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Preface
RIBES celebrates its tenth anniversary.
A decade is a period too short to declare the maturity and consolidation of any scientific
organization, but enough to highlight the contribution of the seed-banks of the network to the
mission of the Italian flora conservation, particularly of the most threatened species. The term
‘mission’ reminds us of the purpose of RIBES, but also of the hard conditions in which many Italian
seed-banks operate. Despite these difficulties, especially regarding the financial resources, the
number of germplasm accessions of threatened species has reached a level of significance that is
recognized by the institutions both nationally and internationally.
With this first publication we would like to provide a brief anthology of the experiences carried
out by the RIBES seed-banks. It deals with experimental activities and projects in the field of ex
situ conservation, particularly with the knowledge on germination and propagation of rare or
threatened species, and with study-cases showing how this activity is essential for the in situ
conservation. The contributions presented here show RIBES as an active and dynamic association
operating throughout the territory, from the Alps to the Mediterranean, involving both research
bodies, academic or not, and local authorities as provinces and Parks, and participating through
its members in European projects with other important institutions.
We hope that this publication could be of interest to those who care about conservation and
that it could be the first of an editorial series, in which future issues may illustrate the activities of
RIBES in conserving biodiversity, other experiences of the seed-banks, as well as projects that will
hopefully involve the entire network.

Mauro Mariotti & Sara Magrini
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Introduction
Berardia subacaulis Vill. (Asteraceae) (Fig. 1) belongs to a monotypic genus endemic to the SW
Alps (Casazza et al., 2005). This species is of outstanding significance for the conservation of
alpine biodiversity because of its rarity in Italy, where it consists of a few populations ranging
in Susa, Maira and Stura di Demonte Valleys (Piedmont, Italy) at an elevation of 1,700-2,700
m a.s.l. The plant lives on mobile calcareous screes that are the accumulation of coarse debris
very free draining, and sparse patches of basic sandy loam (Habitat Italia: http://vnr.unipg.it/
habitat/index.jsp). Thanks to its deep tap root (up to 2 meters in length) the leaf rosette of the
plant is firmly anchored to the ground (Burnat et al., 1931).
Based on species distribution modelling, a severe reduction in habitat suitability was
predicted for Berardia due to future climate change (Guerrina et al., 2015).

FIGURE 1. Berardia subacaulis
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Seedling establishment is a crucial step in the colonization of alpine habitats and many
environmental factors impact on this process. Among the biotic drivers of seedling establishment
there is the influence of soil microbial communities. It is well known that the majority of
herbaceous plants form symbiotic relationships with arbuscular mycorrhizal (AM) and other
endophytic fungi, which may exert beneficial effects on host biomass and induce tolerance
against many environmental stresses (Smith & Read, 2008). However, knowledge of the role of
biotic drivers on germination and seedling establishment in alpine habitats is rather limited.
This study aims to monitor the AM colonization status of B. subacaulis roots and to find out the
possible role of these fungi on plant emergence and establishment in controlled conditions.

Material and methods
Plant cultures and fungal treatment
Seeds of B. subacaulis were collected at dispersion from ten individuals (Valle Stura di Demonte,
2,450-2,480 m a.s.l.). Seeds were sterilized with an aqueous 20% (v/v) H2O2 solution for 30’,
followed by 70% ethanol (v/v) for 5’ and 10% (v/v) sodium hypochlorite for 10’. After washing,
120 seeds were sown into two polypropylene multi cell plant trays. The mycorrhizal treatment
(T) (60 seeds) was prepared by filling each cell with a mixture of 50 ml of sterile quartz sand
and 75 ml of native soil containing mycorrhizal root pieces, taken from five individuals in the
wild. For the control (C) treatment (60 seeds), soil and roots were double autoclaved before
mixing with quartz sand. Plant trays were placed in a climatic chamber (21/18°C thermoperiod,
16/8 h light/dark) and seeds were soaked twice a week with deionized water (pH 6.0). Seedling
emergence was monitored twice a week together with first leaf emission. The experiment
ended when no germination and/or emergence of new adult leaf occurred within 60 and 10
days following the last recorded event, respectively.
Data analysis

Cumulative germinations were interpolated using the Gompertz function (Mondoni et al., 2013)
in Origin 6.1 (OriginLab Corporation, Massachusetts, USA), according to the formula:
y = a*exp (- exp (- t- t50)/b), where y is the germination percentage at time t (days), a is the
average percentage of final germination, t50 is the time required to reach 50% of germinating
seeds and b is the germination rate.
Differences in the final percentages of germinated seeds between T and C plants were
compared by ANOVA. The percentage of colonized root length was evaluated microscopically
(http://mycorrhizas.info/method.html) for three plants sampled in Valle Stura di Demonte and
five plants per treatment randomly chosen at the end of the experiment.

Results and Discussion
The root system of B. subacaulis was intensely colonized in nature by AM fungi (72.46 ± 2.18%
of root length) whilst DSE and other non-pathogenic endophytes were scarce (11.28 ± 4.09 and
0.99 ± 0.51%, respectively). These data led us to hypothesize that AM fungi may be important
for this plant and the experiments in controlled conditions confirmed this possibility. In fact, the
83.3% of the T seeds germinated and produced a seedling 43 days from sowing versus 31.25%
of the C seeds (p ≤ 0.05) (Fig. 2). Seedling emergence in the T soil took place from 14 to 43 days
from sowing (Fig. 2, 3, 5A-B) and was rather fast, showing a b value of 0.14 and a t50 of 21.01 ±
0.45 days (R2 = 0.984). In the T treatment, production of the first true leaf began at the plateau of
8

FIGURE 2. Progress curves of the emergence of
cotyledonary seedlings of B. subacaulis as affected
by the mycorrhizal and sterilized soil (top left)
FIGURE 3. Comparison between the progress curves
of cotyledonary seedlings emerging from soil (%)
and of the percentage of those with the first leaf in
the mycorrhizal treatment of B. subacaulis (top right)
FIGURE 4. Effect of the mycorrhizal and sterilized soil
on the emergence of the first leaf in B. subacaulis
plants (on the left)

the germination curve (50 days after the start of the experiment) (Fig. 3, 4 and 5C) and occurred
in 40% of seedlings during a period of about 45 days; the related curve showed a b value of
0.16 and a t50 value of 53.82 ± 0.52 days (R2 = 0.983) (Fig. 3). As already documented for this
species, the first leaf originated at the base of the hypocotyl and was followed by degeneration
of the cotyledons (Fig. 5C,D). Seeds sown in the C substratum germinated more slowly than in
the T treatment. Seedlings emerged 26 days after sowing and stopped, as in the T treatment, 43
days from sowing (Fig. 2). As
a result, both b and t50 values
(0.18 e 28.89 ± 0.30 days,
respectively; R2 = 0.993)
were significantly higher (p ≤
0.05) than in the T treatment.
As in the T treatment, about
40% of seedlings produced a
FIGURE 5. A, B) emergence and
development of B. subacaulis
seedlings; C) early stage of first
leaf formation (arrow heads), the
cotyledons are still functional;
D) a seedling showing a true leaf
and degenerated cotyledons
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true leaf, however the process occurred later and for a shorter period (from day 58 to 78 after
sowing) (Fig. 4). The b and t50 values were higher than those of the T plants (R2 = 0.945), but
differences were not statistically significant (p = 0.682).
All seedlings, independently of their stage of development and of the treatment, showed an
extensive root system. Plants grown on the T substrate were colonized by AM fungi (27.3 ± 2.68%
of root length) whereas other endophytes were almost lacking; C seedlings were uncolonized.
These results indicate a possible role of the native soil fungi on the emergence and
establishment in nature of B. subacaulis, and the presence of AM colonization observed in wild
plants and in seedlings points to an involvement of these fungi in these processes.
Acknowledgements - This project has been funded within the ALCOTRA program 2007-2013,
managed by the the Ente di Gestione del Parco Naturale del Marguareis (Chiusa di Pesio, CN).
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Introduction
Conserving rare and endangered species is a main focus of the Centro per la Biodiversità
Vegetale (CBV) of the Marguareis Natural Park and its Seed Bank. In order to achieve this
goal species-specific viability tests are designed and
routinely performed on each accessions before and
after banking.
Delphinium fissum Waldst. & Kit. (Ranunculaceae)
is a rare species in the South West Alps. Plants sampled
for this study (Fig. 1) originated from a single wild D.
fissum population growing next to the Roccasparvera
village (CN). This population is presently protected
within a Site of Community Importance, SCI/SPA
IT1160036 ‘Stura di Demonte’, according to the
Natura 2000 network (Directive 92/43/EEC ).
This mountain area is characterized by rocky
calcareous cliffs, with south-west orientation and a
xeric climate conditions. In this site no more than 20
adult plants of D. fissum were censused in 2013.
FIGURE 1. Delphinium fissum in full bloom
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Species belonging to the Ranunculaceae family of plants have morphologically and morphophysiologically dormant (MPD) seeds (Baskin & Baskin, 2001). As a consequence, a suitable
incubation protocol must be designed to meet the needs for germination in these species. In
this type of seeds, in fact, embryos must grow before germinating, and this process is often
controlled by temperature.
In particular, seeds of D. fissum subsp. sordidum (Cuatrec.) Amich, E. Rico & J. Sánchez have
been found to possess intermediate complex MPD and need a three-month incubation at 5°C, in
darkness, to promote embryo growth and germinate (Herranz et al., 2010).
The aim of the present study was to explore if D. fissum seeds presented temperature
requirements for germination similar to those reported in literature for the genus, in order to
develop a suitable protocol to test seed viability and longevity during long-term storage at the
CBV seed bank.

Material and methods
Source of germplasm
Seeds used for this study were collected in summer at the time of dispersal at SCI/SPA IT1160036
‘Stura di Demonte’ (Valle Stura di Demonte, CN). Seeds were immediately moved to the seed
bank and kept for a few days at laboratory conditions (20°C and 60% RH). Thereafter, seeds
were cleaned and analysed as addressed in the following sections.
Viability and germination analysis

Original seed viability was tested by Tetrazolium staining (TTC); the same test was applied to
non-germinating seeds at the end of each experiment. Germination tests were performed with
a range of temperatures as follows: five constant temperature regimes, in darkness (5°C, 10°C,
15°C, 20°C and 25°C); one alternating temperature regime at 20/10°C thermoperiod, 12 h/12 h
light/darkness. For each experiment, three repetitions of 25 seeds were employed. Seeds were
sown on sterile 1% w/v water/agar medium in 9 cm diameter Petri dishes. Seed germinations
were checked once every fortnight. Number of germinating seeds were expressed as both
cumulative germination percentages and as the percentage of seeds germinating at a given time.
Midpoints of the germination period (MGP) were also calculated for each temperature regime.
Statistical analysis

Germination percentages at different temperature regimes (six levels) were statistically
compared by ANOVA one-way at 0.05 level, using the Tukey’s test for pairwise comparison
among means. Cumulative germination percentages were also analysed by linear regression
analysis and interpolated using the Boltzmann model in Origin 6.1 (OriginLab Corporation,
Massachusetts, USA).

Results and discussion
Germination test
First germinations in D. fissum seeds occurred after 24 days at 10°C, after 53 days at 5°C and
after 92 days at 15°C. The longest germination delay (time between the first and the last
germination) was observed at 25°C and the shortest at 10°C (Fig. 2).
12

Captions from top to bottom:
FIGURE 2. Cumulative germination curves
of D. fissum at the six different temperature
regimes. Sigmoidal positive curves were
interpolated by Boltzmann function
FIGURE 3. The correlation between incubation
temperatures and final germination of
D. fissum was analysed by linear regression
FIGURE 4. The distribution of germination
of D. fissum with time. Germination picks
are displayed as well as midpoint of the
germination period (MGP) (vertical lines)

The highest final cumulative
germination percentage was recorded
at 5°C, where 98.67% of the seeds
germinated. Cumulative germination
percentages proportionally decreased
with the other temperature regimes
(Fig. 3) as follows: 38.67% at constant
10°C, 5.33% at constant 15°C, 1.33%
at constant 25°C. No seed germinated
at 20°C and at the alternating
temperature regime. Results of ANOVA
showed that germination percentages
at 5°C and 10°C were significantly
different between them and differed
from all the other temperature
regimes (p ≤ 0.05). By contrast,
germination percentages at 15°C,
20°C and 25°C were not statistically
different. Progress of germination
with time is shown in Fig. 4. Although
the low final germination percentage,
seeds of D. fissum incubated at 10°C
germinated faster than at 5°C (Fig.
2), and their MGPs were 43 days
and 80 days, respectively (Fig. 4).
Results at the end of the experiments
showed that all the seeds incubated
at 5°C had germinated; by contrast
the TTC analysis displayed that nongerminating seeds incubated at the
other temperature regimes were still viable after 132 days. This implies that seeds incubated
at temperatures greater than 5°C were still dormant. Even if we didn’t measure embryo length
inside seeds of D. fissum, on the bases of the long germination delay (greater than 30 days), we
can assume that seeds of D. fissum are morphologically dormant. This speculation is supported
by literature data available for other species in the same genus (Williams & Cronin, 1968) and
for the subsp. sordidum from Herranz et al. (2010).
13

Our results seem to address that a cold stratification is necessary in this species for the
germination of fresh seeds. Further tests will be conducted in order to asses: 1) if ultra-drying
before seed banking can alter seed responses to incubation temperatures; 2) whether the faster
germination observed in some seeds incubated at 10°C can be ascribed to a small population of
seeds having greater embryo size at dispersal.
Acknowledgments - This study was funded by the European Structural Funds (Piano di Sviluppo Rurale
2007-2013, Asse 3 - Misura 323 - Azione 1 - tipologia 1b) under the Project named ‘Il Centro per la
Biodiversità Vegetale’ managed by the Ente di gestione del Parco Naturale del Marguareis. We thank also
the staff of the Parco Fluviale of Cuneo for granting us permission to collect seeds at SIC/ZPS IT1160036
‘Stura di Demonte’
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Introduction
Cultivation and ex situ conservation of threatened species is considered as a possible tool
for conservation purposes (Heywood & Iriondo, 2003). The present work focuses on ex situ
requirements for seed germination of Potentilla supina L. (Fig. 1), included in the Regional Red
Lists of Italian Flora as a Critically Endangered (CR) species for the Latium (Conti et al., 1997).

Methods
Qualitative and quantitative analyses (calculated on 4 batches of 100 seeds each), including fresh
and dry weight (dried at 103°C for 17 hrs), morphometric measurements and investigations
aimed at identifying ecophysiological requirements for seeds germination, were carried out on
the seeds (Fig. 2), collected in July 2009 and 2010. Seed sampling was carried out in the Lake
Canterno Nature Reserve (Frosinone,
Lazio, Italy), randomly and uniformly
across the population (Bacchetta et al.,
2006).
In September 2010 a part of the seeds
was used for carrying out six germination
tests: a test with fresh-mature seeds, and
five tests with mature seeds undergoing to
cold stratification, respectively, for 1, 2, 3, 5
and 8 months (Kettenring & Galatowisch,
2007). In this test (cold stratification) the
FIGURE 1. Potentilla supina in the Lake Canterno
Nature Reserve
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FIGURE 2. Seeds of Potentilla supina

seeds were placed in fine-mesh polyester cloth
bags, each bag was buried, to a depth of about
5 cm in moist sterilized sand within plastic pot,
10 cm diameter (Brandel, 2004; Gratani et al.,
2012).
The tests were carried out in 4 replicates,
sowing 25 seeds in each Petri dishes (diameter 9 cm), on a disk of filter paper (Whatman n°2),
moistened with distilled water and monitored every 3 days to check the germination status.
The Petri dishes were put in growth chambers (type Amcota and Intercontinental) at controlled
temperature and photoperiod, equipped with cool white fluorescent tubes (photon flux density
of 80 micromoles m-2 s-1). The duration of each test was 33 days. The chosen temperature
ranges were +5°/+5°C, +15°/+6°C, +20°/+10°C, +25°/+15°C under both 12/12h photoperiod
and darkness. The tests in darkness were conducted by wrapping the Petri dishes in a double
layer of laminar aluminum. All tests were carried out without addition of hormones or chemical
pretreatments. The temperature ranges were chosen since they approximately represent the
seasonal climate trend of the growth station of P. supina.
At the end of the germination tests, the following parameters were calculated: Germination
capability (expressed as the percentage value of germinated seeds); Germination delay (defined
as the time in days needed for getting the first germinated seed); T50 (parameter used to define
the germination speed, given by the number of days required to reach 50% of final germination
percentage) (Côme, 1970).
Finally, germination tests without stratification were carried out with part of seeds collected
from plants grown ex situ (Fig. 3) and with some dried seeds collected in situ and stored for 12
months at -20°C.

Results
Fresh and dry weights of seeds collected in
situ (Tab. 1) gave a mean value of 0.0104 g
(referred to fresh weight) and a mean value
of 0.0102 g (dry weight), with a moisture
content of 1.92%. Instead, the fresh and
dry weight of seeds collected ex situ (Tab.
1) gave a mean value of 0.0115 g (fresh
weight) and a mean value of 0.0110 g (dry
weight), with a moisture content of 4.3%.
The means of the values of the length
and maximum width of seed sample of the

16

FIGURE 3. Potentilla supina cultivated ex situ
(Botanical Garden of Rome)

TABLE 1. Fresh and dry weight of seeds
of Potentilla supina

in situ population are respectively, 0.66 and
0.52 mm. While the means of the values of
the length, maximum width of a seed sample
of the ex situ population are 0.72 and 0.60
mm, respectively.
The germination tests of seeds of the in situ population showed that the germination of
seeds is influenced by the photoperiod. The values of the percentage of germination of the tests
in darkness are zero for low temperatures or very low at higher temperatures, unlike what
happens in the tests under light, where it is possible to observe the minimum germination
percentages at low temperatures, and values slightly less than 90% for tests carried out at high
temperatures (Fig. 4).
In the temperature range of 25°C/15°C, the fresh seeds have a percentage of germination
that is higher than the seeds submitted to cold stratification. This indicates that the species P.
supina has not a real dormancy.
The germination of seeds collected in ex situ reaches 80% (test 25°C/15°C), a value, however,
which turns out to be lower than the one observed in the in situ seeds (Fig. 5). Dried seeds
collected in situ, stored for 12 months at -20°C, shows a germination in the light (test 25°C/15°C)
of about 55% (Fig. 5). For both Germination delay and T50 (Tab. 2) there were no significant
differences between the fresh seeds and the stratified seeds.

FIGURE 4. Germination percentage of Potentilla
supina seeds tested under light in the temperature
range of 25°C/15°C (photoperiod of 12 hours), and
stratificated for 0, 1, 2, 3, 5, 8 months at +5°C

FIGURE 5. Germination percentage of Potentilla
supina seeds of in situ population, of ex situ
population and of in situ population stored at
-20°C, tested at light in the temperature range of
+25°C/+15°C (photoperiod of 12 hours)
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TABLE 2. T50 and Delay
germination

Discussion
The natural population of P. supina occupies a total area of about 2,000 m2 and it has a good
state of conservation with good phytosanitary conditions.
The data showed that seeds of ex situ cultivated plants have a weight and a moisture content
greater than those collected in situ, on average, and have a lower germination ability.
The main findings of germination tests show that the seeds of P. supina have a high germination
ability, they need light to germinate and do not exhibit a significant dormancy.
The seeds of P. supina are orthodox, have a low moisture content and they can be stored at
low temperatures in the long term.
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Sandy coastal habitats are among the most vulnerable in the world because of their physical
dynamism, and because they are strongly affected by human activities such as construction
of harbours, private and tourism infrastructures, mechanical cleaning of beaches, trampling,
pollution and invasion by alien plants (Carboni et al., 2009; Defeo et al., 2009). All these factors
of disturbance cause and facilitate habitat fragmentation and degradation processes (Carranza
et al., 2010), and as a result, most coastlines are experiencing accelerated rates of erosion
(Defeo et al., 2009). The destruction of these habitats is strictly linked with the loss of numerous
species which are highly specialized for life in these dynamic systems and are found in no other
environment (Defeo et al., 2009).
Malcolmia littorea (L.) R. Br. is a plant species of the Brassicaceae family (Fig. 1) which occurs
exclusively in the sandy coastal habitats and is characterised by a disjoint distribution along
the coasts of Portugal, Spain, France, Italy, Algeria and Morocco. The continuous fragmentation
and degradation of the coastal dune habitats are threatening the persistence of this species,
reducing the abundance of its populations, especially the peripheral ones, with the risk of
affecting their genetic variability and reproductive success. In several European regions, the
species is considered as threatened with extinction, especially in Italy. Here, M. littorea is
represented by three small (< 500 mature individuals) populations, all standing in the Latium
Region, in particular in the littoral portion between Sabaudia and Terracina. Because of the large
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FIGURE 1. An adult individual of
Malcolmia littorea in its natural
habitat (San Felice Circeo, Latina Italy) (photo: M. De Vitis)

and continuous decline of both
the number of individuals and
suitable sites for its colonization
in the Italian territory, in this
country it is considered as
critically endangered (Rossi et
al., 2013).
Starting from 2010, several
studies have been performed
to investigate specific biological
and ecological attributes of this species, with the general aim of providing data and practical
advices useful for the development of a conservation strategy.
The present report introduces the study on the conservation of M. littorea as an example of
multidisciplinary approach and collaboration among different institutes/structures.

In situ conservation and trials
In situ conservation, the preservation of a plant species in its natural environment, is generally
considered to be the most efficient conservation strategy (Degreef et al., 2002). Starting from
2010, the small Italian populations of M. littorea have been monitored by means of yearly
censuses and their germplasm has been collected for ex situ conservation, for in situ/ex situ
experiments and for reintroduction purposes. Seeds of these populations are currently stored
in the Germplasm Bank of the Botanical Garden of Rome, in the Tuscia Germplasm Bank as well
as in the Millennium Seed Bank of the Royal Botanic Gardens of Kew.
In 2010, an experimental reintroduction was performed within the Italian historical range
of the study species, using different reintroduction methods, such as ex situ cultivation followed
by plant transplanting, and direct in situ sowing (De Vitis, 2011). The reintroduction trial was
repeated in 2013 and 2014 in
other sites on the basis of similar
experimental
design.
The
transplants were propagated
in the Botanical Garden of
Rome, in the Botanical Garden
of Tuscia University as well as
in the nursery of the National
Forest Agency of Sabaudia
(Latina, Italy) (Fig. 2).
The reintroduction trial of 2013
was carried out inside the Site
of Community Importance
FIGURE 2. Propagation of M. littorea
plants for reintroduction purposes
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‘Litorale di Torre Astura’ (SCI IT6030048; according to the EU Directive 92/43/EEC) while the
2014 trial was carried out in Rio Martino, a site that is under the Circeo National Park authority.
Formal proposals were submitted to the Biodiversity and Geodiversity Section of the Regional
Park Agency (ARP, Regione Lazio) and to the Circeo National Park Authority, respectively, in
order to get the authorization to carry out the actions from the bodies of reference. Then, a
feasibility study was prepared for each action and it was requested to the Parks and Natural
Reserves Section of the Regional Direction of Infrastructures, Environment and Housing policies
(Regione Lazio) to conduct the Environmental Impact Assessment (EIA) procedure.
The results of these trials were useful to understand which is the best strategy for the
reintroduction of the study species and also which are the best conditions for the recruitment
and survival in its natural habitat (De Vitis et al., 2013; De Vitis, 2015).

Seed Ecophysiology
It is important to understand which factors influence the establishment and growth of rare
species to support their in situ conservation (Schemske et al., 1994). The study of the key factors
affecting seed germination, such as temperature and light (Probert, 2000; Thanos et al., 1994),
can help identify the biological and ecological causes of its state of threat.
At the Tuscia Germplasm Bank and at the Wellcome Trust Millennium Building laboratories
(RBG, Kew), seed germination tests were carried out to investigate the germination
requirements of M. littorea with respect to storage, light, temperature and seed provenance
(Fig. 3). The seeds produced by Italian native plants, by the plants reintroduced in Italy in
2010 (see ‘In situ conservation and trials’) and by plants cultivated at the Botanical Garden of
Rome were used to study the adaptation of
germination requirements (De Vitis et
al., 2014). Furthermore, a comparative
study was performed using seeds collected
in 2013 from 14 European populations
(Portugal, Spain, France and Italy) in order to
understand which are the factors controlling
germination requirements across Europe
(De Vitis et al., 2015; De Vitis, 2015).

Population genetics
The study of the genetic variability within
a target species can clarify the impact
of evolutionary forces such as drift and
migration, and provide, with adequate
experimental design, basic information on
its biology (Muller et al., 2009).
The investigation on the genetic variability
and structure of M. littorea in Europe has
been conducted at the Institute of AgroEnvironmental and Forest Biology of the
FIGURE 3. Germination tests with M. littorea seeds
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National Research Council (Ibaf-CNR, Porano, Italy). During summer 2013, leaves were collected
from several European populations and DNA was extracted from them. A cross-genus transfer
approach (Barbará et al., 2007) was used to find a set of microsatellite primers amplifying in the
study species. Then, the selected microsatellite loci were analysed for length polymorphism in
the different European individuals and the resulting genetic data were analysed with different
software such as GENALEX, ARLEQUIN, STRUCTURE and DIVA-GIS (De Vitis et al., 2015).
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Introduction
The seed coat is the direct interface between embryo and external environment, imparts
protection against pathogens and adverse conditions, contributes to embryo nutrition and
growth and has key functions in seed dispersal, dormancy, and germination.
The morphology and physiological behaviour of seed coats are main features for understanding
the pattern of temporal/spatial distribution of species. Seed polymorphism, in fact, can affect
primary traits such as dispersal capacity, seed dormancy, predation, germinability and seedling
competition, which markedly influence plant population dynamism and community structure
(Debeaujon et al., 2000; Cupido et al., 2011). Seed coat traits also provide useful information
for the analysis of taxonomic relations in many plant families and genera, as well as in critical
taxa, since they usually exhibit little plasticity and almost always reflect genetic differences. In
particular, scanning electron microscopy (SEM) has been employed to detect minute significant
seed coat patterns, which may help to better define species characteristics (Barthlott, 1981,
1984; Fawzi, 2011).
Seed trait variations exist not only among species, but also within species and this is pivotal
for seedling establishment at different habitats. Seed heteromorphism, micromorphology of
epicuticular waxes, gland/trichome structure and secretion, presence of crystals in pericarp and
other chemical compounds may play a role in changing seed response to selective environmental
pressures across a wide geographic range, often providing a more favorable condition for plant
survival (Cochrane et al., 2014).
Hence, a better understanding of morphological, ultra-structural and anatomical seed
coat characteristics can contribute to explain and predict seed performance under certain
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environmental conditions and select the most suitable treatments promoting seed germination.
For this reasons, the Seed Banks at the Botanic Gardens of Catania and Palermo are
particularly involved in research studies aimed to detect and describe macro-morphological
and micro-morphological features of seeds from different plant families and genera, using both
light and scanning electron microscopy.
Main scopes of these studies are: 1) recognize and compare inter-specific and intra-specific
variation of seed coat traits, with particular attention on rare and threatened species; 2) evaluate
the usefulness of these traits in taxonomic and phylogenetic studies; 3) establish correlations
between seed coat structures and seed germination; 4) understand the seed coat adaptive
potential and sensitivity to particular ecological conditions and changing environments.

Material and methods
Exomorphic parameters and internal structures are detected from at least 100 fresh diaspores
using both flatbed scanner and stereoscope (10‒100×), then elaborated by image analysis
systems.
Seed parts and tissues are stained with different methods, both on fresh (Phloroglucinol-HCl,
Lugol’s solution, TTC) and fixed material (Ruthenium Red and Light Green).
Seed coat sculpturing is analysed by SEM after gold sputter coating. The terminology from
Barthlott (1981, 1984) is used to describe the seed coat considering arrangement and shape
of epidermal cells, architecture of anticlinal and periclinal cell walls, primary sculpturing and
secondary sculpturing (when present), occurrence, types and distribution of glands and/or
trichomes.
Statistical analyses are computed on all quantitative morpho-anatomical parameters, using
ANOVA after Barlett’s test and post-hoc Fisher LSD test, linear regression and multivariate
analyses (PCA, DFA, UPGMA).

Results and discussion
Several comparative analyses on seed morphology and seed coat microsculpturing, as well as
on germination under different light and thermal conditions, were carried out to investigate
variability of seed coat patterns and germinative performance traits at inter-specific and intraspecific levels.
Target groups were critical taxa with taxonomic and phylogenetic misclassifications or
uncertain position (e.g. Allium, Astragalus, Brassica, Calicotome, Dianthus, Helichrysum), rare
or phyto-geographically interesting taxa (Retama, Sarcopoterium), highly specialized species
adapted to selective habitats such as sandy dunes, marshes, debris, high mountain belt (Salmeri
et al., 2011a, b; Lantieri et al., 2011, 2012; Brullo et al., 2012; Ferrauto et al., 2015).
Our studies revealed that morpho-histological features of the seed coat, such as thick layer of
epicuticular wax, tightly packed epidermal palisade cells, and various chemical substances (e.g.
lignin, cutin, wax, suberin, and phenolic deposits), are particularly related to physical dormancy.
Furthermore, the presence of mucilage cells or glands on exotesta was especially related with
seed imbibition at early stages of germination.
Actually, no specific relation were detected between seed morphological traits (size, mass,
colour, sculpturing) and germination behaviour, which mostly vary in response to different
thermo- and photo-period.
On the contrary, diaspore characteristics appear to be influenced by natural selection forces
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FIGURE 1. Types of macro- and microscopic seed analysis. A) Flatbed scanner image of Centaurea tauromenitana
Guss. seeds; B) Seed coat longitudinal section of Crepis leontodontoides All.; C) Glandular trichomes of Daucus
carota L. seeds (SEM); D) Seeds of Senecio ae tnensis Jan (light stereoscope); E) Seed coat pattern of Dianthus
rupicola Biv. (SEM)

representing a sign of ecological adaptation, including local climate condition, or genetic drift
which lead to differentiation in trait means and plasticity across different populations and taxa.
Our results also indicated the existence of very distinct ornamentation patterns which proved
to be informative at sub-generic or even sub-specific level and should be included as valuable
discriminating traits in taxonomic and phylogenetic studies as well as in the management
procedures of seed bank collections.
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Sardinia is the second-largest island (after Sicily) in the Mediterranean Sea and it is situated in
the western part of the Basin. Its isolation and high geological and geomorphological diversity
have contributed to create a wide range of habitats, with high levels of endemism, especially on
its mountain massifs, where conditions of ecological insularity occur (Médail & Quézel, 1997;
Bacchetta et al., 2012).
The checklist of the Italian vascular flora (Conti et al., 2005; 2007) ascribes 2,494 taxa to
the Sardinian territory while, after the latest floristic researches, the number of taxa has raised
approximately up to 3000 (Bacchetta et al., unpublished data). Bacchetta et al. (2005) have listed
347 endemic taxa, with 45.8% of exclusive Sardinian endemics. Several taxa of the Sardinian
vascular flora are included in the regional Red Lists of Italy (Conti et al., 1997; Rossi et al., 2015)
and other catalogues of protection (Pontecorvo, 2009).
The Sardinian Germplasm Bank (BG-SAR) is part of the Centre for the Conservation of
Biodiversity (CCB; see in fig. 1 the CCB team) which belongs to the University of Cagliari. The
main objective is the conservation, study and management of germplasm of Sardinian endemic,
threatened and policy species inserted in the Habitat Directive 92/43/EEC, CITES and Bern
convention (Mattana et al., 2012; Fenu et al., 2015). BG-SAR participates in international
seed conservation consortia, such as the European Native Seed Conservation Network
(ENSCONET; http://ensconet.maich.gr), the Network of Mediterranean plant conservation
centres (GENMEDA; www.genmeda.org) and, at national level, it is a founding member of the
Italian Network of Germplasm Banks for the Ex Situ Conservation of Native Flora (RIBES; www.
reteribes.it).
BG-SAR takes part in consortia created ad hoc for international projects, such as ‘Ensuring
the survival of endangered island plants in the Mediterranean’ (funded by the MAVA Foundation;
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FIGURE 1. The CCB Team

www.medislandplant.eu) and ECOPLANTMED ‘Ecological use of native plants for environmental
restoration and sustainable development in the Mediterranean region’ (funded by the European
Community ENPI CBC Med Programme; http://ecoplantmed.eu). Moreover, a memorandum of
collaboration (MoC) is active from 2006 with the Royal Botanic Gardens of Kew (UK) in order to
duplicate seed lots of endangered and endemic Sardinian taxa.
Every year, the BG-SAR publishes the Index Seminum (www.ccb-sardegna.it), the catalogue
issued for the first time in 1885 by Prof. Patrizio Gennari listing all available seeds for free
exchanges with other scientific institutes.
To date, BG-SAR preserved approximately 2,500 seed lots (see in Fig. 2 the base collection
at the BG-SAR) of which ca. 210 belonging to exclusive endemics of Sardinia and ca. 60 listed
in the Habitat Directive 92/43/EEC. Since 2006, BG-SAR sent 225 taxa for the MoC and 200
taxa for the ‘Ensuring the survival of endangered island plants in the Mediterranean’ projects as
duplicates to Royal Botanic Gardens of Kew in order to ensure the survival of endangered plants
in the Mediterranean islands.
The duplication of the seed collections involves also other research centres and germplasm
banks, such as the University of Catania, Pisa, Roma and Palermo, all of them members of the
RIBES network, the Centro para la Investigación y Experimentación Forestal (CIEF) of Valencia,
the Jardí� Botànic de la Universitat de València and the Jardí� Botànic de Sóller (Mallorca, Balearic
Islands) in Spain, and the Mediterranean Plant Conservation Unit of MAICh (Mediterranean
Agronomic Institute of Chania) in Greece.
To evaluate the viability of the stored seed lots and to deepen studies on germination ecology
of endangered species, germination tests are steadily conducted from 2006 to date, with
particular focus on Sardinian exclusive endemics and policy plant species.
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FIGURE 2. Base collection at -25°C

The cooperation among germplasm banks of different regions and countries, as well as the
duplication of the seed collections of various research institutes, is a valid method for a greater
and more effective ex situ conservation and it will allow in the next future to increase the number
of taxa effectively protected.
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NASSTEC: a European project to
promote the use of native seeds for
grassland restoration
Costantino Bonomi

MUSE - Trento Science Museum, Italy. E-mail: costantino.bonomi@muse.it
NASSTEC (The NAtive Seed Science, TEchnology and Conservation Initial Training Network) is
an EU Marie Curie Initial Training Network that will train 11 Ph.D. students at the initial stage
of their research careers in native seed science, conservation and use.
Like all Marie Curie actions, NASSTEC is designed to promote training of researchers and their
transnational mobility, making research an attractive career for people in the early stage of
their academic training.

FIGURE 1. The 11 NASSTEC reaserchers

NASSTEC in a Nutshell

The NASSTEC researchers
are 11 at the moment and
originate from 7 countries:
Canada, Croatia, Italy, Sri
Lanka, Spain, Portugal and
the United States. According
to the Marie Curie mobility
rules they are based in a
country other than the one
where they have spent the
last three years of their
activity.
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NASSTEC - The partnership
NASSTEC involves 7 full partners where
the various researchers in the network
are based: these include four academic
institutions - MUSE - Trento Science
Museum in Italy - as coordinator, the
Royal Botanic Gardens Kew in England,
Pavia University in Italy, the James Hutton
Institute in Scotland and three native
seed producers: two small companies,
Scotia Seeds in Scotland and Semillas
Silvestres in Spain, and Syngenta Seeds in
the Netherlands. Other 7 institutions are
FIGURE 2. NASSTEC partnership
associated to the project and contribute to
the training and research of the students;
these include Kings Park in Perth Australia, the National Trust for Scotland, The European
Research Agency in Rome, a local public Administration in Trento and two small companies of
tourist and research services in Spain and in Scotland.

NASSTEC - The need
Habitat loss and degradation caused by human activity has led to an increased demand of native
seeds for restoration purposes that is not met by an adequate supply in many countries. Large
scale native seed production is now a significant challenge for native seed companies and one of
the main constraints for effective habitat restoration. In Europe native seeds are highly needed
for a wide range of grassland restoration activities such as those involved in roadwork, ski slopes,
new buildings and quarries. Additionally the use of native seeds is mandatory in all Natura 2000
sites according to the Habitat Directive, yet native seeds are not widely available in Europe. The
market is underdeveloped and only small scale operations are active, detached from academic
sector, very often lacking baseline knowledge on key species, their biology and seed ecology.
Commonly restoration is carried out using non-native plant material in the absence of seed
quality protocols, policies and adequate training for restoration practitioners, thus introducing
potentially invasive species and mixing up the ecotypes of widely distributed species.

FIGURE 3. Examples of
grassland restoration
activities: a) ski slope
in the Alps; b) use
of native plants in
roadworks in Scotland
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FIGURE 4. Species rich alpine meadow in the Dolomites

NASSTEC - The aim
NASSTEC will focus its efforts in the next four years in promoting the use of native seeds for
grassland restoration, building the capacity in local companies for large-scale native seed
production and lobbying the relevant stakeholders to widely promote the use of native seeds
in land restoration and reclamation activities, both in the public and private sector. NASSTEC’s
ambitious plan wants to create the conditions for a win-win situation, providing ecosystem
services, fighting soil erosion, generating income and conserving biodiversity with native seeds.
NASSTEC plans to meet these needs by delivering well-trained human resources to support
industries and develop new companies, to bridge academia and industry by delivering key
information where needed with project manuals, guidelines and toolkits, linking developed
markets in US & Australia with Europe, in order to stimulate the largely unexpressed potential
of the European market.
Three specific pilot projects for
grassland restoration will be carried
out in four EU bio-geographical
regions (Alpine, Atlantic, Continental
and Mediterranean) to demonstrate
the potential for grassland restoration,
e.g. in ski slopes in the Alps, in major
roadwork development in the Scottish
highlands and on arable fields in the
Mediterranean.
FIGURE 5. Native seeds
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NASSTEC - The Science
NASSTEC plans to interconnect the public and
private sector through the establishment of a
multidisciplinary European doctoral school with
the aim of integrating knowledge in plant ecology,
molecular biology, taxonomy, conservation, seed
biology, breeding and horticulture.
The scientific programme of NASSTEC is
articulated in three sub-programmes mimicking
the plant reintroduction cycles and the relevant
steps necessary for successful habitat restoration.

Sub-programme A covers in situ seed sampling
and includes the following three Ph.D. projects:
• 1A - based at MUSE: A bio-geographical
approach to species selection for the Alpine
and Atlantic region.
• 2A - based at Semillas Silvestres: Selection of
high-quality grasses for the Mediterranean
and Continental bio-region.
• 3A - based at Hutton: Methods for seed and
seedling phenomics.
Sub-programme B covers seed biology
characterisation and includes four Ph.D. projects:
• 4B - based at Pavia University: Biogeographical aspects of seed dormancy.
• 5B - based at Semillas Silvestres: Propagation
protocols for the restoration of grassland
habitat in Europe.
• 6B - based at Pavia University: Seed longevity
in storage.
• 7B - based at Kew: Life history traits in
contrasting environments, intra-species
variation in stress tolerance.

Sub-programme C covers production and
deployment of seeds and includes four Ph.D.
projects and 1 post-doc:
• 8C - based at Scotia Seeds: Improving seed
quality in large-scale production.
• 9C - based at Kew: Propagation and seed
multiplication protocols for herbaceous flora.
• 10C - based at Syngenta: Seed pre-treatments
of native species for optimal establishment,
for use in in-situ restoration.
• 11 C - based at MUSE: Certification of seed
quality and provenance.
• 12 C - the post-doc based at Scotia Seeds:
Transfer of NASSTEC knowledge to European
seed producers.
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FIGURE 6. a) Native seeds collecting;
b) understanding seed dormancy;
c-d) seed germination

a

FIGURE 7. Scotia
Seeds: a-b)
harvesting native
seeds in Scotland;
c-d) farming
native seeds in
monospecific plots
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NASSTEC - The Training
From an academic point of view all students are registered in a cross-cutting doctoral programme
managed by the University of Pavia and upon successful completion of the training programme
they will be awarded 11 Ph.D. qualifications in Earth and Environmental Science.
The training programme includes both host-based training and network training, delivering
a balanced scheme of exchange visits and secondments, a rich programme of events, news of
network achievements and research information.
The network training events include two summer schools providing training respectively
in seed collecting in the Asturias in Spain and in seed germination and processing; three
specialist workshops that will deliver training in molecular diversity at Hutton institute in
Dundee, Scotland; in intellectual property rights, patenting and grant writing at Syngenta, in
the Netherlands; in education and outreach at MUSE in Trento, Italy.
The outputs of the project will be presented in the final conference that will be held at Kew
Gardens in summer 2017 provisionally entitled ‘Native seeds for environmental mitigation’.
The training is completed by three one-month secondments to other network partners, three
network annual meetings, various exchange visits and an education and outreach programme.

NASSTEC - The Outreach Programme
It is particularly important to reach out to the wider public and society in general to raise
awareness of the importance of native seeds to grant appropriate ecosystem services and
biodiversity conservation and gain support of the civil society of the research being carried
out in NASSTEC, demonstrating it is highly relevant for human wellbeing and environmental
conservation, and that meet the request for Responsible Research and Innovation (RRI).
Contact with local schools and community organisations, newsletters, press releases and the
use of social media will encourage practical activities based around native seeds such as seed
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collecting days, seed sowing events and
display gardens of native plants.
Globally NASSTEC researchers will carry
out a selection of the following outreach
activities:
• design IBSE activities for schools,
• take part to the local editions of the
Researcher’s night,
• playing the part of Marie Curie
Ambassadors,
• carrying out a day visit to local schools,
• participating in the Fame lab contest
(www.famelab.org) to communicate
FIGURE 8. Native plants display in Scotland
NASSTEC research to the wider public,
• hosting two week school teacher placements in each partner lab during the summer break,
• developing native flower beds displays in key cities of the partner countries.
Acknowledgements - NASSTEC is funded by the European Union under FP7.

FIGURE 9. Community projects sowing native seeds in Scotland
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‘Natura 2000 AdM Progres’

Mauro Mariotti1,2*, Luigi Minuto2, Sonia Zanella3 & Elena Zappa1
Centro di Servizio di Ateneo per i Giardini Botanici Hanbury, Università di Genova, Corso
Montecarlo 43, 18039 Ventimiglia. 2DISTAV, Università di Genova, Corso Europa 26, IT16132
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The project n. 258 Natura2000 AdM Progres was approved at the end of 2014 within the program
ALCOTRA (Alpi Latine COoperazione TRAnsfrontaliera). This project is about the consolidation
of cross-border operational models of management of the knowledge of the biodiversity
status, and the tangible results for natural heritage conservation. Conservatoire Botanique
National Méditerranéen de Porquerolles (CBNMED), Regione Liguria and Regional Protected
Area Giardini Botanici Hanbury, with the coordination of Provincia di Imperia, are involved in
this project. The project area includes Vaucluse, Bouches-du-Rhône, Var, Hautes-Alpes, Alpes
de Haute-Provence, Alpes-Maritimes, the provinces of Imperia and Savona (Fig. 1). Special
attention is paid to fifteen
SCIs (Site of Community
Importance) on the Italian
side and seventeen SCIs on
the French side.
The
project
is
a
continuation of the project
n.
016
‘Natura2000
ADM’ and puts to good
use in a coordinated
and synergistic manner
other
similar
actions
undertaken in the same
area through the project
n. 192 Biodivam (www.
biodivam.eu).
Learning
from previous experiences
FIGURE 1. Project area
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FIGURE 2. The Giardini
Botanici Hanbury at
Capo Mortola where
the Ligurian seedbank
is located

and collaborations it was considered important to provide a robust, continuous organization
to the trans-boundary interchanges of knowledge on biodiversity improving shared protocols
and tools. The aim is also to provide the most effective instruments of knowledge and better
analysis and support for the nature conservation to public bodies responsible for biodiversity
and Natura 2000 network management, operating in the cross-border area.
The project aims to set up and implement a cross-border technical framework agreement,
signed by the involved public bodies, to strengthen the exchange and use of the natural scientific
knowledge of the area. This agreement, if shared, could be extended to other parties in the
future.
It aims to share the identification and hierarchization of the priority levels among the ‘heritage’
species of the cross border area, particularly for the purpose of monitoring and evaluation of the

FIGURE 3. Monte
Saccarello where the
boundaries between
Liguria, Piemonte
and France meet
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FIGURE 4. a) Eryngium spinalba Vill.,
b) Rhaponticum heleniifolium Gren. & Godr.
subsp. bicknellii (Briq.) Greuter,
c) the last population of
Polygonum robertii Loisel.
remaining in Liguria

a
conservation status of biodiversity
(which will be then comparable)
and possible action plans for the
conservation.
A consistent goal is also to
improve the relationships with
the seedbanks that exist near the
project area, also in continuation
of the project ALCOTRA SEMINALP
(http://seminalp.parcomarguareis.
it/) which involved CBNMED,
Conservatoire Botanique National
Alpin (CBNA) de Gap and Parco
b
Naturale del Marguareis, to
compare on the web the databases
of the seedbanks and develop
common actions targeted to ex situ
conservation using seeds of some
species with priority value identified
within the project.
Action 2 of the project is devoted
to: a) to consolidate collaboration
agreements; b) to prioritize
‘heritage’ species; c) to improve
seedbanks. In addition to signing a
c
framework agreement to continue
the exchange of information among
the bodies responsible of land management and assessment, from the comparison of about 800
threatened, protected or rare species (linked to different methods of protection) the priorities
in terms of monitoring and conservation will be selected. The seedbanks will improve the
working relationships and will carry out specific and coordinated actions of ex situ conservation
of some of the most vulnerable species (Fig. 4 and 5). The agreement that is being signed by
the management bodies of the two seed banks is similar to the one signed by CBNA and Parco
Naturale del Marguareis and is considered important as it could be adopted as a model to be
extended beyond the territory currently considered.
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FIGURE 5. Lilium
pomponium L. in
full bloom and with
ripe capsules

After the preliminary phases, the process of prioritization of species is ending and the
uploading of the first data on a common (Franco-Italian) web interface was started by the
respective seed banks CBNMed and Laboratorio per la Conservazione della diversità vegetale
della Liguria at the Area Protetta Regionale Giardini Botanici Hanbury. Also the testing of
germination protocols covering 30 species of special conservation interest has been started.
During these preliminary phases some significant differences were already pointed out on how
to evaluate or, more precisely, to show the germination rate of seeds and seed viability, which
we will try to overcome in subsequent phases.
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Germplasm bank of Pisa
Angelino Carta & Gianni Bedini

Department of Biology, University of Pisa., via L. Ghini, 56126 Pisa, Italy.
E-mail: acarta@biologia.unipi.it; gianni.bedini@unipi.it
The germplasm bank of Pisa is a scientific facility committed to the conservation of wild plant
species and to conservation-related research programs. Stored collections include seeds of
endangered species, endemic species, relic populations and habitat-specialist plants. The seed
bank also conserves crop wild relatives that may be considered model plants in studies of
ecology and physiology of seed desiccation tolerance, and a small collection of pollen grains.
Its main goal is the conservation of rare, threatened, endemic or phytogeographically relevant
plant taxa in Tuscany and more generally in the Mediterranean, including southern European
mountain systems.
The project for the creation of the bank started in 1995; recently the bank has undergone
extensive renovations, completed in 2013; it is currently managed by the Department of Biology
of the University of Pisa and is a member of the European network of seed banks, ENSCONET.
Conservation and research programs are coordinated with the Systematics and Evolution
Laboratory of the Department of Biology, which allows to select populations and species to be
sampled with objective criteria.

FIGURE 1. Seed collecting
in Mediterranean
Temporary Ponds
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FIGURE 2. Collected
seeds placed for
after-ripening
before the cleaning
process

Currently, about 2,000 accessions are preserved for a total of over 200 taxa. In addition to
the material stored as seed or pollen grain, many taxa are propagated in the laboratory from the
field-collected material and then conserved in vivo.
The bank collaborates with several institutions engaged in the conservation of plant
biodiversity in the Mediterranean and Europe. Research projects are carried out in agreement
with protected areas and other national or international research institutions, among which
Royal Botanic Gardens Kew (UK), Plantentuin Meise (Belgium), Department of Botany,
University of Athens (Greece), Department of Biological, Geological and Environmental
Science, University of Catania (Italy), Centro Conservazione Biodiversità, University of Cagliari
(Italy).
Currently, the main research lines are the following:
• germination and evolution of Mediterranean geophytes (Allium, Crocus, Ornithogalum,
Romulea)
• germination photo-inhibition in Mediterranean and Temperate plants
• germination ecology and seed storage in Mediterranean Temporary Ponds
• effect of breeding system on seed dormancy and germination
• translocation activities of aquatic and wetlands plants in Tuscan Protected areas
• collection, conservation and study of psammophilous populations
• conservation of endemic taxa from Apuan Alps, Apennines and Tuscan Archipelago
• collection, storage and biosystematics of European woody species
The plans and internal design of the bank have been drawn upon expert advice from staff
of the Millennium Seed Bank, Kew, boasting forty years of experience in the field of native
seed conservation. Currently, the bank consists of a drying room with storage cabinets, and
laboratories of post-ripening, cleaning, and germination. The relative humidity of the drying
room is kept at 15% by a Munters M120 dryer, while a refrigerating unit ensures that
temperature is kept at 15°C. Storage cabinets are kept at -20°C to allow for long-term storage
of seeds.
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FIGURE 3. Release into the habitat of material propagated in the seed bank

Tools and equipment include: portable water activity meter (Rotronic); calibrated stainless
sieves to clean and sort seeds; a blower to clean seeds in a current of air; a device for heat-sealing
aluminum laminate bags used to store seeds; temperature- and light-controlled incubators for
germination. A deep-freezer unit is available to store pollen grains at -80°C.
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Terrestrial orchids are experiencing a great extinction risk due to a multiplicity of threatening
processes. They are particularly sensitive to habitat fragmentation and/or alteration caused by
human activities, so many environmental and anthropic factors determine their distribution,
decline, and risk status. Several recent reports highlight the need to halt the loss of orchid
diversity, suggesting multidisciplinary conservation approaches, including studies of both
environmental and biological factors linked to habitat changes (highly specific mycorrhizal
and pollinator relationships) to improve the understanding of processes contributing to orchid
rarity, decline or risk, and to facilitate the conservation of some of the most threatened taxa
(Swartz & Dixon, 2009; Vereecken et al., 2010). This increasing emphasis on terrestrial orchid
conservation has led to conservation actions for a wide range of threatened Mediterranean
orchid species.
During the last ten years, Tuscia Germplasm Bank and Botanical Garden of Viterbo have been
carrying out several activities aimed at wild orchid conservation, in collaboration with the local
section of G.I.R.O.S. - Italian Group for Research on Wild Orchids (Magrini et al., 2014a, b). Such
conservation strategy is characterized by an integrated approach, merging in situ and ex situ
activities, to provide the highest possible degree of protection.

In situ conservation
In situ activities, such as monitoring of wild populations and specific actions for the
conservation of threatened species, were carried out in collaboration with the local section of
GIROS association and, also, with some parks and nature reserves in Central Italy.
Since 2006, Tuscia Germplasm Bank and Botanical Garden have been monitoring a small
population of Anacamptis palustris Jacq. close to the Bagnaccio thermal spring (Viterbo,
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Northern Latium, Italy). This population has
been experiencing a very strong demographic
decline, due to anthropic actions that drastically
reduced its habitat. Then, translocation of
plants from this area to a near protected site
has been carried out, together with transplants
of plantlets reproduced in vitro (scheduled
for Autumn 2016), in order to ensure the
conservation of this small population.
Since 2002 we have been carrying out, with
good results, several in situ activities for the
conservation of the population of Limodorum
trabutianum Batt. (Fig. 1) within the
Marturanum Park (Barbarano Romano, Viterbo,
Italy): 1) a preliminary assessment of present
and potential threats; 2) fencing the population
area only during the flowering/fruiting phases
in order to prevent the damages caused by
trampling, grazing, and by the massive presence
of wild boars; 3) tourism limitation in the area;
4) population census and monitoring; 5) fruit
set studies; 6) IUCN assessment of extinction
risk (Magrini et al., 2015).

FIGURE 1. Limodorum trabutianum
within the Marturanum Park

Ex situ conservation
Seed banking & in vitro reproduction
Seed banking is a fundamental component in this integrated conservation approach, providing
long-term security of genetically representative seeds (Fig. 2). Since 2008, most of the researches
and the activities of the Tuscia Germplasm Bank has been focused on issues related to orchid
conservation. Particularly, in the period 2013-2014 the project ‘Ex situ conservation of wild
orchids: education and divulgation’, funded by the Italian Ministry of Education, University, and
Research (MIUR), has been carried out. Currently, the Tuscia Germplasm Bank preserves about
200 seed accessions of over 60 terrestrial orchid taxa belonging to 19 genera, so it preserves
the germplasm of about 30% of the Italian orchids and of a half of the genera (GIROS 2009),
especially Ophrys (with 15 taxa), Anacamptis (9), Orchis and Epipactis (both with 7) (Magrini et
al., 2014a, b).
Seed conservation is performed according to protocols of OSSSU - Orchid Seed Stores for
Sustainable Use (http://osssu.org), an international project coordinated by Royal Botanic
Garden, Kew (Wakehurst Place, UK) (Seaton & Pritchard, 2008; Seaton et al., 2010). To ensure
an efficient long-term conservation, we are testing the effect of dehydration (over a saturated
solution of lithium chloride, RH = 12% at T = 20°C), and storage (T = -20°C) on seed vitality and
germination ability in 16 species of the genera Anacamptis (Magrini et al., 2013), Dactylorhiza,
Epipactis, Limodorum, Ophrys and Spiranthes.
Among the preserved taxa there are some rare and threatened orchids as Anacamptis palustris,
Epipactis placentina Bongiorni & Grünanger (Magrini et al., 2012), Limodorum trabutianum,
Cypripedium calceolus L., some of the so-called ‘policy species’ (Annexes of Habitat Directive or
Berne Convention) like Himantoglossum adriaticum H. Baumann and Orchis provincialis Balb.
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FIGURE 2. Conservation of orchid seeds in
the Tuscia Germplasm Bank

ex Lam. & DC., besides some Italian endemics, like Limodorum brulloi Bartolo & Pulv., Ophrys
argentaria Devillers-Tersch. & Devillers, O. exaltata Ten. subsp. montis-leonis (O. Danesch &
E. Danesch) Soca, O. sphegodes Mill. subsp. garganica E. Nelson, and O. sphegodes Mill. subsp.
majellensis Helga & Herm. Daiss.
In field conservation

Some of these species are cultivated in the Botanical Garden in a display area set up also for
didactic and informative purposes (Fig. 3). During the last years, such collection has been
enlarged, also thanks to the MIUR project, so currently it hosts about 25 taxa, each with a
nameplate (reporting scientific name and distribution area), and grouped by genus and habitat
(i.e. wet areas, woodlands, open calcareous grasslands). An informative panel reporting both
scientific name and photograph for each species has been placed in the area (Magrini et al.,
2014b).

Didactics and informative activities
Finally, other likewise important actions aimed
at raising awareness about orchid conservation
have been carried out:
• specific lectures about orchids and their
conservation for University students and the
general public of the Botanical Garden
• a training course for orchid seed collectors,
during the Plant Conservation Day (May 18,
2014)

FIGURE 3. Anacamptis laxiflora (Lam.) R.M. Bateman,
Pridgeon & M.W. Chase cultivated within the Botanical
Garden
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• the publication of the scientific-informative book
‘Esperienze di Conservazione delle Orchidee’ (Magrini
et al., 2014b) with chapters about the relationships
between orchids and pollinators or mycorrhiza,
about threatened species, and, especially, about
experiences and activities for orchid conservation.
The book was published with the sponsorship of GIROS
and RIBES, thanks to the collaboration of the chair
of the Orchid Specialist Group - IUCN Species Survival
Commission and of many orchidologists from the Royal
Botanic Gardens, Kew (UK) and from Italian universities
(i.e., Milan, Modena and Reggio Emilia, Turin, Calabria).
It has been distributed throughout Italy in several
conferences and events; moreover it can be read on
line and downloaded as a pdf file (www.youblisher.com/
p/911600-Esperienze-di-Conservazione-delle-Orchidee).
Currently, we are working on its English updated and
enlarged version (Magrini S., Seaton P., Fonck M., Zucconi
L., 2016. Experiences in Orchid Conservation) thanks to
the collaboration with a British orchidologist, Philip
Seaton, from the Royal Botanic Gardens, Kew (UK).

FIGURE 4. Cover of the book
‘Esperienze di conservazione
delle orchidee’
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The seed banks are generally considered a strong and effective tool for long-term biodiversity
conservation (Williams et al., 2003; Mattana et al., 2005). In order to achieve this objective, the
Majella National Park (MNP) has created its own seed bank in 2005, integral to the Botanical
Garden ‘Michele Tenore’ in Lama dei Peligni (Chieti). Its task is to preserve, outside their habitat,
several endemic, rare or endangered plants, as well as other species that can be utilized in
restoration programs addressed to vulnerable or damaged ecosystems (e.g. burned-out areas)
within the territory of the Park (Fig. 1).
Currently, the Majella Seed Bank is a reference at a regional level and is a tangible example of
interaction between ex situ and in situ conservation, in the context of the Italian National Parks.
The different activities in the structure (collection, cleaning, storage, germination tests, etc.)
are carried out also with the support of graduate students, trainees and volunteers, who come to
the Majella thanks to cooperation agreements between MNP and various research institutions.
Among these, must be mentioned:
• The Department of Medicine, Health and Environmental Sciences (M.E.S.V.A.) of the
University of L’Aquila;
• The Agriculture, Environment and Food Department and the Bio-science and Territory
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FIGURE 1. High part of Taranta
Valley within the
Majella National Park

Department of the Molise University;
• The Plant Ecophysiology Laboratory, Environmental Biology Department of ‘La Sapienza’
University of Rome.
The range of action of the seed bank stretches throughout the Abruzzo Region, though it is mainly
focused within the MNP borders, where the rate of protected entities is very high: about 335 out
of a total number of 2,100 assessed entities, 39 of which are included in the Atlas of the species
under risk of extinction (Scoppola & Spampinato, 2005). Moreover, 142 entities are endemic
to Italy, 47 to Abruzzo and/or Central Apennines and 5 are found only within the territory of
MNP: Pinguicula fiorii Tammaro & Pace, Soldanella minima Hoppe subsp. samnitica, Cristof. &
Pignatti (Fig. 2), Ranunculus multidens Dunkel, Crepis magellensis F. Conti & Uzunov, Centaurea
tenoreana Willk. (Conti & Bartolucci, 2012), not considering two species of Hieracium because
of their taxonomic problems. For this reason, the seed bank focuses its activities mainly towards
the most endangered species: currently, the bank preserves germplasm of 66 species belonging
to 26 families and 59 genera, most of them included in the IUCN Red Lists and protected by
several International Conventions and Regional Laws (45/79 and 66/80 of the Abruzzo Region).
The conservation activities are also supported by studies addressed to identify, test and
evaluate different germination protocols. Among the surveyed species must be mentioned:
Adonis distorta Ten., Androsace mathildae Levier, Aquilegia magellensis F. Conti & Soldano,
Astragalus aquilanus Anzal., Athamanta macedonica (L.) Spreng., Campanula fragilis Cirillo
subsp. cavolinii (Ten.) Dambolt, Cerastium thomasii Ten., Coristospermum cuneifolium (Guss.)
Bertol. [= Ligusticum lucidum Mill. subsp. cuneifolium (Guss.) Tammaro], Ononis rotundifolia L.,

50

FIGURE 2. Soldanella minima
subsp. samnitica,
endemic species of Majella

FIGURE 3. Phyllolepidum rupestre,
endemic to Abruzzo Apennines

Phyllolepidum rupestre (Ten.) Trinajstic (Fig. 3), and Soldanella minima Hoppe subsp. samnitica
Cristof. & Pignatti (Fig. 2).
The number and sources of the seeds stored in the bank is steadily increasing and goes beyond
the borders of the Park and of the Abruzzo region, performing a concrete conservation action of
the genetic resources of spontaneous species. Some agricultural varieties that are traditional in
the territory of the Park, together with some ornamental species are conserved as well.

The case study of Astragalus aquilanus Anzal.
This rare Fabaceae species is endemic to the central Apennines (Italy), with few populations in
Abruzzo. The single population reported from Calabria needs to be confirmed. Regarding the
conservation status, Astragalus aquilanus (Fig. 4) is included in the Red List of the Italian flora
as Endangered (Rossi et al., 2013). It is a priority species in Annex II of the Habitat Directive,
is protected by regional laws (Abruzzo) n. 45/79 and n. 6/80 and is classified as ‘category 0’:
FIGURE 4. Astragalus aquilanus, endemic species of the central Apennines (Italy)
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Entity extremely rare, endemic and endangered, known for one or a few sites, in the list of species
worthy of preservation in Abruzzo (Conti & Bartolucci, 2012).
To characterize its germination ecology, after careful morphometric measurements of the
seeds under a stereomicroscope, several in vitro germination tests have been carried out on
1% agar medium at pH 5.7 in a sterile environment. The first results have shown a physical
exogenous dormancy (seed coat impermeability to water) already observed in other species of
the same genus (Miklas et al., 1987; Baskin & Baskin, 1998). The pretreatment which gave the
best results for the dormancy breaking has been the chemical scarification for 20 minutes with
concentrated sulfuric acid at 96%. After four replications, each on 20 seeds, we obtained a final
percentage of germination of 93.8 ± 7.5 and a T50 of 3 days.

The propagation activity
Besides the Seed Bank, the Majella National Park carries out its conservation actions also thanks
to various structures such as two Botanical Gardens and an authorized nursery dedicated to
the propagation and marketing of the species. Thus, the field activities of collection, study and
classification of the species result in:
• Activation of reintroduction programs carried out by the managements of the Protected
Areas;
• Reduction of the collection in the wild of material for maintaining the ex situ collections;
• Restoration of damaged or degraded ecosystems and habitats;
• Integration and improvement of the conservation chances of endangered populations;
• Spreading the use of indigenous species, not pulled out from nature, for ornamental
purposes, also with the aim of reducing the advance of alien species;
• Increasing the cultivation of indigenous healing, aromatic and dyeing plants, together with
local traditional varieties of fruits and vegetables among the farmers who cooperate with
the Park.
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National and international strategies to conserve flora as a natural capital are particularly
important in setting targets to reduce biodiversity loss. There has been a growing interest in
translocation interventions of spontaneous plants (Rossi et al., 2013a) to conserve rare and
endangered species, and more generally, in environmental recovery projects. The acquisition of
protocols of propagation and cultivation ex situ of spontaneous plants are therefore necessary
preparatory stages for translocation.
In this paper, we present research, carried out between 2012 and 2014, focused mainly
on the ecological characterization and propagation of several plant species of the Sicilian
flora; evaluation of endemics and phytogeographically important taxa was also performed.
This experimental research focused on defining species-specific propagation protocols for
biodiversity conservation, in situ, ex situ and on-farm, as well as for product innovation for
nurseries [PON01_01611 ‘Sustainable production of pot plant in Mediterranean environment’
(SO.PRO.ME.)], aimed at producing native plants with ornamental value of certified origin.
A total of 150 plant taxa, belonging to 79 genera and 33 families, identified during a three
year survey in different Sicilian territories and habitats (including the Aeolian and Aegadian
Islands) have been investigated. The research also included 22 endangered taxa of Sicilian flora:
Brassica drepanensis (Caruel) Damanti, B. macrocarpa Guss., Bupleurum dianthifolium Guss.,
Calendula maritima Guss., Centaurea erycina Raimondo & Bancheva, Clematis flammula L.,
Cytisus aeolicus Guss., Daphne sericea Vahl, Dianthus rupicola Biv. subsp. aeolicus (Lojac.) Brullo
& Minissale, Erica sicula Guss., Erysimum brulloi G. Ferro, Genista demarcoi Brullo, Scelsi &
Siracusa, G. gasparrinii (Guss.) C. Presl, Ipomoea imperati (Vahl) Griseb., Lavandula multifida L.,
Limonium sibthorpianum (Guss.) Kuntze, Pseudoscabiosa limonifolia Vahl, Ptilostemon greuteri
Raimondo & Domina, Jacobaea maritima (L.) Pelser & Meijden subsp. gibbosa (Guss.) Peruzzi,
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N.G. Passal. & C.E. Jarvis, Silene hicesiae Brullo & Signorello, Thymelaea tartonraira (L.) All.
subsp. tartonraira (Raimondo et al., 2011; Rossi et al., 2013b).
The work undertaken in the field in spring 2012 enabled collecting germplasm (seeds and
cuttings) from populations of native plants. To ensure a representative genotype sampling, the
collection phase was implemented adopting the protocols accepted by the international scientific
community (ENSCONET, 2009a). Similar attention was given to the next phase of treating the
collected germplasm (ENSCONET, 2009b), carried out at the laboratories of the Germplasm
Bank of the Plant Biology Section - Department of Biological, Geological and Environmental
Sciences (University of Catania).
Different tests were performed to assess seed germinative behaviour on 27 species by
operating at constant and fluctuating temperature and light/dark regimes. Germination assays
were performed at different constant temperatures (from 5° to 35°C) and fluctuating temperature
regimes with 12/12h thermoperiod. Each of the above thermal conditions was tested both
in continuous darkness and in alternating light/dark regimes, with a 12/12h photoperiod.
Final germinated proportions and germination rates at each temperature/light regimes were
calculated and used to estimate base (Tb), optimal (To) and cutoff (Tc) temperatures for seed
germination.
Seedling emergence (87 taxa, 55 genera, 24 families) and stem cutting propagations (72 taxa,
45 genera, 20 families) were undertaken at a private nursery company (Faro Nursery, Giarre,
Catania). Phenological and morphological characteristics, at different growth stages, were also
recorded.
FIGURE 1. Field germplasm collection (in Faro nursery)
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FIGURE 2. Taxa of the spontaneous Sicilian flora

The results have allowed the eco-physiological characterization of the species investigated
and the validation of species-specific propagation protocols for transfer to the nursery for
producing potted plants in open fields.
The nursery experiments (emergence and rooting trials) have allowed evaluating the capacity
and emergence rate of seedlings and the rooting capacity of the selected taxa. About 32% of the
accessions showed a high emergence capacity, between 80 and 100% (i.e. Centaurea aeolica
Guss. ex Lojac., Erysimum etnense Jordan, E. bonannianum C. Presl., Euphorbia dendroides L.,
E. rigida M. Bieb., Helichrysum litoreum Guss., Iberis semperflorens L., Silene fruticosa L.); this
group comprises a number of species of considerable conservation value, namely: Brassica
drepanensis, B. macrocarpa, Dianthus rupicola subsp. aeolicus, Ptilostemon greuteri and Silene
hicesiae (Raimondo et al., 2011; Rossi et al., 2013b).
Some species such as Anthemis aeolica Lojac., Anthemis maritima L., Bupleurum dianthifolium,
Centaurea aeolica, C. busambarensis Guss., Iberis semperflorens, Lavandula multifida, Lomelosia
cretica (L.) Greuter & Burdet, Micromeria fruticulosa (Bertol.) Ŝ� ilić, Pallenis maritima (L.) Greuter,
Pseudoscabiosa limonifolia, Teucrium flavum L., T. fruticans L., Thymus nitidus Guss. and species
of the genus Helichrysum Mill. and Jacobaea Mill., showed a good aptitude to propagation by
herbaceous stem cuttings (80-100% rooting capacity).
In addition, about 40 native plants with a highly ornamental value have been identified,
such as Achillea maritima (L.) Ehrend. & Y.P. Guo, Cerastium tomentosum L., Iberis violacea R.
Br., Lomelosia cretica, Pallenis maritima, Pseudoscabiosa limonifolia, Ptilostemon greuteri, and
taxa belonging to the genus Anthemis L., Centaurea L., Dianthus L., Euphorbia L., Genista L.,
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Helichrysum and Jacobaea.
The research led to the creation of a field germplasm collection (Figs. 1 and 2), including over
150 taxa of the spontaneous Sicilian flora, uniquely identified so as to maintain traceability. It
consists of about 10,000 potted plants and represents a reservoir from which to draw germplasm
for propagation material, not easily found on the market (Cristaudo et al., 2014; Catara, 2014).
The taxa of the Sicilian flora analyzed thus represent a resource for applications in
various fields, in line with international policies of biodiversity conservation and sustainable
development: re-introduction, strengthening, introduction for conservation purposes. Using
these species for ornamental purposes also presents many opportunities for different uses:
aesthetic-landscape enhancement and environmental renewal. Concerning the propagation
methods tested, seed propagation seems the most efficacious to maintain genetic diversity
achieve high growth rates and avoid the dissemination of pests and diseases. Vegetative
multiplication can be evaluated in the field of the ornamental nursery.
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