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ABSTRACT: Pieniny Mts. are important biodiversity hotspotGentral Europe. According to
Pieniny National Park Long Term Conservation PlI@0@2020 small, isolated populations
of some of Pieniny NP flagship species can becaxtieat till 2020. That is why theiex situ
preservation at seed bank is justified and readerad supplement of active and passive
situ conservation measures carried out by National Bafk PAS Botanical Garden — Center
for Biological Diversity Conservation at Warsaw-Pom has a long tradition of cooperation
with Pieniny National Park (S Poland). This artitdeuses on the actions undertaken during
EU funded conservation projectEX situ conservation of native, threatened and protected
plant species in eastern Poland - FlorNaturOB” dSeéDendranthema zawadzkii, Erysimum
pieninicum and Minuartia setaceacollected by ,FlorNaturOB” team at Pieniny NP: (1)
showed orthodox behaviour (could be easily dried fiozen at ultra-low temperatures of
liquid Nitrogen), (2) do not exhibit seed dorman8pecies’ localization and collecting time

influenced the seed samples quality.

KEeY woRDS: Pieniny NP special interest plant specieendranthema zawadzkii, Erysimum

pieninicum, Minuartia setacearyopreservation, seed dormancy, “FlorNaturOB’j@cd



I ntroduction

Carpathians are northernmost centre of plant ersterm Europe. Polish-Slovakian Pieniny

Mts. due to their limestone rocks, unique orografgtgep-sided cliffs and gorges), climatic

conditions and geological history are importantdbrersity hotspot of Central Europe

(Pawtowski 1970; Zarzycki 1976; Smolski 1982; Batova 2001; Mirek and Ekos-

Mirkowa 2009). During Pleistocene the Pieniny maimtrange had been a refugium for

xerothermophilous flora and fauna, including PoR&oonian, Irano-Turanian and

Submediterranean elements. During Holocene thidl sn@untain range become migration

route for:

- alpine plant species descending from Tatra MtdMalopolska and Roztocze Uplands
e.g.:Dryas octopetald.., Aster alpinud_.;

- steppe and thermophilous oakwood species recolmni@entral and Northern Europe
e.g.: Adenophora liliifolia Bess.,Crepis praemorsalausch,Iinula ensifoliaL., Senecio
integrifolius (L.) Clairv. etc. (Bodziarczyk 2008; Kkmierczakowa 2008; Bkos-Mirkowa
2008; Zarzycki and Wrobel 2012).

Alkaline soils and range isolation are key factoha&ncing speciation (Favarger 1972;
Hendrych 1982; Tribsch and Schénswetter 2008kd@iMirkowa and Mirek 2009). That is
why Pieniny flora has many neoendemic varieties smdll species, with recognizable but
disputable taxonomic rank e.ggerysimum pieninicum(Zapat.) Pawit.,Minuartia setacea
(Thuill.) Hayek var.pienina (Zap.) Pawt.,Centaurea triumfettiAll. var. pieninica Pawt.
(Pawtowska 1953; Pawtowski 1970; Zarzycki 197&kB$-Mirkowa and Mirek 2003, 2009;
Fig. 1,2). The oldest Pieniny endemic Tiaraxacum pieninicunPawt., which evolved in
Paleogene (Pawtowska 1953; Matecka 1962; Prochakzkd. 1999; Wrébel 2004, 2008).
Extinction risk assessment of the flora of the $toRieniny was published by Szczocarz et al.
(1992), Wroébel (2003), Wrébel and Zarzycki (201d8)d Zarzycki and Wrobel (2012).

Wrobel (2003) claims thatduring the enforcement of National Park Conservatan some

minute, isolated populations of flowering plant&pes such as: Androsace lactea, Taraxacum

pieninicum, Lilium bulbiferum, as well as some adchpecies and species associated with
wet and humid habitatsan become extinct at Pieniny rarge.

Ex situpreservation of germplasm of the above mentioeed $ank seems reasonable
and justified as supplement of active and passiwtu conservation measures carried out by
National Park staff. PAS Botanical Garden — CefdreBiological Diversity Conservation at

Warsaw-Powsin has a long tradition of cooperatiotin Wieniny National Park (S Poland)
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(Galera et al. 2000; Puchalski 2000; Zarzycki amahkosz-Mroz 2000; Gasek et al. 2004,
Puchalski and Gaw#y2007; Puchalski et al. 2011, 2013; Trejgell eRall3).

Material and methods

Conservation measures had been carried out inr#mefvorks of EU program:Ex situ
conservation of native, protected and threatenediep in Eastern Poland. Polish: Ochrona
ex-situ dziko rosmacych, zagreonych i chronionych min w Polsce wschodniej —
FlorNaturOB” in the years: 2010 — 2013".

Seeds were collected and prepared for long-tersepration at Seed Bank according
to ENSCONET standards, described in international anumls
(http://ensconet.maich.gr/Download.htm). Seeds iMwabhas been tested using PAS BG
CBDC Seed Bank own methods (Muranyi 2002 unpublyraflyi and Wrobel 2006;
Puchalski et al. 2013).

Seeds biology of three Pieniny National Park flaggbharismatic) specieg&rysimum
pieninicum(Zapat.) Pawt. Minuartia setacegThuill.) Hayek var.pienina (Zap.) Pawt. and
Dendranthema zawadsKlerb.) Tzvelev, had been studied in detail (tab.1)

After gathering and delivering to bank seeds ofvabmentioned species were cleaned
(using mechanical seed separator) and dried to 2@isture content (15°C, 20% RH). 30
days later, when seeds moisture reached 6-8%alslity, germination biology (germination
tests in environmental chamber with controlled d¢tbowls of temperature, light and humidity)
has been checked. Due to previously observed fag&ronancy their viability has been tested
through germination on paper moistened with dedilivater, at climatic chamber, applying
conditions adopted in the past by Muranyi for Rigniare species germination: 25°C/15°C
(16h/8h), 70% RH (Muranyi 2002 unpubl.). To avoathpgenic microfungi seeds had been
treated with Funaben T fungicide during the germidmatests. Due to small number of
gathered seeds only 25 seeds of each Pieniny ffagpbcies were used to each germination
test and the tests had been repeated twice a week.

After checking their germination ability, the sedoexperiment were test for freezing
tolerance in LN2. It has been applied by: directmiension in LN2 or slow freezing
(0,5°C/minute) according to control, non-frozen péamAfter 30 days of storage in vapour of
LN2 (ca. -160°C) the seed germinability was agastdd. In case of no differences between
frozen and control samples the particular seed Eamgs transferred for long-term storage in
cryogenic vaultskE. pieninicumand M. setaceaseeds were examined in two repeats of 25

seeds eacHh). zawadskiigenerative diaspores has been examined in thresmatseplso 25
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seeds each. Each freezing tolerance tesEfgrieninicumandD. zawadskiiseeds had three
options:
. direct immersion of seeds at pMapours (circa -16C)
. gradually cooling of seeds at IceCube device’@/®min.) to LN, temperature (circa -
16(°C)
. unfrozen control (K).
In case ofM. setaceaseeds we had to resign from gradually cooling edds at IceCube
device due to small number of available seed nadteri

After 30 days in cryogenic vault the germinabilitiyfrozen seeds has been examined
again using previously described, standard PowsedBank methods. Above mentioned
viability and freezing tolerance tests were neagsdae to ensure that material gathered will

remain viable after cryostorage.

Results

Three Pieniny NP. flagship species collected at fatural sites has been secueadsituat
PAS BG-CBDC Seed Bank (Tab. 1). Carried out stahdeebility and freezing tolerance
tests confirmed. zawadskii, E. pieninicumand M. setaceaseeds excellent capacity to long-
term cryostorage.

Above mentioned seed material had fully withstandngy to 6-8% RH. Seeds do not
exhibit dormancy and its germinability were sigeafint (Tab. 2). Onl\E. pieninicumseed
sample gathered at 2010 had not germinated suatigssid achieved only 8% of viability in
our, standard germination test. We carried outtaudil tests using GA400 ppm) to coerce
germination. After supplementation with gibberelad seeds from this sample germinated in
76%, but obtained seedlings were weak and they dyrg out fast. Next we differentiated
time of seeds exposition to G&kom one to seven days. In each options seeds gated but
the seedlings died soon after germination.

That is the reason why we decide to repeat theegath of E. pieninicumseed
material at Pieniny NP. Material collected at 200 been checked and proved itself to be
viable, germinating up to 86%. The reason of ndéglkggerminability of 2010 seed lot were
probably too early time of collecting — July inddeaf August-early September. Although
Erysimum siliquae seemed mature at July 2010 there weveytmung for gathering to seed
bank (Table 2).
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In case ofD. zawadzkiiseed material germinability were very high (94%nir
Okraglica, 76% from WwOz Sobczaski population).M. setaceasample collected at 2010
germinated in 80%.

Carried out freezing tests proved that all Pierflagship species remain viable after
long-term cryostorage (Tab. 2). In most cases goifstant differences between control and
deeply frozen samples has been obseni2d.zawadzkiiseed material from W6z
Sobczaski germinability of the directly immersed at LN2nsple were even higher (68%)
than control (52%). Onlil. setaceaseedgerminability slightly decreased after freezing.

After standard tests all gathered Pieniny flagskged samples (excluding.
pieninicumfrom 2010) have been safeguarded in Powsin See# Beposit. Duplicates of
above mentioned samples had been secured at BrstBank “Kostrzyca” near Karpacz to

enforce total safety of the germplasm (Puchalski.€2013).

Discussion

According to Pgkos-Mirkowa and Mirek (2010) gne of most important, current tasks of
botanic gardens should be ex situ conservationatiER endemics, especially endemics in the
strict sense of the word. Modern botanic gardenstivity remains insufficient to
conservation needs”.

European funded progrankty situ conservation of native, protected and threatened
species in Eastern Poland — FlorNaturOB. Polishhr@ma ex situ dziko rosacych,
zagraonych i chronionych r@din w Polsce wschodniej - FlorNaturOB” could hasshea
remedy to this negligence.

Effective, long-term preservation of Pieniny endesmand relics’ germplasm by seed
cryopreservation require a good knowledge on theimination biology and optimization of
seeds drying, germinating, freezing and refreeziagording to Ellis and his collaborators
(1985) drying is the most important procedure iedsesafeguarding. Fortunately all three
Pieniny flagship species produsghodoxseeds. They can be easily dry to very low humidity
and secured at liquid nitrogen. Oriinuartia setacea’generative diaspores revealed some
loss of germinability after cryostorage. Howeverpublished Muranyi observations from
2002 proved that eveMinuartia setacea’seeds remained viable in 80% after cryostorage.
Obtained results also confirm that testing of eaebd sample germinability is a necessary
procedure (Table 2). Sample quality can be infleeniby gathering localitylY. zawadzki,
date of collecting . pieninicumy as well as other factors contribute to total slenguality,

and reaction on liquid Nitrogen (Tab. 2).
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Even the bestn situ protection at National Parks and nature resenas loe
insufficient due to: abiotic factors (avalanched|dfires, floods, droughts, windthrows),
pathogen and herbivore activity, illegal plant gaihg, genetic drift and shift etc. This the
reason whyin situ protection ought to be supported lBx situ conservation. Seed
cryopreservation proved to be useful tool in loag¥t securing of the Pieniny flagships

conservation outside their natural habitats.
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Nowak).

Figure 3.Minuartia setaceat Okgglica, Pieniny NP (phot. A. Nowak).
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Tab. 1. Species protected in Seed Bank of PAS BGC B 2010-2013 period.

Species name* Category Localization Other information

of threat**
Minuartia setacea  CR Okgglica Steppe relic
(Thuill.) Hayek
Erysimum
pieninicum(Zapat.) VU Gora Polish neoendemic
Pawt. Zamkowa at (stenochoric) species

Czorsztyn

Dendranthema LR Okraglica Pleistocene or even late
zawadzkii(Herbich) Wawéz Paleogene steppe relic, gene
Tzvelev Szopczaski donor for ornamental

chrysanthemums

*Species names after Mirek et al. (2002),
**Threat categories according to Mirek and Zarzy(006), K&amierczakowa and Zarzycki
(2001) and. Mirek and Bkos-Mirkowa (2008)

Tab. 2. Results of viability and freezing toleramests.

Germinability test Freezing test
1000
L ocality/ ) ) number
) germina- number of  dura- germina-
Species year of ] ) o ) ] ) o of dura-
) weight variant bility germina- tion variant bility ) )
collection germina-  tion
) (%)  tedseeds  (days) (%)
ted seeds (days)
Dendranthema Okraglica/ 0,400 HO 94 47 12 LN 97 73
zawadzkii 2011 st. LN, 97 73 17
K 99 74
Sobczaski 0,310 HO 76 38 16 LN 68 34
Valley/ 2011 st. LN, 52 26 12
K 52 26
Erysimum Czorsztyn, 0,362 HO 8 4 42 - - - -
pieninicum Gora GA3 0 0 42 - -
Zamkowa /
2010
Czorsztyn, 0,655 HO 86 43 7 LN 72 36
Gora StLN, 78 39 8
Zamkowa/ K 80 40
2011
Minuartia Okraglica/ 0,103 HO 80 40 23 LN 48 24
setacea 2010 st. LN, 28 14 28
K 70 35
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