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Pegepar

Mema. BuzHauutu npobnemu 30epexeHHss BuniB Carlina acaulis L.,
C. cirsioides Klok Ta C. onopordifolia Besser ex Szafer, Kulcz. et Pawl. in situ ta
ex Situ Ta onTUMI3yBaTH YMOBH iX BBEIACHHS IN Vitro. Memoou. J{ns oTpuMaHHS Ta
BKOPDIHCHHSI aCENTHYHUX IPOPOCTKIB HACIHHS IMJIJaBAIM TIEPEANOCIBHIN 00poOIIi
po3unnoMm ribepenoBoi kucimotd (I'K3) abo immominmmacnsnoi kwuciotu (IMK).
[IpocTepuinizoBaHe HACiHHS BHCADKyBAJIM Ha arapu3oBaHE >KUBHIIBHE CEPEIOBHIIE
Mypacire-Ckyra 3 TOJOBUHHHM BMICTOM Makpo- 1 wMikpocosneit (MC/2), 6e3
peryasatopiB  pocty. Jmd  MIKpOKIOHAJILHOTO  PO3MHOXKEHHS  ITUX  BHUJIIB
BUKOPUCTOBYBAJIM PO3ETKA 2-3 MICIYHMX OCOOWH, $KI KyJIbTUBYBAJIM Ha
arapusoBanoMy cepenosuiii MC/2, nonosueneomy kinetuHoMm (Kin) (Bim 1-3 mr/m)
ta 0,1 mr/n 1-nadptunonroBoi kucnotu (HOK). Pesynsmamu. 3’sicoBaHo, 1m0 TpH
samouyBanHi HaciHHs C. acaulis, C. cirsioides ta C. onopordifolia y po3umni 'K3,
BiicoTOK (popmyBanHs KopeHiB ckiamaB 33,3 %, 33,3 % ta 22,2 % BiamosigHO.
[lepenmociBHa 00poOKka HaciHHA Tiepen crepwiizamiero  y posuumHi IMK
koureHTparietro 1000 mr/m mporsrom 2—4 ronm Oyna edektuBHImA. BigcoTok
dopmyBanns kopeniB y C. acaulis, C. cirsioides i C. onopordifolia 6yB y 2,4-4,5
pasu BUIMUMK y TOpiBHSAHHI 3 00poOkoto poszumHoMm ['Kiz. CepemoBume MC/2,
nonoBHeHe HOK Ta Kin, Haiikpamie 3abe3neuyBano (GoOpMyBaHHS MIKPOKJIOHIB. Y
pociun C. cirsioides 1eii moka3HHMK 3a 6 MICSIIB KyJbTHBYBaHHS CTaHOBHUB 6,6—6,8
pO3eTOoK Ha xuBelb, y pocnud C. acaulis Ta C. onopordifolia — 4,2-5,0 ta 4,8-5,2
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BiAMoBiAHO. JIjisl TIABUILNEHHS BIJCOTKY BKOPIHEHHS MIKPOKIOHIB JIOULIBHUM
BUABWIOCH 3amMouyBaHHs iX y po3uuHi IMK konuentpamiero 1000 mMr/n ynpoaoBix
1xB. Bucnosexku. JloCSATHEHO TIJABUINECHHS BIJCOTKIB YKOPIHEHHS POCJIUH
C. cirsioides 1 C. onopordifolia no 100 %, C. acaulis — no 80 %, a Tak0)X YHUKHEHO
TpaBMYyBaHHS MPOPOCTKIB 1 3Mi1H KOHUEHTpauli po3unny IMK, siki MOXyTh BUHUKATU
mi yac cTepwii3alii 3a BHCOKMX TEMIEpaTyp, YHACHIJOK BUKOPUCTaHHS
HECTEPWJIBHOIO PO3YMHY ILBOro peryiaropa pocty. IliniOpano ymoBu s
MikpokJIoHanpHOTO po3mHokeHHs C. acaulis, C. cirsioides i1 C. onopordifolia Ta
PO3pO0JICHO CXeMH BKOPIHEHHS OTPUMAHHUX MIKPOKIIOHIB IN Vitro.

Kmouosi cnosa: Carlina acaulis, Carlina cirsioides, Carlina onopordifolia,
IMPpOPOCTaHHA HaCiHHH, MiKpOKJIOHaJ'IBHe PO3MHOKCHHA, BKOpiHeHHSI )KI/IB]_IiB.
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Abstract

Aim. The aim was to investigate the problems of in situ, and ex situ conservation
of Carlina acaulis L., Carlina cirsioides Klok, and Carlina onopordifolia Besser ex
Szafer, Kulcz. et Pawl. and to optimize the conditions of their in vitro culture.
Methods. The seeds of C. acaulis, C. cirsioides, and C. onopordifolia had a pre-
sowing treatment with a gibberellic acid solution (GA3) or indole-3-butyric acid
solution (IBA) in order to obtain and root aseptic seedlings. The sterilized seeds were
planted in sterile Petri dishes on semi-solid Murashige and Skoog (MS) medium with
decreased macro- and microsalts concentrations (MS/2) without growth regulators.
For microclonal propagation of these species, we used the rosettes of 2—3-month
specimens and planted them on semi-solid Murashige and Skoog medium with
decreased macro- and microsalts concentrations (MS/2) supplemented with kinetin
(Kin) (1-3 mg/l) and 0.1 mg/l of 1-naphthaleneacetic acid (NAA). Results. After
soaking the seeds in gibberellic acid solution, the percentage of root formation of
C. acaulis, C. cirsioides, and C. onopordifolia was 33.3 %, 33.3%, and 22.2 %
respectively. The pre-sowing treatment of Carlina seeds before sterilization in IBA
solution at a concentration of 1000 mg/l for 2—4 h had a positive effect. The
percentages of root formation of C. acaulis, C. cirsioides, and C. onordordifolia
were 2.4-4.5 times higher than that after treatment in GAs solution. MS/2 medium
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supplemented with growth regulators (NAA and Kin) was the most efficient to
provide the formation of microclones. For 6 months of cultivation the formation of
C. cirsioides microclones was 6.6-6.8 rosettes per seedling, for C. acaulis and
C. onopordifolia plants it was 4.2-5.0 and 4.8-5.2, respectively. Soaking of Carlina
microclones in indole-3-butyric acid solution at a concentration of 1000 mg/l for 1
min increased the percentage of their rooting. Conclusions. We increased the
percentage of rooting of C. sirsioides and C. onorordifolia plants to 100 % and the
rooting of C. acaulis plants to 80 %. We avoided injuring the seedlings and change
of IBA concentrations in the solution during sterilization at high temperatures by
using the non-sterile solution of this growth regulator. The conditions for the
microclonal propagation of C. acaulis, C. cirsioides, and C. onopordifolia have been
chosen. We have worked out the schemes for the rooting of in vitro microclones.

Key words: Carlina acaulis, Carlina cirsioides, Carlina onopordifolia, seed
germination, microclonal propagation, rooting of seedlings.

Beryn/Introduction.  OxopoHa (GJIOpPUCTHYHOTO PI3HOMAHITTS — OJHA 3
HAWBaXIMBIIIMX TPOOJIEM Cy4acHOCTI. IHTCHCHBHE BUHHIIICHHS POCIIMH MPU3BOIUTH
KUIbKICTh I[IHHUX BUJIIB POCJIMH 31 CKJIQJIHOIO 010JI0T1€0 PO3BUTKY, 5SKI KOHCOPTUBHO
NOB’s3aHI 3 IHIIMMH KOMIIOHEHTAMH €KOCHCTEM, O€3MOBOPOTHO 3HHUKAIOTh.
3HUKHEHHS IIUX BHUJIB MOXE MaTH KatacTpodiuHi HACHigKu ajs Oiocdepu, ToMmy
Ba)XJIMBOIO 3aIllOPYKOI0 Yy CIpaBi OXOPOHH PAPUTETHUX BHUIIB € 1X BUSBJICHHA 1
3aMpOBaKCHHS] CHCTEMHUX MeXaHi3MiB 30epekeHHs. J[0 TakuX POCIHH HaeXaTb
Buau poxy Carlina L., 30kpema, BigkacHuk Tatapuukonuctuii — Carlina
onopordifolia Besser ex Szafer, Kulcz. et Pawl Tta BimkacHMK OCOTOMOMIOHMI —
Carlina cirsioides Klokov, siki 3aneceni 10 YepBoHO1 KHUTH YKpaiHu 1 MalOTh CTaTyC
BpaznuBux (Red data book..., 2009). Inmwuit Bun usoro pony — Carlina acaulis L.
— Yepe3 MOCTIMHE CKOPOYCHHS MICIE3POCTaHb HAJCKHUTh JI0 PEriOHATBHO PIAKICHUX
pocimH JIpBiBehKOi 00macTi (Ofitsiyni pereliky ..., 2012).

OcHoBHI cydacHi cTpaTerii 30epexeHHS (ITOPI3SHOMAHITTS 0a3yloThCcsl Ha
TEXHOJIOTIAX IN Situ Ta ex Situ, sxi mepen0ayarOTh PO3IIMPEHHS MEPEkKi MPUPOJIO-
3aMoOBIIHUX TEPHUTOPIN Ta CTBOPEHHS XUBUX KOJEKIIM PIAKICHUX BHIB POCIUH B
yMOBax OOTaHIYHUX cajiB. [IepClIeKTUBHUMH € TaKOX TEXHOJIOTi1 IN Vitro. 3 ormsmy
Ha 1€, METa JOCTIKEHHS TMoJjsArajia y BUBUEHHI NpoOiemMu 30epeKeHHS BHIIB
C. acaulis C. cirsioides i C. onopordifolia in situ, ex situ ta onTumizarii ymoB ix
BBEJCHHA 1N Vitro.

Marepiaan i meromn/Materials and Methodology. /lns anamizy mpobiaemu
36epexxenns BuaiB C. onopordifolia, C. cirsioides ta C. acaulis B ymoBax in Situ ta ex
situ BukopucTOBYBallM MaTepianu psay HaykoBux mpanb (Red data book..., 2009;
Havrylenko & Slepchenko, 2010; Melnik et al., 2014; Melnyk et al.,, 2021,
Skoroplias, 2014a,b; Yefremova et al., 2009). Jlns BBemenns in Vitro BumiB
C. onopordifolia, C. cirsioides BukoprucToByBaJId HACiHHS, 310paHe CITIBpOOITHUKAMHU
nabopaTtopii exosorii Ta 6iosiorii TepHOMUIBCHKOTO HAIIOHAJBHOTO MEAAroriyHOTO
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yHiBepcuTeTy IMeH1 Bononumupa I'HaTioka y 60TaHIYHOMY 3aKa3HUKY «[ OJUIbKHII»
noomm3y c. I'ytuceko (bepexancekuit paiton, TepHomniibchbka 007acTh) Ta HACIHHS
C. acaulis, 310pane y c. Jlazemuna (PaxiBcekuil paiton, 3akapnaTchbka 00JacTh).

JUiss OTpUMaHHsS acCeNTUYHUX MPOPOCTKIB AOCHI)KYBaHMX BHAIB, HACIHHS
niJjaBanyu nepeamnociBHii oOpoOui po3unHoM ridepenoBoi kucinotu (I'Kz) abo
po3urHOM 1HJonUI-3-MacisaHoi kucnotu (IMK), a Bigrak crepuiiizyBanu mpoTsAroM
35 xB y 15 %-my po3uuni HyO,. IlpoctepuiizoBaHe HaciHHS BHCAJKyBalIHd Y
crepunbHi yamku [leTpi Ha arapusoBaHe >KUBWIbHE cepenoBuile Mypacire-Ckyra
(Murashige & Skoog, 1962) (MC) 3 moJOBUHHHUM BMICTOM MakKpo- i MiKpOCoJei
(MC/2) 6e3 perynsitopi pocty. [IpopomyBanu Hacinuas Ha cBiTiai (2000—-2500 51k) 3a
temrneparypu +20-22°C ta Bosorocti 80 %.

MikpoxknoHainbHe po3mHoxeHHst C. acaulis, C. cirsioides 1 C. onopordifolia
HPOBOJIMIM CIIOCOOOM TMPSIMOTO MOpP(QOreHe3y, BUKOPHCTOBYIOYH PO3ETKU JBO-
TpUMICSYHUX O0COOUH. E(EeKTUBHICTH MIKPOKJIOHAIBHOTO PO3MHOKEHHS OI[IHIOBAJIH
yepe3 1-6 MicAlIB KyJIbTUBYBaHHS, BU3HAYAIOYM CEPEIHIO KUIBKICTh PO3ETOK 3
MIKPOKJIOHAMH Y PO3paxyHKY Ha OAHY po3eTKy (>kuBels). [1in yac migbopy yMoB Jist
MIKpPOKJIOHAJILHOTO PO3MHOXKEHHS BHKOPHUCTOBYBAIIM arapu3OBaHE CEPEOBHIIE
MC/2, axe HOMOBHIOBAIM KOMOIHAIIIMUA PI3HUX KOHIEeHTpaliil kinetuny (Kin) (Bin
1-3wmr/n) Tta 0,0 mr/n 1-madptunouroBoi  kuciotu (HOK).  Otpumani
MIKPOKIIOHYBaHHSIM PO3ETKH 13 3—5 TapaMu JINCTKIB BHCAPKyBajl Ha >KHBHIbHE
cepenouiie MC/2 6e3 peryiasTopiB pocTy Ta MiA0OHUpaId YMOBHU IS iIXHBOTO POCTY 1
BKOpiHeHHs. OTpUMaH1 pe3yJbTaTy ONPalbOBYBAIN CTATUCTUYHO.

Pesynbratn Ta obGroopennsi/Results and Discussion. AHaji3 HayKOBHX
nopanpb mokasye, 1mo mus  permikroBoro Buay C. onopordifolia Bmactuwmii
U3’ FOHKTUBHUN apeat, skuil oxoruttoe Boauno-Tloaineceky (Ykpaina), JIroOmiHCbKyY
1 Mamnononsceky (Ilonmbma) Bucoumnu. Y wexax [lonbini BHSIBIEHO ITSITh
JokaimiteTiB mporo Buay. OcHoBHa uvactuHa Micue3Haxomkers C. onopordifolia
CKOHIICHTpOBaHa Ha 3axoii BomuHo-Ilogumia, y Mexax IBaHo-DpaHKIBCHKO],
JIsBiBchKOi, TepHominbchbkoi Ta PiBHeHChKOi oOmactedi. 3 20 JIOKaJITETIB,
3adiKCOBaHUX Y I11 YaCTHHI apeaiy, 10 HaIluX AHIB 30eperaucs 16, y Tomy uuchi 14
Ha Iloxinbcpkiii BucounmHI Ta 2 Ha BomuHChkid. Llel Bua 3aHECECHO HE JIMIIE 10
YepBonoi kuuru Ykpainu, a i [lonbmri, €Bponeiickkoro Yeponoro cnucky MCOII
ta noxmatky no 1 bepucekoi konpeniii (Melnik et al., 2014). C. cirsioides —
MaJIOTOIbCHKO-TH00IIHCHKO-BOIMHOMOIUTECHKO-IPUAHITIPOBCHKHUH, EHACMIYHUH,
OaratopiuHui MONIKAPIIYHUHN BHJI, BHECEHUHN HE Juie 10 YepBoHOTI KHUTH YKpaiHu,
a 1 €Bpomeiicpbkoro uepBoHoro crucky (Skoroplias, 2014a). Apean Buay OXOILTIOE
gactuHy [lomemii Ta Ykpaiau, a came [lominbChbky BUCOYMHY Ta MiBIACHHY YaCTHHY
[Tomices (Skoroplias, 2014a). Bapto 3a3HaunTH, 10 3-TTOMIXK TOCHTITHUKIB BIICYTHIH
€NWHUN TIOTIISAT I0J0 BHIOBOI camoctiiiHocTi BHay C. cirsioides (Melnyk et al.,
2021; Meusel & Késtner). 3okpema MenpauK B. 1. i3 ciiBaBTOpamMu 3a pe3ysibraTaMu
MOPIBHSJIBHUX MOP(OJIOTTYHUX, XOPOJIOTTYHUX Ta EKOJOTrO-IIEHOTHYHHUX aHali31B
MPOMOHYIOTh pO3rsaaTu e Bua y crtatyci miaBuny Carlina acaulis caulescens
(Melnyk et al., 2021). ToMy, DOLUIBLHO B3STH ITiJi OXOPOHY BCi TOIYJIAILII BHIY
C. acaulis mo6u3y cXigHOT MEXi HOTO MOMIMPEHHS, AKi 0€3IM0CePeTHBO MPUIISATAIOTh
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70 Kaprmarchbkoi dactuau apeany C.acaulis ta mo HWoro piBHUHHUX TOMYJISIIA B
[Monwmi (Melnyk et al., 2021).

JIydHO-CTeTOBI yrpymoBaHHs, 10 sSKuX npuypodeni nomyisnii C. cirsioides, €
VHIKQJIBHUMU OCEpEJKaMu HE JIMIIE [bOTO BHUIY, a W I1HIIMX PIAKICHUX BH/IIB,
3aHeceHux 10 YepBonoi kuuru Ykpaiaum (2009 p.): Adonis vernalis L., Astragalus
onobrychis L., Crambe tataria Sebedk, Chamaecytisus blockianus (Pawt.) Klask.,
Chamaecytisus podolicus (Blocki) Klaskova, Trifolium rubens L., Thalictrum
foetidum L., Stipa capillata L., Stipa majalis Klokov, Stipa pennata L., Stipa tirsa
Steven, Iris hungarica Waldst. et Kit. (Skoroplias, 2014a).

C. acaulis HamexuTh 10 €BPOINEHCHKUX PIBHUHHO-CYOANbMIHCHKUX BUIIB. BiH
nowmupenuii y ropax LlenTtpanshoi Ta [liBgenHoi €Bponu, Ha bankanax, 30kpema B
Bonrapii #1 nepxxaBax xonumHboi FOrocnasii, CepenzemHomop’i Ta Ha miBaH1 Pocii,.
VY wmexax Tepuropii YkKpaiHu Haifuactime TparisieTbess B KapnaTchkux ropax
(J1ricoBUH-abIIACHKUN TOSC).

Pocmunu pony Carlina € mpoayiieHTaMu yHIKaJIBHOIO KOMILIEKCY O10JI0TTYHO
aKTUBHUX peuoBUH. KOpiHb BIIKACHUKIB MICTUTH TyOWUJIbHI W CMOJIUCTI PEUYOBUHH,
iymH (12-18 %), edipny omxiro (1-2 %) Ta mykop, a JUCTKH — QaBoHOIAU: 7-
[JIIKO3H/T allireHiHa, OPiIEHTHH, TOMOOPIEHTHH, BiTeKcuH, i3orradro3us (Petrina et al.,
2013). Ckopouenns apeaniB pigkicHux BuaiB poay Carlina, BimOyBaeThesi BHACIIIOK
AQHTPOITOTEHHOTO HABAHTAXXCHHS (BUTONTYBAaHHS 3a HAJMIPHOIO BHIIACAHHS XYIO0OH,
CKOIITYBAaHHS B MEP10/1 LBITIHHS, BUKOITYBaHHS Ta 3pUBAaHHS HA/I36MHOT YACTHHU POCIIUH
Ui OTpe® HApOJHOI MEIUIMHM), & TAaKOX KIIMAaTUYHUX 3MiH, IO MPHU3BOISATH IO
TpaHchopmarlii cepeloBUIa Ta 3apOCTaHHS JIOKATITETIB IMX BHUIIB YarapHUKOBOIO
pocmunsnictio (Skoroplias, 2014b).

3aJiCHEeHHS JTyYHO-CTETOBHUX IIEHO31B — II€ OJIHa 3 OCHOBHUX NMPUYUH PETpecy
nonyisnid  Buaie  Carlina. Tomy, oXxopoHa JIy4YHO-CTCHOBHMX YIPYIOBaHb €
HEOOXITHOIO YMOBOIO 30€peKEHHS T€HETUYHOTO Ta BHUIOBOTO PI3HOMAHITTS IIbOTO
poxay. Ilonymamii C. onopordifolia ta C. cirsioides oxoponsttoTscst y JIbBIBCBKii 001.
y OoTaHIuHIA TaM ATl 3arajabHOJEP)KaBHOTO 3HaueHHs «Jluca ropa Ta ropa
Cunyxa», y OOTaHIYHUX IIaM STKaxX MPUPOJM MICIIEBOTO 3HaueHHs «bima ropay,
«Kymumpka», «Crtinka», «MakiTpa» (BCi BOHM BBIUIUIM J0 HOBOCTBOPEHOTO
HarionanpHoro mpupognoro mapky «IliBuiune Ilogimnsa»); B IBano-®paHKiBCHKIM
00JI. OXOPOHSAETHCA y OOTaHIYHIN MaM’SITI PUPOIHN 3aTralibHOICPKABHOTO 3HAUCHHS
«YopTtoBa ropa» Ta OOTaHIYHIA mam’SATI[I TMPUPOAU MICIEBOTO 3Ha4deHHS «Bemuki
lonan»; y TepHONUIBCHKIN 00J1. OXOPOHSIETHCS HAa TepUTOPil [ OMUITBKOTO 3aKa3HHUKA
3arajJbHOJICP)KaBHOTO 3Ha4YeHHS Ta OoTaHIYHOTrO 3akasHuka «['opa Kypumuxay; y
PiBHeHCBKIM 00J. OXOpOHSEThCA B OOTaHIYHMX 3aka3Hukax «CmopaBa» i
«['padoBmunua» (Melnik et al., 2014). Ananiz HaykoBux npaie (Skoroplias, 2014b)
MOKa3ye, M0 MPUPOIHE CAMOIITPUMAHHS BHIB y 0aratbox IUX JIOKAJTITETaX €
YCKJIQJIHEHUM; KUTBKICTh OCOOWH TMPEreHepaTHBHOI TPYMH 3MEHIIYETHCS UYepes
3aJIepHIHHS Ta cuwibBath3auito. lle 3ymoBioe notpedy po3poOKU TEXHOJOT1H
OTPUMAaHHSI CaAMBHOIO Marepiany, SKUH MOKHA BUKOPHUCTOBYBATH JJIs cTaOLII3aIlli
YUCEIBHOTO CKJIaly OMYJISIIIN Ta y penaTpialliiHuX TPOEKTaX.
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JlocHiJIPKEHHs OKa3yI0Th, 110 HE3BAXKAIOUM Ha CKJIaJAHY O10JIOT1I0, BUIU POIY
Carlina ycmimHO iHTpPOAYKOBaHI B YMOBH OOTaHIUYHMX cajiB HarioHanbHOTO
JICOTEXHIYHOrO YHIBEpCUTETY YKpaiHu 1 JIbBIBCAKOTO HAIl[IOHAJIBHOT'O YHIBEPCUTETY
imeni Isana ®panka (Yefremova et al., 2009) i nenapomapky «Ackanis-Hosa»
(Havrylenko & Slepchenko, 2010). ITpore 3acTocyBaHHsS TeXHOJIOTiH €X Situ He
no30aBieHe NEBHUX PHU3MKIB: 4epe3 OOMEXEeHY KIUIbKICTh BHUXIJIHMX T'€HOTHUIIIB
PIIKICHUX BHUIB B 130JIbOBAHUX TMOJbOBUX KOJICKIIISIX MOKE MPOSIBIATUCS 1THOpEIHA
nenpeciss (Aguilar et al.,, 2008; Belokurova, 2010); icHye pH3HK CIIOHTaHHOI
riOpuau3anii 3 IHWUMU BuAaMu abo BTpaTH MaTepiany uepe3 1H(IKyBaHHS
natorenamu (Maunder et al., 2004). OxpiM TOro BUpOIIYBaHHS BHIIB Y €KOJOTO-
reorpagiyHUX yMoOBaX, BIAMIHHHMX BIJ] MPHUPOJHHUX MICHb iXHBOTO POCTY, YacTO
NPU3BOJUTH 0 TaJbMYBaHHS €KCHpecii OJHHUX TeHIB Ta MOCHUJICHHs POJIi iHIIUX, a
TaKOX JI0 3MiH KapioTumy. Tomy, 1ie BiloOpakaeThCsi Ha TeHOTHIN, (EHOTHUIIl Ta
aJlaTUBHOMY TIOTeHITiali canguBHoro Matepiany (Hrytsak & Drobyk, 2019).

ANBTEpHATHBOIO BIiJJOMHM TEXHOJIOTISIM OTPUMaHHS CaJWBHOTO Marepiainy
ex situ Moxyrth OyTH TexHojorii InVitro, ski MarwTh HU3KY TepeBar Haj
TpaAuliiHUM BupoinyBanHsM pociuH (Belokurova, 2010). Hespaxkarouu Ha
crenudpiuHicTh (i3UKO-XIMIYHUX YMOB KYJbTUBYBaHHS IN VItro, Ha mpukiaai BUIiB
pony Gentiana L. (Hrytsak et al., 2018; Hrytsak & Drobyk, 2019) namu mokasano,
IO ONTHUMI3AIlI€}0 CBITIOBOrO, TEMIIEPATYPHOTO PEKUMIB, PEKUMY BOJOTOCTI Ta
€JIEMEHTHOTO CKJIaay >KWIHHOTO CEpelOBHINA MOXHA IUIECIPIMOBAHO BIUIUBATH
Ha MopdoreHes pociauH INVitro, pob6oTy ix (GOTOCHHTETHYHOIO amapary,
napaMeTpy BOJHOTO OajaHCy TOIIO Ta OTPUMYBATH CAAUBHUN MaTepiai 13 BUCOKUM
aJIaNITUBHKUM TOTEHI[IAIOM 70 YMOB IN Situ.

VY mporieci po3po0IieHHs TEXHOJIOT1T Ky apTUBYBaHHS IN Vitro Buais poay Carlina
3’sicoBaHo, 110 cxoxkicTh Hacinug C. acaulis, C. cirsioides i C. onopordifolia micms
nonepeaHpoi 00podku po3zunHoM ['Ksz xonnentpartiero 1000 mr/m npotsrom 16-18
rox cranoBuia 71 %, 100 %, 100 % BinmoigHo. [Ipu 11b0My BiZCOTOK (hOPMYBaHHS
kopeHiB ckmamaB 33,3 %, 33,3 %, 22,2 % BianmoBimHO. Y KOHTPOJBHOMY BapiaHTi
(6e3 perymaropiB pocty) cxoxicte HaciHus C. cirsioides Tta C. onopordifolia
cranoBmwia o 100 %, a y C. acaulis O6yna B 1,2 pa3um MEHIIOW y TOPIBHSHHI 3
o0pobnenum poszunHoM ['Kz HaciHHAM. 3a Takux yYMOB BKOPIHEHHS OTPUMAaHHMX
POPOCTKIB IN Vitro BigOyBanocs CKIaJaHO, KOPEHEeBa cucTteMa (opMyBajiacs JIMIIC B
OKpPEMHX BHIAJKaX, HATOMICTh Ha BHCA/DKEHUX TAaroHax YTBOPIOBABCS Kalloc, IO
HETaTHMBHO BIUIMBAJIIO SK HAa CaMe€ BKOPIHEHHsS, TaK 1 Ha TOJAJBIIMA PO3BUTOK
KOpeHeBoi cucteMu. OTpuMaHi HAMH Pe3yJIbTaTH Y3TOJKYIOTHCS 3 JIITEPaTypHUMU
JaHAMH TIpO T€, W0 TPOPOCTKH Ta pereHepantd pocimH poxay Carlina
XapaKTepHU3yIOThCsI OCOOJIMBO HU3BKUM PHU30TE€HE30M Ta aJanTalliifHOIO 3JaTHICTIO
gyepe3 ocobsmBocTi OynoBu kopenst (Havrylenko & Slepchenko, 2010; Yefremova et
al., 2009).

BpaxoByroun BuIll€3a3HauyeHe, HaIllll MOAAJIBIN JTOCIIKEHHS Oyl CIpsSMOBaH1
Ha mialip CKIaay *KUBWIBHOTO CEPEOBUIA JJII POCTY Ta BKOPIHEHHSI aCENTHUYHHUX
MPOPOCTKIB BIIKACHHUKIB.
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VY HayKkoBi#l jiTepaTypi mpeactaBicHi BimoMmocTi po BBeAcHHs (Petrina et al.,
2013) ta ocobamBocti BkopineHHs pociuu C. acaulis B ymosax in vitro (Trejgell et
al., 2009). [Jns dopmyBanns kopeHiB y pociun C. acaulis gociinHukm
BUKOPHUCTOBYBaIU >KUBWIBHI cepenoBuma MC Tta MC/2, n0noBHEHI TakKUMU
perynsitopamu  pocty: 1-HadTuimonToBoro kuciororo (HOK), ingoninmonToBoro
kuciororo (IOK) a6o IMK y konnentpaii 0,01 mr/n a6o 0,1 mr/n. 3a Takux ymoB
BiZICOTOK (hOpMyBaHHS KOPEHIB y pO3MHOKYBaHUX IN VItro pocivH ctanoBuB Bin 44,8
10 90 % (Trejgell et al., 2009). BukoprcTanHs HaMH LIOTO CIIOCOOY BKOPIHCHHS HE
Jano TMO3WTUBHUX pe3ynbTariB. g MigBUIIEHHS €()EKTUBHOCTI BKOPIHEHHS
OTPUMaHUX INUITXOM MIKPOKJIOHYBaHHS JKUBIIB iHmIoro Bumy poxay Carlina —
Carlinadiae (Rech. f.) Mecusel and A. Kastner, rpelbKUMH BUYECHHUMH TaKOX
BukopuctoBysanacs IMK (Grigoriadou et al., 2020).

Y jiTtepaTypHHX JKepenax TMOBIAOMIISIETBCS TMPO  JABOCTANHUM  CHOCiO
supornyBants C. onopordifolia B ymosax invitro (Trejgell & Tretyn, 2011). Ilpu
oMy cTepuibHi mpopoctku C. onopordifolia 3amouyBamu y po3umni IMK y
koHueHTpaisax 10 mr/m, 100 mr/m a6o 1000 mr/n npotsirom 60 c. Ilpu 3amouyBaHHi
OpOpOCTKiB y pi3HUX KoHIeHTpauisx IMK, BincoTok popmMyBaHHS KOpPEHIB CTAHOBUB
70 %, 52,7 % i 84,8 % signosinuo (Trejgell & Tretyn, 2011). 3acrocyBaHHsS HamMu
TAKOTO IMJIXOMy, CYTh SIKOTO TIoJiAraja B OTPHMAaHHI acCEeNTHYHUX IPOPOCTKIB
YHACJIIJIOK MPOPOIIYBaHHS B yMOBax IN VItr0 mpoCTepmiIi30BaHOrO HACIHHS — Ha
NEPIIOMY €Tarll, Ta 3aMOYYBaHHI OTPUMAHUX aCENTUYHUX MPOPOCTKIB MpoTiarom 60 ¢
y po3uuni IMK «konnentpamiero 1000 Mr/m — Ha Jpyromy eTari, CIPHSIIO
MiJIBHMINEHHIO TOKa3HUKIB ykopiHnenHs pociaur C. onopordifolia i C. cirsioides mo
76,2 % Ta 74,3 % BiAIOBIAHO.

OnHak, IK MoKa3aay Hallll JOCIIIKEHHs, TaKUM X1 Ma€ IEeBHI BaJu, a caMe:
IIPOPOCTKH ITi/T 4aCc TAKOTO 3aMOYYBAHHS TPABMYIOThCS; ISl 3aMOYYBaHHS MTOTPIOHUMN
crepwibHuit po3unH IMK y pgocratHiii KUIBKOCTI Ta aceNnTU4YHI yMOBH; IIed
CTEpUJILHUN PO3UYUH HE MOXke 0araTopa3oBO BUKOPHUCTOBYBATHUCS, OCKUIBKU IIBUIKO
1H(pIKYETBCA, a 3a TMOBTOPHOI CTEpHII3alii NpH BHCOKHUX TeMIlepaTypax I
TepMOJIablJIbHA CIIOJTyKa po3kiamaerbes. [Iporiec yKOpiHEHHS POCIIHMH BiJIKACHUKIB
TaKUM CTIOCOOOM € JOCUTBH TPYJOMICTKUM.

1106 301UIBIINTH KUTBKICTh KOPEHIB Y aCENTUYHHUX MPOPOCTKIB JOCTIIKYBaHUX
BUJIB HEOOXiTHO Oyno miaiOopaTH yMOBH, IO COpusid 6 (OpMyBaHHIO KOPEHIB Ta
JaBajdl 3MOTY YHHKHYTH TPaBMYBaHHS TIPOPOCTKIB. 3 IIi€0 METOI HACIHHA
BIIKACHUKIB Tepe] cTepuiizaiielo 3amouyBain y po3uuHi IMK. OnrtumansHum
BUSIBIJIOCS 3aMOYYBaHHS y po3uuHi KoHieHtpaiieo 1000 mr/m mpotsrom 2-4 ron;
e(eKTHBHICTh KOPEHEYTBOPEHHS BIKACHUKIB 3a TakuX yMoB 3poctana g0 80—100 %,
KaJTFOC O1JIs1 OCHOBH TIarOHY HE yTBOpIoBaBcs (puc. 1).

AHaniz oTpuMaHUX pe3yabTaTiB TMOKa3aB, IO BiICOTOK (OpMyBaHHS KOPEHIB
npu 3amouyBaHHi y po3unHi IMK mns C. acaulis ta C. cirsioides 6yB y 2,4 i 3 pasu
BUIIIUM Yy TIOPIBHAHHI 3 KOHTpoJieM Ta 3a o0poOneHHs po3urHoM ['Ka. [ns
C. onopordifolia nieyi moka3Huk OyB y 3 pa3u BHIIUM, HK y KOHTpOJi Ta y 4,5 pasm,
HDXK IpU 3aMouyBaHH1 y po3uuHi ['Ks.
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i 2

C. acaulis

C. onopordifolia C. cirsioides
Pucynox 1. IlpopocTanHsi 3aMOYEHOTO y PO3UUHI 1HAOLI-3-MaCISHOT
kucnotu (IMK) HacinHs Ta BKOpiHeHHs In Vitro mpopoctkiB BuiB Carlina.

Figure 1. Germination of seeds soaked in indole-3-butyric acid (IBA) solution
and in vitro rooting of Carlina species seedlings.

OTpuMaHi acenTU4Hl POCIUHU BIIKACHUKIB BHUPOIIYBAIM Y KUBUIBHOMY
cepenouii MC 6e3 perynsaTopiB pocty (puc. 2).

C. acaulis C. onopordifolia C.ci

rsioides
Pucynok 2. Pict pocnun Buzis Carlina B arapuzoBaHOMY KHBHJILHOMY
cepenoBuili MC 6e3 peryiasTopiB pocTy.
Figure 2. Growth of Carlina species plants on semi-solid Murashige and
Skoog (MS) medium without growth regulators.

VY xoxi HammX JOCTIIKEHb POCIWMHHU BIIKACHHUKIB (10 6—8 0coOuH) Oymu
BHCQ/DKEHI Ha cepenoBuia 3 pogaBandsM 0,1 mr/m HOK Ta pi3HOIO KOHIICHTpAIlI€I0
Kia Bim 1 mr/nm no 3 mr/n. ¥V mikpoxusiiB depe3 20-30 gi6 yrBoproBamucs OidHi
naronu. [Ipu TpuBamimomy KyJbTHBYBaHHI (YIPOIOBXK 5—6 MicsiiB) GhopMyBaHHS
pPO3ETOK BimOyBajgocs TOBUIHPHO, KOPEHEBA CHUCTEMA Y POCIWH TMPAKTUYHO HE
dbopmyBanacs 1 3rojoM BOHU ITOYHMHAIU JKOBTITH. 3’SICOBAHO, IO 30UIBIIECHHS Y
xKuBUIbHOMY cepenoBuili MC/2 koHmeHTtparii perynstopa pocty Kin 3 1 mr/m mo
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3 MI/m1  HEICTOTHO

BIIJIMBAJIO Ha

JOCJIIJIP)KYBaHUX BUJIIB.
Ha ocHoOBI cepii eKCiepUMEHTIB 3’ ICOBAaHO, L0 MEepecaKyBaHHs BIJKACHUKIB 3
METOI0 TOKpAIlleHHs IXHBOTO BKOPIHEHHS HaWKpalle MPOBOAUTH 3a HAaBEICHOIO

HIDKYE cxeMolo (puc. 3).

dbopMyBaHHSI KUIBKOCTI

pO3ETOK B  yCiX

Arapu3oBaHe
ceperoBuiie MC/2,
PP (HOK, Kin)
(~ 56 MicsAiB)

I ArapusoBaHe Crepasaa ArapuzoBaHe
cepenosuie MC/2 sona, 111 —> cepeosuiie MC/2
abo I1I1, 6e3 PP (~ 12 ;\diCHHi) abo I1I1, 6e3 PP

— (~ 2-3 micsiti) (~ 67 micH1iB)
— CrepuibHuit Arapu3zoBaHe

po3zunn IMK cepenopuine MC/2

(1000 mr/m) aoo I1I1, 6e3 PP
7 1 xB (~ 6=7 MicsI11iB)

Semi-solid medium
MS/2,
GR (Kin, NAA)
(~ 5—6 months)

p

1!

Semi-solid medium
MS/2 or using FS,
without GR
(~ 2-3 months)

—> Sterile water, FS :|'> MS/2 or using FS,

(~ 1-2 months)

Semi-solid medium

without GR
(~ 6—7 months)

4

Soaking in sterile
1BA solution
(1000 mg/1) for
1 min

Semi-solid medium
MS/2 or using FS,
without GR
(~ 6—7 months)

Pucynox 3. Cxema onrtumizaliii BKOpiHeHHs MiKpoKJIoHiB BuaiB Carlina:
MC/2 — xuBunbHe cepenonuie Mypacire-Ckyra 3 IOJOBUHHUM BMICTOM
Makpo- 1 mikpocosneii, [1I1 — nmopononosi nigknaaku, PP — perynstopu pocry,
HOK — 1-nadtmnonroBoi kucinoru, Kin — xinetun, IMK — ingoninmmMacisaa
KHUCIIOTA, ~ — TPUBAJICTh KYJTbTUBYBaHHS.
Figure 3. Scheme of optimization of Carlina species microclones rooting:
MS/2—Murashige and Skoog nutrient medium with decreased macro- and microsalts
concentrations, FS—foam substrates, GR—growth regulators, Kin—Kinetin,
NAA—1-naphthaleneacetic acid, IBA—indole-3-butyric acid, ~ —duration of
cultivation.

3’scoBaHoO,

mo 4Cepe3 OIuH MiCHI_IB KYJIbTUBYBAHHsJ Ha JKHBHJIBHOMY

cepenosuili MC/2 3 nogaBanusm 0,1 mr/n HOK ta 1 mr/n Kin KiIbKICTh YTBOPEHUX
MIKPOKJIOHIB JOCHIPKEHUX BUIIB ckianana 1,4-3,5 y po3paxyHKy Ha BHUCAIKEHY
po3eTky. CepenHs KUIBKICTh MIKPOKJIOHIB Ha OJHUH JKUBEIb uepe3 6 MicsIiB
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KyJIbTHBYBaHHs craHoBwia s pociaud: C. acaulis — 4,2, C.cirsioides — 6,8,
C. onopordifolia — 4,8 (puc. 4).
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Duration of cultivation, days
Pucynox 4. MikpokinonansHe po3muoskenns BuiB C. cirsioides, C. acaulis ta
C. onopordifolia na xusmibHOMY cepenoBuili MC/2 3 nogaBannsm 0,1 mr/m HOK Ta
1 mr/n Kin.

Figure 4. Micropropagation of C. cirsioides, C. acaulis and C. onopordifolia on
Murashige and Skoog medium with decreased macro- and microsalts concentrations
(MS/2) supplemented with 0.1 mg/l of 1-naphthaleneacetic acid (NAA) and
1 mg/l kinetin (Kin).

Ha cepenoBumnii MC/2 3 mopaBannsm 0,1 mr/mn HOK Tta 3 mr/n Kin cepenns
KUIbKICTh ~ MIKPOKJIOHIB  JUISL  JOCHI[PKYBAaHMX  BHIIB 3a TEPIIMH  MICSIb
KyJbTUBYBaHHS CTaHOBWJA 2,5-2,6 y po3paxyHKy Ha BUCAJKEHY po3eTKy. Yepes 6
MICSIIB KYJIbTUBYBAHHS Il TOKa3HUKU Oynu HacTymauMmu: s C. acaulis — 5,0, mis
C. cirsioides — 6,6 nus C. onopordifolia — 5,2 (puc. 5). Cepen nochiKeHUX BUIIB
e(eKTHBHICTh MIKPOKJIOHYBAaHHS Ha [UX CEPEJOBHINAX OyJia HAMBHUIIOK JJIS POCIUH
C. cirsioides.

MikpokiioHaJIbHE PO3MHOXKEHHs 1N vitro C. acaulis mochipKyBaJid TOJBCHKI
BucHi (Trejgell et al., 2009). V xoxi ekcriepuMeHTIB 3’COBaHO, 10 HA YKHBHILHOMY
cepenopuiii MC 3 momaBanusam 0,1 mr/m HOK Ta 1 mr/n Kin depe3 oauH Micslb
KyJIbTUBYBAHHS KiJIbKICTh MAroHiB CTaHOBUJIA 2,6, 1ie Yepe3 5 MicaiiB — 4,3 maronu
Ha xwuBelb. Ha sxuBunbHOMY cepenoBuiti MC 3 nonasanssm 0,1 mr/m HOK Ta 3 mr/xa
KiH KiTbKICTh MaroHiB Ha KiHEIb IEPIIOTO MicsAld KyJbTHBYBaHHS CKJajgana 3,6,
gyepe3 5 cyOKynbTHBYBaHb — 3,9 marona Ha sxuBenib (Trejgell et al., 2009).

Crnig 3a3Ha4yWTH, 10 Yy HAIMIOMY BHUMAAKY Y POCIWH, SKi KyJbTUBYBald Ha
*)uBHIbHOMY cepenoBuini MC/2, momoBaeHomy 0,1 mr/n HOK 1 1-3 mr/n Kin,
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KOpeHeBa cucteMa Maiike He (popmyBanacs. Pozetku pociuH, copMoBaHl y Takui
crnioci0d, 3amouyBanu y po3unHi IMK ta BucamkyBanu Ha arapu3oBane a0o pigke (Ha
MOPOJIOHOBI MIJAKJIAIKH) XKUBUIbHE cepenoBuie MC/2 6e3 perynsatopis pocty. Ilicus
TOro, SIK y pociauH chOpMyBalIuCs HEBEIHUKI KOPEHI, iX abo MpoAOBXKYyBaIU
KyJbTUBYBAaTH Ha IIbOMY K KUBWJIBHOMY CE€pEAOBHILI, a00 MEPEHOCUIIN Y CTEPUIIbHY
Boay. Uepes 1 Micslb BUPOLIYBaHHS Yy BOJI KUIBKICTh C(HOPMOBaAHUX KOPEHIB Ta iX
JOBXXMHA 3HAYHO 30UIbLIYBAJIMCS, OJHAK 3a TAaKUX YMOB PICT POCIHMH BIIOyBaBCs
auiie ynpoaoBxk 1,5-2,5 MicsIiB, Micis YOro iX JIMCTKH TOYMHAIM >KOBTITH.
Pocnunau nepenocunu Ha kuBuibHe cepenouinie MC/2 Ge3 perynsaTtopiB pocTy, Ha
SAKOMY MTPOJIOBKYBAJIM MOAANbIIE KYJIbTUBYBAaHHS.
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Pucynox 5. MikpokionansHe po3mHokeHHs BuiB C. cirsioides, C. acaulis ta
C. onopordifolia na xusmipHOMY cepenoBuini MC/2 3 nogaBanasm 0,1 mr/m HOK Tta
3 mr/xa Kin.
Figure 5. Microclonal propagation of C. cirsioides, C. acaulis and
C. onopordifolia on Murashige and Skoog medium with decreased macro- and
microsalts concentrations (MS/2) supplemented with 0.1 mg/l of 1-naphthaleneacetic
acid (NAA) and 3 mg/l kinetin (Kin).

OTpuMaHi HaMH peE3yJIbTaTH TIATBEPKYIOTHCS JITEPATYPHHUMH JaHUMH.
3o0kpema, epekTuBHICT, BKopiHeHHs pociuH C. onopordifolia 3poctae 1 ckinamae
52,7-84,8 % 3a ymoBu ix 3amouyBaHHS y po3uuHi IMK pi3sHHX KOHIIEHTpaIlin
(10 mr/im, 100 mr/m a6o 1000 mr/im) (Trejgell et al., 2009). Po3pobneHi Hamu cxemu
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MOKPAalIylOTh BKOPIHEHHS! BIJKACHUKIB, OJHAK, 3Ba)KAIOYM HA CIIOBUIBHEHUH PICT
HAJ36MHOI YaCTHHH POCIIUH, TOTPEOYIOTh MOATBIITNX JOCIIIKEHb.

BucnoBku/Conclusions. IIpoananizoBano mpoOieMu 30€peXeHHSI BUJIIB POIY
Carlina L. in situ Ta ex situ. IToka3aHO, IO OCHOBHUMH TNPUYMHAMH pETPECY
nonyJsiuid Ta (parMeHTallli apeany BUIIB € CUJIbBATU3ALlIs, 3aJI€pHIHHS IPYHTY Ta
AQHTPOIIOTEHHE  HABAHTAXKCHHS. Y OutbmiocTi  JIOKAMITETIB  HPUPOJHE
caMOMIATpUMaHHs ycKiaaHeHe. BupimenHs uiei npobiemu norpedye po3poOaeHHs
TEXHOJIOT1d OTPUMAaHHS CaJMBHOIO Martepiaiy A cTaOuIi3alii YMCEeIbHOIO CKIady
NOMyJISILINA, a TakoX s peami3alii penaTpialiiHUX MPOEKTIB. 3’sCOBAHO, IO,
HE3BAXKAIOUM Ha CKJIaJHYy OI10JIOTiI0, Y HM3II OOTaHIYHUX CaJiB CTBOPEHO >KHUBI
ronekiii BuAiB poay Carlina. IIpore 3actocyBaHHs TeXHOJIOTIH 30epekeHHs eX Situ
He Mo30aBJjeHe MEeBHUX PHU3MKIB. 3aCTOCYBAHHS O10TEXHOJOTTYHMX METOJIB A€
3MOT'y yHUKaTH 1HOpenHoi naempecii Ta HeOakaHOi CHOHTAHHOI riOpuau3armii 3
IHIITUMHA BUJAMU.

Y KynbTypi IN Vitro BHACTIIOK MPOPOIYBAaHHSA aCENTHYHOIO HACIHHSI OTPUMAHO
Ta JOCIIHKEHO 0co0auBOCTI BKOpiHeHHs1 pociuH Carlina acaulis L, Carlina
cirsioides Klok Ta Carlina onopordifolia Besser ex Szafer, Kulcz. et Pawl.
3’sicoBano, 1o Hacinusa C. cirsioides ta C. onopordifolia mpopocrano 6e3 06poOku
peryasTopaMud pocTy, Horo cxoxicth ctaHoBuia 100 % y BCiX MPOTECTOBAHUX
Bapiantax npociiny. HaiiBumii mokasnuku cxosxkocti HaciHHs C. acaulis — 83,3 %
BUSIBJIICHO 3a HoOro mnomnepeanhoi oO0poOku poszunHoM IMK. 3’sicoBaHo, 1o mis
BKOPIHEHHSI POCJIMH BiJIKACHUKIB €()eKTUBHUM Oyi0 KuBWIbHE cepenoBuiie MC/2,
nonoHene 0,2 mr/n 10K, 0,5 mr/n I'K3 ta 0,1 mr/n HOK. [aTeHCHBHICTS pU30TEHE3Y
s C. onopordifolia ctanosuna 60 %, mas C. cirsioides — 62,5 %, ogHak KopeHi 3a
6-10 wicsIiB KyJabTUBYBaHHA jgocsiranu Jjume a0 8-10 mMm. EdexTuBHimmM
BUSIBUJIOCS 3aMOYYBAaHHS CTEPHUIBHUX MPOPOCTKiB y po3uuHi IMK koHIeHTparieio
1000 mr/n mpotsiroM 1 XB 3 HACTYIMTHUM BHCAKyBaHHSM Ha arapu3oBaHE KUBHIbHE
cepenoBuine 6e3 peryasaTopiB pocty. Bimcorok ykopinenns aas C. onopordifolia ta
C. cirsioides 3a Takux yMoB jgocsiraB 76,2 % i 74,3 % BignosigHo. [IpoTe, mpopocTku
miJ yac 3aMOYyBaHHS TPAaBMYBAJIUCh Ta 1H(DIKYBaJHMCh BHACIIIOK 0araTopa3oBOro
Bukopuctanus po3unHy IMK. HaiiepextuBHimuM 115 ¢GopMyBaHHS KOpPEHEBOI
cuctremu y pociuH C. acaulis, C.cirsioides Tta C.onopordifolia BusBuIoCH
3aMOYyBaHHS HaciHHA Iux BuAiB y po3umHi IMK konmnentpariero 1000 mr/n
npotsrom 2—4 roxa. [Ipu nboMy BIamoCs MiIBUINIATH TOKA3HUKWA BKOPIHEHHS POCIHH
C. cirsioides ta C. onopordifolia no 100 %, a C. acaulis — no 80 %, a Takox
VHUKHYTH TPaBMYBaHHS MPOPOCTKIB 1 3MiH KOHIeHTpaIii po3unny IMK, mo MoxyThb
BUHUKATH TIiJ] 4aC CTEPUIII3AIii 32 BUCOKHX TEMIIEPATyp, YHACHTIIOK BUKOPUCTAHHS
HECTEPHJILHOTO PO3YHMHY IIBOTO PETYISITOPA POCTY.

[TixiOpaHo ymoBH Il MIKPOKJIIOHAJIBHOTO pPO3MHOXEHHs pociuH C. acaulis,
C. cirsioides i C. onopordifolia. 3’sicoBaHo, 1110 TPOTECTOBAHI arapu30BaHi XUBUIbHI
cepepouiia MC/2, nomoBHeHi perynsaropamu pocty HOK Tta Kin, HaiiOuiblie
3a0e3neuyBanu (opMyBaHHS MIKPOKIOHIB y pociua C. Cirsioides, y skux 1ei
MOKA3HUK 3a 6 MICSILIB KyJIbTUBYBaHHS CTAaHOBUB 6,6—0,8 pO3E€TOK Ha JKUBEILb, a JJIs
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C. acaulis Ta C. onopordifolia — 4,2-5,0 ta 4,8-5,2 BignoBigHo. Po3pobiieHo cxemu
ONITHMI3aIlil BKOPIHEHHSI POCJIMH BIJKACHHUKIB iN Vitro.
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