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U3BOoA: Y pasy je AaT NPUKA3 UCTPaXKMBakba BE3aHWX 3a in Vitro pazmHoxasare 30 yrpoXeHnx
TakcoHa poaa Dianthus L. YcTaHOB/bEHM NPOTOKONN Pa3MHOMKaBakba Cy aHaAM3UpPaHW U CyMu-
PaHW, NpU Yemy Cy 43TV OCHOBHW NMPUHLUMMW, METOAE M NPenopyKe. YCTaHOB/bEHW NPOTOKOAN
ce MOry KOPUCTUTM 33 Pa3MHOXKaBake YrPOKeHUX KapaHduna y unmby fLodujarba MmaTepujana 3a
Caflkby Ha NPUPOLHO CTaHuwWwTe. Takohe, foOMjeHN pe3ynTaT NpeacTaB/bajy OCHOBY 3a ex situ

KOH3epBaUMn]y NCNNUTUBAHMUX TaKCOHa, Npe CBera HhMX0BO KPATKOPOYHO MM AYrOPOYHO CKAaan-

wTere (Kpronpesepsauwja).

K/byuHe peun: yrpoxeHe BpcTe, Dianthus, MMKponponarauuja, pa3smHoKaBake eHAEMUYHMX TaKCOHa

YBOA

Mocnearbux rognHa ce nocsehyje Benwka na-
KHba 04yBakby OMOAMBEP3UTETA U UHTEH3UBHO Cce
paay Ha ex situ W in Situ 3aWTUTW YrpoXKeHUX Ou/b-
HWX TakcoHa. [lo gaHac cy nydnukosaHa dpojHa
MCTParkMBakba Koja ce OaBe HUXOBMM Pa3MHOMKa-
BatbeMm, Hajuewhe meTogomM MUKponponarauuvje
KOju ce nokasao Kao Bpno edpuracaH (Cruz-Cruz
et al., 2013, Fay, 1992, 1994, Guerrant et al.,
2004, Pence, 1999). 36or Tora, y MHorum dota-
HUYKMM dalTama U mehyHapoLHUM opraHmn3aLm-
jama, Kao wto cy The European Botanic Gardens
Consortium, Koju obyxBaTa oko 800 SOTaHMYKMX
dawTtn Espone (http://www.botanicgardens.eu),
Botanic Gardens Conservation International, unjn
ynaHosm cy oko 700 doTaHMYKMx dawTm n3 118
3emasba ceeTa (http://www.bgci.org) nnun Plant
Conservation Alliance (http://www.nps.gov/plants/
index.htm), nocToje nporpamu 3a ex situ KoH3ep-
BaLMjy YrPOXKEHUX TaKCOHA Koju 08yxBaTajy U HU-
XOBO pPa3mHOXaBake MuKponponaraunjom. Camo
y Kpasbesckoj 6oTaHmykoj dawtn Kjy y Bennkoj

Bputanuju (The Royal Botanics Gardens, Kew) ao
1998. roanHe dmno je npeko 500 yrpoxKeHux Bp-
CTa Koje Cy pa3MHOXeHe KyATypoMm TKUBA Y L/by
FMxoBe ex situ 3awTuTe (Fay, Chase, 1998).

Y Cpdujn cy A0 AaHac CnpoBefeHa UCTParku-
Batba Koja ce aBe MMKponponaralumjom yrpoxKe-
HWUX OU/BHUX BpCTa, Mehy Kojuma cy 1 OasikaHCKK
eHAEMUT U TepumjapHu pennkt Ramonda serbica
Pancic (Sabovljevic et al., 2008), Nepeta rtanjensis
Dikli¢ et Milojevi¢ (Misi¢ et al., 2005a, 2005b),
Rindera umbellata (Waldst. et Kit.) Bunge (Peric et
al., 2012), dankaHcku eHaemut Salvia brachyodon
Vandas (Misic¢ et al., 2006), kKao n MmHore apyre
YK/bYUYjyhn 1 HeKke peTke 1 yrpoXKeHe BPCTe Maxo-
BuHa (Vwjicic et al., 2012, Sabovljevic et al., 2012).

Cam nocTynak pasmHoXKaBakba du/baka OBOM
METOZIOM je CNOXEH W 0[BMja Ce Yy CTPOro KOHTPO-
JIMCAHUM NadopaTopUjCKMM YCNIOBMMA KOju Ce pa-
3/IMKYjy, 3aBUCHO OJ BPCTE Koja ce raju. 3dor Tora,
Pa3MHOMKUTU HEKY BPCTY METOAOM MMKpOMponara-
umje yjeAHo noapasymesa W cnposohere AeTasb-
HWX UCTPaXKMBakba paav yTephnBarba onTUManHUX
ycnoBa nog Kojuma he npoaykumja KBaanmTeTHOr
caZHor maTepujana dut HajedbunKacHuja.
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Pog Dianthus L.

Pon Dianthus (familia Caryophyllaceae) ody-
xBaTa oko 400 BpcTa Koje cy nopekanom mns Eepone,
Asuje, CeBepHe AMeEpUKe M HEKOMKO U3 JyKHe
AmepuKe. Hajuyewhe pacTy Kao BuLIeroauilHe
nony»kdyHacte, a pehe Kao jeaHoroauilHe UaAn
aoroanwree duske (Josifovié, 1970, Mijanovic,
1976, Cullen et al., 1989). MHore BpcTe Koje npu-
nazajy poay Dianthus naHac umajy 3HavajHy npu-
MeHy y xopTukyntypw (Ball, 1992, Nau, 1996, Dole
i Wilkins, 2004). Mehy runma Hajehn 3Hadaj nma
D. caryophyllus L., npe cBera Kao pesaHu ugeT. Ta-
Kohe, BENMKM KOMepLMjaaHU 3HaYaj] MMa TypCKu
KapaHown, D. barbatus L. Koju ce Ko Hac npume-
tbyje Kao ce3oHcKo ugehe Ha uBeTHauMma (4Bo-
roAuvWkbKW pacas), a MMa 3Hadvaja M Kao pesaHu
LBET. 3HauajHy NpuMeHy Umajy u D. chinensis L., D.
carthusianorum L., D. plumarius L., D. x allwoodii
hort. (D. plumarius x D. caryophyllus), D. deltoides
L., D. gratianopolitanus Vill., D. arenarius L. v D.
knappii (Pant.) Asch. et Kanitz ex Borbds (Dole
i Wilkins, 2004, Nau, 1996, Markovic¢, Popovic,
2012a,b, Popovic et al., 2008, Markovic¢ et al.,
2013b, 2014a,b).

MehyTnm, Bennkm dpoj TakcoHa poaa Dianthus
je MpenosHaT Kao YrpoXKeH W CBPCTaH Yy pasinyu-
Te KaTeropuje, 3aBMCHO O, CTEMeHa YrpOXeHOCTY.
Ha cBeTckoj upseHoj anctm ¢nope (IUCN), Hanasm
ce yak 13 TakcoHa: D. diutinus Kit. ex Schult., D.
charadzeae Gagnidze & Gvin., D. serotinus \Waldst.
& Kit., D. schemachensis Schischk., D. raddeanus
Vierh., D. nitidus Waldst. & Kit., D. morisianus
Vals., D. marizii Samp., D. kubanensis Schischk.,
D. hypanicus Andrz., D. grossheimii Schischk., D.
bicolor Adam., D. andronakii Woronov ex Schischk.
(Ali-Zade, Ekim, 2014, Bilz, 2013, Caldas, 2013,
Ekim, 2014, Fenu et al., 2013, Ferakova et al.,
2013, Gagnidze et al., 2014, Kirdly, Stevanovic,
2013, Litvinskaya, 2014, Melnyk, 2013, Nerseryan,
Ali-Zade, 2014, Nerseryan et al., 2014). Mehy
tmma cy 3 (D. serotinus, D. diutinus u D. nitidus)
npucyTHe Ha noapydjy Cpduje, ¢ Tum aa ce D.
nitidus y Cpduju jas/ba Kao nocedHa noaspcta (D.
nitidus ssp. lakusicii) (Ferakova et al., 2013). MNo-
pef HaBefieHa TpM TaKkcoHa, Koja cy y Cpdujn 3a-
wtuheHa 3aKOHOM, Y KaTeropujy cTporo 3awTtuhe-
HWX BPCTa Cy cBpcTaHu u D. behriorum Bornm, D.
giganteiformis Borbas subsp. kladovanus (Degen)
So6, D. moesiacus Vis. & Panci¢, D. monadelphus
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Vent. subsp. pallens (Sm.) Greuter & Burdet
T. Wraber, D. scardicus Wettst., D. superbus L.
subsp. superbus, D. trifasciculatus Kit. subsp.
trifasciculatus, D. viridescens G. C. Clementi, D.
viscidus Bory & Chaub. (,CnysdeHn rnacHmk PC*
Op. 5/10 n 47/11, ,MpaBUiHUK O NpOrialery K
3aWTUTK CTPOro 3alwTnheHmnx u 3awTnheHmx am-
B/bMX BPCTa OM/baKa, KMBOTUHbA M bMBA”). Tako-
He, npema nctom MpaBUAHWMKY, Y KaTeropuju 3a-
wtnheHnx BpcTa Hanase ce: D. gracilis Sibth. & Sm.
subsp. armerioides (Griseb.) Tutin, D. microlepis
Boiss. subsp. microlepis, D. pelviformis Heuffel, D.
pinifolius Sibth. & Sm., D. sylvestris Wulfen subsp.
bertisceus Rech. Mopep Tora, Tomovi¢, Stevanovic
(2010) HaBoge mda je Dianthus jenaH oA 5 poaosa
HajdoraTujux No OPOjHOCTN eHAEMUYHMX TaKCOHa
y Cpouju.

CBe HaBeEeHO nae y NpuIor YukbeHUUM aa je
pony Dianthus npunana BeanKN SpPoj YrpoKeHMX
TaKCOHa, Ynjoj ex-situ KoH3epBaLmju Tpeda nocse-
TUTK NocedHy Nasxkby.

PA3SMHOJKABAIE YITPOXXEHHUX
BPCTA KAPAHOUAA

[o capna je cnpoBeseH BennKK Opoj UCTPaXKu-
Batba Koja cy ce daBWia ONTUMM3ALLMjOM NPOTO-
KO/la 32 Pa3MHOXaBakbe YrPOXKEHUX TaKCOHA Ka-
paHdWNa pasnMuUTUM MeTofama KyaType in vitro
(tabela 1).

AHanusnpajyhu wucTpaskmsarba npuKasaHa
y Tabenu 1, moxemo yountu Aa je kon sehuHe
TaKCOHa WMHWMUMjaNHA KyATypa yCnoCTaB/beHa ce-
TBOM CEMEHa In Vitro Ynme ce MOCTMXKE OvyBakbe
reHeTcke BapujabunHocTu (Pence, 1999, Johnson,
2002). Mehy ruma cy: D. superbus ssp. superbus,
D. spiculifolius, D. henteri, D. nardiformis, D.
giganteus subsp. banaticus, D. glacialis ssp.
gelidus, D. nardiformis, D. fruticosus, D. petraeus
ssp. simonkaianus, D. pyrenaicus, D. serotinus,
D. giganteiformis ssp. kladovanus v apyru. Kop,
HeKMX TaKCOHa cy KopuwheHW Apyrv nHuUmMjan-
HU eKCMAaHTW, Na je Tako Kopa, D. arenarius ssp.
bohemicus w D. balbisii ssp. liburnicus ryntypa
in vitro ycnocTaB/beHa Kopuwherem jegHOHO-
AYCHUX pe3Hunua. D. petraeus ssp. noeanus je
Pa3MOXKeH KyNTypoOM MepucTema W rajerbem cer-
MeHaTa cTab/bMKa Ha Kojuma ce 0dpa3oBao opra-
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HOreHM Kanyc M3 Kor cy ce pa3BUAWM aBEHTUBHM
nynosmun (Radojevi¢ et al., 1997) a kyntypa in
vitro xon, D. petraeus je 3acHoBaHa Kopuwherem
BpXOBa nsaaHaka (Tsoktouridis et al., 2013). Cnny-

Ho, D. giganteus ssp. croaticus v D. ciliatus ssp.

Tabena 1. MNpernea AocafalltbnX UCTPAXKMBArba PAa3MHOMKABatba in Vitro yrpoxeHux kapaHbuna

dalmaticus cy pa3MHOMEHM rajerbem cermeHaTa
cTadsbrka U dopmuparbeM alBEHTUBHUX NyNosba-
Ka, MaZa ce Ha nojeaMHUM nogaorama Gopmmpao
N emdpmoreHn Kanyc.

TakcoH

Pacnpoctpamere

PedepeHua

D. alpinus L.
D. anatolicus Boiss.

D. arenarius L. ssp. bohemicus
(Novak) O. Schwarz

D. balbisii Ser. ssp. liburnicus
(Bartl.) Pign.

D. callizonus Schott et Kotschy

D. ciliatus Guss. ssp. dalmaticus
(Celak.) Hayek

D. dobrogensis Prodan

D. ferrugineus Mill. subsp.
liburnicus (Bartl.) Tutin

D. fruticosus L.
D. giganteiformis ssp. kladovanus

D. giganteus d’Urv. ssp. croaticus
(Borbas) Tutin

D. giganteus d’Urv. subsp.
banaticus (Heuff. ex Griseb. et
Schenk) Tutin.

D. glacialis Haenke ssp. gelidus
(Schott, Nyman & Kotschy) Tutin

D. gratianopolitanus Vill.

D. henteri Heuff. ex Griseb. et
Schenk

D. lusitanus Brot.
D. mainensis Shaulo & Erst

D. nardiformis Janka

D. petraeus Waldst. & Kit. ssp.
simonkaianus (Péterfi) Tutin

North-East of Alps
Turkey
Czech Republic

Southeastern Europe:
Albania; Bosnia and
Herzegovina; Croatia; Italy;
Montenegro; Slovenia

Romania- South
Carpathians

Albania, Croatia

Romania, Bulgaria

Northern and Western Italy,
former Yugoslavia

Greece
Romania, Serbia

Croatia, Slovenia

Romania, Serbia

South and East the
Carpathians

Alps

Romania

Iberian Peninsula
Altai-Sayan Mountains

Bulgaria, Romania

Carpathians and the Balkan
Mts

Cristea et al., 2006b
Cristea et al., 2006a
Kovac, 1995

Berardi et al., 2004

Catana et al., 2010, Paunescu, Holobiuc,

2003, Cristea et al., 2004, Holobiuc i
Blindu, 2006, Holobiuc et al., 2009,

Radojevic et al., 2006, 2010

Holobiuc et al., 2010a, Cristea, 2010
Cristea et al., 2006b

Papafotiou, Stragas, 2009
Markovi¢ et al., 2006
Radojevic et al., 2006, 2010

Pop, Pamfil, 2011

Cristea et al., 2006b, Holobiuc et al.,
2009, 2010b

Cristea et al., 2006b
Cristea et al., 2010

Cristea et al., 2006a
Erst et al., 2014

Holobiuc et al., 2009, Holobiuc et al.,
2010c¢

Cristea et al., 2006a,b
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TaKkcoH

PacnpocTpatberse

PedepeHua

D. petraeus Waldst. et Kit. ssp.

Bulgaria, Macedonia,

Radojevic et al., 1997

noeanus (Boiss.) Tutin Serbia

D. petraeus Waldst. et Kit. ssp. Romania
simonkaianus (Péterfi) Tutin

D. pratensis M. Bieb. subsp. Romania

racovitzae (Prodan) Tutin
D. pyrenaicus Pourr.

D. serotinus Waldst. & Kit.

Pyrenees Mts.,

D. spiculifolius Schur Carpathians

D. superbus L. ssp. speciosus
(Reinchenb) Pawl.

D. superbus L. ssp. superbus
Domin

Czech Republic

D. tenuifolius Schur., Romania

Dianthus trifasciculatus Kit. ssp.
parviflorus Stoj. & Acht.

D. petraeus Waldst. et Kit. Greece

Pannonian endemit

Moroieni, Romania

Romania, Bulgaria

Miclaus et al., 2003

Cristea, 2010

Cristea et al., 2006a, Marcu et al., 2006

Markovi¢ et al., 2007, 2013a, 2014a,
2014b

(Butiuc-Keul et al., 2001, Cristea et al.,
2002, 2004, 2006b, 2013a,b, Holobiuc
i Blindu, 2006, Holobiuc et al., 2009,
2010b, Pop, Pamfil, 2011

Cristea et al., 2004, Holobiuc i Blindu,
2006

Mikulik, 1999
Cristea et al., 2004, Holobiuc i Blindu,
2006, Holobiuc et al., 2009

Holobiuc et al., 2013

Tsoktouridis et al., 2013

Y $asu myaTunaukaumje Ko, BULLIE TaKCOHa
eKCniaHTu cy duan HoaycHe pesHule U Tepmu-
Ha/MHW nynosbun, mehy wuma cy D. spiculifolius,
D. henteri, D. serotinus, D. giganteiformis ssp.
kladovanus, Dianthus petraeus ssp. simonkaianus,
D. nardiformis, nok Koa, D. superbus ssp. superbus,
D. tenuifolius, D. callizonus, D. superbus ssp.
speciosus, D. glacialis ssp. gelidus camo HoaycHe
pe3Huue (Tadena 1).

Koa, cBUX HaBeAeHMX TaKCOHa, MPEeBaCcXoLHO
je McnuUTMBaHO AEjCTBO Pa3IMUUTUX BPCTA M KOH-
LeHTpaunja GUTOXOPMOHA Ha PasBoj y KynTypwu
in vitro. MehyTum, Koa, HEKMX TaKcOoHa cy cnpo-
BoheHa JoJaTHa UCTpaskmBarba. Tako je, kog, D.
giganteus ssp. banaticus ncnutueaHa moryhHocT
Kpunonpesepsauuje (Jarda et al., 2011), a kop, D.
spiculifolius v D. glacialis ssp. gelidus yTepheH je
NMPOTOKOA 3a ycrnocTaB/bakbe daHKe reHa (Holobiuc
et al., 2009), npu yemy je NO3nUTMBaH edeKaT Mma-
N0 f0AaBatbe MAHWUTOMA Kao OCMOTCKOT paKTopa
y meanjym (Butiuc-Keul et al., 2001, Cristea et al.,
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2002, Holobiuc et al., 2010b, Pop i Pamfil, 2011).
Koa D. serotinus wcnuTaH je edeKkaT AoaaBarba
copbutona y meaujym (Markovic¢ et al., 2014a),
Koju je BaxaH KpwuonpotekTaHT (Vasil, Thorpe,
1994), a Mma ¥ 3Ha4Yaja Y UHAYKUM|U Kanyca, Ky-
Typu henunja n npoTtonnacta, MHAYKLUMjM COMATCKe
embdpwuoreHese (Benkirane et al., 2000, Rashid et
al., 2002, Hassan et al., 2009). Takohe, cnpose-
OeHa cy M UCTpaxkmnearba yHanpehera noctoje-
Anx npotokona Mukponponarauuje D. tenuifolius,
D. callizonus, D. spiculifolius, D. superbus ssp.
speciosus (Cristea et al., 2004, Holobiuc i Blindu,
2006), a koa, D. spiculifolius ncnutaHa je reHetcka
cTadnnHoCT du/baka AodujeHux in vitro, Npn yemy
je yTBphHeHo Aa je reHeTcKka BapujadMAHOCT nomny-
Naupje cavyBaHa NpumeHom oarosapajyher npo-
TOKO/1a MMKponponaraunje, 40K je COMaK/A0HaNHO
Bapupatse in vitro dusbaka MuHumanHo (Cristea et
al., 2014). Kop spcTe D. serotinus je NpBu NyT Kof,
pofa Dianthus ucnuTaHo AEjCTBO Pas3MYUTUX Bp-
CTa M KOHUeHTpauuja wehepa Ha pasBoj KyaTypa
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y ®asn myntunavKkaumje, a ¢ od3Mpom aa pacTe
Ha Mecky anKkaaHe peaklUuje, UCTPaXKeH je 1 yT1uaj
pH BpeaHoctu meanjyma (Markovic et al., 2013a).
Mopen, HaBeaeHWX, paheHa cy U UCTpaxmBa-
Ha Kojuma je dmo un/b Aa ce MHAOYKyje comaTcKa
emdpuroreHesa Koz, YrpoxeHnx KapaHouna paam
NpPoOn3BOAHE CUMHTETUYKOr cemeHa (Holobiuc et
al., 2009). UcTpaxkuBatrba cy odyxsaTuia TaKco-
He D. tenuifolius, D. callizonus, D. spiculifolius i D.
glacialis subsp. gelidus, a y meanjym je nonasaH
M@HUTON KaKo OM Ce MHAYKOBAO YMEPEeHW OCMOT-
CKM CTPec Koju MPOY3POKyje CMatbeH pacT KyaTy-
pe, ann NoAcTMYe comaTcky emdpuoreHesy. Jodu-
JEHW COMATCKM eMOPMOHM Cy YCMELLUHO KAWjanu.

AUCKYCHJA

CrepunHa Kyntypa in vitro je ycnewHo ycno-
CTaB/beHa Kof KapaHbuia npuKkasaHux y Tadenn
1. Y cnyvajeBma Kaga je KopuwheHo ceme Kao
VHWULMJANHWU MaTepunjan, KAnjaBoCT ce pas3nKoBsa-
Nla 3aBMCHO 0f1 TakcoHa. Ko Hekux je duna Bmco-
Ka, npeko 80% (D. giganteiformis ssp. kladovanus,
D. giganteus subsp. banaticus, D. mainensis, D.
pinifolius, D. serotinus), Kon Hekux je duna He-
WTO HUXKa, 60-70% (D. spiculifolius, D. ciliatus ssp.
dalmaticus), a Koa, nojeAMHUX TakcoHa je duna
penatmeHoO HucKa, nucnog 60% (D. henteri - 52,5%,
D. giganteus ssp. croaticus - 42%). Koa, sehuHe
KapaHduna Huje 3adenexeHa nojasa AOPMaAHTHO-
cTtn (Baskin, Baskin, 2005) koja npeAacTas/ba Be-
KM Npodaem Ko Hekux Apyrux spcTa (Grbic et
al., 2005, 2006, 2014a,b, Samuilov et al., 2014).
MowTo Cy y NUTakby pasnmymTe BpCTe KapaHduna,
K/IMjaBOCT 3aBMCK MNpe CBera o4, caMe NocmaTtpa-
He BPCTe, Kao W oA roAmMHe ypoaa, ann He Tpeda
3aHemMapuTK [ejcTBO CyncTaHue KopuwheHe 3a
cTepunusauujy. Y sBehmHM aHannsmMpaHmx npoTo-
kona (Tabena 1) kopuwhen je NaOCl Koju je okcu-
[ATUBHO CPEeACTBO, M HEroB No3nTMBaH edeKat ce
ornena y npeknaarby AOPMaHTHOCTM CeMeHa pac-
TBaparbeM U OKCMAALM]OM MHXMOUTOPA Kaujarba
(Frank, Larson, 1970, Miyoshi, Mii, 1995, 1998),
anv vy AeNMMNYHO] Aerpajaunjy cemersade (Lee
et al., 2007). Mehytum, He Tpeda 3adopaBnti Aa
NaOCl moXKe MMaTh 1 TOKCMYHO AejcTBO Ha dusb-
HO TKMBO, jep YKO/IMKO je 3a0CTa0 Ha MOBPLWMHM
CeMeHa HaKOH Mchuparba, MOXe Aa yTu4ye Ha

yrpahunearbe aMmMHOKMCenmHa y npotenHe (Abdul-
Baki, 1974). KoHkpeTaH yTtuuaj NaOCl Ha knuvjarbe
CeMeHa je UCTPaXkmMBaH, a AodujeHn pe3yaTaTu ce
Pa3/MKyjy Npe cBera 3aBUCHO OZ UCMUTUBAHE Bp-
CTe, 3aTUM 0Z, KOHLIEHTpaLMje pacTBOpa, Kao 1 of,
OyXuHe TpeTupatkba cemeHa (Khah i Passam, 1992,
Watkinson, Pill, 1998). Takohe, noaasarbe rndepe-
JIMHCKe KncennHe (GA,) moske MMaTW NO3WTMBaH
yTVuaj Ha KawujasocT (Watkinson, Pill, 1998), wto je
3abenexkeHo v Kog D. henteri (Cristea et al., 2010)
Yyuje ceme je CTEPUNNCAHO BOAOHMK MEPOKCUAOM
(4% H,0,), n Ha meaunjymy ca 100 mg/L GA, ku-
jaBocT je duna 100%, AoK Ha UCTOM meaunjymy Oe3
GA,- cBera 75%.

MpeaHocT Kopuwhera cemeHa 3a ycnocTa-
B/batbe CTEPUIHE KYNTYpE, MOPes O4vyBakba reHeT-
CKe BapujadnaHOCTK, ornesa ce Uy 3HATHO HUXKEM
CTeneHy KOHTaMWHaumje y oaHocy Ha Kopuwhe-
Fb€ HOAYCHUX pe3Huua. To je Hapo4MTO YOU/bMBO
kog, D. giganteus ssp. banaticus, D. henteri n D.
spiculifolius roge ce KOHTaMWMHMPAHOCT HOAYCHMX
pe3Huua Kpetana oa 35% 0o 65%, a KOHTAMUHUK-
PaHOCT CemMmeHa UCTUX BPCTa HuMje npenasmna 7%
(Pop, Pamfil, 2011).

HakoH ycnocTassbarba CTepuaHe KyaType,
cnposoau ce dasa MynTUNAMKauMje M3gaHaka.
3aBMCHO O MOCMAaTPaHOr TaKCOHa pasfuKyje ce
npoLeHaT pereHepaumje NPaBUAHO Pa3BUjEHMX
M3naHaka, GakTop MynTUNAMKauuje, Kopg, He-
Kux je 3abenexkeHa v nojasa sutpudukaumje (D.
serotinus, HNp.), aAn 1 nopep, Tora, Pe3ynTaTu cy
3a40B0os/baBajyhn 1 Hucy 3adenexkeHn sehn npo-
dnemm HW Kop4 jeaHOr aHa/M3MpaHOr TaKcoHa
(tadena 1). CAnYHO, M y dasn OXKu/baBakba, KOA,
HEeKMX TaKCOHa je NpoLEeHaT OXKW/baBakba U3Y3eTHO
BMCOK (HMp., D. superbus ssp. superbus- 100%, D.
mainensis - 100%, D. petraeus ssp. noeanus- 91%),
KOA HEKMX HewWwTo HUXKMK (HNp., D. arenarius ssp.
bohemicus - 85%), anv yonwTeHo nocmatpajyhu,
pesynTaTu cy 3as080/baBajyhu.

Kaga je y nuTamy aknaMmaTtmsaumja aHanmsu-
PaHMX TaKCOHA, MOKAa3aHOo je [a cacTaB cyncrpaTta
MOXEe MMATW yTULAj Ha NPOLEHAT akIMMaT13aum-
je (Markovic et al., 2014b). MehyTum, 3HayajaH
Hanpenak ce moxe noctnhn Kopuwherbem ¢o-
TOayTOTPOdHOr CUCTEMA MMKpOoNponaraunje Yumja
NPUMEHa je ycnelwHo UCIuTaHa Koa 9 yrpoXKeHnx
TakcoHa y PymyHuju (Cristea, 2010, Cristea et al.,
2002).
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3AKAYIIIN

KynTypa in vitro ma 3Ha4vajHy NpakTUyHy Npu-
MeHY Yy Pa3mMHOXaBakby YrpOXEHMX TAKCOHa, LWTO
aHanM3MpaHa ucTpaxknearba notephyjy. Mehytum,
npumeHa pesynaTta TUX UCTParkKMBarba je BuLe-
CTpyKa. He camo faa ce yCTaHOB/bEHW MPOTOKOM

MOTY KOPUCTUTM 33 PAa3MHOXKaBake UCMUTUBAHUX
TaKcoHa y Uuusby Aodujakba maTepujana 3a peuH-
TPOAYKUM}Y M ayrMeHTaLmjy HUXOBUX Nonynaumja,
Beh 1 nodujeHn pesynTaTi YMHE OCHOBY 3a J0-
[aTHa UCTPaXKMBakba BE3aHa 3a KPAaTKOPOUHO MK
[lyrOPOYHO CKNaamlTeHe 0BMX dW/baka (Kpuonpe-
3epBaumja).

IN VITROPROPAGATION OF ENDANGERED DIANTHUS TAXA

dr Marija Markovi¢, doc, University of Belgrade — Faculty of Forestry (marijamarkovic@sfbbgac.rs)

dr Mihailo Grbi¢, full profesor, University of Belgrade — Faculty of Forestry

dr Matilda Duki, full profesor, University of Belgrade — Faculty of Forestry

Abstract: The review of recent researches regarding the in vitro culture of 30 endangered
Dianthus taxa is presented in this paper. Various in vitro protocols developed for selected
rare and threatened Dianthus taxa are analysed in order to provide a useful synthesis of
the data obtained with the main principles, techniques and recommendations for futher
research and practice. The recapitulated data presented in this review can be used as a
tool for the micropropagation of other endangered Dianthus taxa, enabling their prop-
agation and obtaining a sufficient amount of plants for reintroduction. In addition, the
obtained results represent the basis for ex situ conservation of the investigated taxa, espe-
cially for medium-term and long-term conservation (cryopreservation).

Key words: endangered species, Dianthus, micropropagation, endemic taxa propagation

INTRODUCTION

In the past few years a lot of attention has
been paid to the preservation of biodiversity, and
intensive work has been conducted in ex situ and
in situ conservation of endangered plant species.
To date, many studies regarding the propagation
of endangered plants have been published, in
which micropropagation was the most common-
ly used method, due to its efficiency (Cruz-Cruz
et al, 2013, Fay, 1992, 1994, Guerrant et al.,
2004, Pence, 1999). For that reason, many botan-
ical gardens and international organisations for
wildlife conservation, e.g. The European Botanic
Gardens Consortium, which comprises of about
800 european botanical gardens (http://www.bo-
tanicgardens.eu), Botanic Gardens Conservation
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International, which includes about 700 botanical
gardens from 118 countries (http://www.bgci.org)
or Plant Conservation Alliance (http://www.nps.
gov/plants/index.htm), have programs for ex situ
conservation of endangered plant taxa including
suitable micropropagation protocols.

For example, until 1998 in the The Royal Bo-
tanics Gardens- Kew, more than 500 endangered
plant species were propagated by tissue culture
for the purpose of their ex situ conservation (Fay,
Chase, 1998).

To date, a lot of studies have been conducted
in Serbia on the micropropagation of many endan-
gered plants, including the Balkan endemic spe-
cies and tertiary relict- Ramonda serbica Pancic¢
(Sabovljevic et al., 2008), Nepeta rtanjensis Dikli¢
et Milojevi¢ (Misi¢ et al., 2005a, 2005b), Rinde-
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ra umbellata (Waldst. et Kit.) Bunge (Peric et al.,
2012), the Balkan endemic Salvia brachyodon
Vandas (Misic et al., 2006), and many others, in-
cluding some rare and endangered moss species
(Vwjicic et al., 2012, Sabovljevic¢ et al., 2012).

The procedure of micropropagation is complex
and performed in controlled laboratory conditions
that vary depending on the species and cultivar.
Therefore, it is necessary to conduct detailed stud-
ies to determine the optimal conditions for an ef-
fective mass production of selected taxa.

Genus Dianthus L.

Dianthus (familia Caryophyllaceae) is a genus
of about 400 species mainly native to Europe,
Asia, North America with a few species from South
America. The species are mostly herbaceous per-
ennials, and a few are annual or biennial (Josifovic,
1970, Mijanovic, 1976, Cullen et al., 1989). Many
Dianthus species are important horticultural crops
(Ball, 1992, Nau, 1996, Dole i Wilkins, 2004). The
most important among these species is carnation
(D. caryophyllus L.), primarily in the international
cut flower market. In addition, Sweet William (D.
barbatus L.) has a great commercial importance
as a popular ornamental biennial in gardens and
as a cut flower. Other horticulturally important Di-
anthus species include D. chinensis L., D. carthu-
sianorum L., D. plumarius L., D. x allwoodii hort.
(D. plumarius x D. caryophyllus), D. deltoides L.,
D. gratianopolitanus Vill., D. arenarius L. and D.
knappii (Pant.) Asch. et Kanitz ex Borbas (Dole i
Wilkins, 2004, Nau, 1996, Markovic, Popovic,
2012a,b, Popovic¢ et al., 2008, Markovic¢ et al.,
2013b, 2014a,b).

However, there is a large number of endan-
gered Dianthus taxa, classified in different cate-
gories according to the degree of endangerment.
As many as 13 of those taxa are included in the
IUCN Red List of Threatened Species, including D.
diutinus Kit. ex Schult., D. charadzeae Gagnidze &
Gvin., D. serotinus Waldst. & Kit., D. schemachensis
Schischk., D. raddeanus Vierh., D. nitidus Waldst.
& Kit., D. morisianus Vals., D. marizii Samp., D. ku-
banensis Schischk., D. hypanicus Andrz., D. gross-
heimii Schischk., D. bicolor Adam., D. andronakii
Woronov ex Schischk. (Ali-Zade, Ekim, 2014, Bilz,
2013, Caldas, 2013, Ekim, 2014, Fenu et al., 2013,

Ferakova et al., 2013, Gagnidze et al., 2014, Kirdly,
Stevanovic, 2013, Litvinskaya, 2014, Melnyk, 2013,
Nerseryan, Ali-Zade, 2014, Nerseryan et al., 2014).
Three of them (D. serotinus, D. diutinus and D. niti-
dus) are native to Serbia, but in the case of D.
nitidus only the subspecies D. nitidus ssp. lakusicii
has been recorded in its territory (Ferakova et al.,
2013). Besides the 3 taxa mentioned, which are
protected by law in Serbia, the taxa D. behriorum
Bornm, D. giganteiformis Borbas subsp. kladova-
nus (Degen) Sod, D. moesiacus Vis. & Pancic, D.
monadelphus Vent. subsp. pallens (Sm.) Greuter
& Burdet T. Wraber, D. scardicus Wettst., D. su-
perbus L. subsp. superbus, D. trifasciculatus Kit.
subsp. trifasciculatus, D. viridescens G. C. Clemen-
ti, D. viscidus Bory & Chaub. are also included in
the category of strictly protected species (Official
Gazette of RS “, no. 5/10 and 47/11, “ Rulebook
on declaration and protection of strictly protected
and protected species of plants, animals and fun-
gi”). In addition, according to the same Rulebook,
the taxa D. gracilis Sibth. & Sm. subsp. armerioides
(Griseb.) Tutin, D. microlepis Boiss. subsp. micro-
lepis, D. pelviformis Heuffel, D. pinifolius Sibth. &
Sm., D. sylvestris Wulfen subsp. bertisceus Rech.
are included in the category of protected species.
Furthermore, Tomovic¢ and Stevanovic (2010) ar-
gued that Dianthus is one out of five genera which
are the richest in the number of endemic taxa in
Serbia. All that implies that the genus Dianthus
includes a large number of endangered taxa and
that special attention should be paid to their ex-si-
tu conservation.

PROPAGATION OF ENDANGERED
DIANTHUS SPECIES

To date, many studies have been conducted in
order to optimize the protocol for the in vitro pro-
pagation of endangered Dianthus taxa (Table 1).

When the studies presented in Table 1 are
analyzed, it can be observed that the initial in
vitro culture in the majority of taxa is established
from seed in order to preserve genetic variability
(Pence, 1999, Johnson, 2002). Among them are D.
superbus ssp. superbus, D. spiculifolius, D. henteri,
D. nardiformis, D. giganteus subsp. banaticus, D.
glacialis ssp. gelidus, D. nardiformis, D. fruticosus,
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D. petraeus ssp. simonkaianus, D. pyrenaicus, D.
serotinus, D. giganteiformis ssp. kladovanus etc.
In some taxa other initial explants are used, such
as in the case of D. arenarius ssp. bohemicus and
D. balbisii ssp. Liburnicus, where in vitro cultu-
re was established from single-node cuttings.
D. petraeus ssp. noeanus is propagated using
meristem-tip culture, followed by the formation
of adventitious buds developed from organogenic

callus formed on stem segments (Radojevic¢ et
al., 1997). Similarly, during the propagation of
D. giganteus ssp. croaticus and D. ciliatus ssp.
dalmaticus adventitious buds developed on
cultivated stems segments, with the occasional
emergence of embryogenic callus. An in vitro
culture of D. petraeus was established using shoot
tips (Tsoktouridis et al., 2013).

Table 1. A survey of the studies of in vitro culture of endangered Dianthus species

Taxon

Distribution

Reference

D. alpinus L.
D. anatolicus Boiss.

D. arenarius L. ssp. bohemicus
(Novak) O. Schwarz

D. balbisii Ser. ssp. liburnicus
(Bartl.) Pign.

D. callizonus Schott et Kotschy

D. ciliatus Guss. ssp. dalmaticus
(Celak.) Hayek

D. dobrogensis Prodan

D. ferrugineus Mill. subsp.
liburnicus (Bartl.) Tutin

D. fruticosus L.
D. giganteiformis ssp.
kladovanus

D. giganteus d’Urv. ssp.
croaticus (Borbas) Tutin

D. giganteus d’Urv. subsp.
banaticus (Heuff. ex Griseb. et
Schenk) Tutin.

D. glacialis Haenke ssp. gelidus
(Schott, Nyman & Kotschy)
Tutin

D. gratianopolitanus Vill.

D. henteri Heuff. ex Griseb. et
Schenk

D. lusitanus Brot.

North-East of Alps
Turkey
Czech Republic

Southeastern Europe: Albania;
Bosnia and Herzegovina; Croatia;
Italy; Montenegro; Slovenia

Romania- South Carpathians

Albania, Croatia
Romania, Bulgaria

Northern and Western Italy,
former Yugoslavia

Greece

Romania, Serbia

Croatia, Slovenia

Romania, Serbia

South and East the Carpathians

Alps

Romania

Iberian Peninsula

Cristea et al., 2006b
Cristea et al., 2006a
Kovac, 1995

Berardi et al., 2004

Catana et al., 2010, Paunescu,
Holobiuc, 2003, Cristea et al., 2004,
Holobiuc i Blindu, 2006, Holobiuc et
al., 2009,

Radojevi¢ et al., 2006, 2010

Holobiuc et al., 2010a, Cristea, 2010
Cristea et al., 2006b

Papafotiou, Stragas, 2009
Markovi¢ et al., 2006

Radojevic et al., 2006, 2010

Pop, Pamfil, 2011

Cristea et al., 2006b, Holobiuc et al.,
2009, 2010b

Cristea et al., 2006b
Cristea et al., 2010

Cristea et al., 2006a
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Taxon Distribution Reference

D. mainensis Shaulo & Erst Altai-Sayan Mountains Erst et al., 2014

D. nardiformis Janka Bulgaria, Romania Holobiuc et al., 2009, Holobiuc et al.,
2010c

D. petraeus Waldst. & Kit. ssp. Carpathians and the Balkan Mts  Cristea et al., 2006a,b
simonkaianus (Péterfi) Tutin

D. petraeus Waldst. et Kit. ssp. Bulgaria, Macedonia, Serbia Radojevic et al., 1997

noeanus (Boiss.) Tutin

D. petraeus Waldst. et Kit. ssp. Romania Miclaus et al., 2003

simonkaianus (Péterfi) Tutin

D. pratensis M. Bieb. subsp. Romania Cristea, 2010

racovitzae (Prodan) Tutin

D. pyrenaicus Pourr. Pyrenees Mts., Cristea et al., 2006a, Marcu et al.,
2006

D. serotinus Waldst. & Kit. Pannonian endemit Markovic et al., 2007, 2013a, 2014a,
2014b

D. spiculifolius Schur Carpathians (Butiuc-Keul et al., 2001, Cristea et

al., 2002, 2004, 2006b, 2013a,b,
Holobiuc i Blindu, 2006, Holobiuc et
al., 2009, 2010b, Pop, Pamfil, 2011

D. superbus L. ssp. speciosus Moroieni, Romania Cristea et al., 2004, Holobiuc i Blindu,
(Reinchenb) Pawl. 2006

D. superbus L. ssp. superbus Czech Republic Mikulik, 1999

Domin

D. tenuifolius Schur., Romania Cristea et al., 2004, Holobiuc i Blindu,

2006, Holobiuc et al., 2009

Dianthus trifasciculatus Kit. ssp.  Romania, Bulgaria Holobiuc et al., 2013
parviflorus Stoj. & Acht.

D. petraeus Waldst. et Kit. Greece Tsoktouridis et al., 2013

At the multiplication stage, the mainly used explants of the species D. spiculifolius, D. henteri, D.
serotinus, D. giganteiformis ssp. kladovanus, Dianthus petraeus ssp. simonkaianus, D. nardiformis were
nodal cuttings and terminal buds, and of the species D. superbus ssp. superbus, D. tenuifolius, D. calli-
zonus, D. superbus ssp. speciosus, D. glacialis ssp. gelidus only nodal cuttings (Table 1).

The effect of different types and concentrations of phytohormones on plant development in in
vitro culture was primarily investigated for all the above mentioned taxa. However, there were some
additional researches. Thus, Jarda et al. (2011) investigated the possibility of cryopreservation of D.
giganteus ssp. banaticus, and Holobiuc et al. (2009) determined the protocol for the establishment of
a gene bank of D. spiculifolius and D. glacialis ssp. Gelidus. In addition, it was assessed that in many
cases mannitol had a positive effect as an osmotic factor in the medium (Butiuc-Keul et al., 2001, Cristea
et al., 2002, Holobiuc et al., 2010b, Pop i Pamfil, 2011). Markovic et al. (2014a) investigated the effect
of the sugar alcohol sorbitol on in vitro growth of D. serotinus. Sorbitol is an important cryoprotectant
(Vasil, Thorpe, 1994), which is also significant for callus induction, in cell and protoplast culture, and
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for somatic embryogenesis induction (Benkirane et
al., 2000, Rashid et al., 2002, Hassan et al., 2009).
Furthermore, the possibilities of improving the
protocols of the micropropagation of D. tenuifo-
lius, D. callizonus, D. spiculifolius, D. superbus ssp.
speciosus were examined (Cristea et al., 2004,
Holobiuc i Blindu, 2006), and the genetic stability
of D. spiculifolius microplants was tested, finding
that the genetic variability of the populations was
preserved, with minimal appearance of somaclonal
variation, using the appropriate micropropagation
protocol (Cristea et al., 2014). In addition, it was
the first time that the influence of the type and
concentrations of sugars on in vitro growth was
tested for Dianthus spp for D. serotinus, as well as
the effect of the pH value of media, as it grows on
the alkaline (Markovic et al., 2013a).

In addition, some studies were performed in
order to induce somatic embryogenesis for the
production of synthetic seeds of endangered
Dianthus spp. (Holobiuc et al., 2009). Those
investigations included D. tenuifolius, D. callizonus,
D. spiculifolius and D. glacialis subsp. gelidus, and
mannitol was added to the medium in order to
induce moderate osmotic stress, which reduces
the growth of culture, but promotes somatic
embryogenesis. The obtained somatic embryos
germinated successfully.

DISCUSSION

Sterile in vitro cultures of Dianthus spp. listed
in Table 1 were successfully established. In the
cases where the seeds were used as the initial
material, germination differed depending on the
species. In some cases the germination rate was
high, reaching over 80% (D. giganteiformis ssp.
kladovanus, D. giganteus subsp. banaticus, D.
mainensis, D. pinifolius, D. serotinus). In some cases
it was lower, reaching 60-70% (D. spiculifolius, D.
ciliatus ssp. dalmaticus), and in some cases it was
low, reaching below 60% (D. henteri- 52,5%, D.
giganteus ssp. croaticus - 42%). The majority of
Dianthus spp. had no seed dormancy (Baskin,
Baskin, 2005), which is a great problem in the
propagation of some other species (Grbic et al.,
2005, 2006, 2014a,b, Samuilov et al., 2014).
Besides the species and the year of harvesting,
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sterilization agent can also influence germination
capacity. In the propagation of the species listed
in Table 1, the most commonly used agent was
NaOCl which has an oxidative effect, and can
break seed dormancy by partial degradation of
the seed coat (Lee et al., 2007) and the oxidation
of inhibitors of seed germination (Frank, Larson,
1970, Miyoshi, Mii, 1995, 1998). However, NaOCl
can be toxic to plant tissue if it remains on the seed
surface after rinsing, influencing the incorporation
of amino acids into proteins (Abdul-Baki, 1974).
Investigations of the influence of NaOCl on seed
germination showed that results can be different
depending on the species, solution concentration
and duration of the treatment (Khah i Passam,
1992, Watkinson, Pill, 1998). Also, the addition
of the gibberellic acid (GA3) can have a positive
impact on germination (Watkinson, Pill, 1998),
which was recorded for D. henteri (Cristea et al.,
2010) after sterilization with hydrogen peroxide
(4% H202). On the medium supplemented with
100 mg/L GA3 germination was 100%, while on
the same medium without GA3 it was only 75%.

In addition to preserving the genetic variability,
the other advantage of using the seeds for
establishing in vitro cultures, is the significantly
lower contamination rate compared to the one
in the use of nodal cuttings. This is especially
noticeable in the case of the micropropagation
of D. giganteus ssp. banaticus, D. henteri and
D. spiculifolius, where the contamination rate of
nodal cuttings ranged between 35% and 65%,
while the contamination rate of seed did not
exceed 7% (Pop, Pamfil, 2011).

At the multiplication stage, the regeneration
rate and multiplication factor differed depending
on the Dianthus species. In some cases, vitrification
was recorded (e.g. D. serotinus), but in spite of
that, the results were satisfactory and there have
been no major problems with any of the analyzed
taxa (Table 1).

Similarly, the rooting percentage of some taxa
was very high (e.g. D. superbus ssp. superbus
- 100%, D. mainensis - 100%, D. petraeus ssp.
noeanus- 91%). In some cases it was slightly lower
(e.g. D. arenarius ssp. bohemicus - 85%), but in
general, the results are satisfactory.

Regarding the acclimatization stage, it was
shown that the composition of the substrate
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influences the acclimatization rate (Markovic¢ et
al.,, 2014b). However, a significant improvement
can be achieved when an photoautotrophic
micropropagation system is used. The application
of this system has been successfully tested for
9 endangered taxa in Romania (Cristea, 2010,
Cristea et al., 2002).

CONCLUSIONS

This survey showed that in vitro culture has a
significant practical application in the propagation
of endangered taxa. However, besides the use
of the obtained protocols for the propagation
of plants in order to obtain plant material for
reintroduction and augmentation of the existing
populations, the obtained results are also the
basis for additional research of medium-term and
long-term conservation (cryopreservation) of this
species.

Note: This paper was supported by the
Ministry of Education and Science of the Republic
of Serbia within the project no. 43007 for the
period 2011-2015.
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