1 Kneroynast 6uonorust
1.1 KnerouHble MEXaHU3MbI POCTA M Pa3BUTUS
JKM3HEHHOTO ILMKJIA, M TNPH ONTHMAIBHBIX YCIOBHSX pocra (B Kamepax pocTa) HaMu
oTMeueHa c1abast CTeNeHb LIBETEHUs M HU3Kasi IPOU3BOAUTENBHOCTD CEMSIH.
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BnusHHIO TSOKENBIX METAJUIOB Ha POCT M Pa3BUTHE PACTCHMI IOCBSIIEHO 3HAYUTENBHOE
gucio pa6or (Prasad, 1999; Turos u ap., 2007; Miras-Moreno et al., 2014; Ka3uuna,
2016), OONBLIIMHCTBO U3 KOTOPBIX MPOBEJIEHO Ha LeNbIX pacTeHusx. Kynbrypa noderos
in vitro ucnone3yercs ropasmno pexe (Emenbsirosa, 2013), XOTS HIMEHHO OHA MOXET OBITh
yIOOHOI MOJENbIO JUIS U3y4YCHUs] PEaKLUi PACTCHUIl Ha JISHCTBHE TSDKENBIX METAJIOB,
TaK Kak MO3BOJIET PabOTaTh C OJHOPOIHBIM MaTepHaIoOM B KOHTPOIUPYEMBIX YCIOBHUSX.
Hamu Ha KynbType 100eroB Kapenbckoil 6epessl in Vitro, monydeHHoH U3 BepXyIuedHOM
MEPHCTEMBI BETCTATHBHBIX [I0YEK, H3y4anoch BiusHue noHoB kaxvus (10 °~107° M) Ha
reMMoreHes ((popMHpoBaHHE IOYEK M HOCIEAYIOIIee Pa3sBHUTHE M3 HUX II00EroB) U
pusorene3 (kopHeoOpazoBanue). [lokazaHo, YTO MPUCYTCTBHE MeTAJUla B MUTATEIbHOM
cpene B koHmentpamui 10°M ¥ BbIIle IPHBOAMT HE TOTBKO K €r0 HAKOIICHHIO B
pactymux mo0erax, HO M K HHTMOMpPOBAaHUIO TE€MMOI€HE3a M PH30T€He3a, CTENeHb
KOTOPOTO 3aBHUCHT OT KOHIEHTpanuu MeTamta. OIBITEI TakKe BBIIBHIM HEOOIBIIOE
CTHMyIHpyIOIIee AeiCTBHE KaaMIs B HU3Koil KoHuenTpauun (10-° M) Ha poct, passutue
noberos, (popMHPOBaHHE JHUCTOBOrO armapaTa U KOPHEBOH cuCTeMbl. Bo3aMOXkHO, 3TO
CBS3aHO C aKTHBHU3AlMEH KIETOYHOrO JENEHUs, M3MEHEHHeM OalaHca TOPMOHOB HIIH
YCHJICHUEM XENaTHPYIOIIeH CHOCOOHOCTH KIIETOK IO OTHOLICHUWIO K HOHAM 3TOrO
merarna  (Kasumua, 2016). VBenuueHue coAepKaHHUs — KaaMHs /10 10°M
CONPOBOX/JATIOCH YMEHbLUIEHHEM IUIOIIAJU JIMCTOBBIX IUIACTHHOK, YTHETEHHEM pOCTa
MOOETOB M KOPHEBOH CHCTEMBI, XOTS M 0e3 HapyIIeHHs IPOLECCOB 3aKIaiKH U
(opMUpOBaHHS HOBBIX OpraHoB. O4eBHIHO, OCHOBHON NPHYMHON TaKUX H3MEHEHHMIT
SBUJIOCh HETaTUBHOE BIIMSHME METalla Ha IPOLECCHl JENCHHUS U PACTSHKEHHS KIETOK
(Ceperun, 2009). Ilpu ucnonb3oBaHWM KaaMUS B KOHIICHTpAIUU 10*M ormeueno
MOCTEINIEHHOE MpEKpalleHue pPOcTa U pa3BUTHA MOOEroB, a pHU30reHe3 MOJHOCThIO
omokupoBaincs. KoHIeHTpanuss KaaMus 10° M oxa3samachk KPUTHYECKOW ISt
reMMOTeHe3a: POCT M Pa3BUTHE MOOEroB MOJHOCTBIO MPEKpalagock, a CiycTs 5—7 cyT
oHH noruban. TakuM 00pa3oM, UCIIOJIb30BaHUE KYJIBTYPBI TOOEroB iN Vitro mo3Bosuio
HE TOJIBKO YCTaHOBHUTH MHTUOMpYIOIIEe JCHCTBHE KaIMHs Ha MOpQoreHe3 KapenbCKOH
Oepesbl, HO U NOKa3aTh, YTO PU3OTeHe3 Ooliee YyBCTBUTEINCH K JACHCTBHIO 3TOTO MeTalla
10 CPAaBHEHHUIO C TEMMOTCHE30M.
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The effect of heavy metals on the growth and development of plants has been
investigated in a substantial number of studies (Prasad, 1999; Titov et al., 2007; Miras-
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Moreno et al., 2014; Kaznina, 2016), and a majority of them used whole plants as objects.
Shoot culture in vitro has been used far more rarely (Emelyanova, 2013), although it is
arguably a more convenient model for studying plant responses to heavy metal impact,
permitting the handling of homogenous material under controlled conditions. We took in
vitro culture of curly birch shoots, obtained from the apical meristem of vegetative buds,
to investigate the effect of cadmium ions (107°~107> M) on gemmogenesis (formation of
buds and their further development into shoots) and rhizogenesis (root formation). It was
demonstrated that where the metal was present in the nutrient medium at a concentration
of 10°° M or higher, it was not only accumulated in the growing shoots, but also inhibited
both gemmogenesis and rhizogenesis to a degree depending on the metal concentration.
The experiments also revealed a slight stimulating effect of cadmium at a low
concentration (10°M) on shoot growth and development, as well as foliage and root
system formation. This effect can probably be explained by an activation of cell division,
shifts in the hormonal balance, or promotion of the cells’ capacity to chelate ions of this
metal (Kaznina, 2016). As the cadmium content was raised to 10°M, we observed a
decrease in leaf surface area and inhibition of shoot and root growth, although the
establishment and formation of new organs were not disrupted. The main reason for these
changes apparently was the adverse effect of the metal on cell division and elongation
(Seregin, 2009). The application of cadmium at the 10 * M concentration gradually led to
a cessation of shoot growth and development, and rhizogenesis was terminated entirely.
The 10° M cadmium concentration proved to be critical for gemmogenesis: shoots
stopped growing and developing, and died after 5-7 days. Thus, using in vitro shoot
culture we managed to not only identify the inhibiting effect of cadmium on
morphogenesis in curly birch, but also to demonstrate that rhizogenesis is more sensitive
to the impact of this metal compared to gemmogenesis.
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IInacTUYHOCTS BETBICHUS KOPHEBOM CHUCTEMBI SBIISCTCS OCHOBOH BO3MOXKHOCTH
aJanTalUM PAcTeHHWs K I0YBAaM, COJACPIKAIIMM pasjIMYHbIC KOJIMYECTBA ITUTATEIBHBIX
BEIIECTB. B 1oKiane Mbl CyMMUpPYeM JOCTHXKEHHS IOCIEIHUX HECKOJBKUX JIET B HAIIEM
HNOHMMAaHU{ HAYaJbHBIX OTAllOB ACTCPMUHAINM KJICTOK HEPULMKIA, MPUBOIAIINX K
00pa3oBaHUIO OOKOBOTO KOpHS, MEXaHM3MOB PpEryJsillMd IpoU(epaun KIETOK
HEepUNUKIA W OKPYXKAIOMUX TKaHEH, MONOXKEHUS MeCTa WHUIUAINH OOKOBBIX KOpHEH
BJIOJIb OCH MAaTEPUHCKOI'0 KOpHS, a TaK)Ke TOPMOHAJIBHBIX (DAKTOPOB M HMX MHILICHEH,
OCYIICCTBISIIOLIMX ~ MOCJIEIOBATEIbHYIO IPOrpaMMy  pa3BUTUSL  OOKOBOTO  KOpHSI.
IIpuBOAATCS JaHHBIC O POJM ayKCHHA B 3TOM IIPOLIECCe, a TAKKE O MEXaHW3MaxX Iepeaadyn
TOPMOHAJIIBHOTO CUTHajJa Ha MOJICKYJISIpHbIE MHIICHH, OOECIICUMBAIONIME 3aKIaAKy
OokoBbIx KopHeil. OOpazoBaHHe OOKOBOTO KOpHS HAa4MHACTCS C  OCIMJLIAIMU
KOHIIGHTPAIlMd ayKCHHa B 0a3aJbHOM 4YacTH MEPUCTEMBbl MAaTEPHHCKOTO KOPHS H
(dopMupOBaHHS B HEKOTOPHIX KJIETKaX €ro LEHTPAIBHOrO IWIMHIAPAa MAaKCHMyMa
KJICTOYHOTO OTBeTa Ha ayKcHH. CIEOYIOIIMM 3TaloM SIBILIETCS CleHH(HKALUS KICTOK-
ocuoBarenpuur] (founder cells) B mepunmkine u mocmemyromee 0Opa3oBaHHSA TOYKA
BetBieHus (prebranch site). KiroueBbiMu (akTopamu, y4acTBYIOLIMMH B 00pa30OBaHHU
JIOKAJIbHOW KOMIETEHIMU KJIETOK MEePULMKIA K MHULMALMU IPUMOPIHs OOKOBOrO KOpHS,
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