEHUMH.

MuoroseTHUEe TPABAHUCTHIE PACTEHUS, (GOPMUPYIOIINE TTOA3EM-
HBIF MeTaMepPHBIH KOMILIEKC, IITUPOKO IIPEICTABIEHEI B PACTUTEb-
HOM MWpPE, SIBJISIOTCA JOMUHHUPYIOIIUMY BHUAAMU KYJIbTYPHBIX U
MIPUPOAHBIX TPABAHUCTBIX COOOIIECTB, OCOOEHHO B CYPOBBIX YCJIO-
BUAX CYIeCTBOBaHWsS. MHOTME BUIbI HCIIOJL3YIOTCSI UYEJIOBEKOM
B NIPAKTUYECKON IeATEeJbHOCTHM KaK KMCTOUHUK IIPOAYKTOB IIUTAa-
HUA, KOpMa [JIA JKUBOTHBIX, CHIPbA [JIA IOJYUYEHUs JEKapPCTBEH-
HBIX IIPerapaToB M OMOJIOTMUECKN aKTUBHBIX BelecTB. IIpuBieka-
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eT BHUMaHWE BBICOKAs KOHKYPEHTOCIOCOOHOCTb, ILJIACTUUHOCTD,
YCTOMUYMBOCTh W MPOAYKTUBHOCTDL 3TUX PACTEHU, O0Jaromapsa yemy
OHU MOTYT CYII[eCTBOBATH B IIIMPOKOM AUANa30HE HKOJOTUUECKUX
YCJIOBUM U YCIIEIITHO 3aXBATBHIBATH OOJIBIIINE TEPPUTOPUU B IPUPOJ-
HBIX COOOIIleCTBaX.

1.2. Mopdonoruyeckas cTpyktypa
noA3eMHbIX N0GeroB U NOYBEHHbIN GaHK
BereTaTUBHbIX MEPUCTEM KOPHEBULLHBLIX PAaCTEHUIA

CoryiacHO COBPEMEHHOU KOHIIeNIINK MOIYJIbHOW OpraHm3alluun
pacTenuii, paCTUTEJNbHBLIII OPTraHN3M MMeEeT CIIOCOOHOCTL K Heorpa-
HUYEHHOMY POCTY, MHOKECTBEHHOCTHU, IIOBTOPAEMOCTH (MeTaMep-
HOCcTh mobGeroB) u cmeHe opraHoB (CaBuubix, 2006). OTu cBoiicTBa
JIe}KaT B OCHOBE UPE3BBIUANHON MJIACTUYHOCTUA PACTUTEJBLHBIX Opra-
HU3MOB, UX Mopdosornueckoii momuBapuantTaoctu (¢Kyxosa, I'yo-
ToB, 2001).

ITo6er — OCHOBHOI CTPYKTYPHBIN 5JeMEHT Tejia BBICIIIETO pac-
TEeHUsI, COCTOAIMUIN 13 ocu (cTebjsA), JUCTHEB M IIOUEK, 00pasyro-
muiica B pesyJsbTaTe OeATEeJbHOCTH ANUKAJIbHOM MEpPUCTEMBI U
umelonuii meramepuoe crpoenue (Cepedbpsaxos, 1962). KopueBuiie
SABJIAETCS OOHUM 13 Hambojiee PAaCIPOCTPAHEHHBIX B IIPUPOJE Opra-
HOB moberoBoii npupoxnsi. Kopresuwe niu pusom (rhizoma) — Bu-
IOM3MEHEHHBIM MHOT'OJETHUN II0A3eMHBIH II00er Ujan cucreMa moobe-
OB C YeIIyeBUIHBIMU JUCTbAMU U IPUTATOUHBIMU KOPHAMU, CIY-
SKUT AJIs1 BO30OHOBJIEHUS, OTJIOMKEHUS 3aIllaCHBIX BEIIeCTB U Bere-
TATUBHOTO PA3MHOKEHUA ¥ TPABAHUCTHIX MHOTOJIETHUKOB, KyCTap-
HUYKOB U KycTapHuKOB (CepedpsakoB, 1952; Cepedpsaxon, Cepebdpsi-
KoBa, 1965; dHwmuineB u np., 2002; Koposxkuu, 2003). KopuesBu-
mie (MJIXM ero 4acThb — II0YKAa) ABJISETCS BereTaTUBHOU IMACIIOPOU —
CTPYKTYPOH, KOTOpas COAEPKUT 3a4aTOK (3auaTKU) HOBOTO Opra-
HU3Ma U CJIYMKUT JJIA PA3MHOMKEHUS U PACIPOCTPAHEHUs PaCTeHU
(Bareiruna, BacunbeBa, 2002).

Y OOJBIIMHCTBA TPABAHUCTHIX MHOTOJIETHUKOB KODPHEBUIIE
dopMmupyerca Ha 0asaJbHOI YacTH TJIaBHOTO OPTOTPOIIHOTO Iobera
KaK IIas3yIIHBIA IJIATMOTPOIHBINA HOA3€MHBIA WM HaA3€MHBIN IIO-
Oer. Pe:xe riiaBHBIN 1TO0OEr HapacTaeT MOHOIOAMAIBHO, ILJIATMOTPOII-
HO U SABJAETCA KOPHEBUIIEM, a HaJg3eMHbIe moberu GopMUPYIOTCA
Kak OokoBwle (Paris quadrifolia L. — Bopouuii rias). IlogzemHBIE
moberu (opMUPYIOTCA Ha PAa3HBIX dTAllaX OHTOTeHEe3a JJIMHHOKODPHE-
BUIIHBIX MHOTOJIETHUX pacreHuii. ¥ Hypericum maculatum Grantz
(sBepoboii maATHUCTBIN), Maianthemum bifolium L. (MaliHUK OBY-
JIUCTHBIH), Myosotis palustris L. (He3abyaka 60JI0THAs) TUIIOT€OTeH-
HBbIe KOPHEBUIIA 00Pas3yIoTCca Ha I0BEeHUJIBHOM CTafuM Pa3BUTUA 0CO-
6u cemeHHOTO mpoucxoxkaenus (OHToreHeTHUYecKuii ariac..., 2000,
2002). KopueBuma pacrenuit Mentha arvensis L. (Mmara moseBas)
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dopMUPYIOTCS B KOHITe UMMATyPHOT'O IIePHoa BO BPeMs OTMUPAHUSA
ryiaBHOTO KopHsA (OHTOreHeTHuYecKuit ariac..., 2007). ¥V IInHHOKOD-
HeBuIHOTO 3jaKa Elytrigia repens L. (ublpeil moisyuwuii) moaseM-
HBbIe TTO0ErM HAUYMHAIOT (DOPMUPOBATHCA B IIEPUO] MMMATYPHOTO CO-
cToAHUA ocobell B Hauase KylneHusa pacrenuit (OHTOTeHETWUECKU
arJac..., 1997). ¥ kycrapauukoB Vaccinium vitis-idaea L. (6pycHu-
Ka o0bIKHOBeHHas1) u Vaccinium myrtillus L. (uepHUKa OOLIKHOBEH-
Hasd) KOPHEBUIa (POPMUPYIOT BUPTUHWJIbHBIE PACTEHUS CEMEHHOTO
IIPOUCXOKIEHUA, KOTOPbIE IIPECTABIECHBI «IEPBUUYHBIM KYCTOM» K
YeTBEPTOMY-IATOMY roay :KusHu cesanunes (Banamguua, Baxpawmee-
Ba, 1978, 1980; Ouroreneruueckuii atiaac..., 2000).

KopueBuille pyHKIIMOHUPYET B TeUeHUE MHOTHUX JeT, CIIOCO0-
HO HapacTaTh BEPXYIIKOI (MOHOIOAWAJIHLHO UM CUMIIOAUATIBHO) U
OTMUpPATh B CTAapoil yacTu. B pesysbTaTe MOHOIOAMAJIHHOTO BET-
BJIeHUS 00pa3yeTcsa MOHOIIOAMI — MOOEer OJHOTO MOPAJKA, KOTOPHIH
SABJIAETCS PE3YJIbTATOM AEeATEJHLHOCTH OSHOM BEPXYIIIEYHON Mepu-
crembl (CepebpsikoBa u ap., 2006). Ilpu cummomuaibHOM Hapac-
TaHUU 00pasyeTcsd CHUMIIOAUNA M3 COCTABHBLIX OCEH KaK pPe3yJbTaT
IepeBepINHUBAHNSA, IepepacTaHus MaTePUHCKOM OCHU JOUEePHUMMU.
MoHonoamaibHOE HapacTaHe KOPHEBUII CBOMCTBEHHO ITAIIOPOTHM-
kam (Gymnocarpium dryopteris (L.) Newman — ToJIOKy4HUK TpPeX-
pasmenbHbIN, Pteridium aquilinum), pacrenuam Paris quadrifolia.
CuMiioguaabHOE BETBJIEHUE XaPAKTEPHO IJIA OOJBIINHCTBA TPAaBs-
HUCTBIX PACTEeHU, (DOPMUPYIOIINX II0J3eMHbIe KOPHEBUIIA.

BerBienue KopHeBUIN CHOCOOCTBYeT O0pPa30BAaHUIO KYPTUHBI,
HaJa3eMHbIe IMO0eru KOTOPOH NPUHAAJIEKAT OTHOM 0COOM UM CBs3a-
HBI TIOIB€MHBIMHU «KOMMYHUKAIIUAMMI» — KOPHeBUIaMu. Eciu cBs-
3YIOIIVIe YaCcTU Pa3pYIIAIOTCA, TO OTAEJbHBIE YaCTU CUCTEMBI KOD-
HeBUII[ 000COOJIAIOTCA U IPOMCXOAUT BEreTaTUBHOE PA3SMHOMKEHUE.
COBOKYIIHOCTH HOBBIX 0c0o0eii, 00pas30BaBIIIUXCA W3 OJHOUM Berera-
TUBHBIM IIyT€M, HA3bIBAIOT KJIOHOM. [louepHue 0cOOM KODPHEBUIII-
HBIX KUB3HEHHBIX ()OPM, B OTJMYME OT CTOJIOHOOOPABYIOIUX U KOP-
HEOTIIPHICKOBBIX, UAaCTO HE MCIBITHIBAIOT CYIIIECTBEHHOT'O OMOJIOKE-
HUA W HaXONATCSA IPU OTAEJEHWM B TOM ’Ke BO3PACTHOM COCTOA-
HUM, YTO U MaTepPUHCKOe pacTeHre. KJIOHOBBIE PACTEHUs XapaKTe-
PUBYIOTCS PAIOM OMOJOrMYECKUX IIPEUMYIIeCTB, CBA3AHHBIX C ObI-
CTPHIM 3acejieHHMeM OTKPBITHIX IIPOCTPAHCTB, YAEP:KUBAHUEM Tep-
putopuii 3a cueT (GOPMUPOBAHUA T'yCTHIX 3apociieil, aKKyMYJIAIIA-
eii reTeporeHHO pasmellieHHBIX pecypcoB (IIpoxombesa, 2004). Ta-
Koe CTpoeHUe KJOHOBBIX pacTeHUil obeclieumBaeTCA WX CIeIudu-
yecKOi MopgoJiorueii, BLICOKOH OTHOCUTEIBHON CKOPOCTBIO POCTA,
3HAUYUTEJbHON MHTerpanueil GpusnoJOrnYeCKUX MIPOIECCOB U ILja-
CTUYHOCTBHIO POCTA.

KopueBuiia wumeroT HaazeMHOe (SIIHUTeOTeHHbIE) U IIOA3EM-
Hoe mpoucxokaenue (rumoreorenubie) (CepebparoB, Cepedpsaxo-
Ba, 1965), xapakTepusyooTca OOJBIIUM pPasHOOOpasmeM IO II0JIO-
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JKeHUIo0 B cyocTpare u popMe (BEPTUKAJIHLHO KOPHEBUIIIHBIE U TOPU-
30HTAJIbHO KOpHeBUIHLIE). [Ipu pacKoIKax MOA3EeMHBIX OPTaHOB,
MIPOBEIEHHBIX B PasHbIX 60TaHUKO-TeorpauuecKkux 3oHax Poccuu,
00HAPYIKEeHBI OPTOTPONIHBIE, IIJIATUOTPOIHLBIE, KOChle MM HAKJIOH-
HbIe, IIPSIMble U M30THYThIE, OJHOIJIABLIE ¥ MHOI'OIJIaBble KOPHEBU-
mia (Tapiuc, 2003). [IyivHa KOPHEBUII 3aBUCUT OT BUAA PACTEHUA,
BO3pacTa W YCJIOBHUI mpouspacTaHus (IJIOTHOCTH, aspallus IOYBHI)
(Cepebpsaxos, 1962). B saBucumocTu oT GOPMUPOBAHUA KOPOTKUX
WY JIWHHBIX MEXKI0Y3JIUi, NHTeHCUBHOCTY HapacTaHUA pasjmya-
0T OJVHHBIE U KOPOTKVWE KOPHEBUINA, COOTBETCTBEHHO AJIUHHO- U
KOPOTKOKOPHEBUIIHbIE pacTeHusi. [[JIMHHbIEe rOPU3OHTAIbHBIE KOP-
HEeBUIla XaPaKTePHBI IPEUMYIIECTBEHHO IJIsI TPABAHUCTBIX MHO-
roneraukoB (Veronica longifolia L. — BepoHUKa OJIMHHOJHCTHASI,
Elytrigia repens, Achillea millefolium L. — TBICAYEIMCTHUK OOBIK-
HOBEHHBIN), BcTpeuatoTesa y KyctapuuukoB (Vaccinium vitis-idaea,
V. myrtillus) n ciopoBbix pacrenuii (Equisetum arvense L. — xBo1rg
moseBoit, Equisetum sylvaticum L. — xBomi snecHoit, Gymnocarpi-
um dryopteris). BearnunHa roguYHOTO IIPUPOCTA MOA3EMHBIX IT00€e-
OB JJINMHHOKOPHEBUIITHBIX BUJOB BaphbUPYET B IMIMPOKUX Mpeaesax.
Tak, rumoreoreHHOe KOPHEBUIIle MaiHWKa IBYJHCTHOTO Ha ¥Ypa-
Je esxerogHo Hapacrtaer oT 3 mo 5 cm (Tapimuce, 2003). B Mockos-
CKOII 00JIaCTH IPUPOCT MMOA3eMHBIX moberoB Maianthemum bifoli-
um cocrasjseT OKoJio 18 c¢M, a UX MaKcuMaJabHASA AJHUHA OT OTMEp-
I1ero KOHIIA 10 TePMUHAJbHOUN MouKu mocturaetr 2.5 m (Baxpawmee-
Ba, MauseBa, 1990). 'omoBoii MIPUPOCT IOA3EeMHBIX TOOETOB AJINHHO-
KOPHEBUIITHOTO ITAIOPOTHUKA OPJsKa 0O0bIKHOBeHHOTO (Pteridium
aquilinum) B ycaoBuax Cpenneit Cubupu xoJsebsercd ot 5 1o 70 cm
(IlTopuna, EpiioBa, 1990). KopHeBuIlle BeUHO3€JI€HOTO KYyCTapHUY-
Ka OpycHUKU OOBIKHOBEHHOI 3a rop mapacraet Ha 13-20 cMm, a ero
nnuHa cocraBiyseT oKoso 18 m (Cepebpsakos, 1962).

OnauHa moa3eMHBIX II00eroB AJUHHOKOPHEBUIIHBIX PACTeHUIA
3aBUCUT OT uX Bo3pacra. [lynwmHa KopHeBuil Vaccinium myrtillus
Yy IepBBIX ABYX-TPEeX ITOKOJIEHUI mMapIuaJlbHbIX KYCTOB COCTABISAET
10-15 u 30-40 cMm, y 6osee crapbix KyptuH gocruraetr 100-150 cm
(Cepebparos, 1962). MakcumaabHO M3BEeCTHASA AJNHA KOPHEBUIIA
yepHUKHU cocraBiaser 730 cm (mur. mo: Bamammguna, Baxpameesa,
1980). KypTuHbl uepHUKHU OBICTPO paspacraioTcs Ojgaromapsa ¢op-
MUPOBAHUIO KOPHEBUII] U3 CIAIINX IIOUYEK B MOA3EeMHOUN YacTU IIap-
IIAJIBHOTO0 KYyCTa 3aJ]0JIr0 N0 €ro oTMupaHud (Ha 4-6-M romy Kus-
HU). B pesynbTare KypTUHBI JOCTUTAIOT 6-8 M B [fuaMeTpe, COCTOAT
13 HECKOJbKMUX COTEH MapIuaibHLIX KYCTOB, IIeIlb KOTOPBIX B OH-
TOreHese YePHUKYU MOXKET CYIIIeCTBOBATh HECKOJbKO coreH JieT (Ce-
pebpsakos, 1962).

ITpupocTbl KOPHEBUIL], UX AJIUHA MOTYT BAPbUPOBATH B IIIHUPO-
KUX TIpefesiax U 3aBUCAT OT HKOJIOTO-IIEHOTUYECKUX YCJOBUI IPO-
uspactaHusa pacteHuii. Tak, quanasoH M3MeHUYUBOCTU IJIWHBI KOD-
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HeBuina Vaccinium vitis-idaea B yCJI0BUAX MOATaeKHBIX JecoB Ma-
putickoii musmenuocTu cocrtaBisgeT or 0.6 mo 21 m (IIpokombeBa,
2006). Ocobu ¢ OIMHHBIMUA KOPHEBUINAMU OOHAPYIKEHBI B COOOIIe-
cTBax, rae V. vitis-idaea mmeeT HeOOJBINIOE MPOEKTUBHOE ITOKPHI-
THe: B eJbHUKEe YepPHUUHO-3esieHoMoItHOM (21 M), 6epesHAKe pas-
HorpaBHOM (13.4 M), cocuake yepaunyaoM (12.6 m). B cocuarkax se-
JIEHOMOIIIHOM TI'DPYIIIILI accolMaluii MakcuMajabHasA AJUHA KOPHE-
BuIll y ocobeit V. vitis-idaea nHe mpessbimana 8 m. Ilomaraior, UTO
B HeOJATONPUATHBIX YCJIOBUAX, B HE TUIUUYHBIX Ija V. vitis-idaea
acconuanuax, OHa IPeACTaBIeHA B OOJbINIEH CTEIIEHN ITO3eMHBIMU
moberamMu, 4eM HaA3e€MHBIMU. Y MepPeHHBbIe UJIW HeOOJIBIINE CTPec-
COBBbI€ HATPY3KU AKTUBUSUPYIOT BEreTaTUBHYIO HOABUKHOCTD BEU-
HO3EJIeHOI'0 KYCTapHUYKA, CTUMYJUPYIOT MPOPACTaHUE CIIAIIUX
moueK. IIJIOTHOCTH, ¥ HACBIIIEHHOCTH ITOYBBI KopHeBuUIamu V. vi-
tis-idaea 3aBUCHUT OT THUIIa COOOIIECTBa, BO3pacTa APEBOCTOA U IIO-
JIOKUTEJBHO KOPPEJIUPYEeT € IJIOTHOCTHIO MapIIUaJbHBIX KYCTOB.
MakcumaibHble 3HAUEHUA HACBIIEHHOCTH MHOYBBHI KOPHEBUIAMU
XapaKTePHBI JJIs COCHAKOB JIMIITANHUKOBBLIX U 3€JIEHOMOIIHBIX (36-
64 m/M?), MUHUMAaJIbHBIE — B €JIbHUKE YePHUUHO-3€JIEHOMOIIIHOM ¥
cocHsiKe 0epe30Bo-3esieHOMOITHOM (He Gosee 3 m/m?). MakcuMasib-
Has HACHIIEHHOCTD II0YBLI KopHeBuiamu V. vitis-idaea Ha 1 m? co-
craByger 160 m.

KopneBuinie aABidgeTca MHOTOJIETHUM NOOETOM U XapaKTepu-
3yeTcsl 3HAUUTEJIbHON MPOAOJIKUTEIbHOCTBIO KU3HU. IlomseMHbIe
moberu MHOTOJIETHUX NJIUHHOKOPHEBUITHBIX 3JIaKOB JKUBYT A0 2-3
Jet, BopoHbero riaasza — 12-15 mer (Cepebpskos, 1952), mmayma —
IudasracTpyMa CILIIOIeHHOTO — B TeueHue JecATKoB Jet (Tapiuc,
2003). BospacT KOpHEBUIIl HATIOPOTHUKA OPJIAKA OOLIKHOBEHHOTO B
cpenueit Cubupu cocrasiser 55-65 ser (Illopuna, Epiosa, 1990).
VY pacrenuit V. vitis-idaea BO3pacT KYPTUHBI MOKHO OIIPEIEJIUTDH
M0 TOAWYHBIM KOJIbIIAM — IJUTEJbHOCTU HapacTaHUS BTOPUYHON
kcuynembl (Cepebpsaxkos, 1962). OraenbHble KYPTUHBI BEUHO3EJIEHO-
ro KyCTapHUYKA B COCHOBOM JIECY MOTYT HACUUTHIBATH N0 27 TO-
IWYHBIX KoJjer. [[inTeJbHOE HapacTaHWe KCUJIEMBI U ITPOJOJIMKAI0-
mascsa aKTUBHOCTh KaMOWA B T'MIIOTEOTEHHBIX KOPHEBUIIaX Opyc-
HUKU MOT'YT OBITH CBA3AHBI C OTCYTCTBUEM MOIIIHBIX OJIOKHPYIOIITUX
OPUAATOYHBIX KOpPHEW, KOTOpble 00pasyioTcs, HallpUMep, Y YepHU-
ku. Ha ocHoBe cpemHeroguuHoro mpupocrta (15-20 cM) u AJIUHBI
MOA3eMHBIX IT00ETOB MJINHHOKOPHEBUIITHOTO KycTapHUYKa V. vitis-
idaea (18 M) moKasaHo, UTO OTAEJbHBIE €€ KYPTUHBI, COCTOSIINE U3
mapIuaJIbHBIX KYCTOB, COEIUHEHHBIX MEXIY CO0007 KOMMYHUKAIIY-
OHHBIMU KOpHeBHUIIaMH, KuByT 90-120 ier.

MHTEeHCUBHOCTD BETBJIEHUS KOPHEBUIN U (DOPMHUPOBAHUE MIOY-
BEHHOTO OaHKa BeTreTaTMBHBIX MEPUCTEM OIPEAeA0T OTpacTa-
HUe, MPOAYKTUBHOCTh U YCTOWUYMBOCTH KOPHEBUIITHBIX MHOTOJIET-
HUX pacTeHuil. XapakTepUCTUKA IIOUYBEHHOTO OaHKa BEreTaTUBHBIX
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MEPUCTEM SBJIAETCS Maji0 U3YYEHHBIM BOIIPOCOM CTPYKTYPBI IIOJ-
3eMHOTO MeTaMepHOro Komiuiekca. Ijig 0603HaUeHUSA KOJUUECTBa
aNMMKaJbHBIX MEPUCTEM B BeTeTaTUBHOI 1 PEIPOAYKTUBHOM chepax
pacTeHUsA B JUTEPATypPe MCHOJL3YIOT ITOHATHE «OPTAaHOTEHHBIH TO-
reHnuaa» (AxyumoBa u ap., 1994). Ha mavasbHBIX dTamax pasBU-
TS y PACTEHUI 3aKJaJbIBAeTCS 3HAUNTEJIBHBLIN 3aIllac MepPHUCTeM-
HBIX 3aYaTKOB BEeTeTATHMBHBLIX U PEIPOAYKTHUBHBIX OPraHOB, KOTO-
PRIl TOJHOCTHI0O B HOPMAJBHBIX YCJIOBUAX He peasusdyercsa. Opra-
HOTeHHBIN moTeHIuaa (pe3epB) chopMUpOBAICA ¥ PACTEHUI B IIPO-
1mecce 9BOJIIOIUU AJIA TOTO, YTOOBI 00ECTIeUnTh CeMEeHHOe WJIM Bere-
TATUBHOE BOCIIPOU3BEIEHNE M COXPAHUTDL BUI IIPU PABJIUYHBIX yC-
JOBUAX BHeIIHe# cpenbl. OpraHoreHHBIN IIOTEHIIUAJ ITOA3€MHBIX
MoGEeroB KOPHEBUIITHBIX M CTOJOHOOOPA3YIOIUNX MHOT'OJETHUX pac-
TEeHUN MOYKHO OIPEJEeNUTh KaK N003eMHbLiL MepucmemamuiecKuil
nomenyuan (MacaoBa u ap., 2006). ITogseMHBIII MepucTeMaTHUe-
CKUM TOTEeHIIMAJT — 5TO KOJUYECTBO y3JI0B (MepHCTeMaTUYECKUX
0ouYaroB) Ha IIO3eMHBIX mobOerax. Peasmsarusa 9TOro mOTeHITHAJIA
00yCJI0OBJIEHA BUJOBLIMU OCOOEHHOCTSIMU PACTEHUS, 9KOJOTUUECKU-
MU U IeHOTUYECKUMHU YCJIOBUAMU IIPOU3PACTAHUA.

ITogseMHBITT MepHUCTEMATHUUYECKUH MOTEHIIMAT TPaBAHUCTHIX
MHOTOJIETHUKOB 3aBUCHUT OT CTEIEHUW BETBJECHUSA KOPHEBUII, OIIpe-
IeJisgeT MHTEHCUBHOCTh M006erood6pasoBaHms, ABISIETCA OCHOBOI IIPU
OTpacTaHUM PACTEeHMWII Ha MacTOMIIAaX M CEHOKOCaX MJIN IIOCJe IIe-
PesMMOBKHM. Y IIBETKOBBLIX TPABSHUCTHIX (POPM pacTeHUU mpeobdJia-
maer cuMmrnoguagbHoe BeTBaeHue (90 % BUIOB YyMEpPEHHBIX U CEBEp-
HBIX IITAPOT), YTO IPUBOAUT K PA3BUTUIO OOJBIIIOT0 UYKCIa OOKOBBIX
moberoB (CepebparoB, 1952). B pesyabraTe opMuUpyeTcsa 3HAUU-
TeJbHOE YMCJIO IMOA3EeMHBIX METaMepPOB WU Y3JI0B, KOTOPHIE SB-
JISIIOTCS OYaraMy MePHCTeMAaTHUYeCKOl akTuBHOCTH. CUMIOIMAJIb-
HOe BEeTBJIEHUE CUUTAIOT IIPOTPDECCUBHBIM 9BOJIIOIIMOHHBIM ITPUCIIO-
co0JleHreM TPaBAHUCTBIX U KYCTAPDHUYKOBBIX PACTEHHM, KOTOpOE
CII0COOCTBOBAJIO YCUJICHHNIO BEeT€TATUBHOI'O PA3MHOMKEHUS 1 YBeJIN-
YeHUIO WX AJUTEeIbHOCTU *KU3HU. BO300HOBIeHNE 1 HapacTaHue 3a
cueT OOKOBBIX MOUEK MPUBOAUT K OMOJIOMKEHUIO (hOPMUPYIOIIEToCs
0OKOBOro Iob0era o0 CPpaBHEHUIO C MATEPUHCKIIM.

C110coGHOCTB COOOIIECTB K CaMOIIOAAEP;KAaHUI0 M CaMOBOCCTA-
HOBJIEHUIO OIIPeesisgeTcss IMOUYBEHHBIM OAaHKOM BEreTaTUBHBIX Me-
pucrteM u ceMAH. B JuTepaType MMeOTCA JaHHBIE O CTPYKTYype Io-
YBEHHOTO 0aHKAa CeMsAH JIYTOBBIX (DUTOIEHO30B B 30HE XBOWHO-IIIU-
poxoJucTBeHHBIX JiecoB (MBanoBa, 2004). ITokasamo, 4To KoJauue-
CTBO BCXOKUX CeMsAH BapbupoBayo ot 430 mo 7755 mir./m2 B 3aBU-
CHMOCTHU OT BHJAOBOT'0 PasHOOOpasus JIYTOBBIX c000IecTB. B XBoii-
HBIX (puToreHosax oouapyxxerno 2000-3000, B MIMPOKOJHMCTBEHHBIX
gecax — 5000-10000 cemsan/m2. B nmonyaAanuax pacTeHU BBICOKO-
TpaBHBIX IIpepuii B CeBepHOII AMeprKe KOJUUECTBO SKM3HECIIOCO0-
HBIX CeMAH HaxozuTcs B mpegenax or 100 mo Gosee 6000 1mr./m?
(Benson et al., 2004).
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B nureparype mpeacraBieHbl (hparMeHTapHBIE CBEIEeHUSA O II0-
YBeHHOM OaHKe BereTaTUBHBIX MePUCTEeM Y KopHeBui. Hampu-
Mep, 0C0o0b MIMHHOKOPHEBUIITHOTO MmamopoTHuUKa Gymnocarpium
dryopteris mpezncTaBigeT CO00H CHUCTEMY CHUJBHO Pa3BETBJIEHHBIX
KODHEBUII, HACUYUTHIBAIOIMUX a0 6-8 mopagkoB BerBaeHus (Poma-
HOoBa, 1997). Kasxkgaa ocobb sanumaer 2-4 m2u moxker umerh 20-
45 }XUBBIX alleKCcoB. BeuHO3e/JIeHbIN JIMHHOKOPHEBUIIHBIA KyCcTap-
Huuex Vaccinium vitis-idaea popMupyer AJWHHbIE TUIOT€OTeHHBIE
KOPHEBUIIA, KOTOPbIe HapacTaloT B TeUueHNe HeCKOJIbKUX JIeT W HIU-
Korjga He BBIXOmAT Ha moBepxHOCTh (IIpokombeBa, 2006). Yucio
MeTaMepoB KOpHeBHINa (0YaroB MePUCTEMATHUUECKON aKTHUBHOCTH)
MOJINIIEHTPUUYECKON 0co0M OpPyCHUKHU AJuHOI Oojsee 1.5 M MoKerT
mocturath 184 1r.

OcHOBY HOUYBEHHOr0 0aHKa MEPHCTEeM B BBICOKOTPABHBLIX IIpe-
puax Kamsaca B CeBepHoit Amepuxe (GOpMHUPYIOT MHOTOJIETHIE
KOpHeBUIIHbIe 3jaku: Panicum virgatum L. — npoco IpyTheBU-
Hoe, Andropogon gerardii Vitman — Gopomau iKepapa, Sorghas-
trum nutans (L.) Nash — coprosuuk mouukaroinuii u ap. (Benson
et al., 2004). ITouBeHHBI} GaHK IIOUEK 3JaKOBBLIX TPAB BapPbUPYET
B 3aBUCHUMOCTH OT KJINMATHUYECKUX YCJIOBUH r'ofla M YaCTOThI IIOXKAa-
pos ot 360 mo 1800 mmT./m2. BraronpusaTHOe BAMSAHNE HA IIOYBEH-
HBIFT MepucTeMaTUYecKuili 0aHK, OaHK CeMAH W IPOAYKTHUBHOCTD
pacTeHnil BBICOKOTPABHBLIX IIPEPUM OKaA3LIBAIOT IIOXKapbl. B moimy-
JAMUASX C YACTBIMU IIOYKAPaMU ILJIOTHOCTH IIOYEeK KOPHEBUII U aK-
TUBHOCTh UX OTPACTAHUA OBLIN 3HAUMUTEJIHbHO BBIIE, YeM B IIPEPU-
AX ¢ PeIKUMHU MoKapaMu. ABTOPBI ITOAUEPKUBAIOT (PYHIAMEHTAIb-
HYIO POJIb BereTaTUBHOM PEIPOAYKIINU, IIOUBEHHOTO MEPUCTEeMATH-
yecKoro 0aHKa MOYEK B CTPYKTYpe U AWHAMUKE IONYJAIUN pac-
TEeHUI BBICOKOTPABHBLIX MPEPHUil, HPEICTABICHHLIX MHOTOJETHUMU
tpaBamu (70% ) u monykycrapuuramu (30% ).

1.3. AHaTOMMYecKas CTPYKTypa NoA3eMHbIX N0GEroB — KOpPHeBMULL,

B macrosIee BpeMs HaKOILJIEH OOITUPHBIN MaTepuaJ Mo aHaTo-
MUY BEreTaTUBHBLIX U PEIPONYKTUBHBIX OPTAaHOB BBICIIINX PACTEHUI
(Metcalfe, Chalk, 1979; 9szay, 1980; Huxuruu, ITankosa, 1982;
Fahn, 1990; Jloroa, 2000; Tapmwuc, 2003, 2007; Cutler et al.,
2007). AHanu3 COBpeMEHHOU JUTEpPaTypPhl II0 aHATOMUYN KOPHEBUII]
oTpaskaeT pPe3yJabTaThbl U3YUEHUI PA3HOOOpa3usAd NX aHATOMUYECKUX
cTpyKTyp. Ilokasamo, 4To aHATOMUYECKAs CTPYKTypa IMMOA3eMHBIX
m00eroB KOPHEBUIIHLIX PACTEHUH 00yCJIOBJIEHA MHOTOJIETHUM Pas-
BUTHEM, 3allacaiolneil (pyHKIUel M CHUMKEHHeM OIOPHOII Harpys-
ku. ITo cpaBHeHUIO ¢ HAA3EMHBIMU HOOeTaMu, AJIsI KOPHEBUII[ Xa-
paxTepHa peayKIna MeXaHNUeCKNX 9JIeMeHTOB, 0ojiee CUJIbHOEe Pas-
BUTHE TMOKPOBHBIX TKaHeM, SHI0JepPMbl 1 ITapeHXUMbI, I'Jle 3amaca-
oTcsa uratenabHble BemlecTBa (Hukutusn, Ilankosa, 1982; Tapiuc,
2003, 2007; Crenamosa, 2005).
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IToxgsemHBIN TO0ET KOPHEBUIIHBIX OQHOMOJBHBIX U JBYAO0JIbHBIX
pacTeHuil MOKPBIT OJHOCJIONHBIM SIMUAEPMUICOM, UMEIOITNM THUIINY-
Hoe mjs 3Toit TKaHu crpoeHue (Bapeikuua u ap., 1971; Anucumo-
Ba, 2004; CremanoBa, 2005; Tapmuc u ap., 2012). ¥V HeKOTOPBIX
pacTeHui IOKPOBHAA TKAHb KOPHEBUIIA — SIUAEPMA UMEET TOJICTO-
CTEHHBIE KJIETKHU U CBEPXY MOKPBITA KYTHUKYJION C IPOCTHIMU BOJIO-
ckamu (Auucumosa, 2004). B oranume oT Hag3eMHBIX cTebJIe, qs
MOA3eMHBIX XapaKTepHO MOIIHOE Pas3BUTHE MePBUUYHOI Kophbl. Ila-
peHXUMaTHU3aIusa KOPHEBUIA Pa3sBUBAETCA He TOJBKO 3a CUeT 00-
pasoBaHUS MIUPOKOMN KOPBI, HO M OOMJINA MTapeHXUMHBIX KJIETOK BO
BropuuHOii Kcuaeme (Cremanoa, 2005). HapyxHas yacTh mepBuUU-
HOI KOpPBI MOA3eMHBIX II00eroB pacrenmuii cem. Pyrolaceae cocrour
U3 IBYX-TPEX CJ0EeB KJIEeTOK KOJIIEHXUMBI CO CJIETKa YTOJIIeHHBIMHI
00oJIOUKaM1, He MMeIONUMU Ipu3HaKoB oxpeBecHeHus (Tapiiuc,
2003). BHyTpeHHAA KOpa COCTOUT U3 BOCHMU-AEBATHU CJI0EB TOHKO-
CTeHHO! mnapeHXUMbI. MexaHUUeCKUX 3JIeMEHTOB BO BHYTPeHHel
KOpe HeT, UMEIOTCS IIOJIOCTH a9PEeHXUMbI CXM30T€HHOI'0 THIIA.

IlepBuunass Kopa oTeJieHa OT IIEHTPAJbHOrO IHJIKHIAPA 9HIO-
IepMoii. ¥ KOpHEBUII OOHOJOJbHBIX PACTEHUI BHyTPEeHHNE U O0KO-
Bble CTEHKM KJIETOK 9HIOJEPMbI CHUJIBHO yTouIleHbl (BapbiKkuHa u
ap., 1971). Ilox sHOOmEPMOIT JIEKUT MEPUITUKJ, IIEPBLINA CJION KJie-
TOK KOTOPOTO MMEET MOIIHbIE BTOPUUHBIE YTOJIEHUA KJIETOUHBIX
CTEHOK, a MOCJIeAYIOI[e HeCKOJIbKO — TOHKOCTEHHBI. ¥ IIOI3eMHBIX
moberos mpezcrasuTeaeii cem. Pyrolaceae sHmomepMa M IePUIIUKJI
uyeTko He BhIpaskeHb! (Tapiruc, 2003, 2007).

BHYTpeHHSA YacThb HEHTPAJLHOrO ITUJIWHAPA II0J3€MHOTO TIO-
Oera 3aHATa COCYQUCTHLIMU IMYyYKAMU U OKPYKAIOIIell MX IapeH-
xuMoii. B KopHeBHUINaX ABYAOJBHBIX PACTEHUN W3 MTPOKaMOMaJIb-
HBIX TsMKel (POPMUPYIOTCS KOJLIaTePaIbHbIE OTKPBLITHIE IIPOBOMISI-
Ie MIy4YKW, KOTOPBIE PACIIOJIOKEHBI IO KOJIBIIY BOKPYI' CepjIe-
puubl (Tapmuc u gp., 2012). Ona kopuesumny Glechoma hedera-
cea L. (byapa miiomnieBUIHAA), UMEIOINX OTKPHITHIE KOJLIATePaIhb-
Hble TYYKH, WHOTJA IYUYKOBOE CTPOEHNE MePEeXOAUT B HEIYUKO-
Boe (Aumcumona, 2004). [Iya KOPHEBUI] OTHOLOJBHBIX XapaKTep-
HO nu(dPysHOe pacipeesieHrne 3aKPbIThIX KOJJIATEPAIbHBIX IIPOBO-
IAIMMUX IIYYKOB IO mollepeuHomMy ceueHwuto cresbl (Tapmwme u ap.,
2012). B ycnoBusAX BEUHOU MEP3JIOTHI TYHAPHI B KOPHEBUIIAX OJ-
HOJOJBHBIX OTMHPAIOT ITOBEPXHOCTHEIE CJIOM KOPBI ¢ 00pasoBaHueM
MOIITHOI CKJIEPEHXUMHOM OO0KJIAaAKU, KOTOPAas OKPYKAeT 3aKPHIThIE
MIPOBOAAIINE TTYYKHU, COMKHYTHIE APYT C IPYTOM U PACIIOJIOMKEHHBIe
B (hopMe Y3KOI'0 KOJIbIla BOKPYT KPYIIHOH cepAlleBruHLI. KopHeBuIa
Bum0B poaa Potentilla xapaKTepuU3yIOTCsS «PACCEUeHHBIM» ITPOBOIS-
UM IUJIUHAPOM, B KOTOPOM CEKTOpa BTOPUYHOM KCUJIEMBI uepe-
IYIOTCSA C IMUPOKUMHU MAPeHXUMHBIMU JyUYaMl BTOPUUHOTO IIPOIC-
xokaenusa (CremanoBa, 2005). Otu syun o6pas3oBaHbl KPYIHBIMU
KJIeTKaMHU C TOHKUMU HeJUTHU(GUIIMPOBAHHLIMHU CTeHKAMU U pPas-
IeJSIIOT MUJNHADP BTOPUYHON KCHJIEMbI Ha CEKTOpA.
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V KopHeBuir pacrenuii cem. Pyrolaceae K BHyTpeHHe#l rpaHu-
Ie TMePBUYHON KOPBI HIPUMBIKAET JIy0 B (JOpMe HEIINMPOKOT0 KOJIb-
na (Tapmuc, 2003, 2007). OH COCTOUT M3 MEJIKHX TOHKOCTEHHBIX
KJIETOK U OIIOSICBIBAET KOJIBIIO KaMOMs, OKpYsKaiolnero 0ojee IIu-
PoOKOe KOJbIO npeBecuHbl. [1o mepudepun gyba oTMeUEHBI peaKe
CKJIEpeHXMMHbBIE BOJIOKHA. B cocTaBe ApeBEeCHUHBI UMEIOTCS COCYAbI
u tpaxeunnl. CepareBrHa KOPHEBUIN pacTeHuil u3 cem. Pyrolaceae
CJI0KeHa M3 KPYIHBIX TOHKOCTEHHBIX MAapeHXWMHBIX KJETOK. Ya-
CTO ¥ MHOTOJIETHUX PACTeHUH cepAlleBUHA KOPHEBUINA IpecTaBe-
HA KPYIHBIMU MAapPeHXUMHBIMHU KJETKaMHU, B KOTOPBIX COAEPIKUTCS
00JIBITIOE KOJMYECTBO KPaxXMaJbHBIX 3€PeH W IPYy3 oKcajaTa KaJb-
nus (Crpymnan u ap., 2010).

st TOA3eMHBIX IT00€I0B KOPHEBUIITHBIX TPABIHUCTBIX ABY10JIb-
HBIX ¥ OJHOMOJBHBIX PACTeHUIl XapaKTepHO pas3HooOpasme IIPOBO-
IAIUX, 3aacaolnX 1 MeXaHuYecKux sjeMeHToB. IlokasaHo, 4TO
aHATOMHUUYECKOe CTPOeHUWEe KOPHEBWUII JAaTYaTOK OIIpeJessieTcsa TH-
moM (QOPMUPOBAHUS TTO3EMHBIX ITOOETOB (3TIUTeOTEeHHbBIE U TUIIOTE0-
reunbie) (CremanoBa, 2005). OnureoreHHbIe KOPHEBUIIA XapaKTePH-
3yIOTCA HAJIWYMEM KaMOus, OTKJIAABLIBAIOIIEr0 B TeUeHUe PAJA JIeT
MAaCCHUBBI BTOPUYHBIX TKaHe!, U MMEIOT CXOJCTBO C aHATOMUYECKOI
CTPYKTYPOH MHOTOJIETHUX HAaJ3eMHBIX IT00EroB APEBECHBIX pacTe-
Hui#. ['umioreoreHHbIE KOPHEBUIIA, KAK ITPABUJIO, Pas3leJIeHbl HA JBe
30HBI — ILIATUOTPOITHYIO WM OPTOTPOIHYIO. [IJId HUX XapaKTepHBI pe-
OYKIIUA JIUCThEB U cjabas JesTeJbHOCTh KaMOUs B IJIATHMOTPOIIHOM
yacTtu. PasHooOpasue CTPYKTYPHBIX OCOOEHHOCTEll KOPHEBHII[ pac-
TeHuil ceM. Pyrolaceae 00ycIOBJI€HO pasiInuYuAME B pasMepax aHa-
TOMO-TOTOTPa(PUUECKNX 30H U COOTHOIICHUAMHU MEKIY IIePBUUYHOI
KOpO# U CcTeJio, JIyOoM, IpeBecuHoii u cepaieBuHoi B crene (Tap-
muc, 2003, 2007). 9Tu pasauumsa cHayajla BOBHUKAIOT B TIPOIIEC-
ce mepBuYHON AuddepeHuanuy I03€MHBIX I100er0BbIX OPraHOB, a
3aTeM IIPU UX BTOPUYHOM YTOJINEHUM, KOTOPOE IIPOUCXOIUT 0JIaro-
Iaps OeATeJIbHOCTH KaMOus.

OlleHKY BHYTPUBHUIOBON M3MEHUMBOCTH AaHATOMO-MOP(OJIOTHU-
YeCKUX IMPUBHAKOB KOPHEN M KOPHEBUII BBICIIIUX COCYIUCTHIX CIIO-
POBBIX U IIBETKOBBIX PACTEHUI IPEACTABICHBI B COBPEMEHHBIX CBOJI-
kax JI.I'. Tapmwuc (2003, 2007). Ha ocHOBE KOMIJIEKCHOTO CPABHU-
TEJBHOTO U3YyUYEeHUS aHATOMUYECKON CTPYKTYPHI IIOJ3€MHBIX Opra-
HOB aBTOPOM ITOKAa3aHBI OCHOBHBIE HAIIPAaBJIEHUSA DBOJIIOINU CHUCTEM
TKaHell B KOPHAX BBICIINX PACTEHUI M3 Pa3HBIX TAKCOHOMUYECKUX
rpymi. BuIABIEHO, YTO M3MEHAIOTCS HauMeHee CIeIlnaJi3UupPOBaH-
Hble CTPYKTYPHBIE BJIEMEHTHI — KJIETKH IMapeHXUMBbI, BXOIAIINE
B COCTaB II€PBUYHOM KOPBHI WJM BTOPUUYHO IIPOBOMSIIUX TKAHE.
OlleHKa BHYTPUBUIOBOM N3MEHUNBOCTH CBHUAETEILCTBYET 00 YCTOM-
YHMBOCTH IIO3€MHBIX OPTaHOB PACTEHUII PasINUYHBLIX CHCTEeMATHUe-
CKUX TPYIHO K 9KOJOTHMUYECKUM YCJIOBUAM IIPOU3pPACTAHUA. ¥ KOH-
CepBATUBHBIX Y3KOCIIEIIMAIN3UPOBAHHBIX ['PYIITaHKOBBLIX, IIPUHA/I-
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JeKalux K IPeBHEMY IO IIPOUMCXOKAEHUIO TAKCOHY, aHaTOMUUe-
CKasd CTPYKTypa KOPHEBUIIN cjab0 BapbUPyeT B 3aBUCHUMOCTU OT
SKOJIOTUUECKUX YCJIOBUU IPOM3PacTaHUA Ha TEPPUTOpUU ¥ paJia,
ITpubantuxku, 3anaguoit u Ilenrpanbuoit Cubmpu (Tapime, 2003,
2005a, 6, 2007). B manpasaenuu ot FO:xuoro mo ITomapuoro Ypasa
y pacrenuii Pyrola rotundifolia L. (rpyuianka KpyTJIOIUCTHAS) He-
3HAUUTEJNHHO YMEHBIITaeTCs MMOoIepeyHoe ceueHre KOPHEeBUII, MpakK-
TUUYECKU He MEHSIOTCA PasMephbl CepAIleBUHBI U ()JIOIMBI, KJIETOK
TIapeHXUMbI KOPbI U CEPAIIEBUHBI, HO OTMEUEHO yMEHbBIIIEHUE pPas-
MEPOB KCUJIEMBI IIOA3E€MHBIX ITIOOETOB.

DYHKIINOHAIBHBIN IOAXO0A B M3YUEHUN CTPYKTYPHON OpraHu-
3all¥ MOI3€MHBIX OPraHOB HEOOXOAMM [IJIS BHISICHEHUS 3aKOHOMED-
HocTel (hopMUPOBAHUA U PYHKIIMOHUPOBAHUS KOPHEBUII[. B HacTO-
sIree BpeMs MaJOYUCJIEHHBI JaHHbIE 00 OCOOEHHOCTAX CE30HHOTO
U3MEeHEHUA aHATOMUYECKOU CTPYKTYPHI IOJA3€MHBIX OOETOB, BJIN-
STHUU IIPOIleccOB MopGoreHe3a KOPHEBUIIA U OHTOTeHEe3a MHOTOJIET-
Hero pacTenus Ha amaToMuio. OcoO0eHHOCTH aHATOMUUYECKOI CTPYK-
TYPbI KOPHEBUIIT MATHI B IIPOIIECCE UX OAUYHOr0 PA3BUTUS PACCMO-
TPeHBI B OTAeJbHBIX paborax (KouapatrbeBa u ap., 2005). B mosgue-
OCEHHUU IIepPUO]] BHISIBJIEHO YMEHBIIIEHUE TOJIIUHBI (I09MHO-KCHU-
JIEMHOTO KOMILJIIEKCA UM YBEJIWUYEHUE TOJIIUHBLI IEePBUYHON KODHI,
4TO 00YCJIOBJIEHO IIEPECTPONKON MeTaboIM3Ma IPU MOATOTOBKE pac-
TeHUH K Iepuoay 3sUMHero moKosd. IlokasaHa cBsI3b aHATOMUYECKOIT
CTPYKTYPHI C MOP(MOJIOTUUECKUMHU XaPaKTEePUCTUKAMU M00ETOBBIX
cuctrem (CremanoBa, 2005). B TkamaxX cuMIOAMaJbHO HapacTaio-
X KOPHEBUIN OOMJIbHO IIpeACTaBJIeHA TepMUHAJbHAA IapeHXU-
Ma — TAHTeHTAJbHbIE TAPEHXUMHbBIE IIPOCJONKN Ha T'PAHUIE CJIOEB
mpupocTa BTopuuHO# KcmieMbl (MwuxaitioBckasa, 1972). Pazsurtue
TePMUHAJIBHON HaPEHXUMBbI CBA3BIBAIOT C AKTUBHBIM OTTOKOM aCCH-
MUJISITOB B OCEHHUI IIEePUOJ, 3allaCaHNeM U PeyTUIN3aIueil BO Bpe-
MsI BECEHHEro pocTa.

Takum o6pas3oM, aHaAJIM3 COBPEMEHHOM JIUTEPaTyphl IIO0 aHATO-
MUY TUIIOT€OUATPOIHBIX IT00Er0B — KOPHEBUII OTPAYKAET PEe3YJIb-
TaThl U3YUEHUSA PA3HOOOpasmsa aHATOMUUYECKUX CTPYKTYDP IIOJ3eM-
HBIX 00eros. K HacTosAleMy BpeMeHU MCCJIEeLOBAHUSA 10 (PYHKIIHU-
OHAJILHOI aHATOMHUU KOPHEBHII B IIpollecce nx mMopdorenesa, B 3a-
BHCHUMOCTH OT BO3pAacTa IMOA3eMHOro0 mobera KpaiiHe MaJOUnCIeHHBI
u dparmerTapabl. OqHON M3 Ba’KHBIX 3aJad ABJIAETCA pPaspaboT-
Ka BOIPOCOB B3aMMOCBA3U CTPYKTYDPHOM OpPraHM3aIUU IMION3eMHBIX
1mo6eroB ¢ X (YHKIMOHATbHONU aKTUBHOCTBHIO W JKMBHEHHON CTpa-
Terneil KOPHEBUIIHBIX MHOTOJIETHUX PACTEHHH C PAsHBIM PUTMOM
CEe30HHOT'0 Pa3BUTUA U 9KOJIOTO-IIEHOTUUECKON IMPUYPOUYEHHOCTHIO.
9TO IMO3BOJUT TIy0O:Ke MOHATH MOPGODU3UOJIOTUUECKHE U 9KOJIO-
ruyecKue 3aKOHOMEDPHOCTH (DOPMUPOBAHUS U (PYHKIIMOHUPOBAHUS
IIOI3EMHOT'0 MEeTaMEPHOTO KOMILJIEKCa.
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1.4. PocT, pa3suTue 1 poCTOBble OpUEHTaLUn
noa3eMHbiX Noberos

KopHeBuina u cTooHBI (reoduibHbIe T00ETH) UMEIOT IUATPOII-
HyI0 (TOPUBOHTAJBHYIO) OPMEHTAIIUI0 POCTa, TO €CTh PACTyT IIep-
MeHAUKYJIIPHO ocu rpaButanuu 3emau. KoHyc HapacTaHus KOp-
HEBUI[ U CTOJIOHOB y OOJBIINON T'PYHMIBI TPABAHUCTBIX MHOTOJIET-
HUKOB IePpUOANUYECKN (OPMHUPYET MOUKU, KOTOPhIE IIePeXOnsaT B
Haa3eMHBIN mober — mober 3akpemyenusa (CepebpakoB, Cepedpsaxo-
Ba, 1965). Takoii Tun moOera Ha3bBIBAIOT TaK:Ke capMeHTOM (JaT.
sarmentum — OTHPBICK) — IIOJ3eMHBIM II00EroM, CIIOCOOHBIM IIepe-
XOAUTh W3 AUATPOTHOTO (TOPU30HTAJIBHOTO) B OPTOTPOMHEBIN (ac-
CUMUJINPYIONINI) HaA3eMHBIN mo0er, MuHysa mepuon mokos (Map-
KapoB, 'omoBko, 19958). CapMeHTHI (GOPMUPYIOT CTOJOHOOOPA3Y-
ormue (puc. 2) m KopHeBuUINHBIEe (puc. 3) BUALI pacTeHuii. Amu-
KaJbHAas JYacThb CAapMEHTAa B IIPOIIECCe OIPEeaeIeHHOrO IIeproaa IIoI-
3eMHOT0 TOPU3OHTAJIBHOI0 pocTa AuddepeHupyerca 1 GopMupyeT
GOTOPUIBHBIN T'MCTOJOTUUECKUN KOMILJIEKC — JINCTOBbIE IIPUMOP-
IUU. OTO SABJIAETCSA OCHOBHBIM IIPU3HAKOM, OTJHMUYAIONINM CAPMEHT
OT KOPHEBWUII] U CTOJOHOB. CapMeHTHI BHIMOJNHAIOT (YHKIINIO Bere-

Puc. 2. CapmeHTbl (A) 1 ctonoHbl (B) Solanum demissum Lindl. Ha pa3nuyHbIX
¢asax BeretatmBHOro passutusa (Mapkapos, fonosko, 19958).

Fig. 2. Sarments (A) and stolons (B) of Solanum demissum Lindl. plants at
different vegetation phases.
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Puc. 3. MNMoasemHbIi MeTaMepHbIi KoMnnekc pacteHun Achillea millefolium
BTOPOrO rofia Xu3Hu. 1 — capmeHTbl, 2 — kopHeBuLwa. MacwTabHas nuHerika: 10 cm.

Fig. 3. Underground metameric complex of second summer Achillea millefolium
plants. (1) sarments, (2) rhizomes. Scale bar: 10 cm.

TATUBHOTO Pa3MHOKEHUs, (GOPpMUPYs IOBEHUIbHbIE PACTEHUS B Te-
yeHUe TeKyIero mepuoga Bereramuu (Jlesuua, 1981). Taxoit Tum
mo6eroB o6pa3yiOT KOpHeBUIIHLIe 3j1aku — Phalaroides arundina-
cea (L.) Rauschert (IByKuCTOUYHUK TPOCTHUKOBUIHBII), Bromopsis
inermis (Leyss.) Holub (xocTpern 6e3octsiit), Elytrigia repens, pac-
reuus Achillea millefolium, Tussilago farfara L. (maTb-u-mauexa),
kycrapauuek Vaccinium myrtillus.

Ha mHoOroumc/ieHHBIX KOPHEBUIIHBIX M CTOJIOHOOOPABYIOIUX
BUIAaxX OBLIO JOKA3aHO, UTO TUIl IOA3eMHOTO mobera (CTOJIOH, cap-
MEHT) U ero OPUeHTAI[Ms POCTA He 3aBUCSAT OT IPOAOIKUTEIHHOCTH
doTomepuona, 06pPabOTKYU (GUTOTOPMOHAME U JeKAIUTAINN TJIaBHO-
ro (mapsemuoro) mobera (Mapkapos, I'omoBko, 1995a). ITokasano,
YTO OPUEHTAIlUA POCTa OOKOBBIX IIOUEK He KOHTPOJIUPYETCS Aallu-
KaJbHOM IOYKOI MOA3EeMHOTrO ITo0era — KOPHEBUIA WJIU CTOJIOHA.
Peakiinsa O0KOBBIX ITOUEK 3aBUCHUT OT YCJIOBUM MX 3aJ0MKEHUA: II0U-
KU, chOpMUPOBAaHHLBIE B TEMHOTE, IIPOABJIAIN OTPULIATEIbHBIN (o-
TOTPONM3M, a Ha cBeTy — mojoxkuTenabHbIN (MapkapoB, I'osmoBKoO,
19956; MacisoBa, 2001). ABTOHOMHOCTE POCTOBBIX PEAKIIUN IIOJI-
3eMHBIX I100eroB, UX JaTepPaJbHbIX 30H 00eCIIeUYnMBAeT HAJIUYUE I10-
cToAHHOTO ()OHJA IOJA3€MHBIX MOUEK, OTPacTaHUe U BO30OHOBJIEHUE
(PUTOIIEHO30B, (DOPMUPYIOIINXCA B IIINPOKOM AUAaNa30He KJIMMATH-
YEeCKUX U 9KOJOTO-reorpaduuecKux yCJIOBUIL.

T'opmonanpHBIlT 0ajlaHC MOA3EMHOTO METAMEPHOTO KOMILIEK-
ca oIIpegeJjideT KOPPeJATHBHBIE B3aMMOOTHOIIIEHMA ANNKAJILHON
u OOKOBBIX IIOUEK B IIpejesax IOoA3eMHOro mobera. B pesyibra-
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Te yoaJeHUs aluKaJbHBIX CEIMEHTOB KODHEBWUII] IIbIPes II0JI3yYe-
ro (Elytrigia repens) IpOUCXOAUT pacTaKeHUe (BBITATUBaHUE) IIa-
3YIIHBIX ITOUEK y:Ke uepe3 24-48 u mocise nexanurtamnuu (Pearce et
al., 1995; Taylor et al., 1995). B mepsoie 24 u mocJie HeKaIuTAIIUN
KOPHEBHUII] COepsKanme abCIm30B0Oi KMCIOThI CHIKaJIoch Ha 20% ,
a KOHIIEHTPAIlUsA ayKCHHA He M3MEeHsSJIachb. ABTOPHI 3aKJIIOUWJIN,
YTO OCBOOOKIEHME Ia3yIIHBIX IOYEeK OT allMKaJbHOTO JOMUHUPO-
BaHus y E. repens He CBsI3aHO cO CHU)KeHUeM cogep:kauusa UVK, a
00ycJIoBJI€HO yMeHbIleHueM KoHIeHTpanuu ABK.

Ha npexacraButensax cemeiicTe Solanaceae, Oxalidaceae, Ba-
sellaceae, Lamiaceae, Asteraceae, Poaceae ObLI0 yCTAHOBJIEHO, UTO
mouKY, (QOPMUPYIOIINE IIOA3eMHbIe moberu, 3akJaanbiBaoTcsa Ha I
aTame OpraHoTeHes3a, He3aBUCHUMO OT (hOTOMEpHoJa U BUOA PacTe-
uus (MapkapoB, 1996; Mapkapos, Macaosa, 1998). II sTam opra-
HOTeHe3a HaJ3eMHOT'0 OPTOTPOIIHOTO Iobera xapakrepusyercsa aud-
depeHIIMAIINEeN OCHOBAHUSA KOHYCAa HapacTaHWs Ha 3a4aTOUHbBIE y3-
Jbl, Mexkaoya3aua u crebsueBbie guctbA (Kymepman, 1977). Ilou-
K1 OOKOBBIX II00€T'0B HA3€MHOI 4acTH CTe0JIA 3aKJIaLbIBAIOTCS IIO-
cJjie TToYeK, (hopMUPYIONINX KOPHEBUIIA, CTOJOHBI U CAPMEHTBI. ITO
MOJKHO paccMaTpUBaTh KaK OJWH M3 MEXaHN3MOB HAIEKHOCTU Be-
reTaTUBHOTO PA3MHOKEHUSA UM OBICTPOrO 3aKpPeIlIeHUs TPaBIHU-
CTBIX MHOTOJIETHUKOB B IT€HO3E.

H3BecTHO, UTO Opraubl II00OErOBOI IIPUPOABI IPOSBIAIOT II0JIO-
JKUTEJBHBIN (hoToTponu3M (M3rmbaroTcsa IO HAIIPABJIEHUIO K MCTOY-
HUKY CBeTa) U OTPUIATEJIbHBIA I'DaBUTPONU3M (PACTyT B IIPOTUBO-
TOJIOKHYIO OT IleHTpa 3eMJU CTOPOoHY). PUBMOJIOTHUECKUEe MeXa-
HU3MBI 3TUX PeaKIuii M3ydaroTcs AABHO W PACKPBITHI OCHOBHBIE
sakonomeproctu (Wilkins, 1979; Hensel, 1986; Leopold, 1992;
Trewavas, 1992; Ilomesoit, 1982, 1984, 1986; MeaBener, 1996).
Corsacuo Teopumn XoJsogHoro — BeHTa GOTO- ¥ I'paBUTPOINYECKILE
POCTOBBIE PEaKIIMU PACTEHUI ABJIAIOTCS PE3YyJIbTAaTOM IIOIEPEYHO
BJIEKTPUUYECKOU IoJApu3anuu TKaHu, npu Koropoit MYK Tpanc-
MOPTUPYETCA K MOJOKUTENHLHO 3apAKeHHBIM yYaCcTKaM PaCTUTEJb-
Hoit TKaHu. OMHOCTOPOHHEEe OCBeIlleHre, BhI3hIBaoINee (POTOTPOIIN-
YeCKUUA M3rubd, ABJISETCS NPUUYNHON KOHIEHTPUPOBAHUS ayKCHHA
Ha 3aTeHeHHOo# cTopoHe. IIpu rpaBUTPONNUYECKON peaKIluy HaI3eM-
HBIX OCEBBIX OPTaHOB U KOPHEeI HeMaJoBaKHOEe 3HAUEeHUE MMEeT I10-
JaspHoe mepemerrienne nonos Ca?'. JlarepasibHble MOTOKM ayKCHHA
HaIlpaBJIeHLl K HMUMKHeH cTopoHe, a MoHBI Ca’?" TpaHCIOPTHUPYIOT-
cA K BepxHell CTOPOHE TPaBUCTUMYJUPOBAHHBIX HAA3€eMHBIX OpTa-
HoB pacreuuii (Mexnsenes, 1996). Ilepememenne nouos Ca%', nuugy-
nupoBannoe YK, cBs3aHbI ¢ JelicTBMeM ayKCHHA Ha padoTy IIpPo-
TOHHOM TOMIIBI M C U3MEHEHUAMHU B paboTe CUCTEM MeMOPaHHOTO
TpaHcmopra mouosB Ca?*,

BocmopusaTrre CUIBI TSKeCTH y OOJBINTHMHCTBA PaCTeHUM CBsA3a-
HO C IepeMellleHreM CTaTOJIUTOB (KPaxMaJIbHBIX 3€DeH) B CIIeIlra-
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JIUBUPOBAHHBIX KJIETKAX KOPHEBOTO UEXJWKAa, a HaA3eMHBIMHU Op-
raHaMu — B KJETKaxX, oKpyskatomux cocyauctoie myuku (Wilkins,
1979). B KauecTBe CTATOJUTOB KPOME aMUJIOILJIACTOB MOTYT CJIY-
SKUTDH XJIOPOILIACTHI, anmnapar ['oJbIK1, BKIIOUYEHNA TUIIA IPY3 Ila-
BEJIOBOKHCJILIX COJIeli, cyabdara Oapusa, KapboHaToB u T.n. Iloja-
raioT, YTO B HaJ3eMHBIX OpraHax (KOJIEOITUIN, TUIIOKOTUIN, MEMK-
IOy3JInsA) TPaBUTAIMOHHOE pPasAparkeHre BOCIPUHUMAETCs IO Bceit
nnaune pactymieii soubl (Firn et al., 1978). ¥V 31akoB perenmnusa
CHJIBI TSKECTU OCYII[ECTBJIAETCA IONYIIeUKaMU JIMCTOBBIX BJara-
JIUII, KOTOPhIE MMEIOT CIEINAIN3UPOBAHHBIE KJIETKU C aMUJIOILIA-
cramu (Kaufman et al., 1987), a y Kaymanxoe MaKCUMaJLHBIH rpa-
BUTpOIKUYeCKuil m3rub mpoucxoaut B yauaax (Meicenheimer, Na-
ckid, 1994).

Peaxmuu oTpuiiaTeIbHOTO IPABUTPOIIN3MA U IOJIOKUTEIHLHOTO
doToTponI3Ma OPTraHOB IOOETOBOI IIPUPOABI ABIAIOTCA (UTOXPOM-
3aBUCUMBIMU. OTTUKOTUIb, THTIOKOTUJIb PACTYT BEPTUKAJILHO (OPTO-
TPOIIHO) K IIOBEPXHOCTH IIOYBLI I PEATMPYIOT HA €CTECTBEHHBIN CBET
¥ Ha KPACHYIO YaCTh CIIEKTPA TOPMOYKEHHEM POCTa U BBIMPSIMJIEHH-
€M BepXYIIeYHON «IeTJH».

KopHuu, KopHeBUIIla, CTOJOHBI, B OTJIMYME OT HAIA3€MHBIX Op-
TOTPOIHBIX ITOOEr0B, XapaKTEePU3YIOTCSA OTPUIATEJIbHBIM (POTOTPO-
nmu3MoM (u3rubarTcsA B IIPOTUBOMIOJOMKHYIO OT WCTOUHHMKA CBETa
CTOPOHY) U IOJIOMKUTEJNbHLIM I'DABUTPONU3MOM (PACTyT IO HAIIPaB-
JIEHUIO K IeHTPY 3eMjan). PU3N0oJOTHUeCKre MeXaHU3MBI T'MIIO- U
sIUTEeoAVarpaBUTPONU3MAa 0a3abHBIX M00EeroB (KOPHEBUII, CTOJIO-
HOB, YCOB, ILJIeTE€i) JOJITOe BPeMs OCTABaJIMCh HEM3BECTHLIMU HAy-
ke (Yopuur, @uianunc, 1984; Cline, 1991). B otyimuue ot Hagsem-
HBIX OPTOTPOIIHBIX MOGETOB, KOPHEBUIIA, CTOJOHBI IPOAOIIKUTEND-
HOe BpeMs WM IIOCTOSHHO PACTYT B TOPU3OHTAJIBHOM (ZUaTPOII-
HOM) IIOJIOKEHUU IIOJ, MW HA MOBEPXHOCTHU MOYBBLI, HE IIPOABJIAS
rpaBU- U (DOTOTPONMUUECKUX PEeaKIIUii.

Ha ocHOBe MHOTOUYMCJIEHHBLIX 9KCIIEPHMEHTOB M3yUYeHBI MeXa-
HU3MBI POCTOBBIX OPHMEHTAIIUH W BBISIBJIECHA POJIb (PUTOXPOMA B OPU-
€HTAIINY TMOA3eMHbBIX TO0OEroB — CTOJIOHOB U KopHeBuIl (Mapkapos,
T'omoBko, 1995a). ITokasaHo, UTO AeKamuUTaAIUs HAA3eMHOTO Imobe-
ra 1 IpoAOJIKUTEIbHOCTb (DOTOIEPUOA He BIAUSIOT Ha OPUEHTAI[HIO
pocTa Mmoa3eMHBIX 100eroB. B ombiTax II0 BJAMSHUIO CBeTa HA MOP-
doreHes KOpPHEBUII], CTOJIOHOB U CAPMEHTOB IOKAa3aHO, UTO OPUEH-
Tamusa PoCTa IOA3eMHBIX H00ETOB KOHTPOJUPYETCA (PUTOXPOMHOM
cucremoit (MapkapoB, 1994, 1996; Mapkapos, 'omoBko, 199506).
DPuUTOXPOM — OAUH M3 BAYKHEHIINX CEHCOPHBIX IUIMEHTOB, (QYHK-
MUOHUPYIONINI IPEeuMYIIeCTBEHHO B KPACHOUW M AajibHEel KpacHOii
00J1aCTU CIIEKTPa, YYACTBYIOUIUI B PETyJAIUUA POCTA U PA3BUTUS
pacrennii. ITo muenuio A.M. Mapkaposa (1996), ¢putoxpom B op-
Me KpPacHOTO O0YyCJIOBJIUBAaET IOIepiKaHNe TOPU30HTAJIHLHOTO PO-
CcTa KOPHEBUII] ¥ CTOJIOHOB ITOJ TOBEPXHOCTHIO MOUBBI, a (PUTOXPOM
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B (hopMe maabHEro KPacHOro IPENATCTBYeT BHIXOAY BEPXYIIKU II0-
0eros Ha IOBEPXHOCTb MOYBLI. PeryjasTopHble PYHKIUN (PUTOXPO-
Ma peasn3yIOTCs B 3aBUCUMOCTH OT IIPOIIECCOB OpraHooOpasoBaHUS
KOHyCa HapacTaHusA MoA3eMHOTo mobera. @oTo(oOHbBIN mepuoa pas-
BUTHS IIOLN3E€MHOI0 Io0era xapaxTepusyeTrcs oOpasoBaHMEM MeTa-
MEPOB C UeIllyeBUAHBIMU JUCTHAMU, TUATPABUTPOIU3MOM, OTPUILA-
TeJbHBIM (DOTOTPONIH3MOM. B (OTOGUIBHBIN IIePUOS MPOUCKXOIUT
o0OpasoBaHNe 3eJIeHbIX Pa3BUTBIX JIHCTLEB, IIO0OErM IIPOSBJISIOT II0-
JIOKUATEJIbHBIA (POTOTPOIM3M.

Kpome Toro, cyimecTByOT sKCIEePHMMEHTAJIbHBIE TaHHBIE, CBU-
IeTeJbCTBYIOIINE O Pou (GUTOXpoMa B (DOTOIEPUOANUECKON peax-
nuu yroJineHusa (3amacarolneit GyHKIuu) KopHepuina (Junichiro
et al., 2007). IlokasaHo, uTO OeJIbIiH, KEJITHIH M KPaCcHBIN CBET CIIO-
CcOOCTBOBAJIM POCTY KOPHEBMUII] JIOTOCA B AJINHY, & CUHHUN, »KeJTHII
W TaJbHUUN KPACHBIA CBET — UX YTOJIIEHUIO.

B Hacrosliee BpeMsa NOCTUTHYT 3HAUYNTEIbHBIA IIPOTPECC B M3-
YUYEeHNN MeXaHU3MOB I'paBUTponM3Ma W (POTOTPOIH3MA KOPHEH u
MoGEeroB, y4acTus PasJIUYHBIX (POTOPEIENTOPOB M UX B3aUMOeii-
CTBUSA B PETyJsIlUM 3TUX IpolieccoB. IlokasaHa poJib GUTOXPOMOB
B rpaBUTpONU3Me U (POTOTPOIHM3Me IT00EroB u KopHei Arabidopsis
thaliana (Lariguet et al., 2003; Kiss et al., 2003; Correl, Kiss,
2005; Kumar et al., 2008; Hopkins, Kiss, 2012). KpacHblil cBeT
UHIYIIUPYET MOJOMKUTENbHBIN (oToTponu3M B KOpHAX Arabidopsis
(Kiss et al., 2003), a pemenmus CBeTOBOTO CUTHAJA OCYIIECTBJIS-
eTcsl HeloCcpeICcTBeHHO B 9TUX rereporpodubix opranax (Hopkins,
Kiss, 2012). IleHTpasbHada POJb B peryadanuu GorTo- ¥ IpaBUTPO-
Mu3Ma TUIOKOTUJISL W KOPHSA MNPUHAIJIENKUT (PUTOXPOM-KHHAZHO-
my cyoctpary (PKSI1-PKS4) — meMOpaHoO-CBA3aHHOMY OeJKY, KO-
TOPBIN B3aWMMOJIEMCTBYET C (PUTOXPOMOM, KPHUITOXPOMOM M (POTO-
tponunom (Lariguet et al., 2003, 2006; Boccalandro et al., 2008;
Molas, Kiss, 2008). 9xcupeccusa 6enxa PKSI mon melficTBueM CH-
HEero cBeTa mpu ydyacTuu (puToxpomMa A, BTOPUUYHO a0COpPOUpPYIOIIe-
o CUHHI CBET, OCYIIECTBISAETCA B CyOANNKAJIbLHOM PernoHe KOPHS
¥ BBI3BIBAET OTPUIIATEIbHBIA (DOTOTPOIINU3M U IIOJIOKUTENBHBIN rpa-
puTpomnusm atoro oprana (Boccalandro et al., 2008). OgHako mpax-
TUYECKU HUYEero He M3BECTHO O MOJIEKYJIAPHBIX MEeXaHM3MaxX MOp-
doreHesa ruio- U SMUTEOAUATPOIHBIX I100EroB, (GhUTOXPOMHOI pe-
ryaanuu GOoTo- U AUATPABUTPONM3MA CTOJOHOB M KOpPHeBUIl. Exu-
HUYHBI CBeINeHUS 00 JKCIIPECCHUM I'€HOB OEeJIKOB, YUYaCTBYIOIIUX B
PeryaAnuy OesATeJbHOCTH IIOA3eMHBIX MEPHCTEM, KOHTPOJIUPYIO-
X GoTodOoOHBIN 1 (POTOPUILHBIN ITAIl OPraHOTreHe3a BepXyIlled-
HOIl mouKm mojs3eMHoOro mobera. Hoselilime ucciemoBaHUA JOKa-
3BIBAIOT MIPUCYTCTBUE (DOTOCMHTETUUYECKUX TeHOB (0eJKOB (hOTOCH-
cremsl I u II, xgopodunna a, amonporenna Al u dororponuHa-2)
B MEPHCTEMATUYECKON 30He reTepOoTpPOdHBIX TKAHEH KOPHEBUIIA
(Ruifeng et al., 2012), skcmpeccuss KOTOPBIX MOKET HPOUCXOIUTH
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Ha (oToduabHOM dTane MopdoreHesa IOA3EMHBIX ITOUEK IOX Jeii-
cTBUeM cBeTa. MoJleKyJIdapHO-TeHeTHUeCKUe MCCIeNOBaHUus JaTe-
PaJbHBIX IOA3E€MHBIX MePUCTEM MHOTOJETHUX 3JaKOB u3 p. Ley-
mus CBUJETEJBCTBYIOT 0 MOJUMOP(pU3Me 3KCIPeCCUU T'eHOB, BOBJIE-
YeHHBIX B I'DABUTPONMNUYECKUII OTBET IIOJ3€MHBIX IIOUEK B 3aBUCHU-
MOCTH OT HAIpaBJIEHUA UX POCTA, IPOABIAIONIUX OTPUILATEIbHBIHN
TpPaBUTPONU3M ([[ePHOBUHHBIE TPABBI) U AUarpaBUTPONNU3M (KOpHe-
purHble TpaBwl) (Kaur et al., 2008).

IIpo6sema wusyuenus perynamum ¢oTomMopdoresesa, PpOCTO-
BBIX OPHUEHTAIIWI MOABEMHBIX IIOOErOB MMEET He TOJBKO TEOPEeTH-
YecKoe, HO U MPAKTUYECKOe 3HAUeHNUe, TaK KaK CIEeKTPAJIbHBIA CO-
CTaB CBeTa ABJIAETCA OJHUM M3 OCHOBHBIX (DAKTOPOB, OIIPEIEJIAIO-
IIUX MHTEHCUBHOCTH 1100er000pa3oBaHus, IPOAYKTUBHOCTE U YCTOM-
YUBOCTH INeHomomyadmnuii. Ilog MJIOTHBIM IOJIOTOM COOTHOIIEHIE
KpacHBI CBeT/IaJIbHUI KPacHBIM CBET CABUHYTO B CTOPOHY JaJILHETO
KPacHOT0, YTO fABJIAETCA ONHON M3 IMPUYMH IOJaBJIeHNsA 1106eroodpa-
30BaHUA. CKamIMBaHVE MV CTPABJIMBAHVE BOCCTAHABIUBAET COOT-
HOIIIeHUe, YTO BJIAaTONPUATCTBYET MHTEHCUBHOMY OTpPAaCTaHUIO U (hop-
MUPOBAHUIO KOPHEBUIIIAMU HOBBIX HAI3eMHBIX ITOOETOB.

1.5. ®usnonoro-6MoxMMmnyeckue acnekTbl
pocTa u YCTOMYMBOCTU KOPHEBULL,

ITogsemHuble moGern — KOPHEBUINA — 00€CIIEUMBAIOT YCIIEITHBIN
OHTOTe€HEe3 TPABAHMNCTBIX MHOTOJETHUX PACTEHUN: C UX ITOMOIIIBIO
OCYIIIECTBJISIETCA BereTaTUBHOE DPasMHOKEeHUe, paccejieHue, Iepe-
3UMOBKA M PaHHEBECEHHEe OTpacTaHWe KOPHEBUIIHBIX PACTEHU!II.
Ces3oHHAA PUTMUYHOCTH IIPOIIECCOB *KUBHEAEATEIHLHOCTU KaK IIPU-
cmoco0JieHre K IepeHeceHU0 HeOIaronpuATHRIX IEPUOIOB T'ojla SIB-
JsieTCs BaXKHEHWINMM aJalTUBHBIM IIPU3HAKOM, BOSHUKIIUM B 3BO-
Jonuu pacrenuii. HauboJsiee 4eTKO 9TO MPOSBIAETCS B IEPUOLNU-
HOCTHU pocTa. B X0JI04HOM KImMaTe ¢ IPOLOJIKUTENIBLHON 1 CypPOBOit
3UMO¥ pacTeHUA OCEHBIO IEPEXOAAT B COCTOSAHME IJIyOOKOro (opra-
HUYECKOTO0) WJM BBIHYMKJEHHOTO TOKOs. B HUX OCYIIeCTBIAIOTCA
mpoliecchl 3aKaJnuBaHUA, obecreunBaoIe (GopMuPOBaHIE MOPO30-
crotikoctu (Tymanos, 1979; Tpynosa, 2007). IIycKOBBIM CUTHAJIOM
s 3aBEPIIIeHNA aKTUBHOM BereTallvy U Havaja 3aKaJIMBaHUS CJIY-
JKUT yYMeHbIlleHre AJauHbI 1HA. Ha poHe KOpPOTKOTO CBETOBOTO JHS
IepecTpanBaeTCsi TOPMOHAJLHBLIN 6ajlaHC B Pe3yJbTaTe yMEHBIIIe-
HUS COMePIKaHUSa ayKCUHOB U TM00ePeIINHOB U HAKOIIJIEHUA WHTH-
outopa pocta ABK. 9To IpuUBOAUT K TOPMOKEHNIO POCTOBBIX IIPO-
IIeCCOB, CIIOCOOCTBYET IlepepacirpeiesIeHNIO0 PeCypPCcoB Ha IO IepIKa-
HUe KJeTouHbIX cTPpyKTyp (Turos, Tamanosa, 2009).

IIpomeccel 3akanmBaHUsS PACTEHUH OCYIIECTBJIAIOTCS IIPU He-
OOJIBITINX MOPO3aX U CBA3AHBI IIPEKIE BCETO C BHEKJIETOUHLIM 00pa-
30BaHUEM JbJa. MeXKJIeTOUHOe JbT000pa30BaHIe 3AIUINAET KJIET-
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Ky OT IOBPEKIEHUsS BHYTPUKJIETOUHBIM JbAOM, & TaKiKe IPOUCXO-
IUT 06OTPeB IIPOTOILIACTA BBIAEISIONINMCS TEILJIOM IIPKU o0pa3oBa-
uuu abpga (Kaumos, 2001). CyiiecTByeT BHEKJIETOUHBIH IIyTh 00pa-
30BaHUA JbJa, XapaKTePHBIN AJIA MEPUCTEMATHUYECKUX KJIETOK, KO-
TOpPbIE HEe MMEIOT BaKyoJiel, MeHee OBOJHEHbI 10 CPAaBHEHUIO ¢ Aud-
depeHIIUPOBAHHLIMU KJeTKamMu. Hampumep, B IIOYKaAX 3UMYIOIIUX
pacTeHuit, KOTOpble HAXOOATCA B COCTOSTHUU ITIOKOs, OOpasoBaHUe
JbJA IMPOUCXOAUT B HIUKHUX UEIIYAX.

IIpomecc o6pasoBaHUA MEKKJIETOUHOTO JbJa KOHTPOJIUPYETCS
pPasIuUYHLIMU MeXaHu3MaMu. B Ipoliecce 3aKaauBaHUA B KJIETKaX
pacTeHU# IPOUCXOAUT YBEJUUYEHUE KOHIIEHTPAIMA OCMOPEryJupy-
IOIIIMX BEII[eCTB — PACTBOPUMBIX YIJIEBOAOB, COJI€H, KOTOPbBIE IIOBBI-
miaoT ocMoTmueckuil morenrnuana kiaerku (Kammos, 2001; Tpyno-
Ba, 2007). KpuonporeKkTopHasa pojb caXapoB CBA3aHA C UX CIIOCO0-
HOCTBHIO COXPaHATh HATUBHYIO KOH(pOpPMAIUi0 0eJIKOB IIPU HUBKOM
BOOHOII aKTHUBHOCTY U CHUJKATh KOHIIEHTPAIIMIO TOKCUUECKUX Be-
IIECTB IIPU 3aMeP3aHUU PacTeHuil. B COBpeMeHHBIX MCCIIeIOBAHUIX
IIOKasaHa POJIib CaxapoB B Iepeaauve HU3KOTEMIIEPATYPHOT'O CHUIHA-
na (Hupkoa, 2002) 1 B KauecTBe HU3KOMOJIEKYJIAPHBIX aHTUOKCHU-
mautoB (Deryabin et al., 2004; Hepabun u ap., 2007). IIpeamomaa-
ramor, 4To caxapa (caxaposa, GpyKTo3a, IIIOKO3a, MAHHO3a, MAHUT)
MOTYT CIYKUTH nepexBaTunkamu ADPK mpm oKUCIMTEIBHOM CTpeC-
ce, BBIBBAHHOM THIIOTEPMUEI.

OmHUM M3 Ba'KHBIX MEXAHM3MOB 3alllUTHI KJETKH OT BHYTPHU-
KJIETOYHOTO 00pas3oBaHUs JbJa SABJSETCA HaKOIJIeHUe 0eJIKOB XO-
JIOMOBOTO IITOKA — aHTU(PPUSHBLIX 0€JIKOB U 0EJIKOB, YUACTBYIOIIUX
B mporiecce HykJeanuu Jbaa (Knight, Duman, 1986; Kpacasies,
1988; Kiumos, 2001; Griffith, Yaish, 2004; Tpynosa, 2007). Au-
TudpUsHbIe OEJIKN IIOJABISIOT POCT KPUCTAJJIOB JIbIA, IPEISITCTBY-
0T UX PeKpucTajiusanuu B 0osiee KpymnHble Kpucrayiabl (Knight,
Duman, 1986). Beaxku X0J0m0BOro IIOKa — IIAll€POHBI, NEeTHUIPU-
HBl XapaKTepPU3YIOTCA BBICOKOU TIMAPOMUIBHOCTHIO W 3aIUIIAIOT
MAaKpPOMOJIEKYJIbl KJETOUHBIX CTPYKTYP OT merpajaiuu mpu obe-
3BOKMBAHNY HX BHEKJIETOUHBIM JbIOM IIpu 3amepsaHuu (SKriv-
er, Mundy, 1990). B mporecce aganTanuy PacTeHUl K IefiCTBUIO
HUBKHUX TEMIIePATYP YBEeJIUUYMBAETCS MOJIA aKBAIlOPUHOB — OEJIKOB
BOAHBIX KaHAJOB, KOTOPHIE CIIOCOOCTBYIOT BBIXOAY BOIBI M3 KJe-
TOK IIPU BHEKJIETOUHOM 00pa3oBaHUU JbJa. KpoMe TOTro, BHICOKYIO
AKTUBHOCTDH IIPOSBJISAIOT TJIMKOIPOTEMHBI, yYacTBYIOIIMe B CTa0U-
Jaus3anuu MeMOpaH, a TaKk:ke MHOTOUYHNCJIeHHbIe OeJKU, pasobIaio-
e OKucJeHue ¢ GpochopuanpoBaHUEM U BBLIZBIBAIOIIHE TEPMOTe-
Hes KJeToK (TpynoBa, 2007; Boiinukos, 2013).

B mporiecce 3akasuBaHUA KJIETOK MPU AeHCTBUM HUIKUX TEM-
mepaTyp IPOUCXOIAT M3MEHEeHUs B JUIUIHOM COCTaBe, ITOBLIIIAET-
cs o011iee comeprkaHre MeMOPAHHbBIX JUNUI0B, YBEJIUUYNBACTCA KOH-
IeHTpAaIlus HeHAaCBHINMeHHBIX KUPHBIX Kucjaor (Kpacasier, 1988;
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Vereshchagin et al., 1990; Mupouos u ap., 2001; Tpyuosa, 2007).
CremneHb HEHACBHIIIEHHOCTH JKUPHBIX KUCJOT 3aBUCUT OT aKTHUBHO-
CTU JecaTypas — SH3WMMOB, KOTOPbIE€ BBI3BIBAIOT 00pasoBaHme ABOIi-
HBIX CBsA3eH B "KUPHBIX KUCJIOTAX, TeM CAMBIM CIIOCOOCTBYIOT TTOBBI-
MIEHUI0 YCTONUYMBOCTH MeMOpPaH K JeMCTBUIO HU3KOU TeMIepaTyphl
(Los, Murata, 1998).

PesysibraToM HUBKOTEMIIEPATYPHOI afalTaluyd SABJISIOTCS U3-
MeHeHHUSA B yJIbTPACTPYKTYpPE PACTUTENLHBIX KJETOK, CBA3aHHLIE C
paspacTtanmueM ITUTOILJIa3Mbl, YMEHbIIIEHEM 00hbeMa BaKyOJIu U TO-
BBIIIIEHUEM ee 3JeKTPOHHOI IIJIOTHOCTH, yBeJWUYeHWeM MeMOpaH-
HBIX 9JIEMEHTOB KJIETKM U YHCJA ILJIACTOrJIO0YJ, HemoJIrMMepPU3alIlu-
eit nurockenera (Kpacasmes, 1988; Kratsch, Wise, 2000; Kaumos,
2001; Tpymosa, 2007). IlokaszaHO CHU:KEeHHE KOJUUYECTBA XJIOPO-
IJIACTOB, MUTOXOHAPUH, KpaXMaJbHBIX 3€PeH, I'PaH U THUJIAKOULOB
B I'paHe B KJIeTKaX JUCTHEB XO0JIOJOCTOMKOro copra TomartoB (Tpy-
HOBa, 2007). ®opMuUpoBaHUE TAKOHN YyIBTPACTPYKTYPHI CIIOCOOCTBY-
eT IIPeJOTBPAIlleHUI0 HYKJeaI[U! Jbla, IOBBIIIAET YCTONUYMUBOCTH
K 00e3BOKUBAHUIO U JIe(pOopMUPYIOIEeMYy AefCTBUIO BHEKJIETOUHO-
ro JbI000Pa30BaHUA.

B ycioBusiX yMepeHHBIX UM CEeBEPHBIX IITHPOT B 3UMHEEe Bpe-
Ms HamboJjiee MOABEPIKEHbI HU3KOTEMIIEePaTyYPHOMY CTPECCy IIOUKH
IpeBeCHBLIX pacTeHUU. B 3TuX CTpyKTypax B OCeHHe-3UMHUI Iepu-
Ol IIPOUCXOAAT CYIlleCTBEHHbIe MOP(OreHeTHUUECKe U OMOXUMUYe-
CKMe mpeo0pasoBaHUs, B XOIe KOTOPBIX 3aBepirnaercsa ()OpMUPOBa-
HIUe CTPYKTYP, YMEHBIITaeTCs OBOAHEHHOCTh TKaHell, M3MeHSIOTCS
¢usuueckue cBoiicTBa MeMOpaH, MEHAETCA KOJUUYECTBEHHBIN U Ka-
YeCTBEHHBIN COCTaB JUMNUIOB, HAKAIJIMWBAIOTCSI ITPOTEKTOPHLIE Be-
mrectBa (MuponoB u ap., 2001). ITouku BO306GHOBIEHUA MOA3€MHBIX
OpraHoOB — KOPHEBWUII, KJIyOHEIi, CTOJIOHOB, KayAeKCOB U IpP., pac-
moJiarasich Ha OIpeJeJIeHHOU IyOuHe B mouBe, n3beramT AeiicTBUSI
HUBKOM OTPUIlATEJHLHON TeMIIepaTypbl U MPAKTUUYECKU He MCIIBITHI-
BAIOT IIOTEPHU BOABLI 3MMOI, UTO UYACTO ABJIAETCA HPUUMHON rudesu
IpPeBeCHBLIX pacTeHuii. B oceHHe-sMMHUIT TMePUOJ IPOTEKAI0T BaK-
HbIe TpoIllecchl MopdoreHesa MOA3eMHBIX IT0OETOB, TPOUCXOAUT 3a-
KJIaJKa II0YeK OyIyIero rojaa, OCyIneCTBISIOTCA (PU3NMOJIOrNIeCKUe
u OMoXMMHUeCKUe IpeodpasoBaHUs, HEOOXOAUMbIe JJIS aJalTalun
KOPHEBUII] K HU3KUM TeMmieparypaMm. OZHAKO CBEJeHUS O CTPYK-
TYPHO-(PYHKIIMOHAJLHBIX IIEPECTPONKAX, OCYIIEeCTBIAEMbIX B IIPO-
mecce MmopgoreHesa IMOA3€MHBIX TOOETOB — KOPHEBUII, eIUHUYHBI.

B nutepaType mpuBOAATCA HaHHBIe 00 n3MeHeHUN OaJsiamca pu-
TOTOPMOHOB B I'OAWYHOM I[MKJI€ PA3BUTHUA KOPHEBUII IIPK amamTa-
AU FOXKHBIX (DOPM MATHI [IEPEUHOH K YCJIOBUSM CpPeIHeil I10JIOCHI
Poccuu (Benwiackasa u ap., 1997; Kouaparsesa u ap., 2000, 2005).
B TeueHume Bcero rogWYHOrO IHKJA PA3BUTHUA B KOPHEBUIIAX M-
THI HaAOJIIOLAJ0Ch TIPEBBIIeHNe IMUTOKMHUHOB Hana ypoBHeM ABK,
YTO CBSBLIBAIOT C COXPaHEHMEM MeTaboJIMUecKON aKTHUBHOCTU 3TO-
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ro opraHa B pasHble ce30HBbI. HauboJsiee BBICOKas IIUTOKWHUHOBASA
AKTUBHOCTDL BbISIBJI€HA B OCEHHE-SBUMHUIH IIEePUOJ, KOTJa IIPOMCXO-
IAT aKTUBHBIE TIPOIECChl (OPMUPOBAHUA ANUKAJIBHBIX MEPUCTEM
MOA3eMHBIX TM06eTroB OYAYIIEero BeTreTalmoHHOTO ce3oHa. Cumraer-
Csl, YTO BBICOKHUM YPOBEHDb IIUTOKMHUHOB CTUMYJIUPYET KJIETOUHBIE
neJeHus u, OjJaromaps aTTParupylolleil CIocoOHOCTH STUX (PUTO-
TOPMOHOB, CIIOCOOCTBYET (DJIOSMHOMY TPAHCIIOPTY, MPUTOKY K II0U-
KaM IJIacTUYeCKUX BellecTB. KpomMe TOTO, IIUTOKMHUHBI MOT'YT yua-
CTBOBAThb B IIOBBINNIEHUN YCTOWUYMBOCTH KOPHEBUI K HU3KUM TeM-
meparypamM. 9T (PUTOTOPMOHBI aKTUBUSUPYIOT CUHTE3 CTPECCOBBIX
0eJIKOB, CTAOMIMBUPYIOT CTPYKTYPHI (POCPOIUIUIAHOTO CIOA KJIe-
TOUYHBIX MeMOpPaH, CIIOCOOCTBYIOT COXPAHEHMNIO N30HpaTeIbHOI IIPo-
HUITA€MOCTH IIJIa3MajJeMMBbl s HeKoTopbiXx noHoB (Turos, Taia-
HoBa, 2009). MaxkcumaabHoe comep:kaume ABK B TKaHaxXx KopHe-
BUII MATHI OBIJIO OTMEUEHO B IIEPUOJ aKTUBHOTO POCTA IMOA3€MHBIX
moberos (aBrycT, ceHTAOPH) (Beabruckasa u ap., 1997; KorgpaTrbeBa
u ap., 2000, 2005). B sTo Bpema mpeobaaganu cBOOOTHBIE (DOPMBI
ABK, a B ocenHe-suMHUIIi ITIepuoj — cCBsidaHHbIe. IlosrararmT, YTO BbI-
cokoe conep:kanme cBobomubiX opm ABK B mepmos MHTEHCHUBHO-
ro pocTa M PasBUTUS KOPHEBUII[ 00YCJIIOBJIEHO €e yJacTUeM B Pery-
JISIITAY POCTOBBIX IIPOIECCOB, CBA3AHHBIX C TPAHCIOPTOM MeTab0JIu-
TOB, BOAHBIM 0aJIaHCOM U 3aITUTHLIMU (PYHKIIUAMU PACTEHUSA IPU
ero amanTanuy K MOHMKEHHUI0 TeMIlepaTypbl. B 1ejgom, B 3MMHUIL
IIePUOJ MOYKY KOPHEBUII[ MATHI HE HAXOJSATCSA B COCTOAHUU ITOKOS:
B HUX MIPOUCXOAAT aKTUBHBIE POCTOBBIE W (hOpPMOOOPA30OBATEIbHBIE
mmpoliecchl, CBA3aHHBIE C MOATOTOBKOM pPaCTeHUWM K BBIXOAY W3 3U-
MOBKHU ¥ BO300OHOBJIEHHWIO MOpP(oreHe3a OpraHos.

BaxHy1o posib B 00ecIieueHU POCTa, Pa3BUTUS U *KU3HEAeATe I b-
HOCTH KOPHEBHUII| TPABAHWUCTBIX MHOI'OJIETHHUKOB, OCOOEHHO B CBSI3U
¢ (yHKIMeH samacaHus W 3WMOBKM, UTPaiOT yrjieBoabl. Huakomo-
JIeKyJApPHBIE caxapa, SBJAACh HCXOAHBIM MaTepUaJioM IJs ILja-
CTUYECKOTO0 M DJHEPreTUYeCKOTo O0OMeHa, CIIOCOOCTBYIOT IIOBBIIIIE-
HUI0 yCTOWUYMBOCTH pacTeHuii K HuskuM temieparypam (Travert
et al., 1997; Kaumos, 2001; Tpyuosa, 2007), moryr meificTBOBaTh
KaK CUTHaJIbHBIE MOJIEKYJIbI, YYACTBYIOIIWE B PErYJIANUU (PU3UO-
Jornueckux m mopgdoremernueckux nporpamm (Hinisch, Breteler,
1981; Veyres et al., 2008). IInxa pacreuuit Rubus chamaemorus L.
(MopoIIIKa) IoKa3aHa IOJIOMKUTENbHAS KOPPeIAlua MeKIY MOPO30-
YCTOWUMBOCTHIO KOPHEBUIIT 1 COAEPKaHNEeM B HUX PACTBOPUMBIX ca-
xapoB (Kaurin et al., 1981). B uccremosanusix B.B. Koumparsesoit
u ap. (2000) BBIABIEHO, UTO COEPIKAHUE OCHOBHOTO SHEPTETUYECKO-
ro cyocrpara, penyrupylOlIiX CaxapoB, B TKAHSIX KOPHEBUII] MSTHI
0CTaBaJIOCh ITIOCTOAHHBIM C OKTSAOPS IO alpesb U COCTaBJIsAI0 5-7% OT
cyxoii maccbl. CyMMa caxapoB CHauajia yBeauumBasiach mo 36-43%,
a ¢ mexabps I0 ampeab yMeHbInasach Ha 12-14% . ABTOpBI CBA3LIBA-
IOT 9TO C aKTUBHLIMU MeTa00JIMYeCKUMHU IIPOIecCaMy B TeUEeHUE OCEeH-
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He-3UMHEr0 IIepuoa, Koraa MPoucXoauT (GOPMUPOBAHKE 3aUaTOUHBIX
TIOYeK KOPHEBUII] OYAYIIlero roja.

W3syueHna oHTOreHeTHMUECKAs MTUHAMUKA YPOBHS HECTPYKTYPHBIX
YTJIEBOIOB B JUCTBHSAX U IIOJ3€MHOM YACTU PACTEeHUI B 3aBUCUMOCTU
oT Tuna ajanTtuBHOU crpareruu (fmrkos, 2001). Hanpumep, ocobeH-
HOCTBI0O KOHKYPEHTHBIX BHUOB SIBJISETCS HAKOILIEHUE HECTPYKTYDP-
HBIX CaXapoB B IIOA3eMHO YaCTH B KOHIIe BEreTallMOHHOIO IepHoa.
Buabl ¢ KOHKYPEHTHBIM THUIIOM AJAlITHBHONM CTPATErMH — 9TO MHOI'O-
JIeTHUE BUABI, ¥ KOTOPBIX 3allac aCCUMUJISITOB B KOPHEBUIIEe obecIie-
yuBaeT ObICTPOe pasBUTHE (POTOCHHTETHMUECKOTO allllapaTa B Hayvaje
caenyrorreit Bereramuu (Grime et al., 1988; fdAmkos, 2001).

Taxum o6pas3oM, K HACTOSIIIEMY BPeMeHU MMeIOTCA (hparMeHTap-
HBbIE€ HMCCJIJOBAHUS II0 CE30HHOM MUHAMHKE pOCTa, MeTabojm3Ma u
YCTOMUMBOCTH IIOJ3€MHBIX IT00ETOB K HU3KKM TeMIIepaTypaM B OCEH-
He-3UMHUI IepUoJ, KOrJa MPOUCXOAUT 3aKJagKa MOYeK OyIyIIero
rojla, OCYIIECTBJISIOTCA (PU3MOJIOTO-0MOXUMHUUECKHe IIpeodpasoBa-
HUS, HeOOXOAUMbIe AJIsI aJalTalliyl KOPHEBUI. AKTya/JIbHO U3yde-
HUe (PU3MOJIOTUYECKOH IIPUPOIBI IIEPUOIa [IOKOs, SIBJISAIOIIEroCsS Ka-
YeCTBEHHBIM IEPEeXOIHBIM STAllOM B OHTOTeHEese IMOA3eMHOro mobera
¥ MHOT'OJIETHETr'0 PacTeHUusA B I1eJIOM. BOIIpochkl TOpMOHAIBLHO-TPOQII-
YeCKOM PeryJasiiuy pocTa W Pa3BUTUA, YCTONUUBOCTHU HOA3EMHBIX
mo6eroB K HeOJaTrONmpPUATHBIM (PaKToOpaM Cpembl IPUOOPEeTaroT OCOo-
O0yI0 aKTyaJbHOCTb B YCJIOBUSX CEBEPHBIX IIIHUPOT.

1.6. NMoa3emHble NnoGern B JOHOPHO-AKLLENTOPHOWN cucteme
pacTeHnin, GOpMUPYIOLLNX NOA3EMHbIA MEeTaMepPHbIi KOMMJIEKC

KopHeBuiniablie 1 KJay6HeoOpas3yioliue MHOTOJETHIE PACTeHU,
OTJINYUTEJIbHOA OCOOEHHOCTHIO KOTOPBIX SABJSAETCA HAJIUYUE IIOJI-
3eMHOI0 MEeTaMePHOT0 KOMILJIeKCa, IIPeACTABJISIOT OOJIBIIION HHTe-
pec ¢ TOUKM 3peHUs KOHIeNIIUY O JOMUHUPYIOIIUX IIeHTPaxX IeJo-
T'0 PacTUTEJbHOrO opraHuama. KiaccuuecKue IpeACcTaBIeHUS O IO-
HopHo-akIenTopHoii cucreme ([IAC) croxuanuchk B 70-e Togbl Kax
pe3yabTaT U3yUeHUs B3aMMOJelCTBUSA OPraHOB, IPOU3BOAAIIUX U
norpebaaomux accumMmuaaTbel (Wareing, 1972; Wareing, Jennigs,
1980; KypcanoB, 1976; MokponocoB, 1978). AKienTopaMu ABJIS-
IOTCSA 30HBI 3allacaHUsA WUJIM UHTEHCUBHOI'O HCIIOJH30BAHUS aCCHU-
MUJIATOB (MEPUCTEMBI), JOHOPAMH — JIUCThA U APYTHUe 3ejeHble ua-
CTU pacTeHus. B mpoliecce OHTOTeHe3a IIPOUCXOMUT IIEPECTPORKA
ITOHOPHO-aKIIEIITOPHBIX CBA3€H: POJb OCHOBHBIX aTTPATUPYIOITUX
IIEHTPOB MEPEeXOIUT OT ONHUX AKIIEIITOPHBIX OPraHOB K IPYIUM
(Moxkponocos, 1978, 1981, 1982). IlepekJiioueHne aTTparupyomiei
aKTUBHOCTHU COCTaBJISET OCHOBY MOP(HODU3UOJOTUUECKUX KOPPeIsi-
U 1 oIpemesisgeTcsa cTpaTeruei pacupeaeeHusa U NCI0JIb30BaHU
ACCUMUJISTOB. ¥ PAa3HBIX MOP(MOTUIIOB PACTEHUN HAIPABICHHOCTD
TIOTOKOB (POTOACCUMUJISTOB 3aBUCUT OT YPOBHSA WX CHUHTE3a B JIU-
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CTBAX U OT aTTPArUPYIOIeli aKTUBHOCTHU OTAEJNbHBIX OPraHOB pac-
Tenuit (AnueB u ap., 1996).

OCHOBHBIM aKIIEIITOPOM Yy KJIYOHEOOPA3YIOIUX PACTEHUN ABJIA-
eTcA CIennaJIn3UPOBAHHbBIN OPTaH 3allacaHUs aCCUMUJIATOB — KJIY-
O0eub. Ki1yOHeoOpasoBaHme — 3TO IIPOIIECC Pas3pacTaHUSA TKAHEH BU-
IOM3MEHEHHOro mobera ¢ HAKOILIEHHEM B 3aIlaC aCCUMUJISTOB IJIsS
mocJjaenyioiiero obecrneuyeHuss GyHKIUY MOUYKY ((hopMuUpoBaHUE HO-
Boro mobGera). B JaumTepaType CyIeCTBYeT MHOXKECTBO MTAHHBLIX O
daKTOpax, BIAUAIONINX Ha KJIyOHeoOpasoBanue (Yaitinaxsaun, 1984;
Wareing, 1972; Yopunr, 1984; Xin et al., 1998; Machackova et
al., 1998; Jackson, 1999; Mapkapos u ap., 2001; Axcenosa u ap.,
2012). Knyb6HeoO6pasoBaHUIO CIIOCOOCTBYET KOPOTKUU ME€Hb, BBICO-
Kasd OCBEIIeHHOCTh M YPOBEHb HAKOILJIeHHus yrJyeBogoB. IIpoiiecc
MOJABJSAETCS BBICOKMMU TeMIIEpaTypaMu U HU30BITOUHBIM a30THBIM
nuTaHueM. BaKHyi0 posib B Ipoliecce (GOPMHUPOBAHUSA KJIyOHeI
UTPaIOT MUTOKWHUHBI U abcIim3oBas KHCJIOTa, KOTOPbIE YCUJIUBA-
IOT 3TOT MPOIECC YV KOJUUECTBEHHO-KOPOTKOMHEBHBIX U HEHTPaJIb-
HBIX II0 (POTOIIEPUOAUUECKOII peakIiuy KJIyOHeoOpasoBaHUSA BUIOB
pacrenuii kaprodesas (copra Solanum tuberosum L.), TonnHaMOypa
(copra Helianthus tuberosus L.) (Mapkapos u ap., 2001). ¥V Bumos
¢ abCoTIOTHOM (hOTOIIEPUOAMUECKON peaKIueil KayOoHeoOpa3oBaHUA
(Solanum demissum, Solanum acaule Bitt. — kaprodens Geccre-
oenbubIil, Ullucus tuberosus Caldas. — yaioko KiyOHeHOCHBIN, He-
lianthus rigidus (Cass.) Desf. — moicoHEUYHUK KECTKUI) TOJIBbKO
KOPOTKUl IeHb UHAYIIUPYET Iporecc POPMUPOBAHUS KayoHeit. 13-
BECTHO, UTO B YCJOBUAX KOPOTKOTO AHSA C IMOHUYKEHHLIMHU TeMIIe-
paTypamMu yBeJIHMYUBAETCsS COOTHOIIIeHMEe abCI[M30Bas KHCJI0Ta,/Tuo-
6epennunbl (ABK/T'K). B pesyabTaTe TOPMO3UTCA POCT CTOJIOHOB,
BbI3bIBAaeMbIll rubbepennuHamMu. B gaabHeiieM (QopMHPOBaHIE
KJIyOHeIl IPOUCXOAUT OJarofgaps mpeodafaHiio ITUTOKNHNHOB HaJ
NYK (UK/UVYK). CymecrByer MHeHHEe, UTO B IIPOIlecCe MHUIIMA-
IUU KJIyOHeoOpasoBaHMUsA IMIPEeruMYIeCTBeHHOe 3HAUeHe UMeIOT ITH-
TOKWHHUHBI, & B X0/le HaJbHEHInero (opMUpPOBaHUA KJIYOHA — ayK-
cuHbl u abermsoBaa Kucyora (Ilysuna, Kupunmosa, 1996). Cunra-
oT1, uto IIK u VK BIusioT Ha TPUTOK aCCUMUJSATOB M aTTParu-
PYIOIIYI0 CIOCOOHOCTh HA PAHHHUX CTAAUAX POcTa KJIyOHEH KapTo-
dens, a ABK perynupyer KpaxMaJICHHTE3UPYIOIIYI0 aKTUBHOCTH
Ha Oosee mosguux sranax (Bopsenkosa u ap., 1998). Oguaxko mo
CHUX TIOP OCTaeTCA NUCKYCCUOHHBIM BOIIPOC 00 MHAYKTOpPE KJIyOHe-
obpasoBanusa. Ilomararor, uTo caxaposda, KOTOpas aKTHUBHO TPAaHC-
IIOPTUPYETCSI B IMOA3EMHYI0 YaCTh, MOYKET CJIYIKUTH HE TOJHKO CyO-
CTPAaTOM ¥ WCTOUHHKOM 3JHEPIUHU [IJisd OMOCHMHTe3a KpaxmaJja, HO
W OJNHUM M3 UHAYKTOPOB KJayOHeoOpasoBauus (Mokporocos, 1990;
Kuehn, 2008). Psaxg aBTOpoB HpeACTABIASIOT CBEAEHUS O BO3MOMK-
HOM yYaCTHM B MHIYKIIMHU 9TOTO IPOIlecca PasiuUHbIX BEII[eCTB: CO-
ganuHa, KymapusHa (Stallknecht, Farnsworth, 1982), :xacmounaTos
(Koda et al., 1993).

34



ITepexon cTosoHa B KJAyOEHB OIpenessieT HOBBIM yPOBEHBb [IO-
HOpPHO-aKIenTopHbix oTHolreHui (JJAO) B cucreme 1esoro pacre-
HUS, KOTIa OCHOBHOM ITOTOK aCCHMUJISITOB HAIIPaBJIeH B MOA3EMHYIO
YacTh MIJIsI POCTa 3alacaiolux OpraHoB. B ¢Boo ouepenhb, MHTEHCUB-
HOCTb HCIIOJIb30BAHUS ACCUMUJISITOB IPU (DOPMUPOBAHUU KJIyOHEI,
[0 OPUHIIUIY OOPATHOM CBA3W KOHTPOJIUPYET WHTEHCHUBHOCTH (DO-
tocurTesza (MoxkpoHnocoB, 1978; T'omosko, 1990). KosmuuecrBeHnHo-
KOPOTKOAHEBHEIE IO (DOTONEPUOAUUECKOI PeaKInu KJIyOHeoOpaso-
BaHUA BUIBLI KapTodess, pacTeHuA cTaxuca 3uboJbaa BOCIPUHIU-
MAaloOT BO3JEMCTBUE KOPOTKUM JHEM M MHTUOUTOPOM PocTa (XJIOPXO-
JUHXJOPUIOM) KaK CTPECCOBBIA (DAKTOP W CHUTHAJ K 3aBePIIEeHUIO
Beretanuu (I'omoBko, Tabamenkora, 1989; MapkapoB u ap., 1993;
TabanenxkoBa u ap., 1998; MacmaoBa, I'onmoBko, 2000; MapkapoB u
Ip., 2001). B pesyabraTe mepexofa Ha HOBBIN ypoBeHBb JJAO poct
orpaHMYMBaETCA MyTeM HakKoimieHusa mHrubutopos (ABK), a Teky-
e U BpeMEeHHO MelMOHUPOBaHHBIE aCCUMUJIATEHI YCUJICHHO 3araca-
IOTCSA B CHEIMAIM3MPOBAHHBIX OpraHax. OCHOBHON MeXaHH3M W3-
meHenusa JAO cBsazaH ¢ geificTBHEeM KOPOTKOTO AHS W WHIUOUTO-
POB pocTa Ha SHAOTEHHLIN OajlaHC (PUTOrOPMOHOB (rHOOEpPeINHEI/
ABK), KoHTpoHPYOIIUX KJIy6HeoOpasoBaHnue u pocT Kayonei (Ta-
b6anmenkoBa u ap., 1998; Maciaosa, I'osmosko, 2000).

MmuorosieTHre 3JIaKOBbIe pacTeHUA, (POPMUPYIOININE KOPHEBU-
m1a, OTJINYATCA 0 MOPGhOoPU3NOJIOTUUECKO OPraHnu3aIiu JOHOP-
HO-aKIeIITOPHOI CHCTEeMBI OT KJIyOHeoOpasyiomux pacrerHuii. Oco-
OEHHOCTBHIO 9TOI I'PYNIILI PACTEHUI SABJIAETCS OTCYTCTBUE HOMUHU-
PYIOIEro aTTparupymoIiero IeHTpa, riae 0bl YCUJIeHHO 3allacaJiiCh
nmuTaTeJbHBIE BellecTBa. MccienoBausl 3akonomMepuoctu JTAO B ro-
IUYHOM ITMKJIE MHOTOJIETHUX KOPOTKOKOPHEBUIITHBLIX 3JaKOB, IO-
KasaHO KCIIOJIb30BAHNE ACCUMUJIATOB B IIPOIlECCE OTPACTAHUS pac-
reauii (Hazapos, I'ostoBko, 1983). B InCTbsIX MHOTOJIETHUX 3JIaKO-
BbIX pactenuit martauka (Poa pratensis L.) u nmucoxsBocra (Alopecu-
rus pratensis L.) Ha Bcex dramax OHTOreHesda ocrasanoch 25-30%
MPOAYKTOB (hoTOoCHHTe3a. B reHepaTuBHBIE OPTaHbl IOCTYIAJIO Ma-
JIO ACCUMMUJISITOB, UTO 00YCJIOBJIEHO UX MaJioil mojeii B Omomacce Iie-
Joro pacreuus (o 15% ) u ciaboil arTparupyoinei CIocoOHOCTIO.
3HauNTeJbHOE KOJMYECTBO ACCUMUJIMPOBAHHOIO YIJIEPOJA COLEP-
JKaJIOCh B CTEOJIIX MHOTOJIETHUX 3JIaKOB, UTO CBA3AaHO C UX CYIIe-
crBeHHOIT moieit (40% ) B Gmomacce pacTeHmuil, HAIUUYNEM MHTEePKAa-
JSIPHBIX MEPUCTEM, BJIaTaJIUII JUCTHEB 1 BPEMEHHBIM JeIIOHUPOBAa-
HUEM aCCUMUJISATOB Ipu TpaHcmopre. OceHbI0O OTMeUEH aKTHUBHBIN
OTTOK ACCHUMUJISITOB B IIOJ3€MHYIO YACTh: B KOPHAX U KOPHEBUIIAX
MATINKa ObLI0 oOHapy:keno 10%, a y aucoxsocra — 80% wmeTKH.
3anacHble (oHIBI KOpHeH m KopHesuir (o 40% accuMHINPOBAH-
HOT'0 yIJIepo/ia) akTUBHO MCIIOJIb30BAJINCh B IIpoleccax (hopMuUpoBa-
HUS aCCUMUJIAIIMOHHOTO aliiapaTa, 0COOeHHO MePBLIX JUCThEB Tpa-
BOCTOSA BO BpeMs BeCeHHEro orpactanusa. Ilocjie oTpacTaHusa Ha-
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3eMHOI YaCTU CYIIeCTBEeHHAas I0JII METKHU OCTaBajiach B IIOJ3eMHBIX
opraHax, 4YTO CBHUAETEJLCTBYET 00 WCIIOJb30BAHUU 3alacHBIX Be-
IIIeCTB B IIEPBYIO OUepenb Ha POCT KOPHEH ¥ KOpHeBHUIIl. B 1esom y
MHOTOJIETHUX KOPOTKOKODPHEBUIITHBIX 3JIaKOB, IO CPAaBHEHUIO C OfI-
HOJIETHUKAMM, BayKHYIO POJIb B 3allaCAHUU U PACIIPEIeIeHUU YIJIe-
pojla urpaer XOpOIIO PAa3BUTASA MMOA3eMHAas YacTh, HOJS KOTOPOIl B
O6romacce IeJI0r0 PacTeHUsI MOXKeT cocTaBaATh oT 30 1o 80% B 3a-
BUCHMOCTHU OT (pa3bl pasBUTHUA.

dopmupoBaHUe U PYHKIIMOHUPOBAHNE JOHOPHO-aKIIEIITOPHOMR
CUCTEeMbI OTIPEeNeIAI0TCA TeHOTUIIOM PACTeHUHN U BIUSHUEM BHEIII-
Hux ycaoBuit (Moxponocos, 1983). Pacupenesenue u mcmoab3oBa-
HHUe yrjiepojia B TeYeHUe JKU3HEeHHOIro IIUKJA PACTeHUI HCcCjeaoBa-
HBI B OCHOBHOM [JIsi KYJBTYDPHBIX PACTEHUH, Y KOTOPBIX MOIIHBI-
MU aKIeIITOPAMU SBJISIOTCSA XO3ANCTBEHHO IeHHBLIE OPraHbl — KO-
Jochbs, KaAyOoHU, KopHemaoasl (Crompton et al., 1981; Hasapos,
TomoBko, 1983; Yukos, 1987; MapkapoB u ap., 2001; Kupusuii,
2004). Y mmropacTymimxX BHUIOB CYIIIECTBYyeT 0OJIbITIOe pasHoobOpa-
sue ITAC, uTo 00yCJIOBJIEHO MHOYKECTBOM KM3HEHHBIX (opM, (e-
HOPUTMOTHUIIOB, aJalTUBHBIX cTpaTeruii. IlokasaHo, 4YTo pacTeHUsS
C BBICOKOII CKOPOCTBHIO POCTA B ONTHMAJBHBLIX YCJIOBUAX OTJIHUA-
IOTCS MeHbITell moJjieil MoA3eMHBIX OPraHOB B 00Iell O6momacce IO
CPaBHEHUWIO C MeJJIeHHO pacTyiumu Bugamu pacrtenuii (Lambers,
Poorter, 1992). OgHako AJsa 1eJOT0 pAga pacTeHUil TaKas 3aKo-
HOMepHOCThL He moarsep:kgaercsa (Garnier, 1991, 1992; Glesson,
Tilman, 1994). 9To cBsizaHO C TeM, UTO CKOPOCTb POCTA U IPOAYK-
TUBHOCTb PACTEHUI SABJISIOTCA MHTETPATbHBIMU XapaKTepUCTUKA-
MU, KOTOPbIE 3aBUCAT OT MOP(OTHUIIAa PACTEHUS W €ro (PU3UOJIOTH-
yecKuUX (QYHKIUN — (POTOCHHTE3a, NbIXaHUA, MUHEPaAJIbLHOTO IHTAa-
HUSA U TPAHCIIOPTA ACCUMUJISITOB.

B ecTecTBeHHOU cpese o0UTAaHUS ITOKA3aHA B3aMOCBSA3b MEXK-
Iy peanusaiueil pasHBIX TUIIOB aJAlITUBHBLIX CTPATETHUil M MHTEH-
CHUBHOCTBHIO 00pasoBaHWsA, TPAHCIOPTA W YTHUJIMUB3AIUN ACCUMMUJISA-
ToB y pactrenuii (IlbauaxkoB u ap., 2000; dmxos, 2001). Bugsr co
CTpecC-TOJePAHTHBIM THUIIOM aJalTUBHOM CTPaTeTuy OTJIUYAIOTCS
OT OBICTPO PACTYIIUX KOHKYPEHTOB M PYJEPaJiOB HU3KOM CKOPO-
CTHIO O0PAB0BAHUSA U AKCIIOPTA ACCUMUJISITOB. ¥ CTPECC-TOJIEPAHTOB
¢ BeuHosesJeHbIM (eHopurmorunom (Pyrola rotundifolia, Orthilia
secunda (L.) House — pamummusa ogHOOOKas) GoJbIIadA dacTb (o-
TOACCUMUJIATOB MOYKET MCIIOJb30BATHCA B MIpefesiax JIUCTa AJIA 00-
pasoBaHUS MeXaHWYECKUX TKaHel, KYTHUKYJbI, CHHTE3a BTOPUY-
HBIX COEJVHEHMWN Wau OTKJambiBaTbecs B samac (Lambers, Poorter,
1992). OcHOBHaAA Macca TPAHCIOPTUPYEMBIX ACCUMMJIATOB Y PylIe-
paJIoB ¥ KOHKYPEHTOB IIOCTYIIaeT B HaJ3eMHBIe aKIIeIITOPhI — CTeO-
JU, UTO MOJKET CIOCOOCTBOBATHL MX POCTY W (DOPMUPOBAHUIO OIIO-
PBI A5 OOJIBINION MacChl JIUCTHEB U MeHepaTHUBHBIX opramoB. OTiu-
YUTeJbHAd OCOOEHHOCTH CTPECC-TOJEPAHTHBIX PACTEHUUH COCTOUT B
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MIPEeNMYIIeCTBEHHOM TPAHCIIOPTE 9KCIOPTUPYEMBIX ACCUMUJIATOB B
KOPHU U KopHeBuIna. Takas cTpaTerus CIoco0CTBYeT BereTaTUBHO-
My PasMHOYKEHUIO, OTJIO’KEHHUIO BEII[eCTB B 3alac y pacTeHuil, 00u-
TAIOIIUX B HEOJATOMPUATHBIX YCIOBUAX.

BaskHOI cocTaBIsIONell PEryaanui U pacipeneeH s aCCIMU-
JIITOB SIBJISETCS CUCTEMAa SHAOTEHHBIX (DUTOTOPMOHOB. PUTOrOPMO-
HBI, KaK IIPaBUJIO, CUHTE3UPYIOTCS B OAHUX OPraHax, a TPaHCIIOpP-
TUPYIOTCS B APYyrue, IIOITOMY MOIYT BBICTYIIAThL B KauecTBe (Pak-
TOPOB, HECYINUX WHMOPMAIHUIO O MOTPEOHOCTSAX TeX WJIM UHBIX OpP-
ranoB B metaboautax (Kedenau, 1991). Ha pasHBIX BuIax pacrTe-
HU#l OBLIO YCTAHOBJIEHO, YTO YPOBEHb SHIOT€HHBIX (DUTOTOPMOHOB B
aKIIeIIOPHBIX 30HAX KOPPEJIUPYeT C UX aTTPArupyIOIeil CII0OCOOHO-
crpio (Wareing, Jennins, 1980; IToxesoii, 1982, 1984; BopseHKo-
Ba, 3opuna, 1990; Kucenesa u ap., 1998; Poubxxuna, 2004, 2005).
Ha mavasibHBIX 9Tamax pPasBUTUA KapTodesas WM 3epPHOBOK 3JaKOB
BKJIIOUEHNE B HUX ACCUMUJIATOB KOPPEIUPYET C YPOBHEM I[UTOKU-
uuuoB u MYK, a Ha sasepmarmmux sramax — ¢ ABK (Abdullah,
Ahmed, 1980; Kucenesa u ap., 1998; Bopseukosa, BopoBukosa,
2003). Yuactue ABK B axkTuBammu mIpoIecCOB TPAHCIOPTA acCH-
MUJIJISATOB OBIJIO TOKA3aHO IJId PACTeHUHN C pyaepalbHBIM TUIOM
SKOJIOTMYECKON CTPATEeru, y KOTOPLIX MHTEHCUBHBLIA OTTOK aCCH-
MUJISITOB W3 JINCTHEB IMPOMCXOAWJI Ha (pOHE MOBBIIIEHHON KOHIIEH-
tpaniuu ABK B mepumon remepaTmBHOTO pasBuTua pacrenuit (Bop-
3eHKOBa U 1p., 20016). IIpeumyirecTBenHoe Hakomnaenue ABK B re-
HEepPaTUBHBIX OpPraHaXx pPyAepajbHBIX BUAOB PACTeHUI, KOTOPOE CO-
IIPOBOJKIAJIOCH MHTEHCUBHBIM IIPUTOKOM K HUM ACCUMUJIATOB, CIY-
JKUT KOCBEHHBIM JOKasaTeJlbCcTBOM yuacTus ABK B sTux mpomec-
cax.

Taxkum ob6pasoM, (PYHKIMOHHPOBAHNE MJOHOPHO-aKIIEIITOPHOMI
CHCTEMBI MHOTOJIETHUX PACTEHUH, (POPMUPYIOIMIUX IIOA3€MHBIN Me-
TaMepHBINI KOMILJIEKC, BO MHOTOM OIlpeesseTcsa (PYyHKIMOHAIbHOMN
AKTUBHOCTBHIO IOTPEOJIAIOIINX ACCHUMUIATHI MOA3E€MHBIX IIOOEroB —
KOpHeBUII, Kayoueii. [logsemubie moberu, 6iarogapsa CIIOCOOHOCTH
K 3MMOBKE M OTPACTAHUIO BECHOHM M B TEUEHNE BEreTalluy pPacTe-
HU#l, SBJISIOTCA MOIIHBIMHM aKIIEIITOPAMM WJIHN JOHOPAMU ACCHMU-
JISTOB B 3aBUCHUMOCTH OT 9Talla OHTOreHe3a KOPHEBUIITHBIX MHOIO-
JIeTHUKOB. M3yueHue pacipeeeHus U UCI0Jb30BaHUA yIjepoaa B
TeUeHNe KU3HEHHOIO IUKJIA KOPHEBUINHBIX MHOTOJETHUKOB aKTy-
aJbHO B CBSA3U C BBISIBJICHHEM MEXaHU3MOB PEryJsaIluU PocTa, pas-
BUTUSI ¥ YCTOMYMBOCTU IIOJ3€MHOI'0 METAMEPHOI'0 KOMILJIEKCA.



2. CTPYKTYPHO-®YHKLUWOHAJIbHAS1 OPFTAHU3ALUA
NOA3EMHOIN0O METAMEPHOIO KOMMJIEKCA

dopmMupoBaHUE MMOA3€MHOT0 METaMepHOTO KOMILIeKCca, Xapak-
TEePUIYIOIIErocs COOCTBEHHBIMY MEXAaHH3MaMU PeryJsiiuu POCTa,
BEreTaTUBHOIO PA3BUTUS UM POCTOBBIX OPUEHTAIINII, SIBJISETCS OT-
JNYUTEJBHON OCOOEHHOCTHI0 KOPHEBHUIIHBIX MHOTOJETHHUX pac-
renuit (Mapxapos, 1994; Mapkapos, I'ososxko, 1995; Maciosa,
2001; MacsoBa u ap., 2005). ITogseMHBINT MeTaMePHBIN KOMILIEKC
OIIpeeIfAeT KUSHeHHYI0 (POPMY «IJIMHHOKOPHEBUIIHBIA MHOTOJIET-
HUK», CYIIeCTBYeT HEIPEepPBLIBHO, oOeclieurBasi BEreTATHUBHOE pPas-
MHOXKeHUe U epe3suMOBKY. [/ BeIIBI€HUA 3aKOHOMEPHOCTEH pPo-
CTa ¥ Pa3BUTHUSA IIOA3€MHBIX T00EroB KOPHEBUIIHBIX PACTEeHUMH, I10-
HUMAHUSA MeXaHM3MOB (DYHKIIMOHMPOBAHUSA U IIPUCIOCOOJEHUA K
Pa3JIMYHBLIM YCJIOBUAM CPeAbl HEOOXOAUMEI CBEAeHUI 00 X MOpP(do-
JIOTUYECKO! M aHATOMUYECKOMN CTPYKType, (DOPMUPOBAHUY IIOI3EM-
HOTO MEPHCTEMATHYECKOro ()OHIA, HAKOIJIEHUH W pacIipelesieHuNn
O6momacchl B IIpoIecce Mopdoresesa moa3eMHOT0 ITodera.

2.1. ANMHHOKOPHEBULLHbIE pacTeHns 6opeanbHOIl 30HbI
KaK Moaesib ANl U3y4eHUs CTPYKTYPHO-PYHKLMOHANLHOW
opraHusauum nog3eMHOro MeTaMepHoOro KoMrJiekca

Bo d1ope cpenueii Taiiru espomneiickoro Cerepo-BocToka us 736
BUIOB COCYAMCTBIX pacTeHuii HacuuThiBaercss 330 BUIOB, POopMUPY-
OIMUX KopHeBuina u ctojousl (MapTelHeHKO u ap., 1987). B ka-
YyecTBe MOJesell IJiA WCCIeNOBAaHUS KCIIOJb30BAJIU TPYINY AJIUH-
HOKOPHEBUIITHBIX MHOTOJIETHUX PACTEHUU PA3HBIX TAKCOHOB, JKU3-
HEHHBIX ()OPM UM SKOJIOTO-IIeHOTUYeCcKuX rpyni (tada. 1). IauaHO-
KOPHEBHUIIHLIE PacTeHUs (GOPMUPYIOT MIOA3eMHbIE ITOOETH C IJIMH-
HBIMU YeTKO BBIPAKEHHBIMU MEKIOY3JIUSIMU, UTO CYIIECTBEHHO 00-
JlerJyaeT MCCJIeIOBaHMe MOA3eMHOI0 METaMEePHOTO KOMILJIEKCa.

WccnemoBanusA TPOBOAMIIM B YCJIOBUAX cpemHeid tanrm Pec-
nyonmuku Komwm (oxpecrtHoctu r. CeIKTBIBKapa, 61°34'33" c.m.,
50°33'35" B.x.). Kiumar paiioHa mcciefOBaHHM yMEPEHHO KOHTH-
HEeHTAJIbLHBIN, XapaKTepu3yeTcs CPaBHUTEIbHO IJINHHONA, XOJOIHOM’,
CHE)XHOW 3MMOM M YMEPEHHO TeILIbIM KopoTkuM Jerom (Kammar
CeIKTBIBKApa, 1986). ITouBeHHbBIH TOKPOB TAa€KHOI 30HBI IIPEICTAB-
JIeH TmoyBaMu moazoauctoro tumna. OHu caabooKyIbTYPEHBI, XapaK-
TePUBYIOTCA CPABHUTEJIBLHO BBICOKOM KucaoTHOCTHIO (pH 4-5), 6en-
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Tabnuuya 1
XapakTepucTuka uccrnefoBaHHbIX BUOOB

XKusHen-| Okonoro-
Ne Bun CemeincTteo Has LeHoTu4Ye-
dopma | ckas rpynna

1 |Bromopsis inermis (Leyss.) Holub Poaceae TOM |donuHHas
Koctpel, 6e3ocTbliii neco-nyroeas

2 |Phalaroides arundinacea (L.) Poaceae TOM |OonuHHas
Rauschert neco-nyroeas
[BYKNUCTOYHUK TPOCTHUKOBUAHIV

3 |Elytrigia repens L. Poaceae TOM |OonuHHas
Mbipen nonayuni nyrosas

4 |Mentha arvensis L. Lamiaceae TOM |OonuHHas
MsiTa nonesas neco-nyrosas

5 |Tussilago farfara L. Asteraceae TOM |CopHo-pyne-
MaTb-u-madexa panbHas

6 |Achillea millefolium L. Asteraceae TOM |OonuHHas
ThICAYENUCTHNK OOBIKHOBEHHbIN nyrosas

7 |Hypericum maculatum Crantz Hypericaceae TOM |OonuHHas
3Bepoboi NATHUCTBLIN nyrosas

8 |Pyrola rotundifolia L. Pyrolaceae TOM | TaexHo-nec-
IpylwaHka kpyrnonuctHas Has

9 |Maianthemum bifolium L. Convallariaceae| TOM |TaexHo-nec-
MaiHuk oBYNUCTHBIV Has

10 |Paris quadrifolia L. Trilliaceae TOM |OonuHHas
BopoHwuii rnas necHas

11 |Oxalis acetosella L. Oxalidaceae TAM  [TaexHo-nec-
Kucnuua obbikHOBEHHAs Hast

12 |Gymnocarpium dryopteris (L.) Newman |Athyriaceae OBMN  |TaexHo-nec-
[onoky4HUk TpexpasaenbHbIi Has

13 |Vaccinium vitis-idaea L. Ericaceae Ky IlecHas
BpycHvka obbikHOBEHHas

14 |Vaccinium myrtillus L. Ericaceae Ky |NecHas
YepHuka 0bbIkKHOBEHHas

lNpumeyaHue. Ha3BaHusa BuaoB gaHbl no ceogke C.K. YepenaHosa (1995), xusHeH-
Hble dopmbl — no (be3nenes, beanenesa, 2006; N'ypeesa, 2001), akonoro-LeHoOTUYECKNE
rpynnbl — no (Oertesa, HoBakosckun, 2011).

TOM — TpaBsHUCTBIN OBYAOSNbHbIA MHOroneTHWK, TOM — TpaBsiHUCTbIV OAHOAOMNb-
HbI MHOTrONEeTHWK, K4 — kyctapHuyek, OBM — 4nnHHOKOPHEBULLHBIV GE3PO3ETOYHbIN Na-
MOPOTHMK.

HBI a30TOM, I'YMYCOM ¥ B I[€JIOM OTJIMYAIOTCS HUBKUM ILIOJOPOIU-
em (3aboeBa, 1975). HemocTaToK Teljia M OpraHUYECKUX COEMMHE-
HUl, MepuoguYecKoe IepeyBJla’KHeHNe, BbICOKAasl YILIOTHEHHOCTH
IMOYBEHHOI'0 T'OPU30HTA IPUBOAAT K CJIA00H MUKPOOMOJJIOTMUECKON
akTuBHOCTH (CTerunua, 1980). IIo TeMunepaTypHOMY PEKUMY TOUBBI
OTHOCSTCS K I'PYIIIEe XOJIOJHBIX C JJIUTEIbHBIM Ce30HHBIM IIPOMED-
danmeM (Kmmmar CoikTeiBKapa, 1986). B mepuwon Bereramum mu-
HUMAaJbHAA TeMIlepaTypa IMOYBHI Ha riyomHe 15 cM Haba0gaeTcsa B
Mae u cocrasiaser 5.6 ‘C, makcumanpHas +16.6 °C — B uroue.
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AHanmus TepMOAMHAMHYECKOTO perKuMa II0YBBI B OCEHHEe-3UM-
Huit mepuox 3a 2001-2010 rr. mokasay, YTO IIPOMepP3aHUe ITOUBHI
HAYMHAJIOCHh C HOSIOPA M COCTaBJAJO B cpenueM 7 cm (puc. 4). B me-
Kabpe riyOmHa IpoMep3aHUs MOYBHI YBeJIUUYNBAJach BIBOE, a B TH-
Bape mouBa Mmorjia mpomepsars g0 30-40 cm B raybumy. Orpuia-
TeJbHAS TeMIepaTypa Ha IJyOuHe ysja KYIIeHUsS yCTaHaBJIUBa-
Jlach ¢ HOsIOpsA, KOTJa BHICOTA CHEKHOTO IIOKPOBA JOCTHUTAaja B CPe-
Hem 20 cm. B mexabpe u AHBape MUHHMAaJbHAs TeMIepaTypa Ha
rayOuHe ysia KylleHusa cocraBisana —1...—2 ‘C mpu BBICOTE CHEX-
HOTO TTOKpoBa 35-50 cMm.

JIyroBbie pacTeHuA coOMpai Ha PAasSHOTPABHBIX ITOWMEHHBIX
Jyrax, a JieCHble — B €JbHHUKE 3€JIEHOMOIIHO-UYEPHUYHOM BOJIH3U
r. CoIKTBIBKapa. JIyrosble BUABLI PACTEHHUI IIpoM3pacTaau Ha TH-
MUYHBIX [OA30JIMCTBIX OCBOEHHBIX MOYBaX, CHOPMUPOBAHHBIX Ha
CYTJIMHUCTBIX ITOYBOOOpasyomux mopogax. Ha riybune saneranus
mox3eMHBIX 100eroB (mo 20 cMm) mouBa IIpefCcTaBJieHA JETKUM CY-
TJINHKOM, HEIIPOYHO-KOMKOBATBLIM, BJIAKHBIM C MHOYKECTBOM KOP-

oy BHICOTA CHEXHOTO NIOKDOBA om  [yOuHa IpOMep3aHHs MOUBEL
60 7 30 1
50 1 25 1
40 1 20 1
30 1 15 1
20 10 1
10 1 51
0 : : . 0 - : -
HOAOpL  Jekabpb  sHBaphb HOA0Op,  nekabpp  sHBApb

MunnmManpHas TemnepaTypa
Ha ITyOWHe y371a KyIeHus

0 —

OKTSIOPBEN\HO 6pb' nexaOpb sHBaphb

-1.5 1

2 1

2.5 -

Puc. 4. TepmogMHaMUYECKUIN PEXMM NOYBbI B OCEHHE-3UMHMIA neprog ¢ 2001
no 2010 r. (no AaHHbIM LieHTpa no rugpomMeTeoponorum 1 MOHUTOPUHTY OKpYXKato-
wew cpeabl Pecnybnukm Komu, CeikTbIBKap).

Fig. 4. The thermodynamic soil regime at the autumn and winter period from
2001 to 2010 (according to the Syktyvkar Hydrometeorological Observatory).
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Heit (Araac mouB Pecunybsuku Komwu, 2010). ITouBeHHBIH ITOKPOB
3€JIEHOMOIITHBIX €JIOBBIX 1 0epPe30BO-eJIOBBIX JIECOB CPEIHETaeKHOM
TIO30HBI IIPEACTABJIE€H TUNUYHLIMU IIOA30JIMCTHIMU IIOUYBAMHU Ha
cpefHe- U TAMKEJIOCYTVIMHUCTHIX ITOYBOOOPA3YyINUX moporax. B Be-
FeTAIlMOHHBIX OIBITAX PACTEHUS BBLIPAIIMBAJIY HA OIMBITHOM yYacT-
Ke C IOYBO# cpefHell CTelleH OKYJIbTYPEHHOCTH M HEBBLICOKUM ILJIO-
moponueMm. Ha rimyOmHe 00MTaHUS KOPHEBBIX CHUCTEM M IMOA3eMHBIX
Mo6GEeroB AJMHHOKOPHEBUIIIHBIX BUAOB pacTeHui (2-9 cm) mousa cy-
mmecyaHas C TOHKOJIMCTOBATOM CTPYKTYPOM, BJIaKHOBATAsA U YILJIOT-
HeHHasd ¢ KOPHAMU pPacTeHUH.

2.2. PocT 1 HakoniieHne 6uomacchbl AJIMHHOKOPHEBULLHbIX
MHOros1IeTHUKOB, ¢opMUupoBaHue NOSA3EMHOro BEreTaTuBHOIo
MepucTeMaTn4eCckoro noTeHuuana

ITouku, opMupyiomnue IMIOA3EeMHbBIE ITO0ETH, 3aKJIAIbIBAIOTCS
Ha Il sTame opranoreHesa Hag3eMHOTO opToTpomHoro mobera (Map-
Kapos, 1994), KoTOpBIli COOTBETCTBYET (pase TpPeThero Jucra y O/-
HONOJIbHBIX TPaBAHUCTBIX pacTeHuii. Ha aToM sTame MPOUCXOIUT
muddepeHIuansa OCHOBAHUA KOHyca HapacTaHWsS Ha 3aYaTOUYHBIE
y3Jabl, MeKaoy3ausa u crebseBnie guctbAa (Kymepman, 1977). Uem
maurenabHee stamn II, Tem OoJbIlle 3aKJ/aanbIBA€TCA HOBBIX IIOYEK U
MOoGEroB BereTaTUBHOI'O0 Pa3MHOMKEHUsI. BaKHO OTMETUTD, UTO II0U-
K1 OOKOBBIX II00€T'0B HAA3€MHOI 4acTH CTe0JIA 3aKJIaLbIBAIOTCS II0-
cJlie TIoUeK, (GOPMUPYIONINX IT0J3eMHbIe IT00ern — KOPHEBUIIa, CTO-
JIOHBI. OTO MOYKHO pacCMaTpPUBATh KaK OAUH M3 MeXaHU3MOB Ha-
IEeKHOCTY BEereTaTHUBHOTO PA3MHOMKEHUS U OBICTPOTO 3aKpeIIeHusa
TPaBAHUCTBIX MHOTOJIETHUKOB B IT€HO3E.

B ycnoBusax momeBoro skcmepumenTta (Macmosa u ap., 2005)
MHOTOJIETHHE JJIMHHOKODPHEBUIIHbIE 3JIaKW Bromopsis inermis u
Phalaroides arundinacea y:xe Ha IIepBOM T'OAY KHU3HU CHOPMUPO-
BaJIX XOPOIIIO Pa3BUTHIN KYCT, UMEJN UYeThIpe-CeMb IIOA3€MHBIX II0-
6eroB muuHON OoKoso 15-20 cm (puc. 5). K xoumy asrama III opra-
HOTeHe3a, KOoTJa IMpoucxoauT nuddepenHnuanusa rJiaBHON ocu 3ada-
TOYHOI'0 COIIBETUS, MOA3EMHbBIE M0o0eru o0pasoBaj B CPEJHEM IIO
TPU-UYeThIPEe MeTamepa.

HabaroneHusa 3a pacTeHUsSIMH BTOPOT'O r'ofia KU3HU BBIABUJIU,
uyTo y pacTeuHuii B. inermis K Hauany Tpyokosauusa (IV stam opra-
HOTeHe3a — 00pasoBaHWE KOHYCOB HapacTaHUA BTOPOTO IIOPAIKA)
YUCJIO TTIOA3EeMHBIX ITO0ETOB CYIIIeCTBEHHO Bo3pocJio (puc. 6). B dase
kogomrenusa (VIII sram opramoreHesa — raMeToreHes, 3aBepIleHUe
IIpoIleccoB (POPMUPOBAHUS BCEX OPraHOB COI[BETHS U I[BETKA) pac-
TeHusA uMesu B cpengHeM 1o 40 KOpPHEBUII] C MATHIO-IIIECThIO MeTa-
Mepamu Kakmoe. O0mias AJnMHA KOPHEBUII IpeBbIIiana 9 M, a duc-
a0 mertamepoB — 230 mit. K ¢ase cospeBanus ceman (XI satam opra-
HOTeHe3a — HaKOILJIEeHNe MUTATEeJbLHBIX BEIeCTB B CeMeHU) KOpHe-
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Puc. 5. Mopdonornyeckas xapaktepuctmka KopHeBuL, Bromopsis inermis (1)
n Phalaroides arundinacea (2) nepBoro roga »usHu B dase kyweHus (atan lll opra-
HoreHesa), 2001 r.

Fig. 5. The morpholigical characteristics of first summer Bromopsis inermis (1)
and Phalaroides arundinacea (2) rhizomes at the tillering phase (lll organogene-
sis phase).

BuIna obpasoBasii 60KoBbIe moberu (5.7 = 0.6 miT./m0o0er) u HOBBIE
metamepsl (3.9 = 0.4 mir./60KoBoOI mober). ¥ pacreHuii P. arun-
dinacea K (ase co3peBaHUA CEMAH UYKCJIO KOPHEBUII] YBeJIUYUBA-
Jock 6oJjiee UeM B BOCEMbBb pa3 M COCTABJANO K XI aramy opraHo-
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so{ ;mm?

3] M
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\ ﬂ

0
Uucno Yueno Jlnana Cyxas Macca
moGeros, METaMepOB, mobera, cM mo6eros,

IIT./pacTeHHe mT./mober r/pacTeHue

Puc. 6. InHamuka nokasartenen pocta KOpHEBWL, pacTeHUn Bromopsis inermis
BTOPOro roga »wusHun, 2002 r. 7 — Hayano TpyokoBaHus, 2 — KonoLueHne, 3 — cospe-
BaHWE CEMSIH.

Fig. 6. The growth dynamics of second summer Bromopsis inermis rhizomes,
2002. (1) tillering — start of booting, (2) earing, (3) seed ripening.
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reHesa oxkoJjio 60 miT. Ha
pacreunue (puc. 7). Cy-
xXasg Macca KOPHEBUII]
pacrenuii B. inermis m
P. arundinacea cymiecr-
BEHHO YBeJNYMBAJIaCh B
TeueHue TeHepPaTUBHOTO
mepuofa PasBUTUA pac-
Tenuii. OcOGeHHO 3HAUM-
TeJIbHBIN IPUPOCT MaCChI
KOPHEBHUII] OTMEUYEeH B
IIepuos KOJIOIIEeHUI-CO-
3peBaHUA CEMSAH: B 3TO
BpeMs cyXas Macca o[-
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Puc. 7. QuHamuka nokasartenen pocta kop-
HeBULLY pacTeHun Phalaroides arundinacea BTO-
poro roga xwu3Hn, 2002 r. 1 — Havano Tpy6koBa-
HUS, 2 — KonoLueHne, 3 — co3peBaHne CEMSIH.

Fig. 7. The growth dynamics of second sum-
mer Phalaroides arundinacea rhizomes, 2002.
(1) tillering — start of booting, (2) earing, (3) seed

B cpexem 50-70 r/pac-  ripening.
TeHue.

MuTeHCHUBHOE BeTBJIeHNE KOPHEBUI 1 (OPMHUPOBaHMUE OOJIBIIIO-
0 KOJHWYECTBA MOA3eMHBIX Y3JI0B HAONIOAAIN Yy TPEXJeTHUX pacTe-
Huii Phalaroides arundinacea. Tak, K dase codpeBanusa ceman (20
HUI0JIA) PACTEeHUsI TPEThETOo rojfa KU3HU uMeau B cpeguem 480 Kop-
HeBui Ha 1 M2, KOTOphIe CHMJILHO BETBUJINCHL, 00pasysa mo 1770 Go-
KOBBIX KopHeBuin Ha 1 m? (Taba. 2). B cymMe ocHOBHBIE 1 OOKOBBIE
KopHeBuIa obpasoBau okosio 65600 meTamepoB u, cjleJOBATEIbHO,
y3JI0B C MepPUCTEMAaTHUUECKO aKTUBHOCTHIO. OCHOBHOM (DOHJ, YV3JI0B
KopHeBuIl (JOPMUPYETCSI BO BTOPOM II0JIOBHHE Bereramuu (aBrycr,
CeHTs0ph). YBeJIMUeHNe Yncja II0A3eMHBIX Y3JI0B B OTOT IIEePUO/] OT-
meuasu B 10 pas. HoBble y3Jibl ITIOSBUJINCH B pe3yJjbTaTe 00pasoBa-

Tabnuya 2
MoAa3eMHbIN MepucTEMaTUYECKUIA NoTeHUmnan
pacteHun Phalaroides arundinacea TpeTbero roga *u3sHm, 2003 r.
(MacnoBa v gp., 2007)

CospeBaHue
n TpybkoBaHue
apameTp (20 vions)) cemsH

(22 ceHTs6ps)
Y1Cno OCHOBHbIX KOPHEBMULL, LUT./M? 478 £ 82 1327 + 238
[nnHa OCHOBHbIX KOPHEBULL, CM 13.5+3.1 146 £ 3.1
Y1cno meTamepoB OCHOBHOIO KOPHEBMLIA, LUT. 9.8+1.6 99+1.8
Yncno natepanbHbIX KOPHEBMWLL, LUT. 3.7+£1.9 50+1.8
Yucno meTamepoB natepanbHOro KOpHeBMLA, LUT. - 6.1+1.3
Yncno y3noB KOPHEBWLL, LUT./M? 6448 53619

lMpumeyaHue. TNpoyepk 03HaYaeT OTCYTCTBME AaHHbIX: U3MEPEeHMs NMPOBOAMIN B
paHHUIA Nepuoa pasBuUTUS nateparnbHbiX No6eros (Moykm).
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HUSA MEeTaMepPOB JlaTepaJbHBbIX KOPHEBUII. B uTOre, KJIOHBI TPEThE-
ro roga xusHu copmupoBanau 6osee 50 000 ysg10B (MepucTemMaTH-
YecKuxX ouaros) Ha 1 m2.

Cyxasa Macca KOPHEBUII] TPeXJIETHUX pacreHuir P. arundinacea
mocrurasna 700 r/m? K (pase cospeBaHUA ceMAH (KOHEI UIOJA), UTO
cocraBisieT 40% o6mieit 6uomaccer (puc. 8). K KoHIIy Beretamuou-
HOTO IIeproa KpuBas HAKOIJIEHUS CYXOl HaJ3eMHOI MAacChl BBIXO-
IUT Ha IJIATO, TOTJa KaK Macca KOPHEBUII] IIPOJ0JIKAaeT MHTEHCUB-
HO YBEJIMUMBATHCA N0 KOHIA ceHTAOpsA. CiienyeT OTMETUTD, UTO aK-
TuBHOe (hOPMUPOBAHNE KOPHEBUIN] HAUMHAETCA B IEPUOM, KOTZa B
HAI3eMHOM YaCTU IPOMCXOIUT CHUMKEHNE POCTA.

IToxasano, uTo 6OJBIIIAA YACTh IIOA3€MHBIX ITO0ETOB Y AJUHHO-
KOPHEBUIITHOT'O TPABAHUCTOTO MHOroJieTHuUKAa Achillea millefolium
copMupoBasiach B MIOJIe-aBIyCTe B IIEPUOJ I'e€HEPATUBHOTO PAa3BU-
TuA pactenuit (Taba. 3). 3a 9TO BpeMs UMCJI0 KOPHEBUII] YBEJIUU-
JIOCH TIOUTH B LIECTH Pa3 U COCTABUJIO B cpemHeM 27 IIT./pacTeHUe.
KosmnuecTBOo capMeHTOB — IMOA3€MHBIX II00ErOB C AUATPOIIHO-OPTO-
TPONHOUN OpHUeHTalueill pocrta, GopMuUPYyBIIUX (GOTOGUIBHBIA TI'H-
CTOJIOTUYECKUII KOMILIEKC (JIMCTOBbIe IPUMOPAUN), YBEJIUUNUIOCH B
TPU pa3a M B aBTyCTe COCTABJAJNO 24% OT 0OIIero yucJa I0a3eM-
HBIX M00EroB. AKTUBHBIN POCT JIaTE€PATbHBIX KOPHEBUII[ OTMEUYAIN
K KOHITY BereTallMOHHOTO Iepuoja. K KOHIy OKTsI0pA KOPHEeBUIa
00pasoBaIX B CpeIHEeM IBa-TPU JIATEPAJLHBIX MMO0era ¢ 4eThbIPbMsi-
IATHI0 MeTaMepaMu. UKCJIO ¥ JJIMHA METaMepPOB KOPHEBHUIIA IIPO-
IOJI’KAJU YBEeJIUUYMBATHCSA BILJIOTH MO KOHIIA OKTS0PS, KOTZA TeMIle-
paTtypa mouBbl Ha raybuHe 5-10 cM (30Ha JOKaIM3aIuu KOPHEBMIIT)

/™m?
20007

16007
12007
800

4007

0 T T T 1
31 mas 22wuonst  20umrons 20 ceHTAOpS

Puc. 8. lnHamunka HakonneHus cyxon macchl pacteHuamu Phalaroides arun-
dinacea TpeTbero roga xu3Hu, 2003 r. 1 - Hag3emHasa YyacTb, 2 — NoA3eMHas YacTb
(Macnosa u gp., 2007).

Fig. 8. Dry weight accumulation by third summer Phalaroides arundinacea
plants, 2003. (7) Aboveground part, (2) underground part.
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Tabnuya 3
Mopdonornyeckmne napametpbl kopHeBuw, Achillea millefolium
B ce30HHOW AMHamuke, 2009 r. (MacnoBa u ap., 2013)

MapameTtp 1 vions | 16 nions | 28 aBrycra | 23 okTs6ps
Yuncno KopHeBULL, LWT./pacteHne 48+0.8|6.2+05| 341+8.0 | 224+3.6
[nunHa KOpHeBWLL, CM 50+05|94+09| 21810 | 27.7+14

Yncno metamepoB KopHeBuLa, LUT./ 26+02/45+03| 39+04 12405
pacTteHve R R o

Yuncno natepasnbHblX KOPHEBULL, LUT. - - 20+0.5 24+0.7
Yncno y3noB KOPHEBWLL, LUT./pacTeHne 13 28 269 444
Yuncno capMeHToB, LUT./pacTeHne 29+06(86+18|856+1.83| 4.6+2.01

lMpumeyarue. 3aeckb 1 B Tabn. 4 NpoYepk 03HaYaeT, YTo nateparnbHble noberu etle
He cpopMUpOBaHbI.

camxanach 7o 5 ‘C. B cymMMe OCHOBHEBIE U JiaTepajibHbIe KOPHEBU-
mia obpasoBasiu O0osee 400 mMeraMepoB U, CJIeLOBATENHLHO, Y3JOB C
MEepUCTEMATUYECKO aKTHUBHOCTHIO.

NuteHcuBHOe (popMUpPOBaHUE IOA3€MHBIX HO0EroB, MX BBICO-
KU MepUCTeMaTHUYeCKUi MOTEeHIIHAJT 00YCJIOBIMBAIOT HAKOIIJICHME
6uomaccel pacreHuamu A. millefolium B TeueHue Bceli BereTaruu
(puc. 9). HaubGosbIiliagd CKOPOCTb IPUPOCTA OMOMACCHI KOPHEBUII]
oTMeueHa B (pa3dy TeHepaTUBHOTO Pa3BUTHUSA PaCTeHUU (HUI0JIb-aB-
T'yCT), BMECTe C MHTEHCUBHBLIM HAaKOILIeHHEM 0MOMAacChl HAa3eMHbBIX
moberos (puc. 10B). K KoHIly mepmoma aKTUBHOU Bereranuu (as-
TyCT), cyXad Macca KOPHEBUII[ COCTaBJiAsa B cpexHeM 10 r/pacre-
uume uiau 30% obieit 6uomaccel pacrenus (puc. 10A). B aror mepu-
Ol POCT HAI3e€MHBLIX IO0EroB IIPEKpalllaeTcs, KPUBasi HAKOIJICHUS
HaJI3eMHOU OmoMacchl BRIXOJHUT Ha ILJIaTO, a yBeJnueHue Oumomac-
Chl KOPHEBHII[ IIPOJOJIKAETCS BILJIOTH [0 mMo3aHelH ocenn (puc. 10B).

PocT KopHEBUII] pacTeHUH TPaBAHUCTOTO MHOTOJeTHUKA Men-
tha arvensis TPOUCXOMUJI C MIOJIA IO aBTyCT: B ATOT MEPUOM UX KO-

W,r A InW B
sor 350
25T 3T
20 F 2.5
P
15[ 15+
10 [ 1T
5t 0.5 1
0
0 L
HIOHb HI0JIb aBrycr OKTAOpB -0.5 HIOHB HIOJb aBTyCT OKTAODPB

I
Puc. 9. Ce3oHHast guHamumka cyxon 6uomacchl (A) 1 CKOPOCTb ee HaKoMNneHms
(B) B HapgsemHbIx noberax (1) u kopHesuwax (2) pactenun Achillea millefolium sto-
poro roga xu3nu, 2009 r. (Macnosa u gp., 2013).
Fig. 9. The seasonal dynamics of dry biomass (A) and its accumulation rate (B)
calculated per plant in aboveground shoots (7) and rhizomes (2) of second summer
Achillea millefolium plants, 2009.
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Puc. 10. Ce3oHHasa guHamuka cyxow Guomacchl (A) U CKOPOCTb ee Hakonsne-
Hua (B) B Hag3emHbix noberax (1) n kopHesuwax (2) pactennn Mentha arvensis
BTOPOro roaa »xwu3nu, 2009 r.

Fig. 10. The seasonal dynamics of dry biomass (A) and its accumulation rate
(B) calculated per plant in aboveground shoots (7) and rhizomes (2) of second sum-
mer Mentha arvensis plants, 2009.

JINYECTBO YBEJIUYUBAJIOCH B CPEJHEM BTPO€ M cOCTaByaso 12 mobe-
ros/pacrenue (tabu. 4). B orauuwme or A. millefolium, xKopHeBUIa
pacrenuiit M. arvensis He GOPMUPYIOT CAPMEHTHI, HO XapaKTepu-
3yroTcs 0oJiee MHTEHCUBHBLIM BeTBJeHHeM. VIHTeHCUBHBINA POCT Jia-
TepaJbHBIX KOPHEBUII] HAOJIOJAJINU B aBryCTe, BO BpeMs IIBETEHUS
pacreHuii. B okTa0pe KOpHEBUINA UMEJU B CPEeAHEM IIEeCTh JiaTe-
PaJILHBIX MOOETOB C BOCEMBIO-IEBATHIO MeTaMepaMu. YMcao U -
Ha MeTaMepOB KOPHEBUIIA IPOJOJIMKAIN YBEJIUUNBATHCA BILJIOTH IO
KOHIIA OKTAOPS, KOr[a TeMIepaTypa MOUYBbl CHUIKAIACH N0 HU3KUX
MMOJIOKUTEJIbHBIX TeMIepaTyp. B cyMMe OCHOBHBIE U JiaTepajbHbBIE
KOpHeBHUIIA pacTeHus oopasoanu 6osiee 700 meTamMmepoB MU Y3JI0OB
C MEepUCTEMATUYECKO aKTUBHOCTHIO.

Pacreunusa Mentha arvensis K ¢ase Hauana Oyronmsanuu (18
WIOJIA) HaKamauBaau 2-3 T CYXOl MacChl M XapaKTepU30BaJVCh
CPaBHUTEJIbHO BBICOKOII CKODPOCTBIO POCTA HAI3€MHBLIX OPTraHOB U
Hu3Koi — KopHesuir (puc. 10). K dase mBerenus (aBrycrt) macca

Tabnuua 4
Mopdonornyeckne napametpbl kopHeBuw, Mentha arvensis
B C€30HHOM AuHamMmuke, 2009 r.

MapameTtp 1 vions 18 nona | 27 asrycra | 23 okTs6ps
Yuncno KopHeBWLL, LT./pacTeHne 3.9+0.8 7.3+1.1 16.2+2.2 | 11.8+1.1
[nvHa KOpHEBML, CM 29+04 9.3+0.8 251+1.0 | 35.7+24
Yncno meTamepoB KOpHEBMLLA,
Wit pacTeHve 22+0.2 39+0.3 82+02 | 156309
tmcno nateparbHbIX KOPHEBMULL, _ _ 52+03 56+07

Yucno MeTamMepoB nateparbHOro
KOpHeBuMLUa, LWT.

Yncno y3noB KOPHEBWLL, 9 29 445 742
LT./pacteHune

- - 3.7+£0.1 8.5+0.6
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pacTeHHU BO3pocjia Ha MOPSIOK 3a CUET MHTEHCHBHOTO pPOCTa HAaJ-
3eMHBIX 1T06eroB u KopHeBuil. Cyxas Macca KOPHEBUII] B 9TOT IIePU-
ox cocraBaana 55% ob1mreit 6uomaccs! pacrenuii (puc. 10A). K KoH-
1y Bereranuu (OKTsa0phb) Ha ()OHE CYIIIECTBEHHOTO CHUIKEHUA CYXOU
MacChl HAJ3€MHOM YacTH, MacCa KOPHEBWUII| MPOJOJIKAIA YBEJIUUM-
BaTbCs, HO C MEHbIIIeHl CKOPOCThIO, ueM B mepuoj rperenns. Ciaemy-
eT OTMETUTH, UTO OCHOBHOM (DOHJ MeTaMepOB KOPHEBUII[ 00pasyeTcs
B (hasy IBeTeHUA PACTEHUI C WIOJIA II0 aBryCT: UX UKHCJIO B 9TOT IIe-
puon yBesuunBaiochk B 15 pas (Tabui. 4). Boabias uacTs MeTaMepoB
dopMupoBasach B KOHIIEe BereTanuu (CEHTAOPDb, OKTAOPS).

Taxum oO6pasoM, pes3yJabTaThl U3YUEHUS POCTa, MOpPdooruye-
CKOIl CTPYKTYPBHI KOPHEBHUII OJHOJOJBHBIX M IBYIOJBHBIX PacTe-
HU# CBUAETEJIbCTBYIOT 00 MHTEHCUBHOM BETBJIEHUU MOA3EMHBIX II0-
0eroB u (POPMUPOBAHUY 3HAUUTEJHHOIO MEPUCTEMATUUYECKOr0 (hOH-
na. OcHoBHOU (hOH] BEreTaTUBHBIX MEPHUCTEM IIOA3E€MHBIX IMO0EroB
obpasyeTcsa BO BTOPOII IIOJIOBUHE BeTeTaI[lH, IIOCJIEe 3aBEPIIEHNA Be-
reTaTUBHOI'O POCTA HAM3eMHBIX OPTraHOB pacTeHuii. B aTor mepuop
POCT KOPHEBUIIT OCYIIECTBJSJICS 34 CUET YBEeJIUUYCHUS UNCJIA U IJIU-
HBI METaMepOB, UTO CBUAETEJIbCTBYET O IIPOJOJI)KEHUU IIPOI[eCCOB
JeJIEHUST U PACTAMKEHUA KJIETOK BEPXYIIEUHBIX U JIATePAJbHBIX Me-
pHUCTEM TMOJ3€MHBIX MO0EroB IMPU IOATOTOBKE PACTEHUI K MEPUOIY
3UMHET0 TIOKOs. 3aKOHOMEPHOCTH POCTa, HAKOIJIEHNUA U pacIpe-
IejgeHusi 6momacchl, (popMupPOBaHUs OAHKA IION3€MHBLIX BEreTaTUB-
HBIX MEpPUCTEeM OO0OYCJIOBJEHBLI PENPOAYKTHUBHON cTpaTerueil AJIWH-
HOKOPHEBUIITHBIX BUIOB PACTEeHWI, HampaBJeHHO! Ha 3()GeKTUB-
HO€ KCIIOJb30BaHNEe aCCUMUJISATOB IIPU MeHEePATUBHON M BereTaTuB-
HOUW PEnpOAYKITNU.

2.3. AHaToMM4ecKada CTPyKTypa
noa3eMHOro nobera AJIMHHOKOPHEBULLHOIO 3J1aKa
Phalaroides arundinacea

KopHeBuiiie BbIOMHAEST QYHKIMKU 3alacaHUsi, BereTaTUBHOTO
pasMHOKeHUs U paccejeHud. [Io cpaBHEHHUIO ¢ HaA3eMHBIMU m00e-
raMu, IJis KOPHEBUII XapaKTePHBI PeAYKIINS MEeXaHUUYECKUX dJIe-
MEHTOB, 0oJiee CHUJIbHOE Pas3BUTHE IIOKPOBHBIX TKAHEH, 9HAO0IePMBI
¥ TapeHXWMBbI, TJe 3amacaloTcsa nurareiabHble BerectBa (Tapiiuc,
2003, 2007; CrenanoBa, 2005; Ilarocauna, MacaoBa, 2010; ITixroc-
HUHA U Op., 2013). [l1a udyueHusa aHATOMUYECKO CTPYKTYPHI IIOJT-
3emHBbIe moberu purcuposanu B 70% -mom sranose. Ilomepeunsre u
IIPOOJIbHBIE CPE3bl KOPHEBUINA IPOCMATPUBAJIN B PEXKUME CBETO-
BOTO M (DJIYOPECIIEHTHOr0 MUKPOCKOIIA.

T'mnoreorennoe xkopHeBuiie Phalaroides arundinacea wumeert
XOPOIIIO BBIPAKEHHYI0 METaMEepHYIO CTPYKTYPY, B y3Jjiax o0pasyer
YeIllyeBUJHLIE JINCThSI, IPUAATOUYHLIE KOPHU U IIA3YIIHBLIE IIOYKH.
WccnemoBaHuA TOKasaaud, UTO HAMOOJBINUNA nuaMeTp cTebJsid KOp-
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HeBUIla OBLT OTMEUEeH B alUKaJbHON YacTH Ha YPOBHE II€PBOTO-
Broporo meramepos (10.7 = 0.1 mm?). B 6asanbHOM yacTu (IATHIHA-
IIIeCTOM MeTaMephl) AraMeTp KOPHEeBUINA OB B JBa pasa MeHbIIe,
0 CpaBHEHUIO C anmKaJabHOU. Iliomans ceueHMA KOpPHEBUIA Ha
YPOBHE UYETBEPTOr0 MEMKAOY3JWUsS B JIETHUI II€PUON COCTABJISAIA B
cpeqaem 8 mm2. Bosee 50% or obirero oobema cTebJsA IMOA3€MHO-
ro mobera 3aHUMAaeT IIapeHXUMa IIePBUYHOM KOpbI (Tabiy. 5), Kier-
KU KOTOPOM OKPYIJIble WX OBaJbHBIE Ha MOIEPeYHOM cpese, oT 10
mo 80 MKM B pagumaibHOM amameTpe. MejaKue KJIETKU MapeHXWMbI
PacCIIOIOMKEeHBI TI0 mepudepu U B IPUIETAIOININX K IIeHTPAIbHOMY
UINHAPY CJIOSX, KPYIHBIE — B CPeAHell YacTh IePBUYHOA KOPBI
(puc. 11). Hammrume X0OpOIIIO pasBUTON IMapeHXUMBI KOPBHI 00YCJIOB-
JIeHO 3amacaromieil GyHKIrell KOpHeBUIA — MHOTOJIETHEr0 OopraHa
BEreTaTUBHOI'O Pa3MHOKeHUA. [lepBUYHAA KOopa TaK:Ke 3allUIllaeT
IIPOBOJAIIYIO CUCTEMY IIO3eMHOT0 Imo0era, GyHKIIMOHUPYIOIETO B
TeueHUe PAAA JeT, OT BO3MeHCTBUA BHEITHUX (haKTOPOB.
IlepBuuHas Kopa U IeHTPATbHBIN MUJINHAP KOPHEBUIIA pas3Trpa-
HUUYEHbI MeXKIy co00il Mopdosornuecku au@@epeHInpoOBaHHON 9H-
IomepMoii — BHYTPEHHUM CJIOEM IIEPBUYHOM KopbI (puc. 11). B mpo-
mmecce cyGepuMHM3aIUM KJETOUHOHM CTEHKU SHIOAEPMBI o0pasyeTcs
XOPOIIIO BEIPAYKEHHAA CJIOUCTOCTD: CBETJIbIE CJIOU UEPENYIOTCA C TEM-
HbIMU. CBeTJIbIe CJIOU ABJIAIOTCA MOJNCAXaPUIHBIMU OTJI0MKEHUAMU,
a TeMHBIe — Tpociyorikamu cybepuna ([Jammmosa, 1980). Ciaoucrtwie
BTOPUYHBIE 000JIOUKY HAOIIOMAIOTCS HAa PAIUAJIbHBIX U BHYTPEHHUX
TAaHTeHTAJbHBIX CTEHKAX KJETOK 9HIoAepMbI. [losToMy Ha momeped-
HOM cpese cTe0JIsi KOpHEeBHUIla yToJilenus nmeior U-00pasHyio Ghop-
my (puc. 12). B cpenHeM TOJIIIMHA KJIETOYHOM OOOJIOUKM Ha TaH-
FeHTaJLHON CTeHKe B miojie cocraBiasiaa 30% OT paguajabHOrO IH-
amerpa kJyeTku (Tabn. 6). U-obpasublie yToJIieHMs 000JIOUYEK IIO-

Tabrnuya 5
AHaTommnueckas cTpykTypa KopHeBuwia Phalaroides arundinacea
B pa3Hble ce3oHbl 2004 r. (MntocHuHa, MacnogBa, 2010)

[Mokasartenu Wionb Hos6bpb
Mnowanb nonepevyHoro cpesa, Mm? 77+14 |48+0.6*
MapumanbHbIi 06beM, % KOPOBOW MapeHXUMblI 58 66
LeHTPanbHOro LuunuHapa 42 34
NPOBOAALLMX MYYKOB 11 10
PagunanbHbIn gnameTp KneTok, MKM |anvaepmbl 19.3+24|1202+1.4
KOPOBOW MapeHXUMbl 35.7+£55|322+1.4
COCyO0B KCUMeMbl 476+3.7|412+1.6
CUTOBUAOHBIX 11.4+1.0[105+0.3
Yuncno NpoBOASALLMX MyYKOB 72+8 59+ 7*
Yncno KrneTok B MPOBOASLLEM NyYKe |COCYA0B KCUMNEMbI 3.0£05 | 23+0.2
CUTOBUAHBIX 10.7+0.9|14.1+1.0

* Pasnuuus Mexay napameTpamu B Uofe U Hosibpe CTaTUCTUYECKU 3HaYMMbI, P <
0.05.
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Puc. 11. MNMonepeyHbiin cpe3
KopHeBuwa Phalaroides arundi-
nacea Ha YpOBHE 4eTBEpPTOro
mexgoysnusa, 2004 r. Bn — BO3-
OYyXOHOCHas MonocTb, NK — nep-
BMYHAs Kopa, UL — LeHTpanbHbIN
uMnuHap, 8 — aHgogepma. Mac-
WwTabHasa nuHerka: 0.1 Mm.

Fig. 11. Scanning elect-
ron cross section micrograph of
Phalaroides arundinacea rhizome
at the 4th internode, 2004. Abbre-
viations: (Bn) air cavity, (nk) cor-
tex parenchyma, (uu) central cy-
linder, (3) endodermis. Scale bar:
0.1 mm.

SIBJIAIOTCSI BO BTOPOM MeTa-
Mepe, WX DPasMepbl yBeJIH-
YMBAIOTCSI OT AaMUKaJIbHON
K OasajabHOM uacTu mobera
(rabs. 7). Ha momepeunom
cpese KJIETOK SHIOLEPMEI B
KopHeBuiniax P. arundinacea nmpocMaTPpUBAIOTCA OT ABYX IO BOCBMU
ILIa3MOJIeCM, KOTOPBIE IIPOXOIAT CKBO3b U-0OpasHble YTOJIIIEHUS.
Coxpamenue miasmomecM Ha (oHe o0pazoBaHUA 3HAUNUTEILHBIX IIO
00'beMy YTOJIIIeHNII KJIETOK NMeeT OrPOMHOe 3HaUeHue JIJIs IOIIep-
JHaHUA HEeIIPEePbIBHOCTU CHUMILJIACTUYECKUX CBHSeﬁ B PaCTUTEJIBbHOM
opraumusme. PoJib m1asmMozecM B (DYHKIIMOHMPOBAHUM SHAOILIA3MA-
THUYECKOM CeTHM M BaKyoMa B KauecTBe O0Iell paclIpene/uTebHON
CUCTeMbI pacTeHUi aBaserca KiaioueBoii (amasneii, 2006).

Puc. 12. U-o6pasHble yTon-
LEeHNs B KNeTKax 3HAOAEepMbl Ha
NonepeyHoOM CeYeHUN MeXOoy3-
nusa kopHeswuLa Phalaroides arun-
dinacea, HosiGpb 2004 1. Nk — na-
peHxMma Kopbl, 3 — 3HAoAep-
Ma, UL — LeHTpanbHbI LMIMHAP.
MacwTabHas nuHenka: 5 MKm
(MntocHmHa, Macnosa, 2010).

Fig. 12. Scanning electron
cross section micrograph of Phal-
aroides arundinacea rhizome in-
ternode. U-shaped wall thicken-
ings of endodermis cells, Novem-
ber 2004. Abbreviations: (nk) cor-
tex parenchyma, (3) endodermis,
(uu) central cylinder. Scale bar:
5 um.




Tabnuya 6
XapaKkTepucTuKa KneTok aHA0AEPMbI
B KopHeBuLle Phalaroides arundinacea B pa3Hble ce30Hbl 2004 r.

[Mokasarenu ionb Hosbpb
PagvanbHbivi AnameTp KNeToK 3HA0AEPMbl, MKM 29.1+£2.0 23.7+0.7
TonwwmHa U-06pasHoro yTonweHnsi, MKM 86+1.2 4.8 +0.6*
Yucno cnoes B U-06pa3HOM yTONLEHUM SHAOAEPMbI 17 £ 1 11+ 1*

* Pasnuuusa mexay nokasartensmu B uione n Hosabpe ctatucTnyeckn 3Hauumel, P <
0.05.

CioucThble BTOPUYHBIE YTOJIIEHUA KJIETOUHBIX 000I0UEeK MOXK-
HO HaAOJIOJATh M B TKAHAX IEHTPAJLHOTO IUJIWHIPA, HO OHU Me-
Hee BBIPAYKEHBI W 00PA3yIOTCS IO BCeMY mepuMeTrpy KJieTok. Cxo-
sxkue mo dopme ¢ U-06pasHBIMH BTOPUYHBIE YTOJINEHUA KJIETOK 9H-
IOoIepMbl BBIABJIEHBI TaK:Ke B KOPHAX KYKypyshwl (93ay, 1980), B
auctbax pona Isoetes (Rolleri, Prada, 2004). B magsemuom ctebie
9HJIO0EepMa He BCerJa OmpeessieTcs, a B KOPHIX OHa UAeHTUMUIH-
pyetcsa xopoiro (Jaunumosa, 1980). ITo HallIuM JaHHBIM, IPUIATOY-
Hble KopHU P. arundinacea mMeiOoT SHAOAEPMY C UETKO BBIPAKEH-
ueiMu U-00pasHBIMU YTOJIINEHUAMHU KJeToK (puc. 13). B ommoser-
HUX Hag3eMHBIX moberax P. arundinacea sumomepMa MopPQOJIOTH-
YecKU He BbIpasKeHa.

CpaBHUTEJIbHBLIN aHa/JIN3 aHATOMHUUYECKOM CTPYKTYpPhI HaI3eM-
HOTO0, TIOA3€MHOT0 IT00ETOB 1 KOPHS MHOTOJeTHero 3jaka P. arun-
dinacea moKazaj, UTO CXeMa PACIOJOXKEHUs TKaHell B KOPHEBU-
1Ile MMeeT CXOACTBO C KOPHAMHU 3JIAKOBBIX PACTEHUH: IIPOBOMSIINE
MMyYKU CMEIeHbI ¢ mepudepuiiHoil 30HbI B IIeHTPAJbHYIO YaCTh CTe-
0J1 BCJIEACTBUE MOIITHOTO Pa3BUTUA MMAPEHXUMBI IIEPBUUHON KOPHI,
OTAEJIEHHON OT MPOBOAAINEro IHUJIWHApPA dHIomepmoii. CXomcTBo
CTPYKTYPBI KOPHEBUINA ¥ KOPHS 3JaKOBBIX TPaB CBSI3aHO C TEM,
YTO IOA3EMHBIEe MO0ErM YaCTUYHO BBIMTOJHSAIOT (DYHKIIWIO TJIABHO-
ro KOpHA, KOoTopbiil v P. arundinacea orMupaetr oueHb paHo. Ilns
OOJIBIITMHCTBA OLHOMOJLHBIX U ABYIOJBHBIX MIMHHOKODPHEBUIITHBIX
pacTeHnii xapakTepHO HEJOPa3BUTHE CTEP)KHEBOT'O KOPHSA WJIU ero
MoJIHAA yTpaTa, YTO CBA3AHO C PA3BUTHEM MOITHON IPUAATOUYHON

Tabnuua 7
CTpoeHMe KNeToK 3HA0AEPMbI
B Mexpaoy3nuax kopHeBuw, Phalaroides arundinacea, nionb 2004 r.

Mexpgoy3anus
Mokasarenu 1 > 3 2 5 6
PagnanbHein anameTtp 19.7 £ 233+ 20.3 253 + 26.9 + 225+
KNEeToK 3HO0AEPMbI, MKM 2.8 3.0 3.0 3.0 3.2 4.4
TonwwmHa U-o6pasHon He 29+1.0(6.3+£1.0(9.0+1.1| 124+ 12.8 +
KIETOYHOM 06004k, 0o6Hapy- 1.3 2.0
MKM KEHbl

lMpumeyarue. 1-6 — Mexa0y3nus OT anukanbHOro k 6asanbHoOMy.
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Punc. 13. U-o6pasHble yTon-
LLEHNs B KNeTkax aHAoAepMbl Ha
nornepe4yHoM CeveHun npuaaTod-
Horo kopHsi Phalaroides arundi-
nacea, wonb 2004 r.: Nk — napeH-
XMMa Kopbl, 3 — 3HAoAepMa, N —
nepvumnkn. MacwTabHasa nuHen-
Ka: 5 MKM.

Fig. 13. Scanning electron
cross sections micrograph of Pha-
laroides arundinacea additional
root. U-shaped wall thickenings
of endodermis cells, July 2004.
Abbreviations: (nk) cortex paren-
chyma, (3) endodermis, (nu) peri-
cycle. Scale bar: 5 ym.

KOPHEBOI cuCTeMbl Ha ILja-
THUOTPOMHBIX KOPHEBUIIAX
(TonyGes, 195706).

ITapunuanbublii  06BEM
IMEeHTPAJbLHOTO  IMUJIWHIPA
KOPHEBUINA HAa YPOBHE TPETHETO-UYETBEPTOTO MEXKAOY3JIUU B CPEJ-
HeMm cocraBisaa 40% . oy IpoOBOAAIUX IIYYKOB B CTeOJIe KOPHE-
uiria 6bs1a 11% , B merrpasbuom muauaape — 27% . IIpoBogsiue
MIyYKU 3aKPBIThIE, KOJJIATePaJIbHOrO TUNAa, AUMGHY3HO PACIIOTIONKE-
HBI B IleHTpadbHOM muaunuape (puc. 11). ITo mepudepun meHTpainb-
HOTO ITUJINHpa o0pasyercd o0KJIaaKa U3 CKJIEPEHXUMBI, K KOTOPO
MPUMBIKAIOT BHEIITHUE MeJKVe NMy4YKH. BauiKe K cepeguHe IIPOBO-
OsAIre IIyYKyu 0oJiee KPyIHbIe. B I[eHTpe cTean JacTo HaOJIIomaIn
IIyYOK KOHIIEHTPUUECKOro Tuma (aMGuBas3aJIbHbIN), KOTOPBIN ABJI-
eTcs, II0-BUAMMOMY, PE3YJIbTATOM CIAUAHUA HECKOJBKUX (IABYX WU
Tpex) MPOBOAAIINX IIYYKOB. IIpoBOAAIIMEe HYUKU COCTOAT U3 IIEep-
BUYHBIX TKaHel, colep:KaT B CpPeIHeM TPHU TPaxXealbHbIX DJIeMEeH-
Ta KCuIeMbl 1 11 CUTOBUAHBIX 3JIeMEHTOB (PJ10sMbI. PJI09MA BKJIIO-
yaeT B ce0s TaKiKe KJIETKU-COyTHUKU. Ha ypoBHE UeTBEPTOTO MeK-
IOy3JIsA Ha IIOMePeUYHOM Cpe3e KOPHEBUIIA HACUYUTHLIBAETCS B CPe[-
Hem 70 nyukoB. B Kope xkopHeBuiia P. arundinacea BCTpedaioTcs
MIPOBOAAIIE IYUYKU CJIeJ0B UeITyeBUIHBIX JINCTHEB, He BOIIEIINe
B cTeny. HacTh KJIETOK KOPOBOU IIAapeHXMMBI CO BpeMeHeM pas3py-
maeTrca ¢ 00pasoBaHMEM IIOJIOCTEH MEXXKAY IPOBOAAITUMYU ITyYKAMU
JUCTOBBIX ciienoB (puc. 11).

WccnenoBanus yabTPacTPYKTYPhl KJIETOK KOPOBOI IapeHXUMbI
U IapeHXUMBbI IIeHTPAJbHOrO IMJINHIPA B MEKIOY3JIUAX U3 CPEe.I-
Hell yactu KopHeBuina P. arundinacea BBISBUJIN DPa3JIUUUA MEXK-
Iy YUCJIOM W CTPYKTYypo# miactTupn B Hux. Ha cpese KJETKH KOPO-
BOI HapeHXWMBbI HACUUTHIBAJIOCH IMATHL-CEMb KPYITHBIX aMUJIOIIA-
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CTOB CO CpegHel miuomanbio cedenuda 11.3 = 2.1 mrm?. IlnacTuas
UMeJIN 9JeKTPOHHO-IJIOTHYIO CTPOMY, COAEPKAJIU IO TPU-IATH 3€-
PeH KpaxmMaJja U IIeCThb-BOCEMb ILIacTorI00ya. ITlapruanbHbIll 00b-
eM 3epeH Kpaxmasa coctasisaa 30 = 5% . B mapeHXUMHBIX KJIETKaX
IEHTPAJBHOIO ITUJINHIPA ILJIACTUIBI BCTPEUAINCh 3HAUUTEIHLHO Pe-
sKe, IJIOIAAh X cpe3a ¢ KpaxMaJioM cocraBisana 1.6 = 0.7 mxm2.

Kopuesuiia P. arundinacea o06pasyoT JiaTepajbHbIE ITOI3€M-
Hble M00eru TPEeThHero W YeTBEePTOrO IMOPAJAKA B TeueHHe BCEro Be-
reranuoHHOro nmepuoga. C HacTyImIeHNeM OCeHU, KOrjqa HaJa3eMHasd
YacTb OTMUPAET, KOHYC HapacTaHUA OOJILIIMHCTBA KOPHEBUII (DOP-
MUPYeT 3a4aTKU (POTOCUHTE3UPYIOIINX JINCTHEB HOBOM I'eHepaIluu.
CpaBHUTE/NbHOE U3yUYEHNEe AHATOMUYECKON CTPYKTYPHI MOA3E€MHO-
ro mobera P. arundinacea Ha pa3HBIX sTamax MopdoreHesa moOKa-
3aJI0, UTO C HACTYILJIEHHEM OCEHU KOPHEBUIIe o0pasyeT MeTamMephl
c 0oJlee TOHKUMU MEKJOY3JIUAMYU II0 CPABHEHUIO C JIETHUM II€PUO-
moMm. Ilmomianb momepeyHOTO ceueHNA KOPHEBUIlAa COKPAIaeTca Ha
38% , IPOUCXOAUT YMEHBIIEHNE NOJU IEHTPAJLHOTO IHMJINHIDPA U
yBeJIMUeHUe MapIiiuaJbHOTO 00'beMa KOPOBOM mapeHXuMbl (Tabsa. 6).
9TO cBUAETEJIbCTBYET 00 YCUJIEHUU 3alacamlieil GyHKIIUU KOpHe-
BUINla U IlepepacupefiejieHUU HarPy30K B TPAHCIIOPTHOM cucTeMe
pacteHusa. AHaJOTUYHBIE PE3yJabTAThl OBLIN IIOJYYEHBI OIS KOP-
HeBUII| pacTeHuil poga Mentha, y KOTOPHIX B IIEPUOJ OCEHHUX 3a-
MOPO3KOB OTMEUEHO yMEHbIIIEHUE TOJIIUHBI (DJI09MHO-KCUIEMHOTO
KOMILIeKCa U YBeJIMUeHNe TOJIIMHBI IepBuYHOU Kophl (KoHapaThe-
Ba u 1p., 2005).

C HacTyIJIeHHEeM OCEeHU COKPAIIlaeTCs TPAHCIUPAIIMOHHBIHA TOK,
00yCJIOBJIEHHBII MCIIapeHWeM BJIaTH C MMOBEPXHOCTHU HaJA3eMHOU ua-
cTu pacTeHuii. BodaMo:xHO, ¢ 3TUM cBfA3aHO (hOPMUPOBaAHUE MEHb-
XX [0 AUaMEeTPy M YHCJIY COCYAOB KCHUJIEMbI B OCEHHUI II€PUO[
(rabs. 6). YUnucsio CUTOBUAHBIX BJIEMEHTOB (DJIO9MBI B IIPOBOAAIIEM
My4YKe W B IeHTPAJbHOM I[MJHHADE, HAIIPOTUB, B HOSAOpE BHIIIE,
yem B wuioje. CiaemoBaTesbHO, IPOUCXOAUT COXPaHeHUE 00HEMOB
duioaMbl Ha (hOoHe CHUIKEHUS IOKaszaTesieldl MPOBOAAIINX IYUYKOB U
IEeHTPAJbHOrO MUJANHAPA B IeaoM. OTMupaHue HaA3eMHBIX OIHO-
JeTHUX 100eroB u (pOpMHPOBAHNE II00ETO0B HOBOUM reHepalluu IpPH-
BOAAT K AKTUBHOMY II€pepacIipeesieHNI0 IJIACTUYECKUX BeIlleCTB
MeKAy HaJA3eMHOUM UM IMOA3eMHOI YacTAMU PAaCTeHUS B IePUO] IOJI-
TOTOBKU K 3UMe.

OceHbIO B PACTEHUAX IIPOUCXOINAT CJIOMKHeHIIne mMopdodusu-
OJIOTUYECKME IIPOIECCHI, YJIBTPACTPYKTYPHBIE IIE€PECTPONKU KJe-
TOK, OpraHe/JI W MeMOpaH, UTO CIIOCOOCTBYeT aalTaIluMi pacTe-
HU# K HUBKUM TeMIlepaTypaM. B IapeHXMMHBIX KJIETKAX MEXKI0Y3-
auit, 3a)UKCUPOBAHHBIX B HOAOPE, IJIACTUABI IIPEACTABJIEHBI pPej-
KO BCTPEUAIONINMUCSA JIEHKOIIJIacTaM1, He COMeP:KaIllluMU KpaxMal.
O6HapysKeHbl CcHMKeHHe B 1.5 pasa umciaa CJI0e€B BO BTOPUYHOM
YTOJIIIEHNN KJIETOK SHIONEPMBI U YMEHBIIIEHWEe B JBa pasa TOJI-
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IITUHBI CJAOMCTHIX KJIETOUHBIX 000JI0UEK SHAOAepPMLI (Tabi. 7). ATo
MOJKET OBITh CBSI3aHO C YACTUYHBLIM KCIIOJB30BAHUEM COIEPIKIMO-
o KJIETOUHBIX 00OJIOUEK, B TOM UHCJIe W SHIOAEePMbI, B IIpoIeccax
HaKOILJIEHNA KJIETKAMMN HUBKOMOJEKYJIAPHBIX CaXapoB. ITO IIpe-
IOTBpAIIaeT BhIMepP3aHUe KOPHEBUII IIPU 3UMOBKe. B sKcmepuMeH-
Tax Ha PACTEHUSAX O3UMOU IIIIEHUIIbI OBLIO BBISIBJIEHO, YTO Ha Ha-
YaJbHOM dTalle IIPOIlecC aJanTalui K HU3KUM TeMIlepaTypam ocy-
IIIeCTBJISIETCA 3a CUET Aerpajaluy YacTHd KJIETOUHBIX CTPYKTYp H
UX WCIIOJIb30BAHUSA B KaueCcTBe HMCTOUYHHKOB yrJiepoja U SHEPTruu
mpu GOPMUPOBAHUY YCTOMUYMBOM K HU3KUM TeMIIepaTypaM yJabTpa-
cTpyKTyphI (AtomoBa u ap., 2001; KiaumoB u ap., 2010). B pabo-
Te Lee ¢ coaBr. (2007) moxasaHo, UTO 3JIeMEHThI KJIETOUHBIX CTEHOK
JUCThEB apabuporicuca (MEeKTUH, FPeMUIIEJII0I03a) B YCIOBUAX He-
JOCTATKAa caxapoB IIPU UHTUOMPOBAHUU (POTOCHMHTE3a MOABEPTATIUCH
Jerpajarnuu. B mesoM cylmecTByeT mpobjemMa U3yUeHUs IOCTCUHTE-
TUYECKUX MOAUDPUKAIUNA KJIETOUYHOU CTEHKU PaCTeHWiI, CBA3aHHAA
CO CJIOXKHOCTBHIO BBIZEJIEHUS TOJINMEPOB, HEPETryJIIPHOCTHIO UX CTPO-
€HUsS ¥ JIOKAJbHOCTHIO M3MEHEHUM, IPOUCXOAAINX B KJETOYHON
obosouke (I'opimikosa, 2007). Ilomaraem, 4To BOIIPOC CE30HHBIX M3-
MEHEeHUH KJIETOUHBIX 000JIOUEK MeXaHWUYECKHX TKaHeHN II0A3eMHBIX
1mo6eroB — KOPHEBUII] TPeOyeT Gojiee TeTaIbHBIX MCCJIEIOBAHUI.

Taxkum 00pa3oM, U3yueHUe aHATOMUYECKON CTPYKTYPHI KOpPHe-
BUIIla MHOTOJIETHEro 3jaxKa P. arundinacea BBISBUJIO IPOIIOPIIHO-
HaJbHOE Pa3BUTHE 3allacalolell IMapeHXUMBbl U ITPOBOAAIMIINX TKAa-
Hel, 4YTO 00yCJIOBJIeHO (DYHKIIMOHAJHHBIM HasHaUYeHWEM KOPHEBU-
111a, CIIO0COOHOCTHIO TPAHCIIOPTHUPOBATh U 3alacaTh IUTATeIbHbIE Be-
mecTBa. XapaKTePHOU OCOOEHHOCTHI0O aHATOMUYECKOH CTPYKTYPBI
KOPHEBUIIA MHOTOJIETHETO 3JIaKa ABJAETCA HaJmume MOPQOJIOTH-
yecKku auddepeHIIuPOBAHHON SHI0AePMbI C BTOPUYHBIMU CJIOVCTHI-
Mu yroJineHusaMu. OceHbI0 MPOUCXOAUT COKPAIIleHe TJIONaIu I10-
IIEPEeYHOr0 CeUYeHUs MOJ3eMHOTo mobera, yMeHbIIIEHUE OJI ITeH-
TPaJbHOTO IIUJINHIAPA W YBeJnWUeHNe MapiuaJbHOro 00beMa KOopo-
BOI IMapeHXWMbI. OTO MOKET CBUIETeJIbCTBOBATH 00 yCHJIEHUU 3a-
nacaroIieil QyHKIINY U CHUYKEHUN IPOBOAAINEN POJW KOPHEBUINA B
CBs3HU C MOJATOTOBKOII pacTeHUil K 3UMe.

2.4. Ce30HHbIe 1 BO3paCcTHble U3MEHEHUs
aHaTOMUYECKOW CTPYKTYPbl NOA3EeMHbIX No6eros
OJIMHHOKOPHEBULLHBIX TPaBAHUCTBIX PACTEHUi
pa3HbIX 3KOJIOrO-LLeHOTUYECKUX rPynn

MopgenbHBIME 00BEKTaMU OBLLINM KOPHEBUIIHBIE MHOT'OJIETHU-
Ku ayrosoit (Mentha arvensis u Achillea millefolium) n jmecHoi
(Paris quadrifolia, Maianthemum bifolium) 9K0JOTO-IIeHOTUYE-
ckux rpynm. P. quadrifolia dopmupyet Toscroe (3-7 MM B guame-
Tpe) KOPHEBUIIlE, PACIIOJOKEHHOE B IIOYBE HA ITJIyOMHE OKOJO 5 cM
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(BenbkoB u ap., 1974). M. bifolium nMeOT TOHKOE, I'MIIOT'€OTeH-
HOe KOpHEBUIIle, KOTOpoe pacmoJiaraercs Ha rayoumHe 3-4 cm (Ilo-
aguckasa, 2006). M. arvensis o6pasyioT T'MIIOT€OTeHHOEe II0J3yuee
KOPHEBHUIIE C AJIUHHBIMU MEXKIOY3JIUIMEU, KOTOPOe Pa3BUBAETCSI HA
riyoune 5-15 cm (Ouroremermueckuit ariaac..., 2007). A. millefoli-
um (opMupPyeT I'UIIOreOreHHOe I10JI3ydee IITHYPOBUIHOE KOPHEBU-
mie (HukoB u ap., 1983).

Ce3oHHbBIE U3MEHEHHSI aHATOMHYECKON CTPYKTYPhI KOPHEBWUIII,
Y uccnemoBauubix BumoB 50% u 60see oT 00beMa MEKIOY3IUA O -
3eMHOro mofera 3aHuMMaeT 3amnacamwlias TKaub (Tadba. 8). KopueBu-
111a JIECHBIX paHHeBeceHHUX BuA0B P. quadrifolia u M. bifolium ot-
JIMYAJIMCh HaMWOOJIBIIIMM PA3BUTHEM IIAPEHXUMBbI IIE€PBUYHON KO-
pPBI, KOTOpasi cocTaBuJia B JieTHHUI mepuon B cpeamem 80% oT 006-
mero oobeMa MeKIOy3JIus. XapaKTePHO 0COOEHHOCTHIO 3alacaio-
melt mapeExuMbl P. quadrifolia aBnserca HaKOIJIEHVE B ee KJIeT-
Kax OoJIBIIIOTO KoamuecTBa Kpaxmaia (puc. 14). B KiaeTKax mop-
3eMHbIX 100eroB P. quadrifolia u M. bifolium oTMeueHO OTIOKEeHUe
KPHUCTAJJIOB OKcaJjaTa Kaabliusd. B moaseMHbBIX moberax M. arvensis
B 00J1aCTU BBICTYIIAIOIIUX pebep Iof duuaepMoit hopMUpPyeTcsa MHO-
ropsagHas KOJUIEHXUWMa, BBIIOJHSAIOIAA MEXaHUUYECKYIo (DYHKIIUIO
(puc. 15). KaeTounblie 000JI0YKM KOJJIEHXUMbBI HE OJpeBeCHeBaIOT, 1
CTeIleHb ee Pa3BUTHUA PA3JIMUAETCA Yy PA3HBIX 0cO0ell OJHOTO BUIA.

IIpoBogsAle MyYKM B MOA3EMHBIX II00erax M3yUYeHHBIX BUIOB
pacmojiararTcs o mepudepu IPOBOASAINEro MUINHAPA, [[eHTPAIb-
Hafdg YacTh KOTOPOTO 3aHATA ITAaPEHXMMHBIMU KJjeTkamu. ¥ P. quad-
rifolia pasBuBaioTcsa ampusasanabubie, v M. arvensis u M. bifoli-
um — 3aKpPBIThIE KOJIaTepajbHbIe IMPOBOAAINNE IYUYKU, y KOPHEe-
Buiti A. millefolium — oTKpBITHIE KOJLIaTepaabHbie (puc. 15, 16). Io
nepudepun KOPOBOIl MapeHXMMBI NOJ3eMHBIX 100eroB P. quadrifo-
lia pacmosararoTcs MeJKHe KOJIIaTepaJibHble IIPOBOIAIINE IIYUKHU
JILCTOBOTO cjiefa. B xopHeBuinax M. arvensis Kpome 4eThbIpex OcC-
HOBHBIX IIYYKOB, CoJep:Kalux (IosMy U Kcujaemy, opMupyercs
00JIBIII0Oe KOJMUYECTBO AOIOJHUTEJIbHBIX IIYYKOB, B KOTOPBIX 3Je-
MEHTBHI KCUJIEMbI 3aMeITeHbl MeXaHUYeCKOl TKAaHbIO — CKJIEPEHXU-
moii (puc. 16). MexmyuKoBasa ImapeHXHMa, KaK IPaBUJO, CKJIEPU-
dunupoBaHa, B pesyJjbTaTe u4ero o0pasyeTcs CILJIOIIHOEe KOJIBIIO U3
CKJIEPEHXUMBI 110 nepudepun IeHTPaJIbHOTO UJINHAPA.

Hnsa mopsemubiXx moberoB A. millefolium xapakTepHo 06paso-
BaHIe MeXaHWYeCKON TKaHU B BUJe OOKJIAMOK IIPOBOAAIINX IMyU-
KOB CO CTOPOHBI (0J109MBEI (BOJIOKHA IIPOTO(JIOIMBI) 1 KCUJIEMEI (pUC.
15, 16). KieTku MexaHWUYECKON TKaHW KOpHeBUIl M. arvensis u
A. millefolium aABIAIOTCA KUBBIMU, a KX KJETOUHBIE O0OJOUKA
YTOJIIIEHBl He3HAUUTEIHHO.

BryTpenHuii cioil mepBUUYHON KOPBI KOPHEHM COCYAUCTBHIX pac-
TeHUI mMeeT 0coOble CBOMCTBA KJIETOUHBLIX 000J0UEK, CBA3AHHBIE
¢ opMupoBanmeM MmoscKkoB Kacmapu, um Ha3bIBaeTCS SHIOAEePMOI
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Kax napenxumebl Paris quadrifolia. NonepeyHbln cpe3d. CKaHMPYHOLLMIA 3NEKTPOHHbI
MMKPOCKOM. 2 — KpUCTansbl okcanarta Kanbuus B KneTke napeHxumsl P. quadrifolia.
MonepeyHbin cpes. CkaHMPYIOLLMIA ANEKTPOHHbBIA MUKPOCKON. 3 — KpucTansbl okca-
nara kanbuus B BepXxyLUKe kopHeBuwa Maianthemum bifolium (ctpenku). MNpogonb-
HbI cpe3. CBETOBOW MUKPOCKONM. 4 — yrofnikoBasi KonfneHxnva B kopHesule Mentha
arvensis. MNonepeyHbii cpe3. CBeToBoOW MUKpockorn. MaclutabHble IMHENKN, MKM:
1, 4-100; 2, 3-50.

Fig. 14. Cortex parenchyma of rhizomes, 2008. (7) starch grains in parenchy-
ma cells of Paris quadrifolia. Cross section. Scanning electron microscopy; (2) cal-
cium oxalate crystals in P. quadrifolia parenchymal cell. Cross section. Scanning
electron microscopy; (3) calcium oxalate crystals in Maianthemum bifolium apex
(arrows). Longitudinal section. Light microscopy; (4) angular collenchyma in Men-
tha arvensis rhizome. Cross section. Light microscopy. Scale bars: (1), (4) 100 ym;
(2), (3) 50 pm.

(93ay, 1980). OTmeueHo, UTO B CTE0JIAX XBOWHBIX 1 IIOKPLITOCEMEH-
HBIX pacTeHui MmopdoJsorunuecku auddepeHIInpoBaHHaAa 9HI0IepMa
YacTO OTCYTCTBYET MJIU NIPEACTABJIE€HA KPAaXMaJOHOCHBIM BJaraJiu-
mem ([danumaoBa, 1980). Hamu pesynbTaThl IOKAas3ajau, YTO B KOP-
HeBUIIIAX BCeX M3YUEHHBIX BUAOB dHI0oJepMa auddepeHupoBaHa,
HaxXOMUTCA HA PAa3HBIX CTAAUAX pasBuTusd (puc. 15) u He Bcerpa BU-
3yaJn3upyeTcsa IOJ OOBIUHBIM CBETOBBIM MUKPOCKOIOM. VICITOJIE-
30BaHUE MeToa (PIYOpPeCcIeHIINY II03BOJISIEeT PaCIo3HaTh (PoPMUPO-
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Puc. 15. CTpoeHue aHOoaepMbl B Noa3eMHbIX NoGerax KOPHEBULLHBIX pacTe-
Hun, 2008 r. NMonepeyHbin cpes. dnyopecueHTHas Mukpockonus. 1 — Paris quadri-
folia (ntonb). Mopdonoruveckun anddepeHumpoBaHHasa aHgoaepma. 2 — Maianthe-
mum bifolium (vionb). O6pasoBaHne U-o6pasHbix KNeToYHbIX obonovek aHaoaep-
Mbl. 3 — Mentha arvensis (okTsi6pb). QHAOAEPMA Ha CTaguy hopMUpOBaHNs U3rnba
KNETOYHOM CTeHku (cTpenku). 4 — Achillea millefolium (vionb). QHgoaepmMa Ha cra-
aumn chopmmpoBaHus NosickoB Kacnapm (CTpenku); K — kaMbuii, Kc — kcunema, Kk —
nepBuYHas Kopa, nyy — napeHxmma LeHTpanbHOro UMnuHapa, cKk/ia — CKnepeHxmma,
1 — prnoama, 3H — aHgoaepmMa. MacwTtabHble nuHenku, mkm: 1, 2 —100; 3, 4 — 50.

Fig. 15. Endodermis structure in plant rhizomes, 2008. Cross section. Fluores-
cence microscopy. (1) Paris quadrifolia (July). Morphologically differentiated endo-
dermis. (2) Maianthemum bifolium (July). Endodermis with U-shaped wall thicken-
ings. (3) Mentha arvensis (October). Endodermis formation stage of bending the cell
wall (arrows). (4) Achillea millefolium (July). Endodermis with the Casparian bands
(arrows). Abbreviations: (k) cambium, (kc) xylem, (r1k) cortex, (nuyy) central cylinder
parenchyma, (ckn) sclerenchyma, (¢ps1) phloem, (sH) endodermis. Scale bars: (1),
(2) 100 um; (3), (4) 50 pm.

Banue mosickoB Kacmapu (Meyer et al., 2009). Kierounsie 060104-
KU 9HAOAEPMBI HamboJiee pa3BUTHI ¥ pacteuuit M. bifolium. Ha mo-
IIEPpeYHOM cpe3e KOPHEBUIIa OTMeYeHbl XapakTepHble U-o0pasHbIie
YTOJIIIIEHUA KJIETOUHON 000JI0UKM 9HIOAepPMbI (puc. 15).

Takum o0Opasom, CpPaBHUTEJbHOE WH3yUeHUE AaHATOMUYECKOM
CTPYKTYPHI MEKJOY3JUI KOPHEBUII] MOKAa3aji0, UYTO Y BUAOB JIYTO-
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Puc. 16. CknepeHxvma B LieHTpanbHOM umnuHape KopHesuwa, 2008 r. Mone-
peyHbIn cpes. PnyopecueHTHasa Mukpockonus. Mentha arvensis: 1 — utonb, 2 — Ok-
Ta6pb. Achillea millefolium: 3 — nionb, 4 — oKTAGPb. MK — NEpBUYHAs Kopa, nyy — na-
peHxuma LeHTpanbHOro LMnuMHApa, CK — cknepeHxuma. MacwTtabHble nuHenku,
MkMm: 1, 2, 3, 4 —100.

Fig. 16. Sclerenchyma in rhizome central cylinder. Cross section. Fluores-
cence microscopy. Mentha arvensis: (1) July, (2) October. Achillea millefolium: (3)
July, (4) October. Abbreviations: (rk) cortex, (nyy) central cylinder parenchyma,
(ckn) sclerenchyma. Scale bars: (1), (2), (3), (4) 100 pm.

BOII SKOJIOrO-IleHOTHYEeCKOi rpyunsl M. arvensis u A. millefolium
KOpOBas MapeHXUMa U IeHTPAJbLHBIA MUJIUHAP PA3BUThHI B PABHON
CTelleHU, a y JiecHBIX BumoB P. quadrifolia u M. bifolium 6ynbiiuit
00beM KOPHEBHUINA 3aHMMAaeT 3allacaplnas MapeHXuMa MePBUYHON
KOpPBI. ATU Pas3inuuusg MOTYT OBITh O0YCJIOBJIEHBI TAKCOHOMUUYECKI-
MU 0COOEHHOCTAMHU, a TaKiKe PasinunuAMU B JKU3HEHHOMN cTpaTeruu
BumoB. P. quadrifolia u M. bifolium — panHeBeceHHUE DPACTEHUS C
KOPOTKOI Bereraiueil, XxapakTepusyloTCsa MeIJIeHHBIM POCTOM KOp-
HEeBUIN[. ITO MPUBOAUT K IIPEBAJUPOBAHMNIO (PYHKIMU 3allacaHUsd
Haja mpoBoAdAliell (yHKImell B KOpHeBHUIIaX. B oTimume OT Jiec-
HBIX BUJOB, JIyroBbIe pactenus M. arvensis u A. millefolium — ato
OBICTPOPACTYINE, BETeTaTUBHO-TOABUKHBIE BUALI C PABHOMEPHBIM
pasBUTHEM 3allacalolleil WM HMPOBOAAINeN TKaHu. Hamwmume mim oT-
CYTCTBHE MeXaHWYECKOH TKAaHU B IIOA3EMHBIX M00erax MOKeT ObITh
CBS3aHO C IJIOTHOCTBHIO IMOUYBEHHOro cybcTpara. B JiecHBIX cooO0IIe-
CTBax, Ha IJIyOMHE OOMTAHUS IIOA3E€MHBIX OOEroB KOPHEBUII[HBIX
TPaBAHUCTHIX pacTeHuUi (2-9 cM), mouBa cymecyaHas ¢ TOHKOJIKUCTO-
BaTOM CTPYKTYpOil, IO9TOMY MexXaHWUYecKas TKAaHb B KOPHEBUIIAX

58



P. quadrifolia u M. bifolium wue passura. Pacrerus M. arvensis u
A. millefolium pacTyT Ha 0oJiee IJIOTHBIX JIYTOBBIX IOYBAX, MpPeJ-
CTABJIEHHBIX JIETKUM CYTJIMHKOM, UTO, IIO-BUAMMOMY, OIpEHesseT
pasBUTHE CKJIEPEHXUMHBI.

B ocennnii mepuon B IOA3€MHBIX ITO0Oerax KOPHEBUIIHBIX pac-
TEHUH OCYIIEeCTBISIOTCA CTPYKTYPHO-DYHKIIMOHAIbHEIE IIePECTPOi-
KU, CBSI3BAHHBIE C IIOATOTOBKOM pacTeHUll K 3UMHEMY IIOKOIO0 U ajJall-
Tanuu K Hu3KuM Temmeparypam (Macmosa u ap., 2007). Ocenbio
HaOJONAIN M3MEHEeHUsS B CTPYKType KOPHEBUII] M3yUYaeMbIX pac-
TeHui, ocobeHuo y M. arvensis, moaseMHbIe m00Oeru KOTOPOIM Xa-
PaKTepUs3yTCsA OBICTPHIM POCTOM, AKTHBHBLIM BETBJIEHHEM U PaH-
Hell mapruryadnuent (tabua. 9). Haubosmbinme nsMeHeHUsS BBISBIIE-
HBI B IIPOBOAAIIEH cucTemMe KopHeBuIl. OTMeueHO yBeJIUUYeHUe YNC-
Jla TPOBOJAIINX IIYYKOB B IEHTPAIHLHOM IUJIUHAPE 34 CUET IIOBBI-
IIIeHNUsA KOJIMYECTBA MOMOJHUTEJIbHBIX (HEIOJHBIX) IYyYKoB. Ilpu
9TOM B OCHOBHBIX IIYYKax HaOJIOJay CHUKEeHHe AuaMeTpa BOJO-
MIPOBOASAIINX 9JIEMEHTOB KCUJIeMbI BIIOJIOBUHY. B pesyibrare, COOT-
HOIIIeHNe IePBUYHAS KOPa/IeHTPAJIbHbBIN ITUJINHIP YMEHBIIAETCA B
OCEeHHUU Mepuo/.

BbIsAB/I€HBI Ce30HHBIC U3MEHEHNA MeXaHUUYeCKO TKaHU KOpHe-
BUII] JJYTOBBIX BUIOB (puc. 16). B jmeruuit nepuoxn y A. millefolium
CKJIEPEHXMMHAas O0KJIAaIKa MPOBOIAINUX IIYYKOB OTMEUEeHa CO CTO-
poHbBI GI09MBI 1 KeuaeMbl. OceHbIO 00KJIAIKA COXPAHAETCS TOJIBKO
CO CTOPOHBI KCuyieMbl. ¥ M. arvensis JieTOM YeTKO BBIPAXKEHO KOJIb-
1[0 MeXaHUUYEeCKON TKaHU 10 mepudepuu IeHTPAIbHOr0 IIUJINHIPA.
K ocenm ckiepeHxuMa B ImoaseMHOM mobere M. arvensis miu He
BBIABJISETCA, Wau ciabo pasBura. CoxpailieHre o0beMOB MeXaHU-
YECKO#! TKAHMW B OCEHHMX KOPHEBUINAX IMPOUCXOIUT, IIO-BUANMOMY,
B pesyJibTaTe MOAUMPUKAIINU KJETOUHBIX CTEHOK BJIEMEHTOB CKJIe-
PEHXUMBI, KJIeTKU KOTOPOU SBJISIOTCA JKUBBIMU B TKAHSIX PAaCTy-
X KOPHEBUII[ TeKYIIero rojga paspuTtus. MerogoMm ¢JiyopecieHT-
HOII MHKPOCKOIHMM IIOKa3aHO OTCYTCTBUE YTOJJINEHUHN KJIETOUHBIX
000J10UeK BOJIOKOH IIPOTO(MIOIMEI I MEKITYUKOBOI ITapeHXUMbI, Xa-
PaKTepPHBIX AJIA JIETHETO Iepuoa.

B mesom mokasaHBI 3aKOHOMEPHOCTY M3MEHEeHUSA aHATOMUUe-
CKOIl CTPYKTYPBI M YJbTPACTPYKTYPHI KOPHEBUII[, 00YCJIOBIEHHBIE

Tabrnuya 9
Mopdodusmonorunyeckume xapakrepucTuku pacteHus Paris quadrifolia,
2008 r.
MapameTpbl ionb ABryct
Cyxas macca, rfocob Lenoe pacteHue 231204 1.8+0.3
! noa3emMHas YacTtb 1.2+0.2 1.3+0.2
[nvHa KopHeBMLa, cm 22.5+1.8 21.1+2.5
[nuHa monogoro nogsemHoro nobera, cm 2.8+0.2 46+0.3
Yncno meTamepoB KOPHEBWLLA, LUT. 11.1+£0.9 119+1.6
Y1cno metamepoB MOIOA0ro KOPHEBULLA, LUT. 2.0+0.1 25+0.2
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UX QPYHKIMOHAJBHON aKTHUBHOCTHIO, amalTaliuieil K cMeHe CEe30HOB
rofia M 9KOJIOTO-IIEHOTUYECKUM YCJIOBUAM OOUTAHUS MHOTOJIETHUX
pacteHuii. ¥ OGOJBIIMHCTBA M3YYEHHBIX BUAOB CE30HHBIE HM3MEHE-
HUA CBA3AHBI C YBEJIWUEHWEM ITapIMAaJIbHOTO 00beMa KOPOBOIl Ia-
PEHXUMBI, COKPAIIeHWEM HOJU IEHTPAJbHOrO IUINHIPA, YMEHb-
IIIeHEeM TOJIIIUHBI KJIeTOUHBIX 000JI0UEK 9HI0IePMbI, 00'beMa CKJIe-
PEHXUMBI B MEKAOY3IUAX KOPHEBUII], YTO 00YCJIOBJIEHO CHUKEHU-
€M TPaHCIOPTHOI W Bo3pacTaHWeM 3amacarlneil GYHKIUN U IPO-
IeccaMu aJanTalluy MON3eMHbBIX IT00Er0B K 3MMHEMY IIOKOIO.

BospacTHble U3MEeHEHUA aHATOMHUYECKON CTPYKTYPHI KOPHE-
Buiy. Paris quadrifolia aBasiercss yaoOHOW MOZENbIO [JIsA M3yUe-
HUS BO3PACTHBIX M3MEHEHHUHN aHATOMUYECKOH CTPYKTYPBI IIO3€M-
HBIX moGeroB. KopHeBuIlia 9Toro BuAa MOHOIIOJMAJIBHO HapacTaioT
U UMEIOT YeTKYI0 MOP(OJIOTUUYECKYIO CTPYKTYPY, POPMUDYIOT ABa-
Tpu MeTamepa B ron. BecHoil Hagzemuble moberu P. quadrifolia mo-
SABJIAIOTCA U3 IIOYEK BO30OHOBJIEHUS KOPHEBUIIA, IEPE3UMOBABIIIE-
ro B mouse. B jieTHHII nmepuoy 40Jd KOpHEBUIL cocTtasisana 710% or
6uomacchl 1esioro pacreHus (tabs. 9). InmHa MOA3eMHBIX ITOGETOB
BapbupoBaJia or 10 o 40 cM B 3aBUCHMMOCTH OT BO3pacTa ocobu, a
YHCJI0 MeTaMepoB cocTaBisasio B cpegueM 10. Exxeromno dopmupy-
IOTCA TOA3eMHbBIEe TOOeTH AJUHOMN IO 5 CM ¢ ABYMA-TPeMA MeTaMe-
pamu. CpegHuii Bo3pacT U3yYeHHBIX 0c0o0eil cocTasisaa 6-8 jet.

WccnemoBanusi IOKasaim, YTO MeTaMepPhl Pa3HOI'O BO3pacTa
pasjuyalTcsa MO AJUHe W ToJnirHe. HaumbosbIInii o0beM HMen
MeXKJ0y3Jausl 1M00eroB IepBOro-TpeThero roza »KusHu (taba. 10).
B HUX oTMeueHO 0OJIbIllee UMCJIO PSANOB KJIETOK IapPEHXUMBI IIep-
BUYHOM KOPBI M yBeJIWUYEHUE AUMaMEeTPa KJETOK IIapeHXUMBI IeH-
TPAJIbHOTO IUJIWHAPA, YKCJIA U PA3MEPOB IIPOBOJAINX IIYYKOB U
UX BJIEMEHTOB II0 CPABHEHUIO C MEXKIOY3JIUSIMU IISITOr'0-BOCHMOTO
roza KusHU. B pesysbraTe HAOJJIOMANN M3MEHEHUS I1apIlHaIbHO-
ro o0’beMa IePBUUYHON KOPBHI U IEHTPAJIbHOrO IMUJUHAPA B MEMKIO-
ysausax pasHoro Boapacrta. CooTHOIlIeHHEe 00HEeMOB IEPBUUYHOI KO-
PBI U IIEHTPAJIbHOTO IUJINHAPA YMEHBIIIAIOCH B MOJOABIX MEKA0Y3-
JUSAX, UTO CBUAETEJIbCTBYET O O0oJiee aKTUBHOUN MPOBOAAINEH PYyHK-
UK B PACTYIIUX MeTaMmepax IoaseMHoro mobera. OcobemrocTu 060-
Jiee CTapbIx MeKIoysauii kopuesuin P. quadrifolia cBsi3aHBI ¢ BO3-
pacranueM Ao0Ju 3amacaloiieil mapeHxuMbl. O IpeBaJUpPOBAHUM 3a-
nacaIell GYyHKIIUU HaJ IPOBOAAINEH B cTaperoleil YacTu KOpHe-
BUIIla KOCBEHHO MOJKET CBUAETEJHCTBOBATH IIOBBIIIEHNE COOTHOIIIE-
HUA yIJIEPOJ/a30T, OTPasKaloIllee CHI)KEHNEe YPOBHA (hU3UOJIOrUYe-
CKOIi aKTMBHOCTU. B 5-8-IeTHuUX MeTamepax MIOA3eMHOT0 Iobera
COOTHOIIIeHne yriaepoa/asor cocraBisiiao 30, uro Ha 30% BbIIIe 110
CPaBHEHUIO C MOJIOABIMU MeTaMepaMHu.

Takum 00pasoM, BBIABJIEHBI 3aKOHOMEDPHOCTU aHATOMUYECKOI
CTPYKTYPBI IIOA3E€MHBIX IT00eTOB KOPHEBUIIIHBIX pacTeHuii, 00y-
CJIOBJIEHHbIE MHOTOJIETHMM Pa3BUTHEM U WX 3amacarlneil GyHKIM-
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ell, ompejesieHbl KOJNYEeCTBeHHBIE TOKA3aTe I B Ce30HHON AUHAMU-
Ke pocTta KopHeBuil. [lokazaHo 3HAUUTENHLHOE PA3BUTHUE IAPEHXU-
MBI TIEPBUYHOMN KOPBI IIOI3€MHOTO IT06era KOPHEBUIITHBIX MHOT'0JIET-
HUKOB, BHYTPEHHUU CJION KJETOK KOTOPOIl yacTo nudepeHIupy-
€TCsI B 9HI0JEePMY CO CJIOMCTHLIMU BTOPUYHBIMHU yTOJIeHusaMmu. Oce-
HBIO OOHAPYIKEHbl CTPYKTYDHBIE H3MEHEHUS, CBA3aHHBIE CO CHU-
JKeHHeM TPAHCIOPTHOH (GYHKIMU U YCUJEHHEeM 3alacarolleil poJiu
KOpPHEBUIIA IIPU IOATOTOBKE pAaCTeHUil K 3UMHeMY IOKoi. IIoka-
3aHa B3aMMOCBSI3b aHATOMUYECKOI CTPYKTYPHI ITOA3E€MHBIX IT06ETOB
C 9KOJIOTO-IIeHOTUYECKOU ITPUYPOUEHHOCTHI0 KOPHEBUIITHBIX PacTe-
HUHN U WX KU3HEHHOU cTpaTerueii, pUTMOM CE30HHOTO Pa3BUTHUI.



3. ®U3N0JI0ro-sMOXMMNYECKME OCHOBbI
®OPMWUPOBAHUSA, POCTA U YCTON4YUBOCTHU
NOA3EMHOIN0O METAMEPHOIO KOMMJIEKCA

W3yueHre OHTOTEHETUYECKUX UM SKOJOTMYECKUX aCIEKTOB PO-
cra M (PYHKIIMOHMPOBAHUSA MIOA3EMHOTO METAMEPHOI'0 KOMILIEKCAa
KODPHEBUIITHBIX MHOTOJIETHUKOB MMeeT BaKHOe 3HaueHWe NIJIs BbI-
SABJIEHUSA MEXaHU3MOB PEeryaanuu MopdoreHesa M afalTUBHBIX pe-
aKIU KOPHEBUII] B YCJIOBUAX XOJIOJHOTO KauMaTa. KauecTBeHHBIM
TIePeXOAHBIM 3TAaloM B MOp(doOTreHe3e IIOA3eMHOTO Io0era M OHTO-
reHe3a pPacTeHUA B I€JIOM ABJAETCA IEPUOM IMOKO0s, (hU3UOJIOrUYe-
CKad IpUpoAa KOTOPOTO O CUX IIOP OCTAETCS MaJIO MCCJIEOBaHHOM.
AxKTyaipbHO M3yueHMe OCOOEHHOCTeil M 3aKOHOMEPHOCTEeH pocTa u
MeTabosiu3Ma MOA3EMHBIX ITO0OETOB B 3aBUCUMOCTH OT JKOJIOTO-IIe-
HOTUYECKON NPUYPOUYEHHOCTU, PUTMa CE30HHOI'0 PAa3BUTUA pacTe-
HU, YTO HEOOXOAMMO AJIA MOHUMAHUA POJIA MOA3eMHOTO MeTaMep-
HOTO KOMILIeKCa B peajus3aliuy KU3HEHHOU CTpaTeruu <«IJIUHHO-
KOPHEBUITHBIN MHOTOJIETHUK » .

3.1. MeTtabonuyeckas aKTUBHOCTb U FrOPMOHaNbHO-TpodUYeckas
perynsaiuus pocra, pa3BUTUS U NOKOS KOPHEBULL,

ITogzemuBbIe mOOGErM 00ECHEUMBAIOT YCIEITHOE HIPOXOKIAEHUE
OHTOTeHe3a KOPHEBUIIHBIX MHOTOJETHUX PACTEeHUM, OCYIIEeCTBJIS-
IOT IIEPe3NMOBKY 1 OTPAcTaHMe BeCHOM. BamHbIM sTamoM B MOpQo-
reHese MOA3EMHBIX IT00Er0B SIBJISETCS OCEHHe-3MMHUI IIepPUo, KOr-
la TMPOUCXOAUWT 3aKJaJKa M (POPMHUPOBaHWE IIOUYEK OyAVIIEero ro-
la, OCYIIIECTBJIAETCS IEPECTPOIKAa MeXaHU3Ma AUarpaBUTPONU3MA
B OTPUIIATEJbHBLIN TPAaBUTPOMU3M, IIOCJE UETO MOYKa (POpMUpPYET
opToTponHbIii mober. ITouku BO30OHOBIEHUA KOPHEBUIITHBIX MHOTO-
JeTHUKOB, pacliojiarasich Ha OIIpeleIeHHOI IiIyO0uHe B IouBe, n3be-
raioT JeMCTBUSA HUBKOM OTPUIATEIBHOM TeMIepaTyphbl U HpaKkTuue-
CKU He WCIBITHIBAIOT IIOTEPU BOJBI 3UMOI.

3.1.1. Ce30oHHBIE H3MEHEHUS POCTA
M MeTa00JNYEeCKOM aKTHUBHOCTHU IOA3€MHBIX II00EroB
Achillea millefolium
dopmMupoBaHue IIOA3€MHBIX I100ETr0B Y IJINHHOKODPHEBUII[HOTO
MHoroseTHUKA Achillea millefolium mTpoMCXOAUT BO BTOPOII II0JIO-
BUHEe Beretanuu (MIOJb-aBI'yCT) W IPOJOJIKAETCA BILJIOTH O IIO3[-
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Hell oceHu. B oTaimume oT Hag3eMHBIX IT00ET0B, POCT U HAKOILIeHUE
6romMacchl KOPHEBUII] IIPOJOJI;KATIOCHh N0 KOHIIA OKTSIOpPA IpPU TeM-
nepatrype 5 °C ma ray6ure 5-10 cm (30HaA JIOKAJIM3AIINY KOPHEBMUIIT).
PocT KOpHEBUII] OCYIIIECTBIIAJCA 34 CUET YBEJIUUECHUSA YNUCJIA U IJIV-
HBI METaMepPOB, UTO CBHUAETEJIbCTBYET O IIPOIOJIMKEHUM IIPOIECCOB
IeJeHUs U PACTAMKEHUs KJIeTOK BEePXYIIeUYHBIX U JaTePaJIbHBIX Me-
pHuCTeM IIOJ3eMHBIX IT00EroB B OCEHHUU ITePUO/I.

C pocTOM TECHO KOpPeJupyeT AbIXaHUE, IIOCTABJSIONIEe MeTa-
00JIUTHI U DHEPTUI0, HeOOXOAUMBbIe AJA TpaHchopMamuu cyocTpa-
Ta (accumuasaToB) B 6uomaccy (I'osoBko, 1999). Jletom, B mepuon
aKTUBHOM BereTaluu, CKOPOCTh IBbIXAHUS BEPXYIIEK ObLlIa CYIIe-
CTBEHHO, B IIIECTh Pas, BBIIIE II0 CPABHEHUIO ¢ 0a3aJbHOM YaCTBHIO
KopHeBuir (puc. 17). 'pagueHT AbIXaHUA BAOJb KOPHEBUIIA COXPa-
HSAJICS W OCEHbIO, KOTJa CKOPOCTh ABIXaHUA BCEX UaCTell KOPHEBU-
1ma, ocoO0eHHO aNMKaJbLHOI, 3aMEeTHO CHUIKajach. Haltm naHHBIE
MOKAas3bIBAIOT, UTO KOpHeBUINa pacrenuit A. millefolium, nsBieuen-
Hble U3 MOYBHI B AHBApe, IMocje KpaTKoBpeMeHHOM aganTamuu (1 u)
B TepMOCTAaTHUPyeMOil KamMmepe rasoMmerpuueckoi cucremsl npu 20 °C
OBLIV CIIOCOOHBI MOAAEP/KUBATh CKOPOCTh AbIXxaHUsA Ha ypoBHe 40%
OT BeJIMYMHBI, U3MEPEeHHOH B JieTHUM mepuof (tabx. 11). B Takoii
JKe IPOIOPIINY U3MEHAJIACh U CKOPOCTh TEIJIONPOAYKIINU B BEPXY-
IIeYHON YacTu KOPHEBUIII.

st oleHKM pocTa KaK I[OKAasaTesis 3allaCcaHmus 9HEePIUU WC-
MIOJI30BAJI TEPMOAMHAMUYECKYIO MO/e/b, CBA3BIBAIOIIYIO CKO-
pocTh pocTa ¢ abixanueM u TemnoBbiaenenreM (Hansen et al., 1994).
Cropocrs pocra (R, ,DH,, MKBT/MI Cyxo#l Macchl) PacCUUTHIBAIA
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Pwuc. 17. ObixaHne anvkansHown (a), cpegHen (6) n 6asanbHowm (8) Yactu Kop-
Hesuwa Achillea millefolium B netHnn (1) n oceHHun (2) nepuodel, AaHHble 2009-
2010 rr.

Fig. 17. Respiration rates of different rhizome parts of Achillea millefolium in
summer (7) and autumn (2) (the data were obtained in 2009-2010). (a) Apical part,
(6) middle part, (8) basal part.
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Tabnuya 11

Ce30HHasA AMHaMuKa (PM3noNoro-6MoOXMMMUYECKUX NapaMeTpPoB KOPHEBULY,
Achillea millefolium, paHHbie 2009-2010 rr. (MacnoBa u gp., 2013)

[Mokasatenu Mionb OkTs6pb AHBapb
Boigenenne CO, npu 20 °C, mr/r cyxoit 1.31+£0.05 | 1.03+0.06 | 0.56 +0.06
Macchbl Y
Tennosbigenenne npu 20 °C, mkBT/Mr cy- 19.3+3.0 15.0+24 8.7+1.1
X0l Macchbl
Temnepatypa 3amep3aHus BOAbl BEPXY- -9.3+0.02 -84+0.9 -9.6+0.5
ek kopHeBwmL, °C
OBOZHEHHOCTb BEPXYLLEK KOPHEBULL, % 90.5+0.7 914 +1.7 91.3+1.5
KoHLeHTpaumsa pacTBOPMMbIX yrieBoAoB, 154 + 4 215+ 8 217 £ 5
Mr/F Cyxoun macchbl
CopepxaHune nunuaoBs, Mr/r CyXon macchl 132 +14 92 +10 -
HHXK/HXK 1.7 2.9 -
CopepxaHvne MOA, HMonb/r cyxoi Macchbl 213+ 35 370 + 37 435+ 20

lMpumeyarue. MNpoyepk — He onpepenanu.

KaK PasHOCTh MEXKAY CKOPOCTHIO CHAOKEHUA dHEpTrueil us AbIXaHusd
(455RCOZ) ¥ CKOPOCTBIO TIOTEPY SHEPTUU ALIXAaHUA B cpeay (CKOPOCTh
TEILIOBBINICIeHNA, ¢,) o dopmyne: R, DH = 455RCOZ — q. B aTom
ypPaBHEHHU CKOPOCTb POCTA JaHa KaK CKOPOCTh 3allaCaHUsA XUMU-
YeCKOH sHepruu B CTPYKTypHOH Guomacce (R ,DH.); DH, — usme-
HeHUe SHTAJbINN IPU BKJIIOUeHHM 1 MOJs yrjepoja cybcTpara B
1 mouss yriepoma 6umomacchl; 455 — KoHcTaHTa, XapaKTepU3yolasa
BEJIMYUHY TEILJIOThI CTOPAHUA OPTaHUYECKUX COeAMHEeHUH (yrJieBo-
noB) B pacueTe Ha MoJb O,.

PesynbTaTel MHKPOKAJIOPECIHPOMETPUUECKUX HCCJIEIOBAHUMI
MOKAa3aji, UTO B IIEPUOJ aKTHUBHOTO POCTAa KOPHEBUII (HUI0Jb) CKO-
POCTh TEILIONMPOAYKIIMKA WX aNWKaJbHON YacTu Bo3pacTaja 9KC-
MOHEHITUAJIbHO C yBeJHMUYeHWeM TeMmmoepaTypsl oT 5 mo 25 °C (pwuc.
18A). ITpu 30 °C perucTpupoBau CHU)KEHUE CKOPOCTU TEILJIOIPO-
nyrmuu Ha 20% . S38uMOM HpU IPOrpeBaHUN BEPXYIINKY KOPHEBUII]
or 5 10 30 °C CKOpPOCTh TEMJIOMPOAYKIIMY IIOBBLIIIAIACh MOHOTOH-
HO, HO ObLIa HUKe, yeM JieToM. [[pIXxaHUe BepXyIleK OBbLIO MeHee
YYBCTBUTEJIbHO K IIOBBIIIIEHWIO TEMIIEPATypPhl, UeM TeILJIOBLIAeIe-
HUE (pflc. 18B). KoadpdunuenTs: Q,,,, u Q,, ,. TOKA3HLIBAIOT, YTO B
JIeTHUI TEePuoJ CKOPOCTH ABIXAHWA C IOBBLINIEHWEM TeMIIepaTypPhl
Ha 10 °C Bospacrana B 1.30 u 1.15 pasa coorBercTBeHHO. IIpu 1mo-
BeIllleHU TemiepaTypbl oT 25 mo 30 °C mpIxaHue 3aMeTHO CHIKAa-
Joch. 3UMOII BEPXYIIKN KOPHEBUII[ PearupoBajii Ha IIpOorpeBaHUNe
eie ciaabee.

BaKHO OTMETUTH, UTO KJETKU AMWKaJbHON YaCTH KOPHEBM!II]
OBOJIBHO CUJILHO OBOIHEHBI, COJEPyKaHNe BOALI B HUX COCTABJIAJO
90% (rabs. 11). Cyzas mo faHHBIM, IIOJYYEHHBIM C IIOMOIIBIO KaJIO-
pumerpuu, (HasoBhIM IIePexon BoAa — Jiel B KOPHEBUINAX IIPOUCXO-
IWJI TIPU CHUKEeHUU TeMIileparypsl n1o —8...—9 °C. Ipyrumu cioBa-
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MU, HeT Pas3jInyuil B TeMIepaType 3aMep3aHus BOAbI B TKAHAX KOP-
HEBUII[ MEKAY SUMHUM W JIETHUM II€PUOLAMMU.

Wsyuenne OGMOXMMUUYECKUX M3MEHEHWN B TKAHAX KOPHEBUII
B Ce30HEe IIOKAa3aj0, YTO KOHI[EHTPAIlUS PACTBOPUMBIX YIJIEBO-
OB BO3pacTaja K 3aBeplleHH’I0 Bereramuonuoro mnepuoga Ha 30%
(rabus. 11). 3umoit (AHBAPH) CoEPIKAHNE YIJIEBOLOB B KOPHEBUIIAX
OCTaBaJOCh HA TOM ’Ke YPOBHE, UTO U B OKTa0Ope. B myse pacTBo-
PUMBIX YIJIEBOAOB IPHUCYTCTBOBAJU MOHO-, OW- W OJUIOCAXAPUIBI
(taba. 13). Ix KoHIIeHTpaInusa BapbUpOBaja B 3aBUCUMOCTU OT Ce-
30HA ¥ YacTU KOpHeBWINa. B aBrycre HamboJibillee KOJHUUECTBO ca-
XapoB, IIpeuMyIecTBeHHO MoHocaxapos (80% ), HaKamIMBaJIOCH B
BepXyIIeuHoii uactTu. B AHBape cojep:KaHHe CaxapoB B BEPXYIIKe
KOPHEBUII] yMeHbIIaJoch 6ojiee ueM B 1.5 pasa, B cpegHedl yacTu
KOPHEBUII[ OCTaBaJIOCh Ha TOM Ke YPOBHE, a B 6a3aJIbHOM uacTu na-
sKke Bospacrtasio. IIpu aToM ocHOBHYIO mojio, 60% , Bo Bcex dacTax
KOPHEBUIIA COCTABJIAIN OJIUTOCAXAPUIBI.

JleToMm HaA OO0 JIUONUAOB IIPUXOLUJIOCH OKO0JO 13% cyxoi
o6uomaccel KopHeBuir (Tabs. 11). OceHbIO MX KOJUYECTBO 3aMET-
HO CHIKaoch. OZHOBPEMEHHO OTMeUa/J I 3HAUUTEJIbHOE yBeande-
HU€ COOTHOIIIEHUS HeHACHIIIEHHbIE/HACBIII[eHHbIE KUPHbBIE KHUCIOTHI
(HH¥EK/HKK) (Taba. 11). Cpeqgu HH¥KK npeobiaznana tuHOMIEBAA
Kucyora, cpequ HIKK — mampMuTmHOBas, HA WX OO0 TPUXOMM-
Jock coorBeTcTBeHHO 50 11 35% CyMMBI BCE€X BBICIINX JKUPHBIX KIC-
gor. Cyns mo comepskaHUI0O MajJoHOBoro auanabaeruga (MIOA), ypo-

BEHb IIEPEKUCHOTO OKHCJIe-

35 - A HUA JUIUAJOB B KOPHEBU-
. §30 L max ObBLI CPaBHUTEJIBHO
£ 5,51 ,  BeicoknM. CesoHHBIe M3Me-
% ’9=< 20 1 HEeHUud 9TOoro IioKasarejd
22 CHJIBHO BBIPAYKEHBI: 3MMOI
a 15 2
=20} copepxanre MIIA B KopHe-
CU
[_cg st
0
0 5 10 15 20 25 30 Puc. 18. TemneparypHas 3a-
Temnepatypa, °C BUCUMOCTb TennoBblaeneHus (A)
n abixaHus (B) kopHesuw, Ach-
~18r b illea millefolium B cesoHHOW Au-
glor HaMuke. [JaHHble MUKpOKanopu-
214 / mMeTpuyeckoro metoga. 7 — uionb
g Z12F 2009 r., 2 — anBapb 2010 r. (Mac-
SR
Zgl0r noea u gp., 2013).
58+ i _____ Fig. 18. The temperature de-
HE&e 4___}/‘ 7 3 ‘}"“{ 2 pendence of heat emission (A)
8 4 and respiration rate (B) in apical
g2t part of Achillea millefolium rhi-
0 . . . . . ) zomes at different seasons. The
0 5 10 15 20 25 30 data were obtained by microcalo-
rimetry. (1) July 2009, (2) January
Temneparypa, ® C 2010.
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BUIIIaX OBLIO BABOE BhIIIe, ueM JeToMm. Kounmenrpamusa MIA B mepe-
cueTe Ha JUNHUIALI B JeTHUI Iepuof cocTaBisanaa 1.6 HMOJbL/MT JIu-
MUA0B U Bo3pacTaja K oceHH B 2.5 pasa.

WNsyuenme ropmoHasbHOTO craryca (CkopoboraToBa u nap.,
1999) xopueBuir A. millefolium BBISABUIO 3HAUNTEJIbHBIE CE30H-
Hble M3MEHEHHUS YPOBHS AKTUBHOCTH ITUTOKUHUHOB, Ir'mOOEpesIu-
HOB, UYK u ABK (puc. 19). Bce ucciaemoBaHHble (DUTOTOPMOHBI,
3a HUCKJIOUeHeM ru60epeInHOB, MIPOSBIAIN HauOOJIbIIYIO aKTHUB-
HoCTb B mioyie. K ocenu comep:kanume UYK u ABK cumxasiocs B 15-
18 pas, IMUTOKMHUHOB — B UeTHIPE pasa, a rubbepesIMHOB Bo3pacTa-
JIO OYTH B IATH pas. Ilociie mepesmMOBKY, K HAUYaJIy HOBOT'O CE30-
Ha Bereranuu (Maii), OTMeUaJIn 3aMETHOe YBeJUUYeHNe COAepP KaHus
nutToknHnHOB, UYK u ABK mo cpaBHeHHIO ¢ OCEHHUM II€PUOOM.
JIuiis ypoBens rubbepesinuoB (I'K) 611 0ueHb HUBKUM.

Taxkum obpasom, (opMHUPOBaHNE MOA3EMHBIX TOOET0B y AJIMH-
HOKOPHEBUIITHOTO MHOToJeTHuUKa A. millefolium TpouCXOZUT BO
BTOPOM ITOJIOBMHE BEreTal[MOHHOI0 IIePUOIa U UX POCT IIPOIOJIMKAET-
cs BILJIOTH [0 KOHIA OKTSAOPA IIPU HUBKOM MOJIOMKUTENLHOI TeMIIe-
paTtype Ha TJIyOMHE JIOKAJIU3aIlluy KOPHEBUIl. POCT KOPHEBUII OCY-
IIeCTBJISAJICSA B Pe3yJabTaTe YBEJNUEHUS YNCIa U IJIUHBI METaMepOoB.
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Puc. 19. Ce30HHble U3MEHEHWS copepaHusi CBOOOAHbIX (HUTOrOPMOHOB B
kopHeBwuLax Achillea millefolium, 2009 r. (Macnosa n gp., 2013).

Fig. 19. Seasonal changes in content of phytohormones in Achillea millefolium
rhizomes (the experiment was performed in 2009).
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9TO CBUIETEJBCTBYET O MIPOAOIMKEHUU IIPOIIECCOB JeJIeHUA U PaCTs-
JKEeHUs KJIETOK BEPXYIIMEeUHBIX W JIATePAJbHBIX MEPUCTEM IMO3eM-
HBIX IT00ETOB B IMO3AHEOCEHHUH mepuon. [[aHHOe 3aKJII0OUeHUre IIO-
TBEPKIAETCS TaKiKe CPABHUTEIBHO BBICOKOM IBIXaTeJIbHOM CII0CO0-
HOCTBIO AIMKAJBbHOM YaCTH KOPHEBUINA, KOTOPAs COXPaHsIaCh U
mocJie 3aBePINeHUs ITepuoga aKTUBHOI Beretamuu (puc. 17). B anu-
KaJbHBIX 30HAX KOPHEBUINA IPOUCXOAAT POCT-aKTUBHBIE IIPOIECCHI
IpU MOATOTOBKE PACTEHUH K 3MMe, CBSIBAHHBIE C 3aKJaJKOH IIOUeK,
mmpolleccaMiy MePecTPONKM MeXaHu3Ma AUarpaBUTPONN3Ma B OTPU-
IaTeJbHBIN TPAaBUTPONMU3M B KOHYCEe HapaCTaHUsA IMOA3eMHOTO mmobe-
ra. Ha Oyayiuit rog aTo obecrmeunuT (GopMUpPOBaHNe HAA3€eMHBIX ac-
CUMUJINPYIOIINX II00Eeros.

Mogens, npennoxkenHas Xancemom c¢ coaBT. (Hansen et al.,
1994), 6bL1a yCHelrHo anpoOupoBaHa IJis OIEHKU dHepreTUUYecKo-
ro 6ajaHca OTPACTAIONINX MIOUYEK APEBECHBIX M KYCTaPHUYKOB B yC-
JoBUAX TaexxkHo# 30HHI (Boiiko u ap., 2009; Masswimies, 2009). Mo-
IleJIb CBSIBBLIBAET POCT, OBIXAHNE U TEIJIOBBIIEJIeHNE, II03BOJISAS Olle-
HUTH POCT KAaK 3alacanue sHepruu. Mcnoab3ysi JaHHbIe, IPUBEIEH-
HBbIe Ha puc. 28, MBI IOJYUUJIU 3aBUCUMOCTH CKOPOCTH POCTA BEp-
xymKu KopHeBuin A. millefolium ot Temmepatypsl (puc. 20). Ux
aHaJaMu3 MOKasaJj, UTO IIOA3eMHbIe IT00eTru CIIOCOOHBI K POCTY B AHUA-
masoHe TemnoepaTtyp ot 5 mo 25 °C. BricoKas CKOPOCTh pocTa coxpa-
HAJACh IIPU M3MeHeHuU TemMmuepaTtypsl oT 5 mo 15 °C. [TanbHeiiriee
MOBBIIIIEHNE TEeMIIePATyPhl IPUBOAUJIO K CHUIKEHUIO CKODPOCTHU 3a-
macaHusA dHepruu no oueHb HU3KuX 3HaueHuu mpu 30 °C. Ciemosa-
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Puc. 20. TemnepaTypHasi 3aBUCMMOCTb CKOPOCTU pocTa kopHeswuw, Achillea
millefolium B nione 2009 . (1) n anBape 2010 r. (2). aHHble paccunTaHbl NoO pe3yrb-
Tatam MUKPOKaNopuUMeETPUYECKOro onpeaeneHuns AbIXaHnsa 1 TENNOBbIAENEHNS.

Fig. 20. The temperature dependence of growth activity of Achillea millefoli-
um rhizomes in July 2009 (7) and January 2010 (2). The data were calculated us-
ing the results of microcalorimetric determination of respiration and heat emission
rates (Hansen et al., 1994).
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TeJbHO, TEMIIEPATYPHBIN ONTUMYM POCTa KOPHEBUII HAXOAUTCS B
ob6s1acTy HUBKUX U YMEPEHHBIX IIOJIOKUTEJNHHBIX TEeMIIepaTyp, YTO
TIOHATHO, YYUTHIBAA aJalTHPOBAHHOCTH MCCJIENOBAHHBIX PACTEHU
K mpouspactanuio Ha CeBepe. C mCIoJb3oBaHUEM OMOJJIOTUUECKON
KaJOPUMETPUM HaMM OBIJIO YCTAHOBJIEHO, UTO TEMIIEpaTypa 3aMep-
3aHUSA BOJABLI B BepPXYIIKaX KOPHEBUII cocTaBysiaa —8...—9 °C Hesa-
BHUCHMO OT ce30Ha. B suMHUII mepuoj TeMieparypa (asoBoro mnepe-
X0Jla PAcTBOPA, COJAEPIKAIllerocs B TKAHAX alUKaJIbHONU YacTU KOp-
HEBUII[, ObLJIa IPUMEPHO BTPOE HUIKE TEMIIePATypPhl IOYBHI B 30HE
UX JOKaJIU3anuu. JTO 00eclieynBaeT HAJEIKHYIO 3aIIUTY HOA3EMHO-
ro METaMePHOr0 KOMILIEKCA KOPHEBUIIHLIX PACTEHHUI BO BpeMs IIe-
PE3UMOBKIU.

VY CTOHUYMBOCTS, PACTEHUI K OTPUIlATEIbHBIM TeMIIepaTypaM B
3HAUUTEJbHOI CTelmeHU OOYyCJOBJIE€HA HAKOILJIEHHEM OCMOTHUYECKU
aKTUBHBIX BEIIECTB, B YACTHOCTM HUBKOMOJEKYJAPHBIX YIJIEBO-
moB. Caxapa CHHMIKAIOT TeMIepaTypy 3aMep3aHUsA BHYTPUKJIETOU-
HOT'O PacTBOpA, IPENATCTBYIOT IIOBPEMKICHUIO 0EIKOBO-JIUIUIHOTO
KOMILIeKCA KJIETOUHBIX MeMOpaH, TOPMO3ST MIPOIlecChl CBOOOIHO-
PaguKaJIbHOIO OKUCJEHUS OMOJIOTMUECKU BaKHBIX MaKPOMOJIEKYJ
mpu Huskux Temneparypax (Tpyxora, 2007; Konymaes, TpyHoBa,
1992; Mepabun u ap., 2007). ITosaramT, YTO «3amyCK» KOMILIEKCa
aIanTUBHBIX PeaKIMi pacTeHW!l K HUSKUM TeMIlepaTypaM IIPOWC-
XOIUT IIOCJI€ YBEJNUYEHUs BHYTPUKJIETOUHON KOHIIEHTPAIIUU BOIO-
pactBopuMbix yrieBonoB (Kaumos, 2001). B xopHeBuiax A. mille-
folium comep:xaHme PAaCTBOPUMBIX CaXapoB MOAAEPIKUBAJIOCH HA 0-
BOJIBHO BHICOKOM YPOBHE W BO BpeMsd JIETHEH Bereramuu, 1 BO Bpe-
Ms 3UMHEr0 MOKOos pacreHuit. OMHAKO MaKcuMaJibHAA KOHIIEHTPA-
IIUA caXapoB B allMKAJILHOM 30HE KOPHEBUIN ObLIa OTMEUeHa B IIe-
PHYOJ aKTHMBHOIO POCTA U BETBJIEHMWS KOPHEBHUIN B (Pasy ILJIOLOHO-
menusa pacreHui (tabs. 12). HakomieHue caxapoB CIIOCOOCTBYET
yCUJIeHUIO AejieHus u quddepeHInanuu KJIeTOK B MepucTeMaTuye-
CKUX 30HaxX moaseMHBIX opranoB (Hanisch, Breteler, 1981). fAsmsa-
sICh MCXOJHBIM MATEPUAJIOM IJIA IIJIACTUUYECKOTO U dHEPTETUUECKO-
ro oOMeHa, caxapa MOTYT JefCTBOBATh KAK CUTHAJIbHBIE MOJIEKYJIBI,
yuacTByromue B peryisanum mopdoremesa (Veyres et al., 2008).

Tabrnuuya 12
MpaaneHT copepxaHnA pacTBOPMMBbIX YrneBoAoB (Mr/r cyxon Macchbl)
B TKaHAX kopHeBuwa Achillea millefolium, 2009-2010 rr.

YacTtb MoHocaxa- Onwurocaxa- Cymma

Mepvop passuTua KOpHeBULLA oMb Huncaxapuapl prab caxapos
MnopgoHoweHne [AnukanbHasn | 336.0+2.0 | 46.6 £0.5 41725 424 + 3
(aBrycr) CpepaHsis 1443+46 | 46.2+1.0 | 726+2.3 263+5
basanbHaa | 38.6+1.2 | 30.3+0.3 | 889+1.6 158 + 2

Mokon AnvkanbHas | 426+20 | 53.1+51 | 157.2+5.0 2537
(sHBapb) CpepaHsisa 21.3+25 | 73.7+£1.7 | 167.1£8.2 262+9
baszanbHas 196+15 | 83.7+44 | 1555+£0.9 2595
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B sumHUiT mepuwoj pacipeiesieHue PacTBOPHUMBIX CaxapoB BIOJb
IoA3eMHOr0 nmobera ObLI0 60JI€ee PABHOMEDPHO, HO U3MEHAJICA COCTaB
caxapos (Taba. 12). CyirecTBeHHO Bo3pacTajia KOHIIEHTPAIIUA OJIN-
rocaxapuzoB, KOTOPbIe MHOTHTE aBTOPHI OTHOCAT K KPUOIPOTEKTOD-
HBIM BeiriecTBaM (3aboTuHa u ap., 1998).

ITokasana BbIpa)KeHHAasi TOPMOHAJbHASA PEryJISIUs POCTa, pas-
BUTUS W YCTOMUYMBOCTH IOA3eMHBIX ITOGETOB AJMHHOKOPHEBUIIHO-
ro Buga A. millefolium. B mepuoj mepexoia pacTeHHUil B COCTOSHUIE
TIOKOS 3HAUMUTEJIHHO BO3pAcTasia aKTUBHOCTH I'O0epeIInHOB Ha (O-
He CHUKEHUsS aKTUBHOCTU OCTAJbHBIX TopMOHOB (puc. 19). Benu-
yuua cootHomrenus 'K/ABK Bospacrana B8 100 pas, IIUTOKUHUHBI/
ABK - B uetnipe pasa, a UYK /ABK npaxkTuuyecKku He UBMEHAIACH.
ITo-Bugumomy, HakomiaeHue 'K mpoucxoAnao B pesyabTaTe TPaHC-
IopTa 9TOr0 TOPMOHA M3 CTAPEIOIMX HaJA3eMHBIX OPTraHOB. BhICO-
Kad akTuBHOCTH 'K B oceHHUII mepuos HeOOXOoAUMA JIA CTUMYJISA-
WY JIMHEHHOTO POCTA METaMepPOB KOPHEBUIIl U OCEBBIX OPTaHOB 00-
KOBBIX IIOUEK B y3JIaX BHOBb O0PA3YIOIINXCS METAMEPOB MOA3€MHO-
ro mobera. ¥Y3Jibl MeTaMepOB KOpPHEBHUIIA IIPEICTaBJISIOT CO0OM Jia-
TepajbHbI€ POCT-aKTUBHBIE 30HBI. OTU 30HBI 00ECIIeYNBAIOT II03€M-
HOe AUarpaBUTPOIHOE U HaJ3€MHOE OPTOTPOIIHOE BETBJIEHNE KOPHEe-
pura (Mapkapos, I'osoBko, 19958).

IToBbINIIEHWE OTHOCUTEJIBHOTO COMEPIKAHUA ITUTOKUHUHOB B
OCEHHUI IepHOoJ MOKEeT OBITh PEe3yJIbTATOM YMEHbLIIEeHUS TPAHC-
IIopTa rOPMOHA B CTApelolue ¥ OTMUPAIOINEe HaJl3eMHbIe IMO0eru.
CpaBHUTEJNBHO BBICOKOE COIEpKaHne IIUTOKNHUHOB B OCEHHUM Iie-
puon ObII0O OOHAPYKEHO B IIOA3eMHBLIX IIoberax IPYrux KOpHe-
BUIIHBIX BUA0B — MATHI mepeunoit (KomaparseBa u ap., 2000) u
IBYKMCTOUHUKA TPOoCTHUKOBUAHOTO (MacaoBa u ap., 2007), meipesa
mossyuero u MATHI mosieBoi (MacsoBa, TabamenkoBa, 2010a). Brui-
COKMU yPOBEHb IITUTOKMHUHOB B IIOJ3E€MHBIX IIOYKAX MOJKET CTH-
MyJHUPOBaTh (opMOOOpasoBaTeJbHbIE MPOIECChI, CBA3aHHbBIE C Ha-
YaJIbHBIMM 9TallaMU OpraHoreHesa (KJIeTOUHBIe HejeHusA, nudde-
PEeHIIMPOBKA TKaHel JiaTepaJibHBIX MepHCTeM) OOKOBBIX IIOI3€M-
HBIX TT00eroB. Biaromaps CIOCOOGHOCTH ITUTOKWHUHOB MOBBIIIATH
aTTPArupymoINyln aKTUBHOCTh TKAaHEN, YCUJIMBAETCS IIPUTOK Be-
IIeCTB K IMOYKaM moadeMHuoro mobera (Besmwiackaa u ap., 1997).

IIUTOKMHUHBI BIAUSIOT HA 9KCIIPECCUI0O MHOTUX T'eHOB: PaHHUE
reHbl, Kogupylolnue peryiasatopHbie 6eaxku — ARRS, Tpauckpui-
nuouusie paxropsl (AP, HAT22, bHLH, Myb), 6eaxu ¢ mpoTeuH-
KuHa3Hou mau QocdaradHoil aKTUBHOCTBHIO, T'€HbI, YUACTBYIOIIHE
B mporeosinde 0eakoB (PomanoB, 2009). OHu moryT cmoco6CcTBO-
BATh MOBBIMIEHUIO XOJ0J0YCTOMUYNBOCTYA PACTEHUN IIyTeM PeryJis-
U1 aKTUBHOCTH OesiokcuHTesupyoiero anmnapara (Turos, Tama-
HoBa, 2009), akTuBanuu PepPMEeHTOB AHTUOKCUIAHTHON CHUCTEMBI
(Wang et al., 2009). 910 0ocobeHHO BayKHO AJIA MOA3eMHBIX IT06eTOB
B 3UMHUMN Imepuoj, KOTJa YPOBEHDb JIMIOMEPOKCUIAIINY ITOBBIIIIAET-
cA TIoA AeficTBMEeM HUBKOI TemmepaTypsl (Tadia. 11).
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Basxkuo oTmeTuTn, uTO MakcuMasibHasA aKTuBHOCTH ABK mmesa
MeCTO B MIOJie, KOTJa HAaUMHAJCA aKTUBHBIN POCT MOJIOABIX KOpHe-
BuUIl ThicAdYeaucTHUKA (puc. 19). [Tomo6Has 3aKOHOMEPHOCTH OBIIA
moKasaHa JJis KOPHeBUIIl MATHI mepeunon (Beabiackasa uap., 1997),
KaHapeeuHUKa TpocTHuUKOoBUAHOTO (MacsoBa u ap., 2007), meipes
mossyyero u MaThl mojeBoit (MacaoBa, TabanenkoBa, 2010). Msr
cBaA3bIBaeM 9To ¢ posbio ABK B moamep:kaHMy HOPMAaJILHOW OBO/I-
HEeHHOCTH TKaHell moaseMHBIX moberos. Ilosaraior, U4TO HaKOILIe-
uHue ABK cBsA3aHO ¢ yBeJInueHHeM T'UAPABINUYECKON TPOBOIUMOCTH
KOpHe# B mpoliecce pocta pactenmuii pactra:xkernueMm (Tumepranuua,
2007). Kpome Toro, ABK cTumysiupyeT MIPpUTOK aCCUMUJIATOB B aK-
IIEIITOPHBIE OPraHbI: CeMEeHA, ILIOAbI, BereTaTUBHbBIE 3aIIaCAIOIINe
opra"bl — CcTOJOHBI, KaIyOHU (Pence, 1991; Kyssmuna, 1997; Ile-
BeIKAH U Ap., 1981; Dorffling et al., 1984; Thomas, 1986; Mac-
aoBa, Kod, 2000; MapkapoB u ap., 2001). MexaHU3M peryaaiiuu
BOOHOTO OOMeHa cBA3aH co cmocoOHocThio ABK moBwImiaTs ypo-
BE€Hb DKCIIPECCHUU IeHOB U (pochopUInpoBaHUA 0eIKOB AKBAIIOPU-
HoB (Schaffner, 1998).

Takum ob6pasoM, IePUOJ] IMOKOS SBJIAETCS KaueCTBEHHBIM IIe-
PEXOAHBLIM 9TAallOM B OHTOTEeHe3e MOA3eMHOro Imobera u pacTeHUus B
1mejoM. BBISIBJI€HO CHMIKEHNE OBIXaHUA ITOA3EeMHBIX 1T06eroB, HAKO-
IJIeHVe PACTBOPUMBIX CaXapoB, YBeJIMUYeHNE COOTHOIIIEHU ST HeHACHI-
IIIeHHbIe /HACHIII[eHHbIe KUPHBIE KUCJIOThI, BO3PACTAHNIE COOTHOIIIE-
Husa 'K/ABK u murokuaunabl/ABK B ocenne-sumumii nepuon. Ilo-
KasaHa CIIOCOOHOCTH MOYEK IMOA3eMHBIX MOOEeroB K POCTY U 3alaca-
HUIO SHEePrUuM B sSIHBape, KOrja TeMIlepaTypa MOUYBBLI B 30HE obOuTa-
HuA KopHeBuir camxaerca 1o 0 ‘C u Hmxe. 30HA TeMIIEPATyPHOTO
OIITEMYyMa POCTAa KOPHEBUII] HAXOAUTCSA B 00J1aCTU HUBKUX U yMe-
PEHHBIX IOJOXKUTENbHBIX TeMuepaTyp (5-20 °C), a remmeparypa 3a-
Mep3aHUsA BOIbI B BEPXYIIIKe IMMOA3EeMHOr0 mobera COCTaBUJIA OKO-
g0 10 ‘C. CuepmoBaresbHO, moaseMHble mmoberu A. millefolium ume-
IOT BBIHYKIEHHBIN ITOKOI, BRBISBAHHBIN ITOHUKEHHOU TeMIIepaTypoit
U He CBA3AHHBIN C HAKOIJIEHNEM MHIMOUTOPOB pocta. CocTosaHme Qu-
3UOJIOTUYECKOTO TTOKOsI HEOOXOAMMO MJIs IMTOUeK KOPHEeBUII. B aToT
IIePUOJ IIPOUCXOAUT IIEPECTPONKA MeXaHnu3Ma JUarpaBUTPOIN3MA B
OTPHUIATEJIbHBIN I'PABUTPOIIN3M, IIOCJE Uero IoYKa (POPMHUPYET Op-
TOTPOIIHBINA ITO0OEr.

3.1.2. Ce3oHHAA MUHAMUKA POCTA,
coiepskaHus (pUTOTOPMOHOB M CaXapoB
B noa3eMHbIX moderax Phalaroides arundinacea

AKTUBHBIN POCT U HaKOILJIEHHEe 0MOMacChl KOPHEBUIIIAMU MHO-
rojetrHero snaka P. arundinacea TpPOMCXOAWJIN BO BTOPOI II0OJIO-
BUHE Ce30Ha Beretanuy (IIOcJe IIBETEHUS ¥ IJIOLOHOIIEHUS pacTe-
Huit). B aT0 Bpema Ha (OHE CHMIKEHUA WHTEHCUBHOCTHU DPOCTOBBIX
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IIPOITECCOB B HAA3E€MHOI YacTU OTMeUYeHbl aKTUBHOE BeTBJIEHUE KOP-
HEBUII[, 3HAUUTEJbHOE yBeJUUeHNe KOJIUYECTBA IMOA3EMHBIX Y3JIO0B.
Cyxasa macca xopHeBuin coctaBiaina 40% B 6uomacce IIeJIoro pac-
TeHUA K (hade co3peBaHUA CEMAH M IPOJOJIKAJIAa WHTEHCUBHO yBe-
JINYMBATHCSA BILJIOTH O IIO3THEN OCEHMU.

PesynbTaThl MHKPOKAJIOPECIIMPOMETPUUECKUX HCCJIEIOBAHUMI
CBUIETEJLCTBYIOT O TOM, UTO KOpHeBuiia P. arundinacea coxpaHsi-
IOT CIIOCOOHOCTH K POCTY IIPU HU3KHUX IMOJIOKUTEJILHBIX TeMIIepary-
pax mosmHell oceHbIO. KpmBas CKOpPOCTM pOCTa KOPHEBUII, PaCCUU-
TaHHAA 110 TOKasaTeaAM Boienenna temna u CO,, oTpaskaer CHUKe-
Hue 3(PPEeKTUBHOCTU HCIIOJIb30BAHUS YIJIEPOAa C YBEINYEHUEM TeM-
nmepaTypsl, ocobeHHO B oceHHuii mepuof (puc. 21). IlomoxurebHbIN
pocT oceHbIO HAOJIIONAIN B AuanasoHe Temieparyp or 2 mo 15 °C.
ITocne 15 °C BemmumHa OTHOCUTEJIBHOI CKOPOCTH POCTA, XapaKTe-
pusyloas aKTHUBHOCTb 3allacaHUA dHEPruu B OuomMacce, yMeHbIIIa-
Jlach 0 OTpUIlaTeIbHBIX 3HaueHMi. B (asy akTuBHOr0O pocTa KOpHe-
BUII (UI0JIb) CKOPOCTDH pocTta mmpu 2-15 °C ObLia B UeThIpe pasa BHIIIIe
II0 CPAaBHEHUIO C OCEHHUM IIePHOAOM. B I1eJioM aHaaus TeMmIiepaTryp-
HBIX KPUBBIX JIETHEI'O WM OCEHHEro IEePUOAOB CBUIETEJILCTBYET O TOM,
YTO HUBKME IIOJIOKUTEIbHbIe TeMieparypsl (2-5 °C) 6osee Giiaronpu-
SATHBI AJISI POCTa KOPHEBUII], YeM BBICOKUE IIOJIOJKUTEILHBIE TEMIIEPa-
Typsl (30-35 °C).

16

-8

CcKopocTh pocTa, MKBT/MI' cyXoil Macchl

-12 |
-16 § 2

Puc. 21. TemnepaTypHas 3aBUCUMOCTb MeTabonMYeCcKon akTUBHOCTU KOpHe-
BuLW, Phalaroides arundinacea. 1 — nonb, 2 — Hoa6pb 2003 r. [JaHHble paccynTaHbl
no pesynsrataM MUKPOKanopuMeTPUYECKOro onpeaeneHns AbixaHns u Tennosblae-
nexunsa (Macnosa u gp., 2007).

Fig. 21. The temperature dependence of metabolic activity of Phalaroides
arundinacea rhizomes. (1) July, (2) November 2003. The data were calculated using
the results of microcalorimetric determination of respiration and heat emission rates.
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BakHoe 3HaueHMe IJIsi POCTA, PA3BUTUA U KUSHEAESATEIbHOCTHU
KOPHEBMUII], 0OCOOEHHO B CBA3U ¢ (QYHKIMEHN 3amacaHus W 3WMOBKH,
nuMeroT yriaeBoabl. CyMMa pacTBOPUMBIX YIJIEBOAOB B KOPHEBUIIIAX
MHOTrOJIeTHero 3yaka Phalaroides arundinacea B aKTUBHBIA IIepu-
O UX POCTa 1 MO3THO OCEHBIO ObLIAa OJMHAKOBOUM m cocTasJsiaa 110
Mr/r cyxou maccsl (puc. 22). OceHbIO OTMeUaI CHUKEHUE COJleprKa-
HUS MOHOCAaXapUAOB B [Ba pasa W yBejuueHue 0ojiee ueM B IIIE€CThb
pas moJiu ourocaxapuaoB. BecHoil, ¢ HauaJoM OTPaCTAHUSA HaI3eM-
HBIX TTO0EroB, BBISBJIEHO CHUKEHME B KOPHEBUINAaX KOHIIEHTPAIIUN
OJINTO- W MOHOCAXapUIOB U 3HAUUTEJIHHOE YBeJIUUeHUe AUcaxapu-
OB, COJepsKaHne KOTOPBIX COCTABIANO 75% OT CyMMBI YIJIEBOJLOB.

Haxkomimenne HUBKOMOJIEKYISAPHBIX caxapoB (0JUrocaxapuyoB)
OCEHBIO C HACTYILJIEHUEM 3aMOPO3KOB MOKET IIPEeJOTBPAIaTh BbI-
Meps3aHue KOPHEBUII IPU 3UMOBKe U/MJIN UCIOJb30BATHCA KaK HC-
TOYHUK SHEPruu IJisd obecmeueHusT MOP(GOTeHETUUEeCKUX IIPOIeCCOB
(Hé4nisch, Breteler, 1981). BecHoii, ¢ HauaJiOM OTPaACTAHNS HAN3€M-
HBIX II00EroB, BO3PACTAET COePIKaHNe AUCAXaPUI0B B KOPHEBUIIAX
P. arundinacea, uTo oTpaskaetr ObBICTPOE BKJIIOUEHNE CAXapoOB B Me-
TaboJnYeCKue IPOIeCChl M aKTUBHBINA TPAHCIIOPT AMMEPHBIX yIJe-
BOMOB. BecHoii KOpHeBHUINA ABJAITCSI OCHOBHBIM JOHOPOM IIHTA-
TeJbHBIX BEIeCTB, TOPMOHOB /I AaKTUBHO OTPACTAIOIIUX HAaI3eM-
HBIX T00eroB. IloBBINIeHHAS KOHIIEHTPAIUS OMCAXAPUIOB MOJKET
OLITHL CBsSI3aHA TAKJKe C YBEJHUEHHEeM JHEePreTUYeCKUX II0TPeOHO-
CcTell KOPHEeBUII[, (DOPMUPYIOIINUX JaTepPalbHble IIOA3eMHbIe TO0eru.
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Puc. 22. [InHamuka cogepxaHusi pacTBOPUMbIX YITIEBOAOB B KOpPHEBULLAX
Phalaroides arundinacea, gaHHble 2003-2004 rr. 1 — moHOCaxapwabl, 2 — gucaxa-
puabl, 3 — onurocaxapugpl. 16 MoHsa 1 17 okTAOPSA — BTOPOW rof xu3uu; 17 masa —
TpeTuii rog xwu3Hu (Macnosa n ap., 2007).

Fig. 22. Content of carbohydrates in rhizomes of Phalaroides arundinacea. (1)
Monosaccharides, (2) disaccharides, (3) oligosaccharides. The presented data high-
light the second (June 16 and October 17) and third (May 17) living years. The data
were obtained in 2003-2004.
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B 1mesom ciegyer oTMETUTDH, UTO B FOAUYHOM IIUKJIE PA3BUTUS
KOPHEBUIIA MEHAETCs COOTHOIIEHUE IPOCTHIX U CJIOKHBIX YIJIEBO-
OB, a MX CyMMa OCTaeTCs NMPAKTUUYECKU IOCTOSHHOI. V3sMeHeHUE
COCTaBa PaCTBOPMMBIX CaXapoB, BO3MOYKHO, YYaCTBYET B DPeETYJIdA-
I[UY IIPOIIECCOB POCTA, PA3SBUTHUS U afalTaluy KOPHEBUIIA, KOH-
Tpoaupyer ero mopdoreneruueckuil muKia. Caxapa QpIosMHOr0 9KC-
cymarta, (QYHKIMOHHDPYSA KaK TPAHCIOPTHAsA ¥ MeTraboudecKas
dopmMa yrieBomOB, a TaK:Ke UCTOYHUK SHEPTUU IPU ABIXaHUU U OC-
HOBHOI KOMIIOHEHT OCMOTHYECKOT0 MeXaHU3Ma Peryaanuu GhJaosM-
HOTO TPAHCIIOPTA, MOTYT CJIY)KUTh TaKyKe IIYCKOBLIM CUTHAJIOM [JIA
KACKaJHO! 9KCIIPECCHM WJIN PEelPecCuy I'eHOB B I'eHOMax sAjapa u
opranesr ('amamneir, 20006).

Poct u pasBuTuMe moA3eMHBIX M00EroB, WX B3aMMOCBSA3U C
IPYTUMU OpPraHaMU B CHCTeMe IIeJIOTO PACTeHUsA OIpenesiaioTCs
comepsKaHUMeM U COOTHOIIEeHWEM (OUTOrOPMOHOB. M3yueHume nau-
HaMUKN (DPUTOTOPMOHOB B TKAHAX ANMKAJIbHOM YaCTM KOPHEBUII]
P. arundinacea morkasajgo HaMOOJBINYIO IITUTOKWHUHOBYIO aKTUB-
HOCTBH B oceHHUH mepuon (puc. 23). Comepskanme IMUTOKMHUHOB Ha
aToM sTame B 34 pasa IPEBHIIIAI0 TAKOBOE B aKTHUBHYIO (pasy pocra
KopHeBUIll (BTopas IOJIOBMHA MI0JIsA). BasajgbHasa 4acTh KOPHEBUIIA
TaKsKe XapaKTepm30BaJiaCh BBICOKUM COJEP:KaHMEM IITMTOKWHUHOB.
VYposeus ABK B KopHeBumax B a3y KOJOIIEeHNUA (MIOHB) U CO3peBa-
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Puc. 23. OuHamuka copepkaHns cBoOOAHbIX (PMTOrOPMOHOB B KOPHEBULLAX
Phalaroides arundinacea, 2003 . 1 — anukanbHas 4YacTb, 2 — 6asanbHas 4yacTb
(Macnosa u gp., 2007).

Fig. 23. Content of free phytohormones in rhizomes of Phalaroides arundina-
cea. (1) Apical part, (2) basal part.
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Hus cemsaH (uoub) coctaBus 2000-3000 Hr/r cyXoif Macchl, a IIO3/I-
HO oceHbio ABK 6bLi1a o0Hapy:KeHa JIUIIh B CJI€JOBBIX KOJUYECTBAX.
B oceunuii mepmop axktuBHOCTh UYK He mpossuiach, 'K — ObLia
CPaBHUTEJbHO HU3KOMU.

B mesiom pesyibTaThl MCCIEIOBAHUM CBUIETEILCTBYIOT O BhIpa-
JKeHHOU IOPMOHAJIbHOI PeryJIsSIiiuyd POCTa M YCTOMUYMBOCTHU IOI3€M-
HBIX I100eroB AJUHHOKOPHEBUIIIHOTO 3JlaKa. BeJnunHa COOTHOIIIE-
Hus nuToKknHuEB/ABK, Hu3Kasa B MepBYIO IIOJIOBUHY BereTalllOH-
HOTO IEPUOJa, PE3KO YBEJINUNBAETCA K 3aBEePIIIEHUI0 Ce30HA BereTa-
muu. OTHOCUTEIbHO BhICOKAA KOHIIEHTPAIIUA ITUTOKUHNHOB B TTO3/I-
HEOCeHHUIl mepuoj o0ycJIOBJIeHAa, IO-BUAUMOMY, X 3aIlUTHON PO-
JbI0O IIPU 3aJI0KEeHUHN Ha KOPHeBHUIaxX mouek Oymymiero roga (Kox-
aparteeBa u Ap., 2000). IIuTOKMHUHBI aKTUBUBUPYIOT CUHTES CTPEC-
COBBIX 0EJIKOB, UTO IPUBOAUT K IIE€PECTPOMKe MeTaboau3Ma W IIO-
BBIIIIEHUIO YCTOMYMBOCTU K HEOJaTONPUATHBIM (haKToOpaM BHeITHe
cpenb! (TanamoBa u ap., 1999). IIUTOKMHUHBI CITOCOOCTBYIOT CTa0M-
JIMBAUU CTPYKTYPBI (POCHOIUIUIHOIO CI0A KJIETOUHBIX MeMOpaH
B CTPECCOBBLIX YCJIOBUAX U COXPAHEHUIO M30MPATEJIbHON IPOHUIIAE-
MOCTH ILJIa3MaJIeMMBbl /I HEKOTOPBhIX MOHOB. [[emoOHMpPOBaHMe HaH-
HOTO ()UTOTOPMOHA B KOPHEBUIIAX MOKET obecreunBaTh OBICTPOE
oTpacTaHue BeCHOUM M HauaJbHBIN POCT HAA3E€MHBIX IT00ET0B KOpHe-
BUIIHOTO 3JIaKa. Y TPaBAHUCTHIX MHOTOJETHUKOB C 3aIlacarolluM
KOPHEBHUIIEM, B OTJINYKE OT OJHOJETHUX PACTEHUIl, B IPOIlecce Be-
reTanuu Coleps:KaHre IUTOKUHUHOB B JUCTHAX CHUKAETCA U YBe-
anuyuBaeTcsa B KopHeBuiax (Bopsenkosa u ap., 2001a).

Takum o6pasom, pe3yabTaThl U3YUEHUA TUHAMUKUA (PUTOTOPMO-
HOB ¥ HECTPYKTYPHBIX YIJIEBOJOB B TKaHAX KOopHeBuUIl Phalaroides
arundinacea, TeMIepaTypHOIl 3aBUCUMOCTU CKOPOCTU POCTa MEPU-
CTEeMATUYECKM AKTUBHBIX 30H MOA3E€MHBIX II00ErOB CBUAETEIBCTBY-
IOT O BBICOKOM YCTOMYMBOCTH IOJI3€MHOTO METAMEPHOI'0 KOMILIEK-
ca K HUBKHUM TeMIlepaTypaM B OCeHHe-3sUMHUII Iepuon. B aTo Bpe-
Ms IPOUCXOAAT aKTHUBHBIE MOPGOreHeTHUeCKe Ipeodpas3oBaHusA,
CBABAHHBIE C 3aKJAAKOIN MOUYEK (HavaJbHBIE 3TAIllbl OpraHOTeHe3a
mobera, guddepeHIInaAINg KJIETOK ¥ TKaHell) 1 BHYTPUIOUEUHBIM
pocToM, 3aJI0}KeHreM HOBBIX MeTaMepoB. OCHOBHBIM (DPAKTOPOM BbI-
HYKJIEHHOrO IIOKOs KOPHEBUII MHOTOJIETHEr0 3JIaKa MOTYT OBITH IIO-
HIUKEeHHbBIE TeMIIePaTyphl, a He HaKOILIeHNe MHI'MOUTOPOB PoCTa.

3.2. dusnonornyeckue 3aKkOHOMEPHOCTU POCTa
ANMNHHOKOPHEBULLHbIX MHOI0JIETHUKOB
Pa3HbIX IKOJIOro-UueHOTUu4eCKux rpynn

HpeJJ;CTaBI/ITeJII/I PasHBIX JKOJIOTO-IIEHOTUYECKUX TI'DYIIIl, HHN3-
HEHHBIX CTpaTeI‘I/Iﬁ CYILIEeCTBEHHO OTJ/JINYAIOTCA IIO0 MHTEHCHUBHOCTH
1 IPOAOJIXKUTEJBHOCTH POCTOBBIX IIPOIECCOB, XapPaKTepy J3allluT-
HO-l'IpI/ICHOCO6I/ITe.TIBHBIX MEXaHHN3MOB, IIO3BOJIAKININX MM amallTH-
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poBaThCS K YCJOBUAM cCpenbl. PacTeHusi, oOuTaoOIe B YCIOBUAX
OI'PAHMUYEHHOI'0 CHAOKEHUS pPecypcaMu, SIBJIAIOTCA MEIJeHHO pa-
crymumu (slow-growing species) (Grime et al., 1988; Poorter et
al., 1990; Villar et al., 1998). Buzae!l pacrenuii, sanumamingue 00-
raTble MeCTOOOMTAHUA, CIOCOOHBI K OBICTPOMY POCTY, M UX OTHO-
car K ObicTpopactyinuMm Bumam (fast-growing species). Ompegeie-
HIe CKOPOCTH POCTa AMKOPACTYIIUX BUAOB (0COOEHHO BEreTaTHUBHO-
MOABUKHBIX PACTEHUH, POPMUPYIONINX KJIOHBI) COIIPAMKEHO C OIIpe-
IeJeHHBIMUA TPYAHOCTAMMU. II03TOMY aKTyaJbHO H3ydeHHe (PYHK-
Ui, OTPAYKAIOIIUX POCT M META0OJIMYECKYI0 aKTUBHOCTh HAI3€M-
HBIX U IIOA3€MHBLIX OPraHoB (IPOAYKTHUBHOCTDH, ObIXATEJbHAS CIIO-
COOHOCTB, COJep)KaHWe as30Ta M IP.) B CBA3U C BBISBJIECHUEM Me-
XaHM3MOB YCTOMYMBOCTH ¥ AJANTUBHBIX PEaKINi KOPHEBUIITHBIX
MHOTOJIETHUKOB K Pa3JIMYHBIM 5KOJIOTO-IIEHOTUYECKUM YCJIOBUAM.

3.2.1. Isixanue, a30THBIN U YIJIE€BOTHEIN CTATYC
JIAHHOKOPHEBUIHBIX MHOTOJETHUKOB
B CBSI3HM C 9KOJIOTO-I[€HOTUYECKOH NMPUYPOUEHHOCTHIO
CpaBHUTEIbHOE M3yUYeHNEe HAKOIJIEHUSA 0MOMAacChl AJIUHHOKOD-
HEBUIIHBIX PACTEHUN Pa3HBIX YKOJIOTO-IEHOTUYECKUX I'PYIIN MTOKa-
3aJ10, YTO JIYyTOBbIe BUBI XapaKTEPU3YIOTCA 60Jiee BEICOKOM IPOAYK-
TUBHOCTBHIO II0 CPABHEHUIO C JeCHBIMU Buzamu (puc. 24, taba. 13).
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Puc. 24. Cyxasa buomacca AnNMHHOKOPHEBULLIHBIX pacTeHuin necHon (A) u ny-
roBov (B) akonoro-LeHoTU4ecknx rpynn (MoHb-MonNb, ga3a LBETEHUS pacTeHUn)
(Macnosa u gp., 20108).

Fig. 24. Dry weight of rhizome-forming plants from different eco-cenotic groups
at blooming phase (June-July). (A) Forest plants, (B) meadow plants.
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Cyxas Macca JIYTOBBIX BUAOB PAcTeHWil BapbUpoBaja B IIpexesax
130-450 r/m?, a y JjecHbIX Obljia BO MHOro pas MeHbIrre. HawmGo-
Jiee TPOAYKTUBHBIE JYTOBbIE PACTEHUA — KOPHEBUIIIHBIE MHOTOJIET-
Hue 3jaku Bromopsis inermis u Phalaroides arundinacea Haka-
mauBanu B 50 pas 6oJibllle OMOMACCHI II0 CPABHEHHUIO C HauUMeHee
NIPOAYKTUBHBIM JeCHbIM BumoMm Pyrola rotundifolia. [lons xopHe-
BUIIl B OumoMacce pacteHuii cocrasisiaa or 30 mo 75% (puc. 25).
Cpenu pacTeHUIl ¢ pasHOIN 5KOJIOTO-IEHOTHUUYECKON MPUYyPOUYEHHO-
CTBIO BCTPEUAIUCH BUABI C BHICOKOM ¥ HUBKOM OTHOCUTEJIHHOUN Mac-
CO¥l KOPHEBUIII.

Onpenenennsa ckopocru Beigenenus CO, (Macaosa u np., 20108)
IMOKAa3aJIu, YTO JIYTrOBble BUIbI PACTEHUH OTJIUYAIUCEH OT JIECHBIX 00-
Jiee aKTUBHBIM ObIxaHueM KopHeBwuirl (Tadia. 13). [[pixaTenbHas CIO-
cooHocTh ([IC) KOpHEBHUII JIYTOBBIX BUAOB pPacTeHUIl ObLia B IBa-
TPU pasa BBIIIE 110 CPABHEHUIO ¢ JiecHbIMU. Pasnuuusa B [IC sucTheB
MEKIYy PacTeHUSAMU, IITPOM3PACTAIOIINMU B PA3HBIX SKOJIOTO-IIEHO-
TUYECKUX YCJIOBUAX, OBLIN BhIPAKEHBI HECKOJIBbKO caabee, uem B [[C
ropuesuin. Camont Huskoi [IC (menee 1 mr CO,/r 1) xapakTepuso-
BAJIUCh JIUCThS CTPECcC-TOJepPaHTHOro jJecHoro Buga P. rotundifolia.
Y nyroBeIX BUAOB JbIXaHWE JHCTHEB PABHAJJIOCH B cpegHeM 1.8 mr
CO,/r 4. ¥V BCcex HCCIEeJOBAHHBIX BH/0B, HE3aBHUCUMO OT KOJOTO-
IIeHOTUYECKOU NTPUYPOUEHHOCTHU, JIUCThHSA IIPEBBHIMIATN KOPHEBUIIA
mo IIC. Cnemyer OTMETHTBH, UTO Yy JYTOBBIX BuUAOB pasuuiia B [[C
KOPHEBHUII] U JIUCThEB BBIPAKEHA MEHbIIle, UYeM Y JIeCHBIX, 3a WC-
kaoueHueMm P. rotundifolia. B 1iesioMm JUCTbA M KOPHEBUII[A pacTe-
HUH JIYTOBOI 9KOJIOTO-IIEHOTUYECKOM Ipynnbl mpeBocxoauiu mo JIC
JleCHbIe BUIBLI PACTEHUIM.

Tabrnuya 13
®dusnonoro-6MoxumMmyecKue nokasartenm pocra
ANMHHOKOPHEBULLHbLIX MHOFONETHUKOB
pa3sHbIX 3Konoro-LueHoTuyeckux rpynn (Macnosa u ap., 2010B)

MNapamer Jlyrosble BuAbI JlecHble Buabl
P P JInctbsa KopHeBuLia JInctbsa KopHeBuLia
Cyxasi Mmacca, r/m? 160.6 £ 17.3'(1211.0+45.2| 9.3+0.8*" | 20.2+2.5*

KoHueHTpaums obuero a3ota, | 28.5+ 1.2 122+1.4 | 21.4+£0.7* | 10.2+£0.5*
Mr/r Cyxou Macchbl
[bixaTtenbHas cnocobHOCTb, 1.80+0.06 |1.19 +0.07 [1.05 + 0.06**|0.38 £ 0.03**
mrCO,/r cyxoit Macchl 4
[bixaTenbHas LeHa 6enka, 10.7+£0.9 142+26 | 79+0.9" | 6.0+0.9*
mrCO,/r 6enka v
YnenbHas gbixatenbHas ueHa, | 31.2+6.7 17.3+£3.5 | 16.6 £2.0" | 59+ 1.5*
M [TIHOKO3bI/T CyXOW Maccbl CyT

*

N ** — pasnuums Mexay NyroBbIMM U NECHbLIMU BUAAMU CTAaTUCTUYECKW 3HAYM-
Mbl, P < 0.001 n P < 0.05. ' MI3yyanu HakomnmneHue Cyxol mMacchl Hafi3eMHbIX OpraHoB
(nucTbsi+cTebnu+couseTns).
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Pwuc. 25. PacnpeneneHve 6uomacchl 4NMHHOKOPHEBULLHBLIX PACTEHWUI NeCHON
(A) n nyroson (B) akonoro-LueHoTNYeckmx rpynn. 7 — Hag3eMHas 4acTb, 2 — Noa3em-
Hasi yacTb (kopHeBuLLa u kopHu) (Macnosa u gp., 2010B).

Fig. 25. Biomass distribution of long-rhizome-forming plants from different eco-
cenotic groups. (A) Forest plants, (5) meadow plants. (7) Aboveground organs, (2)
underground organs (rhizomes and roots).

CogmepsxaHue 00INEro a3oTa B JUCTbAX PACTEHUI BapbUPOBAJIO
B mpenenax ot 10 mo 35 mr/r cyxoii macckl. MakcuMaibHOE KO-
JUYECTBO a30Ta HaKaIlJIMBAJIHU JUCThA JIYTOBBIX pacreHuii Achillea
millefolium, Phalaroides arundinacea, MUHUMAJIBLHOE — JIUCThS JIEC-
HOT'0 BEUHO3eJIeHOT0 KycTapuuuka Vaccinium vitis-idaea. Y Bcex uc-
CJIEIOBAHHBIX BUJOB KOHIIEHTPAIIUsS a30Ta B KOPHEBUIIAX ObLIa CYy-
1ITeCTBEHHO HIKe, YeM B JIUCTHAX. Buibl pacTeHUN Pa3HBIX 9KOJIO-
TO-IEHOTUYECKUX TPYIII XapaKTePU30BAINUCH CPABHUTEJIbHO OJINM3-
KUMHU 3HAUYEHUSAMHU COJEPKaHus a30oTa B KopHeBumiax (rabi. 13).
HawuGosbitass KOHIIEHTPAIIUA a30Ta OTMeYeHa [IJis MMOA3eMHBIX II0-
6eroB A. millefolium (22 = 2.1 Mr/r cyxoil Macchl), HaUMeHbIITasa —
nns M. arvensis (7.1 = 0.7 Mr/r cyxo# macchel). B 1esomM JHUCTHSA
JIECHBIX BUJIOB PACTEHU YCTYIIaJM JIJYTOBBIM II0 COAEPIKAHUIO a30Ta.
KoumnenTpamusa asora B KOpHEBUINIAX HE 3aBUCEJIA OT SKOJIOTO-IIEHO-
TUYECKOM IIPUYPOUEHHOCTH.

CpaBHUTEJIbHOE M3yUYEeHUE pacIpeeieHUs asoTa II0 opraHaMm
MOKAas3ajo, UTO y OOJBIINHCTBA M3YUEHHBIX JYTOBBIX PaCTeHUH oc-
HOBHOe KoJjuduecTBo a3ora (70-80% ) JoKamm3oBaoch B Haa3eMHOI
vyactu (puc. 26). [ns JieCHBIX BUAOB OTMeUeHO 06ojiee paBHOMED-
HOe pacIpefiesieHUe OOIIEero asoTa MeXXJy HaA3eMHBIMU IIo0eramu
u KopHeBuiamu. Jluib y sumuesenenoit Pyrola rotundifolia 80%
a3oTa IPUXOAMJIOCH HA HAA3eMHbIE OPraHbl.
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Puc. 26. PacnpegeneHune obuero asota no opraHaM AJIMHHOKOPHEBULLHbIX
BMOOB B 3aBMCYMOCTU OT 3KOIOro-LIeHOTUYECKON NPUYPOYEHHOCTU. A — NECHble BU-
abl, b — nyrosble Buabl. 7 — Hag3emHble nobern, 2 — kopHesuwa (Macnosa v gp.,
20108).

Fig. 26. Total nitrogen distribution between organs of long-rhizome species
from different eco-cenotic groups. (A) Forest plants, (B) meadow plants. (7) Aboveg-
round shoots, (2) rhizomes.

Conep:kanue PacTBOPUMBIX YIJIEBOJOB B CYXOil Macce JINCTHEB
KOPHEBUIIHBIX pacTeHuii BapbupoBayo oT 1 go 3.6% (puc. 27). Jlu-
CThS JIYTOBBIX BUJOB PACTEHUI OTJINYAINCH CPABHUTEIBHO HU3KOMI
KOHIleHTpauen caxapos. [ JIMCTHEB JIECHBIX PACTEHHUI Xapak-
TEePHO HAKOILJIEHUEe YIJIeBOJO0B, OCOOEHHO MOHOCAXAPUAOB, MO KO-
TophIxX coctaBiasiga 70-80% B obmieit cymme caxapos (tabi. 14).
B orauumne oT JUCTHEB, B KOPHEBUIAX HAOJIIOMaIu OOPATHYIO 3a-
KOHOMEPHOCTE: Gojiee BHICOKOE COJepIKaH’e caxapoB OBLIO Y KOP-
HEeBWUII] JIYTOBBIX pacTeHuil, Hu3Koe — y JiecHbIX (puc. 26). Oriau-
YNTEIbHON OCOOEHHOCTHIO KOPHEBWUII] JIYrOBBIX BUIOB A. millefoli-
um, M. arvensis, E. repens siBisieTcsi HaKOILJIEHNE OJIUTOCAXAPUIOB
(padpuHO3BI, CTAXMO3BI), H0JS KOTOPBIX cocTaBisaa or 20 o 80%
OT CyMMBI BCceX yriieBomoB (Tabs. 14).

AHan3 pe3yJIbTATOB MOKA3bIBAET, UTO IIPOAYKTUBHOCTE IJINH-
HOKOPHEBUIIHBIX BUAOB 3aBUCUT OT YCJOBUN IIPOU3PACTAHUS U
CcBA3aHa C peajmsaliuell pasHBIX JKM3HEHHBIX cTparteruii. JIyrosie
OBICTPOPACTYIIINIE BUALI XapPaKTEPHU30BAJINCH 00Jjiee BBICOKOM IIPO-
IYKTUBHOCTBIO TI0 CPABHEHUIO C JIECHBIMU BUAAMU, IIPOSBIISIOIIA-
MU CTpecC-TOJIePaHTHbIE CBOMCTBA, OTJUUUTENBLHON UYEePTOH KOTO-
PBIX ABJsIETCA MeAJIeHHBIN pocT. Tak, HaIpuMmep, OTHOCUTEJIbLHAS
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Pwuc. 27. CopepxaHne pacTBOPUMbIX YrNeBOAOB B NUCTbAX (1) 1 KOpHeBULLaX
(2) pacteHun necHow (A) n nyrosoii (B) akonoro-LeHoTUYecKnX rpynn (MIOHb-MIoNb,
¢asa GyToHM3aumm — uBeTeHus pactenuin) (Macnosa u gp., 20108).

Fig. 27. Content of soluble carbohydrates in leaves (7) and rhizomes (2) of
plants from different eco-cenotic groups. (A) forest plants, (b) meadow plants.

CKOpoCcTh pocra pacrenuit Paris quadrifolia cocraBnama 0.03 r/r
cyT B (hady reHepaTHUBHOTO Pa3BUTUS, UTO B JBa pa3a MEHBIIE II0
CpaBHEHUIO C JYyroBbIMU BumamMu Mentha arvensis u Achillea mille-
folium (MacnoBa u ap., 20108). KopHeBuIiasie BUAbl pPa3HBIX 9KO-
JIOTO-I[EHOTUYECKUX I'PYIII ¢JIa00 PasMyaiiCh I0 PaCIIpeaeIeHUI0

Tabrnuuya 14
CocTaB pacTBOPUMbIX YrNeBOAOB B JIMCTbAX U KOPHEBULLLAX PpacTeHUN
Pa3HbIX 3KONOro-LeHOTUYeCKUX rpynm, Mr/r cyxou Maccbl

MoHocaxapuabl [uncaxapugbl Onurocaxapugbl
Bun JncTba Kopre- TNnctba Kope- JncTba Kopre-
BULLA BULIA BULLA
JlyroBble BUabl
Mentha 24+03 | 54+06 | 47+03 | 21+£01 | 6.6%1.2 [30.2+21
arvensis
Elytrigia 19.2+19|14.0+09(|128+15| 70+0.5 | Crneanl | 4.3+0.5
repens
Achillea 51+05 |151+35| 6.8+0.6 |120+0.8| Crneabl | 3.6+0.5
millefolium
JlecHble Buapl
Pyrola 216+22|11.0+04|115+£05| 94+£0.2 Cnenbl cnegbl
rotundifolia
Vaccinium 189+03| 27+01 | 56+0.1 | 82+0.4 Cnepnpl cnegbl
vitis-idaea
Gymnocarpium| 55+05 | 26+0.3 | 95+1.0 [2.0+0.01| Cnegpl cnegpl
dryopteris
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O0roMacchl MeKIYy MOHOPHBIMU U aKIeNITOPHBIMU opraHamu. Ha mo-
JII0 KOPHEBUII[ IPUXOAUIOChL B cpenueM 50% Bceit 6uomacchl, UTO
CBUETEJIBCTBYET O PACIpele/ieHNN 3HAUNUTEJILHOTO KOJINYECTBA ac-
CUMUJIMPOBAHHOIO YIJIEPOLA B IOA3EMHYIO0 YaCTh HE3aBHUCHUMO OT
IEHOTUYECKON IIPUYPOUEHHOCTH. ITO 00YCJIOBJIECHO IpeodiagaHneM
BEreTaTUBHOI'O PA3MHOMKEHUS y AJUHHOKOPHEBUIIHLIX BHUOB pac-
TEeHUN U JeIOHMWPOBAHMEM OOJIBIION YaCTh aCCUMUJISATOB B IIOJ3€M-
HBIX II100erax, CIioCOOHBIX K 3MMOBKE.

PacTeHns pasHBIX KOJIOrO-IIEHOTUYECKUX TIPYII CYIIeCTBEH-
HO PasjNYajiCh II0 YPOBHIO IBIXATEJIbHON CIOCOOHOCTH: JIMCTbA U
KOPHEBHUIIA JIYTOBBIX BHUIOB PACTEHUH C €XKeroJHbIM OOHOBJIEHHEM
JUCTBhEB OBLIIIANN aKTHUBHEE II0 CPaBHEHHUIO ¢ JecHbIMU (Tabua. 13).
MoskHO moJaraTh, YTO WHTEHCHUBHOE [ABbIXaHUE OBICTPOPACTYIIIUX
BU/IOB pPacTeHuil 00yCJIOBJIeHO Gojiee BHICOKOM CKOPOCTHIO POCTA II0
cpaBHeHuio ¢ meaiaeHHopacryiumu (Poorter et al., 1990; Lambers
et al., 1998). Pacuersl ymesbHOI abixaTeibHON IeHbl (I'0JI0BKO,
1999) mokasasu, YTO 3a CYTKHU JYTOBBIe OBICTPOPACTYIIHE pacTe-
HUSA 3aTpaumBaJi Ha oOpasoBanmue de novo U OOHOBJIEHHE YiKe CY-
IIECTBYIOIINX CTPYKTYP, a TaKiKe IMoAJep:KkaHure QYHKIIMOHAJILHOMN
AKTUBHOCTH JINCTHEB M KOPHEBUII[ KOJMYECTBO ALIXATEJIBHOTO CyO-
crpara, sKBuBajsieHTHOE 3 1 1.7% oT ux 6MoMacchl COOTBETCTBEHHO
(tabx. 14). CiegoBaTe IbHO, JIYyTOBBIE BUABI PACTEHUN XapaKTepPU30-
BaJIMCh IO Kpalineil mepe B 1.5 pasa 0ojiee BHICOKMMU OTHOCUTEJIb-
HBIMHU 3aTpPaTaMM ALIXaTeJbHOr0 CyOcTpaTa, ueM JIeCHBIE.

Koppenanuonublii aHaIn3 BLIABUJ HaJAW4YKMEe TECHOUM B3amMOC-
Basu (r = 0.75, P < 0.01) mexxay AbIXaHUEM U COIepPrKaHUEeM as3o-
Ta B OmomMacce JIMCTheB HCCJIENOBAHHBIX pacTeHuii (puc. 28A). Jlu-
CThSI JIYTOBBIX OBICTPOPACTYIIIMX BUIOB coepikanu Ha 25% 060Jb-
me asora u awimanau Ha 40% WHTEHCHUBHEE II0 CPABHEHUIO C Me.I-
JIEHHOPACTYIITUMU JieCHbIMU. CXOOHBIE Pe3yJabTaThl OBLIN IOJyUe-
HBI B BereTalMOHHOM ONbITe AJsA 24 OAHO- W OBYIOJbHBIX BUAOB
C pasHO#l OTHOCUTeJbHOII cKopocThio pocrta (Poorter et al., 1990;
Lambers et al., 1998). JIuctbsa OGBICTPOPACTYIIIUX PACTEHUI COmEp-
sxanu Ha 44% OoJibIlle a30Ta U IBIIIAJN B IBa pa3a aKTHUBHEE, YeM
Buzabl ¢ Huskoin RGR.

B nureparype maHHBIE O CBA3U IbIXAHUS HEJIWCTOBLIX OPTaHOB
C comep:KaHWeM B HUX a30Ta HEMHOYUCJEHHBI W IIOJYyYEHBI IIpe-
UMYIIIECTBEHHO Ha KYJIbTYpHBIX pacreHuax (I'omosko, 1999). Ha-
I JAHHBIE IMOKA3bIBAIOT, UTO B OTJIMYNE OT JINCTHEB, CBA3DL [bI-
XaHusA KOPHEBUII ¢ colep:KaHueM asora orcyrcrBoBasia (r = 0.39,
P > 0.05) (puc. 28B), uro ABIAeTCA PE3yJIbTATOM CXOICTBA pac-
TEeHUHN PasHBIX YKOJIOI0-I[EHOTUUYECKUX TIPYII 0 a30THOMY CTATY-
cy moa3eMHBIX mo0eroB. KopHeBHUIlla JYroBbIX BUIOB IBIITANN aK-
THBHEE JIECHBLIX, HO OBLIN CPABHUMBI II0 COAEPKAHNIO B HUX OOIIe-
ro asora. ITO MOMKET OBITh PE3yJbTATOM OOJIBIIEH IIOTPeOHOCTH B
IBIXaTeJbHON SHEPIUU IMOA3EMHBIX II00eroB OBICTPOPACTYIIUX JIY-
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TOBBIX PacTeHUIl ¢ KOHKYPEHTHO-PYAePaJbHBIM THUIIOM aJalTHUBHOMN
crpateruu. Takas 0ocoGeHHOCTH MOJKET OBITH CBs3aHa ¢ 0oJiee BBI-
COKVMMU SHEPTEeTUUYECKUMHU 3aTpaTaMy Ha IIOTJIOIIeHUEe, BOCCTAHOB-
JeHWe ¥ TPAHCIOPT a30TUCTHIX COeAWHEHUII B IOA3E€MHBIX Opra-
HaX JIYTOBBIX PACTEHHH, XapaKTEePU3YIOIIUXCS BBICOKOM IIPOAYK-
TUBHOCTBIO HAA3EMHOM MacChl, KyJa PaCIpeAesseTcs 3HAUUTEeJb-
Hasa 4JacTh asora (70%). Kak msBecTHO, OBICTPHINI POCT HEU30EIK-
HO CBSI3aH C MHTEHCUBHBIM OOMEHOM a30TCOAEPKAIIUX COeTUHEHUI
(Hirose, 1988). He uckoueHo Taxkke, YTO KOPHEBUINA JIECHBIX BU-
OB pacTeHui MOT'yT 3amacaTh a30T. IIpumaTouHble KOPHU B y3JaX
KOPHEBWUII] UMEIOT MUKOPU3LI, CIIOCOOHBIE YTUJIN3NPOBATH OPraHU-
yeckuil asor Jsecuoi mogcruaku (Lambers et al., 1998).

Haunbie o JC opraHoB u cOAep:KaHUIO B HUX OOIIEro asoTa IIo-
3BOJIAIOT OIEHUTH AbIXaTeJbHbI€ 3aTPAThl UMW IbIXaTEIbHYIO IIEHY
6enka (I'omoBko, 1999). PacueTsl mokasaau, YTO AbIXaTeJbHAasd IeHa
0eJKa JUCTHbEB U KOPHEBUIII JIECHBIX BUJIOB PACTEHUI ObLIa HECKOJIb-
KO HUJKe, UeM Y JIyTOBBIX, U cocTaBjana B cpenuem 11 u 14 mr CO,/r
6enka 14 mau 0.18 u 0.23 r rurtoko361/T 6eaka cyT (Tabua. 13). 9To mMo-
JKeT OBITH CBSIBAHO C 0ojiee HUBKOM CKOPOCTHIO 000poTa OeKa B Me[-
JIEHHOPACTYIIIMX OPTaHaX JIECHBIX CTPECC-TOJIEPAHTOB, aJallTUPOBaH-

HBIX K IIPOU3PACTAHUIO IO
A nojoroMm Jieca. Ilo maHHBIM

40 1 " (IIpimoBa, TI'osoBko, 1998),
= y=1063x+6.631 ¢ IIOJT, TIOJIOT €JI0BO-OCHOBOTO
g 35 R2=0.555 A
2 40 4 i Pa3HOTPABHOTO Jieca MPOHU-
5 5 | * Kaer He Gosee 3-5% DAP.
% B o9Tux yciaoBUAX CHUIMKe-
2 20 1
£ 15 1
Eﬁ | 8® 13
= 10 [

Z 57 Puc. 28. B3anMocBsiab Mex-

0 . : ; [y copepxaHuem obliero asora

0 1 5 3 (Nyg,,) ¥ AbIxaTerbHoOM Cnoco6Ho-
ctbto (OC) B nuctbax (A) n noa-
3eMHbIx noberax (b) AnMHHOKOP-
HEBULLHBLIX pacTeHun. Toukamu

JIC, MI/T cyXo# Macchl 1

B

24 1 6 1N HoMepamu 0603HaYeHbl BUAbI,
y=3.878x + 8.830 b npencrtaeneHHble B Tabn. 2 (cwm.
Z20 7 R?=0.149 m. 2). Ha pucyHke A koppensium-
g | l OHHas CBSI3b CTAaTUCTUYECKM 3Ha-
:E 16 1.1 ;gqng,)P < 0.01 (Macnosa u ap.,

2 B).
22 S .1 - ., 3 : Fig. 28. Correlations between
£ g4 9 12°8 4 ® total nitrogen content (N, ) and re-
= 14 spiratory capability (RC) in leaves
g 47 (A) and rhizomes (B) of long-rhi-
z zome plants. Figures correspond
0 T d ’ to species numbers in Table 2. In
0 0.5 1 L5 (A), correlations are significant at

JC. MO/T cyxo# Macchl 4 P <0.01.
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HUEe COeP:KaHUs U CKOPOCTH OOHOBJIEHUSA 0eJKa MOYKHO pacCMaTpPH-
BaTh KaK aJalTUBHBIN IPU3HAK, CIIOCOOCTBYIOIINI COKPAIIIEHUIO 3a-
TpaT Ha MOoJJep:KaHme OeJIKOBOTO OOMeHa KJIETKU.

OCHOBHBIM CyOCTPaTOM [AJIsI CMHTE3a CTPYKTYPHON U 3amacHOM
OuoMacchl PACTeHUIN SABJSIOTCSA YIJIEBOLBI, KOHIIEHTPAIINSA KOTOPBIX
3aBUCHUT OT CKOPOCTH POCTa pacTeHuil, (aswsl pasBuTus, (HaxToOpPOB
BHeIITHeH cpenbl. Halltu pesysibTaThl CBUAETENLCTBYIOT O TOM, UTO
YPOBEHB YIVIEBOJOB B JOHOPHBLIX JIMCThAX U AKIENTOPHLIX OpPraHax —
MOJ[3eMHBIX Mo0erax MINHHOKOPHEBUIIIHBIX MHOTOJETHUKOB CBA3AH
C BKOJIOTO-IIEHOTUUECKOM MPUYPOUEHHOCTHIO U PeaIusanueil pasHbIx
TUIIOB aNallTUBHBIX cTpareruii. JlecHble cCTpecc-TOJIEPAHTHBLIE BU-
Ibl XapaKTepPU30BAINCH CPABHUTEJIbHO BBICOKMM COJAEP;KaHUeM He-
CTPYKTYPHBIX CaxapoB B JUCThSAX W HU3KUM — B KOpPHeBHUINaX (puc.
27). HakoILieHne JIUCTbAMY JIECHBIX BUIOB PACTEHUI PACTBOPUMBIX
YTJIeBOJIOB, 0COOEHHO MOHOcaxapuaoB (Tabs. 14), MoKeT CBUIETEIb-
CTBOBATb O HU3KON CKOPOCTM TPAHCIIOPTA M YTUJIN3AIUU yrjepona
B aKIENTOPHBLIX OPraHax MeIJIEHHOPACTYINUX BUIOB, IIPOU3PaCTa-
IOIUX B YCJOBUSX CJIab0oi ocBeIleHHOCTH. 110 HeKOTOPHIM JAHHBIM
(ITeaakoB u ap., 2000; Amkor, 2001), cTpecc-ToIepaHThbI OTJIMYA-
IOTCSA OT BHUIOB C APYTHMU THUIIAMU aJAlTUBHBLIX CTPATEIHIl HU3-
KO¥ CKOPOCTBIO OTTOKa IPOAYKTOB (hoTocuHTe3a. Kpome ToTO, YacTh
ACCUMMJIATOB MOYKET MCIOJIb30BAThCA AJIA 00Pa3sOBAHUA MeXaHUYe-
CKMX TKaHell, KyTUKYJbl, CHHTE3a BTOPUUYHBIX COEIWHEHUI, KOTO-
peIMu Ooraue JIMCThs CTpecc-rosiepaHTHBIX BumaoB (Lambers, Poor-
ter, 1992).

CpaBHUTEJBHO HU3Kasd KOHIIEHTPAIIUA PACTBOPUMBIX YIJIEBO-
OB B JIMCTBAX JIYTOBBIX, OBICTPOPACTYIIWUX BUIOB SABJIAETCA pe-
3yJbTaTOM 0OJiee MHTEHCUBHOTO HCIIOJIB30BAHUS ACCUMMJIATOB Ha
POCT ¥ JIbIXaHWe HaA3€MHBIX IMOOErOB M TPAHCIOPTA CaXapoB B aK-
IEeIITOPHbIE OPraHbl — KOPHEBUIIA, rae O0OHADPYKEHO UX HAKOILIe-
uue. IloBbIllleHe KOHIIEHTPAIIUY CAXapOB B MOA3EMHOM YaCTU JIy-
FOBBIX BHUJOB MOXKET CTHUMYJIMPOBATH IIOIJIOIEHNE HUTPATOB KOP-
HAMU, YCUJIUBATH JAejieHne u nuddepeHIInanmnio KJIETOK B TKAHAX
kopueli (Hinish ten Gate, Breteler, 1981). Bosee BEICOKOE 110 Cpas-
HEHUIO C JIECHBIMM BHJAMU HAKOILIEHUE HECTPYKTYPHBIX YIJIEBO-
OB, OCOOEHHO OJIMIOCAXapUI0B, B KOPHEBUINAX JYTrOBBIX PACTEHUI
MOKeT OBITH CBA3AaHO C PA3HBIM PUTMOM CE30HHOTO PAa3BUTHUSA pac-
reHuii. JINCTbS JieTHEe-3€JIeHbIX JIYTOBBIX BHUAOB K OCEHH OTMUPA-
0T, U KOPHEBUI[a SBJAIOTCA OCHOBHBIM XPAHWJIUIIEM 3allaCcHBIX
BEIECTB, 00eCTIeUNBAIOIIUX [IEPE3MMOBKY U OTPACTaHUE PAaHO BEC-
HO#. B oriimume OT JieTHe-3eJI€HBIX BHUIOB, V BEUHO3EJIEHBIX pac-
TEeHUI pPacTBOPHMBbIE caxapa HAKAIIMBAIOTCA B JIMCTBAX. SUMYIO-
1IIe JIUCThSI BEYHO3EJIEHBIX BUIOB PACTEHUI SBJIAIOTCA OCHOBHBIM
XPaHUJUIIEM PE3ePBHOTO IIyJia aCCUMUJIATOB UM TOPMOHOB IJIA PO-
CTa JINCThEB HOBOM reHepamnuu B BeceHHUi nepuor (MBamosa u ap.,
1998).
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WccnemoBanHuble BUABI Pa3jMUalOTCA IIO CIIOCOOY M, CJiemgoBa-
TeJbHO, MeXaHU3MY 3arPy3KH aCCUMMUJISATOB B JOHOPHBIX JIUCTBAX.
ITo mamubiM FO.B. T'amaaesa (2004), 60JbIMIUHCTBO IpeacTaBUTe e
cemetiicTB Asteraceae u Poacea, K KOTOPBIM OTHOCSTCA JIYTOBBIE BH-
oel (A. millefolium, T. farfara, E. repens, B. inermis, P. arundi-
nacea), UMeOT aNOILIACTHBINA HYyTh 3arpy3ku (hJiosMbI. ¥ IIpeicTa-
BuTesieii cemeiictB Pyrolaceae m Ericaceae, K KOTOPBIM OTHOCATCS
necuble Bunbl (P. rotundifolia, V. vitis-idaea, V. myrtillus), cum-
IJIAaCTHBIM IyTh 3arpysku Giaosmbel. TpauHcrmopTHOU (opmoil accu-
MUJIATOB, CIEeIUPUUECKUX Js aloIlJIaCTHOTO cIiocoba 3arpysKH,
SIBJISIETCSI caxaposa. 3arpyska caxaposbl B TPAHCIOPTHYIO CHUCTE-
My Yepes amoILIACT CBSI3aHA C OOJBIINMU SHEPreTUUYEeCKUMU 3aTpa-
TaMu, YeM 110 CUMILJIACTHOMY IIYTU, IOCKOJbKY TPaHCMeMOpPaHHBII
nepenoc 1 monsa caxaposbl Tpebyer satrpar 1 monsa AT®. Paznau-
yre B cIocobax TPAHCJIOKAIUU ACCUMUJIATOB, MMO-BUAMMOMY, MO-
JKeT OBITH OTHUM 13 (paKTOPOB, OMPENeSIONIuX AbIXaTeJIbHY0 aK-
TUBHOCTb. AIOILIACTHBIE TPABBI — IIPEMMYII[ECTBEHHO CBETOJIIO0M-
BbIe PACTeHUS, CUMILIACTHBIE PACTEHUS He TPeOOBaTeJIbHBI K CBETY
¥ MOTYT IIPOM3PAaCTaTh B YCJIOBUSX 3aTeHEHUS, I'lle KOHKYPEeHIIUS
MeXKJy BUIaMU ocJiabJieHa.

B 1esioM mosiyueHHBIE JaHHBIE NeMOHCTPUPYIOT TECHYIO CBS3b
hUBMOSIOTUYECKUX CBOUCTB JIMHHOKOPHEBUNIHBIX PACTeHUU C UX
SKOJIOT0-IIEHOTUYECKUMHU YCJIOBUAMY OOMTAHUSA, *KUSHEHHON CTpa-
Teruei, pPUTMOM CE30HHOTO Pa3BUTUSA. 3aKOHOMEPHOCTH POCTa Jy-
TOBBIX BUJOB DPACTEHUH C JIeTHE3€JeHBIM (DEeHOPUTMOTHUIIOM CBs-
3aHBI C UX BBICOKOI CKOPOCTBHIO POCTa, MHTEHCUBHBLIM ILIXAHUEM,
BBICOKUM COJEp:KaHUeM a30Ta, SHEePTeTUYeCKON 00eCIeueHHOCTHIO
b6enxa. JlecHble BUABI, MPOABJAIONINE CTPECC-TOJIEPAHTHBIE CBOIi-
CTBa, OTJIMYAJNCh HU3KON (PUBMOJOTHUECKON aKTHUBHOCTBLIO Ha]-
3eMHBIX U IMOJ3EeMHBIX OPraHoB. [l KOPHEBUII] JIECHBIX BUIOB pac-
TeHUH XapaKTepHO cjaaboe AbIXxaHUe, 0ojiee HU3KOe colepKanue He-
CTPYKTYPHBIX YIJIEBOJOB U BBICOKOE COeprKaHMe a30Ta, YTO II03BO-
JIsIeT PacTeHUSM BBIXKMBATH B JIECHBIX (DUTOIEHO3aX IIPU OTPaHU-
YEeHHOU MTOCTYIHOCTH PECYPCOB.

3.2.2. /IsixaHue U pocT
IBYX NIMHHOKOPHEBUIIHBIX TPABIHUCTHIX MHOTOJETHUX
pacTeHuil ¢ Pa3HBIM PUTMOM CE30HHOTO Pa3BUTHSA

AHBanmus BO3paCTHBIX M3MEHEHWH pPOCTa W ABIXATEJbHON CIIO-
COOHOCTH OPTraHOB PACTeHUI IIPU OLHOM U TOII Ke TeMIlepaType II0-
3BOJIAET YUYUTHIBATH KPOME BHEIITHWX W BHYTPEHHUE PEryJIupyIo-
e GarkTophl. 3ajada COCTOANA B UBYUEHUU MeTabOJIUUYEeCKON aK-
TUBHOCTU, B3aMMOCBSI3Y ObIXaHUA U POCTA U UX M3MEHEHUSA B CE30-
He y NJIUHHOKODPHEBUIIHBIX MHOTOJIETHUX PACTEHUH JECHON W JIy-
TOBOM 9KOJIOTO-IIEHOTUYECKUX TPYHII C PA3HBIM PUTMOM CE30HHO-
TO Pa3BUTHUA.
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ITosnyueHnuble pPe3yabTaThl CBUAETEIBCTBYIOT O PA3JIUYHON ce-
30HHOU MUHAMUKe AbIXxaTeabHoil cmocobHocTu ([IC) smcTheB U KOp-
HEeBWUII] JIYTOBOTO JieTHe3esieHoTo Buma Achillea millefolium wu nec-
HOTO 3uMHe3seJsieHOTO Buja Pyrola rotundifolia (puc. 29). CkopocTs
Beienenua CO, B quctbax A. millefolium B Gdasy BereTaTuBHOTO
pocta (Hauajyio uMiOHSA) OBbLJIa BIBOE BBIIIE II0 CPpaBHEHHUIO ¢ (Gas3oil
nBereHus (uiogab). K KOHIIy BereTalMOHHOIrO Iepuoja (Hadyayio OK-
TAOPs), KOTga IPOUCXOAUT OTMUPaHUE JeTHe3eJeHbIX moberos, [1C
JIUCTHEB MOJIOJBIX PO3ETOK cocTaBasaiaa 65% OT AbIXaHUA PO3ETOU-
HBIX JINCTheB B Hauajsie mioHs (dasa orpacrammusa). [IC KopHeBUII]
A. millefolium 0OblLIa HUXe IIO0 CPABHEHUIO C JHCThSIMI, OCOOEHHO B
Hauvajie ¥ KOHIle BereTarmoHHOro nepuona. Ce3oHHBbIE M3MEHEHUS
OC ropuesum A. millefolium 6bLIM BhIpaKeHbI ciabee, UueM y JIHU-
CTBEB: B TeUeHHe JieTa CKopocTh Beijesnenusa CO, KOpHeBUIaMHU CO-
cTaBisaiga B cpemgHeM 1.5 Mr/r cyxoif Macchl 4, a K KOHILY OKTAODPS
oHa cHmKaznach Ha 28%.

Pacrenusa P. rotundifolia xapaKkTepu30BaJNCh CYINECTBEHHO
6osiee Huskoi IIC mo cpaBuenuio ¢ A. millefolium (puc. 29). Cxo-
pocTh Beifenenua CO, y nepesuMoBaBIIuX JHUCTheB P. rotundifolia
B HauaJie Beretamuu ObLa HU3KOI U cocTaBJisia Bcero 20% oT Abl-
XaHuA JUCTheB HOBOU reHepaliuu, IMOSIBUBIINXCA B MioHe. B KoHIle
Bererarnuu (ceuTsabps) [[C MucTheB coOXpaHaaach Ha BBICOKOM YPOB-
He. Ce30HHBIN X0 OBIXaHUS IOA3EMHBIX I00EroB OBLI CXOLEH C JIH-
crbamu: JIC KopHeBUIN Bo3pacTajia K KOHILY MIOHA M OCTaBaJlach
BBICOKOII 10 KOHIIA CEeHTAOPS.

CpaBHHUTeJIbHBIE MHKPOKAJIOPECINPOMETPHUUECKIIE HCCJIeI0BAa-
HUS TPOBOAMWJIN BO BTOPOII IIOJIOBMHE HWIOHS, KOrma oba Buma pac-
TeHU! HaXOAWJINCHh B reHepaTuBHOM (dase. Ha puc. 30 BumHO, UTO

51 A 1.29 B

44
0.81

1 2

9 HIoHA 12 mrong 2 okrabpsa 20 mast 25uroHa 22 ceHTAOpA

CKOpOCTb JABIXaHHUS,
Mr COy/T cyxoii Macchl 4

Puc. 29. Ce3oHHas avHamunka abixatenbHon cnocobHocTu pactenunn Achillea
millefolium (A) n Pyrola rotundifolia (B), aanHble 2006-2007 rr. 1 — nucTbs, 2 — Kop-
HeBuLLa. [laHHble rasomeTpuyeckoro aHanusa (Macnosa u gp., 20106).

Fig. 29. The seasonal respiration dynamics of leaves (7) and rhizomes (2) of
Achillea millefolium (A) and Pyrola rotundifolia (B) plants. The data were obtained
in 2006-2007.
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CKOPOCTh OBIXaHUSA ¥ TEIJIOBBIAEJNEHUS MOJOABIX JIUCTHEB M OCO-
0eHHO amMKaJbHOI uacTu KopHeBuiny A. millefolium mpeswImIanu
TaxkoBble Vv P. rotundifolia.

CremyeT OTMETUTH OTUETJIMBYIO B3aWMMOCBS3b MEXKIY CKOPO-
CTBIO TEILIOBBLIJEJEHUS W IbIXaHUSA: MeTa0OJIUYeCKOe BBIIeIeHNe
TemJa ObLIO BBINIE Y MHTEHCUBHO IBINIAINMUX TKaHel. PacueTsl 1o
mozenu (Hansen et al., 1994; Xancen u ap., 1996), cBsassiBaroriei
IbIXaHWe U TeIlJIOBBIJEJIeHIe CO CKOPOCTHIO POCTa, MOKA3AJIMU, UTO
pacreunusa A. millefolium ornuuanuch ot pacrenuit P. rotundifolia
00Jlee MHTEHCUBHBIM POCTOM JUCTHEB U KOPHEBUIII.

WccnemoBannubie pacTeHUs PasaWYaINCh II0 a30THOMY U yTIJIe-
BOJHOMY CTaTyCy. B uiojie KOHIIEHTPAI[Us a30Ta B JUCTbAX U KOP-
HeBuiax A. millefolium 6nL1a puMepHo B 1.5 pasa BuIIlIe 1O CPas-
Heuuio ¢ P. rotundifolia (puc. 31A). Pacrenus A. millefolium xa-
paxkTepus30oBaINCh TaKyKe 0ojee BBICOKUM (POHAOM PACTBOPUMBIX
YIJIEBOLOB B KOPHEBUINAX, HO CYINECTBEeHHO ycrymnauu P. rotundifo-
lia o comepsKaHMIo caxapoB B JUCTbAX (puc. 30B).

o Taxum obpasom, pacre-
3 A HUA ¢ Pa3HBIM DUTMOM Ce-
- 8 0107 30HHOT'O PasBUTHS CYILECT-
E 5 0.084 F BEHHO OTJINYAJIUCH II0 YPOB-
& %0.06_ mio [IC: smcTbd U KOpHe-
;‘ < 2 BHUINA JETHEe3eJeHOIO0 BHUIA
22 0043 A. millefolium pprmanTu B
E g 0.021 TPU-IATH pa3 UHTEHCUBHee
o5 0 II0 CpaBHEHUIO C 3UMHe3e-
E} JHCT KODHEBHIIE nenoi P. rotundifolia.
3 a0 B
% g 251
s
28 20 1
S
E & 159 2
; Z 101
&:g 5 Puc. 30. Obixavue (A), Te-
g9 o nnosbigeneHne (b) n ckopocTb
o JHCT KOPHEBHIIE pocta (B) opraHoB pacTeHuii
I Achillea millefolium (1), Pyrola ro-
§ 25+ B tundifolia (2) npu 20 °C (cba3a 6y-
. s TOHM3auuKM, uoHb, 2006 r.). Oan-
E S 204 Hbl€ MWKPOKaropumMeTpruyecKkoro
g Y 7 metoga (Macnosa v ap., 20106).
2 & 137 Fig. 30. Respiration (A), heat
SE 1o emission (B) and growth rate (C)
&% 2 of Achillea millefolium (1) and Py-
5 E 5 4 rola rotundifolia (2) plant organs at
é-? 20 °C at the booting phase, July
o 0 2006. The data were obtained by
a JIHCT KOpHEEBHIIE

the microcalorimetric method.
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Puc. 31. CogepxxaHue obuiero asoTa (A) U pacTBopuMbix yrnesogos (B) B op-
raHax pacteHu Achillea millefolium (1) n Pyrola rotundifolia (2) (cba3a ueTeHus,
nonb 2006 r.).

Fig. 31. Content of total nitrogen (A) and soluble carbohydrates (B) in biomass
of Achillea millefolium (1) and Pyrola rotundifolia (2) plants at the blooming phase
(July 2006).

Bungnsl pacTeHuit mMeau pasHBIN CE30HHBIN XOH AbIXaTeJbHOM
akTuBHOCcTH: [IC snuctheB u KopHeBuir A. millefolium cuu:Kaiach
K KOHILY Bereramuu, Torma Kak oprausl P. rotundifolia coxpausniu
BoicoKyi0 JIC mo xoHma cesona. Pacrenusa A. millefolium orimua-
auchk ot pacrenuiir P. rotundifolia 60jiee MHTEHCUBHBIM POCTOM JIU-
CThEB U KOPHEBUII. BEISABICHBI TAKIKE PASIUINA MEKAY BUIAMU 110
COZEePKaHUI0 a30Ta U YIJIEBOJOB B OroMacce JIUCTHEB U KOPHEBUII.

A. millefolium saBnsieTcs eBPO-a3sMaTCKUM BUIOM, KOTOPBIH
pacmpocTpaHeH IOBCEMECTHO B JIECHOM, JIECOCTEITHON U CTEeITHOM 30-
HaX, pacTeT Ha CYXOOJBHBIX W 3a60JIOUEHHBIX Jyrax, OKpamHax
moseii (Armac..., 1983). P. rotundifolia mpuHAAJIEKUT K ApeBHe-
My TaKCOHY IojaceM. I'pyIlIaHKOBBIE, IIPEACTABUTEJIN KOTOPOI'O CO-
XPAaHUJIUCHh CO BPeMeH TPETUYHOTO MePUoAa U ABJIAIOTCS TUIUYHBI-
MU KOMIIOHEHTaMU TPaBIHO-KYCTAPHUUKOBOTO APYyCa XBOMHBIX Je-
coB (Tapmuc, 20056).

A. millefolium orHocutca K cmemanuomy CRS-tumy ¢ mpeob.ia-
ITaHreM KOHKYPEeHTHO-PyIepalbHBIX CBOMCTB, a P. rotundifolia saB-
asiercsi crpece-rosepanTom (Grime et al., 1988). Peanusamnus ctpa-
TernyecKMxX KauecTB pacCMaTpPUBAEeMbIX BHUIOB CBsA3aHa C UX (PU-
3MO0JIOT0-0MOXUMUUYECKUMU cBolicTBaMu. Kak moKasasu HAIKM JaH-
HbIe, BUJ C S-THIOM cTpaTeruu, B orauuue or CRS-Tuma, xapaxkTe-
pusoBajicA MOHUWIKEHHON MeTaboJnuecKoil aKTHBHOCTHIO, UTO BBI-
paskajsioch B 00jiee HU3KON CKOPOCTH IbIXaHUS, TEIJIOBLIIEIEHUA U
pocra. 3TOMY COOTBETCTBOBAJIO M HU3KOE COIepsKaHue as3oTa B Ouo-
macce.

ITo mamaeiM }O.B. 'amanes u corp. (I'amameii, 2004; I'amaieit
u ap., 2007), mpexacraBurenu cemeiicrBa Asteraceae, K KOTOPBIM
otuHocuTca A. millefolium, xapaKTepusyoTCsA alOIJIACTHLIM IIyTeM
3aTrpy3Ku (PJIosMbI. 3arpysKa caxapos3bl B TPAHCIOPTHYIO CHCTEMY
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yepes aloIlacT CBA3aHa € OOJBIIMMU SHEPreTUUYEeCKUMMH 3aTpara-
MU, YeM II0 CUMILJIACTHOMY ITyTH. I[BMIKYIIEH CHJION CHUMILIACT-
HO# 3arpysKM, CBOMCTBEHHON MpeIcTaBUTENAM ceMmelicTBa Pyrola-
ceae (mopsimok Ericales), k KoropeiMm oTHOCcuTcs P. rotundifolia, siB-
JsieTcs TpaHCHOPT mo rpaguenty gaBiaenuda (Iamaneir, 2004). Ta-
KOU cmmoco06 TpaHCIIOPTa aCCUMUJIATOB MeHee sHeproeMok. Pasim-
Yus B CIIOCO0AX TPAHCIOPTA, MO-BUAUMOMY, SIBJSIOTCA OTHUM W3
$aKTOPOB, OUPENeJdIONNX AbIXaTeJbHYI0 aKTUBHOCTb. Y BHUAOB C
aImoIJIaCTHBIM MeXaHU3MOM 3arpy3ku a0 50% abIxaHusA JOHOPHOTO
JUCTa CBA3AHO ¢ TpaHcmopTHOoI (yHKIUe#n (IosoBko, 1999). Amo-
ILJIACTHBIE TPAaBbI — IIPEMMYIIIECTBEHHO CBETOJIIOOMBBLIE PACTEHUS C
BBIPAYKEHHBIMU KOHKYPEHTHO-PyIepaJbHbIMU cBoiicTBamu. Cum-
ILJIacTHBIE PacTeHUs He TpeboBaTeJIbHBI K CBETY M MOTYT IIPOU3pac-
TaTh B YCJOBUAX 3aT€HEHU, I'le KOHKYPEHIIUA MEKAY BUIAMU OC-
snabJieHa.

HrpIxaHre pacTeHU! TeCHO CBA3AHO C UX a30THBIM CTAaTyCOM,
4yTO OOYCJIOBJIEHO MPSIMBIMHK 3aTpPaTaMH IbIXaTeJIbHOro cydcTpara
Ha cuHTe3 de novo u IoAaAep:;KaHue O0eJIKOBOro oOMeHa pacTeHuit
(Tomosko, 1999; T'omoBko u ap., 2009). ComepskaHue asora oTpa-
JKAaeT MHTEHCUBHOCTh MEeTAab0JMUYeCKUX IIPOIIECCOB, IOJOMKUTEIbHO
KOppeJupyeT ¢ OTHOCUTEJIbHON CKOPOCThIO pocTa pacrenuii (Poort-
er et al., 1990; TI'omoBko, Hob6peix, 1993; Garnier, Vancaeyzeele,
1994). Beicrpopacryinue Bunbl ¢ BbicOKOi RGR comepixar 60Jb-
IIe a3oTa U XapaKTepPU3YIOTCS ITOBBINIEHHBIM JIbIXaHUEM II0 CPaB-
HeHUIO ¢ MeJyieHHopacTyinumu pacrenusavu (Poorter et al., 1990;
Lambers et al., 1998). Haiuu maHHbIe MOKA3aJaM, YTO «ABIXATEJb-
Had IeHa OesKa» JUCTheB U KopHeBui A. millefolium, paccuuran-
Hasd 0 MOKa3aTeJsaIM ObIXaTeJbHOM CIIOCOOHOCTH OPTAHOB U COMAEP-
JKaHWIO B HUX OOINEero asora, B a3y IBeTeHus (MI0JIb) COCTABIIAIA
B cpexaem 9 mr CO,/r G6eaxa 4 mwam 0.15 r ria0Ko3bI/T GEJKa CYT.
«JIpixaTenbHasd 1eHa Oenka» B opraHax P. rotundifolia 6vina B 1.5
pasa meHbIte, uem y A. millefolium. 9To MoKeT OBITH CBSI3aHO C 6O-
Jiee HUBKOUM CKOPOCTHI0O 000poTa 6esKa B MEJIEHHO PACTYIIUX Pac-
TeHUsAX ¢ S-TumoM crtparteruu. Pacreumsa P. rotundifolia amantu-
POBaHBI K POCTY IIOJ IIOJIOTOM XBOMHBIX JIECOB, I'llé YPOBEHBL CBe-
Ta HUBKUHA. B 9THUX yCIOBUAX CHUKEHUIE COJEepP:KaHUSA U CKOPOCTHU
00HOBJIEHUA OejiKa MOYKHO pPacCMAaTPUBATh KaK amallTUBHBIA IIPU-
3HAK, CIIOCOOCTBYIOIUI COKPAII[eHUIO 3aTpaT Ha IMOoAAep;KaHue 0eJ-
KOBOT'O O0OMeHa KJIETKU.

CremyeT OTMETUTH, UTO KOHIIEHTPAIIMA a30Ta B KOPHEBUIIAX
oboux BUIOB Oblia HUKe, yeM B JuCThbAX (puc. 31A). OgHako Jju-
cThba U moxsemMuble noberu A. millefolium u P. rotundifolia e ot-
JIMYAJINUCh M0 AbIXaTeJbHOU IleHe OesKka. B uioje y ncciiefoBaHHBIX
BUIOB pacTeHUH HabJomaeTcs MHTEHCHUBHOe (opMHpPOBaHUE JiaTe-
paiabHBIX KopHeBuil. CiemoBaTenbHO, 3HAUNTEIbHYIO JOJIO B GMO-
Macce KOPHEBUIIN COCTABJSAIMN MOJIOAbIE TKAHU C aKTWBHBIM MeTa-
60M3MOM.
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PesynbTaThl mMccaemoBaHUM MMOKA3bIBAIOT PAa3JUUUSA IO COAEP-
JKAHUIO PACTBOPUMBIX YIJIEBOJOB B JHUCTbAX U IIOJ3€MHBIX I100e-
rax may4yeHHBIX BuaoB (puc. 31B). Huskada KoOHIeHTpammsa caxa-
poB B aucTbax A. millefolium — neTHe3eJeHOTO BUAA, ABIAETCA, IO-
BUAUMOMY, Pe3yJbTAaTOM KMHTEHCHBHOI'O PocTa (POTOCHUHTE3UPYIO-
IIUX OPraHOB, a TaKJ)Ke TPAHCIIOPTA YIJIEBOJOB B aKIIEIITOPHBIE OP-
raHbl — KOPHEBHUIIA, T'ie O0HAPYKeHo X HakomaeHue. Hakommenue
auctbaMu P. rotundifolia pacTBOPUMBIX YIJI€BOJOB MOJKET CBUIE-
TeJILCTBOBATh O HU3KOM CKOPOCTU TPAHCIOPTA M YTUJIM3AIUU yIJIe-
pozia B aKIIENITOPHBIX OpraHax MeIJIeHHOPACTYIIIero BUia ¢ 3UMHe-
3eIeHbIM (DeHOPUTMOTHUIIOM. JINCThs 3uMHesesieHoro suna P. rotun-
difolia nMerT GOJBIIYIO IIPOLOJIMKHUTEJLHOCTD KU3HMU II0 CPaBHE-
HUIO ¢ JUCThbAMU pacTeuuit A. millefolium, Hag3eMHbIe TOGETH KO-
TOPBIX OTMHUPAIOT B KOHIE BEreTAIlMOHHOI0 IIepuoa.

OcHOBHBIE SHEpPTETUYECKHUE 3aTPaThl JIECHBIX BUIOB, IIPOSIB-
JISIONINX CTPecc-TOJIePaHTHBIE CBOMCTBA, CBA3AHLI C amamnTaliueil K
CTPECCOBOMY BO3[IENCTBUIO, CHHTE30M 3aIl[UTHBIX COeIUHEHUI BTO-
pUYHOTO MeTaboJam3Ma, MOBBIMIAIOIINX YCTOWUYMBOCTHL PACTEHUUN K
srosornueckuM (partopam (IIvaukos um ap., 2001). MeraGonusm
KOHKYPEHTHBIX U PYAepalbHBIX BHUIOB, IIPOU3PACTAIOININX B JIYTO-
BBIX (pUTOIleHO3aX, HAIpaBJeH Ha (popMHUpPOBaHUE aKTUBHOTO (ep-
MEHTATHUBHOTO KOMILJIEKCA, UTO CIIOCOOCTBYET MHTEHCUBHOMY POCTY
pacTeHunii, yBeJUMUEHHIO POCTOBOII COCTABJIAIOIIEH ObIXxaHuA. Pas-
auuusd B cesounoir nunamuke IC aucrweB A. millefolium u P. ro-
tundifolia oTpaskaroT 0COGEHHOCTH PUTMAa Pa3BUTUA (POTOCUHTEIU-
PYIOIIIX OPTaHOB PACTEHWUIi: JieTHe3eJ eHble U 3uMHe3eaeHbie. CHU-
skerne JIC auctbeB m KopHeBuin A. millefolium B TeueHue BereTa-
IIMOHHOTO IIepUoa CBA3AHO C afarTalueil pocTa JeTHe3eJeHOTO BU-
Ia K CEe30HHOMY H3MEHEHUIO KJIMMAaTa, IIePeXOJ0M K aBTOHOMHO-
My (BHyTpeHHeMY) pasBuTHUIO. B pedyabTaTe aBTOHOMHOT'O Pas3BU-
TUSA IOCPECTBOM KOPHEBUII, KJIyOHEH, JIYKOBUIL pacTeHNIe BpeMeH-
HO yTpauymBaeT MPAMYIO CBS3b C BHEIIHEIH cpenoii, UTO IIPUBOIUT
K CHUKEHUIO IIPOIECCOB JKUBHENeATENbHOCTU (DBONIONUA (PYHK-
nui..., 1985). B ornuume ot A. millefolium, nbixaTenbHas aKTUB-
HOCTB P. rotundifolia moBBIIIaIach B TeueHUe Bereranunu. BecHOil
nmepesumMoBasiue Juctba P. rotundifolia xapaKTepu30BaINCh HU3-
koit IIC, uTo 00ycJioBJIeHO X (hU3MOJOTMUYECKOH POJIBI0O B 9TO BpE-
Msi. B BeceHHUI mepuof 3MMYIOIHE JUCThS BEUHO3EJEHBIX TPaBs-
HUCTBHIX PACTEHUN ABIAIOTCSI XPAaHUJIUIIEM Pe3epPBHOTO IIyJa acCu-
MUJIATOB U TOPMOHOB JIJIsT POCTa JINCTHEB HOBOM reHepatuu (MBaHo-
Ba u 1p., 1998; Golovko, Dymova, 1999). [IC aucTheB HOBOII reHe-
pamuy ¥ KOPHEBUII] 3UMHE3eJI€HOT'0 BUa OCTABaJIaCh CPABHUTEJIb-
HO BBICOKOM [0 KOHIIA BeTeTal[MOHHOTO mepuoia. ITo 00yCJIOBJIEHO
0CO0EHHOCTAMU MOpP(oOTeHesa IJIUTEeIbHO BeTeTUPYIOIUX JUCTHEB,
IIPOJOJIKUTEIBHOCTD JKU3HM KOTOPBIX cocrasiser y P. rotundifo-
lia omuH Ton. BricoKUe sHepreTUUecKre 3aTpPaThl JUCTHEB 3UMHE3e-
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JIEHOT'0 BUJA B OCEHHUH IIePUOJ MOI'YT OBITH CBA3AHBI CO CTPYKTYP-
HBIME U (PU3UOJOTUUYECKUMIN N3MEHEeHUSIMHN B KJeTKaxX U TKaHAX,
YTO CIIOCOOCTBYET afalTalliy PAcTeHU K HU3KUM TeMIlepaTypaM.
B ocemHuil mepuwoji IPOUCXOOUT W3MeHeHUe OajaHca (PUTOTOPMO-
HOB, HaKOILJIEHIIE CaXapoB, CBOOOAHBIX aMHUHOKIICJIOT, OEJIKOB, JIN-
IIA0B, OCYILECTBJIAITCS YAbTPACTPYKTYPHbBIE IEPECTPONKN B IIPO-
Tortacte u xJopomnacrax (Kmaumos, 2001; Anko u ap., 2009).

Taxkum 00pa3oM, YCTAHOBJIEHBI 3aKOHOMEPHbIE U3MEeHEeHUA Jbl-
XaTeJbHON CIIOCOOHOCTM U BBIABJIEHBI OCOOEHHOCTHM MeTabosm3Ma
IBYX BUIOB KOPHEBUIIHBIX TPaBAHUCTLIX MHOTOJETHUX PACTEHUN
C Pa3HOM KOJIOT0-IIEHOTHUYECKOM IPUYPOUYEHHOCTHIO M PUTMOM Ce-
30HHOT'O PasBUTHUsA. Peanns3anus XU3HEHHON CTpaTeruy PacTeHMsI-
mu A. millefolium, neTHe3eJeHOTr0 BUAA JYTOBOM 9KOJOTO-I[€HOTH-
YeCKOM I'PYINbI, CBA3aHA C BHICOKOII CKOPOCTBLIO pocTa, UTO obecIie-
YMBaeTCsA IIOBBIINIEHHON MeTabo/JMYecKOoil aKTUBHOCTHIO — WHTEH-
CUBHBIM JbIXaHUWEM, TEIJIOBBLIJEeJIEHEM, BHICOKUM a30THBIM CTATY-
com. Pacrenus A. millefolium, mpouspacrariue B yCIOBUAX 0oJiee
BBIPAYKEHHON KOHKYPEHIIUMM CO CTOPOHLI APYI'MX BULOB, BHIXKHUBAIOT
O0iaromaps 6oJsiee ObICTPpOMY pocTy. Peanmsamnums »KHU3HEHHOH cTpa-
Terun pactenusamu P. rotundifolia, 3suMHe3eJeHOr0 BUOA JIECHOI
9KOJIOTO-IIEHOTUYECKOI T'PYIIIbI, CBA3aHA C HU3KOM CKOPOCTBHIO PO-
CTa U COOTBETCTBEHHO MeTa0O0JMUYEeCKON aKTHUBHOCTHIO KaK HaI3eM-
HOIi, TaK W MOA3eMHOUN uacTu. [{laHHBIN BUMA aHAalTUPYETCSI K YCJIO-
BUAM CJIa00I OCBEIIeHHOCTH II0J II0JIOTOM XBOWHOTO Jjieca, I'e KOH-
KYPEHIIUA CO CTOPOHBI APYI'MX BUIOB HE CTOJIb BhIicOKa. Orpanmue-
HUe (POTOCHHTEe3a HeJOCTATKOM COJTHEUHOM paguanuy KOMIIEHCUPY-
eTCs TIOBBINIEHNEeM IPOAOIKUTEIbHOCTH KU3HU JUCTHEB.



4. POJIb NOA3EMHOI0O METAMEPHOIO KOMMJIEKCA
B JOHOPHO-AKLEENTOPHON CUCTEME
A/TMHHOKOPHEBULLHbBIX MHOIOJIETHUKOB

PocToBble KOpPpeaaInny U AOHOPHO-aKIIEITOPHBIE OTHOIIIEHUSA
(ITAO) urpamT Ba'KHEHUITYI0 POJIb B PETYJAIUU POCTAa U MOPQO-
renesda pacreHuini (Moxponocos, 1981, 1983; Yopuur, ®umniuic,
1984; IloneBoii, 1982, 1984). ®opmupoBanue 1 QPYHKIIMOHUPOBA-
HUe NOoHOpHO-aKIienTopHoit cucreMmbl ([JAC) pacreHuit 3aBUCAT OT
JKMBHEHHON CTpaTeruu BUAA, eT0 TeHOTUIA, (OPMUPYIOIIErocs IO
IeicTBEM KJIMMATUYECKUX U HKOJIOTO-IEHOTUYECKUX (PaKTOPOB.
Oco06rbrit mHTepec ¢ Touku 3peHus [JAO mpemcraBigeT Ipymnma Kop-
HEBUIIHBIX PACTEHU, KOTOPbIE JeIOHUPYIOT YrJIePOJ B IIOA3eMHbBIX
noberax — KopHeBuIax. [log3eMHBIII MeTaMePHBIN KOMILJIEKC OIIpe-
IesieT KU3HEHHYI (GopMy «TpPaBAHUCTBINA MHOroseTHuK» ([oiry-
6eB, 1956a, 6, 1957a, 6; CepedbpsakoB, CepebpakoBa, 1965), cyrre-
CTBYeT HEeIIPepPLIBHO, TOTJA KaK HaJa3eMHbIe TO0eru OTMUPAIOT erke-
TOJTHO; TEePEe3WMOBBIBAIOT KOPHEBUIINA C MOYKAMU BO300OHOBICHU.
9TO MO3BOJIAET PACCMATPUBATH [I03eMHbIe [TI00ErN KaK BasKHOE 3Be-
HO peryaanuu JJAC KOpPHEBUNIIHBIX MHOTOJIETHUX PACTEHUI.

4.1. XapakTepucTuka pocta u pacnpegeneHue 6momaccsl
B HaA3eMHbIe U Nog3eMHble noderu

B cBsA3HU ¢ OIEHKOII POJIM IOA3€MHOTO METAMEPHOT'0 KOMILIEK-
ca B JIAC KOpHEBUITHBIX PACTeHUIN HEOOXOAMMO U3yUeHUe IMOKasa-
TeJseil pocta, MeTab0INUECKOM aKTUBHOCTY, HAKOILJIEHUS U pacIIpe-
IeJeHus OMOMAcCChI B I[€JIOM PACTEHMU Ha Pas3HbIX dTamax ero pas-
BuTUA. )14 M3yUeHUA KOPPEJIATUBHBIX B3aNMOCBA3€eH mpu hopMu-
POBaHUU HAA3EMHBIX U IOA3EMHBIX ITOOETOB MCIIOJIb30BAJIN KJIACCHU-
dUKaIMI0 STAIOB OpraHoreHesa Imodera B *KM3HEHHOM I[UKJIE MHO-
roJIETHUX TPaBAHUCTBHIX pacteHuin (Kymepman, 1977). [IauHHOKOD-
HEeBUII[HbIE 3JIaKOBble pacreHusi Bromopsis inermis u Phalaroides
arundinacea, BeIpAIlleHHbIE U3 CEMAH, VK€ HA IEPBOM T'OAY ‘KU3HU
chopMUPOBAJIN XOPOIIO PA3BUTHIA KYCT B YCJIOBUAX CJIa00OT0 II€HO-
Tuueckoro Blaumozaerictsusa. Ha III srame opranorenesa, KOTOPBIH
xapakrepusyercsa nuddepesnuanneil riaaBHOM 0CHU 3a4aTOYHOTO CO-
I[BETUSA U 3aYaTOUHBIX IPUIIBETHBLIX JUCTHEB COI[BETHUS, PACTEHUS
UMeJIU II0 YeThIpe-ISaTh HaJl3eMHBIX 1 UYeThIPe-CeMb IMOA3EMHBIX II0-
6eroB (TabJ. 15). [logsemMHbIe TOOETH HE OTJIUYATINCEH OT HAA3€MHBIX
110 YMCJy MeTaMepOB, HO OBLIN BABOE KOpPOUe.
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Tabnuya 15

Moka3aTtenu pocta u pa3BuTus pacteHUn Bromopsis inermis
u Phalaroides arundinacea nepBoro roga *xu3Hu B ¢a3se KyuweHus
(lll atan opraHoreHe3sa), 2001 r.

Mokasartenu B. inermis P. arundinacea

Yucno noberos, LWT./pacTeHne:

HaA3eMHbIX 4.0+0.5 5407

NOA3EMHbIX 6.8+0.4 41+0.7
Yucno metamepos WT./nober:

HaA3eMHbIX 48+0.4 44+04

noa3eMHbIX 34+02 43+0.3
[OnvHa noGera, cMm:

HaA3eMHbI 38.9+138 41.2+21

noa3eMHbIn 19.2+3.5 16.9+5.1

VY pacrenuii B. inermis BTOPOro rojia »XU3HU K HaUaJly TPYOKO-
Bauusg (IV aTan opranoreHesa) 4ucJo HaA3€MHBIX U MOA3EMHBIX IIO-
6eroB CyIIleCTBEHHO BO3POCJIO IO CPABHEHUIO C PACTEHUSMU II€PBO-
ro roza *kusHu (Taba. 15, 16). B dase romomrenusa (VIII sTam opra-
HOTeHe3a) pacTeHus umesnu B cpegueM no 30 HaxzemMHBIX U 40 mof-
3eMHBIX NIOOETOB C OAMHAKOBBIM KOJIMUECTBOM MeTamMepoB. K da-

Tabrnuua 16

OuHamuka nokasaTenen pocrta HaA3eMHbIX M NoA3eMHbIX No6Geros
Bromopsis inermis BToporo roga xu3sxu, 2002 r. (Macnosa u ap., 2005)

MapameTp Havano KonoweHne Cospesatve
TpybKOBaHWA CeMsH
Yucno noberos, WT./pacTteHune:
Hag3eMHbIX 33.6+57 28634 55.0+13.8
noa3eMHbIX 324+28 41.2+5.8 316+59
Yucno metamepos wrt./nober:
Haa3eMHbIX 52+0.2 55+0.2 6.0+04
noa3eMHbIX 4.0+0.3 5.6+0.3 10.3+0.6
[nvHa noGera, cMm:
HaA3eMHbIN 499+1.6 41.0+£2.3 61.7+1.7
NoA3eMHbIV 124 +1.3 225+1.9 325+2.2
Cyxast macca, r/pacteHue:
HaA3eMHbI 88+1.3 26.2+4.3 60.7 £ 11.9
noa3eMHbIn 6.6+0.8 13.7 £ 3.1 447 £7.6
Cyxasi macca Lienoro pacteHus,
r/pactexve 15.2+15 39.9+4.0 99.3+10.8
CoOTHOLLEHEe MacC Haa3em-
Hble/noasemMHble nobern 1.3 1.9 1.4
Mnowaab nucTbeB,
am?/pactexuve 82+22 12.7 +1.6 34176
OTHoLeHune nnowaan nu-
CTbEB K Macce Lienoro pacTe-
HUs1, om3/r 0.90 0.32 0.34
OTHoOLEHVe NnoLwaamn NMCTbeB
K Macce noaseMHbIx noberos,
am3/r 1.2 0.92 0.76
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3e cosdpeBaHus ceMaH (XI sTam opraHoreHesa) OTMEUEHO yBeJIUYe-
HUe Ymncja HaA3eMHBIX UM CHIUJKeHHNe KOJIMYeCTBa IIOJ3eMHBIX IIO-
06eroB, UYTO MOKET OBITH PE3yJIbTATOM OTPACTAHUA KOPHEBUII, T.E.
GOopMUPOBAHUSA CAPMEHTOB — MOA3eMHBIX ITOOETOB C AUATPOIHO-OP-
TOTPOIHON opueHTaiueii pocra. CieayeT OTMETHUTh 3HAUUTEIBHOE
yBeJIMYeHUe YMCJIa MeTaMePOB KOPHEBUIIl, YTO CBS3AaHO C 00pa3oBa-
HUeM 00KOBBIX 1moberos (5.7 = 0.6 1IT./mo6er) u HOBBIX MeTaMepPOB
(3.9 = 0.4 mrr./60x0BOM moGer). B (pase KojomreHms cymmapHas
Macca IOI3eMHBIX IT00eroB pacTeHuil B. inermis Oblia BIBOe HIUXKeE,
yeM HaA3eMHBIX moberos (Tabia. 17). K mepuony cospeBanusa ceMaH
pasIMuus CrIaKMBAJINCh 3a CUET OOJBIIIEro IIPUPOCTa MAaCChl KOP-
Hepuill. COOTBETCTBEHHO YMEHbIIIAJI0Ch U OTHOIIEHUE IIJIOIAMN JIU-
CTHEB K Macce IIOI3€MHBIX II00eros.

B dase kosommenusa kopHeBuila B. inermis mMaJjo OTJINYAJINUCH
OT JIUCTHEB IIO COJEP:KAHUIO a30Ta M yIJEepoja B CyXoil Omomacce
(rabs. 17). K dase cospeBaHmusa ceMaH KOHIIEHTPAI[USI a30Ta B KOp-
HEeBUII[aX CHUKAJIACH BABOE. B 9TOT IIepros KOPHEBUINA YCTYIIAIU
JINCThSIM, HO MPEBBIITAJN CTE0JU IO COAEePIKAHUI0 a3oTa (IZaHHBIE
1mo crebyiaM He mpuBeneHbl). COOTBETCTBEHHO M3MEHSJIACh U BEJIU-
ynua cootHotrenusa C/N.

Ha puc. 32 BugHO, uTO B (hase KojolIeHusa KopHeBuina B. iner-
mis OBINIAIN CTOJb K€ WHTEHCUBHO, KaK u JucTha. Ilo mepe pocra
¥ PasBUTHUA PACTEHHUI IbIXaHWe KOPHEBUII[ CHUIKAJIOCh CHUJIbHEE,
yeM AbIxaHue JiuctbeB. B mepuon cospeBanusa ceman (XI-XII sra-
IIbI OPTaHOTeHe3a) CKopocTh Bhifiesnenus CO, B KopHeBHINax ObLIa B
1.6-2 pasa MeHbIIle IO CPABHEHUIO C JINCThAMU.

Pacrenusa P. arundinacea BTOporo roma :xusum Ha III srame
opraHoreHesa MMeJV IPUMEDPHO PaBHYIO ¢ B. inermis uucieHHOCTH
HanseMHBIX 1o0eroB (tabn. 18). K XI-XII sTamy KoJUueCTBO HaJ-
3eMHBIX IT00eroB BO3POCJIO BTPOE, a KOPHEBHWII[ — IMOYTH Ha IOPS-
Iok. B pesysnbraTe B hase cospeBaHus ceMAH pacrenus P. arundi-
nacea MpPeBBINIATN PACTeHUs B. inermis 1Mo YUCJIeHHOCTH U Obuomac-
ce HaJI3eMHBIX U ITOJ3€MHBIX TTOOEroB.

Y TpaBAHUCTHIX MHOTOJETHUX PACTEHUHN IOUKU, (POPMUPYIO-
e MoA3eMHbIe TUarpaBUTPOITHbIE TTo0eru (KOPHEBUIA, CTOJOHBI),
3aKJaabIBalOTCS paHo, Ha Il srame opraHoremesa, Korja KOHYC Ha-
pacTaHUsA OPTOTPOIHOTO moGera MMeeT JBA-MATH 3aUaTKOB JINCTHEB
(Mapkapos, 1996). PesynbTaThbl HAIIUX HCCJAETOBAHUNA CBUAETEJID-

Tabnuya 17
CopepxaHue a3oTa u yrnepoaa B 6uomacce pacteHunn Bromopsis inermis
BTOPOro roga XusHu, Mr/r cyxon macchbl, 2002 r.

KonoweHnue CospeBaHue ceMsiH
Mokasarenb
Jnctbsa KopHeBwuLa Inctbs KopHeBuwa
C 444 + 24 423 + 20 443 + 26 396 + 17
N 38.7+1.9 35.1+£2.0 26.8+1.1 15.7£0.8
C/N 11.5 12.1 16.5 25.2
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Puc. 32. ObixaTtenbHas cnocoBHOCTb OpraHoB pacTteHwuni Bromopsis inermis
BTOPOro rofa XusHu. 1 — pasa konoweHus, 2 — dpasa cospeBaHuns cemsiH, 2002 r.

(Macnosa u gp. 2005).

Fig. 32. Respiration rate of organs of second summer Bromopsis inermis
plants. (7) Earing phase, (2) seed ripening phase, 2002.

Tabnuuya 18

OnHamMuka nokasaTenen pocta pacteHun Phalaroides arundinacea

BTOpOro roga *usHu, 2003 r. (Macnosa u ap., 2005)

KylieHune —
MapameTtp Havyano KonoweHne Cospesaive
ceMsiH
TpybKoBaHus

Yucno noberos, WT./pacTeHne:

HaA3eMHbIX 373255 47.7+£6.0 161.6 £ 19.4

noA3eMHbIX 7.3+1.0 — 61.8+10.0
Yucno metamepos LWT./nober:

HaO3eMHbIX 3.8+0.7 4.4 +0.6 56+0.24

noa3eMHbIX 64+ 0.8 — —
[OnvHa noGera, cMm:

HaA3EeMHbIN 499+23 56.4+2.6 76.8+1.4

noa3eMHbIn 78+27 — —
Cyxasi macca nobera, r/pacteHve

Hag3eMHbIN 99+1.9 30.2+8.6 147.0£19.3

noa3eMHbIn 75+16 13.1+£3.9 68.6 + 10.9
Cyxasi macca Lienoro pacteHus, r 16.6 £ 1.9 43.3+125 215.9 £ 30.2
CoOOTHOLLEHME MacC Haa3eMHble/
nogsemHble noberu 1.3 2.3 2.1
[Mnowaab nucTbes, AgM?/pacTeHne 75+20 — 51.0+5.6
OTHoLlleHe nnowaan NMCTLeB
K Macce Liernoro pacteHusi, am/r 0.5 — 0.2
OTHoLIEeHWe nnowaam NMcTeeB
K Macce noaseMHbIX noberos, om2/r 1.0 — 0.7

lMpumeyarue. MNpoyvepk 03Ha4YaeT OTCYTCTBME AAHHbIX.
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CTBYIOT O TOM, uTO y:Ke K III aTamy opraHoreHesa, Korja HauWHa-
erca nuddepeHIIanusa reHepaTUBHBIX OPraHOB B KOHYCe HapacTa-
HUS OPTOTPOIHOTO To0era, MPOUCXOAAT aKTUBHBINA POCT 1 (DOPMUPO-
BaHWe MeTaMepPoOB MOA3eMHBIX M00EeroB AJMHHOKOPHEBUIITHBIX 3JIa-
kKoB. CiiemoBaTesibHO, (DOPMUPOBAHNE U POCT OPraHOB BereTaTHUBHO-
ro PasMHOKEHUS — KOPHEBUII] — OCYIIECTBJISIOTCS 10 Hauaaa (op-
MUPOBAHUS MeHEPATUBHON cephl, UTO OIPEAessieT AOJT0JIeTHe 0CO-
011, KOHKYPEHTOCIIOCOOHOCTh PACTEHUH W CTpaxyeT BHUJ OT BbIMUPA-
HuA. KopHeBUIlla COCTaBIAIOT CYII[eCTBEHHYIO YaCTh OMOMAaCChl MHO-
TOJIETHUX 3JIAKOB M COIOCTABUMBI C HAJ3eMHBIMHU MMoGeraMu IO Me-
TaboJInUecKoi akTuBHOCTH. HoBOoOOpasoBaure n MHTEHCUBHBINA POCT
IIOI3eMHBIX [100Er0B KOPHEBUIIHBIX 3JIAKOB OTMEYAJIH BILJIOTH J0 CO-
speBanusa cemsaH (XI sTam opramoreHesa), YTO MOYKET CBUIETEJb-
CTBOBAaTh 00 OTCYTCTBUU BBHIPAKEHHON KOHKYPEHIIUU 32 aCCUMIUJIS-
THI MEXKIY OpraHaMHU BereTaTUBHOM U TeHePaTHUBHOI PempoOnyKITUU.

4.2. AccuMuUnauUsa U UCNoJib30BaHue
MEeYEeHOro yrnepoga B pacTeHUsIX

PocT pacrenuii B 3HaUUTEJHHOI CTEeIeHU OIpenessieTrca obMe-
HOM yTJIepojia, IOCKOJBKY GOJIBIIYIO SO0 CYXOTO BEI[eCTBA PACTH-
TeJIBHOTO OPTaHM3Ma COCTABJIAET UMEHHO 3TOT 3jeMeHT. OgHUM u3
TJIaBHBIX (DAKTOPOB, PEryJaupPYyOINuX (POTOCUHTETUUYECKYIO (DYHK-
IIUI0 PACTEeHUS, a CJIeJOBATEJNbHO, OIIPEIeSIOIINX POCT, SIBJISIOT-
cs B3AMOOTHOIIIEHUS MEKAY MPOUSBOAAIINMU U IOTPEOIIIOITMU
aCCUMMUJIATHI OPraHaMU M CHUCTEeMbI PEeryJAllUU IIPOIeCCOB 00paso-
BaHUS U KCIIOJH30BaHUA (HhoTOACCUMUIATOB. VCIIOIb30BaHNE METO-
OB MEUYEeHBIX aTOMOB ITO3BOJISIET PeIllaTh 3aJauu U3YUeHUs TpaHC-
IIOpTa U paCIpemeseHNUs Pa3JUUYHBIX DJIEMEHTOB B PACTEHUSX.

Accumunsanua u pacupeznenenue “C B pacrenussx Bromopsis
inermis. Benruuuna ynenbHOU akTuBHOCTHU (YA) XapakTepusyeT Co-
IepiKaHUe MeYeHbIX aTOMOB B €IMHUIlE OMOMACCHI U II03BOJIAET OIle-
HUTb BKJIaJ PasJIWYHBIX OpraHoB B accumuianuio CO,. Kak u cie-
IIOBAJIO OKUAATH, CPasy IOCJe SKCHO3UIMU pacTeHuil B. inermis B
aTmocdepe ¢ *CO, mHaubonpuryo YA umenu nuctba (Tabr. 19). VA
HEJNCTOBBLIX OPraHOB — CTeO0JIell ¢ BiarajuillaMy JUCTheB Oblia B
IBa pasa HUKe 10 CPaBHEHUIO ¢ JucTbaMu. CiaenyerT oTMETUTDH Obl-
cTpoe mocrymieHue 4C-acCUMUISITOB B IIOJ3€MHBIE OPraHbl, OCO-
0eHHO B KOPHEBUIIA, ¥ A KOTOPBIX ObLa B [[Ba pas3a BhIIIE IO CPaB-
HEHUIO C KOpHAMU. Uepe3 HeAEJI0 IIOCJe SKCIO3UIUU PACTEHUI B
aTmocdepe ¢ “CO, (dasa xonomenus) YA IucTbeB CHU3UIACH 6O-
Jee ueM B 2.5 pasa (puc. 33). OqHOBpEMEHHO OTMeYaJil yBeJnue-
Hue YA crebiieli ¥ TOA3eMHBIX OPraHOB, UTO CBUIETEJIBCTBYET O
TPAHCIOPTEe MEUEHBIX ACCUMUJISATOB B 30HBI, XapaKTepU3YIOIuecs
UHTEHCUBHOU MeTab0oJINUYeCcKOl aKTUBHOCTBIO — MOJIOAbIE KOPHEBU-
1I1a M WHTEPKAJAPHBIE MEPUCTEMEI CTE0IEH.
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Tabnuuya 19

CopepxaHue “C B opraHax Bromopsis inermis BToporo roga XusHu
yepes 1 4 nocne akcnosuumm B atMocdepe ¢ “CO, B hase TpyGkoBaHuUS,

2003 r.

OpraHbl pacteHui M'\g;')'(g'ﬁ”;/;ggb:w Wwmn./pactenne %pgl%eﬁmzm
Jnctbsa 1594 + 120 15940 + 3180 48.7
Ctebnu + Bnaranuvuja nMcTbLeB 654 + 38 12818 + 2559 39.2
KopHeBuLa 241 +19 2414 + 482 7.4
KopHu 138+ 9 1552 + 311 4.7

PesysnbTaThl KOIUYECTBEHHOTO PACIpelesieHIsA MeUeHOTO yIJIe-
pozna B pacTeHUsX B. inermis MOKHO IOJYYUTHh NPU aHaIu3e 00-
el paguoOKTUBHOCTH, KOTOPAas 3aBUCUT OT Y A OpraHoB M UX COOT-
HOIleHUsI B Omomacce IIeJIoro pacTeHusa. B dasy TpyOKoBaHUsS ue-
pes3 1 4 mocje SKCIOBUIIUY ITOJABJISAIONIAA YaCTh MEUEHOr'0 yriiepo-
Ia ObLIa JOKaJIM30BaHa B HaJ3eMHBIX OpraHax pacTeHuil (puc. 34).
B mopsemuble opraHbl — KOPHEBUINA WM KOPHU IOCTYHAJIO OKOJIO
10% Bcero moryotieHHOTO TPU (POTOCUHTE3E PAJUOAKTUBHOTO yIJjIe-
poma. K dase xoJolenus, CIrycTsa HeOesi0 IIOCJe dKCIIO3UIIUU Pac-
Tenuil B armocdepe ¢ “CO,, ormMeuanu yObLTb IPOAYKTOB (HOTOCHH-
Tesa M3 JUCTHEB, B OCHOBHOM 3a CUET AbIXaHUA W SKCIOPTa B APY-
rue opraHbl pacteHus. B crebisax memonuposasiock 50% C Bcero
pacreruda. CyIecTBeHHAA YacTh aCCUMUJIUPOBAHHOTO yrieposaa (Io
20% ) Haxommiaach B II€PUOJ KOJIOIIEHWS B IION3€MHBLIX OpraHax,
YTO CBUIETEJBCTBYET 00 MCIIOJb30BAHUU YyIjIepoaa Ha POCT KOpPHe-
BUII, OOJIA KOTOPBIX cocrasisiia 30% B Omomacce IeJIOTO pacTe-
HUA.

[u—
o
(=
(e
~

1500 -
1200 -
900 - 5
600 -
300 A 3y

wmi. Mue/ 100 MT cyx0i MacChl

lu 7cyt 26 cyT

BpEMs IOCIE HKCIO3ULIUN

Puc. 33. CogepxxaHue “C B opraHax pacteHuii Bromopsis inermis BTOpPOro ro-

na xushu. 1, 2, 3, 4 — nucTbs, cTebnu ¢ Bnaranuwammn nMcTbeB, KOPHEBULLLA U KOP-
HM cooTBeTCTBEHHO, 2003 1.

Fig. 33. C' content in organs of Bromopsis inermis plants of the second living
year. (1) Leaves, (2) stems with leaf sheaths, (3) rhizomes, (4) roots, 2003.
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Puc. 34. Pacnpenenexue “C 100+ ]
no opraHam Bromopsis inermis.
1, 2, 3, 4, 5 — MeTenkn, nUCTbs, S 5
cTebnu ¢ BraranviamMmu nMcTLEB, E 80
KOPHEBWLLA, KOPHU COOTBETCTBEH- g
HO, 2003 . o 60-
Fig. 34. “C distribution to & 3
Bromopsis inermis organs. (1) Pa- ag
nicles, (2) leaves, (3) stems with ¢ 40
leaf sheaths, (4) rhizomes, (5) £ 4
roots, 2003. °\ 20-
¢
] .
0 - : :
XapakxTep pacmpejee- Ly 7eyr 26cyr
HUSA aCCUMUJIATOB B (pasgy BPEMSI TIOCIIE IKCIIO3UITII

CcOo3peBaHUs CeMsH, uepes
26 cyT mocie sKcIIo3UUU pactenuit B. inermis B armocdepe ¢ “CO,,
CBUETEJBCTBYET O HAJWUUU ABYX ATTPATUPYIOIINUX IIEHTPOB — JIH-
CThsI M OBICTPO pACTYyIIe KOPHEBUINa. B 9TOT mepuof KOJIMUYECTBO
14C B meThAX U KopHeBHUINax cocrasiano 30 u 40% B Gmomacce pac-
TEeHUsI COOTBETCTBEHHO, uTO B 1.5-2 pasa Gojbie, ueM B (asy Ko-
JorieHusa. JoJs MeUeHOTo yrjepoja B cTebJAX yMeHbIajaach 060-
Jiee yeM B [IBa pasa II0 CPaBHEHUIO ¢ (pa30il KOJIOIIEHUS U COCTABJISA-
saa oxoyio 20% Bceit merku. Comepoxanue “C B MeTesKax pacreHuit
B. inermis B (pa3y co3peBaHUA CeMAH He IIPeBbIIIaio 5% .

B 1mesiom B mepuon penpoAyKTUBHOTO PA3BUTHUA JJINHHOKOPHE-
BUIIHOTO 3JIaKa B. inermis cylmecTBeHHAA [0OJIA aCCUMUJINPOBAH-
HOTO yrJiepojia MCIIOJIb30BAJIACh [JISA POCTA KOPHEBUII, 00eCIeUN-
BaOIIMX BereTaTUBHOE Pa3MHOKEHNe pacTeHuii. B pempomyKTus-
HBbIe OpTraHbl (MeTEeJKH) PACTEeHHUI MMOCTYNajo HeOOJIbIIIoe KOoJaude-
CTBO aCCUMUJIATOB, UTO OOYCJIOBJIEHO MX MaJiOH MoJieii B 6Gmomacce
1IeJIOTO pacTeHuUA U cjaaboil aTTparmpyomieil cnocobHoCThI0. AHa-
JIOTUYHBIE Pe3yJIbTATHL OBbLIN IIOJYUYEHBI B ONBITAX C MHOTOJETHUMU
KOPOTKOKOPHEBUIIHBIMU 3JaKaMu (MATJIUK U JUCOXBOCT), ¥ KOTO-
PBIX IOJIsI IOA3E€MHBIX OPraHOB — KOPHeIl M KOPHEeBUII[ B Omomacce
1meJioro pacrenus cocrasisia ot 30 o 80% B saBucuMocTH OT (a-
3bI pas3BuTua pacreuuit (Hasapos, I'omoBko, 1983).

Accumunsanua u pacnpenenenue *C B pacrenuax Phalaroides
arundinacea. Pe3yabTaThl OIBITOB ITIOKAa3aJi1, YTO B (hady KyIleHnsd,
BO BpeMsl MHTEHCUBHOI'0 (DOPMUPOBAHUS HAI3EeMHBIX I00ETr0B, I0JIA
aCCUMUJIMPOBAHHOIO YIJIEPOJa B JIMCTOBBIX IIJIACTUHKAX COCTABJIS-
aa okoso 70% Bceit meTku (puc. 35). IIna pacrenuit P. arundina-
cea xapakTepeH 0ojiee HHTEHCUBHEIN OTTOK “C-acCUMUIIATOB B IIOJI-
3eMHbIe OPTaHbI II0 CPaBHEHUIO ¢ pacTeHuaMu B. inermis. B nepuon
aKTUBHOI'O POCTa HAJ3€MHBIX II00ETOB Uepes3 Yac IOCje 9KCIO3UIINNT
B HuUX ObLIO cocpexoroueno 90% *C, oxoso 10% accumuianpoBaH-
HOTO yrJjiepoja IPUXOANJIOCH Ha aKTUBHO PAaCTYIIHe MOA3eMHbIE Op-
raHbl — KOpHHU U KopHeBuina. Yepes 10 cyT B HaA3eMHBIX Imoberax
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obHapyskeHo oKoJ0 70% accMMHIMPOBAHHOTO YIJIepoaa, OoJbInas
YacTh KOTOPOT'O ObLjIa JIOKAJIM30BaHa B CTe0JIAX ¢ BiaaraJuIlaMu JIU-
cThbeB. B momseMHBIX opraHax cocpemoroueHo oxojo 30% wmeTkwu,
u3 Koropbix moutu 20% memoHMpoBasoch B KOpHeBHUINax. depes
MECSIl OTMEYEHO HEe3HAUMTEJIbHOE M3MEHEHUe B XapaKTepe paciipe-
IeJieHUs yriiepona B pacteHusx P. arundinacea.

Pacnpenenenne “C B pacremmsax Phalaroides arundinacea
mocje cKamuBaHHA. B Hamwux ombIiTax pacteHuss P. arundinacea
noJiydasau MedeHblin yriaepon (YC) B asy xoJsomenus 3a 10 cyt mo
crammuBauusi. C yKocoM Haa3eMHO# macchl Tepsiock 50% comep-
skamerocs B pacrenusax “C (puc. 36). 3HauuTenbHas LOJSI Mede-
HOro yriiepoaa, oxkoJyio 30% , ObLIa JIOKAJM30BaHA B MOA3EMHBIX Op-
raHax — KopHeBuIax u KopHax u 20% HaAXOAMUJIOCH B OCTaBIIIEIi-
ca HaazemMHOM Macce (crepue). 3a 20 cyT pacTeHHsS BOCCTAHABJIN-
BaJM HAA3eMHYIO MacCy, UCIIOJb3ysA YIJIePO] CTEPHU UM MOA3€MHBIX
OpPTaHoOB s (hopMUPOBAHUA HOBBIX moberoB. Comep:kaHue METKHU B
CTepHe U MOA3EeMHBIX OpraHax YMeHbBIITaJIoch B ABa pasa (tadi. 20).
B orpocieii yactTu pacteHuil moJid PaguOaKTHBHOIO yrJjiepoia Co-
craBiasaga 40% oT mesoro pacreHus. S3HAUUTETbHAS YacTh MEUEHO-
ro yraepoza (30% ) TpaHcIOpTUpPOBAJIach B CTEOJM ¢ BiaraJuIlaMu
JUCTHEB, KOTOPbIE XapaKTepPU3YIOTCS BBICOKOM (DHU3MOJOTHUUECKOMH
aKTHUBHOCTBIO. B 1mesom uepesd 50 cyT mocje cKammuBaHusA Ha GOp-
MUPOBaHUE MOJIOABLIX IT00EroB IMIPAKTUUYECKHU ITOJHOCTHIO MCIIOJIb30-
BAJICSI MEUEHBIN YyrJjiepof, AelOHMPOBAHHBIA B CTEPHE, I'e OTMe-
YeHBI ero cjieJoBble KoanuecTBa (puc. 36). B momseMHBIX opraHax
ocTtaBaJyioch 0KoJio 20% MeTKH, UYTO CBUJETEIbCTBYET O BKJIIOUEHUN
4C B CTPYKTYpPHBIE KOMIIOHEHTHI KOPHEBUII.

Amnanus 6anaHca yriepoza B IesoM pactenum P. arundinacea
moKasaJj, UTO 3HAUWTeJbHasd YacThb OCTaBIIerocs yrJiepona (6oJiee
40%) pacxomoBajiach HAa POCT MOJIOABLIX HAA3€MHBIX I1060eros, 25-
30% coxpaHaIoCh B MOA3EMHBIX OpraHax — KOPHEBUINAX U KOPHIAX
(puc. 37). YObLIb METKU W3 PACTEHUS IIPU OTPACTAHUU COCTABJIS-

5 100

e ;

Q 801

o

o]

S 601 Puc. 35. Pacnpegenenve

5 “C no opraHam pacTteHuii Phala-

5 2 roides arundinacea. 1, 2, 3, 4 —

= 407 nUCTbs, CTeBnM ¢ BRaranuwa-

° MW NUCTLEB, KOPHEBULLA, KOPHMU,

= 20 5 2003r

) Fig. 35. ™C distribution to

= 4 Phalaroides arundinacea organs.
0 ' (1) Panicles, (2) leaves, (3) stems

L 10 cyr 30 cyr with leaf sheaths, (3) rhizomes, (4)
BPEMsI [OCJIE IKCIIO3ULINU roots, 2003.
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Puc. 36. PacnpeneneHnue
“C no opraHam Phalaroides arun-
dinacea nocne ckawwuBaHus. 1, 2,
3, 4— ykoc (HagsemHas Mmacca,
OTTOprHyTasi rnpu cKaluMBaHum),
CTepHsi (OCTaBLUasiCA Haf3emHast
macca), KOpHEBWLLA M KOPHW, OTa-
Ba (HagsemHas macca, cdopmu-
poBaHHasi Mocre ckaluvMBaHus),
2003 r.

Fig. 36. “C distribution to
Phalaroides arundinacea organs
after mowing. (1) Mowed aboveg-
round biomass, (2) not-mowed
aboveground biomass, (3) rhizo-
mes and roots, (4) aboveground
biomass formed after mowing,
2003.

100+

80 4

60 4

14C, % OT 1e10T0 pacTeHus

0 20 50
Bpewms nocie ckammsanus, CyT

Tabrnuya 20

CopgepxaHue “C B pacTteHusix Phalaroides arundinacea nocne ckalmBaHus,
umn./pacteHue, 2003 r.

Bpewms nocne OraBa™*
cKaluvBaHus Ykoc* CrepHs Kopreswa
YT ’ N KOPHWU JlncTbs Crebrnn
0 17590 + 2564 | 6983 + 835 | 9737 + 2043 - -
20 - 3249 + 539 | 5305 +897 | 2044 + 452 | 4057 + 759

* HapgsemHast macca, OTTOprHyTasi npu ckalumBaHum; ** HagseMHas macca vepes 20

CyT MOCIe CKalMBaHUS; MPOYepK 03HaA4YaeT OTCYTCTBUE OpraHa pacTeHus:.

% OT mepBOHAYATIBHON AKTHBHOCTH
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Puc. 37. Pacnpegenexue “C no opraHam pacteHuii Phalaroides arundinacea
nocne ckawwmsanus, 2003 r. 1, 2, 3 — nog3emHas YacTb (KOPHEBULLA U KOPHK), CTEP-

HA, OTaBa.

Fig. 37. “C distribution to Phalaroides arundinacea organs after mowing. (7)
Underground biomass, (2) not-mowed aboveground biomass, (3) aboveground bio-
mass formed after mowing, 2003.
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aa He 6oaee 30% oT pagmoaKTHBHOCTHU Iocje cKamnuBaHusa. Cie-
JOoBaTeJbHO, IIPU OTpacTaHuu pacTeHuil P. arundinacea Ha popmu-
poBaHMe HAA3€MHBIX IT06ETOB B OCHOBHOM MCIIOJIB30BAJIUCH (DOHIBI
yriepoza crebsieii. BKiag KOpHEBUII B POCT HAA3€eMHOM MacChl OBII
MEHbIIe, MOCKOJbKY YaCTb 3alaCeHHOr'0 yrJjiepoja, MO-BUINMOMY,
KCIIOJIb30BAJIACh HA POCT CAMUX IIOJ3€MHBIX OPraHOB.

TakuMm o6pasoM, KaK W CJEeI0BAJO OKUAATH, OIPEeIeIAIOITUiA
BKJIQJ, B aCCUMUJIAIIAIO YIJIepoJa IIeJIOT0 PACTeHUS HUMEeJIU JIUCThS
IIMHHOKOPHEBUIIHBIX 3JIaKOB. SHAUUTEJIbHAs YacTh ACCUMUJIUPO-
BAHHOTO yTJIepoja TOCTyIajia B CTeOJU C BJATAJIUINAMU JIVCTHEB,
KOTOPbIE XapPaKTEePU3YIOTCS AKTUBHBIM META00JU3MOM U SIBJISIOTCS
BPEMEHHBIM [J[eTI0 yIJjIepoa. BhIsIB/IeHO NHTEHCUBHOE MOCTYILIEHNE U
IEeIOHUPOBaHNE MEUEHOTO YIJIepoa B ITOA3eMHbIe OPTaHbl MHOTOJIET-
HUX 3JIaKOB — KOPHEBUIIA U KOPHHU, UTO CBA3aHO C PEIIPOAYKTHUBHBIM
MOTEHITNAJIOM ITO3eMHBIX IT00eroB, (DOPMUPYIOIIUX OOJIBIITOE KOJIH-
YeCTBO BeTeTAaTMBHBIX MepHCTeM. B sKCIIepMMeHTaxX CO CKAaIllnBa-
HUeM HaJ3eMHOH YaCTH [IOKA3aHO, YTO IPU OTPACTAHUMU HAI3€MHBIX
mo0eroB B OCHOBHOM HCIIOJIb30BAJICS YIJIEPO[, MEeIOHWPOBAHHBLIN B
CcTe0JIAX, II0 CPABHEHUIO C AKTUBHO PACTYIIIUMU KOPHEBUIIIAMMU.

4.3. BangHue ckalumMBaHus M LeHoTn4eckoro ¢gakropa
Ha mopdodunsunonornyeckme nokasartesnu KOPHEBULY,

Baunsane ckammBaHus Ha pocTt pacrenuii Phalaroides arun-
dinacea. CralnBaHre OKas3ajo CyIleCTBeHHOe BIMSHUE Ha MOpdo-
dusnoIornUECKre XapaKTePUCTUKU IINHHOKODPHEBUIITHOTO 3JaKa
P. arundinacea. Ilocie ynanenus Hag3eMHBIX moberoB Ha IV ararme
opraHorenesa (TpyOKoBaHme) HAOJIOJATN WHTEHCUBHOE BOCCTAHOB-
JeHle HaA3eMHOI0 MeTaMepPHOro KOMILIeKca pacTeHuil (puc. 38;
MacaoBa u ap., 2005). Uepes Tpu Hezmenu (B dase KOJOIIECHUS)
OIIBITHBIE PACTEHUS HECKOJBKO IIPEBBIMIAIN KOHTPOJIbHBIE IO KOJIH-
YeCTBY HAJ3€MHBIX II00ETOB, HO HE OTJINYAJIUCH IO COOTHOIIEHUIO
Macchl HaJ3eMHBIX IT00ET0B U TIOABEMHBIX, KOTOPOE B CPEJHEM CO-
craBasano 2.3. Yepes ceMb Heflesdb (Co3peBaHUE CEeMAH) KOHTPOJIb-
HbIe W OIIBITHBIE PACTEHUS (POPMUPOBAIU ONWHAKOBOE UKCJIO HAI-
3eMHBIX U IOA3eMHBIX M006eroB. IIpu 9TOM OIBITHBIE PACTEHUS OT-
cTaBaju OT KOHTPOJbHBIX II0 HAKOIJIEHUIO CYXOM MaCChl UM ILJIOIIA-
¥ JIUCTHEB, XapaKTepU30BaIUCh 00jiee HUBKUM OTHOIIEHUEM ILJIO-
maau JUCTHEB K Macce MOA3eMHBIX m00eroB. KopHeBUIa OOBITHBIX
pacTeHmuii, B 0COGEHHOCTU IIPOIILJIOTOMHME, ABLIMIAJN WHTEeHCUBHEe,
yeM B KOHTpoJie (Tabis. 21). 3HaUMMBIX Pasjuuuii B AbIXATEIbLHONR
CIIOCOOHOCTHU JIMCThEB 1 CTe0JIell ONBITHBIX M KOHTPOJBHBIX pacTe-
HUU He OBLIO BBISIBJIEHO.

B nesom ombiThl ¢ P. arundinacea mokasaau BHICOKYIO CIIOCOO-
HOCTh pacTeHmui K moberooopasoBanuio. CkamiuBaHnue B (ase TPyoO-
KOBaHMA He MOBJUAJIO HA Pean3aluio IporpaMMbl (hopMupOBaHUA
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140 - 20 gHe#f mocJIe CKATMMHBAHHA

120
100
80 1
60 1 T 2
40 A
20
0
Cyxas Mmacca, YHc10 Ham3eMHBIX
r/pacreHHe moGeros, mr./pacTeHHe
50 nHeH noclie CKAIIHBAHHA 5 5
300+ 2
1 1.5
2501 1
200 2 0.5
0
1504 HM/IIM OILIMm, aM3T
100 4
N 1
0

Cyxagamacca, YHcToHamzeMHBIX UHCIO MOO2eMHBIX A, avZ/pacTerme
T/pacTeHHE moberos, moberos,
IIT./pacTe HHe I0T./pacTeHHe

Puc. 38. BnusHne ckawwmBaHus Ha nokasatenu pocTta U pasBUTUSA pacTeHUn
Phalaroides arundinacea BToporo roga »wu3sHu, 2003 r. 7 — KOHTPOSb, 2 — onbIT. A —
nnowaab NMCTbeB, HM/MM — COOTHOLLEHUE HaA3eMHas Macca/moAa3emMHasi Macca,
OlMNJIMn — cooTHoLIeHNe nnoLlaab NUcTbeB/Macca Noa3eMHbIX Noberos. * pasnu-
4ns MeXay OnbITOM U KOHTPOEM CTaTUCTUYECKN 3HadYMMbl, P < 0.05.

Fig. 38. Growth and development characteristics of mowed second summer
Phalaroides arundinacea plants. (1) Intact; (2) mowed. A — leafage area, HM/nm —
aboveground to underground weight ratio, OMJIMn — leafage area to underground
shoot weight ratio.

HOBBIX OPTOTPOITHBIX IT00Er0B IMOUYKAMHU HA y3JIaX MHOTOUMCJIEHHBIX
KOPHEBWUII], YTO CBUAETEJIbCTBYET 00 OIIPeJeIeHHON aBTOHOMHOCTH
OT HAA3eMHOTO OPTOTPOITHOrOo Iobera. Pamee OBLIO yCTaHOBJIEHO,
YTO ymajieHVe HaA3eMHON YacTH He M3MEeHSJI0 POCTOBYIO OpPHEeHTAa-
U0 KOPHEBUII] OMHOMOJbHBIX (TIBIPEit), IBYMIOJbHBIX PACTEHU (ThI-
CAYEJIUCTHUK, YMHA JIyroBad) M CTOJIOHOB Kaprodens (Mapkapos,
TomoBko, 1995a). CkollleHHbIe PacTeHUS IIOJIHOCTHIO PEreHepupo-
BaJIU y:Ke K KoJiomeHuio. VIX oTcTaBaHUe IO HAKOILJIEHUIO GuoMac-
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[bixaHne HaA3eMHbIX U NOA3EMHbIX OpraHoB
MHTaKTHbIX U CKOLWEHHbIX pacTeHun Phalaroides arundinacea
BTOpOro roaa xu3sHu 2003 r. (50 gHen nocne ckawunBaHus),

mr CO,/r cyxoi macchbl 4

Tabnuuya 21

BapwuaHt Jlnctbs Crebnun Monopie Crapoie KopHu
KOPHEBMLLA | KOpHeBWLLA
KoHTponb 2.14+0.04 | 0.86+0.1 1.79+0.13 | 0.56 +0.03 | 0.82+0.03
OnbIT 1.98+0.18 | 1.15+0.15 | 2.04+0.22 | 0.82+£0.03* | 0.93 +0.27

* Paanuuusi mexxagy onbITOM U KOHTPONIeM CTaTUCTUYECKU 3Ha4YuMbl, P < 0.05.

CBI, TIO-BUJUMOMY, OOYCJIOBJIEHO HE TOJBKO 3aTpaTaMu cybcTpara Ha
BOCCTAHOBJIEHUE YTEPAHHON JUCTOBOU ITOBEPXHOCTU, HO M HA JbIXa-
Hue KopueBuir. IIpomuioroguue mogseMHble IIOOErW OMBITHBIX Pac-
reunit gpimanu Ha 30% MHTEHCUBHEE KOHTPOJIBHBIX, UTO OTPAKaeT
uX MOP(OreHETUUECKYI0 U MeTa00JIUUYECKYI0 aKTUBHOCTD.

Bausanue menoruueckoro paxkTopa Ha poct pacrenuii Phala-
roides arundinacea. PenponyKTWBHBIN IIPOIlECC UYEpPe3 CUCTEMY
IPAMBIX U OOPATHBIX CBA3€l KOHTPOJUPYETCA He TOJHBKO Ha YPOB-
He oco0u, HO U Ha YPOBHE IEHOMOMYJIANNui 1 puromeno3oB. [leHo-
THYECKOe B3aMMOIeliCTBMe MeKJy PACTeHUSMHU OKa3bIBaeT 3HAUM-
TeJbHOE BJIUSHUE Ha CBETOBOI M BOLHBIN PEKUM, MUHEPAJIbHOE -
TaHue B (PUTOIEHO3€, UTO IPUBOAUT K M3MEHEHUSAM CTPYKTYPbI U
¢usumosornueckoii aktTuBHocTu pacreruii (Harper, 1977; T'omoBKoO,
1989; Bacpuaora, 1996). C menbio usdyueHuss 0cOGeHHOCTEN PYyHK-
nuonupoBauusa [[AC KOPHEBUIITHBIX MHOTOJETHUKOB aKTyaJbHBIM
SIBJISIETCSI U3yUYeHUe KOPPEeJIAInil MeXIy POCTOBBIMU ITPOIleccaMu
BO BpeMs (GOPMUPOBAHUA HAA3EMHBIX U IMOA3EMHBIX II00EroB IpU
pasHoii MJIOTHOCTH II€HO3a.

ITenos3sr pasHO¥ mioTHOCTHM pacteHuit Phalaroides arundi-
nacea OLLIU CPOPMUPOBAHBI K TPETHEMY TOAY *KU3HU Ha OCHOBE
CILJIOIITHOTO PAMOBOTO moceBa (15 cM B MexIypsamuax), U paspe-
sKeHHBIA — npu miaomanau nuranusa 0.40x0.70 m2 (Macaosa, Taba-
aeHkoBa, 2008). KopHeBUIIlHbIE 3JIaKN XapaKTePU3YIOTCSI PAHHUM
BeceHHUM oTpactaHueM. K KoHIy mas pactenus P. arundinacea
TPETHETO TOJla JKUBHU Y:Ke Iepexonuiu B ¢asy TpyokoBaHusa. Pac-
TeHUA Pa3pPeKeHHOTO IIeHO3a B ATOT Iepuoh chopMupoBasu OoJiee
650 magsemMHbIX moberos Ha 1 M2, JJIMHA KOTOPBLIX B CPEegHEM CO-
craBasiaa 50 cm (Ta6s. 22). B mocaenyioiue a3kl pa3BUTUA YUCIIO
HaA3eMHBIX IT00EroB MPaKTUYECKU He U3MEHSAJOCh. 3arylleHue He
0Ka3aJI0 3HAUNTEJbHOTO BJAUSHUSA HA YMCJI0 HAA3€MHBIX ITO0ETOB U
KOJIMUECTBO JIUCTheB pactenuit P. arundinacea. OrMeueHo He6OIb-
1I10€e yBeJIMYeHre YMCja HaJ3eMHbBIX T00eToB B (pade TpyOKOBaHUA U
YMeHbIIIeHe — K KOHIy Beretanuu. Ilemoruueckuii pakTop cyie-
CTBEHHO ITOBJIUAJ Ha (OPMUPOBaHUE KOPHEBUIN. PacTeHus B 3ary-
IIIEHHOM IleHO3e 00pa30BBLIBAJIU B JBa pa3a MeHbIIIe IJIaBHBIX U 00-
KOBBIX KOPHEBUII] C MEHBIIINM YHCJIOM MeTamepos (Tabi. 23). B pe-
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Tabnuya 22

Mopdonorvyeckne napameTpbl Haa3eMHbIX NOGEroB pacTeHUm
Phalaroides arundinacea B pa3HbIX LLeHOTU4YECKUX YyCNoBUsX, 2004 r.

LieHo3 Yucno Hag3eMHbIx | [OnvHa Hag3eMHbIX Yucno nucTbeB,
no6eros, WT.\ M? no6eros, cm wr./nober
Tpy6koBaHue
Pa3pexeHHbIi 653.2 £ 167.2 51.0+9.7 4.0+0.3
3aryLueHHbI 890.0 + 110.8 39.8+2.0 3.2+0.1
KonoweHune
Pa3pexeHHbIi 541.3+71.8 112.0+4.9 6.2+0.3
3aryLueHHbI 716.0 + 169.6 73.6+4.4 46+0.2
CospeBaHue ceMsiH
Pa3pexxeHHbIi 552.8 +49.2 170.5 £ 34.2 42+14
3aryLueHHbI 604.0 +72.4 136.1 + 37.1 3.1+0.9

3yJIbTaTe IPU 3aryIIeHWN PACTeHWH KOpHEeBUINla (OPMUPOBAIU B
cpeaaemM 13 ThIC. y3J0B (0YaroB MepUCTEMAaTUYECKON aKTHUBHOCTM)
Ha 1 M2, uTO B UeThIpPe pasa MEHbIIE, YeM B PA3PEKEHHOM I[eHO3€.

B ycioBusx caaboro 1meHOTUYECKOT0 B3auMMOmelicTBUA K (hase
TpyOKoBaHUsA (KOHeI Mas) pacTeHusa P. arundinacea HaKalIuBaIu
B cpexuem 900 r/m? cyxoii macchbl, 62% KOTOPOM MPUXOAUJIOCH HA
noxseMHuyio yacTth (puc. 39A). B mepuon kosomenus (uioHb) 610-
Macca pacTeHHH Bos3pacTajia B [Ba pasa 3a CUYET MHTEHCUBHOI'O PO-
cTa HaJ3eMHBIX IT00EroB, a Macca IIOJ3eMHbBIX OPraHOB HE M3MEeHs-
nack (puc. 395, B). B dasy cospeBaHusa ceMAH (MI0Jb) IIPOIOJIKA-
JIOCh MHTEeHCUBHOe (hOPMUPOBAHUE HAN3eMHOII MacChl, O UeM CBU-
JIeTeIbCTBYET BHICOKOE COOTHOIIIEHE Ha[3eMHON U MOA3EMHOM 61o-
macchI (2.5). K KoHITy Beretanuu KJOHBI TPETHETO T'Oa *KU3HU Ha-
kamausBanu oxosio 3000 r cyxoil maccel Ha 1 M2, IIOJIOBUHY KOTO-
PO cOCTaBJAJU TOA3eMHBbIe OpPTaHbl — KOPHEBUINA U KOpHU. Kpu-
Bas HAKOILJIEHUSA CYXOM HaJA3eMHOUN MacChl PACTEHUI pPa3perKkeHHO-
ro IIeHO3a BBIXOAMJIA Ha IJATO K KOHIIY BEreTaliMOHHOTO IIEPHUO-
la, TOTJa KaKk Macca KOPHEBWUII IIPOJOJIKAJIa MHTEHCUBHO yBeJIN-
YUBATHCS A0 KOHIIA CEHTAOPA.

Tabrnuya 23
Mopdonoruyeckasn cTpykTypa KopHeBuLL pacteHunn Phalaroides arundinacea
B pa3HbIX LLEHOTMYECKMX YCNOBUAX B KOHLIe BereTauum (22 ceHTa6pa 2004 r.)

Mapametp Pa3pexeHHbIn 3aryLeHHbINn
LeHo3 LieHo3
Yncro OCHOBHbIX KOPHEBULL, LIT./M? 1327.2 +238.0 | 612.8 + 31.2**
[nnHa OCHOBHbIX KOPHEBMULL, CM 14.6 £ 3.1 13.2+4.0
Y1cno meTamepoB OCHOBHOIO KOpHEBMLIA, LUT. 99+1.8 10.0+2.8
Yuncno natepanbHblX KOPHEBWULL, LUT. 50+1.8 3.0+1.0*
Yncno MeTamepoB naTtepasnibHOr0 KOPHEBWLLA, LUT. 6.1£1.3 3.8+1.4*
Yucno y3noB KOpPHEBWLY, LWT./M? 53619 13114

* 1 ** Pasnuuusa Mexay paspexeHHbIM 1 3aryLlleHHbIM LeHO3aMu CTaTUCTUYECKU
3Ha4umebl, P £0.05 1 P <0.001.
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Cyxas macca pacrenuit P. arundinacea 3aryIiieHHOTO W pas-
PEKeHHOTO IIeHO030B B (pa3e TPYOKOBAHUA ObLiIa MPAKTUYECKU OIU-
HakoBo# (puc. 39). B pesyabrare, OTHOCUTEJbHAA CKOPOCTH POCTA
pacTeHUi B IIeHO3aX PA3HOM MJIOTHOCTH OblJa PABHOW M COCTABJIA-
aa B cpegaeM 0.2 r/r cyT. 3aryiieHne 0Kasajo CYIIleCTBEHHOe BJIU-
AHNe Ha O0MoMacCy PacTeHHuil B IepPHOJ KOJIOIIeHWSA W CO3PEeBAHUS
cemsaH. PacTeHus 3HAUUTENHHO OTCTABAJIU II0 HAKOILJIEHUIO CYXOil
Macchl 3a CUYeT CHUIKEHUS WHTEHCUBHOCTH POCTA HAA3E€MHBIX IIO-
6eroB. OTHOCUTENBbHAA CKOPOCTH POCTA pacTeHuil B (ady KoJiole-
Huda cocrasiaaga 0.008 r/r cyr, uTo OBLJIO B UETHIPpE Pa3a MEHbIIIE,
YyeM B paspe’KeHHOM. B Imepmonx co3peBaHUA CeMAH CKOPOCTH DPO-
CTa PacTeHUH IEeHO30B PasHOU MJIOTHOCTY BhipaBHUBajach (0.01 r/r
CyT) 3a CUeT YCUJIEHHs POCTOBBIX IIPOIIECCOB B HAJ3€MHOI dYacTu
pacTeHUI MJIOTHOTO IleHO3a. K KOHI[y BereTamuu pacTeHUsA B 3ary-
IIIEHHOM IleHo3e Hakamausaan 1500 r/mM?, 4To BIIOJIOBUHY MEHBIIIE,
4yeM B pa3pesKeHHOM. YMeHBbIIIeHNe CYyXOU Macchl pacTeHUU IJIOT-
HOTO I[eHO3a IPOUCXOJUJIO B Pe3yJbTaTe CHUMKEHUA KaK HaJ3eM-

HOM, TaK U IIOJ3€MHOI 01O-

40007 A Mmaccbl. KpuBas HaKoILIe-
HUA CYyXOU ImOJ3eMHOI Mac-
Chl 3aryIIeHHOTO IleHO3a
ciabo M3MeHSJIACh B JUHA-
muke. K KOHIy Bereramuu
OoTMeUeHa OTpHUIlATEeSbHAS
BEJIMUMHA CKOPOCTU POCTa
0 . . : . pacTeHUIl MJIOTHOTO IIeHO3a
31.05. 22.06. 2007. 2009 (-0.002 r/r cyT), uTO CBA-
3aHO C IpPeKpalleHueM po-
CTOBBIX IIPOIIECCOB B HaJ-
3eMHOM YaCTu U OTCYTCTBU-
eM pocTa B IOA3E€MHBIX Op-
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Puc. 39. BnusaHne nnotHocTn

0 T T T | nonynauMn Ha AWHaMWKY Hako-
31.05. 22.06. 2007. 20.09. nneHnsa cyxow maccel Phalaroides
arundinacea, 2004 r. 1 — paspe-

2000+ B XKEHHbIN LIeHO3, 2 — 3aryLUeHHbIN

LueHos. A — uenoe pacteHue, b —
HaA3eMHas yacTb, B — noasemHas
YacTb.

Fig. 39. Effects of population
density for the dry weight accu-
mulation dynamics of Phalaroides
arundinacea. (1) Thinned cenosis,
(2) crowded cenosis, (A) whole
0 T T T 1 plant, (B) aboveground part, (C)

31.05. 22.06. 20.07. 20.09. underground part.
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raHax. B paspesKeHHOM IleHO3e K KOHIIy CeHTS0psA IPOUCXOIUJIO
aKTUBHOE (POPMUPOBAHUE HOBBIX KODHEBUIIN, B Pe3yJbTaTe Yero
TOJTyYaiu TOJOKUTEJIbHYIO BeJuunHy ckopoctu pocra (0.004 r/r
cyT). B mesom, pacrenusi, MCOBITHIBAIOINE CUIbHOE IIEHOTUYECKOE
B3amMOielicTBIEe, XapaKTepPHU30BAJIIUCh 0oJiee OBICTPBHIM IIPOXOXKIE-
HueM (a3 PasBUTHUS UM MHTEHCHUBHO HAKAIlJIUBAJIU OMOMAacCy B HAU-
OoJsiee BasKHBIE IJIs KU3HU DPACTEHUH MEPUOAbI: HAUAJBHBIA 3Tam
pocra, Korja erie 6GJIarONMpPUATHBI CBETOBBIE YCJIOBUS B IleHO3€, U
daza cosdpeBaHUA CeMAH, KOra o0eceunBaeTcAa reHepaTUBHOE Pas-
MHOXK€eHUe pacTeHUuu.

Hansemunle moberu pacrenuii P. arundinacea paspexeHHOT'O
IleHO3a XapaKTepu30BaJINCh HAMOOJBIIEH IbIXaTeJbHOU CI0COOHO-
CTHIO B IIepUOJ TPYOKOBaHUsA, KOTAAa PAaCTEeHUsS aKTUBHO (opMu-
pyioT BereraTuBHyl0 Maccy (tabs. 24). C mauamom QopMupoBa-
HUA reHepaTuBHBIX opraHoB I[[C Hag3eMHBIX IOOETOB CYIIECTBEH-
HO cHm:Kamachk. [IC KopHeBui pactenuit P. arundinacea Oblaa B
IBa-IIeCTh Pa3 MEHbIIle, YeM y HAaI3e€MHBLIX II00eroB u csabo mame-
HsJIach B mpoliecce Bereranuu. MoJsoable HagseMHbIe IT00eru 3a-
TYIIeHHOTO IeHOo3a B (pasy TPYOKOBAHUA OBINIAJIUA B [Ba pasa Me-
Hee MHTEHCUBHO, UYeM B pa3pe:KeHHOM. B mociemyroiue (asbl po-
cra [IC Haxg3eMHO YacTu He 3aBUCeJa OT IEHOTHUUECKOTo (haKkTopa.
B zarymieHHOM II€HO3€, II0 CPABHEHUIO C Pa3peKEHHBIM, OTMEUYeHa
ycToMUMBas TEHIEHIUA K CHUMKEHWIO WHTEHCUBHOCTU BBIJEJICHUS
CO, ropuesummamu pacrenuii P. arundinacea.

AHanmus fUHAMUKU COAEPsKaHUsA OOIIero asora B JUCThSIX pac-
TEeHUH paspe’KeHHOro IIeHO3a MOKAasaJs, YTO ero KOHIIEHTPAaIUus ObI-
Jla BBICOKOIl B HauaJle BereTalluyd UM CHU’KaJach K KOHILYy Ce30HA,
KOTZa aTTParmpyionryio CIOCOOHOCTh HPHOOpeTasn TeHepaTUBHBIE
opraHbl u KopHeBuina (tabs. 25). HezaBucumo oT (asbl pasBuTUS
pacTeHuil KOHIIEHTPAIUS a30Ta B KOPHEBUINAX ObLIA B TPU-UYETHIPE
pasa HUKe 110 CPaBHEHUIO C JUCThbAMU. lleHoTHUecKUii (haKTOp cJa-
00 MOBIUAJ HaA CoAeprKaHUe O0Iero a3ora Kak B JUCTHAX, TaK U B
KopHeBumiax. Habmonanyu TeHAEHIINIO CHUMKEHUSA COMEePKaHUA 00-

Tabnuuya 24
OnHamuka MHTeHCMBHOCTM Abixanus (Mr CO,/r cyxoi macchbl 4)
no6eroB u kopHeBuW, Phalaroides arundinacea
B LieHO3ax pa3nU4HON NnoTHocTH, 2004 r.

daza passutus BapwuaHT HapgsemHble noberu KopHeBuLa
TpybkoBaHue PaspexeHHbIl LeHo3 3.94+0.23 0.62+0.10
3aryLeHHbI LeHo3 1.75 £ 0.20* 0.49 £ 0.04

Konowerwne PaspexeHHbIl LeHo3 1.92+0.18 0.84 £ 0.6
3aryLleHHbIN LeHo3 1.63+0.18 0.46 + 0.04

CospeBaHue ceMsiH |Pa3spexxeHHbll LeHo3 2.18 £0.22* 0.76 £ 0.09
3aryLUeHHbIN LieHo3 1.91 £ 0.07* 0.59 + 0.06

* PasHuua mexay paspexeHHbIM 1 3aryLeHHbIM LLEHO30M CTaTUCTUYECKN 3HAYMMa,
P < 0.05. ** MHTEHCUBHOCTb AbIXaHUS NUCTLEB.
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Tabnuya 25
BnusaHue ueHoTnyeckoro dakropa
Ha cogepxaHue obLiero a3ora B BereTaTMBHbIX OpraHax
Phalaroides arundinacea, 2004 r. (% oT cyxoi Maccbl)

dasza pa3suTUs YacTtb pacteHns | PaspexeHHbli LeHo3 | 3aryLleHHbI LeHo3
TpybkoBaHue Jlnctbs 4.30 +0.25 4.30 £ 0.26
KopHeBuia 1.44 £ 0.20 1.25+0.14
KonoweHune Jlnctbsa 3.95+0.21 3.75+0.21
KopHeBuia 1.00 £ 0.11 1.08 £0.16
CospeBaHue ceMsiH |JlucTbs 3.25+0.18 2.82+0.21
KopHesuia 1.08 £0.11 0.94 £0.11
KoHeu BereTaummn |HagsemHast macca 1.07 £ 0.11 1.12+0.15
KopHeBuLia 1.06 £ 0.11 1.09+ 0.1

1I1eTo a30Ta B JIUCTHAX 3arylleHHOT'0 IIeHO3a B (ha3y CO3peBaHUS ce-
M#AH, YTO MOYKET OBITh CBA3aHO C aKTHUBHBIM OTTOKOM a30Ta B (hOp-
MupyroInecd ceMeHa. K KoHITy Bereranum, Korjia pelnpoiyKTUBHAS
cepa pacrenuil chopmMupoBantach, KOHIIEHTPAIUA a30Ta B HaJ3eM-
HO¥M YacTu 3aryIeHHOTO U Pas3perkKeHHOTO IleH03a ObLaa OAMHAKO-
Boii. KopHeBuIIa 3aryIieHHOTO IIeH03a COJeP:Kaau MeHbIIle a30Ta B
dasy TpyOKOBaHUA U CO3PEBAHUA CEMAH, UTO MOXKET OBITH CBA3AHO
C OTTOKOM a30Ta B HAJ3eMHBIE YacTU. B aTu (aswsl pacTeHuUA 3ary-
IIEHHOTO IeH03a XapaKTePM30BaJIUCh OTHOCUTEIBHO BBICOKOI CKO-
POCTBIO POCTa, CPAaBHUMOI CO CKOPOCTHIO Pa3pe’keHHOTO 11eHO03a.

Takum ob6pasom, 3aryilieHue OKasayo CYII[eCTBEHHOE BJIMSHUE
Ha POCT ¥ HAKOILJIEHVEe 0MoMacchl HaJ3eMHBIX U IOA3EMHBIX IT00e-
OB JJIMHHOKOPHEBUINHOTO 3jaka P. arundinacea. Pacrenusa, uc-
IIBITHIBAIONYE CUJIBHOE IEHOTUYECKOEe B3aMMOJEHCTBHE, XapaKTe-
pusoBanuch 6oJsiee OBICTPHIM NIPOXOKAeHMeM (a3 PasBUTUA W UH-
TEeHCUBHO HaKaIJWBaJu OuoMaccy B IE€PHOABI HamboJiee BarKHbBIE
IS JKU3HY PACTEHUIH: HauaJbHbIE dTalbl pocTa (TPyOKOBaHNE) IPU
06J1aTONPUATHBIX CBETOBBIX YCJIOBUAX B IleHO3e, U (ha3a CO3peBaHUA
ceMdAH, Korjga o0eclieumBaeTCsA reHepaTUBHOE Pa3sMHOXKEHUE pacTe-
Hu#i. B mepuon cospeBaHUA ceMAH MOKA3aHO yBeJIUUYEHUE COLEPIKA-
HUA DUTMEHTOB IIPU HMBKOM Macce U ILJIOIIANM JUCTHEB 3aryIeH-
Horo 1enosa (MacioBa, TabamenkoBa, 2008). IdTo aBaseTca amai-
TUBHOU cTpaTermeii, KOTOpas IIO3BOJIIET DPACTEHUAM IIOAJEPIKU-
BaTh CBOU CTATyC-KBO IPU IIOCTOAHHOM KOHKYPEHIIUU 3a CBET, MU-
HepaJbHBIE BEIecTBa M BOAY. B IIJIOTHOM IIeHO3e OTMEUEeHO 3HAUM-
TeJbHOE CHUXKEHWE POCTa U BETBJIEHUSA KOPHEBUII, HO He 00HapYy-
JKEHO CYII[eCTBEHHOT'O BIUAHUA HA UX (hUBMOJIOTUUYECKUE ITapame-
TPBI. ITO CBUIETEJIbCTBYET O TOM, UTO MeHbIIasd Macca KOPHEeBUI 1
KOJIMUECTBO IIOJ3€EMHBIX y3JI0B (MepUCTEMaTUUECKUX TKaHeH), CIo-
COOHBI COXPAHATH BHICOKUIN YPOBEHb METa0OJIUUECKON aKTUBHOCTU
IIPU CUJIbHOU KOHKYpPeHIUU 3a (PaxToOphl cpenbl.
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4.4. T'opMoOHanbHbIA cTaTyc NoA3eMHbIX noGeroe
M pacnpepgeneHue aCCUMUISTOB Y AJIMHHOKOPHEBULLHbIX BUO,0B
C pasHblM PUTMOM CE30HHOr0 Pa3BUTUSA

Y IUKOpaCTyIUX BUAOB, IPOU3PACTAIONINX B PA3IUYHBIX KJIU-
MATHUYECKUX U DKOJIOTO-IIEHOTUYECKUX YCIOBUSAX, CYIIECTBYET 00JIb-
mroe pasuoobpasue ITAC, uTo 00YCJIOBJIEHO MHOXKECTBOM JKM3HEH-
HBIX (OpM M KUBHEHHBIX cTpaTeruii. B xauecTBe momeseil nyisa uc-
CJIEOBAHUN WCIIOJIb30BAIN BUIBI [INHHOKOPHEBUIHBIX PACTEHUI,
OTJIMYAIOIIIHECS 10 PUTMY CE30HHOrO pasBUTUA ((PDEHOPUTMOTHUILY),
MIPOJOJI?KUTEJLHOCTA JKU3HU JOHODPHBIX JINCTHLEB: JIETHE3eJIeHbIe —
Mentha arvensis, Achillea millefolium, Elytrigia repens u Be4dHo3e-
aenwle — Pyrola rotundifolia u Vaccinium vitis-idaea.

Ce3oHHasg AMHAMHUKA COAEPIKAHUS CBOOOJHBIX (DUTOTOPMOHOB
B TKaHSIX KOpHeBulll. CpaBHUTEJIbHBIN aHAJIN3 COAEP:KAHUA (PUTO-
FOPMOHOB B KOPHEBHUIIAX PACTEHUN MOKAa3as, uYTo B (Gasy IBeTeHUS
(urosib) JieTHe3eJeHble BUIbl XapaKTEePU30BAJIUCH 00Jiee BBICOKUM
comeps;kanueM IMuTOKNHNHOB, ABK 1 VK 1o cpaBHEHUIO ¢ BEUHO-
senenbiMu (puc. 40). MakcuMaabHYIO0 KOHIIEHTPAIIUIO 3TUX T'OPMO-
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Puc. 40. Ce3oHHas AMHamunka cogepxaHnst cBO60AHbIX (OUTOrOPMOHOB B NOA-
3eMHbIX noberax ANMHHOKOPHEBULLIHBIX PACTEHWUIA, HI/T cyxol macchl. 1, 2, 3 — mai,
nonb, ceHTAbpb 2006 r. cooTBeTcTBEHHO (Macnosa, Tabanexkosa, 2010a).

Fig. 40. The seasonal dynamics of free phytohormones’ content in under-
ground shoots of long-rhizome-forming plants (ng/g dry wt). (1) May, (2) July, (3)
September 2006.
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HOB OOHapy:Kuau B KopHeBuinax A. millefolium u E. repens, MUHu-
MaJbHYIO — BEUHO3eJIeHOTO KycTapHuuka V. vitis-idaea. VI3yuenue
CEe30HHOUN AUHAMUKU (PUTOTOPMOHOB BBISABUJIO CPABHUTEIHHO BBHICO-
Koe comepskanHme mutokumHUHOB, MYK 1 ABK B KopHeBUIIax pac-
TEeHUH ¢ JIeTHe3eJeHbIM (PeHOPUTMOTUIIOM B JeTHUM nepuon. K oce-
HU KOHIIEHTPAIINA IIUTOKMHUHOB CHIUKAJach B ABa-ueTwipe, UYK —
B 5-16, a ABK — 6GoJsiee uem B 20 pas. B pesayabTaTe COOTHOIIIEHUE
ABK/IUTOKMHUHBI, CPDABHUTEJIbHO BBICOKOE B JIETHUI IIePUOI, OCe-
HbIO CHMKaJIoCh B 6-16 pas B 3aBUCHUMOCTU OT BuAa. B ceHTAOpe
KODHEBUIIA JIETHE3eJeHBbIX PACTeHUN XapaKTepU30BaJIUCh 3HAUN-
TeJbHBIM YBeJINUYEHNEM KOHIIeHTpAIun I'MO0epeLInHOB.

B oraimune oT JeTHe3eJIeHBIX PACTEHUH, coJepKaHue TOPMOHOB
pocra — muToKkuHNHOB, UYK 1 ru66epe/liInHOB B KOPHEBUIIAX BeU-
HO3eJIEHBIX BUI0B OBLIO MAaKCUMAJbHBIM BecHOU, B mae (puc. 40).
Oco6eHHO BBICOKME KOHIIEHTPAIIUU OBIIM OTMEUEHBI A KOPHEBMUII]
P. rotundifolia. Tak, comep:xanme rud6epeIMHOB B CyXO#l Macce
cocraBisaio 6osee 15 000 ur/r, uro B 40-100 pas GosbIlie Mo cpas-
HEHUIO C JIeTHe3eJeHbIMHU BUIaMU B 9TO K€ BpeMs. B JeTHe-oceH-
HUH IIepuoj KOHIeHTPAIuA MUTOKNHUHOB, UYK u ru66epeinHoB
B moa3eMHBIX mmoberax P. rotundifolia u V. vitis-idaea 3HauYnUTeIbHO
CHMJKAJach 3a MCKJIIOUEHUEM COAeP:KaHUs IIUTOKUHUHOB B KOpHe-
Bumax V. vitis-idaea, KoTopoe YBeJINUNBAJIOCH C UIOJIA IO CEHTSIOPH
B UeThIpe pasa.

Huuamuka comep:kanua ABK B moasemMHBIX moberax BeuHO3e-
JeHBIX pacTeHUU Oblyia pasauunoii. Konmnenrpanus ABK B KopHe-
Bumax P. rotundifolia B mae 0blina Hu3Ko# u coctaBiasaaa 100 ur/r
CYyXO# Macchl, UTO B IIATH pas MeHbIle, ueM y KycTapHuuka V. vi-
tis-idaea. B nerne-ocennuii nepuop ypoBerb ABK B KopHeBuIlax
P. rotundifolia cymecrBenHo Bospacrai, a y V. vitis-idaea mMeHsiJI-
Csl He3HAUUTEJbHO.

Takum o0pasoM, UCCIeNOBaHUSA MOKAa3aJl 3HAUUTEJIbHBIE Pas-
AUYuA Yy OJIAHHOKOPHEBUINHBIX PACTeHUHN ¢ pasHBIM PUTMOM Ce-
30HHOT'O PasBUTHSA, CPOKOM KU3HU (DOTOCUHTE3UPYIONINX OPraHOB
B IUHAMUKe (DUTOTOPMOHOB B IIOA3EMHBIX moberax. B TKaHAX KOp-
HEeBWUIIT JJeTHEe3eJeHbIX BUJIOB BhIsIBJIeHA 6oJiee BhICOKAasA KOHIIEHTPA-
nusa nuTokuHuHOB, VK u ABK mo cpaBHeHHNIO ¢ BEUHO3EJIeHBIMHU.
9T0 MOKeT ObITh 00yCJIOBJIEHO 0ojiee aKTUBHBIM POCTOM U BETBJIE-
HUEeM II03eMHBIX IT00EroB pPacTeHUil ¢ JieTHe3eJeHbIM (PeHOPUTMO-
TUIIOM. BBICOKUI YpOBEHb IMUTOKMHUHOB HEOOXOAUM MOJS CTHUMY-
JSAIUY KJIETOYHBIX MeJeHWHN u, OJaromaps aTTparupyiomnemy sg-
GeKTy 3TuX (PUTOTOPMOHOB, CIIOCOOCTBYET (PJIOOMHOMY TPAHCIIOP-
Ty, IPUTOKY K MMOA3EMHBIM IIOUKAM ILIacTuuecKuX BerecTB (PoHB-
sxkuHa, 2004).

Haxkominenne ABK seTom Mo:xeT OBITH CBA3AaHO C POJIBIO JTO-
ro ropMoHa B MHOAAePKaHUUM HOPMAJLHONM OBOAHEHHOCTU, IIPEIO-
XpaHeHUs OT M30bITOUHOMN IMOTEPU BOALI B IePUOJ aKTHUBHOTO (Gop-
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MupoBaHuA KopHeBuirn. Ilonarator, uro HakomiaeHume ABK cBsasa-
HO C yBeJMUYeHUEeM T'MAPaBINUYECKON IPOBOANMMOCTUA KOPHEHN B IIpPO-
mecce pocta pacrenuii pacrsayxenuem (Tumepramuua m ap., 2007).
Kpome Toro, ABK cTumMynupyeT MPUTOK ACCUMUJISITOB B aKIIEIITOP-
HbIe OPraHbl: ILIOABLI, CEMeHa, KJIyouu, crosoubl (Dorffling et al.,
1984; Mapkapos u ap., 2001; BopserkoBa u ap., 20016; MacJosa,
Kod, 2000). Mexauusm peryaAanuy BOJHOrO 00MeHAa CBA3aH CO CIIO-
cobnocThio ABK moBBINIATH YPOBEHB 9KCIIPpecCUU U (POCHOPUIUPO-
BaHMS aKBAIIOPUHOB, YTO CKasbiBaeTcsa Ha mxX akTuBHOCTH (Schaff-
ner, 1998).

B ocennwnii mepmuoj B KOPHEBHUIAX JIeTHE3€JIEHBIX PACTeHUI, B
OTJINYME OT BEUHO3EJIEHBIX BUIOB, OOHAPYIKEHO CHUKEHUE COOTHO-
menuiit ABK/nmuroknaunasl 1 ABK/ru66epennunst (puc. 40). Ilpe-
BaJmmpoBaHUe MUTOKNHUHOB Haa ABK B KOHIle BereTalimoHHOTO IIe-
puoma MOXKeT OBITH Pe3yJIbTaTOM CHUMKEHUS aKTUBHOTO TPAHCIIOP-
Ta 9TOr0 TOPMOHA B HaA3eMHbIe OpraHbl. HakomieHue rudbepesin-
HOB B KODHEBUIIAX JIETHE3€JEHbIX BUI0B OCEHbIO, BEPOSITHO, IIPO-
HCXOIUT 3a CUET TPAHCIIOPTA 9TOr'0 'OPMOHA U3 JIUCTHEB B II0J3€M-
HbIe opraHbl. CPaBHUTEIBHO BBICOKOE COIEPKaHue ITUTOKUHUHOB U
rub0epeslINHOB B OCEHHUH MePUOJ CBA3AHO C MHTEHCUBHLIM POCTOM
KOPHEBHUII] y JIeTHe3eJeHbIX BUAO0B, (Gopmupyoomux 500-700 mox-
3eMHBIX MeTaMepoB B pacueTe Ha pactenme (MacaoBa u 1p., 2013).
Kpome TOro, MUTOKMHUHBI YYACTBYIOT B PEryJISIIIUM CHUHTE3a KPUO-
MIPOTEKTOPHBIX coenuHeHuit (6eakoB) (TamamoBa u ap., 1999) u mo-
9TOMY MOTYT IOBBINIATH YCTOMYMBOCTh IIOJ3€MHBIX IMOGETOB K HU3-
kuM Temrneparypam (KougparweBa u np., 2000).

Hnsa kopueBuir; pacrenuit P. rotundifolia u V. vitis-idaea BbI-
SIBJIEH BECEHHUU UK COAEP:KaHUs TOPMOHOB POCTA ITUTOKWHUHOB,
rubbepennauuoB, UYK. MokHO moJjaraTb, YTO KOPHEBHUINA HAPALY
C 3UMYIOIIHEe JUCThSIMU BEUHOBEJEHBIX BUIOB SBJISIOTCS XPAHUJIM-
IIeM acCCUMUJISATOB U (pUTOTOPMOHOB JJIS POCTA JIMCTHEB HOBOII re-
Hepalnuu B BECEHHUU MePUO.

Ce30HHBIE M3MEHEHHMS COJAEPKAHMS HECTPYKTYPHBIX YIJIEeBO-
OB B JIUCTHAX M KOPHEBUINAX. M3yueHHbIe BUIABI OTJIUYAJINCH II0
COIEPKAHUI0 PACTBOPHMBIX CAaXapoB B JIMCTHAX U KOPHEBUIIAX.
Jletnesenensie pacrenus M. arvensis u A. millefolium xapaxre-
PHU30BAJNUCh CPABHUTEJIbHO HUBKUM COAEPIKaHUEM YIJIeBOJOB B JIU-
CThbAX: UX KOHIEHTpaIus B a3y nBeTeHus (1iJb) cocrasasanaa 1%
B cyxoit macce (puc. 41). 1 pacTeHuii ¢ BEUHO3€JIeHLIM (DEHOPUT-
MOTHIIOM XapaKTepHO HAKOIIJIeHWEe B JUCTbAX PACTBOPUMBIX caXa-
poB (2.5-3.5%), 0COOEHHO MOHOCAXaPULOB, IOJSA KOTOPBIX COCTAB-
asita 70-80% B o01eit cymmMme yriieBoJ0B.

B orauume oT aucThEB, B KOPHEBUIAX HAOJIIONAIN OOPATHYIO
3aKOHOMEPHOCTD: 60Jiee BHICOKOE COJleprKaHule caxapoB ObLIO ¥ KOP-
HEBUII[ JIETHE3eJeHbIX pacTeHuil (3-8% ), HU3KOE — BEUHO3EJIEeHBIX
(0.5-3%). OrTaumumTeabHON OCOOEHHOCTBHIO KOPHEBUII] JIETHE3eJe-
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Puc. 41. InHamvka copepxaHus pacTBOPUMbIX YIMeBOAOB B NUCTbAX (1) u
noasemHbix noberax (2) ANMHHOKOPHEBULLHbIX pacTeHui, 2006 r. (Macnosa, Taba-
neHkosa, 2010a).

Fig. 41. The dynamics of soluble carbohydrates’ content in leaves (7) and un-
derground shoots (2) of long-rhizome-forming plants, 2006.

HBIX PACTeHUH ABJAeTCA HaKOILIeHHe oJiurocaxapumoB (padduo-
3bI, CTAXMO3bI), HOJS KOTOPBIX cocrasisaa or 20 go 80% ot cym-
MBI BCeX YIJIEBOJOB. V3yueHue MWHAMUKHU COAEPIKAHUSA PACTBOPU-
MBIX YTJIEBOZOB IOKAa3aJ0, YTO B Mae IIepe3MMOBAaBIIINE JIUCThS BEU-
HOBeJIEHBIX BHUO0B XapaKTepPU30BaJINCh BHICOKUM YPOBHEM CaXapoB.
B seTHU# nmeproj KOHIEHTPALUS YIJIEBOJAOB B JUCThS HOBOU I'eHe-
pamuu coxpaHdAJgach Ha BBICOKOM ypoBHe y P. rotundifolia, a y Ky-
crapauuka V. vitis-idaea — cum:Kajgach mouTu B ABa pasa. Comep-
JKaHMe caxXapoB B KOPHEBHUINAX BospacTayio B 1.5-2.5 pasa B oceH-
HUU IIepuo He 3aBMCHUMO OT PUTMA CE30HHOTO PAa3BUTUS PACTEHUIA.

B mesom, ananms comeprkaHUs HECTPYKTYPHBIX YIJIEBOJOB IIO-
KasaJ, 4TO JieTHe3eJieHble BUABI XapaKTepPU30BaJIUCh 0oJiee BBICO-
KUM (DOHIOM PaCTBOPUMBIX YIJIEBOJOB B KOPHEBUIIAX, HO CYIIe-
CTBEHHO YCTYIIaJii BEUHO3EJEHBIM PAacCTeHHUAM II0 COIAEePIKaHUIO0 ca-
XapoB B JUCTbAX. OUueBUIHO, UTO HU3KAA KOHIIEHTPAIIUA CaXapoB B
JUCTBbAX KOPOTKOBETETUPYIOIUX PACTEHUN SBJISETCS PE3yIbTaTOM
BBICOKOII CKOPOCTY OKMCJIEHUA CaxapoB B Pe3yJbTaTe MHTEHCUBHO-
ro IBIXaHUA W aKTUBHOIO TPAHCIIOPTA YIJIEBOJAOB B AKIIEIITOPHBIE
OpraHbl — KOpHEBHIIa U MOJOJbIe Po3eTKu. CKOPOCTh pocTa M MH-
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TEHCHUBHOCTD IbIXaHUSA MOJOABIX JINCTHEB 1 KopHeBuir A. millefoli-
um Belltie, ueM y P. rotundifolia (MacaoBa u ap., 2010a).
Hakonienne HU3KOMOJIEKYJIAPHBIX CaXapoB B JUCTHAX BEUHO-
3€JIEHbIX DPACTEeHUI IPOWCXOAUT, OUEBUIHO, B Pe3yJbTaTe TOPMO-
JKeHUA TPAHCIOPTA M 3a CUET MeAJIEHHOTO KCIIOJIb30BaHUA Ha POCT,
IbIXaHNe aKIeITOPHBIX OpraHoB — KopHeBuil. Taxk, y V. vitis-idaea
3HAUUTEJbHAS YaCTh ACCUMUJIATOB MEIMOHUPOBAJACh B MHOTOJIET-
HUX HaJI3eMHBIX moberax, a y P. rotundifolia ncmosb3oBajach Ha
¢dopMUpPOBaHUE MOJOIBIX JUCTHEB, GPYHKIIMOHUPYIOIIUX B TeUEHUE
roga. 3UMYIOINE JUCTbA BEUHOBEJIEHBIX BUJOB SABJIAIOTCA OCHOB-
HBIM XPAHUJUINEM Pe3ePBHOT0 IyJja aCCUMUJIATOB U (PUTOTOPMO-
HOB [IJISI POCTAa JINCTHEB HOBOM I'eHepalluy B BECEHHUU IIePUO/I.
IMocrdorocunreruueckoe pacmnpenenenue Cl4-accumMmuiaaTos.
BroiAB/IeHBI 3HAUUTEJbHBIE PA3JUUYUA Yy PACTEHUI C PAa3HBIM PUT-
MOM CE30HHOTO DPa3BUTHUSA B CKOPOCTH IIOTJIOIIEHWS M XapakKTepe
pacmpenesieHnuA aCCUMUJINPOBAHHOrO yriaepoaa. O6 MHTEHCUBHOCTU
ACCUMUJIAINYU OTAEJbHBIX OPTraHOB MOMKHO CYAUTh IO UX YAEJTb-
HOIl pammoaxkTuBHOCTH (YP) cpasy mocie sKcmo3uiiuu B aTmocde-
pe “CO,. JIucTba JeTHe3eNeHbIX BUIOB ACCUMUIUPOBATIM GOsbIITe
“CO,, uem BeuHoseneHble (puc. 42). Bmecre ¢ TeM, acCUMUIUDPY-
I0I[asA CIOCOOHOCTh JIUCTHEB 3UMHE3EJEeHOT'0 TPaBAHUCTOT'O MHOTO-
aetraukra P. rotundifolia 6bl1a 3HAUUTEIBHO BBINIE, UYeM y BeUHO3e-
JeHoro Kycrapuuuka V. vitis-idaea. Cyas mo Benuuuue YP, mepe-
suMoBaBIMe JucTba P. rotundifolia accumunuposanu *CO, uaTeH-
CUBHEe MOJIOJBIX JINCThEB (hopMupymolreiica poserku (350 mporus
40 umn. muH./100 Mr cyxoit macchkl). B KOopHEBHUIla BCeX MCCIIENO-
BaAHHBIX BHUIOB B IepPBBLIe YACHI MOCJE ACCUMUIAIUYA MeTKa IIOCTY-
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H
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umIL.MuH/ 100 MT cyXoii Macchl

0
M arvensis  A. millefolium P rotundifolia V. vitis-idaea
Pwuc. 42. YgenbHasa akTMBHOCTb NNCTLEB Cpa3dy Nocrne 3KCno3unumMm KOPHEBULLL-
HbIX pacTeHuin B atmocdepe ¢ “CO,, 2006 r.

Fig. 42. Specific activity of leaves immediately after exposure of long-rhizome-
forming plants in the atmosphere with "“CO,, 2006.
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maja caabo, 0 YeM CBUAETEJLCTBYeT UX Huskasa YP (B cpeguem 25
umi. muH./100 Mr cyxoi macchl).

Y nerHesesmeHbIX pacTeHuit M. arvensis u A. millefolium B nu-
CTBAX CPasy Iocje BKCIo3umuu B armocdepe ¢ '“CO, Haxommmoch
ceeirre 80% morsomenuoro yriaepoxa (puc. 43). B KopmeBuimax
obuapysxero 6-10% comep:kaleiica B pacTeHuyu MeTKu. depes aBe
Hemenau noas “C-acCUMUIIATOB B IOA3EMHBIX OPraHAX yBeJIUYMBa-
Jach, HO ObLIa B 1.5-2 pasa HMIKe MO CPAaBHEHUIO C HAJ3€MHBLIMU.
Yepes Mecsl] 3HAUUTEIbHAA YacTh MeTKU y A. millefolium OvLi1a co-
CpefoTOoUYeHA B PO3ETKAX JINCThEeB (DOPMUPYIOIIUXCA CAPMEHTOB, a Y
M. arvensis — B MOJIOABIX KopHeBuInax. CiaemoBaTeibHO, B IIEPUOT,
BereTaTHBHOTO pocTa pactenus A. millefolium MCIONB3YIOT YIVIEPOL
B OCHOBHOM Ha (opMHUPOBaHVE BHOBL 00Pa3yIOIIUXCA HAI3eMHBIX
moberoB, M. arvensis — Ha POCT MOJOABIX KOPHEBUII.

3uMHe- ¥ BeUHO3eJIeHbIe BUIbI, ¥ KOTOPBIX JUCTBA COXPaH:-
IOT JKU3HECIIOCOOHOCTH IIOCJIE€ IIEPE3MMOBKU, MMEIOT MHOM Xapak-
Tep pacupezneaeHusa yriaepoza. ¥ P. rotundifolia cpasy mocie BBe-
IeHusA paguoakTuBHOM mMeTKu 80% “C-accuMUIATOB 00HAPYIKEHO
B IIepe3sMMOBABIIUX JUCTbAX (puc. 44). HauanbHBIN POCT MOJIOABIX
JIUCTHEB POUCXOANJ B OCHOBHOM 3a CUET aCCUMUJIATOB, IIOCTYIIA0-
IUX U3 MIPOILJIOTOAHUX JuCTheB. Uepes 10 mueil B IPOIIIOTOTHUX
JNCThAX Haxowiaoch 50% MeTKH, a B MOJOABIX JUCTBAX — 20%
OT O0IIero KOJIMYeCTBa METKU B pacTeHuu. depes MeCsIl II0CJIe dKC-
no3unuu GoJsbiias yacth MeTku (60% ) sokasm3oBasach BO BHOBb
00pa3oBaHHBIX HAA3EMHBLIX OpraHax. B MoA3eMHBIX OpraHax pac-
Teuuii P. rotundifolia ne-
moHUpoOBasIoch 0Koao 30%

yriepoza, 6omee 10% xo-
TOPOTO0 HAXOAWJIOCH B MO-
JOABIX KOPHEBUIIAX.
Puc. 43. Pacnpegenenve
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4C-yrnepoga no opraHam KopHe-
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4C, % OT LENmoro pacTeHHs
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BpeMs nocie 3KCMO3HIHE, CYT BULLHbIX paCTEHI/IVI C nertHesene-
o HbIM  dpeHopuTmoTmnom, 2006 r.
Yenihaunvensds 1-6 — cTapble KOpHEBWLLA, MO-
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stems, (4) leaves, (5) reproduc-
0 17 tive organs, (6) young leaves of
BpeMs noc1e SKCTO3HITHH, CyT sarment, 2006.
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5 nopble KOpHeBuLa, cTebnu, nu-
CTb$l, reHepaTuBHbIe opraHbl, MO-
4 nopble po3eTKN MUCTbEB CapMeH-

TOB.
Fig. 43. "“C distribution to
2 organs of summergreen long-rhi-
2 zome-forming plants. (1) Old rhi-
zomes, (2) young rhizomes, (3)
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Puc. 44. PacnpegeneHue Pyrola rotundifolia
“C-yrnepoga no opraHam AnvH-
HOKOPHEBULLHbLIX PACTEHUI C BEY-
Ho3eneHbIM  PEHOPUTMOTMUMOM,
2006rT. 1, 2, 3, 4, 5, 6 — nepe3nmo-
BaBLUME NUCTbA U CTebnu, KopHe-
BULLA, MOMOAbIe NUCTbS U CTebNH,
MOIoAble KOPHEBULLA.

Fig. 44. "*C distribution to or-
gans of evergreen long-rhizome-
forming plants. (7) Evergreen lea-
ves, (2) evergreen stems, (3) rhi-
zomes, (4) young leaves, (5)
young stems, (6) young rhizomes,
2006.
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BPEMA IIOCJIE 3KCIIO3HIHH, CYT

Vaccinium vitis-idaea
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Y BeuHO3eJIEHOTO KY-
crapanuka V. vitis-idaea oT-
TOK aCCUMUJISTOB BO BHOBb
oOpaasyiolirecsa HaJI3eMHbIe
moberu MPOUCXOAUT Me-
JIEHHO (pI/IC. 44) IIepes 10 BPEMA II0CTIE 3KCIO3HIHH, CYT
CYT B MOJIOABIX JIMCThAX
V. vitis-idaea obHapy:xeHo MeHee 5% '“C, comepixalerocs B pacre-
nusx. OCHOBHasI JOJIsI yrijiepoja IelIOHMPOBaIach B II€PE3NMOBAB-
IIUX JUCThAX W CTE0JISIX BEUHO3EJEHOT0 KyCTapHUYKa, a 3aTeM, ua-
CTHUYHO HCIIOJIb30BAJACh Ha POCT HAJA3E€MHBIX IIOOETrOB TEKYIIErO I'O-
na. Jdaske uepes MecdAll sHauuTeabHas yacThb *C (50% ) ocraBaiachk B
CTeOJIAX U JIMCTHAX IPOIILILIX JIET.

Taxum 06pa3oM, UCCAETOBAHUS MTOKA3aJUd 3HAUUTEJbHBIE Pas-
JINYUSA Y PACTEHUI C PABHBIM PUTMOM CE30HHOTO PA3BUTHUS B CKOPO-
CTHU TIOTJIOIIEHUSI U XapaKTepe pacipelesieHus acCUMUINPOBAHHO-
ro yriepoga. JIucThs JeTHe3eJeHbIX BAAOB XapaKTePU30BaInuCh 00-
Jiee BBICOKOI accumusanuei “CO, 10 CPaBHEHNIO C BEYHO3EIEHBIMHI
BHUJAMU, UTO MOYKET CBUIETEJILCTBOBATE O 0OJIbIIIE NHTEHCUBHOCTH
(oToCMHTE3a KOPOTKOBETETUPYIOMNX pacTeHuil. Tak, JmcThba Jiet-
HeseJIeHBIX pacreHuii Betonica officinale, Artemisia abscinthium
dorocuHTesupoBanu co ckopocthio 10-30 mr C/r cyxoii macchl 4,
uyTo B 5-15 pas Gosiblile, YeM JUCTHSA BEUHO3€JEHBIX BUIOB P. Pyro-
la (IIbaakoB u Ap., 2000). ITo MOKeET OBLITH 00YCJIOBIEHO AHATOMO-
MOPQMOJIOTUUECKUMU OCOOEHHOCTAMM JIUCTHEB PACTEHUH C Pa3HBIM
deHOPUTMOTHUIIOM. ¥ BHUOB, BETeTUPYIOIUX KPYIJIBII I'OM, YBEJU-
YyuBaeTCAd O0JIA He(GOTOCUHTE3UPYIOIIUX TKaHel (KYTHUKYJIbI, SIIU-
IepMuca, CKJIEPeHXUMbI) B JINCTE, B Pe3yJbTaTe uero CHUKAETCS
cxopocts accumunanuu CO, (Ilbankos u ap., 2000).

Y M. arvensis cyliecTBeHHAsA YaCTh aCCUMUJIATOB UCIIOJIb3yeT-
Cs Ha POCT MOJIOABIX KOPHEBUII[, UTO HPUBOAUT K €XKEerOJHOM MOp-
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dosroruyeckoil JesMHTErpaluu pacTeHuil, crocodCcTByoIeli 060co-
O0JIEHUIO 1 CAMOCTOATEJIbHOMY CYIIIeCTBOBAaHUIO ocobeit. Y A. mille-
folium, 50% KOpHEBUI] KOTOPOTO SABJAIOTCA CAPMEHTaAMH — IIOJ-
3eMHBIMU TT0o6eraMu C AUATPOIHO-OPTOTPONHOIN OpHeHTamuei po-
cra, 0OJIbIIIAS YacTh YIJIEPOLa MCIIOJIb3yeTCA Ha (hopMUPOBAHTE HO-
BOUM aCCHUMMUJIMPYIOINEeli IOBEPXHOCTH CAapMEHTOB, Ky/Ja W IOCTyIIa-
eT sHauuTeJbHad gouas “C-accumuiaarosB. Y P. rotundifolia ocHOB-
Hasg YacTh yIJjepoja IPUXOoAujach Ha (popMUpPOBaHIE HOBOU PO3eT-
KU JINCTHEB, PYHKIIMOHUPYIOIEe B TeUeHe Toa. Y BEUHO3EJEHOTO
KycTapHUYKA V. vitis-idaea mucThbs QPYHKIMOHUPYIOT TPHU-UETHIPE
rozxa, mosromy 50% (OTOACCUMUISATOB 3aIIACAETCS B CTPYKTYPHBIX
9JIeMEeHTAaX JINCTheB U cTebJiell OJis UX MCI0JIb30BaHUSA HA POCT B OY-
ayIiem Tomy.

CyIecTByeT B3aMMOCBSA3b MEKAY TOPMOHAJIBHBIM CTATyCOM
MOA3eMHBIX TO0EroB, pacipeaeieHreM aCCUMUJINPOBAHHOTO yIJie-
polia ¥ PUTMOM CE30HHOTO PA3BUTHUA IIUHHOKODPHEBUIITHBIX pac-
TeHuii. Y JeTHe3eJeHBbIX PACTEeHUH, XapaKTepPU3YIOIINXCA CPAaBHU-
TeJIbHO BBICOKHMM YPOBHEM CBOOOAHBIX (DUTOTOPMOHOB B KOPHEBU-
1ax, HaIpaBJIeHHOCTb TPAHCIIOPTHBIX IIOTOKOB yrJiepoja CBA3aHa
C POCTOM TOA3eMHBIX IT00ETOB BO30OHOBJICEHUS CAPMEHTOB U KOpHe-
BUIll. Buabl pacTeHuii ¢ 3MMHE- ¥ BEUHO3€JEHBIM (DEHOPUTMOTUIIOM
3HAUUTEJbHYIO YAaCTh ACCUMUJISITOB MEIMOHUPYIOT B MHOTOJETHUX
HAI3eMHBIX II00erax WJIM HCHOJb3YIOT Ha (pOPMUPOBAHNE JIKUCTHEB,
GYHKIIMOHUPYIOIIUX B TEUEHUE r'ofla U XapPaKTepPUSYITCS HUIKOM
TOPMOHAJILHON aKTUBHOCTHIO B JIETHE-OCEHHUN ITEePUOI.



5. BJIMGHUE NPUPOAHbLIX N AHTPOMNOIEHHbIX PAKTOPOB
HA POCT, NPOAYKTUBHOCTb
N ®N3N0J10ro-sMOXMMNYECKUE XAPAKTEPUCTUKU
OJIMHHOKOPHEBMLLUHbIX MHOIOJIETHUKOB

YcToiiunBOCTb PacTeHUN K MPUPOAHBIM M aHTPOTIOTEHHBIM (haK-
TOpaM 3aBUCHUT OT BUAOBBLIX 0COOEHHOCTEN OpranmsMa, ero ;KU3HeH-
HOI cTrpareruu. KopHeBUIIHbIE 3JIaKOBbIEe MHOTOJIETHUKH XapaKTe-
PUBYIOTCA BBICOKOI YCTONUMBOCTBHIO, KOHKYPEHTOCIOCOOHOCTHIO U
IPOAYKTUBHOCTHIO, OIIPENeIA0IINX caMOIoAnepKaHue (hUTOIeHO-
30B, YCIEITHO aNalTUPYIOTCA K HeOJarompUATHBIM YCJIOBUSAM Cpe-
IBI O;aromapA CIOCOOHOCTH K BEreTaTHUBHOMY Pa3MHOMKEHUSA, (op-
MUPOBAHUIO MOIITHOM CETH TMOA3eMHBIX KOPHEBUII. B ¢cBA3W ¢ aTUM
BOBHHKAET HEOO0XOAMMOCTH MCCJIEIOBAHUS POCTAa U IPOAYKTHUBHO-
CTU STOH TPYIILI PACTEHUI B PA3JIUUYHBIX 9KOJOTMUECKUX YCJIOBU-
sIX, BBIABJIEHNE (DM3UOJIOTO-0MOXUMUYECKUX MeXaHU3MOB YCTONU-
BOCTH, POJIX TOA3eMHOI0O MeTaMepPHOI'0 KOMILJIeKca B ajalTalluu K
HeOJIaronpUATHBIM (paKTOpaM PasIUUHOMN ITPUPOIHI.

5.1. MpoAayKTUBHOCTb AJIMHHOKOPHEBULLHOIO 3J1aKa
Bromopsis inermis B pa3HbIX 9KOJIOr0-LLeHOTUYECKUX YCIIOBUSAX

JoMuHaHTaMM JIYyTOBBIX COOOIIECTB IIOMMBI CEBEPHBIX PEK AB-
JIAIOTCA MHOTOJIETHVE KOPHEBUIIIHBIE TPABBI, HOJSI KOTOPBIX B Tpa-
Bocroe MoskeT cocTaBiaATh 80-90% (Ilomosa, 2008). B ycnoBusax
MMOMMEHHBIX 9KOTOIOB KOPHEBUIIIHbIE PACTEHUS CIIOCOOHBI OBICTPO
OTpacTaTh, 3aKPEIIATHCA U 3aHUMATh ITIOBEPXHOCTU 13 PEUHOTO aJji-
JIIOBUA TOcJie maBoaka. OLHUM M3 TaKUX BUAOB ABJISIETCA KOCTPEI]
6esocTeili (Bromopsis inermis) — IIUHHOKOPHEBUIITHBIA 3JaKOBBIH
MHOTOJIETHUK, XapaKTePU3yeTcsA MHTEHCUBHBIM CEeMEHHBIM U Bere-
TAaTUBHBIM DPa3MHOYKEHUEM, BBICOKON YPOYKAWHOCTHIO, TOJTOJIETH-
em. IIpencraBisgeT wWHTEepec M3yUEHUE CTPYKTYPBI, TPONYKTUBHO-
CTU IOMMEHHBIX COOOIIECTB ¢ AOMUHUPOBaHUEeM Bromopsis inermis
u u3MeHeHUuda MOP(podU3UOJIOTUUECKUX TapaMeTPOB 1 HAaKOILJIeHUA
01oMacchl 9TOTO0 BHJAa B 3aBUCUMOCTH OT 3KOJIOTO-I[EHOTUUYECKUX
YCJIOBUM.

UccnemoBanmsa ObLIM TPOBeAEHBI HA Jyrax AOJWUHBI CpeIHe-
ro TeueHus p. Bbruerma Ha oro-socroke Pecnybaumkum Komu (61°
54' c.11.). McenemoBaniu pacTUTeIbHBIE COODOINECTBA C JOMUHUPOBA-
HUEeM AJVNHHOKOPHEBUIITHOTO 3jJaka Bromopsis inermis Ha pa3HbBIX
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YPOBHAX: B IIPUPEUYHOM 30HE IMOWMBI (IecuyaHO-CyIeCcUYaHbIN aJlIio-
BUil), cpeJHell 30He MONMBI (CyIecuaHO-CYyTJIMHUCTBIN aJII0BUil) U
Ha CTApOIIOMMEHHOUW IPUMAaTEPUKOBOII Tepacce (CYTJIMHUCTHIN aji-
goBuit) (Ariac mous..., 2010). AHaIU3 COOTHOIIEHUA arpoduoJIo-
TMYeCKUX IPYIIN B COCTABE TPABOCTOS KOCTPEI[OBBLIX JIYI'OB ITOKA3BI-
BaeT 3HAUUTEJbHYIO 00 3;1aKoB (82-98%) u, mpesxme Bcero, mo-
MuHaHTa — B. inermis (Tta6u. 26).

Ananus MONMeHHBIX JYTOB ¢ JOMUHUPOBaHUEM B. inermis BbI-
SIBUJI CYIIIECTBEHHBIE PA3INYUA B IPOAYKTUBHOCTU coo0b1iecTB. Co-
00IIIeCTBO IIPUPEYHOI B30HBI PACIIOJIOYKEHO Ha IECUAHOM AaJIIIOBUU
(pH 5.2), oTtHOCUTCS K BapumaHTy inops accomuanuu Bromopside-
tum inermis Sipaylova, Shelyag et V. Solomakha 1982 (MacJioBa u
op., 2012). BugoBasa HaCBIIIIEHHOCTh COOOIIECTBA COCTABJISAIA IATH
BUOB Ha MPOOHOI miomnagu. I[IpoAyKTUBHOCTS HaZ3eMHOI GuoMac-
cel B. inermis 6ws11a 60 /M2,

Coo0011eCTBO CpeHell 30HBI ITIOMMBI PACIIOJIOKEHO Ha I'PUBE BHI-
coroit 0.5 m. IlouBa mepHOBO-IyroBas Ha CYIJIMHHCTOM AaJIIIOBUU,
IoJCTHUJIaeMOM Ileckamu, Kuciaas, pH 4.8. CoobiiecTBo 0OTHOCUTCS
K accoruamnuu Bromopsi inermis—Alopecuretum pratensis Mirk. in
Denis. et al. 1986 (MacsioBa u ap., 2012). BugoBas HacChIIIeHHOCTD
¢uTrorieHosa — 26 BUIOB COCYIUCTBIX PACTeHUH Ha MPOOHOI IIJIoIa-
ou, ypoxkaiaocTh — 320 r/m2. CoOBIIECTBO UCIONIL3YETCA KaK CeHO-
Koc. IIpogyKTUBHOCTD Hai3eMHOM Ouomacchl Bromopsis inermis co-
craBisia B cpenuem 255 r/m2, momxzemuoi — 1410 r/m? (tabua. 27).
B pesysnbTaTe COOTHOIIEHUE ITOA3€MHOI YacTU K HaJA3eMHOI OBLIO
BBICOKUM ¥ COCTAaBJIAJO B cpenHeM 5.8. PazBuTrue G0OJIBIIOI TOA3€M-
HO¥M Macchl Ha IIOMMEHHOM JIYT'y MOJKET OBITh CBSBAHO C XOPOIIUM
YBJIQ)KHEHNEM U JOCTATKOM IUTATEJIbHBIX BEIECTB HA AJIIIOBUAJb-
HBIX JePHOBBIX mouBax. Ha Taxux mouBax ()OPMUDPYETCsS ILIOTHAS
IePHUHA C XOPOIIO PA3BUTHIM T'yMYCOAKKYMYJIATUBHBIM TOPU30H-
ToM MoIHOCThIO 10 20-30 cm (ATnac mous..., 2010). Ciaenyer ot-
METHUTb, UTO OOJBIINHCTBO BUAOB PACCMATPUBAEMOTr0 9KOTOIIA IIPU-
HaJJIe}KaT K MHOTOJIETHUM TPaBAHUCTBIM PACTEHUAM C KOPOTKUMU
v gauHEBIMYU KopHeBuiamu (70-90% ).

Tabnuya 26
CooTHolleHMe pa3HbIX arpobuonornyeckux rpynn
B coo6uiecTBax ¢ AOMUHUPOBaHMeM Bromopsis inermis
B pa3Hbix 3koTonax B 2004 r., %

OkoTonbl
Arpobuonorudeckas rpynna | MNpupeyHas 3oHa | CpegHsas 3oHa | CtaponoiMeHHas
novMbl noviMbl Teppaca

3naku, U3 HuX: 98 82 97
Bromopsis inermis 100 78 94
Pa3HoTpaBbe 1 13 2
BoboBble - 4 0.5

Ocoku 1 XBoLm 1 1 0.5
YpoxanHocTb, r/m? 60 320 430
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Tabnuya 27

MpoAyKTMBHOCTL NONMEHHbIX nyroB p. Beluerga
Cc AOMUHUpPOBaHueM Bromopsis inermis B 2004 r.

MapameTp CpefHsia 30Ha Novmbl CraponoiimeHHas
Teppaca
HapnsemHas 6uomacca, r/m? 255.2 + 39.6 364.0 + 66.4
MogsemHas 6uomacca, r/m? 1410.8 + 177.2 534.4 + 100.4
MNoaseMHas/Hag3emHas Guomacca 5.8+0.8 1.5+0.3
HapsemHasi macca B. inermis, % 326+5.0 459+1.5
MopsemHas macca B. inermis, % — 46.7 £ 4.8

ITouBBI cTapONOIMEHHOU Teppachl, BBIIIEAINIEN U3 30HBI 3aJIU-
BaHUA, NEePHOBO-JIYroBble Ha cyraumHucToM asrioBuu ¢ pH 4.8. Co-
00IIIecTBO CTapPOIIOMMEHHOM Tepacchl OTHOCUTCS K BapuauTy typi-
cum accornuanuu Bromopsidetum inermis Sipaylova, Shelyag et
V. Solomakha 1982 (MacisoBa u ap., 2012). YpoxxaiiHOCTs cOCTaB-
asana 430 r/m2. CoobIIecTBO MCIIOAL3YeTCA KaK CEHOKOC M IacTOu’-
mte. IIpoayKTUBHOCTh HaA3eMHOM 6uoMacchbl Bromopsis inermis Obl-
Ja B cpegaem 360 r/m2, uro Ha 30% GoJbIlle II0 CPABHEHUIO C IIPU-
TEepPacHBIM JIYI'OM cpegHell 30HbI mMOUMBI (Tabis. 28). OrHoleHME
MMoA3eMHOI (uTOMAacChl K HaJA3€MHOI OBLIO IIOUTH B UEThIPE pasa
MeHBbIIle, YeM Ha JYI'y B CpelHeil 30He, UTO OOYCJIOBJIEHO 3HAUM-
TeJbHBIM CHUXKEHUEM IT0J3€MHOM MaccChl.

B BaBucumMOCTH OT 9KOJIOTMYECKUX YCJOBUI IIPOU3PACTAHISI
mossa B. inermis BapbupoBasia or 30 mo 45% (raba. 28). Ha mpu-
TeppacHOM JIyT'y CpedHeli 30HbI IIOMMbI HaJ3eMHAas YacTh PAcTeHUIt
cocTaBissia B cpegaeM 33% OT Bceill MIIOMIaAKu, Ha JYT'y CTapOIO¥i-
MeHHOM Teppackl — 46% .

CpaBHUTEJBHBIN aHAIU3 MOP(HOIOTUUECKUX XaPAKTEPUCTUK
pactenuii B. inermis, Ipou3pacTamInuX Ha CTAPOIONMEHHOU Tep-
pace M B IPUPEUYHON 30HEe HA IIECYAHOM AaJLIIOBUM, IIOKA3aJl, UTO
B YCJIOBUAX O€IHBIX IIOUB IMPUPEUHOM 30HBI IPOUCXOIUJIO CHUMKE-
HUe MOP(GOMETPUUECKUX ITapaAMETPOB U MPOAYKTUBHOCTU PaCTEHUI
(Tabxa. 28). PacTeHusa mpupeuHoil 30HBI (OPMUPOBATIU B ABa-UETHIPE
pasa MeHbIlle TeHePATUBHBLIX M BEeTeTAaTUBHBLIX ITOOETOB IO CpaBHe-
HUIO C PACTEHUAMU CTAPOIOMMeHHON Teppackl. COOTHOIIIEHNE Bere-
TaTUBHBIE /TeHEPATUBHBIE T0OeTu OBLJIO MEHBINle Y PACTeHUH IpU-

Tabrnuya 28
Mopdocusmonornyeckue xapakTepucTuku pacteHu Bromopsis inermis
M3 pa3HbIX 3KoTonos, 2004 r.

n [MpupeyHas 3oHa CraponovimeHHas
apameTp o

NnoviMbl Teppaca
Yucno reHepaTuBHbIX Nob6eros, LWT./M? 452 +10.4 114.0 £ 50.4
Yucno BeretatuBHbIX Noberos, LWT./M? 82.0+17.6 368.0 + 74.8
[nvHa HagseMHbIX noberos, cMm 66.1+6.4 67.3+5.9
Yuncno nucteeB Ha nobere, LWT. 4.2+0.3 4.7+0.4
Mnowaab NucTbes, AM?/M? 30.0+0.8 137.6 £ 30.4
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PEYHOT0 9KOTOIIa, YTO CBUAETEJTbCTBYET O MeHee MHTEHCUBHOM (op-
MUPOBAHUM BETETATHUBHBLIX II00ETOB B YCJOBUAX IIECUAHOTO AJIJIIO-
BUsI, YeM Ha CTAapOIOMMEeHHOM Jyry. PacTeHus IPUPEUHON B30HBI
UMeJIM MEHBITYI0 IJIOMIaAh JUCTHEB, HO YKCJIO JUCTHEB Ha Iobere
He 3aBUCEJIO OT 9KOJIOTO-IIEHOTUUECKUX yCcJI0oBUi. [IpOAyKTUBHOCTD
HaJ3eMHON M TOA3eMHOII MacChl pacTeHWI, MPOMU3PACTAIOIIUX HAa
ImecyaHoM aJIIIoBUU, ObLJIa B TPU pasa MEHBINIE II0 CPAaBHEHUIO C
pacTeHUAMHU MOMMeHHOH 30HBI. CliefyeT OTMETUTDH, UYTO COOTHOIIIE-
HIUe HaJ3eMHasd/Iof3eMHasa Macca He 3aBUCEJIO OT SKOJIOr0-IeHOTH-
YeCKUX YCJIOBUM U COCTABIANO B cpepueM 1.5 (tabu. 29). Koppemnsa-
IIMOHHBIA aHAJINU3 BBIABUJ CUJIbHYIO cBA3b (r = 0.80) unucsa Berera-
TUBHBIX HAJ3€MHBIX IO0ETOB M MacChl KOPHEBUII] pacTeHuil B. iner-
mis: yeM WHTEHCUBHEe POCT HaJ3eMHBIX I100eroB, Te€M OOJIBIIYIO
6uomaccy (GOpMHUPYIOT KOPHEBHUINla. B IeJloM CHUKEHUE IIPOAYK-
TUBHOCTU pacTeHuii B. inermis B coo0IllecTBaX IIPUPEUHON 30HBI
Ha MeCYaHOM aJIIOBUU MOJKET OBITH CBSA3SAHO C HEJOCTATKOM MUHE-
PaJbHBIX BJIEMEHTOB U 00Jjiee HU3KOI BJIAMKHOCTHIO ITOUBBI IO CPAaB-
HEHHUIO CO CTAPOIIOMEHHOU Teppacoii.

CKOpOCTh ABIXaHUSA ABJSIETCA XOPOIIUM IoKasaTeseM MeTabo-
JUYECKON aKTWBHOCTU U €e M3MEHEHWU MO AelCTBUEM YCJIOBUIL
cpenbl (TomoBko, 1999). ITokasaHo, UTO JUCThS pacTeHU# B. iner-
mis, IPOM3PaCTAIOIINX B MPUPEYHOIN 30HE, XaPaKTEPU30BATIUCH Me-
Hee WHTEHCUBHBIM [OBIXaHWEM II0 CPABHEHUIO C PACTEHUAMU CTa-
pormoiiMenHo# Teppacsl (puc. 45). B moasemHuo#l uacTu HaOJI0gAIN
00paTHYI0 3aKOHOMEPHOCTh: IbIXaTeJbHasa CIOCOOHOCTh KOPHEBUII]
pacTeHUI Ha MEeCUaHOM aJIJIIOBUU ObLIa B TPU Pasa 60JbIIle 110 CpaB-
HEHUIO C PACTEHUSIMHU CO CTAPOIIONMEHHOU Teppackl. ITpm aTom mo-
3eMHBIe OpPTaHbI PACTEHUN, TPOM3PACTAIOINX HA MECUAHOM AJLJIIO-
BUU, HAKAIJIWBAJIW 3HAUNTEJIbHO MEHBIIYI0 OMoMaccy, 4YeM pacTe-
HUSA CTAPOIIONMEHHOrO JyTa.

Takum 00pas3oM, M3yUeHHEe COOTHOIIEHUS arpo0MOJIOrMYecKUX
TPYII B COCTaBe KOCTPEIOBBLIX JIYI'OB B JOJIMHE CPEIHETO TeYeHUS
p. Briuerga mokasajsio 3sHAUUTEIBHYIO JOJI0 KOCTpella 6e30CTOro —
Bromopsis inermis. IIpoLfyKTUBHOCTh HaJ3eMHOI OMOMACCHI IIOi-
MEHHBIX JIYTOB C JOMHUHUPOBaHUeM B. inermis BapbupoBajaa oT 60

Tabnuuya 29
BnusiHue 3Kkonoro-LeHOTMYeCKUX YCIIOBUMN
Ha NPOAYKTUBHOCTb pacTeHuit Bromopsis inermis B 2004 r., r/m?

o o CraponoiiMmeHHas
praH pacteHusi MpupeyHas 3o0Ha NoViMbl

Teppaca
Jlnctbs 19.1+0.5 574 +11.4
Crebnu 32.6 £5.6 94.7 +20.4
MeTenku 7.0+0.6 16.6 £ 2.7
KopHeBsuLya 87.4 +33.0 252.7 £55.7
Llenoe pacrteHne 146.1 421.4
MopsemHas/Hag3emHas buomacca 1.4+0.3 1.5+05

118




b
(=]
1

)
o)
1
—t—

>

(=)
1

[SY

Brinenenune CO,,
MT/T CyX0# MaccHl 4
— —
= n
1 L

(==}
W
1

0 -
IIpupeunast 30Ha HOHAMBI CraponoiiMeHHbIi JIyT

Puc. 45. VIHTeHCMBHOCTL AbixaHusa nuctbeB (1) u kopHeBuw, (2) Bromopsis
inermis B 3aBMCUMOCTW OT 9KOIOro-LEeHOTUYECKNX YCIOBUN.

Fig. 45. Respiration rate of the leaves (1) and rhizomes (2) of Bromopsis iner-
mis plants depending on cenotic conditions.

1m0 430 r/m? B 3aBUCUMOCTH OT YPOBHs Mo¥MbI. HaubosbImei mpo-
IYKTUBHOCTHIO HAJA3€MHOM MAaCChl XapaKTepU30BaJICSI CTapPOIOM-
MEeHHBII JIyT Ha Teppace. BbIcOKoOe BuA0BOe pasHooOpasue m 00JIb-
110€e pas3BUTHE IIOJ3E€MHONM MAacCChl OTMEUYEHBI IJA IIPUTEPPACHOTO
Jyra cpeiHeil 30HBI IIOMMBI, PACIIOJOKEHHOTO Ha AJJIIOBUATbHBIX
IEePHOBBIX IIOYBAX C XOPOIIMM YyBJAaKHEHWEM U DOCTATKOM IIWTAa-
TeJBbHBIX BelecTB. IIpOAyKTUBHOCTL KOCTpeIria 6€30CTOTO B U3ydae-
MBIX coobIimecTBax Bapbuposasa or 60 mo 360 r/m2. Beicokas mpo-
IYKTUBHOCTH HAJA3€MHOUW Macchkl B. inermis, (popMupoBaHue 3Ha-
YUTEJHHOTO KOJIMUECTBa BETreTATHUBHBLIX II00Er0OB U ILJIOIALU JI-
CThEB IIOKA3aHBI IJIs COOOIIeCTBa CTapomoiiMeHHO# Teppackl. Ham-
0oJiee HU3KKE POCTOBBIE XapPaKTEPUCTUKY BHIABJIEHBI IJIA PACTEHUHN
B. inermis, mpou3pacTaoIx B IPUPEYHO! 30HEe Ha IIeCUaHOM aJj-
JIIOBUY, TJle POCT JUMUTHUPOBAH IPE’KIe BCEro HEeIOCTATKOM MUHE-
panbHBIX djeMeHTOB. Ha (oHe 6oJsiee HM3KOW OMOMACCHI IIOA3€M-
HBIX 0OEroB pacTeHUH, MPOU3PACTAIOIINX HA IIeCUaHOM aJIJIIOBUU,
IIOKas3aHa BBICOKAA JbIXaTeJbHAas CIIOCOOHOCTH KOPHEBUII] IIO0 CPaB-
HEHUIO C BRICOKOIPOAYKTUBHBIMU COOOIIIECTBAMM, UTO MOJKET OBITH
CBSI3aHO C MOJJEpP’KaHUEM YPOBHS MeTab0INYeCKON aKTHUBHOCTHU B
yCJIOBUAX OEIHBIX ITOYB.

5.2. BnusHue aHTponoreHHbiX ¢akTopoB
Ha pocT U PM310Noro-6MoOXUMHUYECKme XapakKTepPUCcTUKN
AJIMHHOKOPHEBULLHbIX MHOI0OJIETHUX 3J1aKOB

MuoroJsieTHUE 3JIaKOBBIE TPaBhI, (HOPMUPYIOIITHME MOIIHYIO KOP-
HEBYIO CUCTEMY, YCTONUMUBEI K HEOJIarONPUATHBIM (DakTOpaM cpeibl,

He(PTAHOMY 3arpAa3HEHUIO0 U MEePCHeKTUBHBI A (GUTOPEKYJIbTUBA-
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nuu HapymieHHbIXx Teppuropuit (Korenwna m ap., 1998; Barnes,
1999; Haszapos, 1999; Epmoxkumosa u ap., 2009). Ina musyueHus
peakIuy pacTeHUH Ha JeifiCTBUE CTPECCOBBIX (PAKTOPOB MCIIOJIL3Y-
IOT IOKAa3aTeJW POCTa M HPOAYKTHUBHOCTU, (DH3UOJIOT0-0MOXUMUYE-
cKue mapaMerpsl. Hanbosiee nu(GOPMATUBHBIMY IJIS OLEHKU COCTO-
SAHUS PACTEHUUN U UX YCTOMUMBOCTU K JEMCTBUIO HEOJIAarompuATHBIX
haKTOpPOB SABJAAIOTCA MoKasareau (orocuHTesa, neixanusa (Larch-
er, 2003; T'osoBko u ap., 2007) U mapaMeTpbl, XapaKTepPU3yIOI{Ie
ypoBeHb oKmeauTeabHoro crpecca (Cxyropesa u ap., 2008; JIykart-
kuH, 2002).

5.2.1. Peakuusa Phalaroides arundinacea
Ha 3arpA3HeHHe MOYBBI HE(PTHIO

Hawu6osiee mepcrieKTUBHBIMY BUAAMU 1A (DUTOMEINOPAIIUY He-
(dTesarpsA3BHEHHBIX IIOYB CUMUTAIOTCA KOPHEBUIIIHBIE 3JIaKOBBIE TpAa-
BbI, UTO OOYCJIOBJIEHO CIIOCOOHOCTBIO STHUX PACTEHUI K BereTaTUB-
HOMY pasMHOKeHUI0, oopasoBaumio nepuuH (EtepesBckas, fpanie-
Ba, 1976; Tamesa u ap., 1990; Haszapos, 1999; Krishman et al.,
2000; Myparosa u ap., 2003; IIlamaeBa, 2007; EBgokumoBa u ap.,
2009). Braromapsa KOpHEBOIi CHCTEMe PaCTeHU YCKOPAIOT IPOIECChI
OUYMCTKU TIOYBBI, KOTOPAs CIOCOOCTBYET YCUJICHUIO Ta3000MeHa II0Y-
BBI, pa3BUTHIO HeTeoKucaaioneir mukpobuors! (Illamaesa, 2007).

st udyuenus: BIUAHUA HedTe3arpsA3HEHUA IIOYBBI B IIOJIEBOM
9KCIIEPUMEHTe Ha pocT pacteHuit Phalaroides arundinacea ncmioin-
3o0Basin BbicoOKUe KoHIeHTpanuu HedTu (50 m 100 r/Kr mOUBEHI),
OKAa3bIBAIOIIIe TOKCUYECKUH d(P(PeKT Ha paCTeHUdA, UTO IPOABJIA-
eTcs B IOJABJIEHUU ra30o00MeHa, CHU)KEHUUW COIEPIKaHUA ITUTMEH-
TOB, CBIPOTO IIPOTEeVHA ¥ B IIeJIOM IPOAYKTuUBHOCTU pacteHuit (Ce-
aeix, Uraarees, 2002; Kupeea u ap., 2006; Kireeva, Kuzyakh-
metov, 1998). Ha uwucroil u HedTe3arpA3HEeHHOH IIOUYBE BBIPAIIU-
Basnu pacreHus Phalaroides arundinacea BTOpOro rojma >KuU3HU: CO-
cynel oobemMoM 10 J1 3amOIHAIYN YUCTON WM HedTe3arpsasHEHHON
MOYBO M BKambIBaJu B 3eMJio. Ilepecasiky pacTeHuUil BTOPOTO TO-
Ila "KU3HU B COCY[bI IIPOBOAUJIN B KOHIE Masi, B (Dasy OTpacTaHUSA
(Macmosa u ap., 20100).

WccnenoBanus mokasaiau, UYTO 3arpsAsHeHHe HeMTHIO ITOYBHI
0Kas3aJjIo 3HAUUTeJbHOe BIUAHTE Ha (U3U0JIOTO-0MOXMMUYECKe TIa-
paMeTpwl pacteHuit P. arundinacea, BBICA’KEHHBIX KOPHEBUIIIAMU.
Yepes gBa MecAla mocje Hayajaa SKCIEPUMEHTa HaOII0JaIn YMEHb-
IIIEHUEe COIEPKAHUA XJIOPOMUJIJIOB ONBITHBIX PACTEHWIH, OCOOEHHO
mpu 10% -uHom sarpsasuenun (puc. 46). CHMIKeHre KOJIMYeCcTBa XJIO-
POGMUIIOB IPOUCXOAUIO KaK 3a CUeT XJOPOoMUJLIaA A, TAK U 34 CUET
xJiopopuiiia b. B pesysbraTre cOOTHOIIEHUA XJI a/b B OIBITE U KOH-
TpoJie OBLIM ONUHAKOBBIMU. TaKiKe He OOHAPY/KEHO pPasjnuuii B
STOT IIEPUOJ IO CONEPIKAHUI0 KAPOTHUHOWUIOB B JIMCTbAX OIIBITHBIX
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Puc. 46. CopepxaHvue nurMeHToB B nUCTbsAX Phalaroides arundinacea nog
BMMAHNEM HeTAHOrO 3arpsi3HeHns. 1 — KOHTponb (6e3 HedTn), 2 — 5% HedTn, 3 —
10% HedTU. * pasHULa MEXAY OMNbITOM U KOHTPOMEM CTaTUCTUYECKN 3Ha4Yuma, P <
0.05.

Fig. 46. Effects of oil contamination for pigment content in leaves of Phalaroi-
des arundinacea plants. (1) Control (without ail), (2) 5% oil, (3) 10% oil. * Differenc-
es are significant at P < 0.05.

¥ KOHTPOJbHBIX PACTeHUH. SHAUNTEIbHOE PA3INUYNe B COMEPIKAHNNI
MMATMEHTOB B OIBITe M KOHTPOJE OBLIO OTMEUEHO Uepes UeThIpe Me-
csdlla mocje Hauaja sKcrnepuMeHTa. B ombiTe ¢ 10% -HBIM HedTesa-
TpA3HEHUEM CyMMa XJOPO(MUJIIOB Obljia IIOUTH B Ba Pasa MEHbIIIE,
yeM B KOHTpoJsie. CHUIKEHUE COMep:KaHUA XJOPO(DUIIOB IPOMCXO-
IWJIO B OCHOBHOM 3a cueT xjopoduuana b (0.43 = 0.09 mr/r ceipoit
Maccewsl — KOoHTpoab mpotuB 0.32 = 0.05 — 5% -Hoe 3arpsasHenmue,
0.24 = 0.03 — 10% -Hoe sarpsasHenue). Yepes ueTbIpe MecsIla II0-
cjie HavaJla S9KCIIEPUMEHTa COJepsKaHNe KaPOTUHOUAOB B JUCTHAX
pacTeHUI Ha CUJIbHO3ArPASHEHHOM yJYacTKe OBbLJIO B lBa pa3a MEHb-
e, 4eM B KOHTPOJIE.
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Comepokanue XJ0POMUIIA B JIUCTbAX KOPPEJIUPYET C comeprKa-
HueM asora. JIuctea pacrenuii P. arundinacea XapaKTepu30BalnCh
3HAUUTEJbHBIM HaKoILieHueM aszora (3-4%), 4To 00yCJIOBIMBAET
BBICOKOE Cco/iep:KaHre MTUTMEeHTOB 1 MHTEeHCUBHBIN (POTOCUHTE3 pac-
reruii (Taba. 30, puc. 46; MacmoBa, TabameunkoBa, 2008).

Kounenrparnus o0Iero azora B JIUCThAX U KOPHAX OMIBITHBIX
pacTeHuii Oblja HOCTOBEPHO MEHBIIIE IO CPABHEHHIO C KOHTPOJIEM
(rabsn. 30). CHm)KeHMNe YPOBHS a30Ta B JUCTbAX, OCOOEHHO IIpPHU
10% -HOM BarpsA3HEHWH, COTJIACYeTCSA C YMEHBbIIIeHreM KOHIeHTpa-
Uy XJOPO(GUWIIIOB B JUCTHAX OUBITHBIX pacTeHuUil (puc. 44). 3a-
rpsi3HeHre IIOYBBI He()THI0 OKA3aJI0 CYIIIECTBEHHOE BJIMSHNE Ha CO-
IepiKaHUe a3oTa B KOPHAX: KOHIIEHTPAIUA a30Ta B KOPHSX OIIBIT-
HBIX pacTeHUil cHuKasach Ha 40% II0 CpaBHEHUIO C KOHTPOJIEM.

3HaunTeJbHAA YacThk 0011ero asora, ot 40 o 60% B 3aBUCHMO-
CTU OT OpraHa pacTeHusd, OblIa IpeAcTaBIeHa a30TOM AMUHOKUCIOT
OesnkoBOM (hpaknuu. Uepes ueThIpe MecAlla IIOCTe Hadajia dKCIe-
pUMeHTa cyMMapHOe cofep:kaHue 0esKoBbIXx amMmuHoKuciaorT (AK) B
JINCThSIX U KOPHSX OMNBITHBIX PACTEHUI CHUIKAJIOCh, OCOOEHHO IpU
10% -uom sarpsasHeruu (Tabsa. 30). Mosogble KOPHEBUIIA OMBITHBIX
Y KOHTPOJIbHBIX PACTEHUI MPaKTUUYECK! He Pas3JNuvaIUCh II0 CYM-
me AK, xorsa mpu 5% -HOM 3arpsisHEHUU MTOYBHI HE(THIO OTMeUasn
TeHIEeHIINIO K YBeJIWUYeHUI0 6eJKOBOI (pakiuu. B 1emom cHuKe-
Hue comep:xkanmus asora u cymmvmbl AK cBumeresabCTByeT O Hapylile-
HUU a30THOTO 00MeHa B PACTEHUAX, UTO IPUBOAUT K YMEHBIIEHUIO
KOHIIEHTPAI[UY MTUTMEHTOB U MOJaBJeHUI0 PAbOThl aCCUMUISAI[MOH-
HOT'O ammapara.

W3BecTHO, UTO MHOTHE CTPECCOPBI MHAYIIUPYIOT oOpas3oBaHIe
aKTHUBHBIX (OPM KHKCJIOPOAa, KOTOPHIEe BBIZBIBAIOT OKUCJIUTEb-

Tabrnuya 30
BriusiHne HepTsIHLIX 3arpA3HEHUin Ha coaepkatme obero asora (N ;)
n amuHokucnot (cymma AK) B pacteHusx Phalaroides arundinacea
Yyepes YyeTbipe MecsiLia OT Ha4yana onbITa

BapuaHT | Nosy Mr/I CyXOl Macchl Cymma AK, %
Jluctbsa
KoHTpornb 30.7+34 14.1
5% 25.3+4.0 11.9
10 % 20.2 + 0.4* 8.5
Monogpble KopHeBuLa
KoHTponb 125+1.3 5.7
5 % 10.8+1.3 7.8
10 % 94+1.3 6.6
KopHu
KoHTpornb 14.1+£2.0 4.8
5% 8.4 +0.4* 3.3
10 % 85+1.1* 2.7

* Pasnuuus mexagy KOHTPONEM U OMbITOM CTaTUCTUYECKM 3Hauumbl, P < 0.05.
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Hble moBpexaenusa B Kierke (JIykarkuu, 2002; Breusegem et al.,
2001; Alexieva et al., 2003). OguuM u3 MOKasaTeJeil OKUCIUTEIb-
HOTO CcTpecca ABJseTcsa ycuyeHue nepoxcupanuu jgununos (I10JI),
B pe3yJbTaTe KOTOPOI IPOMCXOAUT OKUCJIEHNE BXOJAINX B COCTaB
MeMOpPaHHBIX JUIMUAOB HEHACHIINIEHHBIX KUPHBIX Kuciaor (JIykar-
kuH, 2002; Anderson, 1995). Comep:xkauusi MaJIOHOBOTO AUAJIbIE-
ruga (MIOA), ogHOoro m3 KoHeuHbIX HponykToB IIOJI, cBUAeTesb-
CTBYIOT O pasaudHoM adderrte 5- u 10% -HOro 3arps3HeHUA Ha JIU-
cTha pacteHuit P. arundinacea. B omnbiTe ¢ ypoOBHEM 3arpsasHEHUA
5% copmepsxanme MJIA B auctbsix 0bw1o Ha 30% BEIIIe IO CPaBHE-
HUIO C KOHTPOJIEM, UTO T'OBOPUT OO0 YCUJICHUY OKUCJIEHUS KJIETOU-
HBIX MeMOpau (puc. 47). Berpanusanue pacreruiir npu 10% -mom 3a-
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Puc. 47. BnusiHne HedTAHOrO 3arpsisHeHns Ha aktuBHocTb O] (A) 1 nepok-
cvpas (b) B pacteHusix P. arundinacea (4 mecsiua nocne Hadana onbita). Octanb-
Hble 0003Ha4YeHUst kak Ha puc. 46. * pasHuLa Mexay OnbITOM U KOHTPONEM CTaTu-
CcTuyecku 3Ha4mma, P < 0.05.

Fig. 47. Effects of oil contamination for the activity of lipid peroxidation (A) and
peroxidases (B) in Phalaroides arundinacea plants (4 months after experiment start-
ed). (7) Control (without oil), (2) 5% oil, (3) 10% oil. * Differences are significant at
P <0.05.
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rpsA3HeHUU He(ThIO He MOBJUAIO Ha HaKomieHue npoaykros I10JI
B JucThaxX. IIpm 9TOM aKTUBHOCTH IePOKcHAa3 Oblia Ha 25% HU-
JKe II0 CPaBHEHUIO C JIUCThAMU KOHTPOJIBHBIX PACTEHUI. ITO MOYKET
OBITH Pe3yJbTATOM HAPYIIeHUA PaOOTHI MeMOpaH XJIOPOILJIACTOB U
IecTPYKIIuu (poToCMHTETHUECKUX mMurMeHTOB (puc. 46). Ilokasano,
YTO B KJIETKAX BBICIINX PACTEHUI HaMOOJbIllee COIep:KaHUe II0JIH-
HEHAaCHIII[eHHBIX JKUPHBIX KUCJIOT 00HAPYKEeHO B MeMOpaHaX XJIOPO-
ILJIACTOB, IO CPABHEHWUIO C ILJIa3MaJeMMOM U APYTUMHU MeMOpaHaMu
kaeTku (uur. mo Jlykarkuu, 2002).

B oTsimuue oT JuCTHEB, 3arpA3HEHNE TOYBHI HeGTEIPOIYKTAMU
He OKasaJio BIuAHUA Ha ypoBeHb MJIA B TKaHAX KOpHeBUI (puc.
47A), a aKTUBHOCTH EePOKCHUIA3 yBeqmuuBaiaachk B 1.5-2 paza (puc.
46B). 'unoreorenHble KOPHEBUIIA ABJIAIOTCA IeTEPOTPOPHBIMU OP-
raHaMu, TZle OTCYTCTBYeT (DOTOCUHTE3, KOTOPBIN SABJISIETCA KMCTOU-
HukoM A®PK B accuMUIMPYIONIUX OpraHax — JUCThbax. Kpome To-
ro, npu uropeMenuanuy HedreszarpA3HeHHOU IIOYBLI BO3PACTaeT
O0uoJIoruuecKas akKTUBHOCTh MUKPOOPraHNU3MOB, OCOOEHHO B PU30C-
depHoit 3oHe pacteHuir P. arundinacea (IIlapamosa u np., 2011).
3arpssHeHue TOYBHI HE(DTHIO IPUBOJNJIO K YBEJIUUEHUIO YNCICHHO-
CTH YIJIEBOJOPOLOKUCIAIONINX aMMOHU(MDUKATOPOB-TEeTePOTPODOB,
KOTOpPBIE CIIOCOOCTBYIOT aAKTUBHBIM MeTAa00OJMUECKUM IIPOIleccaM B
PacTUTETbHO-MUKPOOHBIX KOMIIJIEKCAX ITOYBHI.

ApmanTanusa pacTeHUH K CTPECCOBBIM YCJIOBUSIM COIIPOBOYKIAET-
Cs1 TOPMOJKEHUEM POCTa U Pa3BUTUs. B imTepaType OTMEUEHO UHTH-
OupoBaHMe POCTa PACTEHU IPU 3arpA3HEHUH MOYBLI HeGThI0 3-4%
(CanaxoBa, 2007; Kupeesa u ap., 2006; Kireeva, Kuzyakhmetov,
1998). B namewm omnswitTe ipu 5-10% -HOM He(dTesarpasHeHUU HE 00-
Hapy’XKeHO CYIIIeCTBEHHBIX M3MEHEHU! MOP(POJOTUUECKUX IIapame-
TPOB HAA3eMHOM YAaCTU PAaCTEeHUU (BBICOTA, YMCJIO JUCTHEB, HAA3EM-
HBIX 1006eroB) (Tabs. 31). Ilokaszano ycmieHne HAKOILJIEHUA CYXOU
O6uomacchl pacTeHuil npu 5% -HOM 3arpsS3HEeHUU 34 CUEeT yBeJaude-
HUS Macchl KOPHEBUI[ U KopHel (Taba. 35). CtumyaupoBaHue po-
cTa KOPHEBOUM CHCTEMBI MOYKET OBITH PEe3yJIbTATOM IIOCJIEeIeliCTBUA
O0uomecTpyKIuy He(TH, KOTOPOE OCYII[ECTBJIAETCA 3a CUET BO3pac-
TAaHUA OMOJIOIMYECKOM aKTHUBHOCTU YIJIEBOAOPOJOKUCIISIOIINX MU-
kpoopranusmoB (IIlapamoBa u ap., 2011). B onbiTe ¢ MakcuMaJIb-
HeiM 10% -HBIM B3arpsasHeHMeM OuoMacca OCTaBajach Ha YPOBHE

Tabnuuya 31
Mopdonornyeckne nokasartenu pacteHun Phalaroides arundinacea
nop gencTeuem HedTesarpsisHeHus,
YyeTbipe MecsiLla OT Hayarna aKcnepuMeHTa

B Bbicota HaasemHoro | Konuyectso nuctbes | KonmuyectBo noberos, WT.
apuiaHT

no6era, cm Ha nobere, LWT. Hapnsemubix | MogsemMHbIx
KoHTpornb 43.4+5.8 50+1.1 47.3+145 | 27.3+538
5% HedTH 41.5+6.4 56+1.0 48.0+17.4 | 21.0+8.2
10% HedTM 46.3+4.9 55+0.8 43.4+£12.0 13.0+4.6
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KOHTPOJIbHO# (Tabdsa. 32), HO OTMeUaau YMeHbIIIeHle Yncjia KOpHe-
BUII OIIBITHBIX pacTeHui (Tadba. 31).

Cnaboe BimsaHUe He)Te3arpA3HEHUs IOUYBBI HA POCT PACTEHUM
MOYKHO O0'BACHUTH OCOOEHHOCTAMY OMOJIOTHU U KU3HEHHOU CTpaTe-
I'Mu OJINHHOKOPHEBUIITHOrO 3J1aKka. Pacrenus P. arundinacea Ha BTO-
Poii roJ :KU3HU 00pa3yI0T MOIIIHYIO CETh MOA3eMHBIX KOPHEBU’II, Xa-
PaKTepUsyIOIIUXCsi UHTeHCUBHBIM MeTaboausmom (MacsoBa u ap.,
2005; MacaoBa, TabameunkoBa, 2008). @opMupoBaHre MOIITHON KOpP-
HEBOM CHUCTEMBI, CIIOCOOCTBYIOIIEH Pa3BUTUIO MUKPOOMOTHI U yJIyU-
mIaroiell 6MoIornYecKre CBOMCTBA IIOUBHBI, ABJISAETCA OLHUM U3 OC-
HOBHBIX (paKTOPOB ycTolumBOCTH pacreuuii P. arundinacea, BbI-
Ca’KeHHBIX KOPHEBUIIIAMU, K BBICOKOMY YPOBHIO HedTesarpssHe-
HUsA. YCTAHOBJIEHO, UTO COJAep:KaHue He(TeyrJIeBOAOPOAOB IIPU 5-
u 10% -HOM HCXOZHOM YypPOBHE 3arpA3HEeHUS YMEHBIIAJOCh 0oJiee
yem Ha 90% B3a ueTbipexmecsauHblii cpok Bereranuu (IIlapamoBa u
Ip., 2011). ITpu sTom HauboJiee AKTUBHO IIPOIECCHI OMONECTPYKIIUN
He(TU IpoTeKasu B pu3ochepHO 30He, XapaKTePU3YIOIIeNcs MaK-
CUMAJIbHON SH3WMATUYECKON AKTUBHOCTHIO U UMCJIEHHOCTBIO MIU-
KPOOUOTHI, 0COOEHHO YIJIEBOLOPOIOKUCISIIONINX MUKPOOPTaHN3MOB.

Takum o6pasoM, 3arpA3HEHNE IOUYBhI HE(PTHI0O B KOHIIEHTPAIIUN
5 u 10% oxasaso BIusAHNE HA (PU3UOJIOr0-OMOXMMUYECKNE IIOKa-
3arenu pacreHuii P. arundinacea. BIABIEHO CHUKEHUE COJEPIKA-
HUS 3€JI€HBIX U JKEJIThIX IIUT'MEHTOB, 00II[ero asoTa U aMUHOKUCJIOT
B opraHax pacrteHuii. IlokasaHo pasHoe BIMSHNE IIOJJIIOTAHTa Ha
KOMIIOHEHTHI aHTUOKCUAAHTHO CUCTEMBI JIUCTHEB M KOPHEBUIIl. B
JIUCThAX OMBITHBIX PACTEHUI IMIPOUCXOAMJIO HAKOIJIEHNE IPOAYKTOB
TIOJI, cHM:KeHME aKTUBHOCTU INEpOKcuzas u (GoHma (POTOCHUHTETH-
YeCKUX NMUTMEHTOB, YTO F'OBOPUT O IIOBPEXKJEHUN KJIETOUHBIX MeEM-
O0pau. KopHeBuia B OTJIM4me OT JIUCTHEB HE UCIILITHIBAINA CUJIBHOTO
OKHCJIUTEJIbHOI'0 CTPecca, O UeM CBHUIETEJbCTBYIOT OTCYTCTBUE W3-
MeHeHU# B ypoBHe MJIA m moBbIINIEHHAsA aKTUBHOCTH IIEPOKCHUIAS.
3arpssHeHUe He 0Ka3aJi0 3HAUUTEJbHOT'O BAUSHUS Ha MOPQOJIOTH-

Tabnuuya 32
BrnunsaHue 3arpsasHeHus HedpTbIO
Ha HaKomnsieHMe cyxon macchl pacteHuasMu Phalaroides arundinacea
Yepes yeTbipe MecsiLla OT Hayarna aKcnepuMeHTa, r/pacteHune

YacTtb pactenuns KoHTpornb 5% HedTn 10% HedTH
JlncTbs 6.2+2.1 72+23 51+1.4
Crebnu 6.1+2.5 55+1.6 50+1.7
Monoable noberu 1.8+1.0 20+0.7 1.7 £. 09
HapsemHas macca 12.3+2.4 149+1.9 12.0+1.5
KopHu 12.5+6.6 15.6 £9.0 9.6+1.7
Crapble kopHeBuLa 8.4+3.8 12.6 £5.0 9.3+ 3.9
Monogable KopHeBuLLa 1.6+0.6 24+05 1.3+0.5
MNoasemHasn macca 22.7+3.2 29.2+6.3 21.2+1.9
Llenoe pacrenve 36.6 £9.3 45.3 +10.7 31.9+47
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YecKHe ITapaMeTphl M HAKOIJIeHWe Ouomacchl pacreHuii P. arun-
dinacea, BBICa:KeHHBIX KopHeBuUInamu. [Ipu 5% -HOM 3arpsA3HeHUN
OTMEeYaJI CTUMYJINPOBAHNE POCTAa KOPHEBOU CUCTEMBI, UTO MOJKET
OBITHL PE3YJIBTATOM IIOCJIEAEHCTBUSA OMONeCTPYKIUU HeGTU MUKPO-
opranusmMamu. B 1esioM moJsiyueHHbIE Pe3yaAbTAThl OTPAYKaI0T BHICO-
KYIO YCTOHUMBOCTD AJUHHOKOPHEBUIIHOTO 3JIaKa K BBICOKUM yPOB-
HAM He(TAHOrO 3arpsI3HEHUS UM II03BOJIAIOT PEKOMEHAOBATH IaH-
HBIN BUJI A PUTOPEKYJIbTUBAIINYN He(Te3arpA3HEHHBIX IIOYB.

5.2.2. Bauanue dochopopraHnIecKoro KCEHOOMOTHKA —
MeTuI(PochHOHOBONH KHCIOTHI
HA POCT U (DYHKIIMOHAJbHBIE CBOMCTBA PAaCTEHUN
Phalaroides arundinacea

CoryiacHO COBPEMEHHBIM TaHHBIM, METMI(OCHOHOBAA KUCJIOTA
(M®K) — mponykT rumpousda QochopopraHuUecKUx COeqUuHEHUH,
HEraTHBHO BJINSET Ha OMOJOTMYECKYI0 aKTUBHOCTH IOYB U JKU3HE-
IeaTeJbHOCTb pacteHuil (OropogumkoBa u ap., 2004; Ckyropesa u
ap., 2008). M®K ob6samaer cUCTEMHBIM AeliCTBUEM, XOPOIIIO IIOTJIO-
11aeTcsA JHUCTOBOI ITOBEPXHOCTHIO, CJIab0 MeTaboIU3UPyeTcsa U ObI-
cTpo TpaHcmopTupyeTca B KopHu. MPK B BBICOKMX KOHIIEHTPAIIM-
sax (0.1-0.01 M) BwI3BIBAeT B KJIETKAX OKUCJIUTEJIbHBIN CTpecc, m3-
MeHeHVe (DOTOCHHTETHUUYECKON WM IbIXaTeJIbHOM AKTUBHOCTU PacTe-
HUH, YTO B UTOTe IPUBOIAUT K yrHeTeHUI0 ux pocra (OropogHuKoOBa,
TomoBko, 2005). B cBA3U ¢ 3TUM aKTyaJIbHO BBIABJIEHWE YCTOUUM-
BBIX K JeNCTBUIO KCEHOOMOTHKA BUIOB, CIIOCOOHBIX aJallTHPOBATh-
CcA K BBICOKUM KOHIIEHTPAIMAM TOKCHKAHTA.

WccnemoBanusa mokasaiy, 4YTO B Hadaje SKCIIEPUMEHTA OCHOB-
HbIe COOBITUS, BLI3BAHHELIE NeliCTBEM KCEHOOMOTHUKA, PA3BUBAJINUCD
B JIUCTBSAX, MOABEPrHYTHIX OMPBLICKUBAHWIO B (hasy TPyOKOBaHUSA
(Maciosa u ap., 2010a). M®K B BoIcOKOIi KoHIeHTpaluu (0.1 M)
BBI3bIBAJIA 3HAUUTEJbHBIE UX IIOBPEKAeHUA. Hepes CyTKHU Iocie 00-
paboTKM OTMeYasu MOABJIEeHNE Ha JUCThAX eIUHUUYHBIX HeOOIBIITNX
XJIOPOBHBIX MATEH, YTO CBABAHO C HEMCTBMEM CHUJIBHOKHCJIOTO pac-
Bopa MPK (pH 2). Uudpunprpanua MPK B TkaHuU JauCTa COIPO-
BOXKIAJIach HAPYIIEHUSAMY B IUTMEHTHOM KOMILIeKce. B ombiTe ue-
pes Hemesio mocje 00paboTKU cofAepsKaHue XJIOPOMUJIIOB U Kapo-
TUHOUAOB CHUIKAJIOCHh IIPU COXPAHEHUN UX OTHOCHUTEJIBHOT'O COHEP-
JKaHUA B TKaHAX (puc. 48). IsMeHeHUs B MUTMEHTHOM (DOHIE, IIO-
BUINMOMY, CBSA3AHBI C OKMCJEHUEM MOJIEKYJ MUTMEHTOB M WHTU-
OupoBaHHEM IIPOIleccOoB mxX OmocuHTesa mof meiicrsuem MPK. Ns-
BECTHO, UTO OJuB3KUU 1m0 cTpyKType M®PK repouiug raudgocar yr-
HeTaeT OMOCUHTE3 MPEeJIIeCTBeHHUKA XJI0PohuiIa — 5-aMUHOJIEBY-
auHOBO# KucjoThl (Penxe, 1985). ecTpyKIusa IUTMEHTOB BbI3Ba-
Jla u3MeHeHUsA (POTOCUHTETUUECKON NeATEeJIbHOCTU: BBIABJIEHO IO-
CTOBEPHOE CHUIKEHUE CKOPOCTU (DOTOCUHTE3A JINCTHEB IO TENCTBY-
eM BbICOKOI KoHIeHTpanuu M®PK (puc. 49).
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Puc. 48. CopepxaHue nurMeHToB B nucTbax Phalaroides arundinacea Ha
naTble CyTkv nocrne o6paboTkn MeTundocoHOBOWM KUCIOTON: T — KOHTPOrb, 2 —
0.01 M, 3-0.1 M. * paszHuua mexagy OnbITOM U KOHTPOSIEM CTAaTUCTUYECKU 3HAYM-
ma, P < 0.05.

Fig. 48. Pigment content in leaves of Phalaroides arundinacea at the 5th day
after treatment with methylphosphonic acid. (7) control, (2) 0.01 M, (3) 0.1 M. * Dif-
ferences are significant at P < 0.05.

K uuncny mHambosee 3HAUMMBIX HeCHeIM(PUUECKUX M3MEeHEeHUH
mon JeficTBHMEM KaKoro-aubo cTpeccopa OTHOCUTCS IIOBBIIIIEHUE Te-
Hepanuu aKTUBHBIX (hOpM KHUCJIOPOJa, YCUIEHUE TePOKCUJAIINY JIH-
nunoB. Yepes Hemenaro mocie o0pabOTKYU BBICOKOKOHIIEHTPUPOBAH-
HBIM pactBopoM M®PK ormeuasnn HaromieHue B JucThbax MJIIA, Ko-
JMYeCTBO KOTOporo 6110 B 1.5 pasa GoJbIlie, yeM B KOHTPoJe (TabJ.
33). Ilpu aTOM aKTUBHOCTDH IIepoKcuzaas Obraa Ha 20-35% HuUKe 1O
CPaBHEHUIO C JUCTHIMU KOHTPOJBHBIX pacTeHuii. I3BecTHO, UTO 1e-
POKCH/Ia3bl CHUKAIOT ypoBeHb H, O, — mpeamiecTBeHHNKA MHUIIAN-
pytforiero ITOJI ruapokcuabHOTO pamukana (MwummbaeBa, I'opmoH,
2003; Van Breusegem et al., 2008). OTu gamHbIe YKA3bIBAIOT HA
BOSHMKHOBEHNE CTOMKOrO HApPYIIEHUs B KJETKaxX JNCThEB IIPO-/
aHTHOKcuAauTHoro paBHoBecus (MwuuubaeBa, I'opmom, 2003; Van
Breusegem et al., 2008).

B KopHeBUINAX OIBITHBIX PaCTeHWM, HANIPOTUB, AKTHUBHOCTH
TIOJI cHm:kanach, a mMepoKCUIa3 — YBEJIUUYUBAJIACH II0 OTHOIIEHUIO
K KOHTPOJBHBIM BeamumHam (Tabsa. 32). BosmMoiKHO, UTO mO Me-
pe TpaHcIoOKamuyu MeTUI(POCHOHOBOM KHUCJIOTHI B IMOA3EMHYIO YaCTh
(BBICOTA pacTeHuii cocrasisyaa B cpengueM 50 = 2 cm B dasy TpyO-
KOBaHMsA) IPOUCXOANUJIA ee MOCTelNeHHasA MeTabomsanus U Ae3ak-
TUBAIUA AHTUOKCUJAHTHBIMU CHUCTE€MaMU JINCTheB. I109TOMy KOp-
HEBUIIA B OTJUYMNE OT JUCTHEB HE MCIBITHLIBAIN CUJIHLHOTO OKMCJIN-
TeJIBHOTO CTpecca.
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Puc. 49. NHTeHcnBHOCTL doTocuHTesa (,) nucTbeB pacteHun Phalaroides
arundinacea Ha nATble CyTkM nocne obpaboTkn MeTundochoHOBON KUCMOTON.
* PasHunua Mexay OnbiTOM 1 KOHTPONEeM CTaTucTuieckn 3Hadmnma, P < 0.05.

Fig. 49. Photosynthesis rate of Phalaroides arundinacea leaves at the 5th day
after treatment with methylphosphonic acid. * Differences are significant at P < 0.05.

OTcyTCTBUE 3HAUNTENBHBIX HAPYIIIEHU B aHTUOKCUIAHTHON CH-
cTeMe KOPHEBMUIIl, BHI3BAHHBIX JeHCTBUEM KCEHOOMOTUKA, IIOATBEDIK-
IaloT JaHHBIE II0 ABIXAHWIO, aKTUBAIIUM aJbTEPHATUBHOrO (I[MAHU-
IpesucTeHTHOro0) myTH abixaHusd (AIl) u CKOpoCcTH TEmIOBBIIeIEHNA.
ITU mMoKasaTeJ U OTPAKAIOT HSHEProIlJIaCTUUECKUT 00MeH KJIEeTKU U B
1mesioM ypoBeHb ee Merabosuama (I'omoBko, 1999). Cumraercsa, uTo

Tabnuua 33
BnusiHne meTundocoHOBOWM KUCIOThbI HA CKOPOCTb AbIXaHWs,
nepekncHoe oKUcneHue NUNUAOB U aKTUBHOCTb NepoKcuaas
B pacTteHusAx Phalaroides arundinacea
Ha YyeTBepTble-NATbIE CYTKM nocre o6paboTku

BapuaHTt | KoHTponb | 0.01 M | 0.1M
CkopocTb ablxaHus, MrCO,/r cyxoin macchl 4
Jluctbst 2.84 +0.03 3.63 + 0.23* 3.68 + 0.22*
KopHeBuLa 1.96 + 0.40 1.86 £ 0.08 1.68 £ 0.19
Copepxanue MIOA, HMonb/T CbIpoi Macchbl
Jluctbs 37.15+2.80 44.22 +5.22 55.95 + 2.43*
KopHeBuLa 37.94+2.20 29.56 + 2.60* 27.85 + 3.25*
AKTUBHOCTb Nepokcnaasbl, M J,/r Cbipoii Maccl
JlucTbs 20.12 +£0.17 6.50 + 0.30° 13.10 £+ 0.80°
KopHeBuLa 6.19 + 0.46 12.60 + 0.30° 9.80 + 0.30°

* PazHuua mexay onbITOM 1 KOHTPONeM ctatucTuyecku sHauuma, P < 0.05.
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SHepreTuyecKu Masiod(h(eKTUBHOE asibTepHATUBHOE AbIXaHWE yda-
CTBYeT B 3allUTe KJEeTKU OT OKucauTeabHOro crpecca (Maxwell et
al., 1999; Millenaar, Lambers, 2003; I'apmai, I'osoBxo, 2009). Bo-
Biaeuenrie All compoBokgaeTcs: [UCCHUIIAIIE SHEPTUN B BUE TeILIa.

ITpu o6paborke pacrenmit MPK nwrixarespbHad aKTUBHOCTH U
COOTHOIIIEHNE IbIXaTeJbHBIX IIyTeil B IIOA3€MHBLIX OpPraHax IIPaK-
TUUYECKU He MEeHSJNUCh, a CKOPOCTh TEIJIOBBIAEJNEHUs CHUKaJIacCh
(puc. 50; Macsosa u ap., 2010a). B oTinume OoT KOPHEBUII, B JIH-
CThAX W CTe0JaaAX pacTeHuii oopaborka MPK mpuBoamiaa K 3Ha-
YNTEJIHLHOMY IIOBBLIIIEHUIO OBIXAHUS W TEIJIOBbIAeeHusA. VHruou-
Top AIl — SHAM mozaBiAn AbIxaHue KOPHEBUII CUJIbHEe TP Jeii-
crBun 0.1 M pactBopa M®PK: mosns AIl B o0irieM AbIXaHUU COCTaB-
asna 6oaee 40%, uro Ha 10-15% O6Gosablile, yeM B KOHTpPOJE. ITU
JaHHBIE VKA3hIBAIOT HA aKTUBAIINIO OOMEHHBIX IIPOIECCOB, HAIIPAB-
JIEHHBIX Ha IOAIepikaHre (PYHKIMOHAJILHON IeJIOCTHOCTH W Pera-
pamuo WHAYIIUPOBAHHBIX KCEHOOMOTHKOM IoBpe:xAeHuir (Oroposn-
HUKOBa, ['omoBKO, 2005). YcuieHre TEmJIONMPOAYKIIMU W BOBJIEUe-
Hua All B mpixaHMe IIPH cTPecce MOKET CBHUIETEeJIbCTBOBATL 00 MH-
TeHCUGUKAIIMY MUTOXOHIPUANBHBIX 3AIUTHBIX CHUCTEM, CHUKAIO-
X MeMOpPaHHBINA MOTEHIIMAJ IIYTEeM PAaCCeUBAHUA SHEPIUU B BULE
rema (Navrot et al., 2007).

Apanranusi pacTeHW#l K CTPECCOBBIM YCJIOBUAM, KaK IIPABU-
JIO, COIIPOBOKIAETCS TOPMOKEHMEM POCTa M PasBUTHUA. B amrepa-

14 7

12 7

g, MKBT/MT cyxoii Macchl
~

JIUCT KOpHCBHUIIIC

Puc. 50. CkopocTb TennoBbiaeneHus (q) opraHoB Phalaroides arundinacea Ha
cenbMble CyTKM nocre obpaboTkn MeTundocOHOBOW KMCNOTOW: 1 — KOHTPOrb, 2 —
M®K (0.1 M). * PasHyua Mexay OnbITOM U KOHTPOINEM CTaTUCTUYECKM 3Ha4YMma, P <
0.05.

Fig. 50. Heat emission rate (q) of Phalaroides arundinacea organs at the 7th
day after treatment with methylphosphonic acid. (1) Control, (2) 0.01 M, (3) 0.1 M.
* Differences are significant at P < 0.05.
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Type oTMeueHbl nHruoupyiomme poct sppextsl MPK (Cryropesa u
ap., 2008; Oropoguukosa, I'osioBko, 2005). B Halrem skcmepuMeH-
Te uepes3 Hemesio mocyie oopabotku MPK He o6HApy:KeHO mM3MeHe-
HUU B HAKOIJIEHUUW CYXOM OmMOMACCHI PACTeHUH, KOTOpas B OIIBITE
¥ KOHTPOJIE COCTaBJIsANA OKOJIO 15 r/pacTrenue B (hasdy TpyOKOBaHUS
(rabs. 34). Honsa kKopHeBUIIl B Omomacce IeJOoro pacTeHusi Obljaa B
cpenuem 60% . OrcyrcrBue 3Hauumoro sdhdexra MPK Ha poct pac-
TEHUN MOKHO OOBACHUTH OCOOEHHOCTAMM OMOJIOTUU IINHHOKOD-
HEBUIIHOTO 3jakKa P. arundinacea, XxapaKTepU3YIOIETOCA BBICOKOM
CKOPOCTBIO POCTA, MPOAYKTUBHOCTBLIO, Oyaromaps (hopMUPOBAHUIO
MOII[HO¥ MOA3€MHON YacTH. ITO CIOCOOCTBYET aKTUBHOMY CAMOBOC-
CTaHOBJIEHUIO PACTEHUN M YCTOMUYMBOCTU BUAA K HEOJArOIPUATHBIM
(arkTOopam.

Wrak, npu ogHOKpaTHO! 06paboTKe HaA3eMHOM yactu P. arun-
dinacea M®K B xoumentpanuu 0.1 M okasbIBaeT CyIIleCTBEHHOE
BJIUSHUE Ha KU3HEJEATEJILHOCTh pacTeHuil. B jincThaX, HEmocpe-
CTBEHHO IIOJBEPTHYTHIX OIPBICKUBAHUIO, OTMEUAJN CHUMKEHUE CO-
Jep:KaHus XJOPO(MHUJIJIOB M KapPOTHHOUAOB, (POTOCMHTETHUUECKOI
aKTUBHOCTHU. Pe3ynabTaThl MCCIAEIOBAHUN IO MHTEHCU(DUKAIIUU IIe-
PEKHCHOI'O0 OKUCJIEHUs JUIHUIO0B W CHUKEHUIO aKTUBHOCTU AHTU-
OKCHUIAHTHBIX (DEPMEHTOB — mepoKcuzmas mof BiausHuem MPK cBu-
IeTEeJIbCTBYIOT O HAaPYIIEHUW IIPO-/aHTUOKCUIAHTHOTO PAaBHOBECUA
B aucThbsix. Ha )oHE OKHCIMUTEJIBLHOIO CTPEeCcCa IPOMCXOMUJIN YCHU-
JIeHVe CKOPOCTH [IbIXaHUS W TEILJIOBBLIIEJICeHUS, YBEeJIUYEeHUEe TOJIU
aJbTePHATUBHOTO NYTU OBbIXaHWSA, UTO YKAa3bIBaeT HA aKTUBAIIUIO
OOMEHHBIX IIPOIIECCOB, CBSA3aHHBIX C perapamnueil KJIeTOK U IIOJ-
Iep:xaHueM (QYHKIIMI (OTOCHMHTEe3UpYyIolero oprana. KopHeBuima
B OTJINYUE OT JUCTHEB HE UCIBITBIBAIU CUJIBHOTO OKUCJIUTEIbHO-
ro crpecca nogn geiictBuem M®PK. M®PK He oxasajia CyII[eCTBEHHOTO
BJIMSHUS Ha HaKOILJIeHHe Omomacchl pacreHusmu P. arundinacea,
YTO OTpa’KaeT YCIEeIIHYI0 aJalTallui0 KOPHEBUIIIHOIO 3JaKa K Aeli-
CTBUIO KCEHOOMOTHMKA. OTO IMO3BOJIIET XapaKTepU30BaThb IBYKU-
CTOYHUK TPOCTHUKOBUIHBIA KaK yCTOWUYUBBEIN K (pocopopraHmye-
CKOMY BarpAasHEHUIO BUJ U PEKOMEHJIOBATh €r0o A (PUTOPEKYJIb-
TUBAIUU TEPPUTOPUI, I'le TOKCUKAHT IIPSAMO BO3IEHCTBYeT HA HalI-
3eMHYIO YaCTh PAaCTeHUA.

Takum 00pasoM, BBIABJIEHA YCTOWUYMBOCTDL AJMHHOKOPHEBUIII-
Horo 3yaKa P. arundinacea K 3arpsA3HEHUIO IOYBBI HE()THIO 1 00pa-

Tabrnuuya 34
Cyxas buomacca pacteHun Phalaroides arundinacea
Ha cegbMble CYTKU nocne o6paboTtku meTundgoctoHOBOM KACIIOTON,

r/pacteHue
BapwuaHT Jnctbs Ctebnu NoasemMHas YyacTb
KoHTponb 56+04 43+0.3 52+0.7
0.01 M 4.0+£0.2 57+04 5.8+0.5
0.1M 4.1+0.3 45+0.6 55+0.6
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0oTKe pacreHuit pochopopraHMUECKUM KCEHOOMOTUKOM — METUJI-
¢dochoHOBOM KmcaoToi. IIo/IoTaHThI BBIBBIBAJIN B JIUCTHAX CTOM-
KUH OKUCIUTENbHBINA CTPECC, HAPYIIIEeHUA B MUTMEHTHOM KOMILIEK-
ce W a30THOM MeTaboJsim3Me, YCUJIEHUEe CKOPOCTU AbIXaHusa. B oT-
JuYne OT JINCTHEB, KOPHEBUIIA HCIILITHIBAJU 0ojiee ciaabblii OKUC-
JUTEJILHBIN CTPECC, UTO CBA3AHO ¢ MX (GDYHKIIMOHAJIBHON aKTUBHO-
CTBI0O KaK reTepoTPo(HBIX opraHoB. IIoJII0TaHTHI HE OKas3ajau Cy-
IIIECTBEHHOT'0 BIUSHUSA Ha POCT PACTEHU, UTO IIO3BOJIAET PEKOMEH-
IOBaTh NAHHBIN BUI IJA (PUTOPEKYJIbTUBAIINU 3arPA3HEHHBIX Tep-
pUTOpUIi.



SAKJTIOYEHUE

Wsyuenwne TPUHIITAIIOB OpTaHU3alluM, WHTErpaluu W caMope-
TYJAAIUY PACTEHUN KaK CJIOKHBIX OMOJIOTUYECKUX CUCTEM SBJISET-
ca (pyHIZaMEHTAIbLHON HAyYHOU IpobOsemoii. B paMkKax sTo#l mpo-
O0sieMBbl Ba)KHOE MECTO 3aHMMAaeT pa3paboTKa COBPEMEHHOI'O MOHM-
MaHUA MOPHODUBUOIOTNH U SKOJOTUN MHOTOJIETHUX TPABAHMUCTHIX
pacrenuii, (OPMUPYIOIIUX IOA3E€MHbBIe moberu — Kopuesuina. Ot-
JUYUTESIBHON O0COGEHHOCTHIO CTPYKTYPHO-(PYHKIIMOHAJIBLHON opra-
HUBAIUU AJINHHOKOPHEBUIIHBIX PACTEHUN ABJIAETCA HAJIUUYUE IOJI-
3eMHOT'0 METaMEPHOT'0 KOMILJIEKCa, KOTOPBIN XapaKkTepuayeTcsa co0-
CTBEHHBIMU MEXaHU3MaMM PEeryjaAlluyd POCTa, BETeTaTHUBHOTO pas-
BUTHUA U POCTOBBIX opueHTanuii (Mapkapos, 1996; Mapkapos, I'o-
J0BKO, 1995; MacaoBa, 2001). IToagsemuble mobern — KOpPHEBUIIA
OIIPeeNIAI0T KUBHEHHYI0 (OpPMY «IJIUHHOKOPHEBUNIIHBIM MHOTO-
JIETHUK» , ABJIAIOTCA «(DOHIOM BEreTaTUBHBIX JUACIIOP» — 3aYaTKOB
HOBBIX OPTaHU3MOB, 3aIaCc KOTOPBIX OIPENesAeT YCTOMUYUBOCTD,
KOHKYPEHTOCIIOCOOHOCTb U MOP(hO(DU3MOJIOTUYECKYIO IIJIACTUYHOCTD
pacTeHUH B PA3JIMYHBIX DKOJOTUYECKUX YCJIOBUAX.

Harmmu pesyabTaThbl ZAlOT OCHOBAHNE pacCMaTPUBATEL II0I3€M-
HBITT MeTaMepPHBINI KOMIIJIeKC KaK CTPYKTYPY, OIPeaesIAioIyio MOp-
(podusmosornUecKre CBOMCTBA, IPOAYKTHUBHOCTHL U YCTOWYMBOCTH
IIUHHOKOPHEBUIITHBIX MHOTOJIETHUKOB. V3yueHue Mopdodusmnoao-
I'MM POCTa AJMHHOKOPHEBUIIIHBIX MHOTOJETHMKOB HA PA3HBIX dTa-
max opraHoreHe3a OPTOTPOITHOTO IIo0era IokKasajo, 4YTo (hOopMUPO-
BaHIe MW POCT METaMepOB OPTaHOB BEreTATHMBHOTO PA3MHOMKEHUS —
KOPHEBHUIIT OCYIIECTBIAETCA M0 Havaia (DOPMUPOBAHUSA TeHEePaATUB-
HOMI cdepbl. ATO oIpeaesasieT AOJIroJIeTre 0Co0M, CIIOCOOCTBYEeT KOH-
KYPEHTOCTIOCOOHOCTH M BBI}KMBAEMOCTH KOPHEBUIITHBIX PACTEHUI B
Pa3JINYHBIX DKOJIOTUUYECKUX YCIOBUAX. 3AKOHOMEPHOCTH POCTa, Ha-
KOILJIEHUSA W pacupefeseHus OuoMacchbl OIPENeIAI0TCA CTPaTeru-
el KOPHEBUINHLIX PACTeHU, HaIpaBJeHHOIN Ha 3((EeKTHUBHOE HC-
MOJb30BaHUE aCCUMUJATOB AJA peanmsalluu IIOTeHI[Majia TeHepa-
TUBHOU ¥ BEreTaTHWBHON pempoAyKIuu. B pedyiabTaTe CUMIIONV-
aJIbHOTO HapaCTaHUS CHUCTEMBI M00eroB (OPMUPYETCS 3HAUUTEb-
HOEe YUCJIO MOA3eMHBIX MeTaMepPOB WMJIN Y3J0B, KOTOPBHIE SABJIAIOT-
cA ouyaraMm MepucTeMaTHuuecKod akTuBHOCTH. OCHOBHO# (hOHJ Be-
reTaTUBHBIX MEPHCTEeM KOPHEBUIN 00pasyeTcs BO BTOPOI ITOJIOBU-
He BereTaluu, IOCJEe 3aBEPINeHUs PocTa HaA3eMHBIX IT06eTroB pac-
TeHn#. SHAUNTEIbHBIN pPe3epB MOA3eMHbBIX Y3JI0B obecmeunBaeT -
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deKTUBHOE BereTaTUBHOE PA3MHOKEHNEe, BRICOKYIO YCTONUYNBOCTh U
MIPOAYKTUBHOCTH KOPHEBUIIHBIX PACTEHUN B PA3JIUUYHBIX 9KOJIOTH-
YECKUX YCJIOBUAX.

BrIsABIE€HBI 0COOEHHOCTH aHATOMHUYECKOM CTPYKTYPHI IIOI3€M-
HBIX OVAarpPaBUTPOIHBIX IMOOErOB AJMHHOKOPHEBUIHBLIX PACTEHUI,
00yCJIOBJIEHHBIE MHOTOJIETHUM PasBUTHEM U 3aracarlneil GyHKIIU-
ell, ompeesieHb KOJMYEeCTBeHHBIE ITOKA3aTeJ I B Ce30HHON AUHAMU-
Ke pocTta KopHeBuil. [lokazaHo 3HAUUTEJNHLHOE PA3BUTHUE IAPEHXU-
MBI IIEPBUYHON KOPHI MOA3EMHOTr0 mo6era KOPHEBUIITHBIX MHOTOJIET-
HUKOB, BHYTPEHHUU CJIOA KJETOK KOTOpoil nuddepeHIUpPyeTcsa B
SHIOLEPMY CO CJIOMCTHIMY BTOPUYHBIMU YTOJINEHUAMU. BHIsIBIEHBI
CEe30HHBbIE M3MEHEHUsI aHATOMUYECKOHM CTPYKTYPBI U YJIbTPACTPYK-
TYpPbl KOPHEBUII[, O0YCJIOBJIEHHbIE UX (DYHKIIMOHAJIHHON aKTHUBHO-
CTBIO, afanTanueii K CMeHe Ce30HOB Iojla U dKOJOT0-IeHOTUYECKH-
MU YCJIOBUAMU OOMTAHUSA MHOTOJIETHUX pacTeHuii. [Ipm moaroros-
Ke pacTeHWH K Iepe3MMOBKEe OTMEUEHO yBeJIWUYeHUe MMapIuajIbHOTO
o0'beMa KOpPOBOIi ITapeHXNMEbI, COKpaIlleHne JOJIU IIeHTPaJIbHOTO I1-
JIMHIPA, YMEHbIIIeHNEe TOJIIUHBI KJIeTOUHBIX 000JI0YeK dHI0IEePMBI
B MEKJOY3JUAX MMOA3EMHBIX TOOET0B.

Hmerotuecsa B JuTepaType CBeIeHUA O PEryaanuu MopdoreHe-
3a MOA3EeMHBIX IT0OETOB — KOPHEBUII[, CE30HHOIM NTWHAMHKE UX POCTa
u MeTaboIM3Ma, YCTONUMBOCTY K PA3JIMYHBIM (PaKTOpPaM Cpelbl BECh-
Ma orpaHuueHbl. OcoO0eHHO 5TO KacaeTcs (PU3UOJOTMUYECKON IPUPO-
IIbI IIePUO/ia IOKOS, ABJISIOIIEerocs KaueCTBeHHBIM IIePEeXOIHBIM 9Ta-
IIOM B OHTOTEeHe3e MOA3eMHOro Mmobera U MHOT'OJIETHEr'0 PACTeHUs B
nesom. HaMu ycTaHOBJIEHBI 3aKOHOMEPHOCTY T'OPMOHAJIBHO-TPOGU-
YEeCKOM PeryiadaIiuy POCTa U OlleHeHa yCTOWUYMBOCTH MeTaboJim3Ma
MOA3eMHBIX TO0ETOB B MIEPUOJ 3MMHETro MOKosA. Boapacramme co-
oruomenusa rubbepennuabl/ABK m murokununbsi/ABK, makomie-
HIUe KPUOIPOTEKTOPOB (0JIUIrocaxapuaoB), CPABHUTEIbHO BBICOKAS
IbIXaTeJbHasi aKTUBHOCTh KOPHEBWII] CIIOCOOCTBYIOT IIPOTEKAHUIO
MOpP(MOTreHeTUYEeCKUX IIPOIECCOB B IIOA3EeMHBIX IOUYKaX U obecie-
YMBAIOT MOATOTOBKY PAaCTeHUIl K 3UMMe W BECEHHEMY OTPaCTaHUIO.
ITouku mOA3eMHBIX ITOOETOB COXPAHSIOT CIIOCOOHOCTH K POCTY U 3a-
MacaHWIO PHePruu 3MMOIi, KOTa TeMIlepaTypa IOUYBLI B 30HE 001Ta-
HUSA KOPHEBUII[ CTAHOBUTCSA OTPHUIlATEIbHOU. Bo Bpems (pusuosioru-
YECKOTO MOKOS IT0UeK KOPHEBUIIT OCYII[ECTBJIAETCS IePECTPOiKa Me-
XaHM3Ma AUarPaBUTPONM3MAa B OTPUIIATENbHBIN I'PaBUTPOIU3M, II0-
cJie 4ero mouka ()OpMHUPYeT OPTOTPOIHEIN ITO0eT.

KopueBuiiiabie MHOTOJIETHHE pacTeHUA Osaromaps BereTaTHUB-
HOMY DPa3MHOKEHHUI0, (POpMUPOBAHUIO (POHIA MOA3EeMHBIX MEpU-
CTeM YCIIEITHO aJalTUPYIOTCA K PA3JIUUYHBIM 9KOJOTHUYECKUM YCJIO-
BUAM. BbIsiBJIeHHE CBOMCTB pacTeHUIl, OTPAKAIONIUX HX HKOJOTO-
IIEHOTUYECKYI0 IPUYPOUYEHHOCTh, aJAalTUBHYIO CTPATETHI0, BAKHO
Iis GoJiee TIOJTHOM OLIEHKM O0MOpasHOooOpasud U pa3paboTKU Mep II0
€ro oxXpaHe B YCJOBUAX MeHAIONIeNca cpenbl. Pe3yabTaThl HaIIUX
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HUCCTeIOBAHUN MOKAa3bIBAIOT TECHYIO CBS3b DKOJIOTO-IIEHOTUYECKOM
MIPUYPOUYEHHOCTH, PUTMAa CE30HHOTO Pa3BUTUS C (PU3UOJIOTUUECKU-
MU CBOMCTBAMHU [IJIWHHOKODPHEBUIIIHBIX pacTeHuil. KoMIieKcHBIe
uccyienoBaHuA MOPGHODUBUOJIOTHUECKUX U OMOXMMHUYECKUX ITOKAa-
3aTesieil Hal3eMHBIX U IIOJ3€MHBLIX ITOOETOB MIMHHOKODPHEBUIITHBIX
PacTeHU# MOMOJNHAIOT U YIAYOJAI0T QYHKIIMOHAJIBHYIO XapaKTepu-
CTUKY THUIIOB aJaIllTUBHBIX CTPATErHi.

W3BecTHO, UYTO [OHOPHO-AKIIENITOPHBIE OTHOIIEHUS WIPAIOT
Ba’KHYIO POJIb B PETYJIANUU pocTa u MopdoreHesa pacrenuii. OgHa-
KO JJIA AJIWHHOKOPHEBUIIHBIX BUAOB pacTreHuit npodiaema [JAO 6bI-
Ja IpaKTHYecKH He paspaboraHa. PesyabTaThl McCaeqOBAHUHA IO-
Kas3bIBaIOT, UTO IIOA3€MHBIII MEeTaMepPHBII KOMILJIEeKC, SABJISISICh CO0-
ctBeHHO ayieMeHTOM [[AC KOPHEBUIIIHBIX MHOTOJETHUKOB, UT'DAET
0co0yI0 POJIb B ee peryadanuu. KopHeBUIlA 3aHUMAIOT 3HAUUTEh-
HYyI0 10Ji0 B 6momacce pacrenuit (30-70% ), GOpMUPYIOT OTPOMHBIM
0aHK IIO3eMHBIX BET€TATHUBHBIX MEPUCTEM, XapaKTePU3YIOTCA BBI-
COKOIi (pM3MOJOTMUECKON aKTUBHOCTRIO 40 IIy00KOoIi ocenu. MHTeH-
CUBHOE IIOCTYIJIEHNE U JEMOHWPOBaHNE aCCUMUJMNPOBAHHOTO yIJIe-
poza B moA3eMHbBIe OPraHbl — KOPHEBUIA M KOPHU — B a3y reHe-
PaTUBHOTO Pa3BUTHUA PACTEHUH CBUAETEIbCTBYIOT 00 YCUJIEHUU PO-
JIZ TIO3€MHOT'0 METaMePHOT0 KOMILIEKCA B MepapXuu aKIeITOPOB
B 9TOT mepmoy. BrigaBiena 3aBucuMocTh GyHKIUOHUPOoBaHuA [JAC
OT 9KOJIOTO-IIeHOTUUYECKON MPUYPOUEHHOCTY KOPHEBUIITHBIX MHOTO-
JIETHUKOB, UX KU3HEHHOU CTPATETHU, PUTMa CE30HHOTO PAa3BUTHA.

KopHeBuliriHble MHOTOJIETHUE PACTEHUA XapaKTepPU3YIOTCS BbI-
COKO# yCTONUMBOCTBHIO M NMPOAYKTUBHOCTBHIO, YCIIEIITHO aJallTUPY-
I0TCA K HeOJArONPUATHHIM YCJIOBUAM CPeIbl BO MHOTOM OJiaromaps
¢opMUPOBAaHUIO MOIIIHOI mox3eMHOU ccepbl. IMHHOKODHEBUIII-
HbIe 3JIaK¥ YYAaCTBYIOT B CJIOKEHUU IMOMMEHHBIX JYTOBBIX (PUTOIIE-
HO30B 00peaIbHOU 30HBI. B yCcI0BUAX cpeqHell IIOMMBbI, I'le BhISABJIE-
HO HamboJIbIlIee BUAOBOE pasHoOOpasue, a A0JS PACTEeHUI ¢ KOPOT-
KUMU U OJIUHHBIMU KOpHeBHUIaMu coctaBisgeT 70-90% , ormeueHo
3HAUUTEJbHOE PA3BUTUE IOA3EMHOM YACTU — KOPHEBUII U KOPHE.
JlokasaHa BBICOKAA YCTOMUYMBOCTH NJINHHOKODPHEBUIIHBIX 3JIaKOB K
Pas3HBIM 3aTPASHUTENSIM — TOKCUYECKOMY MEeMCTBUIO BBICOKUX KOH-
meHTpanuii He@Tu B mouBe u (GHocHopopraHuUeCcKOMy KCEHOOUOTH-
Ky — MeTuiihochoHoBoI Kucaore. [Ioa0oTaHTEl He OKa3aJu CyIIle-
CTBEHHOT'O BJIUAHUSA HA POCT PACTEHUII, UTO CBUAETEJIBCTBYET O IIEep-
CIEKTUBHOCTU UCIIOJIb30BAHUA JINHHOKODPHEBUIIHBIX 3JaKOB [JIA
(OUTOPERYIBTUBAIIUN.

B 1menrom B pesysbTaTe MHOTOJETHUX HCCIEJOBAHUNA CTPYK-
TypHO-GQYHKIIMOHAJIBHON OPraHW3aIluy II0JA3€eMHOTO0 MeTaMepPHO-
ro KOMILJIEKCA KOPHEBUIIHBIX DPAaCTeHUU cHOpMYJJIUPOBAHBI IIPEN-
CTaBJIEHUA O 3aKOHOMEPHOCTAX (hOPMUPOBAHUA, PYHKIIMOHUPOBA-
HUA U YCTONUMBOCTHU IOA3EMHBIX IT00ET0OB, TOPMOHAJIBHO-TPOdMIUE-
CKOI PeryJsaIuu pocTa, Pa3BUTUA U aJallTAIlU B YCIOBUAX XOJIOJ-
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HOro KJaumara. IloJydueHHBIe pPea3yJbTaThl 0 MOPGHODUIUOJIOTUHN
U 9KOJIOTUU IIOJ3EeMHOI'0 MEeTaMepPHOr0 KOMILJIEKCa CO3IAal0T OCHO-
BY AJA PaspaboTKU CIIOCOO0B pPerynaanuu MopdoreHesa MIOI3eMHBIX
mo0eroB, ympaBJeHUS MPOAYKIIMOHHBIM ITPOIIECCOM KOPHEBUIITHBIX
MHOTOJIETHIKOB, OOPLOBLI ¢ COpHBIMH pacTeHuaMu. Ocobyio akKTy-
aJbHOCTD IMOJIYUYEHHBbIE MaHHBIE ITPUOOPETAIOT IJis IIPOTHO3MPOBAa-
HUSA IUHAMHUKU PACTUTEJHLHOTO ITIOKPOBA 3eMJIU O] BIUAHUEM IJIO-
0aJIbHBIX KJINMATHUECKUX (haKTOPOB U JIOKAJIbHBLIX BO3AeHCTBUII HA
sKocucTeMbl. VI3yueHne (U3UOJTOTUUYECKUX CBONUCTB KOPHEBUIITHBIX
pPacTeHMH aKTyaJIbHO B CBA3W C UX DKOJOTO-IEHOTUYECKOI POJBIO 1
yuacTreM B (DOPMHPOBAHWU IIOTOKOB yriepoma. B yriepomuHom Iiu-
KJie XBOMHBIX JIECOB IPU MPOABUKEHUM Ha CeBep BO3pacTaeT POJIb
pacTeHnil HaIOUYBEHHOI'0 MOKPOBa, ocobeHHO nxX KopHei (Bobkosa,
1987). Brkoag KOpHEBOT'O OBIXAHUS MOJYKET BapbhbMPOBATH B IIpeje-
aax 10-90% ot ob6me#i smuccuu CO, U3 NOYBLI B 3aBUCUMOCTH OT
KJINMaTUYeCKUX YCJIOBUI, TUIOB IeH030B u nouB (Kymesapos u ap.,
1995).

IlepcnekTuBBLI HCCJAENOBAHUI B M3ydyaeMOM 00JIaCTH CBA3aHBI
TaK’Ke C BbISIBJIeHUEeM (PU3UO0JIOTO-OMOXUMUYECKUX U MOJEKYJIAP-
HBIX MEXaHW3MOB MoOp(oreHesa Irmio- U SIUTEOSUATPONHBIX IT06e-
TOB, TOPMOHAJIbHO-TPOMPUUECKON M (PUTOXPOMHOI PEryJadIiiuu UX
pocTta m pasBUTUS. B Hacrosllee BpeMsA cjabo paspaboTaHbl BO-
Ipochl (PUTOXPOMHOM peryiasanuu (hoTo- U AuarpaBuTponusma (Iim-
TeJbHBIA POCT IIOJ 3eMJieil) IMOA3eMHBIX I100eroB. VmeioTcs enau-
HUYHbBIE UCCJIEeIOBAHUs, HAIPABJIEeHHBIE Ha BbISIBJIEHUE MOJEKYJIAP-
HBIX MeXaHM3MOB peryadanuu mopdgoreunesa xKopuesuir (Ruifeng et
al., 2012). IIpakTuyecKHM HUYETO HE M3BECTHO 00 DKCIIPECCHUU Te-
HOB 0eJIKOB, YUACTBYIOIINX B PETYIAINUN AeATEIHHOCTH MOA3€MHBIX
MepHCTEM, KOHTPOJUPYOIIUX (POTOPOOHBIN 1 (HOoTOPUIbHBINA STAIl
opraHoreHe3a BepXYIIeUHON IIOUKHK ItoaseMHoOro mobera. IIpobG.ie-
Ma U3y4YeHUs peryaanuu ¢GoromMopdoreHesa, POCTOBBIX OpPHEHTA-
IUH MTOA3eMHBIX TO0Er0B MMeeT OOJIbIIIoe IMIPAKTUUYEeCKoe 3HAUeHNe,
TaK KaK CIeKTPaJbHBIN COCTAB CBETA SBJIAETCS OMHUM M3 OCHOBHBIX
($HaKTOPOB, OIIPEAEIAIONINX NHTEHCUBHOCTL T06eT000pa3oBaHMsd, IIPO-
IYKTUBHOCTh M YCTOWYMBOCTD II€HOIIOIIYISIIIA.

ABTOpBI BBIPAKAIOT HANEMKIY, UTO MPEACTABJIEHHBIE B KHUTE
IaHHBIE, a TaK:Ke 0003HAUEHHbIE MEPCIEeKTUBBI HepaspaboTaHHBIX
TeM OyAyT IIOJIE3HBI MOJIOABIM WCCJIEeLOBATeIsIM, CIIeIINaJUCTaM
PasINUYHBLIX HAIpPaBJIEHUNH — (DU3UOJOTUU PACTEeHUM, d3KOJOTUH’, 6O-
TaHUKMW ¥ arPOHOMUMU, a TaKiKe CIIeI[MaJucTaM B O0JIACTH KJIETOU-
HOM M MOJIEKYJISPHOM OMOJIOTHH.



SUMMARY

The formation of plant rhizomes is an important adaptive
sign which has been formed during the evolution and is nothing
else but the adaptation to the cold and dry climate. Rhizomes
provide vegetative reproduction, dissemination and overwintering
of perennial grasses. The underground shoot complex forms the
vegetative meristematic fund of buds and is characterized by its
own mechanisms of growth regulation and growth orientations
(Markarov, Golovko, 2014; Maslova, 2014).

As a result of the long research of the structural-functional
organization of the underground shoot complex of rhizome-
forming plants, metabolic activities (heat generation, respiration,
content of soluble carbohydrates and free phytohormones,
distribution of assimilated carbon) of rhizomes during their
morphogenesis in natural populations and in in vitro conditions
have been studied. Sink-source interrelations in the whole plant
system have been demonstrated. The underground shoot complex
plays a major role in the sink-source system of grassy perennials;
it is characterized by intensive metabolism, forms big reserve of
vegetative meristems, and is highly capable of self-restoration
and self-regulation.

Hormonal and trophic regulation of the growth, development
and dormants of underground shoots are studied. The underground
shoots contribute to the adaptation of perennial rhizome-forming
plants to low temperatures in winter. Hormones and carbohydrates
play an important role in the growth and resistance regulation
of rhizomes, and prevent underground meristem from the frost
damage. In autumn, the rhizomes were characterized by the high
content of growth hormones, oligosaccharides, and the respiration
rate of rhizomatous apexes. This favors morphogenetic changes
in underground shoots as initiation of buds (initial shoot orga-
nogenesis stages, cell and tissue differentiation) in the autumn
period. Results of microcalorimetric studies show that temperature
optimum for the rhizome growth lay in the range of low and
moderate above-zero temperatures (5-20 °C), and the freezing
point of water in the apices of underground shoots was about
-10 °C.

We conclude that the plant live strategy, ecological conditions,
and the seasonal development rhythm are strongly linked to the
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physiological properties of rhizome-forming plants. Meadow spe-
cies are characterized by a high yield, active metabolism, carbon
investing in assimilating re-growing shoots and rhizomes. Forest
species with stress-tolerant features are characterized by a low
physiological activity and the eposition of assimilated carbon to
the underground plant part. The inter-relations of the seasonal
development rhythm with carbon assimilates distribution in the
organism of long-rhizomatous plants have been demonstrated.
Assimilated carbon in summer-green fast-growing plants are
translocation into the underground part of plants, whereas ever-
green species largely deposit assimilates in perennial aboveground
shoots or utilize them to form leaves which function the year
round.

Role of the underground metameric complex in plant resis-
tance to the natural and anthropogenous factors was shown.
Soil contaminated with oil and organic phosphorus xenobiotic
(methylphosphonic acid) treatment caused a stable oxidative
stress in leaves, pigments destruction and decreased the intensity
of photosynthesis. Plant rhizomes were more tolerant to anth-
ropogenous factors. As a result, treatments did not affect the long-
rhizome cereals growth, which indicated the successful adaptation
and resistance of rhizome-forming grass to the anthropogenous
factors. Results of this research can be used for recultivation of
the polluted territories.

In general, the results of the study contribute to understanding
of the formation mechanisms of the underground shoot complex
of rhizome-forming plants and can be applied for the development
of functional classification of species which will allow to forecast
their behavior in the changing climatic conditions. The aim of the
future work in this field of plant ecological physiology is related
to the genetic plasticity mechanisms and diversity of the life
form rhizome-forming perennial, analysis of molecular basis of
growth and morphogenesis regulation of the rhizomes, revealing
of mechanisms of the growth orientation, diagravitropism of an
underground shoots (stolones and rhizomes).



CnucoK COKpaleHuit:

OAC — moHOPHO-aKIeNTOpHAA CUCTEMA
HOAO — moHOPHO-aKIEeNTOPHBIE OTHOIIIEHU S
JC — mpixaresbHAas CIIOCOOHOCTH

RGR — oTHocuTenbHasA CKOPOCTh poCTa
T'K — ru66epesiioBas KHUCJI0Ta

VK — aykcuHbBI

ABK — ab6ciiu3oBas KHCJIOTA

M®K — meruadochoHOoBass KucaoTa
HHIKK — mHeHachIlI[eHHBIE KUPHBbIE KHUCJIOTHI
HKK — HachwIllleHHbIE KUPHBIE KUCJIOThI
MIOA — mMaIoHOBBIN JUAJIbAETUT,



JIUTEPATYPA

Arpoxknumaruyeckue pecypcbl Komu ACCP. JI.: T'mappomereousnar,
1973. 136 c.

Axcenosa H.II., Koucrantunosa T.H., l'onsuosckasa C.A. u ap. Kayo6-
HeoOpasoBaHNe W ero ropMOHaJbHas peryidnus y Kaprodens (Solanum
tuberosum L.) // ®usuosorusa pacreruit. 2012. T. 59. Ne 4. C. 491-508.

Anexcaunpos B.H., EmenssaunoB B.M. OrpaBadamiue BermjectBa. M.:
Boennoe usnareansctso, 1990. 320 c.

Ausues [1.A., Kepumos C.X., I:xauarupoB A.A., Axmenos A.A. Tpamuc-
IOpT U pacmpezesenne “C-acCUMUIATOB y TEeHOTUIOB IIEHUIbI, PA3INY-
HBIX 10 (DOTOCHMHTETUYECKUM IPU3HAKAM U yposkanHocTu // Pusuosorus
pacrenwuii. 1996. T. 41. Ne 1. C. 57-61.

Anvkwun A.f., Aaronenxo I'.U., Kyaumos 10.B. smeperue maabix
YAEeJbHBIX aKTUBHOCTEH yriepoga-14. Exarepunbypr, 1999. 95 c.

Anncumona A.I'. AHaToMHWYECKOe CTpPOEHIEe BereTaTUBHBIX OPTaHOB
Pa3HBIX MOJIOBBIX (hopM OyApHI mitomeBugHo (Glechoma hederacea L.) //
BecrHuk nmepmckoro yauBepcurera. 2004. Brin. 2. C. 44-51.

Ariac apeasoB u pecypcoB JexkapcTBeHHBIX pactenuii CCCP. M.,
1983. 340 c.

Arnac o onucareabHON MOpPQOJOTUM BBHICIINX pacreHuit. Crebesb u
Kopeub / An.A. ®@enopos, M.9. Kupnuuauros, 3.T. Aptiomrerako. M.;JI.,
1962. C. 55-59.

Arnac nmouB Pecnybnuku Komu / Ilox pen. I'.B. Ho6GpoBoisbckoro,
A.N. Tackaesa, 11.B. 3aboesoii. CoikThiBKap, 2010. 365 c.

Aryac yabpTpacTpyKTYypHI pacTuTenbHbIX TKaHel / Ilox pex. M.®. [la-
rHuaoBoit u I'.M. Kosy6oBa. ITerposaBoack: Kapeausa, 1980. C. 307-320.

Axyunosa B.A., Mopososa 3.A., Mypaiies B.B. u ap. Mopdorenes u
MIPOAYKTUBHOCTE pacTenuii. M.: sn-so MI'Y, 1994. 160 c.

Amuxmuaa T.f. KoMIIeKCHBINT SKOJOTMYECKUN MOHUTOPUHT 0O0b-
eKTOB XPaHEHWs W YHUUYTOKEHUS XUMUUECKOro opy:Kus. Kupos: Barka,
2002. 544 c.

AromnioBa [I.A., 3a6otuna O.A., Topomunua T.E., 3a6otun A.U. Uccae-
IOBaHWE OJIUTOCAXapPUJOB, BOBJIEUEHHBIX B (DOPMUPOBAHIE MOPO30CTOMKO-
ro cocroanus // BecrHux Bamkupckoro yHusepcutera. 2001. Ne 2 (II).
C. 50-51.

Bananguua T.II., BaxpameeBa M.I'. BpycHuka o6sikHOBeHHasA // Buo-
aoruyeckasi paopa MockoBckoit obsactu / Ilox pex. I''A. PaGoraoBa. M.:
Wsn-sBo MI'Y, 1978. Brin. 4. 232 c.

Bananguua T.II., BaxpameeBa M.I'. Yepuuka o6bikHOBeHHAas1 // Buo-
aorudeckass aopa MockoBckoit obsactu / Ilox pex. I''A. Pa6oraoBa. M.:
Wsn-s8o MI'Y, 1980. Brim. 5. 192 c.

Bapeikuna P.II1., Kocrpukosa JI.H., Kouemaposa H.II. IIpakTuxkym
mo anaromuu pacrenuii. M.: Usg-so MI'Y, 1971. 190 c.

139



Bareiruna T.B., BacunbeBa B.E. PasmuoskeHnue pacrenuii: YueOHUK.
CII6.: Usp-Bo CIIG6. yu-Ta, 2002. 232 c.

Besnenes A.B., Besgenesa T.A. /KusHeHHbIE (DOPMBI CEMEHHBIX pac-
TeHuii poccuiickoro Jansuero Boctoka. BimaguBocrok: Hansuayka, 2006.
296 c.

BeankoB B.II., Omenbanenxko A.fI., MapreimoB A.H. Peryauposa-
HUe TPaBSHOTO MOKpoBa B Jiecy. M.: Jlecuasa npom-Th, 1974. 112 c.

Benrrackaa E.B., Kougpareea B.B., Kupuuenko E.B. IluToknHUHBL
1 abCcIur30Basg KUCJI0TA B TOAUYHOM IHKJIe MOpdoreHesa KOPHEBUIIl MATHI
// NsB. AH. Cepusa 6uonorudeckas. 1997. Ne 3. C. 274-279.

Bobkopa K.C. Buosornueckass mpogyKTUBHOCTh XBOMHBIX JIECOB €BPO-
neiickoro Cesepo-BocToka. JI.: Hayka, 1987. 156 c.

Boiiko B.H., Mausimies P.B., Oropoguukosa C.}O., Comomuna 3.D.
OuddepeHnInanbHbIi MHUKPOKAJIOPUMETD [IJIA HUCCIENOBAHUSA IIPOIECCOB
MeTabom3Ma B JKUBBIX CTPYKTYpPax U ero mpuMeHeHUe B (pM3U0JIOTUY pac-
tenuii // Hayunoe nmpubopocrpoernne. 2009. T. 19. Ne 1. C. 36-44.

Bopserkosa P.A., BopoBukosa M.II. [lunamMuka pacupenenseHus Qu-
TOTOPMOHOB IO PA3JIUYHBIM 30HAM KJyOHeil KapTodess B CBASU C POCTOM
u 3amacaHueM Kpaxmaja // Pusmomorusa pacrenumii. 2003. T. 50. Ne 1.
C. 129-135.

BopsenkoBa P.A., Boposkosa M.II., fdmxos M.IO. Poap BereraTus-
HBIX 3aIlacalolliuX OPraHoOB B (JOPMUPOBAHUU TOPMOHAJLHOTO CTAaTyca IIPU
aanTaluu PacTeHuil K crpeccy // AKTyaJbHbIE BOIIPOCHI SKOJIOTMUYECKOM
¢usuosoruu pacrennit B8 XXI B.: Tes. moxa. MexayHap. Koud. CEIKTHIB-
Kap, 2001la. C. 172-173.

Bopsernkosa P.A., Sopuna M.B. Biusave KuHeTwHa U a0CI30BOM
KHUCJOTHI Ha ()OTOCUHTE3, OTTOK U pacupeznenaenue “C-accuMuiAToB y pac-
TeHuit Kaprodens // Pusumonorusa pacrenuii. 1990. T. 37. Ne 3. C. 546-
554.

Bopseukosa P.A., Cobanuna E.A., Ilosmeea A.A., Amxos M.IO.
HeticTBue GUTOTOPMOHOB Ha KPaXMAaJICHHTE3UPYIOIIYIO CIIOCOOHOCTH B IIPO-
mecce pocra KJiaybOHe# Kaprodens // Pusuosorusa pacrenuit. 1998. T. 45.
Ne 4. C. 557-566.

Bopseukosa P.A., Amkos M.IO., I[Ieauxkos B.1. Coxepsxanue adbciiu-
30BO¥ KUCJIOTHI ¥ IUTOKUHUHOB Y JUKOPACTYIIUX BUJOB C PASHLIMU TUIIA-
MU 9KOJIOTUUECKUX «cTpaTeruii» // ®usuosorusi pacreuuii. 20016. T. 48.
Ne 2. C. 229-237.

Bopucosa 1.B. OcHOBHEBIE KU3HEHHBIE (DOPMBI ABYIOJIBHBIX MHOTO-
JIETHUX TPABAHUCTBHIX pacTeHUil cTemHbiX puroneno3os Cesepuoro Kaska-
3a // Bor. xxypH. 1960. T. 45. Ne 1. C. 19-33.

Bacdunosa E.C. Bimanwe miomanm ODUTAHUA Ha POCT U DPA3BUTUE
Potentilla erecta (L.) Raeusch. mpu BeIpamiuBanuu B 00TAaHUYECKOM Camy
HNucruryra geca YpO PAH (r. Ekarepunbypr) // PacTurenbHble pecypchl.
1996. T. 32. Brin. 4. C. 22-30.

BaxpameeBa M.I'., Manesa H.B. Maiiauk aBynuctHbiil // Buosoru-
ueckas (uopa MockoBckoit ooamactu. M.: MI'Y, 1990. Bein. 8. C. 91-101.

Bunorpamosa K.JI. Kmacc Ulothrichophyceae. Orgen Chaetophorales
// JKRusup pacrenuit. Bogopocau. Jlumaruuku / Ilog pen. A.A. ®Pemopo-
Ba. M.;JI.: IIpocsemienue, 1998. T. 3. C. 286-291.

BoiinukoB B.K. 9Hepreruueckas u nH(OPMAIUMOHHAS CHUCTEMBI pac-
TUTEJNbHBIX KJIETOK Impu rumorepmuu. HoBocubupck: Hayka, 2013. 212 c.

140



Bosueceunckuit B.JI., 3amenxkuii 0.B., CemuxaroBa O.A. Meroasl uc-
caemoBaHUA (POTOCUHTE3a U AblxaHuaA pacrenuit. JI.: Hayka, 1965. 306 c.

T'amaneit }0.B. Bakyom pacrenuit // Ycruexu cOBpeMeHHO¥ OMOJIOTUM.
2006. T. 126. Ne 4. C. 348-365.

Tamaneir 10.B. TpancmoprHas cucremMa COCYZUCTBIX pacTeHUin //
CII6.: Usn-Bo Caukr-Ilerepbyprckoro yu-ra, 2004. 424 c.

Tamaneit }0.B., IlaxomoBa M.B., IllepemerneB C.H. 9xosioruueckas
9BOJIIOIUA (P10dMbI ABYy0bHBIX // Hoka. AH. 2007. T. 416. Ne 4. C. 563-
566.

TFapmam E.B., Tonosko T.K. CO,-razoobmen u poct Rhaponticum car-
thamoides (Willd.) Iljin B yciioBusIX OA30HEI CPEAHENH Talru €BPOIECKO-
ro CeBepo-Bocroka. 1. 3aBucuMocTh (hOTOCHMHTE3a W ABIXAHUS OT BHEII-
Hux GaxTopoB // Pusmonorusa pacrenmii. 1997. T. 44. Ne 6. C. 854-863.

T'apmamr E.B., I'omoBko T.K. BiusHue KagMus Ha POCT U AbIXaHUE
SAYMeHs MPU ABYX TEeMIIepPaTypHBIX PeKMMax BbIpamuBaunus // ®usumolio-
ruga pacrenunii. 2009. T. 56. Ne 3. C. 382-387.

TameBa M.H., I'ames C.H., Copoatorua A.B. CocTrosiHue pacTuTeb-
HOCTH KaK KPUTEePHUIl HAPYIIEeHHOCTU JIECHBIX OMOIEHO30B HIpU HeTIHOM
sarpasuenun // Ixosorusa. 1990. Ne 2. C. 77-78.

TomoBko T.K. IIpoaykTuBHOCTHL pairpaca OIHOJETHEro B IIOCEBax
pasHo# 1mioTHOCTH // Puauosorus um OMOXUMUA KYJbT. pacTeHuit. 1989.
T. 21. Ne 5. C. 474-479.

T'onosko T.K. @otocuHTE3 U AbIXaHUE B CBABYU C KJIyOHE0Opa3oBaHUEM
y KaprTodeinsa // Perynanus pocra u passutusa Kaprodens / Ilox peg. M.X.
Yaitnaxsaua, A.T. MokponocoBa. M.: Hayka, 1990. C.13.

Tonorko T.K. [rixanmve pacreHuin (Gpu3MOJIOTHUECKUE AaCIEKTHI).
CII6.: Hayka, 1999. 204 c.

Tonosko T.K. [Ipixanue B AOHOPHO-aKIIEIITOPHOI CHCTEME PaCTeHUH
// Pusnosorusa pacrenuii. 1998. T. 45. Ne 4. C. 632-640.

T'omoBrko T.K., Hanbks N.B., Bauapos II.C. u ap. ToncTaHKOBBIE B
X0JOMHOM KJjumare (0uoJsiorus, skosorusa, (usmosorus). CII6.: Hayka,
2007. 205 c.

T'omoko T.K., Ho6peix E.B. CBa3b AbIxaHUsA C COLEepIKaHUEM a30Ta B
6romacce patirpaca ogHoJsieTHero // ®@usuosnorua pacrenwmii. 1993. T. 40.
Ne 2. C. 61-65.

T'onosxko T.K., TabanenxkoBa I''H. BiusHue XJIOPXOJUHXJOPHUAA Ha
KpaxMaJICHHTE3UPYIOI[YIO0 CIIOCOOHOCTh U YPOXKail KayOHell KapTodens //
dDusnosorua pacreruit. 1989. T. 36. Brin. 3. C. 544.

Tony6es B.H. O 3akoHOMepHOCTAX MOpP(OreHesa KOPHEBUII TPABIHU-
CTBIX PACTEHWIl U HEKOTOPhIE BOIPOCHI X mpoucxokiaenua // Hoxa. AH
CCCP, 1956a. T. 106. Ne 2. C. 351-354.

Tony6es B.H. O GuosornuyeckomM 3HaYeHUU reo(UINN Y TPABAHUCTHIX
pacrenuii // Bor. xypH. 19566. T. 41. Ne 2. C. 236-242.

T'ony6es B.H. Marepuasel K 9K0JIOTr0-MOP(OJIOTUUECKON U IeHeTHde-
CKOM XapaKTepUCTUKe JKM3HEHHBIX ()OPM TPaBAHUCTHIX pacreHuit // Bor.
KypH. 1957a. T. 42. Ne 7. C. 1055-1072.

Tony6es B.H. O mopdorenese u 3BOJIIOINY KU3HEHHBIX (DOPM TpPaBsi-
HUCTBIX PaCTeHUIl Jieco-n1yroeoit 3ousr // Bron. MOUII. Orx. 6uoa. 19576.
T. LXII. Beio. 6. C. 35-57.

T'ony6es B.H. O HeKOTOPBIX 0COOEHHOCTAX MOp(oreHesa KM3HEHHBIX
¢dopM TPaBAHUCTHIX PACTEHUII JIECOJYTOBOI 30HBI B CBA3U C UX DBOJIOIMEH
// Bor. :xxypH. 1959. T. 44. Ne 12. C. 1704-1716.

141



TopmikoBa T.A. PactutenpbHas KJeTOUuHas CTeHKA KaK AUHAMUYHASL
cucrema. M., 2007. 429 c.

T'naxg B.M. Onpenenenue MOHO-, IU- U OJIUTOCAXapUJIOB B OOHOI pac-
TUTEJIBbHOM ITPo0e MEeTOAOM BBICOKO0I(h(MEKTUBHON KUIKOCTHOM XPOMAaTo-
rpaduu // Pusmonorua pacrenmii. 2002. T. 49. Ne 2. C. 311-316.

T'ypeeBa 1.U. PaBuocnopossie nmanopoTHuku H0:xu0M Cubupu. Cucre-
MaTHUKa, TPOUCXOKAEHUEe, O0MOMOP(OJIOTHSA, MOUYJAINNOHHAA OWOJIOTHUA.
Tomck: Usn-Bo Tomckoro yu-Ta, 2001. 158 c.

HauumoBa M.®D. duzmomepma // ATjaac yabTPacTPYKTYPhI PACTUTEb-
HbIX TKaHeil. ITerposaBoack: Kapenusa, 1980. C. 307-320.

Hesemxan A.I'., Aauna JI.U., Yaknaxan M.X., Xaxaxkan X.K. Pe-
ryaAnusa KiayoHeoOpasoBaHUsa OBYX (OpM KapTodess ¢ MOMOIIbI0 (PU3UO-
JIOTMYeCKU aKTUBHBIX coefnHeHNi // Pusuosorus pacrenuii. 1981, T. 28.
C. 933-938.

HerreBa C.B., HoBakoBckuii A.B. 9Ko0JIOro-1ieHOTUYECKVE TI'DYIIIIbI
COCYQUCTBIX pacTeHuil B (PUTOIEHO3aX JaHAIIA(TOB OacceiiHa BepxXHeil u
cpenueit Ileuoprr. Exkatepuntypr: ¥YpO PAH, 2011. 182 c.

Hepaoun A.H., Cunskesuu M.C., [younuna MU.M. u ap. Bausuaue
caxapoB Ha PasBUTHE OKUCJIUTEIHHOTO CTPECCa, BHIBBAHHOTO T'MIIOTEPMU-
el (Ha mpuMepe pacTeHuil Kaprodess, 9KCIPECCUPYIOMUX T'eH MHBEePTa3bl
nposkskeit) // Pusuonorus pacrenuii. 2007. T. 54. Ne 1. C. 39-46.

HocnexoB B.A. MeToamKa moJjieBOT0 OmIbITa (C OCHOBAMM CTATUCTHUYE-
CKOII 00paboTKU pe3yJsbTaToB uccaenoBanmin). M., 1985. 351 c.

HeimoBa O.B., I'omoBko T.K. Aganranusa K cBeTy ()OTOCMHTETHUUECKO-
To amnmapaTa TeHEeBBHIHOCIUBBIX pacTeHuil (Ha mpumepe Ajuga reptans L.) //
Dusnosorua pacrerumit. 1998. T. 45. Ne 4. C. 521-528.

HyoposHasa C.A. CTpyKTypa OIPUPOJHBIX IMONYJANMUNA 3eMITHUKY JIeC-
uoit (Fragaria vesca L.): ABroped. muc. .. KaHx. 6uoa. HayK. Momkap-
Oua, 2000.

EBmokumona I'.A., Mosrosa H.II., MuxaiinoBa 1.B. Croco6sr 6uope-
menuanuu mouB Kosbckoro CeBepa Ipu 3arpA3HEHUU AUI3EJIbHBIM TOILIU-
BoM // Arpoxumusa. 2009. Ne 6. C. 61-66.

EpmakoB A.WM., ApacumoBuu B.B., CvmupnoBa-Mkomnuxosa M.U.,
Myppu U.K. Meronbl 6MoXUMHYECKOTO HccaenoBaHus pactenmit. M.;JI.:
Cesbxosrus, 1952. 520 c.

ErepeBckasa JI.B., dpaunesa JI.Il. O BiIuAHNYN Ha pacTeHUA 3arpssHe-
HUI OYBHI Ipu OypeHUU U pa3Benke Ha HedTh u ras // PacreHus u mpo-
mblLIeHHasa cpena. Kues: HaykoBa gymka, 1976. C. 73-75.

sHKupos B.K., Mepanaxk M.H., Kysuemnor JI.B. Ilepekuncuoe okuc.e-
HUe MeMOPAHHBIX JUIHUIOB XOJIOAOCTOMKUX PACTEHUI MPU MOBPEIKAECHUU
oTpUIATEJbHLIMY TeMIeparypamu // Pusmonoruda pacrennii. 1982. T. 29.
Ne 6. C. 1045-1052.

Hwmeires I1.FO., AnexceeB I0.E., Kapnyxuuna E.A., Bamaugun C.A.
Buomopdonorusa pacTeHui: MITIOCTPUPOBAHHBIN CI0Baph. ¥YueOHOE IIOCO-
6ue. M., 2002. 240 c.

Hyxosa JI.A., I'moroB H.B. Moppoaornueckas MoJIUBapUaHTHOCTD
OHTOreHe3a B IPUPOAHBIX MONyaanusax pactenuit // Onroremes. 2001.
T. 32. Ne 6. C. 455-461.

3a6oeBa 1.B. ITouBsl u semenbuble pecypcbl Komu ACCP. ChIKTBIB-
Kap, 1975. 344 c.

142



3a6oeBa U.B., Crernna T.A. IToussr // IIpupoga CeIKTBIBKapa u €ro
okpectHocTeil. CrIKThIBKap: Komu KH. usa-so, 1972. C. 26-27.

3aboruna O.A., Aronosa [.A., Jlapckaa U.A. u ap. Pusuosoruyecku
aKTUBHBIE OJINTOCAXaPUAblI, HAKATLJINBAIOINECd B KOPHAX O3UMOM IIIIIeHN-
bl B XOJ€e HUBKOTeMIIepaTypHO# amantanuu // PuUsnoJOrus pacTeHUI.
1998. T. 45. Ne 2. C. 262-267.

Basakun B.B., Ham U.f. Crumynasanusa abCcriu30Boil KUCJIOTOH MMOCTY-
ILJIEHUA aCCUMUJIATOB U3 000JOUYKY CEMEHU K Pa3BUBAIOIIEMYCSA 3aPOLBIIILY
monuHa // @Pusuosorus pacreumit. 1998. T. 45. Ne 1. C. 100-107.

HWsanosa T.B. CrpyKTypa MOYBEHHBIX 0OAHKOB CEMSAH JIYIOBBIX (DUTO-
IIEHO30B B IIOMMax cpenHed u MaiblXx peK Pecrnybsmku Mapwuit dim: ABTO-
ped. muc. ... Kaug. 6uosa. Hayk. CeikTBEIBKaAp, 2004. 22 c.

WUsanosa T.U., Kupnuuaukosa O.B., Illepcruesa O.A., IOguua O.C.
ToguuHBIN MUK ABIXaHUSA JUCTHEB BEYHOBEJIEHBIX pacTeHuil // ®Pusmosio-
rusa pacrenuii. 1998. T. 45. Ne 6. C. 906-913.

Keiirc M. TexHUKa JUNUA0JOTUU. BeIgeneHre, aHAIN3 U UASHTADU-
Kanua gununos. M.: Mup, 1975. 322 c.

Kedenu B.1. ®oromopddorenes, (poTocuHTE3 U POCT KAK OCHOBA IIPO-
IyKTuUBHOCTHU pactenuit. Ilymuuo, 1991. 133 c.

Kupeesa H.A., MudraxoBa A.M., CamaxoBa I'"M. Poct u pasBurue
SPOBOII MIIIEHUIIBI HAa He(Te3arpsa3HeHHBIX MMOUBAX W MIPU OMOpeMenuaIiuu
// Arpoxumusa. 2006. Ne 1. C. 85-90.

Kupusuit [I.A. ®@oTocuHTE3 U POCT PACTEHUI B acCIeKTe JOHOPHO-aK-
menTopHBIX oTHomienuii. Kues, 2004. 192 c.

Kucenesa U.C., Coiuesa H.M., Kamuuckasa O.A., Muxajyiesa O.C. Bsa-
KMOCBA3h POCTa KOJIOCA AUYMEHA U IIOIJIOIIEHNEe aCCUMUJIATOB C COLepiKa-
HueM (uroropmoHoB // Pusuonorua pacrenuii. 1998. T. 45. Ne 4. C. 549-
556.

Kaumar CeixTeiBKapa. JI.: 'mapomereousmar, 1986. 124 c.

Kaumos C.B. Ilytu aganranum pacTeHuil K HUBKUM TeMieparypam //
VYcenexu coBpemennoi 6umosoruu. 2001, T. 121. Ne 1. C. 3-22.

Knumos C.B., Bypaxamosa E.A., Anmuesa I'.Il., Cysoposa T.A. Cmo-
COOHOCTh PaCTeHUIl 03MMOIl IIIEHUIbI 3aKaJUBaThCs K MOPO3y CBs3aHa C
ocobernocTamMu CO,-razoobMeHa, CHHTE30M OHOMACChl U PA3IUYHBIX (HopM
BoJopacTBopuMbIX yriaeBonoB // WsBectus PAH. Cepusa Omosoruueckas.
2010. Ne 2. C. 210-216.

Koaynaes I0.E., Tpyuosa T.U. OcoberHHOCTH MeTab0IM3Ma U 3AIIUT-
Hble (PYHKIIMU YIJIeBOJOB PACTeHUU B YCJIOBUAX cTpeccoB // Pusmosorus
U ouoxuMusa KyabT. pacrenuii. 1992. T. 24. Ne 6. C. 523-533.

Kougparsesa B.B., Kupuuenko E.B., Bopoukosa T.B. 'opmonaabHBIE
aCIEeKThl YCTOMYMBOCTH IOKHBIX (hopM MATHI B cpenHelr monoce Poccuu //
Broa. I'BC. 2005. Berm. 187. C. 112-119.

KougparseBa B.B., Kupuuenko E.B., Capponosa JI.M., Bopoukosa
T.B. ®uTOropMOHbI KOPHEBUII] MATHI PA3JUUYHOTO reorpauuecKoro Ipo-
WCXOKJEeHUSA B TOAUYHOM ITuKJe ee passurtus // ss. PAH. Cepus 6uoJo-
ruyeckaa. 2000. Ne 5. C. 563-568.

Koposkuu O.A. Mopdorenes BereTaTuBHBIX opraHoB Helianthus tube-
rosus L. mpu BbIpammBaHuu pacteHuil u3 ceman // VsB. TumupsaseBckoi
c.-x. akagemuu. 1983. Brim. 1. C. 48.

KopoBrkur O.A. OCHOBHBIE TEPMUHBI U IIOHATHUSA MODPGOJIOTUY BBIC-
mux pacreHuit / YuebHoe nocobue. Usx. 2-e, mepepab. u mon. M.: Usn-Bo
MCXA, 2003. 100 c.

143



Korenmuua H.C., Apuerosa U.B., Pomanos I'.I'., Typy6auosa JI.II.
Oc06eHHOCTHY IIPUPOOIIOJIB30BAHUA U MIEPCIEKTUBLI IPUPOLOBOCCTAHOBIIE-
Hus Ha Kpatinem CeBepe Poccuu. Exarepuubypr: ¥YpO PAH, 1998. 146 c.

Kpacasmes O.A. CpoiicTBa maasMajieMMbl MOPO30CTOMKUX PACTUTENh-
HBIX KJIETOK // Ycmexu coBpeMeHHOU Oumosiormu. 1988. T. 106. Ne 1(4).
C. 143-157.

Kprokosa JI.H. K Bompocy 06 sBositoniuu reoduiunu pacreruit // Bor.
sxkypH. 1958, T. 43. Ne 3. C. 425-428.

Kynespos B.H., XakumoB @.1., [leeBa H.®. Onenka AbIXaHuA IIOYB
Poccunu // ITouBoBemenme. 1995. Ne 1. C. 32-42.

Kysemuna I'.T'. Bamauc saporerasix UVK u ABK B simcThax u penpo-
IYKTHUBHBIX OpraHax Ha MO3JHUX dTallaX OHTOreHesa pactenuit // ®Pusuo-
norus pacrenuii. 1997. T. 44. Ne 5. C. 769-774.

Kynepman ®.M. Mopdodusuosorus pacrenuii. M.: Bricmi. mkoua,
1977. 288 c.

Kypcanos A.JI. Tpancmopr accumuasasToB B pacrenuu. M.: Hayka,
1976. 646 c.

Jlakuna I'.®. Buomerpus. Yuebd. mocodbue Ajsi OMOJOTHAY. CIel] BYy30B.
Wsn. 3-e, mepepabd. u gom. M.: Beicr. mrkosa, 1980. 239 c.

JleBuna P.E. PenpoaykTtuBHasa 6uosiorusa ceMmeHHbIX pacteHuit (O630p
npob6aemsr). M.: Hayka, 1981. C. 4-13.

Jlykatkua A.C. XoJ0moBoe MOBpE’KAeHNEe TeIJIOJI00UBBIX pPaCTeHU
U OKUCJIUTENbHBIN cTpecc. CapaHck: Usx-Bo MopaoB. yH-Ta, 2002. 208 c.

Jlykatkua A.C., TomoBanmoBa B.C. HMHTeHCUBHOCTH II€PEKHCHOTO
OKHCJIEHUA JUIUAOB B OXJIAYKAEHHBIX JIMCTHAX TEIJIOJIOOMBBIX PACTEHUH
// Pusnosorusa pacreruii. 1988. T. 35. Brin. 4. C. 773-780.

JIobapckuit E.JI. O6 opraHax BereTaTMBHOI'O BO30OHOBJIEHUS W pas-
MHOJKeHUA BBICIIUX pacTeHuit // Bor. xypH. 1960. T. 45. Ne 7. C. 1067-
1069.

Mauaeinies P.B. Quepreruueckuii 6ajaHC MOJOJIBIX TKAaHel U OpPraHOB
pacrenuii: ABroped. auc. ... Kaua. 6mosa. mayk. CII6., 2009. 20 c.

MaprapoB A.M. IlogseMHBIN MeTaMepPHBI KOMIIJIEKC KOPHEBUIITHBIX
¥ CTOJIOHOOOPA3YIOIUX TPABAHUCTBIX MHOIOJIETHUKOB. CHIKTHIBKApP, 1994.
20 c. (Hayunsie gokaansl / Komu HIT ¥YpO PAH; Brin. 339).

Maprapor A.M. Mopdodusuosorusa IOA3eMHBIX IT00EroB TPaBSHU’-
CTBIX MHOTOJIETHUX pacTeHuii (pocT, reo- m (PoTOTPOIM3MBI, PA3BUTHE):
Asroped. auc. ... n-pa 6uoia. mayk. CIIG., 1996. 47 c.

Maprapor A.M., I'omoBxo T.K. PoctroBasi opueHTamus II0J3eMHBIX
mo0eroB MHOTOJIETHUX TPABAHUCTBIX pacTenumit. 1. lekanuramus HaaseM-
HOTO mobera M MPONOJIKUTEIBHOCTH (GOTOIEpHOLa He BIUAIOT HA OPUEH-
Talui0 POCTa KOPHEBUII] W CTOJOHOB // Pusumosorusa pacreHuii. 1995a.
T. 42. C. 526-532.

Mapkapos A.M., T'omoBro T.K. PocroBasi opueHTanus II0J3eMHBIX
1mo0eroB MHOTOJIETHUX TPABAHUCTBHIX pacTeHuil. 2. Bimanue cBeta Ha opu-
eHTAIMI0 POCTa KOPHEBUII] U CTOJIOHOB // Pusmomorusa pacreuwuii. 19956.
T. 42. C. 533-538.

MapxrapoB A.M., 'omoBko T.K. PocToBasi opueHTaniua mog3eMHBIX II0-
6eroB MHOTOJIETHUX TPaBAHUCTBIX pacreHuii. 3. Mopdodusuoaorusa moj-
3eMHBIX IT00ETOB U PasBUTHE capMeHTOB // PusuoJsorud pacrenuit. 1995s.
T. 42. Ne 5. C. 709-713.

144



Mapkapos A.M., I'omoBro T.K. PocroBasi opueHTanus II0J3eMHBIX
1mo0eroB MHOTOJIETHUX TPAaBAHUCTBIX pacreHuil. 4. Posb cBera um ropmo-
HOB B PETYJAINUYN AUATPOMHON OPHUEHTAIIUU POCTA CTOJIOHOB // Pusmoso-
rusa pacrenunii. 1995. T. 42. C. 714-719.

MapxrapoB A.M., I'osoBko T.K., Ta6anenkoBa I'.H. Biusuaue ¢gortome-
puona Ha MOPHODPYHKIIMOHAIBHEIE XapaKTEPUCTUKY TPeX BUAOB KapTode-
na // ®usuosorua pacrenuit. 1993. T. 40. Ne 1. C. 40-45.

Maprapo A.M., I'omoBko T.K., Tabanenkosa I'.H. Mopdodusuosio-
rus KJayoHeoOpasyromux pacrernuii. CII6.: Hayka, 2001. 208 c.

Mapxapos A.M., Macsosa C.II. @opmMupoBanmue MOA3eMHBIX TOOETOB
TPaBAHUCTHIX MHOTOJIETHUX pacTeHuil // PenpomykTuBHaA O6mosorusa pac-
tenuii. CeikTBIBKAp, 1998. C. 93-99 (Tp. Komu HIT ¥YpO PAH, Ne 158).

Maproiaenko B.A., #Kenesuosa I'.B., T'etter M.B. u ap. ®@jopa cese-
po-Boctoka eBponeiickoil yactu CCCP kar GoTaHuko-reorpaduyecKasd CH-
crema. CoikThIBKap, 1987. 20 c. (Hayunbsie mokaaznsl / Komum HIL YpO
PAH; Brin. 166).

Macmaosa C.II. Binsanue anuKaJIbHON IIOYKU HA POCT GOKOBBIX IIOUEK
moa3emMHoro mobera // ®usumosorus pacrenumit. 2001. T. 48. Ne 5. C. 773-
776.

Macnosa C.II. Oco6eHHOCTH POCTa W PA3BUTHUSA HAA3€MHBIX U II0J3€M-
HBIX IToOeroB npeacrasuresieir poxga Helianthus // Broa. I'BC. 2002. Berim.
184. C. 46-51.

Macaosa C.II., TosoBxo T.K. Poct m BereraTuBHOe pas3MHOXKEHUE
Stachys sieboldii Mig. B ycioBuax esponetickoro Ceepa // PacturenbHble
pecypenr. 2000. Ne 4. C. 31.

Macnosa C.II. CTpyKTypHO-GOYHKIIMOHATbHAA OPTaHU3aIUA II0J3eM-
HBIX IT00ETOB MIMHHOKOPHEBUIIHLIX pacTeHuit // AKTyajbHble POOJIeMbI
coBpemenHoi 6uomopdosoruu / Ilox pexn. H.II. Casunbix. Kupos: Usa-Bo
000 «Pagyra-ITPECC», 2012. C. 70-77.

Macmosa C.II., T'apmam E.B., Oropogaukora C.}O. Peaxkius pacre-
HU IBYKHUCTOUHMKA TpPoCcTHUKOBUAHOTO (Phalaroides arundinacea) nHa
dochopoprannyecKuili KCeHOOUOTUK — MeTuIdocHoHOBYIO KucaoTy // Ar-
poxumusa. 2010a. Ne 1. C. 73-78.

Macmaosa C.II., Tomosxo T.K., Kypeuxosa C.B. u ap. IlomsemubIi
MeTaMepPHBI KOMILJIIEKC B JOHODHO-aKIEIITOPHOU CUCTEME KOPHEBUIIHBIX
MHOTOJIETHUX BJIaKOB Bromopsis inermis u Phalaroides arundinacea //
dusnosorua pacrenuit. 2005. T. 52. Ne 6. C. 839-847.

Macnosa C.II., Kop 9.M. VHTEHCUBHOCTb OBbIXAaHUS U COAEPIKAHUIE
abCIIM30BOI KUCJIOTHI B ITOJ3€MHOM IT0Gere CTOJIOHOOOPA3YIOIINX pacTeHU
// UMmmyHoananus perynaTtopoB pocta: Tes. moku. III xkoud. Yda, 2000.
C. 71-74.

Macaosa C.II., Kypeukosa C.B., Tabanenxosa I'.H., Mapxapos A.M.
Moppopusuosornueckrue xapaKTEPUCTUKU U XUMUYECKHUH cocTaB (DUTO-
maccel Bromopsis inermis (Poaceae) // Pacrturenvublie pecypcbl. 2005.
T. 41. Beimo. 3. C. 87-95.

Macmaosa C.II., Mansimes P.B., T'omoBko T.K. [Ipixanue u pocT ABYX
KODHEBUINHBIX TPaBAHUCTHIX MHOTOJIETHUX PACTEHUIN C PASHBIM TUIIOM
sKoJiornueckoi crpareruu // Bor. :xypH. 20106. T. 95. Ne 4. C. 581-590.

Macmosa C.II., Mapkapos A.M., Ba6ak T.B. Oco6ernoctu Mmopdodu-
3MOJIOTUUECKON U aHATOMHUYECKOI CTPYKTYDHI IIpencraBuresneil poga Heli-
anthus // CoBpeMeHHBIEe ITPOOJIEMBI CEJIBCKOTO X03AMcTBa. KanuHuHrpan,
2002. C. 242-252.

145



Macaosa C.II., Mapkapos A.M., I'omosko T.K. CTpyKTypHO-(DYHKITA-
OHAJIbHASA OPTaHU3AIUA II0J3€MHOT0 METaMEPHOr0 KOMILJIEKCAa MHOTOJIET-
HUX TPaBAHUCTBHIX pacTeHuii // Ycmexu coBpemenHoit 6umosoruu. 2006.
T. 126. Ne 6. C. 559-569.

Macnosa C.II., Tab6anenkosa I'.H. Mopdoaoruueckue u Gusmooro-
ouoxuMuyeckue xapaxkrepuctuku Phalaroides arundinacea (Poaceae) mpu
pasiuuHOl mIoTHOCTH moceBa // Pacrturenbubie pecypcwl. 2008. Brim. 1.
C. 40-50.

Macnosa C.I1., TabanenkoBa I''H. 'opmoHaIbHBII cTAaTyC MOA3€MHBIX
00EeroB U paclpefiesieHe aCCUMUIATOB Y NINHHOKOPHEBUIIHBIX BUAOB //
Becrauk Husxeropoackoro yuusepcutera um. H.U. Jlo6aueBckoro. 2010a.
Ne 5(1). C. 119-126.

Macmaosa C.II., TabamenxkoBa I'.H. Peaknusa KOPHEBUIIHOTO 3JaKa
Phalaroides arundinacea Ha 3arpsasHeHUe MOYBLI HePTHIO // ATrpoXuMus.
20106. Ne 8. C. 66-71.

Macmosa C.II., Ta6anenxkosa I'.H., T'omoBko T.K. [Ipixanue u comep-
JKaHWe a3oTa U YIJIeBOJOB Y KOPHEBUIITHBIX MHOTOJIETHUX PACTeHUU B CBS-
3U ¢ peajusalieil Pa3HBbIX aJalTUBHBIX cTpareruil // Pusuosorus pacre-
muit. 20108. T. 57. Ne 5. C. 676-686.

Macnosa C.II., TabamrenxoBa I'.H., Kypenxoa C.B., ILriocHuna
C.H. Cesonnasa ngmHaMHKa aHATOMO-MOP(OJIOTUYECKON CTPYKTYPBHI U CO-
IepsKaHus (PUTONOPMOHOB M CaxapoB B MHOA3eMHBIX moberax Phalaroides
arundinacea // ®usuonorua pacrenuii. 2007. T. 54. Ne 3. C. 555-561.

Macaosa C.II., Tabanenkosa I'.H., Mauasimes P.B., I'omosxo T.K. Ce-
30HHBIE U3MEHEHUS POCTa U MeTa0OJIUUECKON aKTUBHOCTHU IOJ3€MHBIX IIO-
0eroB THICAUYENNCTHUKA OOBIKHOBEHHOTO // @Pusmosorus pacreunmit. 2013.
T. 60. Ne 6. C. 865-873.

Macmaosa C.II., Tabamnenxoa I'.H., Illymnamauxkosa I'.C. IIpoayk-
TUBHOCTH Bromopsis inermis (Poaceae) B pas3HBIX 5KOJIOTO-IIEHOTUUYECKUX
YCJIOBUAX IMONMEHHBIX JyroB // PacrurenbHble pecypcbl. 2012. Bprm. 2.
C. 212-219.

Macnosa T.I'., IlomoBa U.A., IlomoBa O.®. Kpurtudeckas OIeHKa
CIEeKTPO(POTOMETPHUUECKOTO MeTOJa KOJMUECTBEHHOT'O OIpelesieHus Kapo-
TuHOUAO0B // Pusnosorusa pacreruii. 1986. Ne 3. C. 615-619.

MenBener C.C. ®Pusmosornyeckue OCHOBBI IIOJAPHOCTU PACTEHUI.
CII6.: Koanbua, 1996. 159 c.

Mwunubaesa @.B., TI'oppou JI.X. IIpoaykius cymepoKcuga U aKTUB-
HOCTb BHEKJIETOYHOU IEPOKCHUJA3bI B PACTUTEJIbHBIX TKAHAX IIPU CTPECCE
// ®usuonorusa pacrenuii. 2003. T. 50. Ne 3. C. 459-464.

Muponos II.B., Amayagunosa E.B., Pemax C.M. HuskoremmepaTyp-
Hasd YCTOMYMBOCTD JKUBBIX TKaHell XxBOWHBIX. KpacHoapck: Cudbl'TY, 2001.
221 c.

Muxaiinosckasa W.C. BospacTHble aHaTOMO-MOP(OJIOrMUecKre n3Me-
HEeHUs IOA3eMHBIX OPraHOB Kenroil JjrouepHbl (Medicago falcata L.) //
Bros. MOUMII. Otrg. 6uoa. 1972. T. 77. Beim. 1. C. 88-102.

Muxatinosckaa U.C. AraToMuyecKre 0COOEHHOCTH KOPHEBUII] HEKO-
TOPBIX MHOTOJIETHUX TpaB // JKusHeHHBIe ()OPMBI, CTPYKTYpPa, CIEKTPHI U
sBourtonusa // Tp. MOUIL. Orpenenue 6uosoruu. M.: Hayka, 1981. T. 56.
C. 141-160.

MuxaiinoBckasa N.C. KopHu u KopHeBble cucTeMbl pacreHmii. M.:
MI'TIN um. B.M. Jleuuna, 1981. 136 c.

146



MoxponocoB A.T. OHIOreHHAas peryadnusa GOTOCUHTE3a B IEJIOM pac-
Tenuu // @Pusuosorusa pacrenuii. 1978. T. 28. Ne 5. C. 938-950.

MoxponocoB A.T. OuTorenernuecKkuii acuexkT orocuuTesa. M., 1981.
194 c.

Moxporoco A.T. loHODHO-aKIIeNITOPHBIE OTHOIIEHUSA B OHTOTEHE3e
pacrenuii // Pusuosorusa ¢orocurresa / Ilox pex. A.A. Huuunoposuya.
M.: Hayxka, 1982. C. 235-250.

MoxkponocoB A.T. @orocunTeTHUeCKasA QYHKIIUA U IEJOCTHOCTDL pac-
TuTeabHOro opranusma. M.: Hayka, 1983. 64 c.

Moxponocos A.T. KnyOoueo6pasoBauue U JOHOPHO-aKIIEIITOPHBIE CBS-
3u y Kaprodens // Perynasnusa pocra u pasBuTus Kapropens / Ilox pen.
M.X. YHannaxana, A.T. Mokpouocosa. M.: Hayka, 1990. C. 6-12.

Myparosa A.IO., Typxosckas O.B., Xiwo6uep T., Kykm I1. Mcnoabso-
BaHUe JIOIEPHBI U TPOCTHUKA AJA (PUTOpEMenManuy 3arpA3HEHHOTO yTIJIe-
Bomopomamu rpyHTta // Ilpukia. 6uoxum. murpobumos. 2003. T. 39. Ne 6.
C. 681-688.

Myposues I'.C., Ukaunukos [I.l., Kymraesa O.H., 'am6ypr K.3. Oc-
HOBBI XUMHUUYECKOUN PEeryJsAIlluyd PocTa W HPOAYKTUBHOCTU pacTeHwuii. M.,
1987. 383 c.

Mycradpuna B.B., Kosocos C./. OnpegeneHue mioianu JUCTHEB 3J1a-
KoBbIX // CenbcKoxossaiicTBennas 6momorusa. 1991. Ne 3. C. 165-167.

Hazapor A.B. BriaBieHUe yCTOHUMBBIX K HeMTAHOMY 3arpsa3HEHUIO
BuIOB pacrenuil // CoBpeMeHHBIE IPOOIEMBI S9KOJIOTUHN, MUKDPOOMOJIOTUY 1
uMMyHosioruu: Tes. MOKJ. U mporpaMMa PeruoH. KOH@. MOJOABIX YUEHBIX.
Ilepmsb, 1999. 45 c.

Haszapos C.K., I'onoBko T.K. HekoTopbie (pusnosornyeckue acueKThbl
MPOAYKIIMOHHOT'O IIPOIlecca MHOTOJIETHUX TPaB HA IpUMepe MATINKA U JIU-
coxBocta B ycaoBuax Komu ACCP // CenbcKoxosAiicTBeHHAs OMOJIOTUA.
1983. Ne 11. C. 15-20.

Hazapor C.K., T'omoBro T.K. Pacmpenenenue acCUMHUJISATOB Y pacTe-
Huit kapropens. CeikTeIiBKAp, 1983. 20 c. (Hayunsie noxaansr / Komu du-
auaa AH CCCP; Berr. 92).

Hurkutun A.A., ITankosa M.A. AHaToMuuyecKuil aTjac MIOJIE3HBIX I
HEKOTODBIX SAMOBUTHIX pacreHwuii. JI.: Hayka, 1982. 768 c.

OropoguukoBa C.IO., T'omoBko T.K., Ammuxmuna T.fI. Peakmuu pac-
TeHUN Ha (ocopopraHnuUecKuii KCeHOOMOTUK — MeTUJI(GOCHOHOBYIO KIC-
aory. CeikThIBKaAp, 2004. 24 c. (Hayunsie goxaans: / Komu HIT ¥YpO PAH;
Broim. 464).

Oropoguukosa C.10., I'omoBko T.K. Bauauue metungochoHoBOI Kuc-
JIOTHI Ha pacTeHuda meaiomku // Arpoxumus. 2005. Ne 4. C. 37-41.

Ontorenes 6pycHuku 00bikHOBeHHOH (Vaccinium vitis-idaea L.) / JI.B.
IIpokonnena, JI.A. #ykosa, H.B. I'moroB // OHTOreHeTHUECKUIT aTJIac pac-
TeHUH: HayuHOe maganue. Momkap-Oxa: MapI'V, 2000. T. II. C. 51-60.

Ownrorenes rpymasku Kpyrioauctaoit (Pyrola rotundifolia L.) / T.A.
ITonauckasa, O.}0. Pomanosa, O.II. BenepuukoBa // OHTOreHeTHUYeCKUI
ariac JeKapCTBeHHBIX pacreHuil. Momkap-Ona: Mapl'V, 2004. T. IV.
C. 161-168.

OxToreres 3Bepobos naruucroro (Hypericum maculatum Crantz.) /
E.H. IloxraeBckasa // OHTOreHeTHWUYECKUIl aTjac JEKapCTBEHHBIX pacTe-
muit. Momkap-Oxa: MapI'V, 2002. T. IIL. C. 214-217.

147



Onrorenes maitnuka apyauctaoro (Maianthemum bifolium (L.) F.W.
Schmidt.) / T.A. Ioaauckas, .M. JleoutseBa, 9.B. Illecrakora, C.{.
daitzynnuua // OHTOTeHETHMUECKUI aTJjiac PACTeHUI: HayYHOe WH3JAaHUE.
Homxkap-Ona: MapI'V, 2000. T. II. C. 210-215.

Ontorenes matb-u-mauexu (Tussilago farfara L.) / JI.A. Kyxosa,
O.A. BepgaukoBa // OHTOreHeTHUYECKUII aTjiac PACTEHUI: HAyUYHOEe M31a-
uue. Momxkap-Ona: MapI'V, 1997. C. 183-186.

Ontorenes MmaATHI mosaeBoit (Mentha arvensis L.) / JI.A. dKykosa, O.A.
BepnuukoBa // OHTOreHeTHYECKUII aTjac PACTEHWUIl: HayYHOe UBJAHUE.
Homxkap-Ona: MapI'V, 2007. T. V. C. 225-229.

Onrorenes nwipes nosasyuero (Elytrigia repens (L.) Nevski) / JI.A.
JKyxoBa // OHTOreHeTHYeCKUIl aTiac pacTeHHil: HAyYHOe M3ZaHue. LoIi-
kap-Ona: MapI'V, 1997. C. 187-191.

ITareur 2440199 Poccuiickaa Pegepanusa, MIIK-2006.01. B09C
1/100. KopHeBuIiasIii cnocobd GUTOPEeKyIbTUBAIINY IOUYBEI OT He(PTU U He-
drenponykroB / IllapamoBa M.9., Macnosa C.II., Tabanenkosa I'.H., T'a-
pabamxuy A.B., ApueroBa N.B., TackaeB A.W.; 3agBuTeJ b U IIATEHTOO-
b6samatens Yupesxaenue Poccuiickoit akagemuu HayK MHCTUTYT OMOJIOTAN
Komu mHayuHoro mentpa ¥paabckoro ornenenus PAH. Ne 2010123987 /13;
sasBia. 11.06.2010. Oay6a. 20.01.2012, Broor. Ne 2. 14 c.

ITonesoit B.B. ®@uroropmonst. JI.: Usa-so JII'Y, 1982. 249 c.

ITosneBoit B.B. Posib ayKcuHa B PeryjasaIiiuu pOCTa WM Pa3BUTHUS pac-
reuuit // T'opmMoHasbHAA peryidlusa OHToreHesa pacrteHuii. M.: Hayka,
1984. 87 c.

ITosneBoit B.B. Posb aykcuHa B cucTeMax PeryJAlldUd y pacTeHuii //
Tumupsasesckue urenus XLIV. JI.: Hayka, 1986. 80 c.

ITonesoit B.B., CamamaroBa T.C. @usuosorusa pocTa U pasBUTUS pac-
reuuii. JI.: Usp-so JIT'Y, 1991. 240 c.

ITomosa A.M. Jlyrosasi pacTUTEIHLHOCTD IIONMBI CPEJHEr0 TeUeHU pe-
Ku Briuerga: Asroped. guc. ... kaua. 6uos. HayK. CeikThIBKap, 2008. 18 c.

ITocrrexnorernunnie axkocucrembl CeBepa / Ilox pen. U.B. Apuerosoii,
JI.II. Kanenpkuua. CII6.: Hayka, 2002. 159 c.

ITpokonseBa JI.B. 9kosioruuecKue 0COOEHHOCTU IOMYJIANUN OPYCHU-
Ku Vaccinium vitis-idaea L. B ycaoBuAX HOATaeKHBIX JecoB MapuiicKoi
Hu3MeHHOCTU: ABTOped. mauc. .. Kauza. 6mos. Hayk. Huxuauit Hosropon,
2006. 22 c.

IIeaukoB B.U., UBanoB JI.A., JlambGepc X. KoHCTpYKIIMOHHAaA IleHA
PacTUTEIBHOTO MaTepuaja y BUAOB OOpeasbHOIl 30HBI C Pa3HBIMHU THIIA-
MU DKOJIOTUYECKUX «CTpareruii» // ®Pusmosorusa pacrenmii. 2001. T. 48.
Ne 1. C. 81-88.

IIpsukos B.U., dAmkos M.JO., Pemrerosa E.A., T'aurapar A.A. Tpasuc-
IIOPT M pacupefesieHue acCUMUJIATOB y pacreHuit CpexHero Ypaja ¢ pas-
HBIMHM TUIIAMU DKOJIOTUUECKUX «cTpareruii» // PuU3MOJIOTUA paCcTeHUI.
2000. T. 47. Ne 1. C. 5-13.

ITupc 9. T'ucroxumusa. M., 1962. 962 c. (Pearse A.G.E. Histochemis-
try. London: J. & A. Churchill, Ltd., 1960.).

ILmiocamua C.H., Macmoa C.II. AHaTOMH4ecKOe CTPOeHHEe KODHEBH-
mia Phalaroides arundinacea (Poaceae) // Bor. xkypH. 2010. T. 95. Ne 7.
C. 947-956.

Ilnrocumua C.H., Macaosa C.II., Koswsipesa }0.B. Ceszounbie u BO3-
pacTHbIe U3MEHEeHUA aHATOMUYECKOM CTPYKTYPHI IOJ3€MHBIX IT00ETOB KOD-

148



HEBUIIIHBIX TPaBAHUCTHIX pacteHuit // Bor. sxypu. 2013. T. 98. Ne 5.
C. 596-604.

ITonauckas T.A. IlonynanuoHHoe pasHooOpasue KOMIIOHEHTOB Tpa-
BAHO-KYCTAPHUUYKOBOTO Spyca JIECHBIX COOOIIECTB HAIMOHAJHHOTO IapKa
«Mapuit Yopga». Momxkap-Oxa, 2006. 156 c.

IIpoxonsesa JI.B. CTpyKTypa sSIBHOIIOJHUIEHTPUUYECKUX 0co0eil Opyc-
HukKu Vaccinium vitis-idaea L. // Martepuansl VI Beepoccuiickoro momy-
asnuonsoro cemunapa / Ore. pexn. T.B. WyiikoBa. Husxuuit Tarun, 2004.
C. 200-203.

ITysuua T.M., Kupunanosa NU.I'. I'paaueHTsl comepsKaHUs CBOOOMHBIX
GuToropMoHOB B cTebsie Kaprodess B cBA3U ¢ KJayOHeoOpasoBaHueMm //
®dusuosorusa pacrernuii. 1996. T. 43. Ne 6. C. 915-919.

Peiins II1., 9Bepr P., Aiikxopu C. CoBpemenHas 6oranuka. M., 1990.
T. 2. C. 191-192.

Pomanos I''A. Kak IIUTOKMHUHBI AEUCTBYIOT Ha KJETKY // Pusumosio-
rusa pacrenunii. 2009. T. 56. Ne 2. C. 295-319.

Pomanosa M.A. [Muddepernuanuda TKaHel KopHeBuirta Gymnocarpi-
um driopteris (Athyriaceae) // Bor. :xypu. 1997. T. 82. Ne 3. C. 75-84.

Poubxuaa E.C. [ITUTOKUHUHLI B PETyJAINN TPAHCIOPTA U PacIpese-
JIeHUS aCCUMUJIATOB B pacTeHusax: ABroped. auc. ... A-pa 6uoa. Hayk. M.,
2004. 50 c.

Porbxkuaa E.C. IIUTOKUHUHBI B PETYJIANNN AOHOPHO-aKIIEIITOPHBIX
cBaseil y pacreruii. Kamuaunrpan: KI'TY, 2005. 266 c.

Poicun JI.II., Peicura TI'.II. MopdocTpyKTypa HOA3€MHBIX OpPTaHOB
JIeCHBIX TPaBAHUCTBIX pacTeHuit. M., 1987. 204 c.

CaBenbeBa E.N., 3eukeBuu U.I'., Kysuemoa T.A. u gp. Hccienmo-
BaHMe MPOAYKTOB IIpeBpaleHuil (ochopopraHnIecKuxX OTPABISIOININX Be-
IIeCTB METOJOM Ta30BOM xpomarorpadum — macc-cuekrpomerpuu // Poc-
cuiick. xum. xkypHaa. 2002. T. 46. Ne 6. C. 82-91.

CaBuubix H.II. ITosmuBapmaHTHOCTH Pa3BUTHUSA PaCTeHUI KaK CJIe-
CTBUE MOJYJILHOM opranusanuu // IlomnBapuaHTHOCTh PA3BUTUA OPTaHU3-
MOB, IOIyJIANUH u coobuiects. Momkap-Ona, 2006. C. 43-51.

CamaxoBa I''M. MameHeHUST 5KOJIOTO-(PU3UOJIOTUYECKUX IIapaMeTpOB
pacTeHuil u pusocepHOl MUKPOOMOTHI B YCIOBUAX HEPTAHOTO 3arpssHe-
HUA W PeKyJabTUBaIuu mouB: ABToped. Auc. .. KaHA. OmoJ. HayK. Yda,
2007. 23 c.

Cenpix B.H., Urnaree JI.A. Bausnue oTxomoB OypeHUs um HedTu
Ha (pusmosornyeckoe cocrosume pacreHuit // CuOUPCKUN SKOJOTUUECKUI
sKypuaa. 2002. Ne 1. C. 47-53.

CemuxartoBa O.A. IlokazaTenn, xapaKTepU3yIOIINe NbIXaTEJbHBIH Ta-
3000MeH pacreHuii // Bor. xypH. 1968. T. 53. Ne 8. C. 1069-1084.

CensuunoBa-Kopuaruuna M.B. T'eopunusa u ee 3HaueHue B CIOKEHUU
CTPYKTYPHI PACTUTEIHLHOTO COO0IIIeCTBA (0 IIEJIOCTHOCTA OPTaHU3Ma BBICIIIE-
ro pacreHusi) // PacTuTenbHBIN IOKPOB U cpelxa. YueHble 3amucku JII'Y.
Cepus reorpadpuuecknx Hayk. 1967. Berm. 19. Ne 327. C. 7-96.

Cepebpsaxor .I'. Mop@osiorus BereTaTUBHBIX OPTaHOB BBICIIUX Pac-
renuii. M.: Usg-Bo «CoBerckas Hayka», 1952. 392 c.

Cepeopsakor N.I'. Oxogormueckas mopdoJsorus pacrenuii. sKusHen-
HBIe (OPMBI TOKPHITOCEMEHHBIX M XBOMHBIX M.: Bricmi. mkona, 1962.
378 c.

149



Cepebpsaxor U.I'. {KusHeHHbIe (DOPMBI BBICIINX PACTEHUH M UX U3Y-
uyenue // IlomeBasa reoboranmka. M.;JI.: Hayka, 1964. T. 3. C. 146-205.

Cepebpsaxos U.T'., Cepebpakosa T.M. O aByx Tumax (popMUpPOBaAHUS
KOPHEBUII] ¥ TPABAHUCTHIX MHOT0JeTHUKOB // Bros. MOUII. Ota. 6uoJo-
ruu. 1965. T. 70. Bemm. 1. C. 67-81.

Cepeopsakosa T.U., Bopouun H.C., EneneBckuii A.I'. u 1p. Boranuka
C OCHOBaMM (PUTOIEHOJOTUU: aHATOMUS WM MOPGOJIOTUA pacTeHuii: Yueb.
nast BysoB. M.: UKII «Axkamemixuura», 2006. 543 c.

CuBkoB M./I., Hazapos C.K. OgHoxkaHanbHasA razoMeTpuyeckas ycra-
HOBKA [IJIA U3MePeHUA (DOTOCUHTE3a U TPAHCIUPAINY PACTEHUI B MOJIEBBIX
ycnoBuax // WudpakpacHble ra30aHAJIN3aTOPHEI B M3YUYEHUU Ia3000MeHa
pactreruii. M., 1990. C. 55-64.

Cropoboratoa 1.U., 3axaposa E.B., Kapcyuxuna H.II. u ap. Usme-
HEeHHe coJep:KaHud (PUTOTOPMOHOB B IIPOPOCTKAX AYMEHA B OHTOreHe3e U
IPU BHECEHUU PEryJsiTOPOB, CTUMYJIUPYIOIIUX pocT // Arpoxumusa. 1999.
Ne 8. C. 49-53.

Crkyropea C.I'., OropomumkoBa C.IO., T'omoBxko T.K., Amuxmuna
T.f. duroTokcuuHOCTh (hochopopraHMUeCKUX COeIUHEHU U PTyTu. EKa-
tepunOypr: ¥YpO PAH, 2008. 153 c.

Crynuerko B.B. Bubpanmonnada MmukporoMusd MATKUX TKaHeil // Ho-
Bble HayuHble MeTonuKUu. ChIKTBEIBKAp, 1979. Bemr. 2. 56 c.

Cmupsosa O.B., 3ayronbuosa JI.B., Epmakosa .M. Ilenononymanunu
pacTeHuil (OCHOBHBIE MOHATUA U CTPYKTYphI). M.: Hayka, 1976. 108 c.

Cuurupesckas H.C. ckomnaemsble maayHOBUAHEIE, TOpALoK Order As-
teroxylales // #usup pacrenuii. T. 4. Mxu. Ilmayasl. XBomu. IIamopoT-
Huku. ['omocemenubie pacrenus / Ilox pex. A.A. ®@emoposa. M.;JI.: IIpo-
cBemrenue, 1998. C. 100-104.

CoBpeMeHHEBIE TTOAX0bI K OIMUCAHUIO CTPYKTYPHI pacteHus / Ilox pen.
H.II. CaBurrix u I0.A. Bo6posa. Kupos: OO0 «Jlobauns», 2008. 355 c.

CrenanoBa A.B. PaszHooOpasre aHATOMUYECKOT'0 CTPOEHUST KOPHEBUIIT
B pozme Potentilla (Rosaceae) // Bor. xypu. 2005. T. 90. Ne 9. C. 1378-
1388.

Crenuna T.A. Buosormueckas aKTHUBHOCTH HOA30JIUCTHIX IIOYB //
IToxzosmucThie TOUBHI IEHTPAJTBHON W BOCTOYHOM YacTell eBPOIENCKOI Tep-
puropuu CCCP. JI.: Hayka, 1980. C. 165-178.

Crpynau E.A., Crpyman O.A., Tuncura H.H., Tymanosa A.E. Araro-
MUYECKOe CTPOeHMEe OPraHOB KPOBOXJIEOKM JeKapcTBeHHOU (Saguisorba of-
ficinalis L.) u noxkanmusanus B HUX AyOUIbHBIX BerecTs // Bectuuk Kpac-
TAY. 2010. Ne 11. C. 107-109.

Tab6anenkosa I'.H. Vcnonp3oBanmne acCCUMUJIATOB HA POCT U IbIXaHUE
IIOCeBOB paiirpaca oxHoJieTHero // JlbixaTeJbHBIM rasoo0MeH pacTeHUIl B
moceBax W NPUPOAHBIX (puToreHoszax. CerIKThIBKap, 1988. C. 46-55.

Tabaneunkosa I''H., Mapkapos A.M., I'omosko T.K. Peryasamus xiyo-
HeoOpasoBauusa Solanum andigenum cv. zhukovskii // ®Pusuosorus pac-
reuuii. 1998. T. 45. Ne 1. C. 33-36.

Tanamosa B.B., Turosa A.®., Boesa H.II. Posis GpuTOrOpMOHOB B IIPO-
Imeccax afalTalld PACTEHUH K NeHCTBUI0O HUBKUX U BBICOKUX TEeMIIEDPATYP
// Perynaropsl pocta u pasButus pacrteHuii: Tes. mokiy. V MesxayHap.
koud. M., 1999. C. 66-67.

Tapmuc JI.I'. CTpykTypHOE pasHooOpasue II0J3eMHBIX OPTaHOB BBIC-
mux pacrenuii. Exkarepunoypr, 2003. 173 c.

150



Tapmue JI.I'. MopdoJoro-anaTroMuuecKkrne OCOOEHHOCTH IT0J3eMHBIX
OpraHOB HEKOTOPHIX BHUJOB IIBETKOBBIX PACTEHUIU B CBA3U C UX aJalTaruei
K 9KoJoruueckum ycaoBusam // Orosgorus. 2005a. Ne 2. C. 97-105.

Tapmruc JI.T'. O6 uameHUnBOCTU MOPGHOJIOTUUECKUX U aHATOMUUYECKUX
IPU3HAKOB y BUIOB mozaceMmelicTBa Pyroloidaceae (Ericaceae) ma Ypaie //
Bor. :xypu. 20056. T. 90. Ne 8. C. 1197-1207.

Tapmuc JI.I'. AHaTOMUS MOA3€MHBIX OPTAHOB BBICIIINX COCYIUCTHIX
pacrenuii. EkaTrepuabypr: ¥YpO PAH, 2007. 224 c.

Tapmuc JI.T'., Tapmuc I'.11., Moposora JI.M. u ap. Mopdosoro-ana-
TOMHUUYECKNEe 0COOEHHOCTU IOA3EMHBIX OPTaHOB IMOKPBHITOCEMEHHBIX MHOTO-
JIETHUKOB, IIPOM3PACTAIOIINX B SKCTPEMAaJbHBIX ycJI0oBUAX cpexwl // Cu-
OupcKUil sKogornueckuit xypuaia. 2012, Beim. 2. C. 197-204.

Taxramias A.JI. Beiciime pacreHus (0T TCUIOGUTOBBIX OO XBOI-
HBIX). M.; JI.: U3n-sBo AH CCCP, 1956. T. 1. 488 c.

Taxramxsaa A.JI. OCHOBBI 3BOJIIOIIMOHHON MOP(OJIOTUM IIOKPBITOCE-
meHHBIX pactenmuii. M.; JI.: Hayka. 1964. 236 c.

Taxramesas A.JI. Orgen Ryniophita // ¥Kusus pacrenuii. T. 4. Mxu.
IInayuer. XBomu. Ilanopornuku. I'osmocemenuwie pacrenusa / Ilox pen.
A.A. ®enoposa. M.; JI.: IIpocsemienne, 1998a. C. 39-44.

Taxramxan A.JI. Orgen IlamoporHukoBumuble. OOIIad XapakTepu-
cruka // WKusup pacrenuii. T. 4. Mxu. [Inayusl. XBomu. I[lamoporHuku.
Tonocemenusnie pacrenus / Ilox pex. A.A. @emopora. M.; JI.: IIpocserre-
Hue, 19986. C. 169-170.

Tumepranuua JI.H., McxakoBa B.M., Briconikas JI.B. u ap. Coxep-
JKaHUe TOPMOHOB, BOJAHBI OOMEH M POCT JIUCTHEB PACTAKEHUEM y pacre-
HUI MINEeHUIbI IPYU IOBBIIIIEHUN OCBeIlleHHOCTU // PU3NO0JIOTUs paCTeHUI.
2007. T. 54. Ne 5. C. 715-721.

Tumormok E.E. 9xosorusa u 6uosorus 6pycuunuubix B Cudbupu. Tomcek:
HTJI, 2006. 216 c.

Turos A.®., Tananosa B.B. ¥YcroiiunBocTs pacTeHUN U (PUTOTOPMO-
el ITeTposaBoack: KapHI] PAH, 2009. 206 c.

Tpynosa T.M. Pacrerue u HusKoTeMIiepaTypHbIii crpecc. M.: Hayka,
2007. 53 c.

Tymanos .M. ®usunosioruss 3akaauBaHUSA U MOPO3OCTOMKOCTU pacTe-
auii. M.: Hayka, 1979. 352 c.

Typy6aunosa JI.II. Kyaprypa ranapeeunuka B Komu ACCP // Hayu-
Hble PEeKOMEeHJaIluu — HapOZHOMY X03AicTBy. CHIKTHIBKAp, 1988. BsbIm.
69. 20 c.

Yopuur ®@.®. dusnosorusi KJayoHeoOpasoBaHUs U POJb (PUTOrOPMO-
HOB // l'opMoHanbHaA perynanusa ouToreHesa pacrenuii. M.: Hayka, 1984.
C. 55.

Yopunar @., ®unnunc . Poct pacrenuir u guddepeHiupoBra. M.:
Mup, 1984. 515 c. (Wareing P., Phillips I. Growth and differentiation in
plants. Oxford et al.: Pergamon Press, 1981.)

denxe K. Buoxumusa u ¢usuosorusa aeiicTeus repounugos. M.: Ar-
pompomusznar, 1985. 223 c.

Xancen JI.I., Teitmop H.K., Cmur B.H., Kpugnr P.C. CBasp mexay
POCTOM paCTeHWI U AbIXaHWEM: 9KOJOTUUYECKHUEe ACIEeKTHI U 0TOOP JYUIIUX
COPTOB KYJbTYPHBIX pacTeHuit // Pusmosorus pacrenuii. 1996. T. 43.
Ne 6. C. 805-812.

151



Xoxpako A.II. 9Boawornua O6uomopdosorun pacrenmii. M., 1981.
170 c.

Xpomarorpadus: IIpakTuyeckoe mpuiokeHue meroxa. 4. 2 / Ilox
pexn. X.M. Xeprmauna. M.: Mup, 1986. C. 11-16. (Chromatography: Meth-
od Application in Practice. Hertman, H., Ed., Moscow: Mir, 1986.).

Yupkosa T.B. ®PusuosormyecKkre OCHOBLI YCTOMUYMBOCTU PaCTEHUI.
CII6.: Usx-Bo CII6. yu-Ta, 2002. 260 c.

IITamaeBa A.A. HcciemoBanme mIpoOIecCOB OuopeMenuanuu IIOYB U
00BbEKTOB, 3aTPABHEHHBIX HEeDTIHBLIMU yrieBojgopomamu: ABroped. auc. ...
Kaua. 0uoJs. HayK. Ya, 2007. 23 c.

ITapamosa M.9., Macmosa C.II., Tabanenxkosa I'.H., Jlantera E.M.
Buopemenuamus HedTe3arps3HEHHON MOYBBLI IIPU BBHIPAIIMBAHUU KOpPHE-
BUIITHOTO 3JIaKa ABYKHCTOUHWKA TPOCTHUKOBUAHOTO // 3aluTa OKpYyKaio-
mie#t cpensbl B He(rerasoBom Kommiexkce. 2011. Ne 11. C. 42-47.

ITopuna H.U., Epmoa 9.A. Opasgk oObIKHOBeHHBIN // Buosormue-
ckas gaopa MockoBckoit obmactu. M.: Msa-so MI'Y, 1990. C. 4-20.

Inaeix A.A. OnpeneneHue XJI0POPUIIOB U KAaPOTUHOULOB B dKCTPAK-
Tax 3eJeHbIX JUCTheB // BuoxmmuuyeckKure MeTOABI B (DU3MOJOTUHU pacTe-
auit. M., 1971. C. 154-170.

Yaitnaxaa M.X. PorTomepuomuyeckasi U TOPMOHAJIbHASA PEryJIAMUs
KIybHeoOpasoBaHusa y pacrenuii. M.: Hayka, 1984. 64 c.

Yepemnanos C.K. Cocyaucrtbie pacrenus Poccuu u compenebHBIX TO-
cymapcts (B npeznenax OwiBimero CCCP). CII6.: Mup u cembsa, 1995. 992 c.

YurkoB B.M. PotocuHTe3s u TpaHcmopT accumuiaAToB. M.: Hayka,
1987. 192 c.

Yukos II.C., 3aiiko JI.H., Illperep A./1. ATyac apeajioB U PecypcoB
JeKapcTBeHHBIX pacteHuii. M.: Kaprorpadpusa, 1983.

Iposronua GpyHKIUI B pacturenbHoM Mupe / K.B. Manoitnenko, M.T.
Araes, B.B. Ilonesoit u ap. JI., 1985. 244 c. (Tpyasr Buon. HUN JIT'Y;
Ne 36).

Jszay K. Anaromusa cemeHHbIX pacrenuii. M.: Mup, 1980. 560 c.

FOcydor A.I'. O BereTaTUBHOM Pa3MHOKEHUU U IIPOTPECCUBHOI BBO-
gronuu // KypH. 06111, 6uosmoruu. 1971. Beim. 32. Ne 5. C. 584-592.

Anko A.H., TomoBko T.K., IOpimoBa O.B. IIurMeHTHBIH KOMILIEKC
3UMHE- U BEYHO3EJIEHbIX PACTEHUI B MOA30HE CpemHell Talird eBpPOIIeHCKO-
ro Cesepo-Boctoka // Bor. xxypu. 2009. T. 94. Ne 12. C. 1812-1820.

fAmkos M.IO. @usnosornueckre MeXaHU3MbI aIalITUBHBIX CTPATETHH
pacrenuii 6opeanbHOU 30HBI Cpeguero ¥Ypasa: ABroped. aucC. .. KaHL. Ou-
oJ. HayK. Yda, 2001. 24 c.

Amxos M.IO., Bopsenxkosa P.A. 'opMoHAIBHBIN cTAaTyC, pacipemese-
HUe aCCUMUJISATOB U CTPYKTypa O0MOMAaCChl ¥ TUKOPACTYIIINX BUIOB CpeIHe-
ro Ypaja ¢ KopHeBuIamu pasHoro tuma // Mopdodusuosorus creiua-
JU3UPOBAHHBIX IT00Er0B MHOT'OJIETHUX TPAaBAHUCTHIX pacrenuii: Tes. moKJI.
Bceepoc. cogemr. CeikTbiBKap, 2000. C. 176-178.

Abdullah Z.U.N., Ahmed R. Effect of ABA and GA3 on tuberization
and some chemical constituents of potato // Plant Cell Physiol. 1980.
V. 21. P. 1343-1346.

Alexieva V., Ivanov S., Sergiev I., Karanov E. Interaction between
stresses // Bulgarian Journal of Plant Physiology. 2003. Special Issue.
P. 1-17.

152



Anderson J.A. Lipid peroxidation and plant tissue disorders:
introduction to the workshop // HortScience. 1995. V. 30. P. 196-197.

Barnes W.dJ. The rapid growth of a population of reed canarygrass
(Phalaris arundinacea L.) and its impact on some riverbottom herbs //
Torrey Bot. Soc. 1999. V. 126. Ne 2. P. 133-138.

Bazzaz F.A. The physiological ecology of plant succession // Ann.
Rev. Ecol. Syst. 1979. Ne 10. P. 351-371.

Benson E.dJ., Hartnett D.C., Mann K.H. Belowground bud banks and
meristem limitation in tallgrass prairie plant populations // American
Journal of Botany. 2004. V. 91. Ne 3. P. 416-421.

Boccalandro H.E., De Simone S.N., Bergmann-Honsberger A. et
al. Phytochrome kinase substratel regulates root phototropism and
gravitropism // Plant Physiology. 2008. V. 146. P. 108-115.

Breusegem F., Vranova E., Dat J.F., Inze D. The role of active oxy-
gen species in plant signal transduction // Plant Science. 2001. V. 161.
P. 405-414.

Cline M.G. Apical dominance // Bot. Rev. 1991. V. 57. Ne 4. P. 318-
358.

Correll M.d., Kiss J.Z. The roles of phytochrome in elongation and
gravitropism of roots // Plant Cell Physiol. 2005. V. 46. P. 317-323.

Crompton H.J., Lloyd-Jones C.P., Hill-Cottingham D.G. Transloca-
tion of labelled assimilates following photosynthesis of 14CO2 by the
field bean // Physiol. Plant. 1981. V. 51. Ne 2. P. 189-198.

Cutler D.F., Botha C.E.dJ., Stevenson D.W. Plant Anatomy: An App-
lied Approach. Blackwell Publishing, 2007. 287 p.

Deryabin A.N., Dubinina I.M., Burakhanova E.A. et al. Cold
tolerance of potato plants transformed with yeast invertase gene // Acta
agron. 2004. V. 57. Ne 1/2. P. 31-39.

Dorffling K., Tietz A., Fenner R., Naumann R., Dingkuhn M. Einflug
Abscisinsdure auf den Transport und die Einlagerung von Assimilaten //
Ber. Dtsch. Bot. Ges. 1984. Bd 97. S. 87-99.

Fahn A. Plant Anatomy. Oxford: Pergamon, 1990. 587 p.

Firn R.D., Digby J., Riley H. Shoot geotropic curvature — the
location, magnitude and kinetics of the gravity-induced differential
growth in horizontal sunflower hypocotyl // Ann. Bot. 1978. V. 42.
Ne 78. P. 465-468.

Garnier E. Growth analysis of cogeneric annual and perennial grass
species // Journal of Ecology. 1992. V. 80. P. 665-675.

Garnier E. Resourse capture, biomass allocation and growth in
herbaceous plants. Trends in ecology and evolution. 1991. V. 6. N 4.
P. 126-131.

Garnier E., Vancaeyzeele S. Carbon and nitrogen content of con-
generic annual and perennial grass species: relationships with growth //
Plant, Cell, Environ. 1994. V. 17. P. 399-407.

Glesson S.K., Tilman D. Plant allocation, growth rate and successional
status // Functional ecology. 1994. Ne 8. P. 543-550.

Glyphosate. The Pesticide Manual. American chemical society, 1997.
56 p.
Golovko T.K., Dymova O.V. Ecophysiology of Ajuga reptans L. at
the northern boundary of its distribution // Handbook of plant and crop
stress / Ed. M. Pessarakli. New York et al.: Marcel Dekker, Inc., 1999.
P. 963-972.

153



Griffith M., Yaish M.W.F. Antifreeze Proteins in Overwintering
Plants: A Tale of Two Activities // Trends Plant Sci. 2004. V. 9. P. 399-
405.

Grime J.P., Hodson J.G., Hunt R. Comparative plant ecology: A
functional approach to common british species. London: Unwin Hyman,
1988. 742 p.

Hinisch ten Gate C.H., Breteler H. Role of Sugars in Nitrate
Utilization by Roots of Dwarf Bean // Physiol. Plant. 1981. V. 52. P.
129-135.

Hansen L.D., Hopkin M.S., Rank D.R. et al. The relation between
plant growth and respiration: A thermodynamic model // Planta. 1994.
V. 194. Ne 1. P. 77-85.

Harper J.L. Population biology of plant. London etc., 1977. 892 p.

Hensel W. Gravi- and phototropism of higher plants // Progress in
Botany. V. 48. Struct. Bot. Physiol. Genet. Taxonomy. Geobot. Berlin
e.a., 1986. P. 205-214.

Hirose T. Modelling the relative growth rate as function of plant
nitrogen concentration // Physiol. Plant. 1988. V. 72. Ne 1. P. 185-189.

Hopkin M.S. Calorimetric studies of plant physiology: Ph. D.
Dissertation. Provo, 1991. 90 p.

Hopkins J.A., Kiss J.Z. Phototropism and gravitropism in transgenic
lines of Arabidopsis altered in the phytochrome pathway // Physiologia
Plantarum. 2012. V. 145. P. 461-473.

Hanisch ten Gate C.H., Breteler H. Role of Sugars in Nitrate
Utilization by Roots of Dwarf Bean // Physiol. Plant. 1981. V. 52.
P. 129-135.

Jackson S.D. Multiple Signaling Pathways Control Tuber Induction
in Potato // Plant Physiol. 1999. V. 119. Ne 1. P. 1-8.

Junichiro M., Yukio O., Hiroshi O. Rhizome transition to storage
organ is under phytochrome control in lotus (Nelumbo nucifera) //
Planta. 2007. V. 226. C. 909-915.

Kaufman P.B., Brock T.G., Song J.I., Rho Y.B., Ghosheh N.S. How
cereal grass shoot perceive and respond to gravity // Amer. J. Bot. 1987.
V. 74. Ne 9. P. 1446-1457.

Kaur P., Mott I.W., Larson S.R., Bushman B.S., Hernandez A.G.,
Kim W.R., Liu L., Mikel M.A. Gene expression polymorphisms and ESTs
associated with gravitropic response of subterranean branch meristems
and growth habit in Leumus wildryes // Plant Science. 2008. V. 175.
P. 330-338.

Kaurin A., Junttila O., Hanson J. Seasonal changes in frost hardiness
in cloudberry (Rubus chamaemorus L.) in relation to carbohydrate content
with special reference to sucrose // Physiologia Plantarum. 1981. V. 52.
P. 310-314.

Kireeva N.A., Kuzyakhmetov G.G. Yielding capacity of barley plants
on soils contaminated with petroleum // Abstr. 11th Congress of the
Federation of European Societies of Plant Physiology, Varna, 7-11 Sept.,
1998 / Bulg. J. Plant Physiol. 1998. Spec. Issue. P. 277.

Kiss J.Z., Mullen J.L., Correll M.dJ., Hangarter R.P. Phytochrome A
and B mediate red-light-induced positive phototropism in roots // Plant
Physiol. 2003. V. 131. P. 1411-1417.

154



Knight C.A., Duman J.G. Inhibition of recrystallization of ice by
insect thermal hysteresis proteins, a possible cryoprotective role //
Cryobiology. 1986. V. 23. P. 256-262.

Koda Y., Takahashi K., Kikuta Y. Induction of tuberization in
various plants by jasmonic acid and related coppounds // 15th Int. Bot.
Congr., Yokogama, Aug. 28-Sept. 3, 1993. P. 127.

Kratsch H.A., Wise R.R. The ultrastructure chilling stress // Plant.
Cell and Environment. 2000. V. 23. Ne 4. P. 337-350.

Krishman G., Horst G.L., Darnell S., Powers W.L. Growth and
development of smooth bromegrass and tall fescue in TNT-contaminated
soil // Environ. Pollut. 2000. V. 107. Ne 1. P. 109-116.

Kuehn C. Sucrose Transporter StSUT4 from Potato Affects Flowering,
Tuberization, and Shade Avoidance Response // Plant Physiol. 2008. V.
146. P. 515-528.

Kumar P., Montgomery C.E., Kiss J.Z. The role of phytochrome C in
gravitropism and phototropism in Arabidopsis thaliana // Funct. Plant
Biol. 2008. V. 35. P. 298-305.

Lambers H., Chapin F.S., Pons T.L. Plant physiological ecology.
New York Inc: Springer-Verlag, 1998. 540 p.

Lambers H., Poorter H. Inherent Variation in Growth Rate between
Higher Plants: a Search for Physiological Causes and Ecological
Consequences // Adv. Ecol. Res. 1992. V. 23. P. 188-261.

Larcher W. Physiological Plant Ecology. Berlin, Heidelberg, New
York: Springer Verlag, 2003. 513 p.

Lariguet P., Boccalandro H.E., Alonso J.M. et al. A growth
regulatory loop that provides homeostasis to phytochrome a signaling //
The Plant Cell. 2003. V. 15. P. 2966-2978.

Lee E.-J., Matsumura Y., Soga K. Glycosyl hydrolases of cell wall
are induced by sugar starvation in Arabidopsis // Plant Cell Physiol.
2007. V. 43. P. 405-413.

Leopold A.C. What remains of the Cholodny-Went Theory? Valid but
not universal // Plant, Cell and Environment. 1992. V. 15. Ne 7. P. 777-
778.

Los D.A., Murata N. Structure and expression of fatty acid
desaturases // Biochim. et Biophys. acta. 1998. V. 1394. P. 3-15.

Machackova I., Konstantinova T.N., Sergeeva L.I., Lozhnikova V.N.,
Golyanovskaya S.A., Dudko N.D., Eder J., Aksenova N.P. Photoperiodic
control of growth, development and phytohormone balance in Solanum
tuberosum // Physiol. Plantarum. 1998. V. 102. P. 272-278.

Markarov A.M., Golovko T.K. Growth orientation of underground
shoots: stolons and rhizomes and aboveground creeping shoots in
perennial herbaceous plants // 3rd Edition of the Handbook of Plant and
Crop Physiology (Ed. M. Pessarakli). CRC Press. Taylor &Francis Group:
Fl. USA. 2014. ISBN 9781466553286. P. 157-166.

Maslova S. The growth correlation in stoloniferous plants / Scientific
works of the Lithuanian Institute of Horticulture and Lithuanian
University of Agriculture // Horticulture and vegetable growing. 2004.
V. 23(2). P. 65.

Maslova S.P. Structure and metabolism of underground shoots in
perennial rhizome-forming plants // 3rd Edition of the Handbook of Plant
and Crop Physiology (Ed. M. Pessarakli). CRC Press. Taylor &Francis
Group: Fl. USA. 2014. ISBN 9781466553286. P. 167-178.

155



Maxwell D.P., Wang J., McIntosh L. The alternative oxidase lowers
mitochondrial reactive oxygen production in plant cells // Proc. Natl.
Acad. Sci. USA. 1999. V. 96. P. 8271-8276.

McCree K.L. An Equation for the Rate of Respiration of White
Clover Plants Grown under Controlled Conditions // Prediction and
Measurement of Photosynthetic Productivity. Wageningen, 1970. P. 221-
229,

McSteen P. Hormonal regulation of branching in grasses // Plant
Physiology. 2009. V. 149. P. 46-55.

Meicenheimer R.D., Nackid T.A. Gravitropic response of Kalanchoe
stems // Int. J. Plant Sci. 1994. V. 155. Ne 4. P. 395-404.

Metcalfe C.R., Chalk L. Anatomy of the dicotyledons, 2nd edn. V. I.
Systematic anatomy of leaf and stem, with a brief history of the subject.
Oxford: Clarendon Press, 1979. 276 p.

Meyer C.dJ., Seago J.L., Jr., Peterson C.A. Environmental effects
on the maturation of the endodermis and multiseriate exodermis of Iris
germanica roots // Ann. Botany. 2009. V. 103. P. 687-702.

Millenaar F.F., Lambers H. The alternative oxidase: In vivo
regulation and function // Plant Biol. 2003. V. 5. P. 2-15.

Molas L.M., Kiss J.Z. Phototropism and gravitropism in plants //
Advance in Botanical Research. 2009. V. 49. P. 1-34.

Molas M.L., Kiss J.Z. PKS1 plays a role in red-light-based positive
phototropism in roots // Plant Cell Environ. 2008. V. 31. P. 842-849.

Muir A.M. The cost of reproduction to the clonal herb Asarum
canadense (wild ginger) // Can. J. Bot. 1995. V. 73. N¢ 10. P. 1683-1686.

Navrot N., Rouhier N., Gelhaye E., Jacquot J.-P. Reactive oxygen
species and antioxidant systems in plant mitochondria // Physiologia
Plantarum. 2007. V. 129. P. 185-195.

Pearce D.W., Taylor J.S., Robertson J.M., Harker K.N., Daly E.dJ.
Changes in abscisic acid and indole-3-acetic acid in axillary buds of
Elytrigia repens released from apical dominance // Physiol. Plant. 1995.
V. 94. Ne 1. P. 110-116.

Pence V.C. Abscisic acid in developing zygotic embryos of Theobroma
cacao // Plant Physiol. 1991. V. 95. Ne 4. P. 1291-1293.

Poorter H., Remkes C., Lambers H. Carbon and nitrogen economy of
24 wild species differing in relative growth rate // Plant Physiol. 1990.
V. 94. P. 621-627.

Radford P.J. Growth analysis formulae — Their use and abuse //
Crop Sci. 1967. V. 7. Ne 3. P. 171-175.

Raikhel N.V., Palevitz B.A., Haigler C.H. Abscisic acid control
of lectin accumulation in wheat seedlings and callus culture. Effect
of exogenous ABA and fluridone // Plant Physiol. 1986. V. 80. No 1.
P. 167-171.

Rolleri Cristina H., Prada Carmen. Endodermis foliares en el genero
Isoetes L. (Isoetaceae) // Acta bot. Malac. 2004. V. 29. P. 191-201.

Ruifeng H., Min-Jeong Kim, Nelson W. et al. Next-generation
sequencing-based transcriptomic and proteomic analysis of the common
reed, Phragmites australis (Poaceae), reveals genes involved in
invasiveness and rhizome specificity // Annal J. Botany. 2012. V. 99(2).
P. 232-247.

156



Schaffner A.R. Aquaporin function, structure and expression: are
there more surprises to surface in plant water relations? // Planta. 1998.
V. 204. P. 131-139.

Skriver K., Mundy J. Gene expression in response to abscisic acid
and asmotic stress // Plant Cell. 1990. V. 2. Ne 6. P. 503-512.

Stallknecht G.F., Farnsworth S. General characteristics of coumarin —
induced tuberization of axillary shoots of Solanum tuberosum L. cultured
in vitro // Amer. Potato J. 1982. V. 59. P. 17-32.

Taylor J.S., Robertson J.M., Harker K.N., Bhalla M.K., Daly E.J.,
Pearce D.W. Apical dominance in rhizomes of guackgrass, Elytrigia
repens: The effect of auxin, cytokinins, and abscisic acid // Can. J. Bot.
1995. V. 73. Ne 2. P. 307-314.

Thomas T.H. Hormonal control of assimilate movement and
compartmentation // Plant growth substances. 1985 / Ed. M. Bopp. B.;
Heidelberg: Springer, 1986. P. 350-359.

Travert S., Valerio L., Fouraste I., Boudet A.M., Teulieres C.
Enrichment in specific soluble sugars of two Eucalyptus cell-suspension
cultures by various treatments enhances their frost tolerance via a
noncolligative mechanism // Plant Physiol. 1997. V. 114. P. 1433-1442.

Trewavas A.J. What remains of the Cholodny-Went theory? A
summing up // Plant, Cell and Environment. 1992. V. 15. Ne 7. P. 793-
794.

Van Breusegem F., Bailey-Serres J., Mittler R. Unraveling the
tapestry of networks involving reactive oxygen species in plants // Plant
Physiology. 2008. V. 147. Ne 3. P. 978-84.

Vereshchagin A.G., Trunova T.I., Shayakhmetova I.S.,
Tsydendambaev V.D. On the role of cell membrane lipids in cold hardening
of winter wheat leaves and crowns // Plant Physiol. Biochem. 1990. V.
25. Ne 5. P. 623-630.

Veyres N., Danon A., Aono M., Galliot S., Karibasappa Y.B., Diet
A., Grandmottet F., Tamaoki M., Lesur D., Pilard S., Boitel-Conti M.,
Sangwan-Norreel B.S., Sangwan R.S. The arabidopsis sweetie mutant
is affected in carbohydrate metabolism and defective in the control of
growth, development and senescence // Plant J. 2008. V. 55. P. 665-686.

Villar R., Veneklaas E.J., Jordano P., Lambers H. Relative growth
rate and biomass allocation in 20 Aegilops (Poaceae) species // New
Phytologist. 1998. V. 140. P. 425-437.

Walton D.C. Biochemistry and physiology of abscisic acid // Ann.
Rev. Plant Physiol. 1980. V. 51. P. 453-489.

Wang Y., Jang Z.M., Zhang Q.F., Li J.L. Enchanced chilling tole-
rance in Zoysia matrella by pre-treatment with salicilic acid, calcium
chloride, hydrogen peroxide or 6-benzylaminopurine // Biol. Plant. 2009.
V. 53. Ne 1. P. 179-182.

Wardlow I.F. Translocation and source-sink relationships // The
biology of crop productivity. New York e.a.: Acad. Press, Inc., 1980.
P. 297-339.

Wareing P.F. Some further aspects of control of crop processes //
Crop processes in controlled environment. London, New York: Acad.
Press, 1972. P. 363.

Wareing P.F., Jennigs A. The hormonal control of tuberisation in
potato // Plant growth substances. B.: Springer, 1980. P. 293-300.

157



Warren Wilson J. Control of crop processes // Crop processes in
controlled environment. London, New York: Acad. Press, 1972. P. 7.

Wilkins M.B. Growth control mechanisms in gravitropism // Physiol.
Movements. Berlin e.a., 1979. P. 601-626.

Xin X., van Lammeren A.A.M., Vermeer E., Vreugdenhil D. The
role of gibberellin, abscisic acid, and sucrose in the regulation of potato
tuber formation in vitro // Plant Physiol. 1998. V. 117. Ne 2. P. 575-
584.

http://meteo.parma.ru/climate/sykt.shtml; http://www.jcbi.ru/
ecol (Basa mauubIX «I[eHTp IO IrUAPOMETEOPOJIOTUN U MOHUTOPUHTY OKPY-
skaromieit cpeabl Pecnyonuku Komu»).



Hayy4Hoe usdaHue

CeetnaHa lNetpoBHa Macnosa, MannHa HukonaesHa TabaneHkoBa,
CeetnaHa HukonaesHa lNntocHuHa, Tamapa KoHcTaHTMHOBHa [0noBko

MOP®ODPUN3NONOTNA N SKONOTI A
NOA3EMHOIO METAMEPHOIO KOMITIIEKCA
ONMHHOKOPHEBULLHBLIX PACTEHUN

PexkomeHdos8aHO K usdaHuro
YyueHbiv cosemom MHcmumyma 6uonoauu Komu HL| YpO PAH

PepakTop J1.B. dununnosa
OpurnHan-maxket E.A. BonkoBa



KomnbtoTepHbin Habop. MoanucaHo B nedats 9.10.2015. ®opmar 60x90/ .
MeyaTb odpceTHas. Bym. odcetHas. Yen. ned. n. 10.0. Yu.-u3g. n. 10.0.
Tupax 300. 3aka3s Ne

MapatenbctBo «Hayka». 117997, Mocksa, NMpodcotosHas yn., 90
E-mail: secret@naukaran.ru; www.naukaran.ru

OTneyaTtaHo B NOTHOM COOTBETCTBUM C NPEOCTaBMNEHHBIMU MaTepuanamm
B MMM «Tunorpacumsa “Hayka”». 121099, Mocksa, LLy6uHckuii nep., 6.



