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About 10% of the indigenous vascular plant flora of Cyprus has been cultivated in order to test
how many taxa can be grown ex situ. In about two thirds of the tested taxa cultivation was suc-
cessful. Generally, taxa showing high germination rates in seed bank testing routines succeed-
ed but exceptions could lead to problems in conservation efforts. Drafting of garden protocols,
at least for rare, endemic and endangered taxa is highly recommended.
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Introduction

The storage of diaspores, whether of endangered, endemic or other species, in seed
banks has reached new levels in recent years. Large collections such as the Millennium
Seed Bank now preserve seeds of up to 32,000 taxa (Royal Botanic Gardens, Kew 2013).
To adopt measures for the reintroduction of threatened species into their natural habitats is
part of the official policy of the “Convention on Biological Diversity” (CBD secretariat
2013). Increasingly, ex situ conservation takes the form of seed banking. Prolific literature
exists on the conservation of diaspores (see summary by Smith & al. 2003). An increasing
number of seed banks justifies their activities, inter alia, by conserving and providing
material for reintroductions and population reinforcements resp. But this is in obvious con-
trast to the very small number of studies dealing with the question as to whether or not all
or at least the endangered and endemic taxa of a certain region can be grown successfully
ex situ. Apart from routine testing of germination rates rarely any measures are docu-
mented about the question as to which taxa can be cultivated ex situ.

This raises the fundamental question of whether the expectations of conservation-
ists associated with the storage of seeds can be fulfilled at all. Previous studies show
that in the case of reintroductions, seedlings, or better adult plants, should be pre-
ferred instead of sowing seeds (see Godefroid & al. 2011; Drayton & Primack 2012).
However, seed banks and garden facilities are often located far away from the places
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of origin; the culture must take place under suboptimal conditions. For numerous
taxa, cultivation experiments have never been made or results must be excerpted from
the literature. For the majority of Euro-Mediterranean species, there are no auteco-
logical studies and no garden culture protocols. In many of the species cultivated in
recent decades, apparently no documentation, either in public or in internal databas-
es, has been made. Knowledge about successes or failures gets lost. Also in reintro-
duction and population reinforcement projects resp., there are reasonable grounds to
suspect that failures are rarely published and that the success rate is relatively low
(Godefroid & al. 2011; Drayton & Primack 2012). In addition, hardly any long-term
monitoring determining success or failure of such projects is run. So, there are many
unclarified issues.

Cyprus was chosen as a test case because the long-term objective of a cooperative
project with Cypriot partners is to store seeds of all vascular plants occurring on the
island in the “Dahlem Seed Bank” (Berlin). Initially, the project was focusing on
endemic and endangered taxa. About 500 accessions were collected from 370 taxa (as
of January 2013). Though not all accessions meet the requirements of long-term stor-
age, mostly because of too-low numbers of seeds, material of a relatively high percent-
age of the vascular flora was available.

Materials and methods

Cultivation took place since 1996, primarily from 2010 to 2012 in the Botanic
Garden Berlin-Dahlem. Selection of cultivated taxa was partly due to chance and part-
ly through exploitation of synergies with other ongoing projects (karyological and tax-
onomic studies). The gardeners entrusted with the cultivation were familiar with
Mediterranean taxa and have been treating a large number of species in the past
decades. Sowing was carried out in early spring, in some species also in the autumn.
In the summer, further cultivation in pots was performed outdoors, and in the case of
drought-tolerant taxa also all year round in greenhouses. Edaphic and other ecological
features were taken into account if possible, but no serpentinites were used (see
below). The cultivation of a species was considered successful when plants (whether
annuals or perennials) grew to a stage favourable for reintroductions.

Taxonomy, nomenclature and definition of endemism follow Hand & al. (2013), while
the classification of endangered species follows Tsintides & al. (2007)

Results and observations

During the study period, 168 taxa from 37 families were cultivated (10.3% of the
indigenous flora of Cyprus; Hand & al. 2013), in some cases several accessions of the
same taxon, with repeats in several years. Of these 168 taxa tested, cultivation was suc-
cessful in 114 taxa (68%); in 54 taxa (32%) the efforts were without success. Among the
successfully tested taxa were 46 endemics (40%), 8 near-endemics (8%) and 59 non-
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endemics (52%). For species without success, the percentage was similar: 28 endemics
(52%) and 26 non-endemics (48%). More details are given in tables 1 and 2.

Several aspects deserve more detailed consideration (see also Table 2).
Species with high germination rates above 80% were predominantly cultivated suc-

cessfully. There are few exceptions as regards high germination rates, e.g., the endemic
Euphorbia veneris, which has been grown repeatedly in Cyprus, for example in the
Botanical gardens in Athalassa and Amiantos. On the other hand, in the group of taxa with
low germination rates (up to 20%) positive deviations can be found: the micro-endemic
Limonium mucronulatum (world population less than 700 plants, Tsintides & al. 2007)
could be cultivated easily.

Serpentine bedrocks play an important role in the geology of Cyprus, the evolution
of endemic species and their distribution. Apart from the endemic taxa that are oblig-
ately serpentinophytic, some other non-endemics that are bound to serpentine in
Cyprus (e.g. Lactuca triquetra) belong to this group. Some other accessions come
from serpentine areas but belong to geologically indifferent taxa (see Table 2). In the
cultivation experiments, no heavy-metal-containing substrates have been used.
However, cultivation has been successfully carried out in 17 serpentinophytic taxa
(53%), whereas 15 such taxa (47%) could not be successfully cultivated. Although the
sample size is small, a significantly lower success rate compared to the overall context
can be observed. It was also observed that several species managed to survive up to
about 2 years; examples are Teucrium cyprium and Euphorbia cassia subsp. rigoi. In
the extremely rare serpentine endemic Crypsis hadjikyriakou, all efforts to establish ex
situ cultivation failed (Raus & Scholz 2004).

Most geophytes, mostly monocots, can easily be grown by using living material
(bulbs, rhizomes). In some species it may be the more successful way to start ex situ
cultivation. Even in dicots (in the traditional sense) this should been taken into con-
sideration in some genera. To name but one example: In the recently described endem-
ic Scaligeria alziarii, which usually shows very rich fruit production in situ, all
attempts to grow plants from diaspores failed. Finally, it proved that it can be easily
grown by using rhizome fragments. For another species of the genus, the Greek
endemic S. moreana, Engstrand (1970) mentioned no successful germination at all.
The genus may serve as an example to demonstrate that seed banking alone may not
help in conservation issues unless more is known about the ecology of a species. 
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cultivation successful 114 (68%) 46 endemic (40%) 37 RDB taxa (32%) 
9 near-endemic (8%) 
59 not endemic (52%) 77 not RDB taxa (68%) 

cultivation not successful 54 (32%) 28 endemic (52%) 23 RDB taxa (43%) 
26 not endemic (48%) 31 not RDB taxa (57%) 

Table 1: Numbers of taxa from Cyprus cultivated in the Botanic Garden Berlin-Dahlem (RDB = Red
Data Book Cyprus).
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Discussion

Overall, in about two-thirds of the species cultivation proved to be feasible. Similar
results were also observed by Di Gristina & al. (2003), one of the few comparable studies
in the Mediterranean area. This study was carried out “semi in situ”, i.e. in the region of
origin under nearly identical climatic conditions. Gücel & Yıldız (2008) tested 10 Cypriot
endemics with a success rate of 50%. 

However, the results also show that in some cases germination behaviour does not allow
conclusions to be drawn regarding the feasibility of ex situ cultivation. In such cases, high
expectations placed on seed banks by conservationists could not be fulfilled. The results
regarding serpentinophytes and the comparison of germination rates and cultivability are
not based on systematic approaches. They can only show initial tendencies:
Serpentinophytic accessions are problematic to treat and only partially promising without
special soil treatment. Species showing high germination rates in routine procedures in
seed banks predominantly succeed in cultivation experiments. Exceptions are always to be
expected and may complicate and prevent protection efforts in individual cases.

The present study could take into account about 10% of the Cypriot flora. In the years to
come, an expanded selection of species will be tested. Unfortunately, there are no systemat-
ic surveys of which species of the Cypriot flora have been cultivated ever – a situation that
probably applies to all countries of the Euro-Mediterranean area. Cyprus has so far no nation-
al botanical garden. In recent years, however, several collections were created in which an
increasing number of taxa is successfully cultivated. These include the visitor center of the
Athalassa National Forest Park and the “Troodos Botanical Garden A. G. Leventis”. There
are also numerous cases of taxomomic and karyological taxon-specific studies in which it
can be inferred only indirectly that the cultivation succeeded (e.g. Brullo & al. 1993; Speta
1986; Teppner 2012). A considerable number of taxa, namely popular bulbous species such
as taxa from the genera Cyclamen or Tulipa, can be found in private collections. Generally,
cultivation experiences are described in gardeners’ literature (e.g. for tulips Wilford 2006) but
there is a lack of species-specific protocols. Even in many scientifically supervised botanical
gardens, no systematic record of success and non-success in cultivation efforts is document-
ed. In many cases, retirement of experienced gardeners leads to a loss of knowledge. Garden
protocols documenting at least some basic issues could help to prevent this. There seem to
be no national or international efforts to document such data for complete floras but only for
a limited number of taxa, mostly endangered and rare species (see, e.g., Plant Gene
Resources of Canada 2006, Royal Botanic Gardens, Kew 2013, Verband Botanischer Gärten
2013). A database compiling such knowledge on cultivation and propagation methods for all
Euro-Mediterranean species of vascular plants would be desirable but is currently probably
illusionary. Concrete proposals regarding documentation have not been followed up in the
past. New detailed recommendations do not make much sense unless different Euro-
Mediterranean organizations with a common interest in such matters agree. The implemen-
tation of an international database would face not only financial problems but also have to
deal with the harmonization of database structures. For the time being, it can only be rec-
ommended to produce garden protocols in whatever form and to find ways to exchange them
among interested partners, whether scientists or gardeners. Possibly, this short note may con-
tribute to future discussions as regards linkages between interested partners.
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