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In memory of our Dear friend 
Maria Gerardi – Passali 

(Deceased 23 July 2012, Chios) 
 
 
 
 
 
 
 

 
 
 

“Many years now, I‘ve been printmaking the way I 
breathe. I never stop to think what or how am I 

supposed to carve a surface… You don’t have to think in 
order to breathe for your life. When I listen to the 
messages of nature and the environment, I’m not 

thinking of what to print.” 
 

Maria Gerardi - Passali 
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COMMENTS AND IMPRESSIONS  
 
 
 
It was a superb congress and thanks to you all for the wonderful time and great 
contributions! 

Bob Ursem, The Netherlands  
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Congratulations; we sincerely enjoyed the days in Chios!  

Elena Estrelles, España  
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Thank you once more for organizing so nicely and efficiently this congress!  

Maria Papafotiou, Greece  
 
 
 
It was an excellent congress! Well done!  

Stephen Blackmore, United Kingdom  
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PREFACE:  EURGARD VI venue organization 
 
The 6th European Botanic Gardens Congress (EUROGARD VI) was held at the 
Homerion Cultural Centre of Chios Municipality, organized by Botanic Gardens 
Conservation International, the Balkan Botanic Garden of Kroussia (Β.Β.G.Κ.), under 
the Auspices of the Hellenic Agricultural Organisation - DEMETER, the Ministry of 
Environment, Energy and Climate Change, the Hellenic Society of 
Ethnopharmacology and a number of Higher Education Institutes. The venue was 
also strongly supported and co-organised by the Prefectural Unit of Chios, the 
Municipality of Chios, the Legal Entity of Public Law of Chios Municipality, the 
Hellenic Botanical Society and the Hellenic Green Fund.  
On the 26th of May 2012, at the facilities of the Maria Tsakos Foundation, Chios 
welcomed the National Representatives of the European Botanic Gardens 
Consortium, while two days later, on 28 May 2012, the Homerion Cultural Centre of 
Chios Municipality opened its doors to the 6th European Botanic Gardens Congress.  
The decision to hold the European Congress in Chios this year was largely influenced 
by the island’s mediterranean flora and the re-establishment of the Aegean Botanic 
Garden.  
The Chair of the Organising Committee, Dr. Eleni Maloupa, Research Scientist at the 
Hellenic Agricultural Organisation - DEMETER and Head of the Balkan Botanic Garden 
of Kroussia, welcomed the participants to the Island of Chios and co-ordinated the 
congress, while ARTION Conferences & Events, was responsible for supporting and 
supervising the event. 
The 6th European Botanic Gardens Congress (EUROGARD VI) brought together 
scientists, botanic gardens, industrial leaders and decision makers from all over 
Europe, offering sharing of knowledge and discussions in a great range of subjects 
through cluster conferences, workshops, expositions, keynote lectures, oral and 
poster presentations, botanic tours and training programmes. 
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1.Eurogard VI briefing and congress topics 
 
This congress is part of a series of European Botanic Gardens Congresses or 
EUROGARDS, aiming to strengthen the capacity and collaboration among European 
botanic gardens, as well as deepen their role in the society at large. EuroGard is 
organized every three years by the European Botanic Gardens Consortium with the 
support of the Botanic Gardens Conservation International.  
In 2012, EUROGARD VI took place in the “Duchess of the Aegean”, Chios Island, 
where the history of thousands of years becomes part of everyday life.  
EUROGARD VI included a rich scientific and social programme, with over 200 
scientists from over 30 countries working together in order to promote effective 
actions for the conservation of the flora and the networking of botanic gardens with 
research and academic institutions, environmental networks and other interested 
parties, and also in order to present botanic gardens as centres of sustainable 
development, prosperity, environmental education and awareness. In total, during 
EUROGARD VI 54 oral presentations, 51 poster presentations were given and 5 
scientific workshops were organised for the delegates. 
This congress provided an opportunity for botanic gardens to demonstrate their 
contributions to the 2011-2020 United Nations Decade on Biodiversity. A key theme 
of the congress was incorporating theory into practice and presentations showed 
case approaches, tools and current research that help to confront the challenges of 
biodiversity loss in a changing world. Mitigation methods concerning in situ and ex 
situ conservation actions were presented, as well as, effective networking practices 
that allow efficient responses to the challenging targets of the European and Global 
Strategies for Plant Conservation.The Congress highlighted also the important 
relationships that exist between people and plants. 
During EUROGARD VI, 6 educational and art workshops were organised for the 
delegates and accompanying persons. Additionally, several art and photo exhibitions 
and artistic performances took place, and a rich social programme was created; the 
latter introduced and integrated the participants to the local Chian lifestyle, famous 
since ancient times.  
 
During EUROGARD VI, four  congress topics were organised, each addressing specific 
questions: 
 
Topic 1. Global and European Strategies for Plant Conservation for 2011-2020: Τhe 
Role of Botanic Gardens [KEYNOTE SPEAKERS: Sara Oldfield, Secretary General, 
Botanic Gardens Conservation International, UK & Dr. Peter Wyse Jackson, President, 
Missouri Botanical Garden, USA] 
 
How to monitor the progress and assess the deliverables of the Global and European 
Strategies for Plant Conservation (GSPC/ESPC)?  
Which actions should botanic gardens develop in order to implement the targets of 
GSPC and ESPC?  
Are there new steps and challenges for plant conservation?  
What should be the role of botanic gardens with respect to the new Global Strategy 
for Plant Conservation 2011-2020?  
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Should the role of botanic gardens be redefined in the age of biodiversity crisis?  
How could effective links between ex situ and in situ plant conservation be 
strengthened?  
What are the priorities and key-areas for plant conservation?  
What are the challenges for botanic gardens concerning biodiversity hotspots?  
How should the threats and levels of risk for species and populations be assessed? 
What should be the policy of botanic gardens with respect to the introduction of 
invasive alien species?  
How can botanic gardens participate in allaying the effects of climate change? 
 
Topic 2. Strengthening Networks for People, Plants and Botanic Gardens [KEYNOTE 
SPEAKERS: Prof. Jose-Antonio Fernandez-Perez, Department of Biotechnology, 
University of Castilla-La Mancha] 
 
How can joint actions and co-operations between botanic gardens be developed in 
order to combat biodiversity loss?  
How can new technologies be used in the generation of collaborative knowledge? 
Can new web-based platforms for capacity building and best practices 
standardization and sharing be developed?  
How can examples of cluster development-joint actions of interconnected partners 
(botanic gardens, research Institutes, businesses, suppliers) be used to gain a 
competitive advantage nationally and globally, with the aim of developing co-
operative programmes with different partners-stakeholders at a national and 
international level?  
How can local communities be linked with volunteers and funding in order to 
support conservation initiatives?  
How can the links between conservation, research and education be strengthened? 
 
Topic 3. Plants and People: From Myth, History and Art to Science and Culture 
[KEYNOTE SPEAKERS: Prof. Stella Kokkini, School of Biology, Aristotle University of 
Thessaloniki, Greece & Assist. Prof. Soultana-Maria Valamoti, Department of 
Archaeology, Aristotle University of Thessaloniki, Greece] 
 
How have the relationships between people, cultures and the uses of plants (foods, 
medicines, cosmetics) through the centuries shaped the history of primitive and 
advanced cultures? 
How have the medicinal applications and the traditional uses of plants in ancient and 
contemporary times been monitored and recorded and how is this knowledge 
significant in the modern world?  
How should the role of plants in food and nutrition be evaluated in a changing 
world?  
How has archaeology played a role in discovering the origins of agriculture? 
How can the identification of landraces and the ancestors of contemporary crops 
help in a world of climate change?  
Can archaeology and historical texts be used to explore the impacts of 
anthropogenic activity in the past on the environment?  
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Can plant mythology and art be used to raise public awareness regarding plant 
biodiversity and conservation?  
How are plant secondary metabolites (e.g. hallucinatory drugs, essential oils, 
poisons) linked with human cultures, their traditions, rituals, the supernatural and 
ways of life?  
How are plants linked to cultural heritage, folklore, symbolism and art? 
 
Topic 4. Consider Globally, Act Locally: experiences in addressing a changing 
environment [KEYNOTE SPEAKERS: Prof. Stephen Blackmore, Regius Keeper, Royal 
Botanic Garden of Edinburgh, UK & Prof. Costas Thanos, Department of Botany, 
Faculty of Biology, National and Kapodistrian University of Athens, Greece] 
 
How can new approaches and methods for the management of plant diversity 
research be implemented?  
How can horticulture tools for the management of plant species under 
conservation be improved?  
How can innovative technologies help in plant management? 
Can new approaches for ex situ plant conservation be developed?  
Should the practices for the reintroduction of plant species into the wild be 
reassessed?  
How can Access and Benefit Sharing and Fair-Trade be applied to plant resources? 
How can botanic gardens promote and implement “Green” practices?  
How can the impact of biodiversity loss on human well-being be determined and 
evaluated? 
How can conservation methods and the status of economically and socially 
important plants be promoted?  
Can case studies of the evaluation and commercial exploitation of local plants and 
their products be implemented globally?  
Does plant diversity play a role in human nutrition?  
How to give emphasis to the evaluation of local and regional plants (e.g. aromatic, 
medicinal) for the promotion and the demonstration of excellence of specialised 
local products?  
Can the ornamental horticulture industry be used to highlight plant diversity?  
Which plants should be utilized in landscaping and green roofs with respect to 
climate change?  
Can plant diversity be part of alternative forms of tourism? 
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EUROGARD VI Congress Conclusions 

Theme 1 - Global and European strategies for plant conservation for 2011-2020: 
the role of Botanic Gardens. 

Recognising that Botanic Gardens have been actively involved in shaping national 
and international agenda for plant conservation; 

Noting that the new Global Strategy for Plant Conservation 2011-2020 provides an 
excellent framework for Botanic Gardens’ activities in strategic and practical 
contributions to plant conservation and 

Emphasising that the roles of Botanic Gardens in supporting the GSPC are manifold, 
from contributions of smaller gardens to single targets to potential contributions 
to all 16 targets by larger gardens, 

the Congress encourages all Botanic Gardens to: 
• Consider appropriate activities to contribute to the implementation of the 

Strategy to 2020, taking into account new challenges; 
• Contact national CBD focal points to ensure that a national GSPC focal point has 

been appointed and that the activities of Botanic Gardens in support of the 
GSPC and CBD are recognised by National authorities and 

• Ensure that the data of their living collections are submitted to BGCI’s Plant 
Search so that indicators of GSPC targets can be measured. 

 
 
Theme 2: Strengthening networks for people, plants and botanic gardens. 

Recalling that the significance of plant diversity and the importance of its 
conservation is a message that must be brought to the attention of civil society 
and policy makers; 

Acknowledging that European botanic gardens have a key and unique role to play in 
crop wild relative (CWR) conservation and that this is part of their remit; 

Noting that botanic gardens can act as a bridge to increase awareness and educate 
the public on the significance of CWR for food security, and provide scientific 
expertise and data for planning and implementing in situ and ex situ CWR 
conservation; 

Emphasising that up to date information is a precondition to represent the botanic 
gardens community, and to respond rapidly and accurately to national, regional 
and international policymakers; 

Recognising the desirability of the international community of Botanic Gardens to 
have a single representative voice on the world stage and  
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Acknowledging that Botanic Gardens Conservation International (BGCI) and the 
European Consortium of Botanic Gardens provide a focus for unified action as 
well as a mandate to speak on Botanic Gardens´ behalf, 

 

the Congress asks all Botanic Gardens to: 
• Support early discussion between relevant organisations (BGCI/IABG) to find a 

way of going forward together; 
• Get engaged in collaborative activities of their national networks and through 

these, the European Consortium of Botanic Gardens (www.botanicgardens.eu); 
• Work together in seeking funds for collaborative projects to advance plant 

conservation and environmental education;  
• Develop collaboration with policy-makers and agencies responsible for CWR 

conservation;. 
• Optimise capacity building, especially in support of smaller gardens; 
• Share, on regional and international levels, best-practice protocols and 

knowledge of management of ex-situ collections of threatened plants and 
• Ensure that their details are accurate and up to date on BGCI’s databases, so 

that it can be used as a measure of progress by European Botanic Gardens. 
 

Theme 3 - Plants and people: from myth, history and art to science and culture. 

Noting that plants have been important to humankind for thousands of years; 

Welcoming the information obtained during the congress on the historic uses and 
distribution of plants in Greece providing a clear insight into the spread, 
distribution and uses of plants in Greece over millennia; 

Emphasising that connecting with nature is more important than ever before; 

Noting that Botanic Gardens are uniquely positioned to address the growing 
disconnection between children and nature and to restore the link between 
people and plants and 

Recognising the opportunities provided by new technologies to engage with broader 
audiences, 

the Congress recommends that Botanic Gardens should: 
• Promote positive stories about activities to restore hope in the conservation, 

restoration and rehabilitation of plants in Europe; 
• Share experiences with new technologies between Botanic Gardens; 
• Seek to engage new audiences that remain unaware of many of the 

conservation issues faced by plants and ecosystems; 
• Continue their engagement in educational research and practice; 
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• Collaborate with artists and educators to develop innovative approaches to 
increase public engagement; and 

• Utilise stories about traditional, historical and mythical usage of plants to 
engage audiences. 

Theme 4 - Consider globally, act locally: addressing changing environment. 

Appreciating the opportunities to promote the revival of small scale businesses, and 
the strengthening of local economies throughout Greece and the Mediterranean 
through agro-tourism initiatives, sustainable harvesting or cultivation of medicinal 
and aromatic plants, as well as through conservation and restoration of native 
habitats; 

Recognising the ongoing and vital role of Botanic Gardens in safeguarding species 
through ex-situ conservation; 

Further recognising the current and increasing threat of and impacts on biodiversity 
as a result of climate change; 

Being aware of the threats posed to biodiversity by invasive alien species and 

Welcoming the Council of Europe's Code of Conduct for Botanic Gardens on Invasive 
Alien Species as an excellent basis for relevant Botanic Garden initiatives. 

On environmental issues, the Congress encourages Botanic Gardens to: 
• Demonstrate best practice in relation to environmental sustainability both in 

their day to day work and when constructing new buildings and infrastructure; 
• Offer expertise to assess environmental impacts of new technical 

developments; 
• Create favourable environments for wildlife; 
• Assist with advice and research to support sustainable livelihoods and 

economies based upon plant products and 
• Be creative in developing new, environment-friendly, plant-based technologies; 

 

On conservation activities, the Congress urges Botanic Gardens to: 
• Manage their collections in accordance with an agreed institutional policy, 

taking into account relevant national and international legislation, guidelines 
and Codes of Conducts; 

• Establish or maintain activities in relation to ex-situ activities in support of 
Target 8 of the GSPC in view of the growing emphasis on restoration projects; 
and 

• Stay involved with conservation actions like Plant Microreserves and other in-
situ or inter-situ projects; 
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In regard to Alien Invasives, the Congress recommends that Botanic Gardens: 
• Train their staff to raise awareness and comprehension about the issue of Alien 

Invasive Species; 
• Assess the risk of plants in their collections becoming invasive – develop and 

implement guidelines, Codes of Conduct, and appropriate practice to prevent 
the spread of alien species; 

• Seek innovative electronic solutions to sharing information on Invasive Alien 
Species and alerting others to emerging problem taxa and 

• Undertake research on the spread, control, management and risks posed by 
invasive alien species. 

Resolutions on Congress Theme – Access and Benefit Sharing (ABS) and the Nagoya 
Protocol 

Respecting that the accessioning, management and exchange of plant material must 
be carried out in accordance with the Nagoya Protocol under the Convention on 
Biological Diversity and 

Recognising that it presents an important challenge for Botanic Gardens to develop 
Access and Benefit-sharing agreements for ex-situ collections under the CBD, 

the Congress urges all Botanic Gardens to: 

• Become familiar with and fully engaged in the Convention on Biological 
Diversity (CBD), the Nagoya Protocol and other multi-lateral environmental 
agreements; 

• Seek, in coordination with national networks, to be involved in developments of 
national regulations on ABS; 

• Submit case-studies to their national networks that exemplify both the tangible 
and intangible benefits shared by Botanic Gardens with provider countries for 
incorporation into the updated European Action Plan for Botanic Gardens; 

• Make use of systems compliant with the principles of ABS; 
• Join the International Plant Exchange Network (IPEN) for the exchange of 

materials between institutions. 

Resolutions on the European Botanic Gardens Consortium 

The Congress 
• welcomes the ongoing valuable support and guidance that is provided by the 

European Botanic Gardens Consortium; 
• recognises the important role it provides in supporting and guiding networking, 

linkages, and practical action amongst European botanic gardens, particularly 
in the field of plant conservation and 
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• thanks Botanic Gardens Conservation International (BGCI) for its continued 
support in providing a secretariat for the Consortium. 

Thanks to the host, organisers, and sponsors 
 

• The Congress congratulates the Island of Chios, and the Greek Botanic Gardens 
Association on the occasion the inauguration of the Aegean Botanic Garden – a 
remarkable and noteworthy action to secure the survival and appreciation of 
the wealth of the flora native to the Aegean region. 

• The Congress congratulates and thanks the Balkan Botanic Garden of Kroussia, 
the General Directive of Agricultural Research of the Hellenic Agricultural 
Organisation, DEMETER, the Greek Network of Botanic Gardens, the Advisory 
Committee, the Scientific Committee, the Organising Committee, the 
Education, Art and Social Programme Committee and Local Host Committee for 
all their work in making the congress a great success. 

• The Congress acknowledges the important role played by the staff of the 
Balkan Botanic Garden of Kroussia and the members of the European Botanic 
Gardens Consortium for their work in supporting the programme of the 
Congress and for contributing to so many aspects of its organisation. 

• The Congress also expresses its grateful thanks to the Congress Secretariat 
ARTION Ltd for their efficient organisation of the meeting, and to Apivita S.A.; 
Ari Foods; BGCI/CBD; Chian Cellar (Chiotiko Kelari); Gklavakis Plants; Green 
Fund; Hellenic Botanical Society; Iris BG; MastihaShop; Nireus S.A.; ScientAct; 
Stoupakis Chios Distillery S.A.; Tani G.P.; Theophrastos; Vitro Hellas who have 
all provided such generous financial or other forms of support; and Maria 
Gerardi-Passali, artist, who created the congress logo. 
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SUMMARY   

M. Kiehn brought into light the fascinating story of the enigmatic plant called 
‘Silphion’ that has attracted the attention of both historians and botanists. She 
delivered a comprehensive overview of literature sources, clarifying misconceptions 
and hypotheses about its identity, uses and current existence. 

N. Krigas et al. presented an overview of the risks and threats identified for the rare 
and threatened plants of Greece and contrasted their findings to the protection 
measures proposed for the conservation of priority plants both in Greece and 
Europe. A side-product of their analysis was the development of two classification 
systems, one for risks-threats and one for conservations measures which can help 
the conservation community to better structure the web of conservation, cross-
check the links among them and identify issues needing more attention.   

J. Bavcon described the diversity of Helleborus spp. (Christmas rose) in Slovenia, 
providing information regarding their habitats, flowering, morphology and natural 
hybrids. This work combined detailed observations made in the field and in long-
term cultivation experiments. 

E. V. Bazhina examined the pollen viability of Siberian fir trees in a non-native 
climatic environment (Forest arboretum), providing insights into climatic induced 
effects on the characteristics of Siberian fir trees at individual and population level. 
This was aimed at enabling the identification of mechanisms by which these plants 
respond to rapidly changing climatic regimes incurred when adapting to new living 
conditions.  

L. V. Orlova et al. presented a comparative morphological and molecular genetic 
investigation of the Northern Eurasian species of Larix and closely related taxa, with 
the objective of identifying new diagnostic characters with taxonomic value and 
provided a phylogenetic analysis of the Larix species. 

M. Delmas et al. presented the progress made regarding the French VIGIE-NATURE 
project which monitors biodiversity by collecting data on common species of fauna 
and flora in metropolitan France. Bridging networks of volunteers, non-profit 
organizations and scientists, this initiative feeds current research needs and 
contributes to the implementation of targets of the Global and European Strategies 
for Plant Conservation.  

The Hellenic Botanical Society organised the workshop “The Greek Flora: 
Conservation and Applied Perspectives” which reported on progress made regarding 
the project Vascular Plants of Greece: An annotated checklist. In addition, 
conservation initiatives, prioritisation and perspectives towards safeguarding the 
rich native plant diversity of Greece, either ex situ (seed banks and botanic gardens) 
or in situ (in protected natural ecosystems) were outlined.  
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Background 
“As long as many years you can’t find it at this country anymore …” (Plin.n.h. XIX 39). 
This statement of Pliny the Elder (23-79 AD) refers to the ancient Silphion plant. 
Called laserpicium or laser by the Romans, it was a highly recognized useful plant 
from the Roman province of Cyrenaica (today part of Libya). It was famous as 
medicine and very expensive: “... being sold as the same rate as silver.” (Plin.n.h. XIX 
39). Pliny also tells us the reason why it is not found anymore: the farmers who hold 
the land there on lease considered it more profitable to bring in flocks of sheep, and, 
as a result of that grazing, Silphion disappeared from the Cyrenaica. Pliny also 
reports “Within the time of our memory, only one single stalk has been found there, 
and that was sent to the Emperor Nero” (Plin.n.h. XIX 39).  
Why is this plant still so fascinating – even after 2,000 years? Silphion is the first 
useful plant species said to have become extinct by men. But many scientists do not 
want to believe that it really has gone forever and hope it might still grow 
somewhere hidden in Northern Africa and waits for its rediscovery. Additional 
questions relate to the botanical identity of the Cyrenaic Silphion and to its next 
relatives still existing today. Finally, there is also an increasing interest in the 
medicinal uses of this plant in antiquity during the last twenty years. According to 
recent literature, papers and internet articles one can get the impression that 
Silphion was THE most important plant for birth control in ancient times. 
The aim of this paper is to identify and correct some of the most widespread 
misinterpretations about Silphion. They relate to two main fields: interpretation of 
images and botanical identification and medicinal utilization in ancient times. Here, 
especially interpretations related to birth control and aphrodisiac effects will be 
dealt with in more detail, as both subjects are in urgent need of clarification and 
correction. 
 
History, botany and documented uses 
The first detailed descriptions of Silphion were provided by the “father of botany”, 
Theophrastos, in his “Historia Plantarum” and by Pliny the Elder in his “Naturalis 
Historiae”. They describe the whole plant from the roots to the seeds. According to 
this description Silphion clearly is a member of the family Umbelliferae (Apiaceae). 
Theophrast and Pliny distinguish it from other, similar plant species, especially from 
Ferula, Thapsia, and Narthex. A number of historians such as Skylax, Pindar, Herodot, 
Theophrastos, Strabo and Pliny report that Silphion only occurs in the semi-desert 
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region around the city of Cyrene in Northern Africa. There it is said to have shown up 
first and spontaneously after a dark rain seven years before the foundation of the 
city of Cyrene (611 B.C. according to Pliny). All attempts to cultivate Silphion outside 
of the Cyrenaica obviously failed (Hippocrates). 
For more than 200 years Silphion was the main trade product of the Northern 
African region of Cyrenaica and the image of the plant is frequently found on 
Cyrenaic coins. Leaves and stalks were roasted and eaten as vegetable. The plants 
were used as fodder for sheep and goats. A sticky reddish brown resin produced by 
the plant after cutting into the head of the black rootstock or by carving the stalk 
was collected in jars and mixed with bran or flour. This resin was sold as a very 
expensive condiment and as medicine. Numerous ancient authors like Pliny the 
Elder, Dioscorides, Scribonius Largus, or Galen report about its height value as 
medicine. Cato and Columella describe its uses in agriculture. Silphion is also 
referred to as luxurious food condiment, for example by Aristophanes (4th century 
B.C.) who mentions it as a condiment for roasted birds (Aristoph. av. 534). In the 
only existing cooking-book from the Roman time, written by Apicius (1st century 
A.D.), Silphion or laserpicium is mentioned 96 times, thus being one of the mostly 
used condiments [1].  
During the Ptolemaic and Roman reign, traded amounts of Cyrenian Silphion were 
successively becoming smaller, and the original Silphion was more and more 
replaced by a substitute (botanically identifiable as Ferula asafoetida) from Persia, 
Syria and Media (today part of Iran). At the time of Julius Caesar, it was already so 
rare and expensive that he held Silphion, besides gold and silver, in the temple 
treasure (Plin.n.h. XIX, 40). After the time of Nero (emperor 54-60 A.D.) only the 
substitute was reported in trade.  
 
Images and botanical identification 
There are numerous literature reports about images believed to show Silphion, 
which could potentially be used for a botanical identification of the species behind 
that name. At closer inspection, however, many of these reports unfortunately prove 
to be incorrect. Some of them are discussed briefly here. 
Cretan hieroglyphs from the Minoan time (c. 2,000 B.C.) interpreted as Silphion by 
Evans [2] (284f.), and Glotz [3] (197f.), not only do not really look like Silphion. More 
importantly, the authors overlooked the fact that there is no evidence for any 
Silphion-trade at that time. Silphion only appeared in trade or even was discovered 
more than 1,000 years after these hieroglyphs were used. Therefore we can, with 
high certainty, exclude that they show Silphion. 
Similar arguments hold true for a golden ring from Mykene which, according to 
Kandeler [4] (53), shows Aphrodite sitting under a Silphion plant. However, the plant 
looks much more like a tree (which would fit to the interpretation of Simon [5] (183), 
who states that the goodness is sitting under an olive tree). Also, Silphion had never 
been an attribute for Aphrodite. But most convincingly, there is no evidence that 
Silphion was already known in Mykene at this time, 1000 years before being first 
reported from Libya.  
A plant image at the cup of Naukratis for which Roscher [6] (1728) , assumes that it 
shows Silphion can be excluded because it does not exhibit any botanical characters 
of Umbelliferae.  



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

35 
 

For a column found in Delphi, identification as “Silphion column” is still found in 
quite recent university lectures (e.g., Lycoudis [7], esp. Figure 5). But already Elderkin 
[8] showed how unlikely it is to assume Silphion would be represented here and 
therefore, named the column “Akanthos Column”.  
Some column-capitals in Libya are said to bear images of Silphion. At closer 
inspection, the capital of Battos in Cyrene depicts a typical theatre mask with 
acanthus around (Kiehn [9], 64 f.). The capitals at the temple of Asclepios at Al 
Beidha, build under Emperor Hadrian (117-138 BC), exhibit characters fitting much 
better to an Aloe (or another monocotyledons species) than to Silphion [10].  
A study of the “goddess with Silphion” from the Louvre by the author revealed that 
the figure holds a lappet, not a plant in her hand (Kiehn [9], 71f.).  
Probably most disappointing for people acquainted with the “Silphion-story” is the 
analysis of the famous “Arkesilas cup”. Solely based on the spelling of names of 
persons written on this cup, a whole story was developed – this cup would show the 
survey of weighting and shipping of Silphion by a king Arkesilaos from Cyrene. One 
key argument is the Greek name  “silphomachos” found on the cup, which, if slightly 
altered, can be read as “silphiomachos”, translated as a person working with 
Silphion. But there are equally logical other options to translate this name, even in 
its original spelling (for details see Kiehn [9]). The most convincing argument against 
Silphion being subject of this cup relates to the traded goods. They are packed in 
nets. However, how could a resinous substance reasonably have been packed in a 
net? Theophrast and Pliny report that Silphion was packed in jars. Thus it is much 
more likely that the handling and shipping of a woollen substance is shown on the 
cup, and this was already proposed and argued for by Lane in 1933/34. 
What images are left? Plants held by small clay figurines from the Museum at 
Apollonia (Libya) and some figurines at the British Museum possibly represent 
Silphion. One stylized Silphion root is found in the Codex Vindobonensis (Diosk. 
Codex Vind. 398, [11]).  
The only images of Silphion we can really trust in are the coins of the Cyrenaika. They 
all provide indicative pictures of the Silphion plant, showing fruits or whole plants 
with leaves, sometimes also with fruits and rootstock. It is clearly recognizable that 
the plant is a member of Umbelliferae (Apiaceae).The British Museum holds a large 
collection of such coins which have been published by Robinson [12]. The oldest 
coins are drachms from 570 B.C. They show Silphion-fruits. In all the literature they 
are described and positioned as “heart-shaped”. But other coins, tetradrachms from 
the same time, exhibit whole plants with fruits. Already Oersted (in Strantz [13], 
176f.) correctly describes that the coins show, quite realistically, two winged 
mericarps (half-fruits) of an Umbelliferae still connected at the basis, resulting in an 
inverted heart-shaped appearance. Such fruits do exist in several extant members of 
the family. Siphion-fruits are not “heart-shaped”, but inverted heart-shaped!  
 
Silphion, an aphrodisiac? 
First of all, it is obviously unlikely that Silphion motifs on Cyrenaic coins are 
advertisements for aphrodisiacs in the Roman Empire, because they had already 
disappeared “in the sand of the Cyrenaica” for several centuries and thus never ever 
circulated in Rome. But nevertheless, the assumed “heart”-form of the fruits brought 
some authors to strange ideas. They speculate that, in the Roman society, the coins 
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with the “heart” would be indications for love and sex, and thus would advertise 
Silphion as aphrodisiac and love portion. In this context, Koerper & Kolls [14] as well 
as Koerper & Moerman [15] even doubt the “heart shape” to be a realistic image of 
the Silphion fruit. Koerper & Kolls [14] state that “…The fruits or seed pod … is 
testicular (realistic to cordiform) in morphology ... We do not interpret the cordiform 
element as naïve, but rather … it is the result of a conscious effort to mimic testicles.” 
and “Such fiction was abetted by the fact that overseas consumers obtained a 
processed product … certain aphrodisiacs of antiquity that were prepared of plant 
parts resembling male genitalia.” Koerper & Moerman [15] come to similar 
conclusions: “… The seed pods – look like testicles – sometimes they look rather 
realistic, but sometimes more heart-shaped”. Koerper & Moerman [15] write that 
coins from the Cyrenaica indicate “Cyrenaic juice as an effective ingredient of love 
potions.” As shown above, these authors are totally wrong, regarding the 
interpretation of the fruit form, probably the effect of a lack of botanical knowledge.  
Favorito & Baty [16] hypothesize that the heart-symbol had survived from the 
antiquity through the Roman “lupercalia” and through the medieval age until today’s 
St. Valentine’s Day. These authors even ignore three facts: the coins, of course, do 
not show little hearts; the St. Valentine’s type of heart was first used in Victorian 
times as a symbol for romantic love and was not known that way in ancient times. 
And finally, the last relicts of the “lupercalia” were forbidden by Pope Gelasius I in 
496 A.D. and it is more than unlikely that any of them would have “survived” until 
today.  
Remarkably, Koerper & Kolls [14] as well as Koerper & Moerman [15] admit that 
there is not a single antique text directly mentioning Silphion as an aphrodisiac. In 
summary, all the above cited speculations as well as a phallic interpretation of the 
Silphion plants on Cyrenaic coins found, e.g., in Koerper & Moerman [15] “…evoke 
images of an erect penis” are obsolete in the light of the real botanical and historical 
facts. 
 
Silphion, an effective contraceptive and abortive?  
A chapter in the book “Contraception and abortion from the ancient world to the 
renaissance” by the American historian John Riddle [17] resulted in a real hype about 
Siphion. It is argued here that Cyrenaic Silphion was a powerful agent for birth 
control in the Roman society and it would be evident from the ancient sources that 
the most prominent use of Silphion products was abortion. Until today, numerous 
other articles as well as the Internet are full with speculations about this effect of 
Silphion. The English Wikipedia page on Silphium (http://en.wikipedia.org 
/wiki/Silphium) also gives the impression that Silphion had been a most effective 
contraception and abortive in the ancient world. Some authors even say that use 
would have been the reason for its extinction: "… Silphium…had become 
extinct…because of high demand in the Roman world for effective family planning." 
[18]. 
How does Riddle [17] corroborate his view? He assumes that not only substances 
explicitly mentioned as abortive were used that way, but also others which were, 
i.a., reported to initiate menstruation. Therefore he interprets Dioscorides’s report 
of Cyrenaic Silphion to cause menstruation (Dioscrides m.mt. III84) as an evident and 
intended indication of its abortive function.  
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Such an assumption might be logical for societies tabooing contraception or 
abortion. However, this was not the case in the time of the Roman Empire. 
Dioscorides, e.g., explicitly names several other plant species useful for abortion, 
such as the next plant in his book, Sagapen. Taking this into account Silphion hardly 
can be considered the most effective tool for abortion. Would women at Roman 
times not have used one of those drugs explicitly mentioned instead of Silphion?  
Pliny the Elder is another author cited by Riddle [17] to support his views. Pliny was a 
very conservative officer in the time of Nero and Claudius. In his writings he explicitly 
avoids to list plants with negative effects. “… Greek authors have gone so far as to 
give a description of noxious plants … the only result of the use of which is to derange 
the intellect, to produce abortion, and to cause numerous other effects equally 
pernicious? So far as I am concerned, I shall describe neither abortives nor philtre,… I 
shall have abundantly done my duty, if I point out those plants which were made for 
the benefit of mankind“ (Plin.n.h.XXV 25). Pliny praises Silphion several times as “… 
the most precious gifts presented to us by nature” (Plin.n.h.XXII 101). Would Pliny 
have stated such a high opinion of Silphion, and would he not have warned women 
to use Silphion, if he would have been aware of “birth control” effects of Silphion 
and its products especially in cases of pregnancies?  
What about other ancient medicinal sources cited by Riddle [17] to corroborate his 
views? No mentioning of any contraceptional or abortive effect of Silphion is found 
in Scribonius Largus or Galen, who, similar to Dioscorides, describe other plant 
species with potential in this regard. In the texts of Hippocrates and Pliny, Silphion 
occasionally is mentioned (together with numerous other plants) in the context of 
expelling a dead foetus. Again, this does not at all indicate a pronounced role of the 
Cyrenaic Silphion as abortive or contraceptive. 
One additional reason for a wrong perception of Silphion as contraceptive by Riddle 
and co-authors might be, that they do not differentiate between the effects 
described for “true” Cyrenaic Silphion and those attributed to its substitutes. This, 
e.g., becomes obvious when looking at Soranus´ text about “opos cyrenaicos” 
(Cyrenaic juice). The text is used by Riddle [17] to underline his theories. But it is not 
at all sure that the “opos cyrenaicos” is a product containing Silphion at all. And even 
if containing Silphion, it is more than unlikely that Cyrenaic Silphion is meant, 
because, according to the ancient sources, Cyrenaic Silphion had already completely 
disappeared from the market at the time of Soranus (who lived around 100 A.D.). 
Thus effects attributed to the “Cyrenaic juice” by Soranus either are reports from 
oral tradition or, if valuating Soranus’ texts as instructions for a daily use, they must 
refer to the substitutes.  
Riddle and co-authors (e.g., Riddle & Worth Estes [19]) also interpret an image on a 
tetradrachm from Cyrene to underline their theory of the eminent importance of 
Cyrenaic Silphion in the context of birth control: “… Its connection to reproduction is 
suggested by the iconography used on the Cyrenian four-drachma coin: A seated 
woman’s left hand points to her genital area, and her right hand touches a silphion 
plant.” and state from this: “We know that silphion was valued as contraceptive from 
both objects and writings of the day.” [19]. This coin from the Cyrenaica, dated 570-
480 B.C., shows the sitting nymph Cyrene (symbolizing the city) pointing to a Silphion 
plant with one hand. The other hand, however, is not pointing to anywhere, but just 
lies on her lap as it happens when one is sitting. Any interpretation beyond that is 
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more than speculative. This also becomes obvious when looking at another 
interpretation of the same coin by Koerper & Kolls [14]. They are taking it as an 
advertisement for Silphion as aphrodisiac: “... We propose that this is just as likely to 
have been an erotic motif whose metaphoric reference was fertility …”. And, of 
course, all these authors have overlooked the fact that these coins never circulated 
in the Roman Empire and that, at that time, they already had vanished into the soil, 
in the true sense of the word, for more than 500 years. 
While Riddle [17] at least cites historical sources as support for his ideas, other 
authors seem to not even have looked at original historical texts at all. This is the 
only explanation for statements now quite often found in the literature like: “The 
juice appears from many descriptions in Pliny and in medical writers such as Soranus 
and Dioscorides to have been widely known as a contraceptice or abortifacient … 
Riddle has pointed to enough evidence to confirm that the contraceptive functions of 
laser-juice were important enough and well enough known among the learned and 
sophisticated élite in Rome” [20], or “Contemporary medical authorities were 
universal in their praise for Silphium’s value as a contraceptive. … Dioscorides, … 
recommended silphium for contraceptive and abortive purposes.” [21]. 
In summary it must be stated that, after in-depth evaluation, the original historical 
texts and sources about the medicinal uses of Silphion do not provide any proof for 
hypotheses about a prominent role of Silphion as contraceptive or abortive. Or, to 
cite Pliny (Plin.n.h. XIX 46): “Per que omnia adulterator rei saluberrimar 
utilissimaeque auctoritas”- “All this sheds a negative light on a useful product of 
highest esteem”. 
 
Searching for Silphion 
The list of “modern” scientists trying to identify and rediscover Cyrenaic Silphion is 
long. In the 16th century Matthioli [22] and Bauhin [23] compiled all information 
about Silphion from the ancient literature. Prosperus Alpinus (1553-1617) was the 
first who really searched for it. He found a Silphion-like plant in Thrakia (Romania) 
and named it Laserpicium (see Alpinus [24], published posthumus). But as already 
Strantz (1909) pointed out that the plant described by Prosperus Alpinus cannot be 
the ancient Silphion, as the description of the sap and the leaves do not fit.  
The description of a journey through Libya by Della Cella [25] is the first in a series of 
papers reporting a “rediscovery” of Silphion in Northern Africa. Sprengel [26], Viviani 
[27], and Beechey [28], Link [29], Oersted [30] or Ascherson & Taubert [31], only to 
name a few, attempted to identify Cyrenaic Silphion. They described or discussed 
species of Thapsia (e.g., Thapsia garganica and subspecies of it), Narthex (N. 
silphium) or Ferula (like F. marmarica, F. narthex or F. tingitana) and brought them 
into connection with the ancient Silphium. But after closer inspection and 
comparison it always turned out that the suspected species was not fitting the 
description of Cyrenaic Silphion. The only generally accepted conclusion of all of this 
work was that the ancient Silphion must have been a Ferula-like plant.  
The last scientist who claimed to have found the real Silphion was, in 1996, Prof. 
Antonio Manunta from Urbino (Italy). He argues that Cachrys ferulacea (= Prangos 
ferulacea), a species native to the Cyrenaica, represents the ancient Silphion. But 
Manunta´s (1996) comparison of botanical characters is incomplete. He only 
compares characters of the coins and does not fully consider character mentioned in 
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ancient written sources. He also compares the characters of the coins only with 
Cachrys ferulacea and not with any other large Umbelliferae occurring in the 
Cyrenaica. Inclusion of the data of the written sources and the comparison to other 
umbelliferous taxa make it obvious that characteristic features documented for the 
Cyrenaic Silphion (like, e.g., the reported size of the ancient plants) fit much better to 
Ferula species than to Cachrys ferulacea. It is also interesting to note that Manunta 
[32], in spite of the fact that he refers to a paper by Gemmill [33], does not mention 
Gemmill's [33] remark about Prangos ferulacea (synonym of Cachrys ferulacea) 
being identical with the ancient Magydaris. Magydaris, however, was clearly 
distinguished from Silphion already by the ancient authors. This is another strong 
argument against the identification of the Cyrenaic Silphion with Cachrys ferulacea.  
 
 
Summary and closing remarks 
All available data and information on Cyrenaic Silphion clearly indicate that this 
species must have been a close relative of its later substitutes, which, according to 
the ancient authors, are distinguished from the “real” Silphion only by their bad 
taste. This “Silphion” of Persia and Media, today identified as Ferula species, was 
very much used in the Roman Empire and, until today, it is a very important 
condiment in many countries, especially in India. Species with such uses are, e.g., 
Ferula narthex, native to Afghanistan, or F. asafoetida and F. foetida, native to Iran 
and Afghanistan. Botanical descriptions and species delimitations for Ferula species 
from this part of the world, however, are still far from being completed (M. Zych, 
Warsaw, pers. comm.). 
There is no Umbelliferae native to Libya exhibiting all characters reported for the 
ancient plant. Consequently, all attempts to identify a modern Umbelliferae as the 
Cyrenaic Silphion have failed up to now. The present studies clearly show that many 
so-called “facts” about the ancient Silphion are the results of misinterpretations or 
wishful thinking. This holds true for most images brought in connection with 
Silphion, and also for some hypotheses related to its uses, e.g. that ancient practises 
of birth control have caused its extinction. The ongoing interest in the botanical 
identification and medicinal uses of the ancient Silphion, however, is a clear 
indication for the fact that it seems difficult to accept the extinction of this enigmatic 
plant. 
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Abstract 
We analysed the risks and threats of the evaluated Rare and Threatened Plants of 
Greece (473 taxa, in total) and the measures for their conservation, as identified and 
proposed, respectively, in the Red Data Books (RDBs) of Greece. To classify and 
examine them, we further developed a hierarchically organized, expandable and 
scale-independent system, which can be used as a tool for identifying issues 
requiring attention. Fifty-six types of risks/threats were identified. Of these, 11 are 
classified as endogenous. They are related to plant features that make taxa more 
sensitive to external stresses. The remaining 45 risks/threats that are classified as 
exogenous are divided into those of primarily natural origin (natural phenomena and 
habitat changes) and those of primarily anthropogenic origin. The latter are 
associated with interventions of mechanical type, discarded materials and 
application of chemicals, land use and management changes, invasion of alien 
species, and multi-effect factors. Threatened by endogenous factors are 37% of the 
RDB taxa, with ecological specificity, affecting 21% of the taxa, being recognized as 
the prominent risk. Natural processes and natural disasters affect 18% of the taxa, 
whereas changes in vegetation structure resulting into increase of the forest cover 
are considered as a threat for 11% of the taxa. The great majority (84%) of the RDB 
taxa of Greece are threatened by exogenous factors of anthropogenic origin. 
Prominent among them are: (i) interventions of mechanical type, recognized as a 
threat for 60% of the taxa, with grazing (40%) and uncontrolled collections (30%) 
included in this category, (ii) land-use changes (59%) including urban-tourist 
development (35%) and opening or widening of roads (25%), (iii) changes in 
management practices (17%), and (iv) multi-effect threats, such as wild or human-
induced fires (15%). For 45 taxa, no specific threats were identified. 
Regarding the proposed protection measures, 55 different types are distinguished. 
These can be divided into general and specific, each type affecting similar numbers 
of taxa (>75%). Ex situ conservation, including cultivation in botanic gardens (50%) 
and storage in seed banks (43%), designation of protected areas (14%), and 
awareness campaigns (18%) are the most frequently proposed general measures. 
The specific measures aim at alleviating the effect of the identified risks/threats per 
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taxon. However, these two do not always fully match. The most commonly 
recommended measure against endogenous risks is further research, primarily of 
population sizes and dynamics (30%). The most frequently proposed measure 
against exogenous threats is the control of grazing (25%), of plant collections (20%), 
and of human activities that lead to drastic changes of the habitat (24%). For 40 taxa, 
there is no specific measure proposed. 
 
 
 
Background 
Being part of the Mediterranean region, Greece is a biodiversity hot-spot. Within this 
globally important region, this country has the highest endemism and diversity of 
native species per unit area [1]. Given this, ‘the rare, threatened and endemic plants 
of Greece’ were a priority for IUCN (International Union for the Conservation of 
Nature-World Conservation Union) within the context of Europe, and therefore, the 
first extinction risk assessment for the plants of the country was produced in 1982 
[2]. Following this, two national Red Data Books (RDBs) [3, 4] were published using 
the IUCN criteria of the time, and also the first global IUCN Red List [5] as well as the 
recently produced European Red List [1], both including among others rare and 
threatened plants of Greece.  
The IUCN’s Red Listing system is widely recognized as the most authoritative source 
for estimating the species’ extinction risk [1]. It provides a set of pre-defined, non-
subjective criteria along with decision rules and threshold values [6] so as to properly 
assign taxa to the different IUCN threat categories. This system has become an 
increasingly powerful tool worldwide for decision-making and for guiding 
conservation planning, management and monitoring [7]. 
While conservation of biodiversity merits great concern [8], threat analysis is crucial 
for designing conservation strategies and measures, also for improving the accuracy 
of future listing assessments and for assigning more informative threat classifications 
[9, 10]. Apart from identifying risks and threats, it is also important to have an 
understanding of how these affect the taxa in concern across their range, whether 
they interconnect and, if so, the emerging patterns [9]. 
The identified risks and threats and the proposed measures for the conservation of 
the RDB taxa of Greece have never been analysed before. In consequence, the full 
picture and, hence, a guide on where to focus attention is missing. Notably, studies 
that examine both risks/threats and protection measures are also scarce in 
literature. To fill this gap, we assess the various risks and threats and the protection 
measures that are identified and proposed, respectively, per taxon by the different 
authors of the RDB taxa of Greece. After grouping them in hierarchically structured 
categories, we can identify the prominent ones and examine how well the 
risks/threats perceived and the measures proposed match each other. The system 
that we developed and applied in order to classify them can help the conservation 
community to better visualize the conservation web, cross-check the links, and 
identify cases needing more attention.  
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Methods 
For our analysis, we used the two Red Data Books of the Rare and Threatened Plants 
of Greece. The first [3] is written in English and includes 273 taxa (species and 
subspecies), whereas the second [4] is written in Greek and includes 300 taxa. We 
made a unified catalogue of the taxa that are included in both (473 in total), after 
elimination of duplicates with case-by-case nomenclatural check based on the Med-
Checklist [11] and the Euro+Med PlantBase [12]. The RDBs of Greece include 
descriptive texts regarding risks and threats and propose conservation measures that 
can counter them. These texts are written by Greek or foreign experts who apply 
different approaches to collect and provide this information, i.e. extensive field 
work, simple in situ observations, or expert opinion.   
We performed text analysis for each taxon included in either of the two RDBs. For 
the taxa included in both, only the most updated account was taken into 
consideration. The analysis was done separately by three independent researchers 
and decisions were taken in following joint sessions. In case of conflict, the texts 
were revisited and the procedure repeated so as to achieve consensus.  
Risks and threats include both anthropogenic and natural factors that can stress 
populations and species to the point of extinction [8]. We avoided to draw a line 
between direct (or proximate) and indirect threats (or stresses), since this would be 
arbitrary to a considerable degree in many cases [8]. In the risk domain, we include 
biological and ecological features that are mentioned by the RDB authors and which 
may make taxa more sensitive to external stresses. Regarding protection measures, 
these include general conservation actions and specific measures that aim to 
alleviate the effect of the factors menacing the RDB taxa. 
We developed a hierarchically organized classification system. To accommodate the 
identified risks and threats, the respective classification scheme is made of four 
levels. First, we separate them to endogenous and exogenous. In essence, the 
endogenous group includes plant features that make taxa more sensitive to the 
effect of exogenous factors and may be described more as risks rather than threats. 
Subdivision of exogenous threats is made on the basis of their origin, natural or 
anthropogenic. For the proposed measures, the classification scheme has five levels. 
Measures are first divided into two major groups: those corresponding to 
conservation actions of general type and to threat-specific ones.  
Several subcategories are further distinguished in either case. The fourth level of 
risks/threats (Figure 2) and the fifth level of measures (Figure 3) correspond but are 
not always identical, as some prior grouping is also applied there, to the detailed 
description originally provided by the RDBs of Greece [3, 4]. 
 
 
Results 
 
Risks and Threats 
After text analysis and grouping together similar descriptions, we detected 56 
different factors imperiling the 473 evaluated rare and threatened plants of Greece. 
For 45 taxa, no specific threats were identified. For most taxa (379), the number of 
threat types varies between one and five; for the remaining 56 taxa, it varies 
between six and ten (Figure 1).  
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Intrinsic risks or threats (Figure 2) were identified for 37% (n=175) of the taxa. 
Narrow niche, population fluctuations, unknown biological cycle, low genetic 
diversity, genetic depression and inbreeding-polyploidy were the types most 
frequently mentioned. Other recognized types are competition (with other native 
species), low dispersal potential, low seed production, difficulties in seedling 
establishment, biennial or monocarpic life cycle and hybridization.  
For 86% of the taxa evaluated (n=406), exogenous threats were identified. Threat 
types of primarily natural origin were identified for only 18% of the taxa. In contrast, 
primarily anthropogenic threats were identified for their large majority (84%). Six 
subcategories were distinguished (Figure 2):   

(i) Interventions of mechanical type. They are recognized as threats for 60% of 
the taxa. This subcategory includes 10 different groups of threat types. Prominent 
among them are those related with grazing (40%), uncontrolled plant collection 
(30%) and trampling or stepping (11%).  

(ii) Application of chemicals and disposal of materials. They are recognized as 
threats for 9% of the taxa. This subcategory includes use of chemicals-biocides-
fertilizers, pollution, waste disposal and deposit of debris.  

(iii) Land use changes. They are recognized as threats for 56% of the taxa. This 
subcategory includes 8 different groups of threat types. Prominent among them are 
the following: urban and tourist development (including wind- and photovoltaic 
parks, aerial sites, military camps, ski facilities) (35%), opening/widening of roads 
and pathways (25%), changes of habitats due to human activities (16%), quarries and 
mines (6%), and draining of wetlands (4%). 

(iv) Changes in management practices. They are recognized as threats for 17% of 
the taxa. This subcategory includes 8 different threat types. Prominent among them 
are the following: intensification of agriculture or abandonment of traditional 
agricultural practices (6%), management of water courses (6%) and logging (4%). 

(v) Invasion of aliens. They are recognized as threats for 2% of the taxa. 
(vi)  Multi-effect threats (of natural or human origin that may interfere with 

other factors). They are recognized as threats for 19% of the taxa. The effect of 
climate change is reported to affect 4%, while wild or human-induced fires are 
reported to affect 15% of the taxa. 

 
Protection measures 
After text analysis and grouping together similar descriptions, we detected 55 
different protection measures that were proposed for the 473 rare and threatened 
plants of Greece. For 40 taxa, there is no specific protection measure proposed. For 
the remaining 433 taxa (91.5%), one to 12 measures are recommended (Figure 3). 
The classification scheme that we developed for measures is presented in Figure 3. 
The first division is made on the basis of measure specificity. The first category, 
including measures of general type, concerns 79% of the taxa and is divided into two 
subcategories: institutional-awareness actions proposed for 36% and conservation 
actions proposed for 65% of the taxa. Designation/expansion of protected areas and 
raising public awareness are the most common measures of the first category, 
whereas cultivation in botanic gardens and storage in seed banks, creation of micro-
reserves and fencing of populations are common in the second category. Of the 55 
measures, at least 41 can be linked with specific threat types (Figure 2) and, hence, 
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they can be described as threat-specific. They are divided into those anticipated to 
alleviate the effect of endogenous risks and threats, proposed for 40% of the taxa, 
and to those against exogenous ones, proposed for 66% of the taxa. In the category 
of measures against endogenous risks/threats, the most frequently proposed types 
are field surveys, estimations of population sizes and assessment of population 
dynamics, and also research on the species’ features, primarily reproductive ones.  
The category of specific measures against exogenous risks/threats constitutes the 
third main category; this is further divided into two subcategories following the 
division of exogenous risks/threats, i.e. into measures against threats of primarily 
natural origin (mainly maintenance of vegetation and avoidance of forest 
expansion), which are proposed for 15%, and measures against anthropogenic 
threats, which are proposed for 63% of the RDB taxa. The latter subcategory includes 
the following six main groups (Figure 3):   
(i) Measures against interventions of mechanical type. They are proposed for 42% of 
the taxa. This group includes 12 basic types of measures. Prominent among them is 
the restriction/control of grazing (25%) and of plant collections (20%).  
(ii) Measures against application of chemicals and material disposal. They are 
proposed for 4% of the taxa. They mainly include restriction/control of 
chemicals/biocides/ fertilizers (3%). 
(iii) Measures against land use changes. They are proposed for 37% of the taxa. This 
group includes 6 basic types. Avoiding drastic change of habitats (24%) and 
restriction/control of urban-tourist development (13%) and of opening or widening 
roads (8%) appear more frequently.  
(iv) Measures against changes in management practices. They are proposed for 6% 
of the taxa. This group includes 6 basic types. Preventing intensification and 
abandonment of traditional agricultural practices appear most frequently (3%).  
(v) Measures against invasion of aliens - control of ornamental planting. They are 
proposed for only 1% of the taxa.   
(vi) Measures against multi-effect threats, such as prevention of fires and evaluation 
of post-fire responses. They are proposed for 4% of the taxa.  
 
 
Discussion 
Our study presents for the first time an overview of the risks and threats identified 
and the protection measures proposed for the rare and threatened plants of Greece. 
Risks and threats originating from human activities represent more than 83% of 
those menacing the threatened plant taxa in the Mediterranean biodiversity 
hotspots of the different continents [9 and references therein]. This percentage is 
comparable to the one in our study, where 84% of the risks/threats affecting the 
RDB taxa of Greece are human-induced. 
In the Eastern Mediterranean region, habitat loss due to urbanization (residential-
tourist development, road opening or widening), intensification of agriculture and 
livestock farming, over-collection of wild plants and the wild or human-induced fires 
are recognized as major factors menacing the survival of the threatened flora of both 
Greece and Cyprus [15]. 
Comparing the most frequently identified threats for the RDB plants of Greece and 
the major threats identified for the European threatened plants [1] or for the 
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threatened flora in the Mediterranean biodiversity hotspots [9], we can find perfect 
matches but also mismatches. Grazing (and intensive livestock farming) as well as 
urbanization are recognized as major threats for the RDB taxa of Greece and for the 
threatened plants of Europe [1] and of the Mediterranean biome [9]. In contrast, 
uncontrolled collection of wild plants and ecological specificity (narrow niche) are 
not considered as major risks/threats neither for the threatened European plants [1] 
nor for those of the Mediterranean biodiversity hotspots [9]. 
The comparison of the risk/threats identified and the protection measures proposed 
for the different taxa examined in our study indicates that these two do not tightly 
match. For instance, although interventions of mechanical type were identified for 
60% of the taxa, specific measures to alleviate their effects were proposed for 42% 
of them. Similarly, although multi-effect threats were recognized for 19% of the taxa, 
specific measures were proposed for only 4%. In addition, despite their designation 
to one of the IUCN threat categories, no risks/threats were recognized for 45 RDB 
taxa; yet, protection measures were not proposed for only 40 taxa. These suggest 
that recognition of risks and threats and recommendation of conservation measures 
do not always follow a strictly defined procedure. This leaves room for concerns and 
worries that the authors’ perceptions and beliefs may play in some cases a more 
important role than the evidence from research in the field. The listing of 
threatening processes and conservations actions and the absence of objective and 
quantitative criteria have  been targets of criticism [9, 13, 14], as these may lead to 
local biases and lack of agreement between experts when evaluating risks and 
threats and recommending measures. Although, in essence, any species could be 
classified according to the same IUCN criteria, in practice, there are inconsistencies 
produced in reporting threat types and their effects. For instance, there is 
preference in reporting more immediate threats and under-reporting widespread 
ones, which make current classifications rather idiosyncratic, less comprehensive 
and less comparable than expected [9]. This seems to hold true also for conservation 
actions and protection measures resulting from the prior identification of taxon-
specific risks/threats. 
In our study, conservation actions, such as ex situ cultivation in botanic gardens and 
storage in seed banks, and institutional-awareness actions, such as designation of 
protected areas or awareness campaigns, are proposed for a large number of the 
RDB taxa to secure their survival. Individual threat-specific measures are also 
proposed for an equally high number of taxa. As there are no published data of this 
type compiling information for the rare and threatened plants of other regions, we 
cannot currently evaluate the Greek situation in a comparative way.    
Current threat classification systems contain either three [8] or four [16] 
classification levels or try to combine three binary factors of threat properties 
(human, stochastic and space-related) resulting in eight possible combinations [9]. 
However, there is a long way to go in order to develop systematic approaches at a 
refined level [9]. For this reason, we here developed and applied a simply-structured 
and hierarchically organised system (from coarse to fine resolution) to classify the 
risks/threats and the protection measures. The two classification outputs are 
complementary to each other (most threat types are linked with measures), 
expandable (new entries can be easily attached) and scale-independent (the terms 
can be used regardless geographical scales, at least for threatened plants), thus 
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facilitating cross-checking of matches and mismatches between threats and 
measures and providing a tool for identifying issues needing more attention, and 
hence, allocation of resources. 
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Figure 1. Number of risks/threats identified and protection measures proposed for 
the taxa included in the Red Data Books of the Rare and Threatened Plants of Greece 
[3, 4]. 
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Figure 2. Classification of 
risks and threats 
identified for the rare 
and threatened plants of 
Greece (in parentheses, 
the percentage of taxa 
affected). 
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Figure 3. Classification of 
protection measures 
proposed for the rare and 
threatened plants of Greece 
(in parentheses, the 
percentage of taxa 
concerned). 
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Abstract 
Slovenia lies at the crossroads of different geographical influences. Its northwestern 
and central northern regions extend into the Alps, in the southwest it reaches into 
the sub-Mediterranean, while its northeastern and eastern parts belong to the sub-
Pannonian region, and its southwestern and central southern parts to the Dinaric 
world. The genus Helleborus (L.) is naturally distributed in Central and Southern 
Europe as far as Western Asia, where it is represented by 15 different species. A 
third of them, five species, grow in Slovenia. Considering the small size of the 
Slovenian territory, they reveal an extraordinary diversity. They may begin to bloom 
already in late autumn, continue over winter and last well into spring. Wherever 
several hellebore species grow side by side, interesting hybrids appear which further 
increases the diversity of the hellebores in Slovenia. The Christmas rose (H. niger L.) 
grows both in lowlands and highlands. In exposed positions the first flowers opening 
in early winter are suffused with pink. The reddish hue becomes more intense after 
the flower has been pollinated. This species is found only on dolomite substrates. 
The other species growing in Slovenia are not restricted to alkaline substrates. They 
include the species notable for their exclusively green flowers: H. odorus Waldst. & 
Kit., H. dumetorum Waldst. & Kit., H. multifidus Vis. subsp. istriacus (Schiffner) 
Merxm. & Podl. and purple-flowered H. atrorubens Waldst. & Kit. In numerous local 
populations making part of the green-flowered group extremely diverse, specimens 
appear in a wide range of shades, shapes and sizes of flowers. With the exception of 
the Christmas rose, all of the above-mentioned species cross-breed with one 
another. Where H. atrorubens Waldst. & Kit. and H. odorus Waldst. & Kit. grow in 
close proximity, the diversity in the colour range, shape and size of flowers is all the 
more outstanding. 
 
 
Background 
The name Helleborus has been in use for more than 2200 years and the plant was 
known primarily for medical reasons even before Theophrastus (372-287 BC). The 
ancient Greeks distinguished between two species: Elleborus melas and Elleborus 
leucas. In his 'Natural History', Naturalis Historia, Pliny the Elder (23-79 AD) describes 
hellebores and their uses. Hellebores are also described by Dioscorides (40-90 AD) in 
his work De Materia Medica (c. 77 AD). In 1565 Mathioli drew a clearly recognizable 
representation of the Christmas rose (H. niger) and green hellebore (H. viridis) as 
mentioned by John Gerard in 1567 [1]. According to Schiffner 1890, the name 

mailto:joze.bavcon@botanicni-vrt.si


European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

54 
 

hellebore is often referred to in different works by Roman authors both in the BC 
and AD period [2]. 
Hellebores were considered to be interesting garden plants as early as the middle of 
the 19th century. Studies were carried out in the Botanic Garden of the Berlin-
Schöneberg University in the 1850s. Two forms of H. orientalis appear in its Seed 
Index (Index seminum) [3]. 
In Slovenia, the most important botanist was Mathioli who often visited this part of 
the world and occasionally treated Idrija miners. Hellebores are subsequently 
mentioned in the famous Flora Carniolica by Scopoli [4, 5]. In the second edition of 
the work Scopoli [5] already refers to two species denominated as H. niger and H. 
viridis. 
Hellebores are also mentioned in the first list of plants that Hladnik compiled for the 
Botanic Garden in 1812 [6]. This list of the plants represented in the Botanic Garden 
includes two hellebore species: Helleborus niger and H. viridis. In his Flora 
Wochinensis from 1826 (AS 882) he describes two species: H. foetidus and H. niger. 
However in Botanische Notizen, he already refers to nine species which he may have 
had planted in the Ljubljana Botanic Garden (AS 882): Helleborus niger, H. viridis, H. 
hyemalis Eranthis, H. atrorubens, H. dumetorum, H. laxus, H. altifolius, H. graveolens 
and H. multifidus. 
In Flora Austriaca, Host [7] lists a total of 13 hellebore species with reference to the 
former common state, the Habsburg Monarchy, which also included the territory of 
present-day Slovenia. The following species are stated for Carniola (present-day 
Slovenia): H. hiemalis in monte Nanas - the species is now in the second independent 
genus Eranthis - Eranthis hyemalis, but its presence on Mt Nanos can no longer be 
confirmed; H. niger; H. intermedius and H. viridis. Host makes an indirect reference 
to H. atrorubens because not all of the area in question made up part of Carniola. 
In his Uebersicht der Flora Krains (A Survey of Carniolan Flora) [8] Fleischmann refers 
to a number of species: H. graveolens Host, H. bocconi Ten., H viridis L., H. 
dumetorum Kit. H. laxus Host, H. odorus Kit., H. purpurascens W., H. atrorubens W. 
Kit., H. niger L., H. altifolius Heyne. 
In his work Naše škodljive Rastline (Our Pestilential Plants), [9] Cilenšek cites and 
describes three species: Helleborus niger, H. viridis, H. foetidus. In Paulin's 
remarkable collection Flora exsiccata Carniolica, Paulin refers to seven species [10]: 
Helleborus niger L., H. macranthus (Freyn) Fritsch, H. altifolius Kerner, H. odorus W. 
& Kit., H. dumetorum W. & Kit., H. odorus W. & K. var. istriacus Schiffn., Helleborus 
dumetorum W. & K., H. atrorubens W. & K., Helleborus x carniolicus Paulin (H. 
atrorubens x H. odorus). 
Glovacki's identification key [11] lists seven species: H. niger L., H. macranthus 
Freyn., H. atrorubens W.K., H. multifidus Vis., H. dumetorum W. K. Plotni, H. viridis L., 
and H. odorus W.K. In the first and second editions of her Ključ za določanje Cvetnic 
in Praprotnic (Key to Determining Flowering Plants and Ferns) [12, 13] Piskernik cites 
six species: H. atrorubens, H. niger, H. macranthus, H. multifidus, H. odorus and H. 
dumetorum. Mayer's list [14] includes only five species: H. niger L. subsp. niger, H. 
niger subsp. macranthus (Freyn) Schiffner, H. odorus Waldst. et Kit., H. multifidus 
Vis., H. dumetorum Waldst. et Kit. and H. atrorubens Waldst. et Kit. The same species 
are cited also in the first edition of Mala Flora Slovenije (The Small Flora of Slovenia) 
[15]. The subsequent editions of The Small Flora of Slovenia cite just the five above 
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mentioned species among which H. niger is represented by only one subspecies [16-
18]. 
 
 
Materials and Methods 
The research material has been collected over the last 15 years, but more intensively 
in the last decade. The plants showing deviation from the descriptions of individual 
species were brought to the University Botanic Gardens Ljubljana where they were 
cultivated. 
A number of species were monitored in, and collected from different parts of 
Slovenia. It often happens that the time when a plant is transferred to garden 
conditions marks the height of its season, meaning that with regard to observing the 
plant and comparing it with other specimens that particular year is lost. So it is 
necessary to wait till the following year to see what the plant looks like in garden 
conditions. Further difficulties are associated with single years and the breeding of 
all the special features in culture, as each of them requires special conditions for 
optimal growth. The growth of these plants in flower beds or surrogate habitats in 
the Botanic Garden does not usually pose problems. However, if the plants are to be 
closely monitored, a pot experiment has to be carried out by assigning a number to 
every pot and monitoring the appearance of the plants in the subsequent years. This 
requires an enormous amount of work, as each pot needs individual care. So it often 
happens that single plants require several years to reach full growth, for only a plant 
in its optimal phase is fit to ensure proper comparison. 
The work in natural habitats started with a detailed survey of the areas where local 
populations were numerically massive. Some of the most deviating specimens were 
collected at once, whereas the others, only after the major part of single local 
population areas had been examined. Each specimen was photographed first in its 
habitat, then dug out and photographed once again to expose its special 
characteristics with more contrast. Specimens were put in separate bags and 
labelled with the designation of their habitat. On return to the Botanical Garden, 
each specimen was described and planted into a 14 x 4cm pot filled with a mixture of 
compost and leaf mold. All pots were provided with information labels. The pots 
were placed on a foil that had been spread over flower beds to prevent weed 
growth. The plants were watered when necessary. Seeds were collected from all 
plants that had seeded and were subsequently sown. 
 
 
Results and Discussion 
Christmas rose (Helleborus niger), which grows in different parts of Slovenia, is a 
widely variable species, although it is ecologically bound to alkaline grounds. It grows 
from the lowlands to highlands. It is absent only from the warmer coastal areas – the 
Submediterranean and Subpannonian phytogeographic regions of Slovenia. The 
colour of the Christmas rose flowers ranges from white to pale pink, then later turns 
yellow to orange yellow, or even completely red. The most radical colour change 
occurs after the flowers have matured. Specimens can be found with mature flowers 
whose colouration ranges from yellow-olive green, rose-coloured to perfectly red. In 
between one finds orange yellow specimens and every possible shade of white to 
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green yellow, pink to pink red. Our research has shown that the period of flower 
maturation coincides with the widest range of colours. The first flowers pushing into 
the open are rather pink-flushed, particularly from the outside. When the weather 
becomes warmer, the subsequent flowers of the same plant turn completely white. 
Pink tones appear also in populations occupying colder areas sufficiently exposed to 
the sun. There, the flowers have a very lovely pink hue, which is usually 
concentrated along the veins originating from the base of the sepal towards the top. 
As the sepal margin is whiter, the flower looks as if it has a white outline. After 
pollination, the Christmas rose flowers show richest colouration in open areas: 
meadows, thin thermophilous forests and highland meadows. Mostly higher lying 
areas and sun-exposed positions with a considerable slope inclination are involved. 
The plants seen in forests are more uniform. McLewin [19] reports that flower colour 
is very rich in extensive meadows in the mountains of the Triglav area. Let us add 
that such and similar habitats can be found in many parts of Slovenia where the 
Christmas rose is very common. Ravnik [20] states that at the end of the blooming 
period, the sepals of the plants growing in the shade turn green, while the sepals of 
sun-exposed plants assume different colours. During the course of our field work, 
this statement proved to be correct in the majority of Slovenian locations. The stem 
leaves are also pink-coloured in some specimens. 
In local, numerically large, natural populations of plants growing in Slovenia there 
are always at least some plants that reveal stable distinguishing characteristics. 
Similarly as with other species, the probability that, once a sufficient number of 
specimens of a variety are available, at least one of them will prove stable is 
essentially higher [21]. Mathew [1] reported an exceptionally large morphological 
diversity in garden grown Christmas roses sown by gardeners. Flower shape differs; 
some are more cup-shaped, others more tray-shaped. In some, the sepals overlap 
like the blades of a windmill, in others they are almost free, while in others sepals 
can be spherically rounded or pointed. Flowers with more sharply pointed sepals 
give the impression of a windmill, while those with rounded sepels create an 
imaginary circle in which the empty interspaces between sepals are barely 
noticeable. Analyzing the Christmas rose in Slovenia in an attempt to establish 
differences between the subspecies H. niger subsp. niger and H. niger subsp. 
macranthus, Ravnik [20] states that the sepals can overlap by half of their length or 
more, or else they can be completely free, which according to him is characteristic of 
the subspecies H. niger subsp. macranthus. He attributes all of the mentioned 
differences in Slovenia exclusively to the subspecies H. niger subsp. niger. 
Furthermore, he states that the sepals reveal variations in breadth and shape. 
McLewin [19] also observed sepal variation. According to Slopek-Sondi and co-
authors [22], sepal size increases in mature flowers. Experimenting on removed 
carpels, they proved that cytokinins, and similarly gibberellins, stimulate the green 
colouration of the sepals, while paclobutrazol inhibits it, which indicates that the 
maturity of flowers and the coloration of sepals are hormonally related. 
Diversity is not limited only to the sepals but is also obvious in the nectaries. Ravnik 
[20] states that the nectariferous leaves are tubular and bilabiate, have shorter or 
longer pedicels and vary in size and shape. He adds that the nectariferous leaves of 
the plants of the lowland and montane zones are mostly greenish or greenish yellow, 
rarely yellow, whereas the nectaries of the plants of the subalpine zone are mostly 
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yellow. All of these findings have also been confirmed in the course of our research. 
A similar situation as with H. niger can be observed also with the spring snowflake 
(Leucojum vernum L.) in which the tips of the perigone leaves are mostly yellow in 
the highlands but mostly green in the lowlands [21]. 
In addition to its diverse flowers, the Christmas rose also has highly diverse green 
leaves. A single leaf has five to seven or even eight, nine, or more, strongly toothed 
leaflets. Analyzing the leaves on the basis of herbarium material, they can comprise 
of 5 to 6, or 7 to 11 leaflets which show great variation in shape. As evidenced by our 
field observations, a wide range of leaves can be found in a single, densely populated 
habitat. Some specimens have large leaves with more numerous leaflets, others 
have smaller, rounded leaves with fewer leaflets. Leaflets can be rather coarsely 
saw-toothed or finely toothed, or even entire. The diversity of the green leaves of 
Christmas rose is also stated by Eler [23]. 
The Christmas rose is considered to be a highly diverse species, which is pointed out 
by practically all the authors who have studied it. Let us mention just a few of them: 
Schiffner [2], Ravnikar [20], Mathew [1], Pape [24], McLewin [19, 25], Sušek et al. 
[26], Colston Burrell & Knott Tyler [3]. Mathew [1] stresses, however, that in spite of 
the great diversity of H. niger most of the variations do not show a sufficient number 
of distinguishing features to be of any taxonomic significance. They are nonetheless 
important in the horticultural sense, since these variants can also have names of 
their own. 
The fragrant hellebore (Helleborus odorus). In Slovenia the fragrant hellebore (H. 
odorus) is likewise considered to be a very diverse species. As a result it is sometimes 
hard to tell apart from its relative H. dumetorum, even though the respective flowers 
vary in size, with H. odorus having larger flowers and in the winter hardiness of 
leaves which is said to be a fine distinguishing characteristic for H. odorus. In 
practice, however, things prove less certain. In Slovenia, the leaves of H. odorus are 
rarely winter-hardy. The plant exudes a mild fragrance noticeable if one is near it 
during the initial phase of flower unfolding and at the right hour of the day. A more 
reliable distinguishing feature seems to be the distribution area of the species in 
Slovenia. H. dumetorum has a more eastern distribution, which suppports the 
assumption that the central and western parts of Slovenia are more predominantly 
occupied by H. odorus and the easternmost part by H. dumetorum. According to 
McLewin [27], H. odorus is widespread and creates mixed colonies, which is why it 
exerts such a powerful influence on the other hellebore species, H. atrorubens, H. 
multifidus subsp. istriacus and H. dumetorum on the way to H. odorus. 
The fragrant hellebore (H. odorus) reveals higher levels of diversity in its early phase 
of growth. It begins to bloom early, usually while the first common snowdrops 
(Galanthus nivalis L.) are breaking ground. This early-phase diversity is largely 
environment-related. First of all, in winter leaf litter covers the ground of deciduous 
forests in fairly thick layers. As snow weighs down on it and compresses it, the plants 
need more time to emerge. The first plants range from pale yellow to green yellow. 
With warmer temperatures and longer days, the plants become greener. But some 
of them nonetheless preserve their yellow colouring for a very long time. At the 
fructification stage, the majority of the plants turn completely green. Although most 
of these differences result from various influences from the environment, in such a 
large number of hellebores single varieties are found that manage to hold on to 
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these properties. Mrs Ballard, also known as the 'Hellebore Queen', reports on this 
for Slovenia. In the nineteen-seventies, Mrs Ballard found an intensely yellow variety 
in the environs of Bohinj. She used this specimen as a basis for further crossbreeding 
and selection through which she obtained a perfectly yellow variety [28-30].  
The diversity of its colour range is complemented by that of its flower shapes and 
their uni- and multiflorous character. The specimens are mostly one- or two-
flowered, but one also finds well-branched plants with several flowers. Luxuriant 
specimens with bunch-like growth usually bloom later. Occasionally it occurs that the 
first plants are more or less isolated specimens with fewer but larger flowers. 
Ravnik [31, 32] explains that the yellowness of the flowers arises in a similar way as 
the yellow colour of Christmas rose nectaries. The yellow colour of the fragrant 
hellebore flowers results from the plant's long wait under the snow cover or thick 
layers of leaf litter, which prevent the formation of chlorophyll but not of yellow 
pigments. At a later stage the majority of these flowers turn green. In Slovenia, 
yellow colouration is frequent for fruit capsules and the pattern on the inside of the 
inner perianth segments of the species G. nivalis, where yellow coloured specimens 
are found in places where snow persists for a longer period of time and the ground is 
full of molehills, or covered in thick layers of leaf litter [33]. The similar reasons 
stated for fragrant hellebore are therefore perfectly logical, but all of them are not 
environment-related. Mathew [1] states that with a species as diverse as H. odorus 
varieties are not difficult to find. 
H. dumetorum is most widespread in the northeastern part of Slovenia. Schmieman 
& Weistrich [30] report having seen very large, variable populations of H. 
dumetorum subsp. dumetorum together with H. dumetorum subps. atrorubens 
beside the Sava river, but what they actually saw must have been the species H. 
odorus and H. atrorubens. According to the relevant data the area they mention is 
populated only by H. odorus [23]. 
It is no less diverse than the other species but as it is confined to less extreme 
circumstances and a smaller distribution area, the conditionality in its diversity is 
reduced, although H. dumetorum is in fact as highly diverse as the other species. The 
specimens that can be found here are yellow green and yet different. In general, the 
flowers are at first light green to faintly yellow green, but during the blooming phase, 
when the stamens fully develop, they turn entirely green, blending with the colour of 
their leaves. Their yellow colouration often reminds us of the green yellow flowers of 
Gagea lutea. The stripes in the central part of the floral leaf, running from leaf apex 
to leaf base, are yellow but can be green along the margins. In some areas the 
flowers are nodding and quite small. The colour of the leaves changes as they age. 
The first leaves can be purple green, but when fully developed they turn green. The 
leaves develop gradually and when the plant blooms, new, more divided leaves 
emerge which, too, are entirely purple green. The first leaves are markedly basal 
while later leaves are larger and more divided. 
H. dumetorum is the species with the smallest flowers among the acaulescent 
hellebores. Larger-sized bracts exceed the flowers that are 2.5 to 3.5 cm in diameter. 
During the blooming stage, the basal leaves are hardly present at all [1, 19]. 
According to Mathew [1], H. dumetorum is the least frequently bred of all 
hellebores. He believes it is less diverse than the other species. In Slovenia it is also 
less widespread, but its diversity easily matches that of H. odorus. 
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Helleborus atrorubens seems less diverse, and yet it reveals an interesting colour 
range. The colour varies from light-coloured specimens to purple brown and dark, 
black brown, scarlet specimens. On the outside, they often display traces of a faint 
green colour, while yellow green hues are discernible in the rounded part of the 
sepals. The diversity of H. atrorubens in Slovenia has been researched by McLewin et 
al. [34, 35]. In Flora Europaea, H. atrorubens is considered merely a subspecies of H. 
dumetorum [24, 36]. Similarly, some other authors treat H. atrorubens as a variety of 
H. dumetorum. Regardless of this, among the hellebore species growing in Slovenia, 
H. atrorubens is, apart from the already-mentioned H. niger, the one that is most 
easily distinguishable from the other species. It is usually much more difficult to 
distinguish between the other three green representatives. 
In addition to its colour diversity, the species is notable also for the diversity of its 
flowers in terms of growth and size. In forests the plants are smaller, with smaller 
flowers that are few in number, i.e. just one to two. A totally different sight meets 
the eye in open areas, where H. atrorubens can be a luxuriantly developed plant with 
numerous flowers that can also be larger. Such a form is particularly frequent in the 
Lower Carniolan vineyards which used to be woodlands that have been depleted 
over the centuries. The plant has survived there in spite of the fact that the area is 
today listed as a cultural landscape. In secondary locations of this type, one often 
finds local populations with a more luxuriant growth than that found in the original 
woodland habitats. This indicates that H. atrorubens is not only a plant of shady 
forests but also of open sunny areas. 
H. multifidus subsp. istriacus: Some authors consider it to be a transitional form 
between H. odorus and the real species H. multifidus. This applies to northern Italy 
and Slovenia [1, 37]. Furthermore, the flowers which appear in February or March 
are reported to be fewer than 5 cm in diameter, cup-like or stellar, yellow or pale 
green [37]. In Slovenia, H. multifidus subsp. istriacus is the earliest-blooming 
representative of the green group. Relying on the observations made during our field 
research, we can confirm that the first plants are strikingly yellow green, even 
though in the areas which are home to H. multifidus subsp. istriacus snow does not 
occur regularly. If snow falls at all, it covers the ground for a very short time. 
Additionally, there is not much leaf litter, since H. multifidus subsp. istriacus is the 
only one of the Slovenian species that is found in karst and Istrian commons, 
mountain meadows and overgrown areas where there is hardly any leaf litter at all. 
H. multifidus subsp. istriacus begins turning greener only after the flowers have 
matured. Our own research allows us to conclude that the colouration of this species 
ranges from yellow green to almost completely yellow. Cold is one of the factors that 
could, in the early phase, affect the yellow green colouration, however, other species 
growing in the area, e.g. common snowdrop (G. nivalis), reveal no more frequent 
occurrence of yellow colouration in the inner perianth segments - a phenomenon 
more often observed in the interior of Slovenia [33]. 
According to our findings, confirmed also by other authors [23], H. multifidus subsp. 
istriacus has widely diverse leaves. During the summer, a typical H. multifidus 
develops a truly bristled character, it is extremely prickly. The most deeply clefted 
and narrowest leaves occur in H. m. subsp. hercegovinus [38]. All possible transitions 
can be found within the same habitat, from plants with very broad saw-toothed leaf 
lobes to plants with very narrow bifurcated lobes. In terms of the diameter they 
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cover, the leaves can be either very large or small. Smaller leaves usually have larger, 
less divided lobes. The only rule that applies to almost all leaves is that there is one 
central lobe which is entire and attached to the petiole, while the remaining lobes 
already begin to divide. 
Hybrids - Hybrids between hellebores are present in large numbers, but that does 
not mean they exist between all species [39-41]. Between 1853 and 1880 [3], 
German cultivators bred hybrids, particularly dark-coloured ones, at the Berlin 
Botanic Garden. Similar projects were underway in England and Ireland at the same 
time. 
Despite the fact that in Slovenia Christmas rose grows in numerically extremely rich 
populations, touching upon or coming into contact with other species of hellebores 
particularly H. odorus, no hybrids seem to occur. This observation is confirmed by 
the literary sources according to which H. niger and H. odorus do not crossbreed [1, 
27]. In the course of our on-going research and longtime field work in the areas 
where the two mentioned species often grow side by side we have, apart from two 
exceptions, registered no hybrids. The two specimens found in the autumn of 2011 
will need to be further monitored and tested because they show possible 
characteristics of both H. niger and H. odorus. 
In some Slovenian habitats where three hellebore species, H. niger, H. odorus and H. 
atrorubens, appear side by side, hybrids occur just between the latter two. This 
clearly supports the fact observed not only by the mentioned author, but also by 
others, with respect to naturally growing plants and thousands of plants growing in 
gardens [27]. As for the other species from the mentioned group which, according to 
the literature crossbreed, their hybrids are actually often found in nature. The 
question is primarily of hybrids between H. odorus and H. atrorubens which are the 
easiest to recognize. Concerning the rest of the green hellebore species which 
crossbreed with each other, i.e H. odorus x H. dumetorum and H. odorus x H. 
multifidus subsp. istriacus, their hybrids do exist but it is extremely difficult to 
establish their ancestry, as the species themselves pass into one another, so the 
probability of noticing their hybrids in nature is very small. In terms of their colour 
and leaf shape, the most striking hybrids occur between H. odorus and H. atrorubens 
because the two species come into contact with each other more frequently. These 
hybrids reveal all of the colour transitions, from dark purple to green. The hybrids 
differ from the basic green species H. odorus in that they show at least some shades 
that are neither yellow nor green, but tend towards purple tones. As for flower-size, 
the flowers are mostly larger than those characteristic of the species H. atrorubens. 
But as is usual with hybrids, all transitional forms appear from one species to 
another. Traces of purple are sometimes detectable only along the margins of the 
flowers, which look exactly the same as in H. odorus. The leaves themselves are less 
important because they initially differ only in colour, namely, the leaves of H. 
atrorubens are at first dark purple, whereas those of H. odorus are always bright to 
yellow green. 
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Abstract 
Adaptation of woody plants in changing environment is a key issue of forest ecology. 
Monitoring of plants ontogenesis during introduction to non-native climatic 
environment facilitates identification of mechanisms by which these plants respond 
to rapidly changing climatic regimes. Our observation shows that Siberian fir 
pollination in the arboretum occurs earlier than in its stands found near Krasnoyarsk 
town. The pollen sampled from fifteen trees growing in the arboretum varied in 
viability (in vitro % germination and pollen tube length) and size among the years of 
observation depending on individual tree characteristics and on a specific annual 
weather conditions. Observed Siberian fir responses to the changed environment (i.e. 
to the conditions at the Forest Arboretum) can be considered as a more general 
model of species adaptation to climate changes. 
 
 
Background 
Siberian fir (Abies sibirica Ledeb.) has a vast range of adaptation including 
northeastern European Russia, the Ural Mountains and Siberia [1]. However, its 
distribution is extremely uneven within this area. Over 90% of the fir forests occur 
where average annual precipitation exceeds 600 mm, particularly in the eastern 
edge of West Siberian Lowland, the Urals, and mountains of Southern Siberia.  
Siberian fir is well adapted to a fairly humid, moderately cold and to a certain extent 
continental climate [2]. Many species are known to form its climatic ecotypes 
(climotypes) in the course of their adaptation to local conditions: air temperature, 
relative humidity and day length [3]. Even slight changes of air temperature and 
relative humidity can have significant effects on woody plant growth, ontogenesis 
and reproductive system.  
Due to the fact that major survival control in plants is highly susceptible to 
environmental changes [4, 5], investigation on the adaptation of reproductive 
processes in plants to changing environmental conditions is crucially important. In 
this respect, botanical gardens are very important, because they provide valuable 
information on any species and climotypes attempted to be conserved in situ. For 
example, one of our previous studies of meiosis in Siberian fir trees growing in the 
forest arboretum of Sukachev Institute, Russia, showed that climatic changes 
triggered physiological changes in plants mainly those related to meiosis [6]. These 
disturbances presumably lead to high fir pollen sterility in this new environment.  



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

64 
 

In this study we have investigated the in vitro pollen viability in Siberian fir trees 
growing in the forest arboretum of Sukachev Institute of Forest, Russia. 
 
 
Materials and Methods 
This 4-year (2002–2004 and 2011) study addressed pollen viability in Siberian fir 
trees planted in the forest arboretum of V.N. Sukachev Institute of Forest. The 
arboretum is located in Akademgorodok, at the wildland/Krasnoyarsk town 
interface, on a terrace (275 m a.s.l.) on the left bank of Yenisei river, in extremely 
continental climate (average annual temperature = 0.8°C). Weather information 
provided by Krasnoyarsk Weather Service showed that April and May air 
temperatures in 2002 and 2003 were similar to their average multi-year values, 
whereas the 2004 spring came 7–12 days later than usual and in 2011 late frosts 
occurred [7, 8]. Despite its proximity to Krasnoyarsk, the arboretum is not affected 
by industrial pollution, as it is situated outside the prevailing industrial emission 
transfer. 
Siberian fir saplings were transferred to the arboretum in 1977 from the forest 
nursery of Siberian Institute of Fruit Growing (Barnaul, Altai) situated in a 
moderately continental climate (average annual temperature = 4.0°C). They were 
grown from seeds collected from natural stands of Siberian fir forests of the Altai 
region. Only vigorously growing fir trees were sampled for pollen in the arboretum.  
Developing pollen cones of Siberian fir were collected at the dormancy stage (in 
October), at intervals of 1-3 days during the pollen development period (from late 
April to mid-May) and at the time of pollination (late May). Samples were fixed in 
ethanol mixed with acetic acid at a ratio of 3:1 for one day after their appropriate 
trimming or dissection. Then they were dehydrated in a xylene-ethanol series 
[9], embedded in paraffin tissueprep, sectioned at 6-12μm and stained with iron-
haemotoxylin. A part of samples was transferred to 70% ethanol and stained with 
acetohematoxylin. More than thirteen thousands of developing pollen grains were 
tested using Micromed-2 microscope. The pollen collected from 15 sample trees in 
the arboretum was analyzed for viability (in vitro % germination and pollen tube 
length, in mcm) and size (two perpendicular diameters of body, and length and 
height of air sacs, mcm). Up to 300 pollen grains were analyzed per each tree 
sample. STATISTICA 7.0 [10] was used to calculate descriptive statistics including the 
standard deviations and the confidence levels of the differences. 
 
 
Results 
Pollen-cone development.  The development of Siberian fir pollen cones lasts 12 months- 
from late June till the end of May. Pollen-cone buds differentiate from axillary buds that 
are initiated in axils of leaves on the sides and lower surfaces of the shoots (Figure 1). 
The pollen cones of Siberian fir trees occurred in clusters (up to 35 cones in a cluster). 
Each pollen cone in a cluster arose in a leaf axil and was sessile. The pollen buds became 
noticeable at the end of June – beginning of July and developed until early October since 
when they became completely enclosed by imbricate scales (in Krasnoyarsk). In most 
sample trees, there were both well-developed pollen cones and latent pollen- buds in 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

65 
 

various proportions (Figure 2). The latent pollen buds were mainly located close to the 
shoot tops. 
The pollen cones were made up of large numbers of spirally arranged bisporangiate 
microsporophylls. All microsporophylls were initiated during the first month of pollen 
bud development. Sporogenous tissue in microsporangia was formed during August. In 
the end of August, microsporangia in sample fir trees increased to be 212х147mcm in 
size. They stay dormant at the premeiotic stage of the pollen mother cells (PMC), with 
tapetal cells remaining uninucleate (Figure 3a).  
Pollen buds in sample trees resumed to grow in mid-April and developed during the 
month of May (Table 1). The pollen cones collected on 23th of April, in two years of 
observation (2003-2004) contained PMC at early meiosis stages (Figure 3b). Meiosis 
took place in PMC in late April-early May and exhibited multiple irregularities [6]. Early 
microspores were initially angular and gradually became orbicular (Figure 3c). They 
formed air sacs and grew in size during the next ten days after meiosis (Figure 4). After 
air sacs formation, the haploid microspore cells experienced three unequal divisions 
leading to formation of two small lens-shaped prothallial cells on the microspore 
proximal side as a result of the first two divisions, and a small generative and a large 
tube cells from the last division (Figure 3d-g). Typically Siberian fir pollen grains have 
two large symmetrical air sacs, however, our study indicates the occurrence of 
pollen grains having either no air sacs, or one, three, and four air sacs (Figure 3i-k). 
Sample trees contained also few five-cell pollen grains; with the cells including a 
stalk cell adjacent to two prothallial cells, a tube cell, and a body cell (Figure 3h). 
Irregular pollen grains made up less than 1% of all pollen produced annually by each 
tree. 
Pollen size. The pollen grain size varied considerably among sample trees (Table 2). 
Mature pollen grain variability in diameter was 5-12% among the years of 
observation, 12-21% among fir trees, and 4-12.7% in individual trees, with the 
respective ranges being 4-9%, 9-13.5%, and 2.6-9.3% for air sac size. It should be 
noted that the mature pollen grains from the arboretum were practically the same 
size as in lowland natural populations and a little bit larger than in mountain fir 
populations located in the vicinity of Krasnoyarsk town.  
Pollination and pollen quality. Pollination in sample Siberian fir trees occurred in the last 
week of May, which was few days earlier compared to the natural populations in the 
vicinity of Krasnoyarsk town, and lasted for about 6-8 days depending on weather 
conditions (Figure 5).  
In vitro pollen viability varied among the years of observations depending on each 
sample tree characteristics and weather conditions (Figures 6, 7). In 2002, pollen 
viability and tube length varied from 0% to 89.2% and from 25.1 to 75.4 mcm, 
respectively, among sample trees (50.8% and 55.9±7.36 mcm, ±SE, on the average). 
In 2003, the corresponding values were 0-20% (16.8% on average) and 31.0-82.5 mcm 
and (41.4±4.00mcm, ±SE). The 2004 and 2011 pollen germination on the culture 
medium varied from 34.4% to 96% among sample trees (52.8 and 81.2%, on average 
respectively), and the average pollen tube length was 140.0±6.03 and 90.3±4.12 
mcm, (±SE) and even up to 184.8 mcm in certain trees. The pollen viability did not 
correlate with meiotic irregularities. Although the correlation coefficient was quite 
high (r=0.7), its level of confidence was low. Therefore, pollen viability was presumed 
to be controlled by weather conditions rather than by meiotic irregularities. For 
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example, the late frost in 2011 might result in a certain pollen tube length 
shortening. 
We presumed that low pollen quality and quantity caused low seed quality in the 
arboretum. Our study showed that the seed production of Siberian fir in the 
arboretum was lower than in natural fir populations (Table 3), the reason of 
observed difference in seed production still remains to be investigated. 
 
 
Discussion 
Several studies have documented the strong effect of climate on various 
phenological events of conifers, such as cone initiation, flowering, pollination, seed 
development and germination success [11-16]. It has been recognized that the 
phenology varied within species at different elevations and latitudes [17]. Woody 
plants adapted to different climates and formed different climotypes. The plant 
homeostasis decreases when environmental conditions become non-optimal for 
climotypes, which is often the case in plant introduction. Provenance trials have 
shown that southern and western climotypes begin to grow at lower air temperature 
and their seasonal developmental stages are shifted to an earlier time and to lower 
accumulated temperature, as compared to northern and eastern climotypes [3]. This 
shifting was likely a course of the developmental disturbances and low pollen quality 
in sample trees especially during the first two years of observation. Trees are 
sensitive to changing conditions at the juvenile stage of ontogeny and at the 
beginning of the reproductive stage, when sporo- and gametogenesis are becoming 
adapted to different air temperature and light regimes [18]. The microsporogenesis 
duration and the time needed for the pollen grains to develop in sample Siberian fir 
trees are largely controlled by spring air temperatures [6]. In sample trees however 
pollen development clearly tend to begin earlier and to occur at a lower rate than 
natural lowland fir populations. As a result the fir pollen quality in the arboretum was 
significantly lower than in natural sites. The western fir climotypes growing in the 
arboretum have been obviously damaged by light morning frosts in late spring at 
microsporogenesis and pollen development stages. 
We believe that cold spells occurring in spring should be considered in evaluating 
environmental changes which influence fir trees. Fir trees suffer from spring frosts at 
the bud bursting stage [19]. Hak and Russell [20] concluded that temperature 
extremes, both low and high, have a negative effect on the pattern of meiotic cell 
division with the consequence of irregularities or pollen sterility. Although the 
specific features of meiosis identified in the arboretum indicated low tolerance of 
the male reproductive structures in sample trees to climatic changes [6], the pollen 
viability did not correlate with meiotic irregularities and depended mainly on 
weather conditions during pollen development. Meiotic irregularities are eliminated 
during interkinesis stages and have little impact on pollen viability [21].  
Climatic conditions affect many of the vital processes in plants [22-27]. Our study 
shows that these conditions significantly influence pollen bud quantity. In years with 
weather conditions favourable for pollen-bud differentiation, most leaves in sample 
trees contained axillary pollen buds. Conversely, weather conditions unfavourable for 
pollen-bud differentiation, resulted in development of smaller latent buds in leaf axis 
leading this way to decrease in pollen production. It has been shown [20] that lack of a 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

67 
 

high quality pollen at pollination time may be one of the principal factors responsible 
for the failure of seed gardens to produce sufficient quantities of viable seed. Seed 
cone receptivity and pollen shedding are highly synchronized within each fir-tree [17, 
28]. The earlier start of reproductive development in sample trees might prevent cross-
pollination with natural population individuals. There is also a high probability of sample 
fir trees self-pollination, as natural populations are more than 6 km away from 
arboretum and fir pollen is usually dispersed to fairly short distances. In some conifers, 
self-pollination is an important cause of empty seeds [29, 30].  
Pollen is considered to be viable when it exhibits high germination and when pollen 
tubes are equal or twice the hydrated pollen grain diameter [20]. Although pollen 
viability in fir trees generally depends on weather conditions of a given year, the 
pollen viability varies considerably between sample trees within one and the same 
year of observation. These variations in the pollen viability were obviously due to 
certain differences in genotype and capability of adaptation to the environment 
between sample individuals. These differences should be considered while breeding 
highly-fertile trees. 
 
 
Conclusions 
Monitoring ontogenesis of the fir plants in a non-native climatic environment, such 
as in the Forest arboretum, will provide insights into climatic effects on the 
individual- and population-scale characteristics of Siberian fir-trees and will enable to 
identify mechanisms by which these plants respond to rapidly changing climate 
regimes. Sexual reproduction of Siberian fir adapted to cold climates and short 
growing seasons may be reduced if the fir grows a warmer climate at lower 
elevations, and if the growing seasons is longer. Selective survival of the tree 
genotypes adapted to a warming climate will enhance currently observed decrease 
in Siberian fir population diversity, especially in the mountains, where the fir dieback 
is a large-scale phenomenon nowadays. Climate differences between high-elevation 
natural Siberian fir stands and low-elevation seed gardens might be a major factor 
accounting for Siberian fir seed viability reduction. Our study also showed that, for 
effective ex situ conservation of woody species seeds should be collected from local 
natural populations, and subsequently tested for quality using cytological and 
genetic techniques prior to planting. 
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Table 1.  Durations of A. sibirica microsporogenesis and pollen development in 
arboretum 
 

Date Stage of development 

Apr. 23, 2002-2003, 2011,  
May 5, 2004 Pollen mother cell (PMC) 

Apr. 23,24-May 6, 2002-2003, 2011  
Apr. 24-May 13, 2004 Meiosis of PMC 

Apr. 26-May 8, 2002  
Apr. 27-May 13, 2003, 2011 
May5-11, 2004 

Formation of tetrads 

May 6-11, 2002, 2004 
Apr.25-May 8, 2003,2011 Free microspores without air sacs 

May 6-11, 2002, 
Apr.28-May 13, 2003, 2011 
May 5 -11, 2004 

Free microspores with two air sacs 

May 7-14, 2002-2003, 2011 
May 17, 2004 

Uninucleate microspore with large 
vacuole 

May 12 2002-2003, 2011, May 23, 2004 Matured pollen grains 

 
 
Table 2. Abies sibirica pollen size, mcm 
 

Year 
Body Air sacs 

diameter1 diameter2 length height 

2002 79±1.9 
12.2 

84±1.8 
10.7 

46±1.2 
13.1 

67±1.9 
13.9 

2003 76±2.0 
5.2 

74±3.7 
10.0 

44±1.1 
4.8 

61±2.0 
6.5 

2004 80±2.0 
8.7 

85±1.8 
7.5 

46±1.2 
7.6 

67±1.8 
7.9 

2011 80±1.8 
7.9 

83±1.6 
7.2 

46±1.1 
9.7 

67±1.8 
8.9 

 
 
Table 3. Seed quality (%) 
 

With embryo Damaged by insects Empty 

18.9 11.4 69.8 
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Figure 1. Abies sibirica shoot bearing pollen bud at meiosis (a) and pollen-
cone at pollination time (b). LB – latent bud, P –pollen cone. 
 

Figure 2. Average number of pollen strobili per shoots:  █ – developed pollen 
cones, □- latent buds.  
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Figure 3. Pollen development and some irregularities: a – dormant 
microsporangia containing PMC, October,1; b- microsporangium containing 
PMC, April, 24; c – young microspores; d- metaphase of first division in pollen 
grain; e – second prothallial cell formation, f – anaphase of third division in 
pollen grain, g – four cells pollen grain; h – five cells pollen grain (2 prothallial 
cells, tube cell, stalk cell, body cell); i -pollen grain with one pollen sacs; j -
pollen grain with four pollen sacs; k -pollen grain with three pollen sac. 
 

Figure 4. The dynamics of Abies sibirica pollen grains growth, mcm.  
pollen grain body diameter 1 (─), pollen grain body diameter 2(─ ∙ ─),  
b – pollen grain air sacs: length (∙∙∙∙), height (---).  
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Figure 6. Abies sibirica pollen germination at the arboretum (column – 
average for tree), %.   
 
 

Figure 5. Dates of Abies sibirica pollen development and pollination (bars on the x-axis) 
in relation to mean daily air temperatures in 2002–2004, 2011   
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Figure 7. Abies sibirica pollen tube length at arboretum (column – average for each 
tree), mcm.   
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Abstract 
Complex comparative morphological investigation of different representatives of 
Larix was carried out the taxonomic value of some characters vegetative and 
reproductive organs. In this study the needle anatomy of 12 Larix species were 
investigated. The results showed that the shape of the needle in cross-section, the 
presence of secretory structures and the number of hypodermis layers on the lateral 
margin of needles are of taxonomic and diagnostic value at the species level. We 
have also been checked the taxonomic status and geographical distribution of some 
critical taxa). Larix archangelica x L. dahurica was found in the Yamal-Nenets 
autonomous district. Hybridogeneous nature of larch, growing in Kamchatka and the 
need to describe it as a separate species are confirmed. It is found that a typical 
section Larix by the morphology of vegetative and reproductive organs are clearly 
divided into 4 groups. 
 
 
Background 
In different taxonomic treatments, the genus Larix Mill. includes between 11 [1] up 
to 20 species. Nine of them are found in the wild in the territory of Russia [2]. 
Despite numerous studies, by of various authors, devoted to the systematics of the 
Russian species of the genus Larix [2-14], there are still many unresolved questions. 
The greatest number of taxa have been reported for the Far East region namely: L. 
kamtschatica (Rupr.) Carrière, L. ochotensis Kolesn., L. maritima Sukacz., L. lubarskii 
Sukacz., L. komarovii B. Kolesn., L. middendorfii Kolesn., whereas L. czekanowskii 
Szafer and another two larch taxa are wild growing in the territory of Eastern Europe 
(L. archangelica Laws. and L. polonica Racib. ex Wóycicki). 
The taxonomic treatment of these taxa by different authors [2, 3, 15, 16] vary 
considerably [17].  
In the work of Bobrov [2, 3] provides data on 10 wild-growing species (including 3 
nature hybrids). Koropachinsky [6] in treatment of Pinaceae for "Vascular plants of 
the Soviet Far East" allocated only three enough stable species: L. olgensis, L. 
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gmelinii (Rupr. ) Rupr. and L. cajanderi. In later report "Wood plants of Asian Russia" 
Koropachinsky provides for the Russian Far East only 2 species — L. cajanderi and L. 
olgensis [7]. Nedoluzhko [10] assumes 4 species of larches for the Far East: L. 
olgensis, L. kamtschatica, L. cajanderi and L gmelinii. At last, according to Urusov et 
al. [18], in Russian Far East grows 9 species of Larix, from them it considers that 5 
taxa are nature hybrids (L. lubarskii, L. maritima, L. amurensis, L. ochotensis and L. 
olgensis). 
In the treatment of genus Larix for the "Conspectus Florae Europae Orientalis" [18], 
two wild species [Arkhangel Larch (L. archangelica) and the Polish Larch (L. decidua 
Mill. subsp. polonica (Racib. ex Wóycicki) Domin] and 10 cultivated species (including 
two hybrids) were recognized. It is worth mentioning that other treatments of Larix 
are incomplete, containing only limited information on the taxa growing in the 
territory of Russia and the countries of the former USSR [1, 19]. 
According to Farjon [1], only 3 species grow in Russian Far East: Larix gmelinii (Rupr.) 
Kuzen.- L. gmelinii var. gmelinii, L. gmelinii var. japonica (Maxim. ex Regel) Pilg. and 
L. gmelinii var. olgensis (A.Henry) Ostenfeld & Syrach-Larsen. At the same time, 
Farjon considers Larix kamtschatica as synonyms for the type variety - L. gmelinii 
(Rupr.) Kuzen.var. gmelinii with L. cajanderii Mayr, as well as some other Far Eastern 
larch (L. komarovii Kolesn., L. middendorfii Kolesn., L. ochotensis Kolesn.). 
Thus, a single monographic summary of the Russian wild and cultivated larch species 
is not currently available, and treatments of the genus in "Flora of the USSR" and in a 
number of other floras may be considered as outdated. Related species with 
uncertain taxonomic position have been discussed in the literature and the 
questions of their taxonomic identity, status and geographical distribution are still 
open or unresolved. One of reasons of this, could be is the absence of a sufficiently 
stable set of morphological characters with diagnostic value. Therefore, one of the 
goals of this work was to search for those characters of vegetative and reproductive 
organs that can be successfully used for the preparation of identification keys of 
Larix taxa.  
 
 
Materials and Methods 
We have studied specimens of Pinaceae kept in Russian (LE, LECB, KFTA, MW, MHA, 
NS, NSK, TK, KW, VLA) and foreign herbaria (C, E, H, HBG, KRAM, K, KOR, PE, PR, 
PRC, BP, W, Z etc), including type [20, 21] as well as digital images of type 
specimens in various foreign herbaria available on the Internet.  
The morphology and distribution of L. decidua subsp. polonica in Poland and 
adjacent countries) were studied for 70 herbarium specimens and samples for 
molecular research were collected from natural habitats in Beskids, Lubań and 
Zelonka, Poznan.  
During field trips to Kamtschatka (Ust- Ust-Kamchatsk and Milkovo districts), Yakutia 
(Lenskie Stolby Natural Park), North Pribaikalye (Irkutskaya region, Olkhonskiy 
district), Krasnojarsk (Stolby Reserve) and Yamal-Nenets autonomous district (YNAD), 
the natural populations of Larix taxa were, herbarium specimens of larches and 
specimens for molecular and anatomical investigations were collected and the 
vegetation and soils at sample plots was recorded (Figure 1). Samples of L. olgensis 
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A. Henry and L. komarovii B. Kolesn. were collected from eight sample plots at 
Primorsky Krai, on the route from Vladivostok to Terney.  
Complex research of larch plantations in the Leningrad region included: the 
Okhtinsky educational and experimental forestry (Vsevolozhsk district), the larch 
plantations in Vyborg village Chulkovo, the natural monument "Petrovschinskaya 
larch grove" (Kirovsk region) and the reserve "Lindulovskaya grove" (Roshinsky 
district).  
During 2005-2012, the taxonomic composition and condition of larches in the parks 
of cities north of the European part of Russia were investigated: Kirovsk and Apatity 
(Murmansk region), Petrozavodsk (also supplemented by material from previous 
studies), St. Petersburg, Novgorod and Velikie Luki (Pskov region). 
The surface of shoots and needles of different taxa of Larix were photographed and 
studied using a stereoscopic fluorescence microscope SteREO Lumar.V12; this 
revealed a number of morphological features of initial taxonomic significance, such 
as the waxy coating, the thickness of the cuticle, the shape of epidermal cells and 
stomata. The surface of the needles of 15 different taxa was therefore studied using 
the scanning electron microscope. The needle and bark anatomy of 12 larch species 
collected in Kamchatka, in European part of Russia and Poland were investigated. 
 
 
Results and Discussion 
Differences between taxa and distribution 
 
Complex comparative morphological investigation of different representatives of 
Larix allowed to reveal some new characters of vegetative organs with diagnostic 
value for systematics size and shape of the mature cones, the number of rows of 
seed scales (parastiches), the degree of deviation of seed scales from the axis of 
cones, the shape of the upper edge and the degree of pubescense in seed scale; size, 
shape and color of the bract scales, the ratio of the length of the seed and bract 
scales, as well as some signs of vegetative organs - color and degree of pubescence 
of young shoots (auxiblasts); sizes and shape of needles, arrangement and 
abundance of stomata, shape of epidermal cells and structure of cuticule.  
Differences between taxa and distribution 
In the course of this research the taxonomic status and geographical distribution of 
some critical taxa such as L. polonica Racib. ex Woycicky, L. archangelica Laws., L. 
dahurica Laws., L. cajanderi Mayr, L. cajanderi from Kamchatka, L. kamtschatica 
(Rupr.) Carr., L. olgensis A. Henry, L. komarovii B. Kolesn. taxonomic status has been 
checked. 
It was found that a typical section Larix in morphology of vegetative and 
reproductive organs are clearly divided into 4 groups:  
I (ser. Eurasiaticae and Europaea): Young shoots are light brown. Needles 30-50 mm 
long, with obtuse tip, widest in the middle, amphystomatic, on the upper side with 
1-2 stomatal lines on both sides from midrib, on the downside with 2-4 stomatal 
lines on both sides from keel. Cones 2-3 cm long, with 22-38 scales in 5-7 series, 
ovate or oblong, with rounded scales; 
II (ser. Americanae, Olgensiformes, Larix kamtschatica): Young shoots are pinkish-
brown. Needles (15) 20-30 mm long, with rounded apex, hipostomatic, with a 
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distinct keel on the downside. Cones 1-2.5 cm long, with 12-25 (30) scales in 3-6 
rows, with rounded or slightly notched seed scales. 
III - ser. Paucisquamatae (Larix dahurica, L. cajanderi): Young shoots are light brown. 
Needles 15-30 mm long, widest in the middle, with rounded tip, amphistomatic, with 
a distinct keel on the downside. Cones 1.8-2.0 (-2.5) cm long, with 10-16 scales in 3-4 
rows, the upper edge of seed scales is truncated, often emarginate. 
IV (Larix kaempferi): Young shoots are pinkish-brown. Needles 15-30 (-60) mm long, 
amphistomatic, on the upper side and on the downside with a well-developed keel. 
Cones 2-3.5 cm long, with 45-50 (-70) scales in 5-9 rows, the edge of thin seed scales 
is  wavy and bent outwards.  
Species of Group III (ser. Paucisquamatae) occupies an intermediate position 
between the previous two. 
The young shoots of species from section Multiseriales are pinkish-brown. Needles 
markedly extended upward, with a rounded top, its downside with well-developed 
keel. This section allocated into 2 groups of species: I - the needles are 
amphistomatic and with a well-developed keel (L. mastersiana, L. occidentalis and L. 
potaninii); II - the needles are hipostomatic  and with weakly developed keel (L. 
speciosa, L. griffithii and L. himalaica). We believe that the allocation of the groups 
we deserve consideration in the rank of the individual sections of the genus. 
We have studied the anatomy of the needles and bark of young (one, two and three-
year) shoots of 12 species (about 25 samples) of the genus Larix, collected in 
Kamchatka, in the European part of Russia, as well as in Poland. Among them are 
representatives of almost all series typical section Larix: 
ser. Europaea Bobr.: Larix decidua subsp. decidua and Larix decidua subsp. polonica;  
ser. Eurasiaticae Sukacz.: Larix sibirica and Larix archangelica; 
ser. Paucisquamatae Sukacz: Larix cajanderi;  
ser. Kaempferianae Sukacz.: Larix kaempferi, Larix kamtschatica;  
ser. Olgensiformes Kolesn.: Larix lubarskii;  
ser. Americanae Kolesn.: L. laricina;  
Hybridogeneous species Larix x czekanowskii (L. sibirica x L. dahurica);  
Hybrids: L. x marschlinsii (L. decidua x L. kaempferi), Larix kaempferi x L. 
kamtschatica. 
 
Needles. Our investigations of a cross section of the needles have shown that it is 
important for the diagnostics and classification of larch are the next signs:  
- the shape of the contour of the cross section of the needles,  
- the presence of secretory structures and the number of layers of hypoderma on the 
lateral edges of the needles.  
 
Cross-section of the needles (in the central part), presence of secretory structures 
and number of hypodermis layers on the lateral margins of needles, number of 
stomatal lines on abaxial side of the needle are taxonomic value. Needles shape are 
varies on a cross section from triangular (L. czekanowskii, L. kamtschatica (LO 12-11), 
L. lubarskii, L. laricina (LO 25-11), L. decidua subsp. polonica), to rhomboid (L. 
decidua, L. kaempferi, L. kamtschatica (LO 19-11, LO 21-11), L. kaempferi x L. 
kamtschatica (LO 20-11), L. laricina, L. olgensis, L. sibirica. Between two of these 
stages there are transitional forms: L. x marschlinsii, L. cajanderii have more or less 
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triangular shape on a cross-section of the needle, but adaxial side of the needle is 
slightly convex. The shape of needles of L. archangelica from different habitats are 
different on a cross-section: L. archangelica (LO 22-11, LO 24-11) from Lindulovskaya 
grove needles have an oval shape, whereas the same species from Solovki island (LO 
11-11) has shape between oval and triangular, but closer to the triangular. 
The study of larch of ser. Eurasiaticae Sukacz. (Larix sibirica Ledeb. and L. 
archangelica Laws.) and ser. Europaea Bobr. (Larix decidua Mill.). 
Species of the two series occupy large areas of Europe and the Asian part of Russia. 
As mentioned above, according to the results of our studies, this group of species is 
clearly distinguished primarily for its large cones (2-3 cm long), with 22-38 seed 
scales in 5-7 parastiches, ovoid or oblong, rounded by the upper edge of the seed 
scales. Needles 30-50 mm long, obtuse at apex, widest in the middle, amphistomatic, 
with obscure keel on the downside and stable, light-brown color of young shoots. 
However, species of ser. Europaea Bobr. (1) is clearly different from ser. Eurasiaticae 
Sukacz. (2) by some features of the morphology of the bract and seed scales.  
Seed scales of young cones (1) on the upper edge slightly wavy; bract scales of ripe 
cones in length (including tip) equal to not less than two thirds of seed may also be 
slightly in excess of their length (only at the base of the cones). In (2) seed scales of 
young cones on the upper edge rounded, whole. Bract scales are very small (up to ¼ 
the height of seed) and only visible at the base of the cones. 
According to our research, the Polish larch (L. decidua subsp. polonica) differs from L. 
decidua subsp. decidua by having shorter needles (15-20 mm long), a more 
pronounced white coating of the needles on the lower surface, the number and 
location of stomatal lines on the lower surface (2-3 stomatal lines closer to the 
margins), blunt tip of needles, different size and shape of cones and slightly 
pubescent seed scales. The comparative study also clarified the geographic 
distribution of these taxa in Poland and neighboring countries. 
The Arkhangel larch (L. archangelica) differs from L. sibirica by having fewer stomatal 
lines (2-3 on each side of the keel versus 3-5 in L. sibirica), large cones (2.3-3.7 cm 
long, 2.5-3.5 cm wide) with more (25-50) seed scales (persistent on the plants), the 
wider size (12-20 mm) and purple-brown color of the old cones and the clearly 
spoon- shaped seed scales at the base of the cones. 
The earliest name of this taxon in the rank of species - Larix archangelica Lawson, 
but its validity was disputed for a long time, because it was considered nomen 
nudum [2]. Tsvelev [14] has convincingly proved its priority due to the presence in 
the protologue brief morphological description.  
It should be noted that sometimes the seed scales of Larix archangelica even in the 
Arkhangel and Vologda region are slightly (very slightly) notched at the top and the 
surface of the seed as it scales with a small dent in the longitudinal (in the typical L. 
sibirica is not selected). This feature of scale structure is particularly pronounced 
near the north-eastern edge of the range L. archangelica. 
Larix archangelica x L. dahurica was found in the Yamal-Nenets autonomous district. 
Analysis of herbarium material held in LE showed that this hybrid originated in the 
Arkhangel region (Kanin Peninsula), in the Nenets autonomous district in Tobolsk 
and Tyumen region. 
Hybrids of Dahurian larch with Archangelsk larch, L. archangelica x L. dahurica, 
clearly have the following characteristics: from L. archangelica - much smaller (2-2.5 
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cm long) cones with fewer stomatal lines (3-5) and slightly emarginated at the edge 
of the bare seed scales and from L. dahurica - notably spoon-shaped seed scales with 
inward curved edge, and shorter (20-25 mm long) needles. It is considered that the 
question about the distribution and taxonomic status of the hybrid is very important 
and further careful study in Arkhangel Region, and Komi, and Yamal, in the northern 
region of Western Siberia is necessary.  
 
 
The study of larch of ser. Olgensiformes Kolesn.  
Special attention in this investigation was paid to the comparative study of 
morphology and geographical distribution of Olga larch, L. olgensis, as well as some 
of the critical taxa such as L. komarovii, L. ochotensis, L. lubarskii and L. maritima. 
The range of L. olgensis covers the Russian Far East, the eastern slopes of the 
Sikhote-Alin Mountains (Southern Primorye), Olga, Kavalerovsky, Dal'negorsk, Lazo 
and partly areas along the coast from boo Valentine to the Gulf of Vladimir in the 
north [22]. Outside of Russia, it was found in the northern part of the Korean 
peninsula adjacent to the Sea of Japan, and in the Jilin Province of Northeast China 
[23]. In the nature, L. olgensis is a rare species. L. komarovii is confined to the 
eastern Sikhote, Shkotovsky and Terneisky region [24]. According to Gukov [23], 
these species shows a wide band merging with the area of L. olgensis and reaching to 
the lower areas of the Amur. In the southern half of the Sikhote-Alin region, in the 
area of L. olgensis, there is a wide contact between these species. 
Larch, growing in Kamchatka, is different from the typical L. cajanderi due to its 
pinkish young shoots (typically light yellow), slightly pubescent indumentum 
(typically hairless), slightly curved saber needles (typically more or less straight), 
different placement of stomatal lines and larger cones. A comparative study of 
herbarium and living material from larch in Kamchatka confirmed its hybridogeneous 
origin and the need to describe it as a separate species. 
Our studies confirmed the presence of the Olga larch, L. olgensis, in the Southern 
Primorye and its close relationship with L. komarovii. We found a broad contact of 
the two taxa and hybrid individuals L. olgensis x L. komarovii. Such hybrids were also 
observed at the Red River, spring Mramornyi in Kavalerovskiy and Dalnegorsk 
districts (Figure 3).  
Mature cones of Larix olgensis are ovate or ovate-globose, seed scales with short 
pubescence, and with rounded upper edge, tight to the cone axis or diverging at a 
very slight angle. Bract scales are at a length of about half the length of the seed, 
dark brown. Needles 20-25 mm long, 1.3-1.8 mm width, strongly flattened, widest in 
the upper third, with rounded tip, um straight, with the upper side of the green, 
without stomatal lines in upper side and with a fairly bright white stomatal bands in 
the deep furrows of 4-5 stomatal lines each on both sides of the heavily favored keel. 
Young shoots of a pinkish light brown, dense pubescence light brown or reddish 
hairs, older - pinkish-brown or gray (Figure 4).  
Larix komarovii is characterized by broadly spherical or a flattened-spherical, fairly 
loose cones. Its seed scales adjacent to the cone axis at an angle 45-60º; glabrous or 
very slightly pubescent, with wavy upper edge. Young shoots are very weakly 
pubescent, almost naked; needles in Larix komarovii different in morphology and 
dimensions: long (25-30 mm long, 0.7-0.8 mm width), with obtuse apex, and shorter 
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(15-25 mm long, 0,7 1.2 mm width) - on the top side with a single stomatal lines on 
each side of the midrib, on the downside - with 2 stomatal lines on both sides of the 
keel (Figure 2).  
According to this study, the largest areas are occupied by L. komarovii and its hybrids 
with Olga larch, while typical L. olgensis is confined mainly in the coastal and 
adjacent areas, possibly indicating an ongoing process of gradual replacement of 
Olga larch by the more northern L. komarovii. However, the range of L. olgensis 
extends much further north than previously thought [23]; in the present study it was 
found near Terney village (45º06'184'' N, 136º31'364'' E). Further research in the 
wild is needed to clarify this issue. 
 
Urban and forest larch plantations 
Studies of the taxonomic composition and condition of larch trees in urban and 
forest plantations of northwest Russia showed that 10 species (including the natural 
hybrid) species are to be found–or a total of 24 taxa and cultivars (Table 1). The most 
frequently found and more abundant in urban parks were L. decidua, L. archangelica 
and L. sibirica.  
In urban parks of St. Petersburg and Apatity, there are double and even triple 
hybrids of four parental taxa (L. decidua, L. archangelica, L. sibirica, L. dahurica). The 
introduction of plant species into St. Petersburg has continued for more than 300 
years [25]. These studies confirmed that in St. Petersburg there is a high diversity of 
native species of larch and hybrid taxa. Studies undertaken by us in 2005, confirmed 
that, indeed (L. polonica, L. kaempferi, L. x marschlinsii, L. occidentalis, L. principis-
rupprechtii). Analysis of the occurrence of hybrid taxa revealed that their share in the 
larch trees in St. Petersburg might reach 20%. The cultigen hybrid larch trees (see 
Table 1) also occuried in the parks of neighboring countries such as Finland [26] and 
Estonia [27, 28]. 
Analysis of the taxonomic diversity of forest plantations of larch in the Leningrad 
region showed that along with the usual species, L. decidua, L. archangelica, L. 
sibirica, L. dahurica, there are taxa such as L. czekanowskii, L. x marschlinsii, L. 
kamtschatica, L. kaempferi x L. kamtschatica. The earliest plantings of larches in the 
north-west of Russia were made with L. archangelica (1738) at the Lindulovskaya 
larch grove on the Karelian Isthmus. At 278 years it is oldest plantation of larch in the 
world. The average height of the larches was 41 m and the maximum was 52 m with 
a diameter of 1 m [29, 30].  
According to this research [29] in the Lindulovskaya grove there are currently  4 
species of larch, L. sibirica, L. archangelica, L. decidua, L. kamtschatica, and one 
hybrid, L. kaempferi x L. kamtschatica.  
Petrovschinskaya larch grove is located on the slope of the Baltic-Ladoga ledge on 
the Putilovis limestone plateau. It is a rather old plantation (200-250 years) of L. 
sibirica and L. archangelica. it had self-seedlings. 
The age of larch plantation in Okhta forestry is 80-120 years and the species 
composition of larches include L. decidua, L. archangelica and L. czekanowskii. The 
youngest of the surveyed cultures of larches are in the Vyborg district, near Vyborg, 
on the Ploskiy Cape, in the recreation Andersin. Practically all of the stands (age 25-
30 years) were generated by self-seeding. Seeds are spread from alley planting of L. 
sibirica, L. archangelica, L. decidua and L. x marschlinsii. 
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Conclusions 
Complex comparative morphological investigation of different representatives of 
Larix allowed to check some characters for their taxonomic value such as: the size 
and shape of mature cones; the number of parastyches; the degree of deviation of 
seed scales from the axis of the cones; the form of the upper edge and the degree of 
pubescence of seed scales; the size, shape and color of bract scales; the ratio of the 
length of the scale and of bract scales, as well as some of the characters of 
vegetative organs such as the color and the degree of pubescence in young shoots; 
the size, shape and color of the needles, their form, the presence and the number of 
stomatal lines on both sides of needles. The shape of the needle in cross-section, the 
presence of secretory structures and the number of hypodermis layers on the lateral 
margin of needles are of taxonomic and diagnostic value on the species level. 
The composition of larches in urban green areas northwest of the European part of 
Russia varies widely (up to 19 taxa in St. Petersburg region). The most frequent and 
abundant in green areas of cities are L. decidua, L. archangelica and L. sibirica. In the 
green areas and forest plantations are found double and triple hybrid larches, whose 
share in St. Petersburg is about 20%. 
Summarizing it should be noted that some of the problems of systematics in larches 
are not yet sufficiently understood. It is planned to use data of molecular genetic 
studies to address these issues. 
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Table 1. The taxonomic composition of the genus Larix in urban parks and forest 
plantations of northwestern European Russia 
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L. archangelica  + + + + + 
L. archangelica x L. dahurica   +   + 
L. archangelica x L. dahurica x L. decidua      + 
L. archangelica x L. decidua   +   + 
L. archangelica x L. decidua x L. dahurica      + 
L. czekanowskii    + +  + 
L. dahurica    + +  + 
L. decidua  +  + + +  
L. decidua x L. dahurica   +    
L. decidua x L. sibirica    +    
L. decidua x L. sibirica x L. dahurica   +   + 
L. kaempferi   +  +  
L. kaempferi x L. kamtschatica    +   
L. kamtschatica    + +  
L. laricina   +    
L. x marschlinsii   + +  + 
L. occidentalis   +  +  
L. polonica    +  + + 
L. principis-rupprechtii   +    
L. sibirica  + + + +  
L. sibirica x L. archangelica   +    
L. sibirica x L. dahurica   +    
L. sibirica x L. decidua   +    
L. sibirica x L. decidua x L. dahurica      + 
Total types (including natural hybrids) 1 2 10 6 7 4 
Total taxa  1 2 19 8 7 11 

* GS – green standing of urban parks 
** According to current field studies and data from previous studies  
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Figure 1. Location of our collecting of Larix samples in Russia 
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Figure 2. Mature cones of Larix komarovii B.Kolesn. in the vicinity of village 
Vysokogorsk (Primorskiy kray, Kavalerovskiy district). 
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Figure 3. The larch mountain rhododendron forb-lichen in the vicinity of town 
Dalnegorsk, spring Mramorniy. 
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Figure 4. Mature cones of Larix olgensis A. Henry in the vicinity of village Moryak-
Rybolov (Primorskiy kray, Olginskiy district). 
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Abstract 
Launched in 1989, the VIGIE-NATURE citizen science programme is coordinated by 
the National Natural History Museum’s research unit Species conservation, 
restoration and population monitoring. Scientists are engaged in a time race to 
observe and describe biodiversity, monitor its variations and understand its 
functioning in response to its rising rate of erosion. With observation data being of 
paramount importance, the participative monitoring schemes help to strengthen the 
links between conservation, research and education and lead to produce indicators 
on a continental scale.  
‘VIGIE-NATURE monitors the ordinary biodiversity by collecting data on common 
species of fauna and flora in Metropolitan France. The programme leans on 
networks of trained volunteers (skilled observers or laypersons, depending on the 
programs) coordinated by non-profit organizations, in partnership with the National 
Natural History Museum. The data uploaded feed the research programs, which help 
scientists analyse the trends and the spacio-temporal variations of biodiversity on 
the explored territories. In return, the observers learn about nature while 
contributing to the improvement of knowledge and helping to anticipate research 
and conservation actions.  
To date about ten fauna observatories are operational, some recording birds, bats 
and butterflies. Vigie-flore has been monitoring the change in abundance of 1500 
common vascular plant species. Since its launch in 2011, 70 observers have recorded 
data on 120 plant species for the Les Sauvages de ma rue programme that 
inventories the wild plants growing in the urban environments of the Paris region.  
These initiatives participate respectively in the implementation of target 1 and 14 
and target 5.4 of the Global and European Strategies for Plant Conservation 
(GSPC/ESPC). 

mailto:delmas@mnhn.fr
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In this era of collaborative knowledge, the Vigie-Nature programmes offer a unique 
opportunity to citizens and to the computer game generation to gain a direct 
knowledge of nature while co-operating in a fundamental research program.  
 
Background 
Citizen observatories have been created in the first place to monitor and analyze 
changes in the structure and functioning of ecosystems and assess the impacts of the 
human activities on biodiversity. These observatories are the result of collaboration 
between networks of volunteers who collect data for research purposes and 
research teams that provide the protocols and analyze the data. Depending on the 
programme chosen, volunteers are either naturalists or belong to the public. In 
return, they gain knowledge about nature and increase their understanding of the 
problems of biodiversity loss. 
The Vigie-Nature project includes a dozen of observatories, based on different 
faunistic and floristic groups. The task of the volunteers is to observe the occurrence 
of certain species or species groups using a simple but precise protocol and 
subsequently send the data to a database of the National Natural History Museum, 
Paris (the Museum). Observers in return receive regular feedbacks from the 
scientists of the Museum in charge of the specific project, generally in the form of an 
outline of the scientific results obtained from the analysis of the data collected. 
 
Plant species observatories  
For the floristic inventories, the implementation of such projects poses particular 
problems:  

• The number of species is large (about 4800 species of plants in France against 
300 birds). Thus, the naturalists who collect data should have special skills, 
which reduce the potential number of observers available.  

• Unlike birds or bats that can be detected from the distance, some plant 
species may be difficult to detect and identify unless you get close to them. 
Subsequently, this difficulty needs to be compensated by a higher number of 
observations to give general trends.  

• In France, a strong tradition of phytosociological observations of the natural 
habitats has nourished the professional and amateur botanists. Thus, there is 
some degree of reluctance to use the simplified and standardized protocols 
of citizen observatories sometimes preventing some botanists from 
participating.  

• The distribution of species depends strongly on the habitat observed: the 
plant communities are organized differently in forests, meadows or cities, 
which poses a problem of defining the areas to inventory.  

A number of difficulties are shared with other Vigie-Nature programs: in particular, 
skepticism about the data sets collected by observers with heterogeneous skills. 
Nevertheless, and despite the difficulties of the mission, two plant projects have 
been successfully implemented to date: Vigie-flore, which is based on the 
competence of amateur botanists to sample the flora of the French metropolitan 
territory and "Les sauvages de ma rue” (wild plants of my street), that relies on 
urban dwellers to identify the plants species growing on the pavements.  
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The VIGIE-FLORE program 
For Vigie-Flore, the French territory has been divided into cells of 1 km² placed every 
10 km on (Figure 1). Observers choose, on a map, the square kilometer in which they 
wish to perform their inventories e.g. according to its proximity to their home. In 
each cell, eight plots of 10 x 1m² are systematically located. Once the cell chosen, the 
exact location of each plot is provided to the observers using GPS coordinates and 
aerial photos, as shown in Figure 1. Their task is to visit each year, around June, at 
least 4 of the 8 plots and identify all vascular plant species (flowering plants and 
ferns) growing in them. Replacement points are proposed when the initial points are 
particularly inaccessible (inaccessible private properties, or extreme topographic 
relief cliffs, swamps etc). 
Each year, observers are invited to a one-day-meeting with the objective to 
exchange experience on the program. To encourage people to participate, travel 
costs are supported by the Museum. On this occasion, the previous year outcome of 
the programme is presented: the number of participants, the number of sampled 
cells and plots, the number of species observed and their distribution. The program’s 
objectives and protocol are reminded. The principle of statistical analyzes used and 
the research results are explained. A lecture, on a particular plant family’s 
monitoring annual outcome is also given (e.g. Poaceae, Apiaceae) by a professor 
assigned in Botany. Most part of the day is dedicated to discussions among 
observers who thus can share their experiences. Most of them express their pleasure 
to put their skills into a national programme whose goal is the preservation of 
biodiversity. They appreciate to be encouraged to make their inventories in unusual 
sites (urban wasteland or cultivated areas) and to identify species that they would 
not have spontaneously chosen to study, including groups such as Poaceae or 
Asteraceae, for which identification in the field is considered difficult.  
The analyses that are performed using the data collected give metrics to help qualify 
biodiversity richness, proportion of native/exotic species, proportion of 
entomogamous species, rarity, specialization etc (Figure 2). 
The participation to the Vigie-Flore programme is beneficial and challenging, even 
for competent botanists. The obligation of using a rigorous protocol leads the 
observers to improve their skills in difficult taxonomic groups. The lectures given 
during the annual meeting days increase the scientific culture of the participants. 
This trend is clearly visible in the analysis of monitoring results where the variable 
"number of years of participation" has a significant effect (data not shown). 
 
The "SAUVAGES DE MA RUE" program 
This project requires the participation of citizens to inventory plants in urban 
environments such as the street pavements or sidewalks. This project, more clearly 
than in the Vigie-Flore program, has a deliberate educational objective for the public. 
Several identification tools have been specifically developed for this purpose: the 
book "Sauvages de ma rue", a botanical guide of the 240 most common plants found 
growing in the streets (Editions Passage, Figure 3) and an identification key available 
online. The relationships with the observers are organized through a website and via 
the social networks. 
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In 2011, a small investigation among the participants was launched by our project 
partner Tela Botanica (Jeremy Salinier, in charge of "Sauvages de ma rue") to 
determine their motivations and perceptions of the program. The two of the open 
questions they had to answer by mail were: 

1. Why did you want to participate to this naturalist adventure? 
2. What were the most surprising outcomes? 

 
In total, twenty-one people responded to the questionnaire. Figure 4 shows the 
range of the most frequent answers to the question 1 (motivation to participate). 
The interest for the flora found in the cities and the wish to participate to a scientific 
programme are the two most often cited reasons. Almost half of the participants 
mentioned their willingness to learn to recognize plants and almost 20% their desire 
to pass this knowledge to their children. 
The second question referred to their perception regarding their participation 
(Figure 5). Many observers were surprised to realize that there were so many 
different plants growing in their immediate environment. Others, however, 
complained about the poverty of the flora in their streets, compared to other streets 
in the neighborhood or in other cities. Some mentioned their surprise to see plants 
growing in difficult conditions: for example cracks in asphalt. Participants made 
comments on the species they learned to recognize through the program. They 
mentioned their pleasure to attribute a name to a plant that was familiar to them or, 
conversely, to attribute a flower feature to a plant name they had heard of. Others, 
especially those used to observe plants in the city, did not make specific comments. 
 
First outcomes of the programme SAUVAGES DE MA RUE 
Besides the invaluable educational-pedagogical benefits, the programme produces 
data of scientific interest (urban ecology). The analyses of the data collected during 
summer 2011 from almost 300 streets and sidewalks in the neighborhood of Paris, 
are currently carried out. The preliminary results show that plant communities of 
sidewalks are linked to the intensity of urbanization (or distance from the center of 
Paris). For the most densely urbanized zones, the results show that fewer species are 
growing per sidewalk, a higher proportion of taxa are wind-pollinated, their seeds 
are more often transported by wind than by animals and they are more tolerant to 
dry conditions. Twice as many wild plant species occur in the streets planted with 
alignment trees than in those without alignment trees.  
One difficulty for the durability of these programmes is to recruit and/or fidelise the 
observers in order to get enough data over time. The regular communication of the 
scientific results is a necessity but this does not seem to be sufficient. Two other 
perspectives are currently under consideration: (1) propose the participation of the 
volunteers to the scientific experiments rather than only limiting their role to mere 
observations and (2) find ways for giving the volunteers the feeling of belonging to a 
community with shared activities and values about environmental causes. 
Given the high value of the data collected in the other Vigie-Nature projects and 
their use as indicators for environmental management (e.g. bird, bats programs), the 
Flora projects coordinators hope that their implementation will expand quickly. 
Botanical gardens, by the number of the qualified botanists they employ and the 
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missions they are engaged in concerning biodiversity should play a major role for the 
success of such Citizen-science programs. 
 

 
 
Figure 1. Examples of basic principles of the Vigie-Flore protocol. 
 

 
Figure 2. Example of slides shown during the meeting day giving species richness (A) 
and rarity (B) according to the habitats in which the plots are inventoried, or 
relationships between richness (C) or specialization (D) of the plant communities and 
the proportion of natural/anthropogenous habitats in the 1 km² cells in which plots 
were inventoried. 
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Figure 3. The guidebook "Sauvages de ma rue" with identification tool for 
the project and examples of pages. Observers can recognize species 
using the leaf drawings and the simple descriptions of the species. 
Information on the species’ ecology and their most frequent uses is also 
provided. 
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Figure 4. Reasons mentioned by observers to justify their participation in the 
"Sauvages de ma rue" programme. 
 
 

 
 
Figure 5. Answers given to the question ‘what were the most surprising outcomes of 
your participation?’  
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WORKSHOP: The Greek Flora - conservation and applied perspectives 
 
Convenor: Costas A. Thanos (Organised by the Hellenic Botanical Society) 
 
Facilitators: Panayotis Dimopoulos (PG), Costas A. Thanos (CAT), Kyriacos Georghiou 
(KG) 
 
Short Description. A. Introduction on the Hellenic Botanical Society (CAT). B. The 
ongoing, collaborative project of the Vascular Plants Checklist of the Greek Flora 
(PD). C. Conservation initiatives, prioritization and perspectives towards 
safeguarding the vast, native plant diversity of Greece, either ex situ (seed banks and 
botanic gardens) or in situ (in protected or otherwise natural ecosystems) (CAT). D. 
Potential for applications: describing and exploring cases of both direct uses of 
native Greek plants (e.g. cultivation, culinary, pharmaceutical, floriculture) and less 
obvious ones (KG). 
 
 
Conclusions 

1. Upon the completion of the Vascular Plants of Greece: an annotated checklist 
(published in 2014), a new initiative should be launched for the compilation 
of a novel Red List of Threatened Plants of Greece. 

2. The novel Red List will use all recent, available lists and resources and has to 
be an extensive, updated, bilingual (Greek / English) and prioritized (on the 
basis of appropriate assessments). 

3. It has been noted that for the entire floristic region of East Aegean (which 
includes Chios Island), no Management Authorities for Natura 2000 sites 
have been established (while 28 ones exist already for the rest of Greece). It 
is suggested that at least one such Management Authority be established in 
the near future. 

4. Several proposals have been suggested for the compilation of lists referring 
(a) to cases of extinctions as well as rediscoveries of Greek plant species, (b) 
heavy metal hyperaccumulating plants of the Greek flora and (c) instructions 
for native plant propagation (where botanic gardens can be important 
players in testing and developing protocols of germination, seedling growth 
and outplanting). 
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4. 

Plant genetic resources 
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SUMMARY 
 

S. M. Valamoti explored the relationship between plants and people during the 
millennia of Neolithic and Bronze Age habitation in northern Greece, based on the 
actual remains of plants cultivated and stored for food, medicine, fodder, fuel, 
clothing etc by prehistoric people in the region; these were found in archaeological 
deposits and were retrieved through intensive archaeobotanical sampling. 

M. Musayev & Z. Akparov presented the research activity of the Genetic Resources 
Institute of the Azerbaijan National Academy of Science (collections, reproduction, 
documentation and conservation of the local gene pool of landraces of fruit plants, 
including their crop wild relatives). 

S. Zimnitskaya explored the adaptive ability of species belonging to the leguminous 
genera Amoria, Astragalus, Chrysaspis, Glyccyrrhiza, Trifolium, Melilotoides and 
Trigonella from the Urals (Russia), based on the characteristics of their reproductive 
biology at cellular, histological and organ levels. 

N. Maxted & S. Kell organised the workshop “A role for botanic gardens in crop wild 
relative conservation” which illustrated that European botanic gardens have a key 
and unique role to play in crop wild relative (CWR) conservation; they acknowledged 
this role as a bridge to increase awareness and educate the public on the significance 
of CWR for food security, and provide scientific expertise and data for planning and 
implementing in situ and ex situ CWR conservation. To foster this role, it is 
imperative that collaboration is engendered with botanic gardens by policy-makers 
and agencies responsible for CWR conservation. 
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Plants and people in prehistoric Northern Greece:  
the archaeobotanical evidence 
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Abstract 
The interaction of agricultural communities of prehistoric Greece and their natural 
environment since the early 7th millennium B.C. lead to the emergence of various 
anthropogenic landscapes consisting of the settlements themselves, fields and 
pastures as well as managed woodland. The relationship between plants and people 
during the millennia of Neolithic and Bronze Age habitation in northern Greece (7th-
2nd millennia BC) is explored based on the actual remains of plants used by 
prehistoric people in the region, incorporated in the archaeological deposits and 
retrieved through intensive archaeobotanical sampling. Plant species that were 
cultivated and stored for food, medicine, fodder, fuel, clothing etc are discussed as 
well as changes in the range of species used through time. Insights of prehistoric 
culinary practice are possible in exceptional cases, thus linking crop fields to 
prehistoric kitchens. Moving from the settlements to their surrounding landscape, 
fields and crop husbandry practices, wild plant exploitation and the formation of 
pastures are also explored through the rich archaeobotanical record of northern 
Greece. 
 
 
Background 
This study presents snapshots of the life of prehistoric people living in Greece 
through the remains of the vegetation that surrounded them and the plants they 
used. A rich variety of plants that people used in the prehistoric past of Greece is 
explored, some of which constitute plant ingredients no longer used by modern 
Greeks while others represent important elements of our daily and festive meals. 
The archaeological evidence on which this paper is based corresponds to the 
archaeobotanical assemblages retrieved from Greek prehistoric sites. These plant 
remains are preserved within archaeological deposits mainly through charring, e.g. 
generated through contact with fire during conflagration episodes or in other, daily 
contexts. Thus, charred plant remains are likely to be preserved in the 
archaeological record when houses are burnt or in rubbish pits or in ashy layers and 
hearths when people needed fire to cook or to burn refuse or to light a household 
or a festive fire. As these remains are usually not visible during excavation, soil 
samples are systematically collected from different contexts during excavation and 
processed with a special flotation machine commonly known as the water sieve 
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(Figure 1). In this way the charred plant remains from prehistory are trapped in 
special sieves and the remains of plants intended for use 7000 years ago end up in 
front of stereomicroscopes for further study.  
 
Archaeobotanical remains in Neolithic Greece 
The first farming communities appear in Greece in the 7th millennium BC and we 
know that these farmers lived in villages, built houses using wood, mud and stones, 
made pottery, cultivated cereals and pulses and kept animals such as goats, sheep, 
cows and pigs [1]. The archaeobotanical remains retrieved from the excavated 
settlements where these Neolithic communities flourished in Greece until 3500 BC 
reveal a wide range of plants that were used to cover various needs such as food, 
fuel, building material and ingredients for ceremonies. As regards the human 
impact on natural vegetation during the Neolithic (7000-3500 BC), pollen diagrams 
suggest that clearance of natural vegetation for opening of fields and pastures was 
small scale and remains largely undetectable through pollen diagrams [2]. It is thus 
legitimate to envisage the presence of clearings where small fields were opened 
around the Neolithic villages together perhaps with fallow fields and small clearings 
for pasture, among a dense forest dominated by deciduous oaks and pine trees. The 
study of seeds preserved in a charred state in archaeological animal dung may in 
cases provide insights of animal grazing patterns: the data indicate the practice of 
stubble grazing, of grazing patches of natural vegetation around the settlements 
and possibly of seasonal movement away from settlement [3]. Different 
settlements provide information on different practices suggesting a variety in 
human plant interactions in different areas of Greece, dependent on the interaction 
of cultural, subsistence and natural factors. Among charred archaeobotanical 
assemblages from Late Neolithic settlements of Greece the fruits of Cladium 
mariscus indicate the presence of pools with clean water near the settlements [4]. 
 
Diversity of plants in the archaeobotanical record 
During the Neolithic, a wide range of plants were consumed: cereals, pulses, fruits, 
nuts and other plants harvested from the wild. The preferred wheats where the 
glume wheats, einkorn (Triticum monococcum) and emmer (Triticum dicoccum) and 
a type of wheat that resembles Triticum timopheevii that in recent times was only 
known to farmers in Trancaucasia (Figure 2). The wheats we use today had a very 
limited presence in Greece during the Neolithic. Barley (Hordeum sp.) is also 
common among prehistoric agricultural communities of the region. In the north of 
Greece we think that their preferred wheat was einkorn wheat. The available 
evidence so far suggests that these cereals reached Greece from the East, Anatolia 
and the Fertile Crescent or further east in the case of Triticum timopheevii [5]. Due 
to the presence of hulls around the glume wheat grain that are not removed during 
threshing, winnowing and sieving, the neolithic wheat species would have required 
special processing for the removal of the glumes that tightly surround the grain by 
pounding, winnowing and hand cleaning, a time consuming, hard job unnecessary 
for the durum and bread wheats we use today e.g. [6].  
Besides cereals, pulses are a very common find at Neolithic sites. A wide variety of 
species was used: lentils (Lens sp.) are the most common find but peas (Pisum sp.), 
bitter vetch (Vicia ervilia) and grass pea (Lathyrus sativus) were also used (Figure 3). 
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Bitter vetch and grass pea would have had to be processed by soaking and 
discarding the water because both are toxic and grass pea can cause paralysis, 
especially to male populations when consumed on a regular basis for a long time 
[7]. Grass pea is still used nowadays in Greece in the form of ‘fava’ and can be 
bought in supermarkets. A plant with many uses, flax, is well represented in the 
archaeobotanical record of Neolithic Greece. 
Linseed could of course have been eaten, the seeds could have been used to extract 
oil or for their medicinal properties while the plant could have been used for its 
fiber [8]. 
A significant contribution to diet and other needs was made by wild fruits and nuts 
which would have certainly provided culinary variety to the combination of cereals 
and pulses. Wild pistachio (Pistacia terebinthus), acorns (Quercus sp.), grapes (Vitis 
vinifera), figs (Ficus carica), blackberries (Rubus fruticosus agg.) and elderberry 
(Sambucus sp.) were gathered and consumed. Acorns had to be processed in order 
to be palatable as they are usually bitter. Some of the fruit could have been dried 
for consumption throughout the year. This is indicated by finds of whole figs, 
probably dried at various sites. Regarding grapes, grape pips occur at all Neolithic 
settlements and indications for wine making from Dikili Tash, near Kavala in 
northern Greece are among the earliest in the Old World [9]. In a house destroyed 
by fire towards the end of the 5th millennium BC numerous charred grape pressings 
were found. They consist of grape pips loose or surrounded by grape skins and 
prove the extraction of grape juice in Neolithic times (Figure 4). The pips 
morphologically resemble those of the wild Vitis vinifera [10]. It is tempting to 
imagine that this juice was fermented into wine and although other uses are also 
possible, like must and vinegar, the cups that have been found at the site could be 
linked to an alcoholic beverage. 
The Neolithic inhabitants of Greece consumed these species from the 7th until the 
4th millennium BC. With the end of the Neolithic and the beginning of the Bronze 
Age, new plant species are introduced, which many brought from the north but 
originating from the western Mediterranean, central Europe and the steppes of 
northeastern Europe and central Asia. Other plants have a Mediterranean origin 
while some reach Greece from the East [3].  
Spelt wheat (Triticum aestivum subsp. spelta) is the wheat that probably reached 
Greece from central Europe during the 3rd millennium BC. Millet is a common find in 
the north of Greece during the end of the Bronze Age, i.e. the end of the 2nd 
millennium B.C., introduced to the region from the north. Opium poppy (Papaver 
somniferum) has a western Mediterranean origin. Pulses like Celtic bean (Vicia 
faba), Lathyrus clymenum and Lathyrus ochrus have a Mediterranean origin, the last 
two from islands of the Aegean, still grown today on a limited scale, their cultivation 
becoming gradually extinct [3]. Lallemantia sp. (Figure 5) is particularly interesting 
because it appears in Europe for the first time during the Early Bronze Age, in the 
beginning of the 3rd millennium BC at sites of northern Greece [11]. It continues to 
be used throughout the Bronze Age. This plant genus has an origin in Transcaucasia 
and Iran where it is used for its oil rich seeds and for medicinal purposes. Its oil is 
edible, rich in ω-3 fatty acids, and is also used for the preparation of paints. All 
these plants reached Greece through contacts with regions to the north and the 
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East, through exchange networks and networks involving the movement of people, 
perhaps brides bringing plants from their natal places to their new homes. 
The olive, Olea europaea, essential to our modern concept of Mediterranean 
landscapes and cuisine, appears in the archaeobotanical record of southern Greece 
during the 4th millennium BC and is increasingly detectable in the archaeobotanical 
record of the south during the Bronze Age. Of course the olive stones found within 
archaeological deposits cannot be identified as wild or domesticated. The olive is 
absent from the north, which makes sense as the climate there is not ideal for olive 
cultivation. Yet, we know that the inhabitants of the north had a wide range of 
plants producing oil rich seeds that could be used for oil extraction [8]. It is difficult 
to say whether oil was used as food or for other purposes, for example the 
preparation of perfume. It is again from the south of Greece and through the texts 
of Linear B that we know that perfumed oil was produced. This oil was probably 
used in religious ceremonies [12]. The earliest archaeobotanical finds that attest the 
preparation of olive oil date to the 2nd millennium BC and have been found at 
Chamalevri and studied by Sarpaki et al. [13]. Some of the new plants that appear 
during the Bronze Age, like mustard, opium poppy, gold of pleasure (Camelina 
sativa), coriander (Coriandrum sativum) and Lallemantia sp. have oil rich seeds as 
well as aromatic, psychotropic and or medicinal properties [11, 14]. 
Besides this wealth of evidence for the addition of new plants in the repertoire of 
prehistoric ingredients, archaeobotanical research shows that the Neolithic 
tradition of using grape juice continues to be evidenced in the Bronze Age on the 
basis of finds at Toumba Thessalonikis and Myrtos in Crete [14, 15]. We are also 
informed that people were grinding cereals to make foodstuffs such as cracked 
wheat, bulgur, trachanas or flour [7, 16, 17]. The macroscopic examination of 
ground cereal fragments from Mesimeriani Toumba (end of 3rd millennium BC) in 
northern Greece, as well as the use of scanning electron microscopy, show that 
einkorn wheat had been boiled and then ground in a preparation similar to bulgur 
(Figure 6). At Archondiko ground barley was probably formed in lumps, and we are 
trying to find out whether this barley had been precooked, like the Cretan 
Xinochondros.  
 
Human impact to natural vegetation 
As regards the impact of human activity to natural vegetation, the Bronze Age 
witnesses a considerable reduction of the natural forest, probably as a result of 
more intensive and extensive cultivation and grazing. This is visible in natural 
vegetation reconstructions in pollen diagrams. As with the various crops mentioned 
earlier, during the end of the Bronze Age new tree species are detected in pollen 
diagrams such as the walnut, chestnut and plane trees [2]. 
 
Conclusions 
This brief overview of plants that people used in Neolithic and Bronze Age Greece 
allows us to reconstruct aspects of their daily lives. We can imagine them in their 
fields and in their kitchens, clearing dense vegetation to open up fields, spending 
long hours of weeding in the fields, tending their animals and securing pasture, 
harvesting and processing their crops. We can suspect their desire to produce 
nutritious meals from basic plant ingredients for their daily meals as well as for 
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special occasions marking specific moments in the life cycles of the community and 
its individuals. Although it is impossible to reconstruct a recipe book of prehistoric 
times, to grasp how people combined various foods, how sweet was their wine, 
who drunk it, when and in what quantity, although we cannot evoke the smells, 
tastes and texture of prehistoric meals who have disappeared together with people 
who tasted them, our exploration of the plants used by these people of the 
Neolithic and Bronze Age reveals to us the plant ingredients used in prehistoric 
times and sometimes the steps they may have followed to transform them to 
dishes. Their prehistoric meals contained ingredients we still eat today in our homes 
or in tavernas. Bulgur, the ‘fast food’ of prehistory, is still popular and reviving 
through the re-discovery of the so-called Mediterranean cuisine. Lentils, peas and 
grass pea are also prominent in our cuisine while other ingredients like the glume 
wheats and Lallemantia have totally vanished although their cultivation is revived 
by modern small-scale farmers. As for the landscapes they inhabited, many are long 
gone: the dense forests, the fields of flax turning blue when in flower, the fields of 
opium poppy turning purple, the extensive marshes and pools of very clean water. 
Their remains however, captured within the archaeological deposits witness to their 
presence in prehistoric times.  
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Figure 1. Flotation machine for the retrieval of charred plant remains from Late 
Neolithic Makri (second half of 6th millennium B.C.) 
 

 
Figure 2. Einkorn wheat grain from Archondiko, end of 3rd millennium B.C. 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

110 
 

 

 
Figure 3. Grass pea seeds from Kremasti Koiladas in Kozani, 5th millennium B.C. 
(after Valamoti [7]) 
 

 

 

 

 
Figure 4. Grape pressings from Dikili Tash, end of 5th millennium B.C. 
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Figure 5. Conglomeration of charred Lallemantia sp. seeds from Archondiko, end of 
3rd millennium B.C. 
 

 

 

 

 
 
Figure 6. Ground einkorn grain from Mesimeriani Toumba, end of 3rd millennium 
B.C. 
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Abstract 
The wild relatives of major fruits and nuts like grapevine, apple, pear, quince, 
medlar, pomegranate, fig, cherry, apricot, almond, hazelnut, walnut, chestnut, 
pistachio and others are presented along with many genera of the flora of 
Azerbaijan.  
The activity of the Genetic Resources Institute (GRI) of the Azerbaijan National 
Academy of Science (ANAS) is collections, reproduction, studies, documentation and 
conservation of the gene pool of local resources of landraces of fruit plants, including 
their crop wild relatives (CWRs). The CWRs in Azerbaijan are conserved in protected 
areas and botanical gardens, as well as ex situ and on-farm conservation in field 
collections of the National Genebank. 
Collecting of plant genetic resources (PGR) of fruit-berry crops and grape has been 
enhanced in the last years. At present 2490 accessions of fruit plants are maintained 
in field collections of GRI. Nearly 300 grape landraces and about 50 samples of wild 
grapes have been collected by scientists of GRI through individual trips and local 
expeditions, and new gene pool gardens were established. GRI also maintains 
valuable collections of almond, pomegranate, pistachio, sea-buckthorn and other 
crops. As CWRs are many forms that formed in long phylogenetic development of 
fruit plants that harbor valuable genes. Their determination and utilization in 
breeding as donor material is important. 
 
 
Background 
The Azerbaijan Republic is located on the South-East of the Caucasus Mountains and 
on the North-West of the Iranian Plateau, at the crossroads of Eastern Europe and 
Southwest Asia. Chiefly Azerbaijan is a mountainous country. Its surface is extremely 
diverse. Along with lofty mountain ridges (for example: Bazarduzu – 4466 m; 
Shahdagh – 4251 m; Tufandagh – 4197 m and others) rising beyond snow-line, there 
are also vast plains and lowlands some areas of which are located 27 m below the 
ocean-level here. Extreme diversity of the soil and climatic conditions of Azerbaijan 
support a very rich diversity of plant genetic resources. Flora of Azerbaijan contains 
more than 5000 species of vascular plants, including 800 ether-oil yielding, 600 
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medicinal, 500 spices-aromatic, 500 of vitamin-important, 850 dyeing and 1500 
species with tannin, have been revealed, 237 of which are endemic. They sprout at 
Major and Minor Caucasus slopes and in subtropics of Talish. 
During archaeological excavations nearby Nakhchivan, scientists found charred half-
million-year-old grapevine leaves. Historically wild fruits were used by people for 
food, as medicinal crops and other purposes. Azerbaijan is considered one of the 
evolution centers of cultivated plants. Archaeological findings prove that horticulture 
and viticulture in Azerbaijan have at least 6000-7000 years of history. Practically all 
present major cultivated species appeared for the first time in Azerbaijan several 
millennia B.C. As example are signs of farming and ancient horticulture discovered in 
a settlement westward of Goy-Gol town from the early second millennium B.C. Fruit 
crops (apple, pear, apricot, pomegranate, quince, fig, almond, walnut, hazelnut, etc.) 
and grape have been cultivated to meet the demand of the population for foodstuff 
and other products. Most of these crops are considered major agricultural crops of 
the country. Historical facts and excavations carried out in Gazakh, Agstafa, Agdam, 
Mingechevir and other areas of Azerbaijan have shown that cultivation of fruit crops 
in Azerbaijan during the bronze age (middle of the second millennium B.C.) attained 
a high developmental stage [1-2].  
 
 
Materials and Methods 
Plant materials for the study including local varieties and wild relatives of fruit crops 
were obtained from collections of the GRI and ANAS and by farmers in different 
regions of the country. Phenological phases, growth, bio-morphological description 
and productivity, fruit quality traits, resistance to disease and pests were studied 
using the common description methods for fruit plants [3-4].  
 
 
Results and Discussion 
CWR of fruit crops 
Plant biodiversity of the South Caucasus is defined due to diversity of climatic and 
soil. As the last glaciations did not enter the South part of the Caucasus due to the 
presence of the Greater Caucasian Mountain barrier, the flora is extremely rich in 
Azerbaijan.  
One hundred forty nine (149) fruit crop species from 39 genera and 15 families are 
distributed in the territory of Azerbaijan. The large number of genera and species of 
wild fruit and fruit-berry plants are found in forests and rural regions providing the 
greatest diversity of fruit crops: Amygdalus communis L., Armeniaca vulgaris Lam., 
Berberis vulgaris L., Castanea sativa Mill., Cerasus avium L. Moench, C. vulgaris Mill., 
Cornus mas L., Corylus avellana L., Crataegus orientalis Pall. ex M. Bieb., Cydonia 
oblonga Mill., Ficus carica L., Fragaria vesca L., Hippophae rhamnoides L., Juglans 
regia L., Malus domestica Borkh., Mespilus germanica L., Morus L., Persica vulgaris 
Mill., Pistacia mutica Fisch. & C. A. Mey., Pistacia vera L., Prunus cerasifera Ehrh., P. 
domestica L., P. spinosa L., Punica granatum L., Elaeagnus angustifolia L., Pyrus 
communis L., Rubus L., Vitis vinifera L. subsp. sativa D.C., V. vinifera L. subsp. 
sylvestris (C. C. Gmel.) Hegi etc. One can find many wild forms of apple (Malus L.) in 
large tracts of forest, in river valleys and other places. Wild forms of quince are 
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found in coastal forest area of Caspian Sea. These forests represent service tree 
(Sorbus L.) with 11 species (5 of them are endemic to the Caucasus); hawthorn 
(Garataegus L.) has 9 species; plum (Prunus Mill.) – 3, almond (Amygdalus L.) – 2, 
cherry (Cerasus Juss.) – 5, blackberry and raspberry (Rubus L.) – 14 and currant 
(Ribes L.) with 2 species. Furthermore, one can found wild medlar (Mespilus 
germanica L.), sloe (Prunus spinosa L.), alycha (Prunus divaricata lebed.), 
pomegranate (Punica granatum L.), sweet cherry (Cerasus avium L. Moench.), dog-
rose (Rosa sp.), sea-buckthorn (Hippophae rhamnoides), cornel (Cornus mas L.), 
grape (Vitis sylvestris Gmel.), nuts and other fruit and fruit-berry crops in the forest 
and shrubberies and in mountainous and foothill regions of the Republic 
[1,5,6,7,8,9]. 
Among 27 Caucasian pear species 19 grow in Azerbaijan (Pyrus boisseriana Buhse., P. 
hyrcana Fed., P. grossheimii Fed. P. communis L., P. caucasica Fed., P. eldarca A. 
Grossh., P. voronovii Rubtz., P. syriaca Bioss., P. salicifolia Pall., P. zangezura Maleev, 
P.elata Rubtz, P. raddeana G. Woron, P. serotina Rehd., P. nutans Rubtz, P. vsevolodi 
Heidemann., P. oxyprion G. Woron., P. complexa Rubtz., P. medvedevii Rubtz. and P. 
georgica Kuth.), having a number of spontaneous hybrids (Flora Azerbaijan, 1954). 
In Azerbaijan there were more than 400 land races only of pear and half of them 
were endangered [10]. Here are included some varieties of pear (Pyrus communis L.) 
namely Abbasbeyi, Aghgulabi, Aghagormez, Aghsacharmud, Akhundarmudu, 
Bildirchinbudu, Jirnadiri, Hazararmud, Letenzi, Nar armud, Nelbekiarmud, 
Peyghambariarmud, Shekeri, Sulu armud, Tirarmudu, Turshsiniarmud, 
Turshmalasiarmud, Usunarmud, Usun sap armud, Yagarmud, etc. These varieties 
differ for ripening time (summer, autumn and winter), size, taste quality, 
productivity and a variety of other different factors. 
The wild medlar (M. germanica L.) widely spread together with wild pomegranate (P. 
granatum L.) and quince (C. oblonga Mill.) in Talish region of Azerbaijan. Some of 
cultivates medlar varieties have names like ‘Khan ezgili’, ‘Nelbeki’, ‘Kitil’, ‘Aghezgil’, 
‘Arkivanezgili’. By Zhukovski’s [11] opinion, the medlar was domesticated by 
Caucasian inhabitants, especially in the Talish region of Azerbaijan.  
Cornelian cherry (C. mas L.) is widely spread in the countries and used in local 
cuisine. It grows in forest with other fruit species like cherry plum, sloe, hawthorn, 
dog-rose, apple, pear, quince, medlar, hazelnut, currant, raspberry and others. There 
are variations of cornelian cherry in Azerbaijan having different color, size and shape 
of fruits. It was selected more than 40 forms [12]. 
The Common (syn. Persian, English) walnut J. regia L. wildly grows in Azerbaijan in 
lower and middle slopes of the Major and Minor Caucasus and in subtropics of Talish 
Mountains. According to Safarov, [13] the total surface of walnut forests is more 
than 25000 ha in Azerbaijan. Being based on fossils it is approved that the walnut 
was spread in Azerbaijan during the Tertiary Period and it is a relict plant of 
Cretaceous Period [14]. The local wild forms of J. regia being in basis of native walnut 
germplasm. The Azerbaijan selective forms ‘Kaghizi’, ‘Katankoynak’, ‘Araz’, ‘Disar’, 
‘Darvishpapag’, ‘Nazikgabig’ are known out of the country too: ‘Evrica’ and ‘Blecmer’ 
cultivars had been selected from ‘Kaghizi’ cultivar [15]. 
Wild grapevine -V.vinifera L. subsp. sylvestris (C. C. Gmel.) Hegi., the wild ancestor of 
the cultivated grapevine V. vinifera subsp. sativa D.C., is a typical plant of flora in 
Azerbaijan, spread widely in large areas and in the banks and shores of river, lake 
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and sea and mountain slopes. This wild grapevine together with native varieties is 
interesting, while the Azerbaijan - as one of the main centre of origin and 
domestication of cultivated grapevine. Confirmations of this opinion are high 
number of autochthonous varieties with ample diversity of berry colour and 
technological aptitudes; historical information; linguistic and folk data; and certainly, 
rich palaeobotanical artifacts and archaeological findings discovered since 
“Shomutapa culture”, dated back to VI-IV millennium BC [6]. 
At the same time as it may be concluded that wild grape spread on the whole 
territory of Azerbaijan is very ancient formation. In general, more than 3000 samples 
of wild grapes were found in expeditionary regions and phytocenotic features of 
their spreading areas were described. Wild grape - V. vinifera L. subsp. sylvestris (C. 
C. Gmel.) Hegi of Azerbaijan is distinguished with specific characters. It is spread on 
the territory of Azerbaijan from 12 m below sea-level (Kyur riverside, Salyan region) 
to 2000 m above sea- level (Gusar region). There are two kinds of wild grape in 
Azerbaijan: typical Negr. (with hairs) and aberrans Negr. (hairless). In Nabran forests 
of Guba-Khachmaz region dark and dark purple coloured grape forms were found. 
While expedition in Guba-Khachmaz region it was known that, Guba region is 
enriched with wild grape. In forests of this region (Uzunmeshe, Alpan, Khujbala, 
Digah, Aghbil, SusayGishlag, Dallakand villages) along Guruchay, Gusarchay, 
Gudyalchay rivers lots of wild grape forms were found. In forests of Khachmaz (Pir 
forest), Shaky (Oraban), Lankaran (Seligavul) and Gabala (Shongar) regions small 
seedy dark wild grape varieties were also determined. On the banks of Kondalanchay 
river in Fuzuli region dark, dark red, dark purple coloured grape seed forms were 
observed.  
Our investigations revealed that different populations of wild grape are spread 
mainly in two formations - tugay (streamside forest) and typical broad-leaved 
forests. On the banks of Kungut river (Oraban village) of Sheki, Guruchay, Gusarchay, 
Gudyalchay rivers (Uzunmeshe, Alpan, Khujbala, Digah, Akbil, SusayGishlag, 
Dallakand villages) of Guba region wild grapevines spread mainly in tugay forests 
densely and widely. But typical forest formation of wild grape was found in 
Agharehimoba, Godekli, Gimilgishlag, Gadashoba, Nerecan and etc. villages and 
forests (forest number 1, Pir forest) of Khachmaz region, Seligavul forest of Lankaran 
region and Shongar spring of Gabala region.  
Wild grape samples distinguish each other for their biomorphological traits. As rule 
male grapevines are strong, functional female grapevines are weak. All samples of 
wild grape can be divided into 4 groups according to leaf size: very small (length up 
to 4.0-8.0 cm), small (length up to 8.0-12.0 cm), medium (length 12.0-15.0 cm) and 
large leaved (length more than 15 cm). Most of studied varieties are involved to 
small and medium leaved group. Wild grape samples can be divided into 3 groups for 
leaves sub-sections: whole, medium and cross-section leaves. Some samples are 
covered with white net-shaped blooms, but in some cases under surface are bare. 
Samples are distinguished for leave sides. Sides are mainly sharp, triangular and 
round shaped. Stalk hollows are namely lira-shaped, but rarely sides are parallel and 
bottom is flat. Wild grape samples are two housed, that is they have male or female 
flower groups.  
Self-pollinated bisexual flower groups of wild grape samples were not met. 
According to some researchers’ opinions, types of flower groups of wild grape are 
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very important morphological trait for defining grape origin, because wild grape is 
two housed subspecies. Bunch flowers of wild grape can be distinguished each other 
for their forms, they are small or medium sized. As a rule, the bunch flowers of male 
grapevines are big and cone-shaped. But bunch flowers of female grapevines are 
small, cone-shaped-cylindrical or cylinder-shaped.  
Bunches of wild grape are small, with a length of 7.0-13 cm and 6-8 cm width. There 
are 1-2 bunches on productive shoots. Bunches are mainly set on 3-5th churn-stuffs 
of new shoots. Skin of separate seeds of grape is dark or reddish dark. Seeds are 
oval-shaped. The surface is covered with thick wax layer. Most of wild grape varieties 
are resistant to mildew and oidium disease [6,7,16,17]. 
Sea-buckthorn (Hippophae rhamnoides L.) various parts of sea-buckthorn are widely 
used as medicine, food and feed source, technical purposes, in establishing of 
protective belt, live fences, as well as in planting of greenery, in prevention of 
erosion and soil recultivation. Sea-buckthorn fruits have a number of vitamins (A, C, 
B1, B2, B6, E, K etc.), 15 microelements, acids, irreplaceable oil in medicine etc. In 
general, there are 190 various biologically active matters in sea-buckthorn. Taking 
into account the national economic importance of biodiversity, the GRI and ANAS 
have started to restore the gene pool collection of 1972 in order to create high-yield 
and qualitative varieties of sea-buckthorn from local forms and introduced Altai 
varieties. As a result, 80 different samples of sea buckthorn which have an important 
role in the development of advanced forms and varieties were collected and the 
place of their distribution and density were identified. These forms sharply differ in 
many morphological characteristics - shape, color, size of fruit, bush shape, 
thorniness degree, as well as taste, etc. Wild sea-buckthorn brushwoods are widely 
spread in most regions of the Republic - Guba-Khachmaz, Shaky-Zagatala, Shirvan, 
Talysh, Garabagh, Nakhchivan AR and etc. While natural sea-buckthorn populations 
are mainly spread in Ismayilli, Shamakhi, Aghsu, Gabala, Shaky, Gakh, Zagatala, 
Guba, Gusar and etc. regions. In Azerbaijan the height of sea-buckthorn is 2-5m, 
sometimes 10m and it is tree or bush. Trunk diameter is about 30cm. The weight of 
100 fruit is 8-25g, sometimes 30-35g. Fruits of local forms are small, barrel shaped, 
longish and round, yellow, yellow-orange colored. Seeds are big, less juicy, and 
thorny. Fruits ripen after 20th October. Productivity is low, 3-5 kg, sometimes 7-8 kg 
per bush. Populations of sea-buckthorn existed in the different regions were 
characterized for their morphological, biological and biochemical traits.  
The use of ecologically-separated forms of sea-buckthorn for hybridization allowed 
us to create a rich hybrid material. As a result of experiments the cultivars ‘Shafa’, 
‘Zafarani’ and ‘Tozlayan’, which are suitable to local soil and climatic conditions, have 
been created. These are high-yield varieties (18 - 25 t/ha), big-fruited (each fruit's 
weight is 50 - 60 g), weak-thorned (Zafarani, Tozlayan) or thornless (Shafa). In the 
natural brush woods of the Azerbaijan environment, sea-buckthorn fruits ripen 
towards the end of October. The new cultivars have different maturation periods 
(from early August to the second half of October) and are resistant to diseases and 
pests. These new varieties of the sea-buckthorn are of universal character: they can 
be used as fresh fruits, to prepare jam, juice, oil, liqueur, stewed fruit and much 
more. Thanks to positive bio-economical peculiarities, the profitability level for the 
products is high. From a recent hybridization between forms of different origin 
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(Siberia x Azerbaijan) three varieties of sea-buckthorn with early maturation (ultra 
scope matured) fruits (July) and with oil content of 7.1 % were obtained [9,18,19].  
 
Crop domestication 
Each region of Azerbaijan has its own specific and qualitative fruit varieties. For 
instance, Shirvan is famous for its pomegranate and quince; Nakhchivan for its 
apricot and peach; Shaki-Zagatala for its walnut and hazelnut; Ganja-Gazakh for its 
grapevine, cornelian cherry and cherry; Absheron for its almond, pistachio, fig and 
grapevine; Guba-Khachmaz for its apple and pear. Walnut, hazelnut, chestnut, 
persimmon (Diospyros kaki L., D. lotus L.), dogwood and tens of other species 
available in southern slopes of Caucasus mountains are used by people as food. 
Landraces of these species are available to the local farmers. A large diversity of 
apple, pear, mulberry, medlar, dogwood and other crops is widespread in this 
territory. The Lankaran-Astara region contains valuable varieties of blackberry, fig, 
pomegranate, bush cherry, plum, dog-rose and citrus plants, while Absheron 
contains varieties of grape, fig, pistachio, almond, oleaster (Elaeagnus angustifolia L., 
E. caspica Grossh.), mulberry, quince and pomegranate where these crops grow 
naturally or cultivated by farmers in their holdings and orchards. Distribution areas 
of wild grape, blackberry, raspberry, and other berries over the territory of the 
republic are known. At once a number of fruit crops like cornel, sweet cherry, cherry, 
pomegranate, quince, fig (Ficus carica L., F. hyrcana Grossh.), pear, grape (Vitis 
vinifera L.) and other fruits were widespread in the territory occupied by Armenia, 
which were used by local people. In Guba-Khachmaz region more than hundred 
varieties of apple – Sari tursh, Jirhaji, Sikhijani, Ayyubi, Shirvangozeli, Jibir, Gand 
alma; pear – Nar armud, Abbasbayi, Jirnadiri, Ispigi, Kurduku, Nargila, Bildirchinbudu, 
etc. were spread widely in fruit gardens, especially in amateur gardeners’ courtyards. 
More valuable varieties of grapevine, stone-fruits are cultivated in wide areas of 
Nakhchevan AR. Especially are famous some varieties of apricot (Armeniaca vulgaris 
Lam.); varieties of peach (Persica vulgaris Mill.) namely Salami, Zafarani, Juyur, 
Aghkustu, Aghnazli; varieties of plum namely Garaalbukhara, Sari albukhara, Khatini; 
varieties of alycha (Prunus cerasifera Ehrh. var. divaricata (Ledeb.) L.H.Bailey) namely 
Goychasultani, Shabrani, Payizmalasi, Aghalycha; varieties of walnut namely Sugra, 
Seyfi, Araz, Disar and etc. A number of local varieties of pomegranate (Punica 
granatum L.) namely Guloysha, Malas, Shahnar, Balmursal, Girmizigabig, Nazikgabig 
and etc.; of quince (Cydonia oblonga Mill.) namely Jardam, Garaheyva, Sari heyva, 
Armuduheyva, Qaraman, as well as of alycha, plum, sloe, grapevine and etc. are 
cultivated in Shirvan region. Aboriginal varieties of olive (Olea europaea L.) namely 
Shirinzeytun, Azerbaijan zeytunu, Armuduzeytun, Bakizeytunu; of fig (Ficus carica L.) 
namely Absheron sari injiri, Buzovburnu, Goy injir, Garainjir, Bozinjir, Sumakhinjiri, 
Payizinjiri; of almond (Amygdalus communis L.) namely Nazikgabig, Sarayi, 
Mardakan; of pistachio (Pistacia vera L.) namely Amirjan, Bulbula, Narinji, Zumrud 
and etc. are cultivated in Absheron region. In Shaki-Zagatala region ancient landraces 
of hazelnut (Corylus avellana L.) namely Ata-Baba, Yaghlifindig, Sachaglifindig, Ganja 
findigi; of walnut (Juglans regia L.) namely Jar, Dundi, Gum, Tala, Zagatala; of 
chestnut (Castanea sativa Mill.) namely Khanlig, Ashig, Farash, Barguvara and etc. 
are grown. A number of landraces of apple, pear, quince pomegranate, grapevine 
plants are cultivated in courtyards in Garabagh. There are many aboriginal varieties 
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of stoned-fruits and berries and subtropical fruits as well as grapevine, for example, 
cornelian cherry (Cornus mas L.) namely Armuduzogal, Challakzogal, Girdazogal, 
Dilimlizogal, Garazogal, Sari Kahrabazogal, Irimeyvalizogal in Ganja-Gazakh region. 
Besides the above-mentioned fruit varieties, tea and Citrus plants as well as various 
varieties of feijoa are grown in courtyards and farms in Lankaran-Astara region. 
Recently 7 varieties of feijoa [Feijoa sellowiana (O. Berg) O. Berg] namely Khazar, 
Astara, Mahsuldar, Sachagli, Lankaran, Irimeyvali and Girkan were created. These 
were the first feijoa varieties in Azerbaijan [20,21].  
 
 
Conclusions 
For the purpose of collecting aboriginal varieties and their wild relatives of fruit 
crops a number of expeditions were organized in different regions of our Republic, 
their areal was determined, biological-agricultural traits of collected varieties and 
forms were evaluated. Collected materials were maintained in the national gene 
bank enriching the collections. Therefore, conservation of plant genetic diversity, 
selection, evaluation and protection are of high importance nowadays. It is expected 
that increasing public awareness of CWR by publication and events, will enhance 
protection and conservation of important species for further utilization. 
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Abstract 
The study examines the legume reproduction systems of the genera Amoria, 
Astragalus, Chrysaspis, Glyccyrrhiza, Trifolium, Melilotoides and Trigonella in the 
Urals, implementing various programmes of reproductive development. The study 
was conducted at the cellular, histological and organ levels, the implications of 
changing of the population reproductive strategy were assessed, as well as the 
structural and functional restructuring of the self-incompatibility by light and 
fluorescent microscopy. 
 
 
Background 
The species adaptive capacity is determined by the set of indicators, among which 
the leading role belongs to the ability to resume efficiently in a changing 
environment. Reproductive strategy of a species as the basis of its life strategy is a 
major factor in the formation and implementation of the adaptive capacity of a 
species. If the reproductive strategy is changed, the adaptive capacity of the 
population can be extended. 
The need to study the reproductive systems of legumes is determined by several 
considerations: First, to ensure efficient seed reproduction of species cultivated 
outside the range of commercially valuable species - food, medicinal, decorative; 
second, to protect rare and endangered specie; third, to estimate the risk of 
adventitious species habitualisation in local plant communities. The assessment of 
disorders in the plant reproduction is of particular importance for the analysis of 
adaptive capacity, because it is impossible to address such disorders by agronomic or 
environment protection measures. 
Evaluation of the reproductive system of a species includes a set of interrelated and 
interdependent indicators and the system of reproduction depends on it directly or 
indirectly. The most important among them is the life form, the formation of 
vegetative and generative organs, the availability and effectiveness of vegetative 
propagation, especially embryogenesis and fertilization, the formation of the 
elements of seed production and the factors determining its decline, the quality of 
seeds. 
 
 
Materials and methods 
We have studied the characteristics of the reproductive biology of legumes, which 
include the genera Amoria (A. fragifera L.), Roskov, (A. montana L.), Sojak, (A. repens 
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L. C. Presl.), Astragalus (A. cornutus Pall., A. karelinianus M. Pop., A. wolgensis 
Bunge, A. silvisteppaceus Knjasev sp. nov.), Chrysaspis (C. spadicecea L. Greene), 
Glycyrrhiza (G. glabra L., G. korshiskyi Grig., G. uralensis Fisch.), Melilotoides (M. 
platycarpos L. Sojak ), Trifolium (T. trichocephalum Bieb., T. pannonucum Jack., T. 
pratense L., T. arvense L.) and Trigonella (T. foenum-graecum L., T. caerulea L.) being 
introduced in the botanical gardens and taken from natural populations in the Urals. 
We have determined the indicants of plant life forms, the effectiveness of vegetative 
propagation, pollination system and the advancement of the phenol phases by the 
introduced species. The real and potential seed production, seed production rate, 
sowing quality of seed germination and vigor were also assessed. 
Embryological analysis was performed by light and fluorescent microscopy 
(microscope LEICA DM 2500 B). The productive status of male and female systems 
was defined through pollen grains and ovules sterility, the structural features of 
anther wall, the development of stigma surface, the mutual arrangement of the 
androecium and gynoecium elements and the effectiveness of pollination. Sterile 
pollen grains were determined by the acetokarmin method and after staining with 
IKI to detect starch [1]. The structure and level of sterilization of ovules was 
determined after their clearing and maceration in etilsalitsilate [2]. The structure of 
the reproductive system and the effectiveness of pollination were studied by 
fluorescence microscopy by aniline blue [3]. Statistical processing of the material was 
performed using the programme Statistika 6.0. 
 
 
Results and Discussion 
Among the species studied both annuals and perennials are presented. Annual 
species are herbaceous monocarpics with a taproot. Perennial species are 
polycarpous herbs, shrubs, and semishrubs. Reproductive strategies characteristic 
for the species studied were determined. The first strategy is a combination of active 
vegetative and seed propagation, which is characterized by high rates of seed 
production by laying a large number of ovules, and a complex pollination system 
(Amoria repens). The second is a combination of active vegetative propagation and 
unstable propagation of seed (species of Glycyrrhiza, Amoria fragifera). The third is a 
combination of limited and ineffective vegetative reproduction and unstable system 
of seed propagation (perennial species Trifolium, Melilotoides, Astragalus). The 
fourth is the reproductive strategy of annual species, which is based solely on seed 
propagation the effectiveness of which depends on a complex system of pollination 
(annual species of Trigonella, Chrysaspis and Trifolium). 
The most important indication of the introduction and adaptation success is the full 
advancement through the plant life cycle. We recorded the dates and the duration 
of phenological phases. The study of the phenology of Trigonella foenum-graecum, 
Trifolium trichocephalum, Glycyrrhiza glabra, G. korshiskyi, G. uralensis shows that 
the length of the growing season and the duration of phenological phases change 
compared with the natural habitats. With the introduction to the Middle Urals the 
starting dates of budding and flowering are significantly delayed and the stage of 
bud formation and development is longer. In hay fenugreek the flowering period is 
significantly lengthened. However, all the main stages are performed successfully 
enough and in favorable years, the life cycle is completed. 
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The effectiveness of vegetative reproduction in perennial species is not the same. 
This is determined by the nature of underground bodies, the presence of specialized 
organs of vegetative spreading and reproduction. For example, a vegetative mobile 
species is licorice with strong creeping rhizome, as well as white clover and 
strawberry clover with long creeping shoots, rooting at the nodes on the ground, 
which provide not only the active growth and easy transition to particles 
independent existence, but also their profound rejuvenation. Species with a short 
rhizome, such as red clover have less effective vegetative reproduction. Caudex of 
mountain clover can provide only a senile participation that extends the generative 
phase of the individual, but does not rejuvenate. 
The type of generative shoots is crucial to the evaluation of bean seed propagation. 
Legumes form simple axillary inflorescences of two types - the raceme and 
capitulumous raceme. In species with weak branching generative shoots (Amoria 
montana, Trifolium trichocephalum, T. pannonucum) flowering is short term. In 
species with highly branched generative shoots (Amoria repens, species of 
Glycyrrhiza and Melilotoides platycarpos), flowering period is very prolonged. 
Microsporogenesis and male gametophyte development in all species studied are 
not significantly disturbed. As a rule, the level of sterilization is low, not significantly 
different from the sterilization level in natural habitats and it cannot have a 
significant impact on the efficiency of fertilization. Some individuals of Trigonella 
caerulea and Trifolium trichocephalum under introduction develop increased 
variability in the size of pollen grains. Along with the fertile grains of normal size, 
there are small and hypertrophied large pollen grains, which are sterilized at 
different stages of development. It is known that a number of external factors may 
influence the course of cytological processes during the formation of pollen grains. 
These include the intensity of illumination, nutrition and water conditions, low and 
high temperature. The external influence is strongly manifested in introduction due 
to the changes in habitat conditions and together with some increase of male 
gametophyte sterilization it is the reflection of plant response to a complex of new 
factors. 
As shown by our study [4], one of the main factors limiting seed reproduction in the 
species of legumes studied is sterilized ovules. The ovary of annual and perennial 
species contains different number of ovules. White clover may have 2 (some types of 
clover, fenugreek blue), some licorice species from 2 to 6, Melilotoides plathycarpos 
- 6-9, Trigonella foenum-graecum - 5-13, Astragalus cornutus- 16-25, A. karelinianus - 
7-25, A. wolgensis - 21-35. Most of these ovules are sterilized before the start of 
flowering. The percentage of aberrant ovules in annual species, on the average, is 
79% in Trifolium arvense, 50% in Chrysaspis spadicea, 18%, in Trigonella caerulea and 
50% in T. foenum-graecum. In perennial species, this index is the lowest in 
Melilotoides platycarpos - 16% and the highest level of sterilization is noted for 
Amoria montana - 58% and Astragalus cornutus - 64%, A. silvisteppaceus - not less 
than 50%. 
It is known that the death of a certain number of ovules is due to the laws of the 
species reproductive biology. There are general points, which specify that, on the 
average, for annuals the number of fertile ovules should be 85%, and for perennials - 
50% [5]. Of course, genotypic characteristics do determine the interspecific and 
intraspecific variations in the degree of sterilization. However, attention is drawn to 
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the fact that the level of sterilization for plow clover, chestnut clover and fenugreek 
in the Urals is well above the average level for the annuals. 
In the Middle Urals after the flower unfurling the fertility of the ovules without 
fertilization is preserved in Trifolium arvense for  2-3 days, T. trichocephalum - 3-4 
days, T. pratense and T. pannonicum - 5-7 days, Amoria montana - 4-5 days, 
Melilotoides platycarpos - 6-7 days, Trigonella caerulea - 3-6, and T. foenum-graecum 
- 3-5 days. The prolonged flowering of entomophilous species is a factor in 
adaptation. Morphologically, the flowers papilionaceous, typical for this family, is the 
result of specialization in cross-pollination and a classic example of entomophilous 
flowers. 
Our study shows that the genera Amoria, Astragalus, Chrysaspis, Melilotoides, 
Trifolium, Trigonella demonstrate a wide interspecific and intraspecific 
polymorphism of pollination systems. Some of them are obligate cross-pollinators, 
obligate self-pollinators and the species with complex systems that combine 
different types of cross-and self-pollination. 
For example, certain species of perennial clover (clover pannonian, red clover from 
wild populations, clover trichocephalum), some species licorice and fenugreek 
plathycarpos are obligate cross-pollinators. In the entomophilous flowers of legumes 
there is a complex system of self-incompatibility [6], which includes, inter alia, the 
structure of the stigma surface, the need of tripping, filaments that are shorter than 
the column of pistil, which prevents the penetration of its own pollen on the stigma 
of the pistil in the cracking of the anthers. However, under experimental conditions, 
artificial self-pollination produced low (0.1 - 0.9%), but positive results. This suggests 
that in natural conditions geitonogamy is possible, although it does not contribute 
significantly to the reproduction of the population. 
Autotripping, elongation of filaments and germination of pollen tubes through the 
anther wall facilitate self-pollination. Cultivated clover and fenugreek are obligate 
self-pollinators among the species studied. In the Middle Urals hay fenugreek 
significantly decreases the linear dimensions of the flower - the mean value of 7.1 
mm (within its habitat the length of the flower is 13 - 19 mm), the color of the 
corolla has become less bright, it is whitish-green. The change of the morphological 
parameters of the flower can be considered as an element of the system dynamics 
towards autogamous pollination associated with plant adaptation to new 
environmental conditions, and possible optional autogamy. 
Annual species of clover, white clover and blue fenugreek have a complex system of 
pollination, which includes both xenogamy and contact and gravitational autogamy. 
However, the effectiveness of different pollination types for reproduction is not the 
same, under normal conditions, as a rule, cross-pollination is prevalent. The 
combination of different pollination types is observed not only in different 
individuals of a species, but also within the same inflorescence. 
Clover chestnut blossoms exhibit clear zoning with respect to the type of pollination. 
Within a single flower there are often signs of two or even three types of pollination 
in different combinations, which shows the great potential of the system to use the 
type of pollination, which will be beneficial from the genetic (under favorable 
conditions) or environmental (if cross-pollination is not possible) points of view. 
White clover and forest-steppe Astragalus exhibit the substitute, protective 
character of autogamy. The study identified individuals of these species with 
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abnormally developed flowers, including the undeveloped stigmas and reduced 
columns. Stigma surface of pistils is absent, making cross-pollination or autogamy 
gravity impossible, 
Nevertheless, pollination occurred by the in growth of pollen tubes directly into the 
tissue of the column. The undoubted fact is that to achieve the final goal of 
pollination, i.e. fertilization, these species use the type of pollination, which is 
possible due to the effects of certain environmental factors and genetic status of the 
individual. At the same time, it should be noted that the structure of pollination and 
the contribution of the different types of pollination, as well as their 
implementation, reliably exhibit species-specific traits. 
Parameter estimation of seed production has identified some general patterns in the 
species studied. First, there is high potential seed productivity because of producing 
a large number of generative elements. Second, there is a significant reduction in 
seed production, primarily due to the sterilization of the female gametophyte. This 
gives a very low rate of seed production at high absolute numbers of mature seeds 
formed. Third, there are very high levels of intraspecific variation in these 
characteristics as well as significant differences characteristic of the same species in 
different years. 
For example, the analysis of seed production elements in three species of licorice 
gives an indication that a significant reduction in seed production continues after 
flowering. There is a degeneration of the whole of flowers and inflorescences. 
Korzhinsky licorice forms 19 to 40 flower buds, after fertilization 6-15 pods develop, 
from which matures only from 3 to 14 pods per collective fruit/stem. On the 
average, the plant produces from 2 to 16 inflorescences, which at the time of fruiting 
produce 2 - 12 aggregate fruits [7]. 
Thus, seed production is reduced considerably. The ratio of seed production in 
different samples of Korzhinsky licorice from the Southern Urals is from 0.5% to 
27.6%. The highest and lowest rates of seed germination in different years are 
characteristic of Korzhinsky licorice - 33% and 11% respectively. On the average, the 
figure for Korzhinsky licorice is 22.5%, for liquorice - 15%, for Ural licorice - 19.2%. 
The study of seed production reveals that blue fenugreek showed significant 
ecological plasticity, which is manifested in the high qualities of crop seeds 
(germination rate - 82.5%) and high ratio of seed production (84%). This indicates 
the successful adaptation of species to new environments. 
Hay fenugreek is characterized by the high percentage of germination (from 74 to 
86%) and germination energy. But at the same time, low rate of productivity (0.35) 
indicates low seed renewability. The comparison of seed production shows that 
productivity factor of strawberry clover is reduced in the Middle Urals (38-44%) 
compared with similar data from the habitat in Dagestan (55.3%). At the same time, 
the ratio of fruiting increases in the Middle Urals at 1.2-1.3 and in Dagestan at 0.9. 
This can be explained by the fact that exotic species decrease the number of flowers 
in which both ovules form mature seeds. Because the Middle Urals forms the 
northern boundary of the species, we can assume that the decrease in seed 
production against the increased rate of fruiting is the result of strengthening the 
role of self-pollination. 
Thus, the analysis of embryological and some others indicators associated with 
reproduction revealed the characteristic features of legume breeding. In addition to 
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traditional indicators of seed production and seed quality, sterilization of the female 
gametophyte is a very important indicator of the condition of seed multiplication 
system in all species. In our opinion, the high level of sterilization of the female 
gametophyte which is almost a universal sign for the members of this family is a 
limiting factor in embryonic development. As shown by our studies, an important 
factor in adaptability of some species of clover, Astragalus and fenugreek, besides 
the condition of the female gametophyte, is the potential ability to change the type 
of cross-pollination to self-pollination and the complex system of pollination 
For all the species studied, the express methods for assessing the condition of the 
female gametophyte are suggested. This allows rapid assessment of the 
reproductive potential of plants, which is especially important for carrying out 
environmental protection of rare and endangered species, the populations of which 
are on the verge of extinction. 
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WORKSHOP: A role for botanic gardens in crop wild relative conservation 
 
Convenor: Nigel Maxted and Shelagh Kell, University of Birmingham, United 
Kingdom 
 
1.0 BACKGROUND 
 
1.1 Workshop aim and objectives  
The aim of the workshop was to emphasize and explore the current and potential 
roles of botanic gardens in the conservation and utilization of European crop wild 
relative (CWR) diversity. The specific objectives were to:  

1. Define CWR and stress their value as an ecosystem service critical for food 
security;  

2. Introduce the policy context of CWR conservation and use;  
3. Outline the current state of the art of CWR conservation and use in Europe 

and globally;  
4. List the current and potential roles of botanic gardens in the conservation 

and use of CWR;  
5. Discuss the suggested roles and explore additional ways in which botanic 

gardens can aid CWR conservation and use based on the experience and 
expertise of the workshop participants.  

 
1.2 Participants  
Maria-Stella Aloupie, Elena Bahzina, Constantino Bonomi, Camille Christe, Natasha 
de Vere, Maoti Delmas, Sergey Efimov, Tim Entwisle, Inna Filatova, Joachim 
Gratzfelt, Kate Hughes, Asta Klimiente, Sara Oldfield, Arie Oudijk, Jerzy Puchalski, 
David Rae, Marie-Stephanie Samain, Rachel Schwartz-Tzachor, Jamila Skruzna, 
Magali Stitelmann, Joke t' Hart, Cristina Tavares, Alexandru Teleuta, Kostas Thanos, 
Soultana Valamoti  
 
2.0 WORKSHOP PRESENTATIONS  
 
2.1   Presentation 1.  CWR diversity: underpinning food security in a time of 

ecosystem change  
Presented by Nigel Maxted  
 
2.1.1 Summary  
The presentation defined crop wild relatives (CWR), underlined their value for crop 
improvement, and highlighted their importance as an ecosystem service. The policy 
background for their conservation and sustainable use was outlined and progress 
with their conservation globally and within Europe was reviewed. Relevant CWR 
projects and networks were introduced. 
 
2.1.2 Definition of a CWR  
A CWR can be defined as “a wild plant taxon that has an indirect use derived from its 
relatively close genetic relationship to a crop; this relationship is defined in terms of 
the CWR belonging to gene pools 1 or 2, or taxon groups 1 to 4 of the crop” [1]. This 
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definition essentially means that broadly speaking, all taxa within the same genus as 
a crop―or within closely related genera in the case of some crop gene pools (e.g., 
Aegilops in the wheat gene pool)―can be considered as CWR. Crops can include 
food, fodder and forage, medicinal plants and condiments, ornamental and forestry 
species, and industrial crops (e.g., oils and fibres). 
  
2.1.3 CWR: the policy context  
The need for concerted international action on CWR conservation (and use) is spelt 
out in the FAO Global Plan of Action for the Conservation and Sustainable Utilization 
of PGRFA (GPA) [2], Global Strategy for Plant Conservation (GSPC) [3], International 
Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA) [4], Draft 
Global Strategy for CWR Conservation and Use [5], European Strategy for Plant 
Conservation (ESPC) [6] and CBD Strategic Plan for Biodiversity 2011‒2020 [7].  
 
2.1.4 CWR projects and networks  
The aims and products of the FP5 project, PGR Forum (www.pgrforum.org)―a 
European forum to debate methodologies associated with the conservation of CWR, 
with a focus on in situ conservation―were reviewed, as were those of the EC 
AGRIGENRES project AEGRO (http://aegro.jki.bund.de/aegro). Products of the latter 
project included gene pool in/ex situ conservation strategies for Avena, Beta and 
Brassica and CWRIS-PLIS (Population Level Information System) to combine and 
harmonize data and facilitate querying. The AEGRO project culminated in the joint 
AEGRO/European Cooperative Programme on Plant Genetic Resources (ECPGR) In 
Situ and On-farm Conservation Network symposium, ‘Towards the establishment of 
genetic reserves for crop wild relatives and landraces in Europe’, which was held at 
the University of Madeira, Funchal, 13‒16 September 2010. The proceedings have 
been published by CABI [8].  
The FP7 PGR Secure project, which involves 11 partners and commenced in March 
2011 for 3.5 years, was introduced. The aim of the project is to research novel 
characterization techniques and conservation strategies for European CWR and LR 
diversity, and further to enhance crop improvement by breeders. The research 
approach is: 1. Novel characterization techniques, including: (1a) Genomics, 
phenotyping and metabolomics, (1b) Transcriptomics, (1c) Focused Identification of 
Germplasm Strategy; 2. CWR and LR conservation, including: (2a) Europe-wide CWR 
inventory, (2b) Exemplar national CWR inventories, (2c) European CWR strategy, (2d) 
Europe-wide LR inventory, (2e) Exemplar national LR inventories, (2f) European LR 
strategy; 3. Facilitating breeders’ CWR and LR use, including: (3a) Identifying 
breeders’ needs, (3b) Meeting breeders’ needs, (3c) Integration of conservation and 
user communities, (3d) Pre-breeding ‒ channelling potential interesting germplasm 
into commercial breeding programmes; and 4. Informatics development, including: 
(4a) CWR and LR inventory information web availability, (4b) Novel characterization 
information web availability, (4c) Inter-information system operability. The project 
was initiated by the ECPGR In Situ and On-Farm Conservation Network and will 
involve 42 European countries, as well as both large and smaller European plant 
breeding companies. 
The current Adapting Agriculture to Climate Change project is being led by the Global 
Crop Diversity Trust and is focusing in part on the ex situ conservation of global 
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priority CWR species. The conservation element of the project involves: (a) 
prioritization on the basis of potential breeding use and listing of gene pools and 
CWR taxa to collected, (b) the collation of ecogeographic data for the prioritized 
taxa, (c) ex situ gap analysis using ecogeographic data, (d) field collection of seed 
samples by the Royal Botanic Gardens Kew, CGIAR centres and national PGR 
programmes, and (e) ex situ seed storage of global priority CWR taxa in national, 
Millennium Seed Bank, CGIAR and Svalbard gene banks. The initial analysis has found 
1,667 priority CWR taxa representing 37 families, 109 genera, 1392 species and 299 
subspecific taxa. The taxa are spread through 203 Countries with China having 221 
CWR, Turkey 189, USA 152, Italy 139 and Greece 134, but the countries with highest 
concentration per unit area are Lebanon, Israel, Greece, Portugal, Azerbaijan, 
Bulgaria, Syria, Italy, Spain and Turkey respectively [9].  
 
2.2 Presentation 2. Developing a European CWR conservation strategy  
Presented by Shelagh Kell  
 
2.2.1 Summary  
In this presentation, the numbers of CWR were reviewed and a European strategy 
for their conservation outlined.  
 
2.2.2 Numbers of CWR  
Maxted and Kell [10] estimated that there are >58,000 CWR globally, while in 
Europe, >15,000 species are native and >8000 are endemic [11]. In Greece alone, 
there are >4000 native CWR species. These figures illustrate the point that if we 
consider a wide range of crop types and a broad definition of a CWR, we are dealing 
with a very large number of species. How is it possible to conserve them?  
 
2.2.3 A systematic approach to conserving Europe’s CWR diversity  
Measures need to be put in place for the systematic conservation of priority CWR in 
situ [within and outside protected areas (PAs)] and ex situ (in gene banks). We can 
achieve these using two broad approaches:  

• Floristic ‒ conservation of the CWR flora of a defined geographical region 
(usually a country)  

• Monographic ‒ conservation of a defined taxon or taxonomic group (e.g., a 
species or a crop gene pool)  

Both approaches conclude with CWR diversity being actively conserved in situ in 
genetic reserves and ex situ in gene banks.  
A combination of both approaches is needed to systematically conserve Europe’s 
CWR diversity. Using the floristic approach, we need to develop and implement 
national CWR conservation strategies and taking the monographic approach, we 
need to develop and implement a regional strategy for high priority crop gene pools. 
By doing so, we will ensure that the highest priority CWR across the region are 
actively conserved.  
 
2.2.4 National CWR conservation strategies  
Taking a floristic approach, the national CWR conservation strategy begins with the 
production of the national CWR inventory (or checklist) (data extracted from the 
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CWR Catalogue for Europe and the Mediterranean [12] can be used as the basis). 
Priority (target) taxa are then selected from the checklist on the basis of a range of 
criteria, but most importantly, the two criteria: 1) utilization potential (economic 
importance of the crop and degree of relatedness of the CWR to the crop), 2) threat 
status. Diversity and gap analysis is then carried out for the target taxa to identify 
conservation priorities, a conservation management plan is drawn up, and this is 
translated into complementary (in situ and ex situ) conservation action. In a national 
CWR conservation strategy, the objective is to maximize the conservation of the 
taxonomic and genetic diversity of the country’s CWR flora. Diversity and gap 
analysis leads to the identification of complementary priority conservation actions, 
genetic reserves are established within existing national PAs (or new reserves 
established if necessary), and germplasm is collected for conservation in ex situ 
collections. Progress has been made in national CWR conservation strategy planning 
in a number of European countries; including Albania, Czech Republic, Cyprus, 
Finland, Germany, Ireland, Italy, Norway, Portugal, Spain, Switzerland and United 
Kingdom.  
 
2.2.5 Priority gene pool conservation strategy  
The first step in the development of a priority gene pool conservation strategy is to 
select the priority crops. Priorities are likely to be food crops (which are important 
for nutrition and food security), crops of high economic value, and crops with 
multiple use values. In Europe, priority crop gene pools have been identified on the 
basis of the first two criteria [13]. There are 185 genera containing human food crops 
encompassing 5995 species native to Europe. Out of these taxa, there are 19 priority 
crop genera containing highly economically important crops in Europe, within which 
there are 279 species native to the region. In addition, there are a further 19 crop 
genera listed in Annex I of the ITPGRFA containing 207 species native to Europe. 
Combining these two crop genus sources results in 23 priority crops or crop groups, 
comprising 486 CWR species native to Europe.  
Having identified the priority crop gene pools, conservation strategies for the 
individual gene pools can be developed following five basic steps [14]:  

1. Delineate gene pool taxa (list taxa in the gene pool and those in the target 
area);  

2. Select target taxa on the basis of utilization potential (degree of relatedness 
to the crop/known utilization potential) and relative threat status;  

3. Undertake diversity analysis (geographic information system (GIS) analysis, 
genetic diversity analysis, complementarity analysis);  

4. Select target sites for in situ conservation (using gap analysis, climate change 
analysis and on the basis of site suitability);  

5. Identify complementary ex situ conservation needs;  
6. Develop strategy document and lobby for conservation action.  

In a priority gene pool conservation strategy, the objective is to maximize the 
conservation of the genetic diversity of the gene pool. Diversity and gap analysis 
leads to identification of complementary priority conservation actions, genetic 
reserves are established within existing PAs (or new reserves established if 
necessary), and germplasm is collected for conservation in ex situ collections. In 
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Europe, progress has been made in the development of gene pool conservation 
strategies for the oat, beet, brassica and alfalfa gene pools. 
 
2.2.6 European CWR conservation strategy: general considerations  

• Aim to conserve maximum genetic diversity within and between populations 
of target taxa – choose sites that are most likely to represent this diversity 
based on results of the diversity analysis.  

• Widespread taxa should not be ignored; for example, Beta vulgaris subsp. 
maritima is widespread but has traits linked to specific locations.  

• Select sites within existing PAs where possible – however, a balance will have 
to be met between ecogeographic suitability of sites and feasibility.  

• Establish multi-taxon reserves where possible.  
• Prioritize the selected sites on the basis of conservation of maximum genetic 

and/or taxonomic diversity.  
• Other factors to consider include land use, potential development pressures, 

level and quality of site management, legal status, potential conflict with 
existing site management aims and climate change.  

 
2.2.7 From planning to practice  
We have the knowledge to develop conservation strategy plans for priority CWR 
taxa. However, the practicalities of translating plans into practice are less 
straightforward. One product of the EC-funded AEGRO project (http://aegro.jki. 
bund.de /aegro/) was the publication of draft quality standards for the conservation 
of CWR taxa in genetic reserves that include criteria for the establishment of genetic 
reserves and management considerations to optimize genetic reserve efficacy [15]. 
The quality standards are a tool for practitioners involved in the design of CWR in 
situ conservation strategies, but also for PA managers interested in the in situ 
conservation of CWR. They may be implemented in the last stage of the process of 
selecting the locations of a network of genetic reserves (national, regional and global 
approaches) when multiple alternatives exist according to primary selection criteria 
(such as genetic diversity complementarity in single-species gene pool approaches or 
species richness in multi-species gene pool approaches). As the establishment of 
genetic reserves involves the implementation of active management including 
demographic and genetic monitoring of the populations, the generation of a set of 
quality standards for genetic reserve conservation of CWR aims to ensure that 
conservation efforts are carried out following the most logical and efficient 
procedures that positively contribute to achieving the objectives. The conservation 
resources invested in the establishment of the genetic reserves are then more likely 
to have long-term sustainability. The adoption of standards of good practices relies 
on the hypothesis that the projects or programmes that are executed this way 
achieve more rigour in the process of decision-making, and more efficiency in the 
use of resources and in pursuing the objective of conservation [16-17].  
The quality standards are a step in the right direction; however, there are a number 
of other issues that need to be addressed when putting the CWR conservation 
strategy into practice, including:  

• How to conserve CWR populations outside of PAs?  
• Raising awareness of the importance of CWR and lobbying for action.  
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• Assigning responsibility for CWR conservation ‒ CWR often fall between the 
remit of environmental and agricultural agencies and thus are ignored in 
conservation planning.  

• Resources for monitoring and managing CWR populations.  
• Coordinating the national and regional strategies.  
 

2.2.8 Conclusions  
• We have a working definition of a CWR and we know that there are many 

CWR species so we need to prioritize conservation action.  
• A combined floristic and monographic approach is needed to conserve 

priority European CWR taxa.  
• Data analysis techniques are available to identify priority CWR populations.  
• We need to lobby for action to establish CWR genetic reserves.  
• Increased efforts are needed to collect and conserve germplasm ex situ.  

 
2.3 Presentation 3. Developing a European CWR conservation strategy: roles for 
botanic gardens?  
Presented by Shelagh Kell  
 
2.3.1 Summary  
In this presentation, an assessment of the number of crop and CWR species in 
cultivation in botanic gardens around the world was outlined and the potential roles 
of botanic gardens in CWR conservation proposed.  
 
2.3.2 CWR in botanic garden living collections  
Using data extracted from the CWR Catalogue for Europe and the Mediterranean 
[12] and the Plant Search database managed by Botanic Gardens Conservation 
International (BGCI) (a database compiled from lists of living collections submitted to 
BGCI by the world’s botanic gardens), an assessment of the number of crop and CWR 
species in cultivation in botanic gardens around the world was undertaken [11]. 
Results indicated that botanic gardens may be the storehouses of important crop 
resources and other species of socio-economic importance. This is likely to be due to 
a combination of factors:  

• A high proportion of the world’s flora is of socio-economic use  
• Historically, some botanic gardens were physic gardens and therefore almost 

exclusively housed medicinal plants  
• Some gardens were used as repositories and/or quarantine centres for the 

early movement of crops around the world  
• Many gardens have educational displays of crop plants to show visitors what 

they look like and how they grow; for example, coffee, tea, banana and 
coconut  

 
2.3.3 European CWR conservation strategy: roles for botanic gardens  
A number of potential roles for botanic gardens in a European CWR conservation 
strategy were proposed:  
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• Botanical expertise: work with PGR national programmes to provide 
knowledge of the national CWR flora (taxonomy, biology, distribution, 
ecology, threat status)  

• Passport data: collections data for gap analysis  
• GIS expertise: work with national programmes on diversity and gap analysis  
• Conservation planning: support national PGR programmes in planning 

complementary conservation  
• Awareness and education: visitor information, publicity and press releases, 

policy documents  
• In situ conservation: reserve management, population monitoring  
• Ex situ conservation: germplasm collection, storage and regeneration; 

cultivation in living collections  
• Reintroduction: use of nursery facilities and expertise for propagation, 

cultivation and reintroduction to the wild  
 
3.0 CONCLUSIONS/ACTIONS PROPOSED BY THE WORKSHOP PARTICIPANTS  

 
Questions and answers sessions followed presentations 1 and 2 and after 
presentation 3, the workshop participants divided into two groups to discuss the 
potential roles of botanic gardens in European CWR conservation. Participants 
agreed with the proposed roles of botanic gardens listed in presentation 3. In 
addition, the following ideas were put forward.  
 
3.1 Education and awareness  
One of the most important potential roles of botanic gardens in CWR conservation is 
in education and awareness. Botanic gardens have extensive expertise in creating 
informative and educational public displays about the values and roles of plant 
species. Displays demonstrating the importance of CWR to the public would be a 
very useful way of raising awareness. It was suggested that a list examples of CWR 
used to improve crops that would be suitable for such displays and that would put 
across a strong message should be produced. Each example should be accompanied 
by the key information that would be needed to prepare an educational narrative.  
 
3.2 Capacity in the policy area  
Botanic gardens are used to dealing with policy matters, such as those relating to the 
Convention on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES) and the access and benefit sharing (ABS) issues surrounding the CBD and 
ITPGRFA. They are therefore well placed to advise on and play a role in CWR 
conservation policy development and implementation.  
 
3.3 Data sharing  
Botanic gardens are repositories of a significant amount of data and have the 
capacity to provide and share data to aid CWR conservation. Botanic gardens could 
identify the CWR in their collections by cross-checking the taxon names with the 
CWR Catalogue for Europe and the Mediterranean and the list of global priority CWR 
produced by the Global Crop Diversity Trust project (www.cwrdiversity.org). These 
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records could then be coded as CWR in the collections database. The University of 
Birmingham can provide help to facilitate this process (contact s.kell@bham.ac.uk).  
 
3.4 National responsibility for CWR conservation  
It was noted that in most countries, CWR conservation is the responsibility of the 
agricultural ministries; however, in some countries (e.g., Poland), genetic resources 
conservation is led by the national botanic garden.  
 
3.5 Decentralized CWR conservation  
Botanic gardens could take responsibility for the conservation of an agreed number 
of CWR species. For example, in the UK there are around 250 priority CWR species 
and around 50 botanic gardens. Each of these gardens could take responsibility for 5 
priority species. 
 
3.6 Networking  
BGCI could play a role in disseminating information on botanic gardens and CWR 
conservation at national, regional and global levels.  
 
3.7 Characterization  
Knowledge of potentially interesting traits could be gained from the extensive 
breadth of expertise within botanic gardens on plant cultivation. For example, which 
growing conditions to species do well in and which do they die in? This information 
could be useful to inform formal characterization experiments.  
 
3.8 CWR in horticulture  
Botanic gardens could play a role in encouraging and facilitating the cultivation of 
CWR in general horticulture (e.g., in the ornamental and environmental plants 
industries).  
 
3.9 Local community involvement in CWR conservation  
Botanic gardens could play a role in educating garden visitors, the general public and 
local communities in the importance of CWR and help to facilitate sponsorship from 
companies to support local community CWR conservation initiatives.  
 
3.10 Workshops to promote CWR  
Botanic gardens could arrange and convene workshops to highlight the importance 
of CWR and to encourage their possible direct uses (e.g., in cooking).  
 
4.0 RESOLUTION FROM THE WORKSHOP  
European botanic gardens have a key and unique role to play in crop wild relative 
(CWR) conservation and acknowledge this as part of their remit. In particular, 
botanic gardens can act as a bridge to increase awareness and educate the public on 
the significance of CWR for food security, and provide scientific expertise and data 
for planning and implementing in situ and ex situ CWR conservation. To foster this 
role, it is imperative that collaboration is engendered with botanic gardens by policy-
makers and agencies responsible for CWR conservation. 
 

mailto:s.kell@bham.ac.uk
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SUMMARY  

 

N. Lashchinskiy & A. N. Kupriyanov presented how the European Important Plant 
Areas (IPA) approach was implemented for the first time in Russia in the Kemerovo 
region (South-West Siberia). 

G. Karras & E. Filis reported an EU LIFE initiative regarding the establishment and 
operation of a new botanic garden in a biodiversity rich region of Greece (Zagori), 
presenting a guide-booklet and results of visitor questionnaires. Unfortunately, due 
to lack of maintenance and abandonment, this garden is not operational; currently, 
the local authorities are trying to raise funds to make it accessible again. 

Κ. Radoglou & V. Iakovoglou focused on the obstacles prior to regeneration efforts in 
Mediterranean ecosystems such as bibliographic gaps, difficulties in seed collections, 
limitations on germination of recalcitrant and orthodox species, hybridization etc. 
and reported that proper time management with well trained personnel before, 
during and after seed collection may limit obstacles to a minimum degree. 

S. Pirintsos et al. organised a workshop on the in situ and ex situ conservation of 
relict trees in the Mediterranean with special reference to the genus Zelkova which 
may offer insight into past and recent biogeographical and evolutionary processes in 
times of rapid global climatic change. 
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The European Important Plant Areas (IPA) approach was implemented for the first 
time in Russia in the Kemerovo region (South-West Siberia). This region is one of the 
world-important centers of biodiversity (according to the World Wildlife Fund, WWF) 
and at the same time is the most industrial region in Siberia with some serious 
ecological problems. It is critically important to conserve the unique regional natural 
ecosystems and to maintain a suitable environment for human beings. 
This project was initiated by the IUCN (International Union for the Conservation of 
Nature) and was implemented through the alliance of two botanical gardens 
(Novosibirsk and Kemerovo) together with a few ecological NGOs. Financially the 
project was supported by the IUCN, the Russian Foundation for Basic Research and 
by local resources. 
Firstly, we modified slightly the European IPA criteria according to the Russian 
natural and political conditions. For example we checked carefully species lists of 
Bern Convention Appendix I and EU Habitat Directive Annexes IIb and IVb to exclude 
plant species which are quite common in West Siberia (such as Moehringia lateriflora 
(L.) Fenzl, Pulsatilla patens (L.) Mill., Saxifraga hirculis L. etc.). Also we extended the 
European habitat classification to include new Siberian habitats (mountain larch 
forests and other). 
Secondly, based on the modified criteria we determined 21 IPAs in such a way as to 
create a representative network for all regional botanical districts plus few unique 
botanical entities. Resulting system of IPAs covered all mountain belts from forest-
steppe up to alpine vegetation and all biomes on plains from open steppe to dense 
coniferous forest. 
Thirdly, a critical review of the regional Red Data list was made in order to identify 
endangered species which should be additionally conserved ex situ in botanical 
gardens. These species usually have natural habitats which are too small or are 
under extraordinary anthropogenic pressure to be well-conserved in the wild. 
Finally we created a regional strategy for plant conservation which was validated by 
the local government [1]. 
To date we cultivate successfully a few regional endemics in the collections of the 
Central Siberian Botanical Garden (Novosibirsk) and in the Kusbass Botanical Garden 
(Kemerovo). Among them there are strict endemics like Dracocephalum krylovii 

mailto:nick_lash@mail.ru
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Lipsky and Tilia sibirica Fisch. ex Bayer but also more widespread species like 
Erythronium sibiricum (Fisch. & C. A. Mey.) Kryl. and Fornicium carthamoides (Willd.) 
R. Kam. Some of them (especially ephemeroids) could be recommended as 
ornamental plants suitable for city parks and gardens. In addition to conservation 
purposes, the usage of ephemeroids allows to create flower carpets in big cities 
during early spring just after snow melting – the most critical time for the other 
groups of ornamental plants in Siberia. Methods and new criteria have been 
published in a special monograph [2] and we have printed a brochure with an 
illustrative description of all the regional IPA’s [3]. In addition, a large protected area 
was officially created based on the results of this project in order to protect a single 
mountain ridge with a high diversity of plant species and plant communities. 
To summarize our experience, we conclude that IPA approach in Siberian conditions 
is a new quite effective way of plant species protection in situ as well as ex situ. 
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Abstract 
Environmental tourism is a major economic activity in many rural areas of Greece. 
For this kind of tourism the variety and rarity of local flora is an important pole of 
attraction. Among the actions and measures that could be taken for the promotion 
of local flowers, is the creation of in situ botanical gardens, where the visitors can get 
an integrated picture of the representative flora of each region. 
These gardens in order to fulfill their mission, they should meet certain terms and 
conditions such as: easy access, rich biodiversity (species and habitants) and the 
necessary human activity, which is essential for the maintenance of the footpaths 
and other elements of human and natural environments. A problem that must be 
managed for these kinds of gardens is the organisation of conducted tours. The 
problem arises because the cost of specialized staff can hardly be covered by the 
rural communities while the labeling of botanical species in a changing natural 
environment is a complex task. 
The LIFE initiative of EU, gave the opportunity for the implementation of this 
concept. The application region was Zagori, a mountainous area in NW Greece. For 
the in situ botanical garden, an area of about 320 ha was chosen with all the above 
mentioned characteristics. The problem of the conducted tour was solved by issuing 
a guide-booklet, which helped the easy identification of the plants of the garden. 
This booklet was available for free to visitors from local hostels. 
Evaluation of the operation of this botanical garden gave very satisfactory results for 
the first two years. Later, for various reasons, the garden stopped operating, but the 
final conclusion is that the creation of in situ botanical gardens has much to offer not 
only in local economy, but also in environmental awareness and education. 
 
 
Background 
Undoubtedly "The objects of botanical gardens must be mainly scientific and 
predominantly instructive" as Ferdinand Mueller (1825 - 1896), the director of the 
Royal Botanic Gardens of Melbourne (1852 - 1873) stated, about 150 years before. 
At the same time the operation of botanical gardens has a significant impact on the 
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local economic activity [1]. This effect is direct since it creates new jobs, but also 
indirect, since the gardens attract many visitors each year. 
This dimension of botanical gardens, acquires considerable importance in areas 
where the economy is based on eco-tourism, especially on their abundant and rare 
flora. This happens in many rural and mountainous areas of Greece. In these areas 
the establishment and the operation of a botanical garden is not something easy to 
achieve. The reasons are mainly economic, since it requires high cost of establishing 
and running and their sustainability is extremely difficult to be ensured.  
In these cases, the creation of in situ botanical gardens, under certain conditions, is a 
remarkable alternative. Of course these gardens are in no way able to provide the 
quality and quantity of services, offered by organized and systematic botanical 
gardens. Their operation, however, has much to offer not only in local economy, but 
also in environmental education and relevant public awareness. 
 
Conditions for the establishment of in situ botanical gardens 
The creation of an in situ botanical garden must meet certain requirements, in order 
to fulfill its objectives. These conditions should be: 
1. Biodiversity of habitats. This makes the visit much more interesting, as the visitor 
has the opportunity to enjoy both a botanical garden and a landscaped one. 
2. Biodiversity of species. The visitors can easily obtain a complete picture of the 
flora of the region and to understand the complexity of relationships and 
interactions in the natural environment. The variety of species also attracts visitors 
and there is no monotony during the tour.  
3. Safety. These gardens accept guests of all ages and their safety during the tour 
should be assured. Dangerous footpaths or passes over rushing streams and steep 
slopes must be secured with the necessary protective structures. It should also be 
placed warning signs for poisonous plants or fruits, and generally measures for the 
safe tour of visitors. 
4. Selection of the location. The choice of a location of an in situ botanical garden 
should ensure: 

• Easy access for the visitors and 
• the balanced growth of the region 

Although this condition seems obvious, the choice of a suitable location is not easy, 
due to the intense mountainous landscape in many regions of Greece. 
5. Elements of cultural heritage. The Greek countryside is full of small churches, 
stone bridges, terraces, water mills and many other elements of old time human 
activity. It would be extremely interesting if such elements exist within the gardens, 
indicating the harmony between natural and human environment. 
6. Support from the local community. The in situ botanical gardens are not able to 
employ permanent staff, since they do not have the income like the organized 
botanical gardens. For this reason, their existence and operation is mainly based on 
the support of local community and volunteerism. Without this support the life span 
of these gardens is limited. 
 
The case study of Zagori  
The establishment and the operation of the garden. Zagori is a mountainous region 
in northwestern Greece with rich natural and cultural heritage. In this region from 
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1998 till 2002 a project for conservation of terraces was applied, in the frame of the 
EU Initiative “L.I.F.E.” The leader partner of this project was the Prefecture of 
Ioannina, while the Technological Educational Institute (TEI) of Epirus was the 
scientific advisor of the project. The Department of Floriculture and Landscape 
Architecture of TEI proposed the establishment of an in situ botanical garden, as the 
project area met many of the conditions mentioned above. The partners of the 
project accepted the proposal and 320 ha were defined for this purpose near 
Negades village (WGS84: 39.86291oE, 20.847416oE) (Figure 1). 
The area is characterized by remarkable biodiversity of habitats and plants (for 
instance more than 400 plant species were identified). There are also cultivated 
terraces (Figure 2) with traditional crops, two small streams, forests and glades 
(Figure 3). Apart from the terraces, there are two stone bridges (Figure 4) from the 
19th century, emphasizing the consistency of man and nature. 
The working group, under the guidance of the scientists of the Department of 
Floriculture and Landscape Architecture of TEI, opened new paths, placed 
information signs, built new stairs in steep parts of the area and placed protective 
railings at several passes of the route. All these constructions ensured a pleasant, 
educational and safe route for the visitors. 
The conducted tour was managed by issuing a guide-booklet in Greek, under the title 
“Botanical routes” (Figure 5), which helped the easy identification of the garden’s 
plants. This solution was preferred because the cost of specialized staff could hardly 
be covered by the project or by the local authorities, while the labeling of botanical 
species in a changing natural environment is a complex task. 
The guide-booklet was divided into three parts. In the first one, there was a 
schematic map of the garden with the various habitats of the area (Figure 5). The 
second part obtains the photographs and the description of nearly 170 plants, as 
well as the habitat, in which the visitor could find each of them. The plants were 
categorized according to their blooming season in 4 groups, for easy identification by 
the visitors. Finally the third part of the booklet was an alphabetical list of the 
scientific and common names of plants of the garden. 
Five hundred guide-booklets, in Greek, were printed and distributed to the local 
hostels. The guide-booklets were available for free to the tourists who wanted to 
visit the garden, after their commitment to complete a questionnaire concerning the 
impressions of their visit.  
Evaluation of the in situ botanical garden 
The evaluation was performed by analyzing 228 of the above mentioned, 
questionnaires during 2001 and 2002. The analysis revealed the following 
conclusions: 
1. The 62% of the tourists were satisfied or very satisfied with their visit to the 
botanical garden.  
2. The 38% of the tourists were moderately or not at all satisfied.  
The reasons for their satisfaction or not, are shown in Figure 6. 
3. The 74% of the visitors had at least one suggestion for improving the operation of 
the garden. The majority of the above suggestions (about 53%) had to do with the 
desire of visitors to have more information about the existing traditional crops, the 
history of the stone bridges, the terraces and other elements of the human 
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environment. This finding reflects the need of the tourists to visit something 
different in areas with natural beauty such as Zagori. 
The following remarks are also worth to be mentioned: 
• Most of the negative opinions came from tourists who visited the garden during 

winter. These negative opinions reached the 68% for this period. 
• The 38% of tourists extend their stay in the area for another night, in order to 

visit the garden.  
For the first two years the operation of the garden was satisfactory. Gradually, after 
the termination of the project, the garden was abandoned by the implicated 
organisations. The paths were downgraded or even destroyed due to a lack of 
maintenance. The existing traditional crops were abandoned and many terraces 
collapsed. It is obvious that the local authorities did not understand the importance 
of the garden for the tourism and environmental awareness. Today they have 
realized their mistake and try to find the necessary funds to build again the in situ 
botanic garden. 
 
 
Conclusions  
Based on the results of the evaluation and on the owners’ opinion of the hostels of 
the area, it is concluded that the operation of the in situ Botanical Garden was 
positive for the region.  
The garden also helped the visitors to form a complete picture of the flora of the 
area, to understand the concept of biodiversity and to become more sensitive to 
environmental issues. Finally the great profit from the whole effort is the gained 
knowledge. Both the local municipality and the TEI have understood that a new 
approach is needed for the establishment and operation of such kind of gardens. 
The key points of this new approach are: 
1. The promotion, the design of infrastructure, as well as the rules for the operation 
of the in situ botanical garden will be under the supervision of a scientific committee. 
The members of this committee will come from the scientific staff of TEI of Epirus, 
the University of Ioannina and other scientific organizations of Epirus. 
2. The botanical garden should be redesigned by the Department of Floriculture and 
Landscape Architecture of TEI of Epirus, with the assistance of experts on botanical 
gardens. 
3. The local Municipality will be responsible for maintaining the garden’s 
infrastructure. The cost for the maintenance may be derived from the budget of the 
municipality, donations, selling souvenirs, sponsoring, etc. [2]. 
4. The conducted tours in the garden can not be based only on guide-booklets. This 
will be done by trained volunteer staff, as it happens in many well-known botanical 
gardens [3].  
5. The local Municipality, in collaboration with the local Government, should initiate 
specific actions to promote the botanical garden in order to become widely known. 
These actions may be included into existing projects of Epirus’ region. 
6. The Scientific Committee of the in situ Botanical Garden, in cooperation with the 
regional services of the Ministry of Education, as well as in cooperation with the 
hostel owners will design and will implement a project of school visits, educational 
courses [4], summer schools or other models of environmental education [5]. This 
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project will promote the environmental education and awareness of a crucial public 
for the future of the region. 
7. Information technology in promoting and improving the functionality of the 
garden by creating internet site, GPS information, relevant smartphone applications, 
etc. should be applied. 
Apart from the implementation of the above proposals, for the long and successful 
operation of the in situ botanical garden is necessary and essential the support from 
the local community. The existence of the garden will not only help the local 
economy but will be vital in conservation and protection of a unique natural 
environment in Greece and Europe. 
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Figure 1. Map of the area 
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Figure 2. Cultivated terraces with traditional crops 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. A glade of the in situ botanical garden with orchids 
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Figure 4. One from the two bridges of the garden 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 5. The guide book in Greek, under the title «Botanical routes» and the schematic 

map of the habitats of the garden in the guide book 
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Abstract 
It is a high priority to maintain high levels of biodiversity within and among 
populations when managing ecosystems based on long term sustainability.  One way 
to achieve this is by regenerating a site either by seeds or seed-derived seedling from 
an increased number of mother plants and a variety of species. This mode of action 
could increase genetic diversity within and among populations.  However, a number 
of factors related to actions prior and after seed collection could pose obstacles to 
achieve this goal. Specifically, prior to seed collection, a substantial number of 
mother trees should be preselected to guarantee adequate seeds for seedling 
production. However, factors like seed periodicity limit the ability to collect 
adequate seeds on a yearly basis.  In addition, seed collection from the tree crown is 
extremely difficult and dangerous, especially when collecting on steep slopes. 
Further, after seed collection, factors related to the physiology of each species pose 
limitations for long-term storage and seed germination. Specifically, recalcitrant 
species such as Quercus spp. cannot be stored for more than one year.  On the 
contrary, orthodox species, such as Cornus mas have intense dormancy levels that 
limit or eliminate seed germination.  Those and others factors are discussed and 
analyzed in relation to the difficulties that are posed by the Mediterranean 
ecosystems, such as intense drought conditions. 
 
 
Background 
Natural ecosystems maintain high levels of biodiversity [1]. Maintaining and 
enhancing those levels of biodiversity within and among populations is a high priority 
for foresters when managing for the long-term sustainability of those ecosystems.  
Quite often, ecosystems are disturbed severely and on a very frequent basis.  
Specifically for the Mediterranean areas, fire events are considered the number one 
type of disturbance that usually occur after prolonged drought periods, especially 
towards the end of summers [2, 3]. When the frequency and the severity of the 
disturbance events are high this might result to the absence of natural regeneration 
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of trees from seeds.  Many areas of Greece, such as Peloponnesus (e.g. fires of 2007) 
are characteristic examples of fire events that occur on a frequent basis, while also 
the severity of the disturbances is very high.  
Foresters attempt to restore those highly disturbed sites in the most ecologically 
friendly way by planting a great variety of seed-derived native species.  Forest 
nurseries are urged to produce within short periods of time large amounts of high 
quality seedlings and have them ready on time to be transplanted.  The future 
success of the regenerated sites is of great challenge, especially when additional 
obstacles arise that are associated with issues such as insect outbreaks caused by 
abrupt climate alterations [3].  
In Greece, many of these areas are naturally regenerated either by the preexisting 
seed source or by the ability of some species to stump- or root- sprout after a fire 
event.  Those species seem to thrive and grow fast, particularly those that are 
favoured by the already existing vigorous root system of the “mother” tree.  
Nonetheless, the quality of the wood and the genetic complexity of the stump- and 
root- sprouts remain at low levels.  Propagation from seeds ensures high genetic 
diversity [4]. Further, seed collection from natural ecosystems (not plantations) 
ensures the genetic diversity and enhances seedling survival under the 
Mediterranean environments [5].   
Greek forest nurseries usually propagate by seeds that are either collected by the 
forest service or provided by the Ministry of Rural Development & Food (Section of 
Forest Nurseries & Seed Production, Athens) [6].  Nonetheless, the number of 
species is rather low, with most commonly used species the Pinus spp.  
Consequently, the reduced number of regenerated species ultimately reduces the 
biodiversity levels. When regenerating sites either by seeds or seed-derived 
seedlings from an increased number of species and increased number of “mother” 
plants for each species that could enhance the biodiversity levels within and among 
populations.   
However, a number of factors related to actions prior-, during- and after- seed 
collection could pose obstacles to achieve this goal.  This paper aims to describe and 
inform about these obstacles in order to achieve better seed viability and availability 
for an increased number of species that could be regenerated at the disturbed sites.  
Propagating from seeds should be a priority for the forest nurseries.  For the Greek 
ecosystems, the production of an increased number of species highly depends on 
seed availability and the knowledge regarding seed collection, treatment and 
storage.  As for the National Programme [6] there are limitations regarding the 
number of species that are used for seed collection in order to serve foresters and 
nursery owners that face obstacles in the seedling production of those highly 
valuable species.  Those factors are going to be analyzed after years of experience in 
collecting, handling and storing seeds while also studying success and performance 
of transplanted seedlings at the regenerated Greek areas [7-9]. 
 
Prior to seed collection 
It is very important to regenerate a site from seeds that have been collected from 
species that occur at the regenerated area.  Usually the remaining surrounding tree 
populations are the most suitable to serve as “seeders” because the seedlings 
derived from them are genetically better equipped to grow in the specific 
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microclimates.  Further, seeds should be collected from mature dominant trees with 
the best phenotypic characteristics (e.g. crown form) that are healthy and open 
crowned [10, 11]. These seeder trees should have an adequate distance between 
them in order to get the most genetically diverse and physiologically best seeds (e.g. 
complete embryos).  Most likely, those seeds provide seedlings that have similar 
phenotypic characteristics with that of the parent and could better adapt to the 
climatic conditions of the local areas.  Consequently, those seedlings should be the 
best suited to overcome transplanting stress based on their morphological and 
physiological characteristics. 
In the case that there are no trees at the regeneration sites, it is recommended to 
select from nearby populations that experience similar environmental conditions to 
that of the regenerated sites. Consequently, longitude and latitude are very crucial 
factors that should always be taken into consideration when regenerating a site.  
When regenerating an area from seed source that occurs at different latitude and 
longitude then those seedlings are prone to regeneration failure.  This is very 
important especially for areas like Greece where the landscape is very diverse.  
Furthermore, the microclimate of a specific area should be taken into consideration 
and studied prior to any regeneration efforts, especially since areas of similar 
longitude and latitude might also vary.   
Having all these in mind it is best if the seeder trees have been preselected with an 
adequate number of trees that are grown fairly apart from each other, in order to 
guarantee genetic diversity and an adequate number of viable and pest-free seeds.  
That becomes more of a problem when dealing with the seedless period.  “Seed 
periodicity” limits the ability to collect adequate seeds on a yearly basis.  For 
example, based on the physiology of the species, the phenomenon of seed 
periodicity of “good” acorn production years occurs every three to five years 
depending on the oak species [12, 13]. However, bibliographic information regarding 
seed periodicity is very limited for the Mediterranean ecosystems.  Particularly for 
Greece, the cited literature is very sparse to absent.  The lack of proper scientific 
information is a substantial obstacle that limits the ability for proper seed collection 
based on seed availability (seed periodicity) and maturation in order to meet the 
regeneration demands.  So, despite the fact that seed periodicity should always be 
taken into consideration, in order to avoid seedless years for a specific species 
additional research needs to done.   
Further, when there is a “good” seeding year, seed collectors deal with many 
different species that need to be collected on time in order not to miss the crop.  It is 
known that the majority of tree species seed during autumn (e.g. Acer 
pseudoplatanus L.), but there are also species that seed in spring or summer (e.g. 
Erica arborea L.).  So, it is very important to “know” your species in order to properly 
be ready to collect on time without missing the crop.  This action sometimes is hard 
to be achieved due to the lack of scientific information for the Greek species 
regarding their variation in seeding time based on their longitudinal and latitudinal 
distribution. 
In addition, in order not to lose the seeds the trees need to be monitored on a 
regular basis.  That is because the majority of the seeds are shed from a few days to 
a few weeks, depending on the species. Because of the shedding time, difficulties in 
collecting seeds could be faced.  In general, species have a wide elevation range; 
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areas at a higher elevation tend to shed their seeds later compared to lower 
elevations.   
The possibility of collecting seeds from the wrong species, mainly due to 
morphological similarities among them, is very high and therefore there is always a 
risk to regenerate the sites with the wrong species. That is a very common 
phenomenon for oaks, where for example, Quercus pubescence Willd. is usually 
confused with others like Quercus fraineto Ten., despite the fact that their 
distribution differs. So, well trained personnel always helps select the right tree 
species from the right tree populations that will serve as seeders.  This is a key 
parameter that should always be taken into consideration, especially when dealing 
with species that cross pollinate.  In addition, old plantations or old, reforested sites 
with inadequate information regarding the origin of the existing trees should never 
be used as seed–sources.   
The possibility of cross-pollination might cause alterations at the level of seed 
dormancy of the collected seeds.  A characteristic example is the hybridization 
between Acer pseudoplatnus L. and A. platanoides L. A. pseudoplatnus is considered 
a species with recalcitrant seed behavior.  This means that the seeds experience no 
dormancy and they cannot be dried below a specific threshold of moisture content 
since they lose viability [14]. On the contrary, A. platanoides seeds are characterized 
by deep levels of dormancy that are highly affected by the timing of seed collection 
[14].  When collecting seeds from trees that are hybrids of the above Acer spp. it is 
hard to determine the intensity of seed dormancy that might lead to improper seed 
storage with ultimate result the complete loss of the seed-lots.   
 
During seed collection 
The intensity of seed dormancy might also be affected by the level of seed 
maturation during seed collection.  The well trained personal usually uses color 
indices of the fruit or the seed.  Figuregraph/Figure 1 shows the variation in the 
reddish color of Arbutus unedo L. fruits.  However, seed maturation might differ 
despite the similarities in color affecting the level of seed dormancy [15].  Further, 
species like Cupressus sempervirens L. have a high variability in the timing of seed 
maturation that also affects seed viability and dormancy [16].  Consequently, in a 
stand, not all of the trees within the same species exhibit seed maturation at the 
same time, or even within the same tree, there is differentiation in the levels of seed 
maturation.  So sometimes, depending on the species, it is almost inevitable, that 
even with well trained personnel not to avoid collecting immature seeds.  This 
induces some differentiation at the level of seed germination since that affects the 
level of seed dormancy as well as the quality of the produced seedling.  Well trained 
personnel know the difference and try to minimize as much as possible the effects of 
seed immaturity.  
The importance of well trained personnel continues even when collecting from the 
trees.  They need to be able to recognize the species, to select the best individuals, 
to use the right tools and also being willing to take the risk of climbing.  As it is said, 
“the right person for the right job” saves labor and money.  Steep slopes, like those 
that are very common at the Greek mountains, make the labor harder and riskier.   
In addition, having the right tools always reduces the intensity of the labor and risk.  
For example, sometimes special clippers might enable workers to reach the higher 
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branches and avoid the risk of climbing.  In cases of thorny species, such as Rosa 
canina L., the use of the right clippers and gloves could save the day.  Nonetheless, in 
the market, there are plenty of tools available that could help reduce the risks, labor 
costs and time.  We should always keep in mind that if all the steps before- during- 
and after- seed collection is done properly then it is a very intense and expensive 
procedure.   
In order to enhance biodiversity, nurseries should be able to produce an increased 
number of different species.  Proper “time” management is a crucial factor in order 
to successfully collect adequate seeds for an increased number of species to 
guarantee large quantities of seedlings to regenerate the sites.  In addition, well 
trained personnel should be able to treat and store the collected seeds properly to 
guarantee seed viability.  
 
After seed collection 
After seed collection, factors related to the morphology and physiology of each 
species pose limitations for long-term storage and seed germination. Specifically, 
based on the morphology of each species, it is not easy to remove any unwanted 
seed parts, such as the fleshy fruits that in most cases pose limitations to seed 
germination by inducing dormancy [10].  A lot of intense labor and multiple cleaning 
steps need to take place prior to seed storage (Figure 2A, B).  For some species, the 
cleaning process continues even after the majority of the fruiting part has been 
removed.  For example, the Arbutus sp. is one of the species that even after the fruit 
part has been removed it needs further cleaning.  That is a very tedious and time 
consuming process due to the similar reddish color of the small sized seeds with the 
remaining fruit parts that are hard to be distinguished (Figure 3A).  
Based on the physiology of each species, it is hard to maintain long term viability 
under proper storage conditions.  Specifically, recalcitrant species such as Quercus 
spp. cannot be stored for more than one year.  For those species after they have 
been collected, it is highly recommended to place seeds in water for 24 h prior to 
storage [4].  With this technique, the recalcitrant seeds restore most of the moisture 
lost from the time of shedding until storage time, while most of the empty or 
infected seeds float and can be discarded.  Also, storage, temperature is another key 
factor that affects viability.  Temperatures below 0 oC can lead to a complete loss of 
the entire seedlot due to cell-crystallization [4].  The recommended storage 
temperature, when applicable, ranges between 1 to 5 oC [4].  These temperatures 
keep seed metabolism at low levels and maintains viability, while fungal activity also 
remains low.   
On the contrary, orthodox species, such as Cornus mas L. have intense dormancy 
levels that limit or eliminate seed germination.  These species, despite the fact that 
they can be stored with no difficulty for up to ten years, cannot be germinated 
unless treated properly.  Finding the right treatment to germinate these seeds is not 
the easiest thing, especially when dealing with multi-levels of seed dormancy.  For 
example, Rosa canina is a species that has exogenous inhibitors due to pericarp 
constraints and endogenous due to embryo dormancy.  In order to break seed 
dormancy the pericarp needs to be treated to soften the stony pericarp, while the 
embryo also needs to be treated. 
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Nonetheless, it needs to be noted that no matter what the storage temperatures 
are, radical protrusion will occur if seeds are treated properly.  This, combined with 
the “seed periodicity” induces another obstacle when those species are of high 
demand in producing seedlings to regenerate sites.  Radical protrusion occurs after 
the seed dormancy has been broken and the seed is viable.  During that period, seed 
metabolism has started and gradually increases.  If those seeds are not sowed on 
time, it is likely to lose the viability of the pretreated seedlots.  Figure 3B shows the 
inevitable total loss of an Arbutus unedo seedlot by fungal infection after the seeds 
have been cold-stratified properly to break seed dormancy, for three months [17].  
So, in both recalcitrant and orthodox seeds, increased temperature levels during 
storage might be detrimental due to possible fungal activities.  The higher the 
temperature, the greater the level of seed deterioration due to the increased levels 
of seed metabolism combined with the increased levels of fungal activity. 
Fungal activity, predation and other abiotic problems continue during the growth 
period of the seedling at the nurseries and after their transplantation at the 
regeneration sites.  Extreme situations such as insect outbreaks or extreme weather 
conditions might lead to seedling mortality.   
 
 
Conclusions 
From the moment of the selection of mother trees for seed collection to the time of 
seedling production and to the transplantation at the regenerated sites, the greatest 
obstacle is “time”.  Managing time properly is the key factor that enables to properly 
overcome obstacles prior- during- and after- seed collection, seedling production 
and transplantation success.  Enhancing biodiversity in restored ecosystems might 
seem possible, but its application poses many and serious obstacles. However, 
proper “time” management with well trained personnel before- during- and after- 
seed collection limits all the obstacles to the minimum and helps in achieving the 
ultimate goal that is restoring successfully the sites.    
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Figure 1. Variation in the ripening color (redness) of the Arbutus unedo fruits 
 

 
 

Figure 2. A) Removal of unwanted seed parts in order to achieve proper seed storage 
and minimize the “dormancy” effect, B) additional cleaning steps prior to storage. 

 
 

Figure 3. A) Difficulty in separating the alien matter from the small sized seeds of 
Arbutus unedo L. (left, clean seeds, right unwanted fruit parts), B) seed storage 

problems due to fungal infection of Arbutus unedo L. seeds during cold stratification.
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Workshop: Conservation of relict trees in the Mediterranean with 

special reference to the genus Zelkova 
 
Convenors: Stergios Pirintsos, University of Crete, (Greece); Gregor 

Kozlowski, University of Fribourg and Natural History 
Museum Fribourg, (Switzerland); Giuseppe Garfì, National 
Research Council, (Italy); Joachim Gratzfeld, Botanic Gardens 
Conservation International, (United Kingdom). 

 
1.0 WORKSHOP PRESENTATIONS 
 
1.1 Gregor Kozlowski: Relict tree species globally and in the Mediterranean 

Presentation Summary 
During the Tertiary period (65-1.8 million years ago) climate slowly cooled, starting 
off in the Paleocene with tropical-to-moderate worldwide temperatures and ending 
before the first extensive glaciation at the start of the Quaternary. As a result, the 
ancient tree flora was forced southward and fragmented by progressing cooling. 
Tertiary relict trees, thus, comprise genera of warm wet climates that were once 
circumboreal in distribution but are now confined to disjunct refugial regions. Milne 
[1] enumerates five such main refugia of the Tertiary relicts: (1) Pacific coast of 
western North America, (2) South-eastern North America (mainly around Florida), (3) 
Northern East-Asia (Japan, Korea and north-east China), (4) Southern East-Asia 
(China and Himalaya), and finally (5) Southwest Eurasia (including Macaronesia, the 
Mediterranean and the Transcaucasian region). Some relict tree genera are still 
present in all refugial regions, for instance the genus Aesculus (Sapindaceae), with 
extant species adapted to warm and humid refugia in the Mediterranean, Asia and 
North America. Many other relict tree and shrub genera show similar patterns of 
disjunctions, e.g., Liquidambar (Hamamelidaceae), Rhododendron (Ericaceae), 
Gleditsia (Fabaceae) or Castanea/Castanopsis (Fagaceae) [2, 3]. 
Due to climatic and topographic conditions, China and Himalaya (southern East-
Asiatic refugium) is the richest among all the other regions with the best preserved 
Tertiary relict flora. In contrast, southwest Eurasia and especially Europe, was highly 
affected by the glaciations because both the East-West oriented mountains and the 
Mediterranean Sea stopped many species in their migration southward [4]. In 
consequence, several genera of the prominent Tertiary tree flora completely 
disappeared from the European continent or only survived in isolated and disjunct 
refugia of the Transcaucasian region, on the Balkan Peninsula and/or on 
Mediterranean islands (e.g., Albizia, Diospyros, Gleditsia, Hamamelis, Juglans, 
Liquidambar, Parrotia, Pterocarya and Zelkova [5, 6]). 
Tertiary relict trees are, therefore, ancient organisms which were able to cope with 
changing environmental conditions for millions of years. They provide, thus, a unique 
opportunity to understand past and recent biogeographical and evolutionary 
processes [7]. Many of these trees, however, have a very restricted distribution 
today, with often only few remaining highly threatened populations [6]. Recent rapid 
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global changes, in particular demographic and climatic ones and their consequences 
might be, therefore, “the last nail in the coffin for ancient plants” [4] and could 
irreversibly threaten the survival of these unique taxa that represent a significant 
evolutionary heritage [8]. 
Due to the spatial and temporal fluidity of plant communities and the dynamic of 
climatic changes throughout the Oligocene and Miocene, the biogeographical 
interpretations for Tertiary relict trees are very complicated [3], especially when 
disjunctions involve more than two species of the same genus. This is the case for 
the genus Zelkova (Ulmaceae) making it one of the most interesting model taxa for 
studying and for the conservation of Tertiary relict trees. 
 
 
1.2 Gregor Kozlowski: Project Zelkova – an overview 

Presentation Summary 
The genus Zelkova (Ulmaceae) is one of the most emblematic relict tree groups. Its 
members were an important element of vast forests that prevailed throughout the 
Northern Hemisphere during much of the Tertiary [1]. Today, the genus comprises 
six extant species showing a disjunct distribution: three species in eastern Asia (Z. 
serrata, Z. schneideriana and Z. sinica), one in southwest Asia (Z. carpinifolia) and 
two on the Mediterranean islands of Sicily (Z. sicula) and Crete (Z. abelicea, [9-11]). 
The oldest fossils attributed to Zelkova are from the Early Cenozoic of western North 
America (i.e. 55 MYA), a place where the genus is however extinct today. 
In order to enhance and update the scientific knowledge and to improve the 
conservation of the genus Zelkova, the Botanic Garden of the University of Fribourg 
(Switzerland) in collaboration with the Botanic Gardens Conservation International 
(BGCI) initiated in 2010 an international and interdisciplinary project (Project 
Zelkova) joined later by several institutions and botanic gardens from Switzerland, 
Germany, Greece, Italy, Poland and Azerbaijan. The project includes three main 
components: (1) Conservation of the genus Zelkova (e.g. elaboration of a global 
action plan, collecting and exchange of biological knowledge, assessing conservation 
status, proposing concrete recovery and/or reintroduction measures, etc.); (2) Basic 
and applied research on the genus Zelkova (e.g. molecular phylogeny, 
phylogeography, population genetics, population structure, genetic comparison of 
wild populations with ex situ collections, etc.); (3) Public awareness and outreach, 
e.g. travel and temporary exhibitions scheduled for Berlin (2014), Baku (2014), 
Fribourg in Switzerland (2015) and Crete (2015).  
Among the most interesting scientific outcomes of the project are the results of the 
molecular phylogeny and phylogeography, done in collaboration with the 
Conservatoire et Jardin Botaniques de la Ville de Genève, Switzerland. Zelkova 
abelicea is genetically the most diverse species and each Cretan mountain massif 
should represent a separated conservation unit. More efforts are needed in order to 
protect the species in situ throughout the entire range. Furthermore, botanic 
gardens of Greece, and especially on Crete, should improve their ex situ collections 
and better coordinate their actions. Zelkova carpinifolia is the second most diverse 
and its populations are clustered into two groups: (1) the eastern populations from 
Hyrcanian region (Talysh and Alborz mountains) and (2) the western populations 
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from the Colchic region (western Georgia and northeast Turkey). The high number of 
haplotypes found in Z. carpinifolia (15) and Z. abelicea (33) is quite uncommon for 
tree species and the number of missing haplotypes are the footprints of ancient 
expansions followed by more recent bottlenecks. Furthermore, Z. sicula seems to 
have had a history of severe isolation and is suspected to be a species of hybrid 
origin. These results were confirmed by morphometric analyses done in 
collaboration with the Dendrological Institute of the Polish Academy of Sciences in 
Kornik. Zelkova sicula is, thus, an extremely important taxon for reconstruction of 
the historical biogeography of the genus Zelkova. Both known populations merit an 
equivalent and immediate conservation action. 
The best studied species of the genus is Z. abelicea: its distribution, population 
structure and age and its conservation status have been intensively studied during 
the last years in collaboration with the Botanic Garden of the University of Crete 
(Greece) and the Laboratory of Dendrogeomorphology of the University of Bern 
(Switzerland) [13, 14]. The present range of Z. abelicea is extremely fragmented and 
this distribution pattern might have ancient provenance. Although the total 
estimated number of individuals is relatively high, especially in the Levka Ori 
Mountains, the populations are, however, dominated by dwarfed, severely browsed 
and non-flowering individuals. This asymmetric population structure, with maximum 
5% of large and fruiting trees per site, is particularly accentuated in isolated and 
small populations. Interestingly, Fazan et al. [12] demonstrated that dwarfed Z. 
abelicea trees can attain ages >500 yr and that such individuals often surpass 
normally growing trees of the same population in number and age. These findings 
significantly change the perception of population age structure in forest remnants of 
Mediterranean landscapes. Furthermore, based on its limited geographic range, the 
fragmentation of its populations and the continuing alteration of habitat 
characteristics, we are classifying Z. abelicea as an endangered species (IUCN 
category EN). 
All the most important results and conclusions issued from the last three years of the 
project Zelkova will be presented in the Global action plan with its first draft 
available in autumn 2012. 
 
 
1.3 Joachim Gratzfeld:  Zelkova spp. – status of ex situ conservation 

Presentation summary 
Securing plant resources in living ex situ collections forms an essential part of 
integrated conservation strategies that seek to safeguard biodiversity in the wild [15] 
and represents a core function of botanic gardens par excellence. However, while 
the primary interest in introduction programmes by means of ex situ cultivation has 
historically focussed on plants of agricultural, medicinal and over time, ornamental 
values, actions to conserve ex situ resources of wild species with no known or 
assumed economic importance have at least until recently seemed faltering [16, 17]. 
What’s more, the considerable technical and scientific challenges in establishing 
genetically representative ex situ collections are further compounded by the need to 
prioritise species for ex situ conservation against a backdrop of some plant 380’000 
plant species worldwide of which one fifth is estimated to be under threat of 
extinction [18]. 
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Owing to the unique opportunity presented by relict species to further understand 
past and recent biogeographic and evolutionary processes as a contribution to future 
ecosystem management approaches, Kozlowski et al. [13, 14] argue to pay particular 
attention to integrated conservation of relict trees. As part of a comprehensive study 
to exemplify this through the development of a global action plan for the 
conservation of the Tertiary relict Zelkova spp., a worldwide survey of the status of 
this genus in living ex situ collections was carried out including presence-absence 
analysis, extent and average size of collections, and assessment of plant provenance 
and genetic diversity mapping chloroplast DNA (initially for Z. abelicea and Z. 
carpinifolia). 
By and large, the majority of botanic institutions with Zelkova collections are found 
in central and northern Europe and North America, in countries with a long-standing 
horticultural tradition and not in locations of their origin. Of the 275 Zelkova records 
(collections) garnered from 146 institutions in 27 countries, almost 50% of all Zelkova 
ex situ collections are established in the United States, United Kingdom and 
Germany. Other countries with significant collections include China, France, Belgium 
and Australia. Except for the East Asian species Z. sinica, Z. serrata and Z. 
schneideriana that are worldwide best represented in some 25 Chinese collections, 
the Mediterranean Z. sicula and Z. abelicea as well as the Transcaucasian Z. 
carpinifolia are found to a very limited degree in the countries of the species’ natural 
distribution. Zelkova species with the widest distributional range (Z. serrata and Z. 
carpinifolia) are also the most common in ex situ collections, whereas, as can be 
expected, the most threatened species (Z. sicula, Z. abelicea and Z. sinica) are least in 
cultivation. Generally, collections are small in 90% of the records they either hold 
one individual or two to 10 trees at most. Apart from the five collections of Z. sicula 
that are all based on plant material collected from the population discovered first 
(with a second population found in 2009), a mere 20% of the plants grown in ex situ 
collections is of known wild provenance. While ex situ collections of Z. carpinifolia 
represent to some extent the in situ variability of its two distinct, phylogeographic 
western and eastern lineages (some 15 haplotypes identified to date) with 10 
botanic gardens hosting trees from both groups (representing 11 haplotypes), the 
complex genetic diversity of Z. abelicea is not reflected in collections with only two 
out of at least 36 haplotypes found in botanic gardens. 
In conclusion, while this survey documents that (1) the majority of living ex situ 
collections of Zelkova are not established in the regions/countries of the species’ 
origin, (2) most threatened species are least cultivated and (3) collections generally 
are limited in size and in terms of their genetic representativeness, this example 
highlights the vital need to prioritize conservation of relict species in living ex situ 
collections for a range of reasons: 
In a model way, relict plants illustrate the classical functions and values of botanic 
gardens for: (1) research (phylogeny, biogeography), (2) conservation (ex situ – as an 
insurance policy for the future, and in situ for reintroduction and population 
reinforcement programmes as well as for introduction, towards the design of 
emerging, novel ecosystems), (3) education (environmental awareness) and (4) 
display (public outreach, amenity planting and recreation). To enhance conservation 
planning for relict trees, it is recommended to (a) prepare a global, prioritized list, in 
particular on the basis of the species’ threat status, (b) establish a well-coordinated 
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international specialist group to capitalize on individual knowledge and expertise – 
relict species relatives in disjunct regions offer a common ground for joint 
collaboration and (c) develop a range of public awareness and outreach programmes 
– relict species provide compelling stories linking fossil finds and extant, related 
species. 
 
 
1.4 Giuseppe Garfì: Relict species and the challenges for conservation – the 

emblematic case of Zelkova sicula and efforts to save the species from 
extinction 

 
Presentation summary 
Z. sicula Di Pasquale, Garfì et Quézel is a very rare tree species endemic to south-
eastern Sicily, first described as a new species for science in 1991 [19]. It is a relict of 
the European Tertiary flora and belongs to a genus which became extinct in the 
whole continental Europe during the Quaternary glacial age. Until very recently [20], 
Z. sicula was known to consist of only a single population of about 230 trees, 
restricted over an area less than 0.4 hectares in the Iblei Mts. At the end of 2009, a 
second population was unexpectedly discovered in the same mountainous massif. As 
the former one, it comprises a few hundred trees, distributed over an area of about 
0.8 hectares, in quite similar environmental conditions. At present Z. sicula is the 
only species of the genus which is relatively able to face Mediterranean summer 
drought stress and to live within typical Mediterranean vegetation. However, as both 
populations of this species currently grow in gullies bottom and streamsides, it can 
be suggested that in the past it was probably more widespread in fresher and more 
humid environments. 
Currently a variety of problems threaten its survival, e.g.: (1) the long geographic 
isolation and the small populations’ size severely reduced gene flow, promoting a 
loss of intra-specific genetic variability; (2) the extremely poor and episodic fruiting 
and the very likely seed sterility probably due to its triploid karyotype, involving lack 
of sexual regeneration; (3) summer water stress causing the periodical death of the 
weakest trees [21], as well as the foreseen global changes depicting decline 
scenarios both in habitat and populations’ size; (4) the heavy human disturbances, 
responsible for degradation of its habitat; (5) the lack of active protection measures. 
Due to its rarity and conservation problems as compared to the other members of 
the genus, Z. sicula is included in the IUCN Red List of endangered species as 
“Critically Endangered” with extinction and was actually selected among the “Top 50 
Mediterranean Island Plants” at the verge of extinction [22]. Notwithstanding that, 
up to date no legal protection measure has been adopted yet. 
As a consequence of the aforementioned issues, a project for conservation was 
funded by EU LIFE+ Programme at the end of 2011. It entails Knowledge/Monitoring, 
Active conservation, Expertise/Communication and Education/Awareness actions 
that concern to different extent the two populations. The specific objectives of the 
project consist in: improving knowledge about biology, genetics and ecology of the 
target species aimed at long-term conservation planning; enhancing the 
understanding of ecological dynamics of both target species and forest habitat and 
the threats they incur; increasing the structure and vigour of the residual 
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populations by either limiting the existing negative biotic and abiotic factors 
influencing them, or developing ecosystem management measures; increasing the 
species stability by reinforcing the present populations and establishing novel 
populations in ecologically more suitable sites, according to the principles of 
“assisted colonization” [23]; ensuring ex situ conservation within regional and 
European specialized institutions; leading the competent regional administrative 
authorities to plan and activate legal protection of the target species; 
removing/reducing principal economic/social-type threats for both species and 
habitat by involving authorities, organizations and stakeholders; facilitating the 
engagement of local Forestry Authority in improving surveillance and protection of 
the species and habitat through active policy; prompting local awareness and 
information about the problems of loss of biodiversity; promoting a network for 
information and promotion of the objectives, procedures and results of the project 
to public opinion, remarking the symbolic value of this special case of “species at 
risk” in the framework of the global problems of biodiversity conservation. 
Among all, one of the most intriguing and challenging action surely concerns the 
translocation of the target species in presumed more suitable habitats in order to 
face the deleterious impact of forecasted climate change. Results could notably 
contribute in the present debate concerning the application of assisted colonization, 
especially for relict species, as a conservation tool for dealing with the threat of 
climate change. 
 
 
1.5 Stergios Pirintsos:  Zelkova abelicea – research in progress 

Presentation summary 
In spite of the important scientific results produced by the project Zelkova, which 
guide the compilation of the Global action plan and despite the fact the Z. abelicea 
was the best studied species of the project, several research issues remain open, 
which can further contribute to the development of a strong ecological basis for the 
conservation planning of the genus and broader to the understanding of the 
processes related to the resilience of the relict species to climate change.  
Thus, research concerning the fine-scale spatial distribution patterns of the species, 
the species interactions with the abiotic components of the ecosystems, its biotic 
interactions, as well as the functional role of the species in the ecosystems is in 
progress, which is expected to broaden our vision and strengthen the scientific 
evidences regarding Z. abelicea and general the Tertiary relict species.  
In the core of the research group, the Botanical Garden of the University of Fribourg, 
the Botanical Garden of the University of Crete and the BGCI participate, while 
several laboratories and Institutes contribute with research actions on specific areas, 
such as the Laboratory of Dendrogeomorphology of the University of Geneva 
(Switzerland), The Laboratory of Plant Biochemistry and Photobiology of the 
University of Crete (Greece), the Institute of Electronic Structure and Laser of the 
Foundation for Research and Technology (Greece) and many others. 
Preliminary results indicate that processes related to the persistence of the species 
to climate change are more complicated and multifactorial compared to the linear 
and plain view of survival in refugial areas. 
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2.0 WORKSHOP CONCLUSIONS 

The study of the Tertiary relict flora provides essential insights to the development 
of ecosystem management strategies in a climate of rapid global change. In addition 
to their scientific value, a large number of relict trees that stem from this geological 
period, especially nutritional, medicinal and timber species contribute to human 
welfare, and represent a non-negligible part of the total economic value of 
biodiversity. What more, many Tertiary relict trees are cultivated as prominent 
ornamental plants across the globe. Today, as most of these species have a restricted 
distribution and are rare and threatened in the wild, their safeguard through the 
development of integrated in situ and ex situ conservation strategies is vital if 
ecosystem services and goods provided by them are to be secured in the long-run. 
The Mediterranean and adjacent regions represent a global hotspot of Tertiary relict 
flora with some 26 refugial zones and iconic relict trees in genera such as Argania, 
Liquidambar and Zelkova. Comprising six extant species occurring in disjunct regions 
including the Mediterranean Zelkova sicula and Z. abelicea, the Transcaucasian Z. 
carpinifolia as well as the Eastasian Z. sinica, Z. schneideriana and Z. serrata – the 
genus Zelkova was selected for an initiative led by the Botanic Garden of the 
University of Fribourg and Botanic Gardens Conservation International in 
collaboration with international research partners from Azerbaijan, China, France, 
Georgia, Germany, Greece, Italy, Poland and Switzerland to test the development of 
a global action plan for the integrated conservation of Tertiary relict species. The 
main components of this global action plan include: (1) research (molecular 
phylogeny, phylogeography, population genetics and structure, and genetic 
comparison of wild populations with ex situ collections), (2) public awareness and 
outreach (travel exhibitions) and (3) conservation recommendations (conservation 
status assessments, ex situ collection and in situ conservation priorities, recovery 
programmes for population reinforcement and introduction). The initial, draft action 
plan is expected to be available by late 2012. 
The workshop concluded with highlighting a number of technical challenges that this 
initiative will need to address, including (1) how to prioritize conservation 
programmes as related to species selection and specific activities considering the 
large number of threatened species; (2) to what extent can botanic gardens focus on 
the development of relict species conservation programmes in light of a plethora of 
other tasks; (3) how to involve and convince decision makers to support the 
conservation of relict species; and (4) the specific role of botanic gardens in 
reintroduction and introduction programmes in situ in times of rapid global change. 
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SUMMARY  

 

R. S. Allahverdioglu & I. O. Velioglu presented the ex situ conservation of rare and 
endangered geophytes of the Hirkan National Park at the Central Botanical Garden 
(Azerbaijan), some of which are local endemics. 

A. Klimiene et al. described the natural habitat of Cruciata glabra (L.) Ehrend. (a 
locally rare plant in Lithuania) and evaluated the adaptation of this plant in the 
Botanical Garden of Šiauliai University. 

V. Gouma et al. overviewed the monitoring of the microclimatic environmental 
conditions at the Philodasiki Botanical Garden in the Athens region in order to 
facilitate decision making regarding the potential for proper ex situ conservation of 
threatened plants originating from Crete and the Peloponnese in the Philodasiki 
Botanical Garden. 

V. Candido et al. presented a propagation and cultivation protocol for tassel hyacinth 
(Muscari comosum) that is self-sustainable and able to provide an adequate 
production of bulbs. 

K. Theodoropoulos et al. presented the characteristics and the ex situ collections of 
the Forest Botanic Garden of the Aristotle University of Thessaloniki, Thessaloniki, 
Greece. 

K. Agorastou et al. outlined the significance of the historical National Garden at 
Athens; they presented the current situation and gave an overview of the main 
problems and the actions undertaken (site assessment, planting scheme to restore 
the original planting, biological control of infested palm trees and protection of large 
tree species). 

S. Efimov & E. Romanova focused on the collections of varieties and forms of 
cultivated plants in the botanical gardens as a gene pool for non-typical structures, 
with illustrated examples of the anatomy and morphometry of Paeonia plants, 
outlining the need for ex situ conservation of these unique man-made cultivars along 
with the conservation of wild species. 

G. Đurić et al. presented the characteristics, the facilities and the collections of the 
Botanical Garden and Park of the University of Banja Luka (Bosnia & Herzegovina). 
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Abstract 
The Hirkan National Park (HNP) which includes the mountainous Talish region is a 
unique natural complex. The HNP was established to preserve the nature of this 
area, to protect relict and endemic plants of the Tertiary period and characteristic 
flora and fauna types, which were not affected by the Pliocene and Pleistocene 
glaciations (included in ‘The Red Book of Azerbaijan’) [1] and for monitoring the 
environment, public awareness and the creation of favourable conditions for 
research, tourism and recreation. The HNP is a forest with a rich floristic 
composition, including 150 endemic species out of a total of 435 species of trees and 
bushes. In the research area, more than 15 geophyte species are endemic plants of 
the Caucasus or Azerbaijan. Some geophyte species are Allium lenkoranicum Miscz. 
ex Grossh., A. talyschense Miscz. ex Grossh., Bellevalia fominii Woronow, 
Ornithogalum hyrcanum Grossh., Fritillaria grandiflora Grossh., Crocus caspius Fisch. 
& C.A. Mey., Iris helena (C. Koch) C. Koch, Himantoglossum formosum (Stev.) C. Koch, 
Ophrys oestrifera Bieb. The 92 geophyte species identified and registered in the HNP 
belong to 21 families and 46 genera, including 33 rare and endangered species, of 
which 11 species are included in ‘The Red Book of Azerbaijan’. The organization of 
reserves encounters significant, frequently insuperable difficulties in the present 
period. Even working reserves experience extreme influences of natural factors and 
anthropogenic impacts. This necessitates the preservation of plants, including 
endemic and relict, rare and endangered geophyte species of the Talish region ex 
situ in collections. Multilateral research activities frequently demand the presence of 
sufficient and easily accessible material that can only be provided with its 
preservation in collections. The aims of the Central Botanical Garden of Azerbaijan 
are: conservation of rare and endangered species, climate adaptation of plants, 
enrichment of plant resources, and selection of plants for use in gardens in Baku city. 
 
Background 
The richness of the Talish flora is distinguished not only in Azerbaijan, but also in 
botanical and geographical regions of the Caucasus. The Talish region is located in 
the extreme south-eastern part of Azerbaijan. In the West, the Talish Mountains are 
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bordered by the Republic of Iran, and in the East by the Caspian Sea. The flora of the 
region and its genetic resources has incorporated the remnants of the flora of 
various geological eras, especially the Tertiary Period and has emerged as a result of 
long historical development. The isolation of the geographical position of Talish, with 
vegetation differing in a variety of life forms, allows geophytes to be considered as a 
group of independent bioecological value. Therefore, this study was carried out to 
determine the geophyte flora of the Talish region in Azerbaijan, and to observe the 
conditions of the endemic and/or rare geophyte populations. 
During the last decade man’s impact on natural ecosystems has increased 
significantly and poses a serious threat to the natural equilibrium of ecosystems. 
When the habitats of a rare and/or endemic species are damaged and/or 
fragmented by mis-management and various other human activities (such as, 
intensive urbanization, over exploitation of natural resources, development of 
tourism), distribution ranges, population sizes, and genetic variability of the species 
will be reduced and its members will become vulnerable to extinction at a faster rate 
than others. Due to this, special attention should be given to the investigation of 
threatened taxa. 
It was necessary to consider the best ways of preserving plant genetic resources in 
situ and this led to the organization of the Hirkan natural reserve in Azerbaijan. The 
Hirkan National Park was established in 2004 based on the Hirkan State Reserve 
which it superseded, with an area of 29,760 hectares (297.6 km2). It was enlarged in 
2008 to 42,797 hectares (427.97 km2) (Figure 1). The main purposes for the 
establishment of the National Park are: preservation of the nature of this area; 
protection of relict and endemic plants of the Tertiary Period and characteristic flora 
and fauna types which were not affected by Pliocene and Pleistocene glaciations, 
and their inclusion in the Red Book of the Azerbaijan Republic [1]; monitoring of the 
environment; public awareness; and also the creation of favourable conditions for 
research, tourism and recreation. 
The ecosystem of the Hirkan National Park belongs to the Caspian Hyrcanian (Hirkan) 
mixed forests ecoregion, an area of lush deciduous broadleaved lowland and 
mountain forests (subtropical and temperate rainforests) that completely cover the 
Talish Mountains and partially cover the Lenkoran Lowland. One of the main 
characteristics of the subtropical forests of the Lenkoran zone (where the Hirkan 
National Park is located) are the well-preserved Hirkan type forests and the 
abundance of many endemic, rare trees, bushes and herbs [2]. Botanical expeditions 
over the last 50 years have given a general description of the region’s vegetation 
with numerous herbarium specimens having been collected by world botanists 
during the 19-20th century and cited in the literature especially of books such as the 
"Flora of Azerbaijan" in 8 volumes [3] and the "Conspectus of Caucasian geophytes" 
[4] and other publications [5, 6], (Table 1). 
 
 
Materials and Methods 
Field investigation began in 2004 with reference to research by Haciyev et al. [2] and 
Ibadli [7]. The nomenclature of taxa was according to Karyagin [3], Ibadli [4, 7] and 
Czerepanov [8]. The identification of specimens was also checked against specimens 
in the herbaria of the Botanical Institute of Baku (BAK). Specimens were deposited in 
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the Botanical Institute, Herbarium Fund. The list of taxa was arranged according to 
"The Flora of Azerbaijan" [3] and Ibadli [4, 7], with the species name, locality, 
habitat, properties, and altitude. 
On the basis of this information and the corresponding literature [3, 4] and the 
results of research, the geophyte plants were grouped on the basis of the type of 
underground storage organ: bulb, tuber, root, rhizome and corm. The endemic 
species were determined according to Ahundov [9] and Musayev [10]. Each species 
was categorized for threat according to IUCN Red List Categories [11]. 
The following category abbreviations are used in the text: BAK (Herbarium Fund of 
the Botanical Institute of Azerbaijan National Academy of Sciences, Baku, 
Azerbaijan), IUCN (International Union for Conservation of Nature – Red List 
Categories and Criteria), CR (critically endangered), EN (endangered), VU 
(vulnerable), CBG (Central Botanical Garden). 
 
 
Results and Discussion 
Herbarium specimens and also seeds of the geophyte species from different families, 
which were identified in the Hirkan National Park were collected basically in the 
spring and the autumn during the period of 2004-2007, photographs were taken and 
areas of distribution are specified [12, 13]. 
As a result of the field studies, 92 species of geophytes were identified in the Hirkan 
National Park, with representatives of 21 families and 46 genera [13], including 33 
rare and endangered species, of which 11 species are listed in the "Red Data Book of 
Azerbaijan” (Figures 2, 3) [11]. The distribution of species according to families in the 
study area was categorized and listed. The families which include the largest number 
of species are as follows: Orchidaceae (26 spp.), Hyacinthaceae (11 spp.), Alliaceae (9 
spp.), Iridaceae (8 spp.) and Asparagaceae (5 spp.). Families which possess less than 
5 species constitute 64.13% of the floristic fund of the Hirkan National Park [13]. 
More than 15 geophyte species are endemic plants of the Caucasus or Azerbaijan. 
Some of them are: Allium lenkoranicum Miscz. ex Grossh., Allium talyschense Miscz. 
ex Grossh., Bellevalia fominii Woronow, Ornithogalum hyrcanum Grossh., Fritillaria 
grandiflora Grossh., Crocus caspius Fisch. & C. A. Mey., Iris helena (C. Koch) C. Koch, 
Himantoglossum formosum (Stev.) C. Koch, Ophrys oestrifera M. Bieb. among many 
others. 
Nineteen rare geophyte species in the flora of the Hirkan National Park represents 
3.3% of the floristic fund of the named area. The following classification according to 
IUCN categories was ascribed [11]: 
 

– Critically endangered (CR): 3 species: Ornithogalum hyrcanum Grossh., 
Fritillaria grandiflora Grossh., Cephalanthera longifolia (L.) Fritsch. 

– Endangered (EN): 5 species: Crocus caspius Fisch. & C. A. Mey., Lilium 
ledebourii (Baker) Boiss., Cephalanthera rubra (L.) Rich., Himantoglossum 
formosum (Stev.) C. Koch, Limodorum abortivum (L.) Sw. 

– Vulnerable (VU): 11 species: Bellevalia fominii Woronow, Allium paradoxum 
(M. Bieb.) G. Don fil., Galanthus caspius (Rupr.) Grossh., Sternbergia  
fischeriana (Herb.) M. Roem., Puschkinia scilloides Adams, Scilla caucasica 
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Miscz., Iris helena (C. Koch) C. Koch, I. pseudacorus L., Crocus speciosus M. 
Bieb., Anacamptis pyramidalis (L.) Rich., Cyclamen elegans Boiss. & Bushe. 
 

In situ conservation refers to the conservation of biodiversity in populations growing 
in their place of origin. However, the organization of reserves is connected with 
significant, frequently insuperable difficulties in the present period. Even operating 
reserves are subject to the extreme influences of natural factors and anthropogenic 
impacts. As a result of this there is a necessity for the preservation of plants, 
including endemic and relict, rare and endangered geophyte species of the Talish 
region in ex situ collections. In addition, multilateral research activities frequently 
demand easily accessible plant material and in sufficient quantities that can only be 
provided by preservation in living collections. Ex situ conservation is the method 
predominately used in agriculture. Arboreta and botanical gardens are also ex situ 
collections, but generally have too few individuals to be useful for conserving rare 
and/or endemic plants. 
The selection of prospective species of plants, their introduction and study, for use 
as garden plants in Baku city is one of the main objectives of the Central Botanical 
Garden of Azerbaijan. This is also a way of conserving rare and endangered species, 
studying the introduction and climate adaptation of ornamental, medicinal, aromatic 
and other plants, in order to enrich the raw-material bases of plant resources. 
Among these groups geophytes play an important role [14, 15]. Research data shows 
that geophytes represent 4.25% of the flora of Azerbaijan. So, Talish floristic 
exposition is of great importance in CBG [12] and about 30 endemic and relict plants, 
especially trees, bushes and geophytes species have been planted there.  
The development of methods and techniques of reproduction of protected 
geophytes in culture, a comprehensive study of morphological, ecological and 
biological characteristics, will help address the issue of the rational use and 
conservation of rare and endangered species as in situ and ex situ collections. 
 
 
Conclusions 
• For the first time, 92 geophyte species were identified and registered in the 

Hirkan National Park with representatives from 21 families and 46 genera. 
• Thirty-three (33) of the geophyte species are rare and endangered species, eleven 

(11) of which are listed in the "Red Data Book of Azerbaijan”. 
• In the surveyed area, the Hirkan National Park, more than 15 geophyte species 

are endemic to the Caucasus or Azerbaijan floras. 
• Based on our research, actions for protection and restoration were determined, 

and practical recommendations are offered. 
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Table 1. The plant composition of Hirkan National Park (Azerbaijan) 

Plant groups Family Genus Species 
Bryophyta and Pteridophyta 15 19 25 
Pinophyta (Gymnospermae) 4 8 10 
Magnoliphyta (Angiospermae) 113 536 1169 

including Magnoliatae (dicots) 89 429 951 
Liliatae (monocots) 24 107 218 
Geophytes 21 46 92 

 
 
 

Figure 1. Map of the Talish region (Azerbaijan). The Hirkan National Park borders 
are indicated by the red line. 

Figure 2. Exposition of Galanthus caspius (Rupr.) Grossh. in situ (A) and the CBG (B) 

B A 
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Figure 4. Exposition of tulips in the CBG. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Exposition of Limodorum abortivum (L.) Sw. in situ (A) and the CBG (B) 
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Abstract 
In the genus of Cruciata Mill., there are more than 14 species. In the Lithuania two 
species can be found and since 1976 one of them, Cruciata glabra L., is included in 
the Red Data Book. Furthermore, this species is found only in the two Baltic 
countries of Lithuania and Estonia. C. glabra flowers in May and June, grows in 
pinewoods, complex firwoods and forests. This species grows in the sunny areas 
only and if rooted even in light shadow it is not propagated sexually, producing only 
vegetative stems. The survival of this plant is also negatively affected by the great 
density of the forests. The two known places of its occurrence in Lithuania are 
described along with a third one observed in 2003 (Vainagiai, Šiauliai district). In the 
latter place, C. glabra is quite rare (every year only 5 to 27 plants or vegetative 
stems are found). The aim of this study is to describe the natural habitat of Cruciata 
glabra (L.) Ehrend. and to evaluate the adaptation of this plant in the Botanical 
Garden of Šiauliai University. The plant is under cultivation since 2000 when it was 
transferred from the wild (Romainiai, Kaunas district). Till 2007 this plant was grown 
in a shady place, in almost neutral soil (pH 7.26). In spring 2007, C. glabra was 
transplanted to the collection of rare plants in the Section of Plant Geography and 
Systematics, allowed to enjoy a sunny, alkaline (pH 7.6) place. The plant adapted 
very well, flowered abundantly in May and June, reproduced vegetatively and 
produced seeds. Since 2007, C. glabra seeds from cultivated material in the 
Botanical Garden of Šiauliai University are included in the Index Seminum.  
 
 
Background 
In the genus of Cruciata Mill. there are more than 14 species. Most of them are 
common in Middle Europe, western and eastern districts of the Mediterranean, Asia 
and North America [1, 2]. Cruciata glabra (L.) Ehrend sometimes is used like model 
plant for cell investigations and research [3]. In Lithuania, only two species of 
Cruciata are found, namely C. glabra and C. laevipes Opiz. C. glabra and they are 
distributed in the western part of East Europe forming several isolated populations 
[4] (Red Data Book of Lithuania 2007). It is pointed out in literature, that C. glabra 
grows only in two Baltic countries and is very rare [5]. Besides Lithuania, this species 
grows in Estonia where it is very rare as well. In Latvia it does not occur at the 
present, however in the beginning of the 20th century it used to be found near Riga 
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[6]. In the herbarium of Tartu University the only existing specimen originates from 
the environs of Riga 1901 [5]. In Lithuania it was found at the geobotanical district 
no. 28c [1], and 29c [5]. It is noted in the Red Data Book of Lithuania (2007) that a 
population of this species was found in pinewood (Romainiai) and another one in 
forests (Juodšiliai). This species is included in the list of 3(R) category in the Red Data 
Book of Lithuania (2007). It is particularly endagered by changes in vegetation and 
economical use of forests. It has been mentioned that is very imporant to keep 
favourable condition of growing places for this species, particularly to maintain 
proper density of woods and bushes [4] (Red Data Book of Lithuania 2007).  
C. glabra (Rubiaceae) is a perennial plant with very thin and branchy rootstock. The 
stem is 8-50 cm high, vertical or rising from the base, round, glabrous (sometimes 
the lower part is pubescent along the nodes). The leaves (usually 4) are developed in 
whorls (occasionally on the top of weaker stems there are three leaves or just a 
pair). The leaves are elliptic, oblong, obtuse, 1.5 cm in length and 5-7 mm in width, 
the top side is glabrous with hairy edges and hair along the veins; the leaves in the 
period of fructification are bended down [1, 7-9]. The flowers are located on the 
axial inflorescences, in groups of 3-5. At each cyme, the flowers in the central flowers 
are hermaphrodite, while the lateral ones are either male or absent. The calyx is 
lacking and the corolla is four-pieced and pale yellow in colour. The 5 flowers are 
grouped into shorter than leaves and umbelliferous inflorescences without bracts. 
The corolla is green and yellow, its diameter is about 2 mm, with lobules elliptic, 
obtuse or shortly tapered. The flowers are polygamous, into each umbelliferous 
inflorescence; usually all the lower ones are pistillate and the upper ones are with 
stamens. The fruits are somewhat curved, glabrous with smooth surface, about 1.5 
mm in width and 2-2.5 mm in length. C. glabra in Lithuania flowers in May and June, 
grows in pinewoods, fir woods, and forests. This species grows in the sunny areas 
only and if rooted even in light shadow it does not propagate sexually, producing 
only vegetative stems [1, 9]. 
The purpose of this study is to describe natural habitat of C. glabra and to evaluate 
adaptation of this plant in the Botanical Garden of Šiauliai University. 
 
 
Methods 
The natural habitat of C. glabra in Vainagiai forest (Kelmė district, Kurtuvėnai 
regional park) was inventoried from 2003 to 2011. The growing place in the 
Botanical Garden of Šiauliai University (ex situ) was observed from 2000 to 2011. 
The obtained data was used to evaluate the growing conditions of its populations in 
natural and man-made habitats and to collect seeds of this species from ex situ 
cultivation.  
The soil pH of the Botanical Garden sites (Šiauliai University, Faculty of Natural 
Sciences) was measured with stationary meter Orion 410A.  
 
 
Results and Discussion 
C. glabra was observed in 20th May 2003 in the 46th square of Vainagiai forest in the 
Kurtuvėnai regional park. Later in the same area another three growing places of this 
species were found (1 - N 55°47.029′ /  E 022° 58. 099′; 2 - N 55°47.028′  /  E 022° 57. 
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813′; 3 - N 55°47.049′ /  E 022° 57. 842′). In all of them it was quite rare, with 5 to 27 
plants or vegetative stems per location. These places were monitored periodically 
and the number of individuals in the populations varied from 4 to 32. In 2011, we 
realised that from one growing place (N 55°47.029′ / E 022° 58. 099′) C. glabra was 
vanished probably due to forest works. In the other growing places, the plants were 
distributed on 1.8 x 1.10 m and on 1.10 x 0.90 m square, respectively. In the first 
place we found 19 flowering and productive individuals and 8 non-flowering, while in 
the second one we observed 15 flowering and productive and two non-flowering 
individuals. The natural habitat is in sunny places of pinewoods with some Picea 
abies (L.) H. Karst., Betula pendula Roth and Juniperus communis L. The prevailing 
mosses were Pleurozium schreberi (Brid.) Mitt., Ptilium crista-castrensis (Hedw.) De 
Not., Hylocomium splendens (Hedw.) Schimp. and Dicranum scoparium Hedw., and 
the prevailing vascular plantswere Calluna vulgaris (L.) Hull., Vaccinium vitis-idaea L., 
Festuca ovina L., Milium effusum L., Melampyrum pratense L., Helianthemum 
nummularium (L.), Pulsatilla pratensis (L.) Mill. and P. patens (L.) Mill., Chamerion 
angustifolium (L.) Holub, Scorzonera humilis L., Pyrola chlorantha Sw., Fragaria vesca 
L. Next to the original habitat of C. glabra, on the dug up forest square line we 
observed Cerastium holosteoides Fr., Moehringia trinervia (L.) Clairv., Rumex 
acetosella L., Scleranthus annuus L. and Spergula sp. This locality is the most 
northern natural place of this species in Lithuania (the 13th geobotanical district lies 
among Riga (1e) and Šiauliai (19 a). There is strong possibility to find this species 
elsewhere growing in suitable habitats of open woods.  
C. glabra in the Botanical Garden of Šiauliai University is cultivated since 2000 when 
some individuals were transferred from its wild habitats in Romainiai (Kaunas 
district). Till 2007, this plant was grown in the area of Lithuania Red Data Book plants 
under the lime (Tilia cordata Mill.), in a shady place, in almost neutral soil (pH 7.26). 
It merely propagated only vegetatively and scarcely flowered. In spring 2007, C. 
glabra was transplanted to the collection of rare plants in the Section of Plant 
Geography and Systematics. In that place, the plants enjoy a sunny habitat with 
slightly alkaline (pH 7.6) soil. The plants adapted very well, flowered abundantly in 
May and June, developed vegetatively and produced seeds. Since 2007, the 
Botanical Garden of Šiauliai University collects seeds of C. glabra which is included in 
the Index Seminum.  
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Abstract 
The microclimate of the Philodassiki Botanical Garden expresses the atmospheric 
conditions that the plants experience as an important factor of their physical 
environment. The general and specific (frost, drought) microclimatic conditions at 
the Philodassiki Botanical Garden, Athens, Greece have been determined and 
presented based on data during March 2010-February 2012. There were used the 
measurements of air temperature, relative humidity, rainfall and wind, which have 
been recorded by an automatic weather station that is established at a small 
opening of the garden. Also, the altitudinal and bioclimatic distribution range of the 
endemic plants of Crete and the Peloponnese were used as case studies in order to 
identify target threatened species that could be conserved potentially ex situ in the 
microclimatic and bioclimatic conditions of the garden.  
 
 
General information 
The Philodassiki Botanical Garden (PhBG) was originally established in 1964, inside 
the Mt. Hymettus Aesthetic Forest, in an area of 8000 m2. It displays many elements 
of the Mediterranean-type ecosystems. The aim of the Garden is subject to 
conservation, education and pleasure. The conservation of endemic, rare and 
threatened plant species is the primary purpose of the most botanical gardens 
today. The Garden is a member of the Botanic Gardens Conservation International 
(BGCI) and of the Greek Botanic Gardens. 
 
Physical characteristics 
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Geographical and topographical characteristics 
The PhBG is situated at the lower part of a forested slope of western Mt Hymettus 
(Lat. 37ο58′, Long. 23ο48′, alt: 355-410m, asp. NW-N, sl: 35%), at the eastern part of 
the Greater Athens Area (GAA), Greece (Figure 1).  
 
Bioclimatic and climatic characteristics 
The bioclimatic conditions of the PhBG according to the Bioclimatic Maps of Greece 
[1] are the following:  

• Semi-arid (400<P<600mm) Mediterranean bioclimate with mild winter 
(3oC<m<7oC), where P: mean annual precipitation and m: mean minimum air 
temperature of the coldest month of the year [2]. 

• Thermo-Mediterranean bioclimate with a number of biologically dry days of the 
dry period of the year, x, to be between 100<x≤150 [3]. 

• Thermo-Mediterranean vegetation of the East Mediterranean (Oleo-
Ceratonion). 
The urban and mountainous bioclimatic and climatic characteristics formed at urban 
and mountainous areas of the GAA, nearby the Mt. Hymettus, are shown in Figure 2. 
There were used climatic data from two Meteorological Stations, which are 
representative of these two land situations [4]. 
 
Microclimatic environment 
The term of ‘microclimate’ is expressed by the climate of the air layers near the 
ground that is affected by topography, type, coverage of soil and vegetation [5]. It is 
also called ‘plant climate’ because within these air layers the plants grow and 
develop and therefore are sensitive to their weather conditions and their 
fluctuations. For example, air temperature and precipitation, strongly affect seed 
germination, seedling establishment, seedling survival and sapling growth [6], as 
well, are functional in potential management plans for ex situ conservation of 
threatened plants. 
For the purposes of this study, there were used the 10-min measurements of air 
temperature (T, oC), relative humidity (RH, %), rain (P, mm), wind speed (W_sp, m/s) 
and wind direction (W_dir, 8 direction classes), which have been recorded by an 
automatic weather station (HOBO type). The station is established in the PhBG (alt: 
390m, asp. NW), at a small opening of the medium to low height pine forest of the 
slope and the measurements are taken at about 2m height above surface level [7]. 
The study period was chosen from March 2010 to February 2012, so that each 
season and month, to be represented twice. 
The data was firstly checked for errors. The processes and analyses have been 
performed under the view of ex situ conservation needs of threatened plants in the 
Garden. Finally, the general and specific microclimatic and micrometeorological 
conditions of the PhBG that were formed during the study period were determined. 
These are presented in the following three Figures: 

• General conditions (Figure 3): The boxplots present the seasonal and monthly 
variations of the air temperature (T) and relative humidity (RH) values (10-min) that 
were recorded during the study period. The graph provides the monthly rain (P) and 
the air temperature (T) mean and absolute values for each month, separately. Each 
season’s total rainfall (P) and mean wind speed (W_sp) are shown. 
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• Specific conditions - Frost cases (Table 1, Figure 4): All the periods, in which 
partial (Tmin_day<0.0oC) and total (Tmax_day<0.0oC) frost conditions were occurred 
during winter (Wf) and spring (Sf), are analytically presented. A significant number of 
frost cases were recorded during January-February 2012 due to the severity of this 
year’s winter in Greece. It should also be pointed out, that at air layers lower than 
2m (height of temperature recordings) and near the ground surface, those frost 
periods may be longer (in duration) and more intense (with lower temperatures), 
and may even more frost cases happen [5]. The frost conditions were formed mainly 
during the night hours, with catabatic wind flows of low speeds, as it is shown, in the 
four frost cases of the graph and the wind rose diagram. 

• Specific conditions - Biological dryness of the hot and dry period of the year 
(Table 2): The biologically dry months (Gaussen criterion: P≤2xT), days (Gaussen 
xerothermic index) and the periods (number of months and days) [3] of the hot and 
dry period of the years 2010 and 2011 were determined and presented in Table 2. It 
should be noted that, although Gaussen’s method is classically applied to climatic 
data, it has been used here under the view of monitoring the bioclimatic conditions. 
The above results provide the following conclusions: 

• The general and specific microclimatic and micrometeorological conditions of 
the PhBG are mainly formed due to the combined impact of its geographical, 
topographical, vegetation characteristics and the prevailing weather conditions. 

• The Garden lies at the lower part of a leeward slope of the mountain, where the 
mountain-valley wind systems act.  

• The microclimatic results indicate that the bioclimatic conditions have not been 
changed. Thus, it is estimated that the PhBG has a semi-arid (P_year ~500mm) 
bioclimate with a mild (Tmean_min of the coldest month ~3-5oC) cold/wet period. A 
small number of partial frost days can be occurred each year, during winter and even 
early in the spring. During severe winters, lower temperatures can be recorded, with 
a significant increase to the partial frost days and the presence of total frost 
conditions of low duration. The biologically dry period of the year can have a length 
of about 5-6 months. 
 
The ex situ conservation of threatened plants 
The specific climatic features of PhBG, together with its specific soil conditions, 
determine the potentially introduced plant species. In order to test the efficiency of 
PhBG to conserve the threatened plants of Greece, two areas (Crete and 
Peloponnese) with especially rich endemic floras were selected. The altitudinal and 
bioclimatic distribution range of the Greek endemic plants of these areas [8, 9] were 
used as a case study in order to identify target threatened species that could 
potentially be conserved in the microclimatic and bioclimatic conditions of the 
Garden (Figure 5a).  
The majority of the endemic elements of both areas (more than 55% of the endemic 
species in both cases) could potentially be conserved in PhBG regarding the 
suitability of the bioclimatic conditions. These species are mainly distributed in 
lowland areas, which are seriously affected by intense human impacts, resulted to 
increased species extinction risk as it is expressed by the IUCN red list categories 
(Figure 5b). The endemic flora of Crete includes 194 taxa. Most of them (112 taxa) 
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could potentially be introduced in PhBG. The endemic flora of the Peloponnese 
includes 164 taxa from which 93 could also be introduced in PhBG.  
Moreover, protected areas, both in Crete and the Peloponnese are mainly confined 
to mountainous areas, making urgently necessary targeted ex situ conservation 
actions for the protection of lowland species. 
 
 
Conclusions 
The continuous and long-term monitoring of the microclimate of the PhBG, can 
contribute to a better knowledge of this important part of its biophysical 
environment. This can provide better results to the ex situ conservation decisions 
and measures taken for the Garden, particularly under the view of climate change 
themes. Also, this basic knowledge is required for a successful nursery practice 
(seeding, watering, transplanting, frost and drought protection measures); until now 
PhBG is handling common and threatened plants as well. A project of PhBG for the 
protection of lowland threatened endemic species of southern Greece is currently in 
progress. Further research on seed germination of these plants is necessary, in order 
to facilitate ex situ conservation actions. 
 
 
References 

1. Mavrommatis G: The Bioclimate of Greece. Climate and natural vegetation 
relationships. Bioclimatic maps. Forest Research 1980, 1:63. 

2. Emberger L: Une classification biogéographique des climats. Rev. Trav. Fac. 
Sci. Montpellier, série Botanique 1955, 7:3-43. 

3. UNESCO-FAO: Bioclimatic Map of the Mediterranean Zone. Explanatory 
Notes, Ecological Study of the Mediterranean Zone, Arid Zone Research, 
France, 1963, p. 58. 

4. NOA, National Observatory of Athens: Monthly Bulletins, 2012, 
[http://cirrus.meteo.noa.gr/forecast/bolam/index.htm?bulletins.htm]. 

5. Geiger R, Aron R, Todhunter P: The climate near the ground. Rowman & 
Littlefield Publishers, INC, 2003, p. 584. 

6. Fenner M, Thompson K: The Ecology of Seeds. Cambridge University Press, 
U.K., 2005, p. 240. 

7. Gouma V: Mount Hymettus Aesthetic Forest: Monthly Microclimatic Data 
Bulletin. Years: 2010-2012, Hellenic Agricultural Organization-DEMETER, 
Forest Research Institute of Athens (FRIA), March 2012. 

8. Trigas P, Panitsa M, Turland N, Tsiftsis S: Elevational gradient of vascular plant 
species richness and endemism in Crete. 5th International Conference of the 
International Biogeography Society. Irakleio, Crete, 7-11 January 2011. 

9. Trigas P, Tsiftsis S, Tsiripidis I, Iatrou G: Distribution patterns and conservation 
perspectives of the endemic flora of Peloponnese (Greece). Folia 
Geobotanica 2012, 47:421-439. 

http://cirrus.meteo.noa.gr/forecast/bolam/index.htm?bulletins.htm


European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

189 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Geographic location and photographs of the PhBG and the Mount 
Hymettus Aesthetic Forest. 
 
 
 
 
 
 

 
Figure 2. Urban and mountainous climatic and bioclimatic conditions in Athens, 
Greece. 
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(Year: Tmean: 23.0oC, P: 309.6mm) 
 
Mount Penteli Station: 495 m 
(T: 1996-2010, P: 1999-2010) 
(Year: Tmean: 20.4oC, P: 421.8mm) 
 
(Data source: NOA, National Observatory of Athens, 2012) 
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Year Frost 
case 

Frost period 
(dates) 

T_min 
(abs)(

o
C) 

W_sp 
(mean) (m/s) 

Snow 
(Y/N) 

Duration 
(hours) 

Frost days 
partial/total 

2010 Wf1 11-12/12 -4.2 1.0 Y 26.0 26.0 2 

2011 

Wf2 25-27/01 -0.9 0.4 N 4.5  
8.0 

 
4 

Wf3 02/02 -1.4 1.0 N 3.5 

Sf1 8-10/3 -4.1 1.1 Y 40.1 40.1 3 

2012 

Wf4 13/01 -0.3 0.8 N 1.2 

118.1 15/1* 

Wf5 16-18/01 -2.6 0.8 N 37.3 

Wf6 22/01 -1.7 0.9 N 2.3 

Wf7 26-27/01 -0.6 0.7 N 6.8 

Wf8 30-31*/01 
01/02 -3.1 1.6 N 43.5 

Wf9 17-18/02 -2.1 1.1 Y 10.5 

Wf10 28-29/02 -3.1 1.2 Y 16.5 

 
Figure 3. Seasonal and monthly variations of the general microclimatic and 

micrometeorological conditions at the PhBG (March 2010-February 2012). 
 
 
Table 1: Frost cases (Winter: Wf and Spring: Sf) and the micrometeorological 
conditions in PhBG during 2010-2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Season 
P 

(total) (mm) 
W_sp 

(mean) (m/s) 

Winter 251.9 0.8 
Spring 77.7 0.9 

Summer 71.4 0.8 
Autumn 127.2 0.8 

Year 528.2 0.8 

P: Monthly total rainfall, Tmean: Monthly mean temp, Tmin : Monthly mean min temp, Tmax : Monthly mean max temp,  
Tmin-abs : Monthly mean min absolute temp, Tmax-abs : Monthly mean max absolute temp 
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Figure 4. Wind direction frequency (%, 10min values) conditions during the (Wf) and 
(Sf) cases for the years 2010, 2011 and 2012. 
 
 
 
 
 
Table 2: Biologically dry months, days and periods in the PhBG for the years 2010 
and 2011. 
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Year Biologically 
dry months 

Biologically 
dry  days 

Biologically 
dry  periods  of the year 

2010 

March 21.6 

5  months 
125.1 days 

April 24.3 

May 24.3 

July 27.0 

August 27.9 

6  months 
146.1 days 

2011 

May 19.2 

June 24.3 

July 27.9 

August 27.0 

September 26.1 

November 21.6 
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Figure 5. Altitudinal gradient of: a) Greek endemic species richness in Crete (blue 
dots) and the Peloponnese (green squares) and b) average extinction risk for the 
endemic plant species of the Peloponnese. 
 

(a) (b
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Abstract 
Tassel hyacinth [Muscari comosum (L.) Mill.] is a spontaneous perennial bulbous 
plant of the Mediterranean area. The bulbs are widely used for food and represent a 
typical commodity, with a high historical and cultural heritage, especially for some 
Southern Italian Regions. In Italy, bulbs are commonly imported from North African 
countries, where they are still collected from the wild, to supply the fresh market 
and processing industry. In order to limit the massive import of a foreign product, 
there is a need to define a tassel hyacinth cultivation protocol that is self-sustainable 
and able to provide an adequate production of domestic bulbs. However, 
economically sustainable tassel hyacinth cultivation in Southern Italy requires the 
development of a suitable propagation modality, since bulb growth is very slow and 
it normally takes 3-4 years for bulbs to reach a marketable size. Therefore, this study 
examines results of research conducted on the gamic propagation of tassel hyacinth. 
Seed propagation trials were carried out from October 2008 to March 2009, with 6 
sowing dates each delayed one month from the other, in two different localities of 
the Basilicata Region (S. Italy): the first, in the Metaponto plain (15 m a.s.l.) beside 
the Ionian Sea, and the second in a mountainous zone of Vaglio Basilicata (850 m 
a.s.l.). Seeds, collected from wild plants in the previous summer, were placed in hole 
containers in soil and were kept in open field conditions. Emergence dates and 
seedling numbers were recorded and at the end of the trials (plant senescence), 
bulblet weight and dimensions were recorded. Seed propagation results, in both 
Basilicata Region localities, showed better performances with the early sowings of 
October and November, due to a high seedling emergence percentage (from 92% to 
100%) and uniformity. The delay in sowing caused a significant reduction in 
emergence that became zero with sowings in February and March. 
 
 
Background 
The name of the genus Muscari derives from the Arabic word ‘muscarimi’, which in 
turn originates from the Greek word ‘moschos’ referring to the fragrance emitted by 
certain species. The specimen word “comosum” refers to the apical tuff of sterile 

mailto:vincenzo.candido@unibas.it
mailto:bufo@unibas.it
mailto:simonetta.fascetti@unibas.it
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flowers. The species grows from sea level up to an altitude of 2000 m. It is a 
widespread plant characterized by Eurimediterranean chorotype, but its area of 
distribution extends from south-western central Europe and Northern Africa to 
southern Russia and eastwards to Iran and Arabia. In England and elsewhere it is 
naturalized. 
Tassel hyacinth [Muscari comosum (L.) Mill.] is a perennial, bulbous plant with linear 
leaves 5-15 mm wide, with a central channel. The flower stem which is formed in 
April to May is 20-60 cm tall. The fertile flowers are globose-urceolate, blue-
brownish with pale yellowish-brown teeth and short tepal lobes; the uppermost 
flowers (‘tassel’) are sterile, with long stalks, closed and purple or electric-blue 
brightly coloured. 
Ecologically and biologically, the species is a wild and semi-domesticated rustic, 
bulbous plant. As a biological form, it is situated in the geophyte plants class, having 
underground structures of storage (bulbs) which allow the plant to survive in 
conditions of dry/heat and cold stress [1]. In regard to seed dispersal, it is described 
as rain ballists and anthropochorous [2], while overall the available information on 
germination and reproductive biology are scarce [3-4]. 
The use of the bulbs has a long tradition in Southern Italy, Greece, the Near East, and 
the Eastern Mediterranean. Theophrastus [5-6] (4th century BC) refers numerous 
times to M. comosum (Historia Plantarum and De Causis Plantarum), known as 
‘bulbs’, which is still today the current vernacular name of the plant in Greece. The 
plant has been described and is considered an important food source [7]. 
In Southern Italy, the tradition of its specific use as a food has been recorded in 
many ethnobotanical surveys; in particular in Sardinia [8], Sicily [9], Basilicata [10-11] 
and Apulia [12]. The bulbs are collected (and eaten) before the formation of the 
flowering stem, while the bulb is still rich in nutrients. Knowledge pertaining to the 
use of M. comosum as a medicinal plant is present in the Albanian communities in 
the Basilicata Region [13-14]. Furthermore, nutraceutical properties have been 
attributed to the presence of antioxidant compounds in the edible portion [15]. 
In Italy bulbs are commonly imported from North African countries, where they are 
still collected from the wild, to supply the fresh market and processing industry that, 
usually, preserve the bulbs in oil and sometimes in vinegar after blanching [16]. For 
tassel hyacinth cultivation in Southern Italy to be economically sustainable there is a 
need to consider the development of a suitable propagation modality, since bulb 
growth is very slow and it normally takes 3-4 years for bulbs to reach a marketable 
size [16]. Therefore, this study deals with research conducted on the gamic 
propagation of tassel hyacinth. 
 
 
Materials and Methods 
The study was conducted from October 2008 to March 2009 and involved tassel 
hyacinth gamic propagation trials in open field conditions. In July 2008, stems 
bearing the capsules containing mature seeds were collected from wild M. comosum 
plants in an uncultivated area of Vaglio Basilicata (40°40' N, 15°55' E, 850 m a.s.l., 
Basilicata Region, Southern Italy). Stems were dried and seeds were manually 
extracted from capsules and cleaned. 
From 17th October 2008 to March 17th 2009, in two different locations of the 
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Basilicata Region: 1. Metaponto flat land (40°23' N; 16°47' E, 15 m a.s.l.) beside the 
Ionian sea, and 2. In a mountainous zone of Vaglio Basilicata, seeds were sown 
consecutively at one month intervals, for six months in containers having 60 
positions. 
Seeds were sown in a medium-loamy-sandy soil, which originated from the same 
area where the seeds were collected and five seeds were placed in each position. In 
each of the two locations (environments), the six experimental theses (sowing dates) 
were distributed in the field according to a randomized block scheme, with three 
replicates. 
After the onset of seedling emergence, data were recorded twice a week in order to 
evaluate the following parameters: 
a) percentage of emerged plantlets = (number of emerged plantlets/number of 

seeds) * 100; 
b) start of emergence, days (d) from the sowing date; 
c) mean emergence time (MET) = Σ (n * d ) / N1   where: n = total number of 

emerged plantlets recorded in each relief; d = number of days from the beginning 
of the trial; N1 = total number of emerged plantlets; 

d) precocity of emergence ('T50') = number of days, starting from the sowing date, 
necessary to obtain 50% of the total emergence (cumulative). 
Following complete leaf senescence of plants (late May - early June 2009), 
bulblets were extracted from the soil and then cleaned and dried before 
measuring of morphological traits (average weight and diameter). These 
parameters were measured on samples of 10 bulblets per each plot. 

All collected data was subjected to analysis of variance (ANOVA), mean values were 
tested for statistically significant differences using Student–Newman–Keuls (SNK) 
test for main effects, and using the least significant difference (LSD) for interactions. 
 
 
Results  
At both locations the emergence of seedlings was observed following the first four 
sowings (October to January) (Figure 1), whilst the sowings in February and March 
resulted in a complete lack of seedling emergence. The cumulative emergence (Table 
1) was different at the two locations (different environments) and it also varied 
significantly with sowing dates. 
At Metaponto seedling emergence as an average of the four sowing dates was 84%, 
and was almost 9% higher than the mean value for seedling emergence at Vaglio 
Basilicata. Significant differences were also observed between the two locations 
(environments) with respect to other parameters associated with seedling 
emergence (early, average and precocity). In particular, seed emergence began at 
Metaponto 27 days earlier than at Vaglio Basilicata and the MET (17 days) and T50 
(26 days) were lower (ie were reached in a shorter time) than at Vaglio Basilicata 
(Table 1). 
Considering the effects of sowing date on seedling emergence, its cumulative 
percentage was, on average 89% for October, November and December, but 
declined to 51% for January. The number of days before the start of seedling 
emergence gradually declined with the delay of sowing, from 122 to 68 d, going from 
the first to the fourth sowing date. Later sowing also resulted in a faster and more 
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uniform emergence of seedlings as shown by lower values of MET and T50 in 
January. In fact, for the above parameters the observed values were, respectively, 82 
and 80 d for sowing in January, and 140 and 139 d for sowing in October. 
The analysis of the interaction "Location * Date of sowing" showed that the 
cumulative seedling emergence was significantly different between the two locations 
(environments) only with the sowing in December, with a higher percentage in 
Metaponto. Moreover, for the first three sowings seedling emergence started much 
earlier (between 31 and 45 d) at Metaponto, with respect to Vaglio Basilicata, whilst 
in January this difference between the two locations was only 19 d (Table 1). MET for 
the first three sowings was significantly more prolonged in Vaglio Basilicata, 
especially with the first sowing, while showed similar values between the two 
environments with respect to the fourth sowing. An almost similar trend was 
observed for T50 with significant differences even in the January sowing. The more 
precocious seedling emergence observed in Metaponto was more marked in the first 
sowing. 
Bulblets average weight and diameter were found to be influenced both by the 
locations and by the time of sowing (Table 1). In particular, in Metaponto bulblet 
average weight (0.7 g) and diameter (5.2 mm) were significantly higher than the 
respective values (0.4 g and 4.1 mm) of bulblets in Vaglio Basilicata. The delay in 
sowing led to a gradual reduction in bulblet average weight and diameter; in fact, 
from the first to the fourth sowing, the first parameter varied from 0.7 to 0.3 g, and 
the second one, from 5.3 to 3.9 mm. 
Considering the interactive effect "Location * Date of sowing", it should be noted 
that at Vaglio Basilicata the average bulblet weight was unchanged in the first three 
sowings, and decreased significantly only in the January sowing. On the contrary, at 
Metaponto a reduction of the average bulblet weight was observed already in the 
second sowing (November) with significant differences between the ages of the 
plants. 
 
 
Discussion 
Results obtained in this study contribute to understanding the effects of location and 
sowing date on the propagation of M. comosum, such information may constitute 
the basis for the cultivation of this bulbous plant. 
The observations from the study carried out in two areas of the Basilicata Region 
showed that sowing can start from mid-October but cannot go beyond mid-January. 
In fact, sowing in mid-February and March resulted in no seedling emergence, while 
plants sown in January had a reduction in the percentage of emergence, 
approximately of 50% compared to that recorded with the sowings of the three 
previous months. This occurred both at Metaponto and in Vaglio Basilicata, areas 
having significantly different weather characteristics. The coastal environment of 
Metaponto is characterized by a milder climate and there, better seedling 
emergence levels were observed, especially, in the sowings of October, November 
and December when the average values were around 95%. Moreover, at Metaponto 
seedling emergence began almost a month ahead of that at Vaglio Basilicata and it 
showed a MET and T50 of about 18 d less than at Vaglio Basilicata. This resulted in 
an earlier start and a prolongation of the growth cycle, with a corresponding 
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production of larger bulblets. Moreover, at Metaponto sowing in mid-October, 
despite having made the emergence more continuous, allowed bulblets to reach a 
weight of up to 1 g, although this steadily decreased with the delay of sowing. In 
contrast, at Vaglio Basilicata, the bulblets growth was found to be almost unaffected 
by the time of sowing. 
In conclusion, tassel hyacinth gamic propagation, while requiring a longer time than 
asexual propagation, allows the production of large quantities of bulblets thanks to 
the high germinative power and easy finding and/or production of the seed. 
However, it may be appropriate to test the effectiveness of some germinal 
treatments to allow a faster emergence of seedlings in order to ensure a greater 
enlargement of bulblets in the first growing season. 
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Figure 1. Course of Muscari comosum seedlings emergence in the two localities of 
research Vaglio Basilicata and Metaponto as affected by sowing dates. The bars of 
each line indicate the standard error of the mean. 
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Table 1. Plantlets emergence and bulblet traits as affected by locality and sowing date. 
 

  S E E D L I N G S    E M E R G E N C E B U L B L E T S 
 TREATMENTS Cumulative Starting Mean emergence 

 
Precocity Mean Diameter 

  (d) 
 

time (MET) 
 

T 50 weight  
 (%)  (d) (d) (d) (mm) 
       
 Location (1)       
 Metaponto 83.5 A   75.9 B   96.4 B   93.7 B 0.7 A 5.2 A 
 Vaglio Basilicata 75.1 B 110.3 A 121.2 A 119.6 A 0.4 B 4.1 B 
       
 Sowing date (1)       
 17/10/2008 94.0 A 121.8 A 140.2 A  139.1 A 0.7 A 5.3 A 
 17/11/2008 85.5 A   97.3 B 118.1 B 116.7 B 0.6 B 4.7 B 
 17/12/2008 87.0 A   85.3 C   95.0 C   91.2 C 0.5 C 4.5 B 
 17/01/2009 50.7 B   68.0 D   81.9 D   79.7 D 0.3 D 3.9 C 
       
 Interaction "Location * Date of sowing" 
 Metaponto 17/10/200

 
95.3 100.7 122.0 115.8  1.0 6,5 

 Vaglio B. " 92.7 143.0 158.4 162.3 0.4 4,2 
 Metaponto 17/11/200

 
91.0   75.0 103.0 105.0 0.8 5,3 

 Vaglio B. " 80.0 119.7 133.2 128.3 0.4 4,1 
 Metaponto 17/12/200

 
96.0   69.7   81.0   76.3 0.6 4,9 

 Vaglio B. " 78.0 101.0 109.0 106.0 0.4 4,1 
 Metaponto 17/01/200

 
51.7   58.3   79.8   77.7 0.4 4,0 

 Vaglio B. " 49.7   77.7   84.1   81.7 0.3 3,9 

      LSD 0,01P  (2) 13,5    7.8    4.6    2.5 0.06 0.7 
 

     (1) Values in the columns having no letters in common are significantly different at P< 0.01 according 
to the SNK test. 

     (2) LSD = Least significant difference. 
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Abstract 
The Forest Botanic Garden of the Aristotle University of Thessaloniki (TAU) was 
established under the auspices of the Forest Botany Institute (today Institute of 
Forest Botany - Geobotany) of the Faculty of Forestry and Natural Environment. The 
Garden is located in the eastern suburbs of Thessaloniki, less than 1 km from the 
seashore, occupying a flat area of 6.2 ha (inclination 1-2%) at an altitude of 
approximately 15 m a.s.l. The land was acquired through expropriation in 1964. Prior 
to the designed planting of trees and shrubs which started in autumn 1970, a cypress 
‘windshield’ was already established, along the Garden’s periphery, where cypress 
trees were closely planted in two rows in order to provide protection to future 
planted taxa. Today the garden hosts 121 native and non-native woody taxa (trees 
and shrubs) which belong to 75 genera, while 24 of them are gymnosperms and 97 
angiosperms (3 Monocotyledones and 94 Dicotyledones). The Greek woody species 
on display are 81 (about 22% of the total native woody taxa), of which 14 are 
gymnosperms and 67 angiosperms. Each taxon is represented by one or more 
individuals (a total of c. 460 individuals). The woody flora of the Garden is an 
assemblage of mainly Mediterranean (37) and Sub-Mediterranean (27) species and 
to a lesser degree of Asiatic (18), Nord-American (11), Eurasiatic (10) and other 
species. 
 
 
Background 
The Forest Botanic Garden of the Aristotle University of Thessaloniki [1] is located in 
the suburb of Finikas (eastern Thessaloniki), near the ‘Macedonia’ international 
airport. The TAU Garden was established under the auspices of the Forest Botany 
Institute (today Institute of Forest Botany - Geobotany) of the Faculty of Forestry and 
Natural Environment in the place where the old Mikra airport was located. The land 
was acquired through expropriation that took place in 1964 with the efforts of Prof. 
Ioannis Papaioannou. The designed planting of woody taxa started in autumn 1970. 
From the first stages of its establishment in the year 1966, along the Garden’s 
periphery cypress trees were closely planted in two rows in order to form a 
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‘windshield' for the protection of the plants [2]. The TAU Garden hosts two 
greenhouses of 110 m2 and 50 m2.  
The Faculty of Forestry and Natural Environment has been operating in the TAU 
Garden over the last 20 years (a fact that has upgraded the Garden’s status), as a 
primary facility for the education of the students of the Faculty. At the same time it 
offers the opportunity to students of all educational levels (primary/secondary 
schools, technical education institutions etc) to go on docent-led tours of the 
Garden. Such tours include visits to the Natural History Museum, which is housed in 
one of the buildings of the Faculty. The Garden also offers the possibility of scientific 
research [3]. 
 
Methods 
Characteristics of the area occupied from the Garden 
The Garden occupies a flat area of 6.2 ha (inclination 1-2%) which is located less than 
1 km from the seashore, at an altitude of approximately 15 m a.s.l. 
Geologically, the area belongs to the Paeonia zone [4] and is dominated by 
sandstones varying from friable to quite compact and locally microconglomerates 
with cross–bedding are interbedded. At places there are marl horizons [5]. 
The Garden’s soil, whose depth exceeds 3 m, is intensely disturbed and immature 
and consists of alluvial deposits. It is poor in organic matter, rich in CaCO3, and 
contains moderate amounts of total nitrogen. Its reaction (pH) is neutral to 
moderately alkaline and the texture is mainly loamy [6]. 
Based on data available from the meteorological stations (MS) of Thessaloniki (1954 
- 1990, 32 m a.s.l.), Mikra (1959 - 1999, 3 m a.s.l.) and Loutra Thermis (1978 – 1997, 
10 m a.s.l.), the climate is classified as ‘Csa climatic type’ according to Koeppen’s 
classification system, representing continental Mediterranean climate with ‘very hot 
and dry summers and mild winters’. The dry period lasts approximately 4 months a 
year (mid-May to mid-September). Mean air temperatures are 15.8 °C in 
Thessaloniki MS, 15.9 °C in Mikra MS and 15.5 °C in Loutra Thermis MS; the hottest 
and coldest months are July and January, respectively. Mean precipitation in the 
three stations is 470 mm, 450.5 mm and 410 mm respectively. According to data 
from the Thessaloniki MS, mean relative humidity is 70% and the prevailing winds 
are high winds blowing at a speed of about 40 km/h in N, SW, NE, S and E directions 
in January, February, March and June. 
A limiting factor to the growth of certain species is the geographic location (sea level) 
and mainly the Garden’s insufficient physical and chemical soil properties, for the 
improvement of which repeated soil amelioration works have taken place. 
An inventory of the total woody flora (trees and shrubs) was carried out in May/June 
2011 whereby the number of individuals of all taxa was registered, as well as notes 
on the chorology of each taxon. 
The species nomenclature follows THE EUROPEAN GARDEN FLORA [7-12] and The 
World Checklist of Selected Plant Families [13]. 
 
 
Results 
Greek indigenous woody species (trees and shrubs) as well as a number of non-
indigenous ones grow in the Garden today (see Appendix). In total, it contains 121 
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taxa, which belong to 75 genera. Of these, 24 are Gymnospermae and 97 
Angiospermae (3 Monocotyledones and 94 Dicotyledones). The indigenous species 
on display are 81 (66.94%) (c. 22% of the total indigenous woody taxa of Greece), 14 
of which are Gymnospermae and 67 Angiospermae. Each taxon is represented by 
one or more individuals resulting in a total of c. 460 individuals. 
The chorological spectrum of the woody flora of the Garden (Figure 1) is dominated 
mainly by Mediterranean (37) and Sub-Mediterranean (27) taxa, followed by Asiatic 
(18), Nord-American (11), Eurasiatic (10) and other taxa. The taxa Campsis x 
tagliabuana, Populus hybrids, Prunus x domestica subsp. insititia, Rosa spp. are not 
included in the chorological spectrum. 
The woody flora of the Garden includes one Greek endemic (Zelkova abelicea) and 
five Balkan endemics (Abies x borisii regis, Aesculus hippocastanum, Pinus 
leucodermis, P. peuce, Rhamnus saxatilis subsp. rhodopea). 
 
The identity of the Garden 
THESSALONIKI (TAU): Forest Botanic Garden 
Aristotle University of Thessaloniki, Greece 
Address:   Aristotle University of Thessaloniki 

Faculty of Forestry and Natural Environment 
Institute of Forest Botany – Geobotany 
54124 Thessaloniki, Greece 

Local address:   Forest Botanic Garden 
Ilia Chatzakou (ex Mouschoundi) 59 
GR 55134, Thessaloniki, Greece 

Telephone / Fax  +30 2310 992765 / +30 2310 992773  
Status:    University 
Date of foundation:  1966 
Area:    6.2 ha 
Lat.:    40ο 34΄ 
Long.:    22ο 58΄ 
Alt.:    15 m 
Rainfall:   450 mm 
Special collections:  Forest trees and shrubs of Greece 
Conservation collections: None 
Special gardens:  Aromatic and pharmaceutical plants (under 

construction) 
Number of horticultural staff: 2 
Greenhouses:   2 comprising 110 m2 and 50 m2 
Arboretum:    Inside garden 
Associated nature reserves: None 
Natural vegetation in garden: None 
Herbarium:   14,000 specimens 
Horticultural herbarium: No 
Research facilities:  Institute of Forest Botany – Geobotany 
Research:   Forestry 
Seed list:   No 
Seed bank:   No 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

204 
 

Publications:   No 
Catalogue:    No 
Records system:  No 
Other facilities:   Library 
Education programme: Courses for school children, students of Forestry and 

other students; display labels; public lectures 
Training courses:  No  
Society of Friends:  No 
Open to public:  Not open to the public 
Number of visitors:  Unknown, entrance free charged 
Director:   Prof. A. Gerasimidis 
Curator:   Assoc. Prof. K. Theodoropoulos  
Scientific staff:   Assis. Prof. E. Eleftheriadou, Lecturer S. Panajiotidis 
Gardeners:    E. Taskos, N. Ouzounidis 
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Figure 1. The chorological spectrum of the woody flora of the Forest Botanic Garden 
of the Aristotle University of Thessaloniki, Greece. 
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FLORISTIC CATALOGUE (TREES AND SHRUBS) OF THE FOREST BOTANIC GARDEN 

 
GYMNOSPERMAE  
Pinaceae Abies alba Mill. 
 Abies x borisii regis Mattf. 
 Cedrus deodara (Roxb.) G. Don 
 Cedrus brevifolia (Hook. f.)  A. Henry 
 Pinus halepensis Mill. 
 Pinus halepensis Mill. var. brutia (Ten.) Elwes & A. Henry 
 Pinus leucodermis Antoine 
 Pinus nigra J. F. Arnold var. caramanica (Loudon) Rehder 
 Pinus peuce Griseb. 
 Pinus pinea L. 
 Pinus radiata D. Don 
 Pinus sylvestris L. 
Cupressaceae Chamaecyparis lawsoniana (A. Murray) Parl. 
 Cupressus arizonica Greene  
 Cupressus sempervirens L. 
 Juniperus excelsa  M. Bieb. 
 Juniperus foetidissima Willd. 
 Juniperus oxycedrus L. 
 Juniperus oxycedrus L. subsp. macrocarpa (Sm.) Ball 
 Thuja orientalis L. 
 Thuja plicata D. Don 
Taxodiaceae Sequoia sempervirens (Lambert) Endl. 
 Sequoiadendron giganteum (Lindl.) Buchh. 
 Taxodium distichum (L.) Rich. 
  
ANGIOSPERMAE  DICOTYLEDONES 
Aceraceae Acer campestre L. 
 Acer negundo L. 
 Acer platanoides L. 
 Acer sempervirens L. 
Anacardiaceae Cotinus coggygria Scop. 
 Pistacia atlantica Desf. 
 Pistacia lentiscus L. 
 Pistacia terebinthus L. 
Apocynaceae Nerium oleander L. 
Araliaceae Hedera helix L. 
Betulaceae Alnus glutinosa (L.) Gaertn. 
 Alnus orientalis Decne. 
 Carpinus betulus L. 
 Carpinus orientalis Mill. 
 Corylus avellana L. 
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 Ostrya carpinifolia Scop. 
Bignoniaceae Campsis x tagliabuana (Vis.) Rehder 
         (C. grandiflora x C. radicans) 
 Catalpa bignonioides Walter 
Caprifoliaceae Lonicera xylosteum L. 
 Viburnum tinus L. 
Celastraceae Euonymus europaeus L. 
 Euonymus japonicus Thunberg. 
Cornaceae Cornus mas L. 
 Cornus sanguinea L. 
Elaeagnaceae Elaeagnus angustifolia L. 
Ericaceae Arbutus unedo L. 
Fabaceae Albizia julibrissin (Willd.) Durazz. 
 Ceratonia siliqua L. 
 Cercis siliquastrum L. 
 Gleditsia triacanthos L. 
 Robinia pseudoacacia L. 
 Spartium junceum L. 
Fagaceae Quercus coccifera L. 
 Quercus ilex L. 
 Quercus infectoria G. Olivier 
 Quercus  macrolepis Kotschy 
 Quercus pubescens Willd. 
 Quercus robur L. subsp. pedunculiflora (K. Koch) Menitsky 
 Quercus trojana Webb 
Hippocastanaceae Aesculus hippocastanum L. 
Juglandaceae Juglans regia L. 
Lamiaceae Lavandula angustifolia Mill. 
Lauraceae Laurus nobilis L. 
Moraceae Ficus carica L. 
 Morus alba L. 
Myrtaceae Eucalyptus camaldulensis Dehnh. 
 Myrtus communis L. 
Oleaceae Fraxinus  oxycarpa Willd. 
 Fraxinus excelsior L. 
 Fraxinus ornus L. 
 Fraxinus pallisiae A. J. Willmott  
 Ligustrum japonicum Thunb. 
 Ligustrum lucidum W. T. Aiton 
 Olea europaea L. 
 Phillyrea latifolia L. 
Pittosporaceae Pittosporum tobira W. T. Aiton 
Platanaceae Platanus orientalis L. 
Punicaceae Punica granatum L. 
Ranunculaceae Clematis flammula L. 
 Clematis vitalba L. 
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Rhamnaceae Paliurus spina-christi Mill. 
 Rhamnus alaternus L. 
 Rhamnus saxatilis Jacq. subsp. rhodopea (Velen.) Aldén 
Rosaceae Chaenomeles speciosa (Sweet) Nakai 
 Cotoneaster franchetii Boiss. 
 Crataegus monogyna Jacq. 
 Prunus armeniaca L.  
 Prunus cerasifera Ehrh. var. divaricata (Ledeb.) L. H. Bailey 

‘Pissardii’ 
 Prunus x domestica L. subsp. insititia (L.) Bonnier & Layens 
 Prunus dulcis (Mill.) D.A. Webb  
 Prunus laurocerasus L.  
 Prunus mahaleb L.  
 Pyracantha coccinea M. Roem. 
 Pyrus communis L. 
 Rosa canina L. 
 Rosa spp. 
 Sorbus domestica L. 
 Sorbus torminalis (L.) Crantz. 
Rutaceae Citrus aurantium L. 
 Citrus sinensis (L.) Osbeck. 
Salicaceae Populus alba L. 
 Populus nigra L. 
 Populus hybrids  

Sapindaceae Koelreuteria paniculata Laxm. 
Simaroubaceae Ailanthus altissima (Mill.) Swingle 
Styracaceae Styrax officinalis L. 
Tiliaceae Tilia tomentosa Moench 
Ulmaceae Celtis australis L. 
 Ulmus glabra Huds. 
 Ulmus procera Salisb. 
 Zelkova abelicea (Lam.) Boiss. 
Verbenaceae Lantana camara L. 
 Vitex agnus-castus L. 
Vitaceae Vitis vinifera L. 
  
ANGIOSPERMAE MONOCOTYLEDONES 
Liliaceae Ruscus aculeatus L. 
Palmae Chamaerops humilis L. 
 Phoenix canariensis Chabaud. 
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Abstract 
Within Greece, the National Garden is the first ornamental park of Modern Athens 
with a surface area of 154,000 m2. It is located in the centre of Athens, adjacent to 
the Parliament Building, the former palace of King Otto and Queen Amalia. In 
antiquity part of the sacred grove of Lyceum was located within the National Garden. 
The park was originally designed as part of the gardens surrounding the former 
palace. In 1927 it became public and the design has been moderately modified since 
to accommodate for the new use. The Municipality of Athens overtook management 
of the National Garden from the Prefecture of Athens for the following 95 years. 
Since, it has been added to the Hellenic list of Botanic Gardens due to the rare plant 
collection by species, size and age maintained and recently in 2011 it has also been 
officially designated as a Historical Garden.  
All the above characteristics of the National Garden constitute its conservation and 
protection complex, sensitive and of particular importance to meet contemporary, 
historical and environmental needs concomitantly within an adverse urban 
environment. Contemporary management aims to enhance the original character of 
the National Garden while meeting its diverse functions. Such an approach 
strengthens the relationship between people, history and the environment.  
In the current study the main problems addressed and works undertaken within the 
National Gardens in the recent years are presented. Amongst others these include 
the implementation of a site assessment and planting scheme to restore the original 
planting, biological control of infested palm trees and protection of large tree 
species. 
 
 
Background 
Athens’ urban infrastructure includes many historical and cultural features of 
national and global significance (i.e. archaeological sites, monuments, neoclassical 
buildings, etc.). Amongst these is the National Garden “a living monument unique in 
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Greece” that constitutes part of the European historic former royal gardens and 
green areas network.  
Planting began in 1839, with the import of 15,000 ornamental plants species from 
Milan [1]. Additional plants were imported from Europe and North Africa and many 
native plants from various parts of Greece. Garden works were overseen by the 
French garden designer Francois Louis Barauld and his assistant since 1846 
agronomist Friedtrch Schmidt. The period from 1839-1882 is characterized by 
plantings that defined the garden style of the Royal Garden. The garden style is 
"picturesque", enriched at places with "classical" elements and adapted to the Greek 
environmental conditions. The National Garden gained its name in 1927, when it 
became public. Since then and until 1940 the original design of the former private 
Royal garden was amended to integrate public needs and has remained relatively 
unchanged until present. 
The regeneration of historic parks and gardens requires special attention [2]. Several 
historical documents about the National Garden are available however insufficient to 
allow for the restoration to its original form either as a private royal garden or public 
park. Its location within the urban fabric of Athens and cultural and social value 
require its continued function. The site’s historicity does not interfere with meeting 
present and future visitor needs for mild activities.  
The main aim of the National Garden’s regeneration is to gradually restore its image 
while meeting present and future visitor needs with sensitivity towards its landscape 
character and history. 
 
 
Materials and methods 
The regeneration proposal for the National Garden was based on the historical, 
social and financial information (current budget of the Garden) available in the 
archives [3] as well as the assessment of the present status of the vegetation and 
various infrastructures (irrigation, fire protection, electrical network, etc.) that 
involved a detailed site analysis with on-site visits to all parts of the National Garden 
to investigate, identify and record particular needs. 
The first action taken in order to initiate the regeneration of the National Garden 
and to facilitate the site analysis was to produce a digitised topographic map in 2005, 
by the Ministry of Environment, Energy and Climate Change. The existing planting 
and infrastructure of the National Garden was mapped and the map finally 
constitutes an original work.  
 
 
Results 
With regards to the vegetation the main results of the site analysis showed:  
i. Reduced number of plants throughout the entire area and generally involving all 
plant species. Specifically the orangeries showed a significant decrease in the 
number of citrus trees (approximately 600) and few of them were nearly destroyed, 
by adverse weather conditions over the years without being replaced.  
ii. Reduced number of plant species. Currently there are approximately 110 tree 
species and 75 shrub species as opposed to 140 tree species and 100 shrub species 
in 1981 [1].  
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iii. Large number of uncontrolled ivy growth on trees over five meters in height 
(approximately 600). In many cases the ivy has spread and covered a significant 
portion of the tree crown or even the whole tree.  
iv. Uncontrolled spread at places of spontaneous vegetation that, compete with the 
original ornamental plant species (e.g. Ailanthus altissima, Bosea amherstiana, 
Broussonetia papyrifera, etc.).  
v. Infestations of five Canary Island Palms with the red palm weevil detected in 2010. 
Initial symptoms include holes in leaves, yellowing, wilting and collapse of leaves 
(umbrella form).  
On the other hand with regards to the infrastructure the main results of the site 
analysis showed:  
i. A water supply prone to arbitrary disruptions. Since 1875 the water for irrigating 
the National Garden (1210 m3 daily), is supplied from a source at Goudi through the 
ancient underground aqueduct of Agiou Thoma [1]. The route of the aqueduct has 
not been mapped therefore on occasions there have been arbitrary disruptions of 
the water supply with most recent that in 2004 which was eventually restored but 
lead to irrigating plants with a vehicle for a long time period. 
ii. An outdated and limited in scale automated irrigation system (to flower beds, turf 
and groundcover (Ophiopogon) areas, Rose gardens, orangeries, nurseries, 
greenhouses, etc.)  
iii. Irregular use of reservoirs that include lakes and fountains.  
iv. Inappropriately constructed paths and subsequent erosion,  
v. Derelict buildings and structures such as the Botanic Museum, retaining walls in 
the nursery,  
vi. Outdated equipment of greenhouses, aged and weathered lighting system that 
include obtrusive aerial electric and telephone lines. 
vii. Aged and weathered structures such as pergolas, kiosks, benches, signage, stone 
walls and stairs, etc.  
viii. Continued restoration works of a Late Roman period mosaic and various 
architectural parts by the 3rd Ephorate of Prehistoric and Classical Antiquities.  
 
 
Discussion 
After careful evaluation of the site analysis results, it was decided initially to provide 
a constant water supply to the Garden and to restore the planting in popular areas of 
the National Garden in order to produce an immediate aesthetically pleasing result 
that could be maintained with the present infrastructure. 
Specifically in 2004 the Institute of Geology and Mineral Exploration (IGME) drilled 
five water boreholes in the National Gardens (two provide water at 72 m3/day, two 
at 60 m3/day and one at 36 m3/day), which were then connected to the existing 
irrigation pressure pumps in order to provide a constant water supply. In spring 2007 
the outdated and limited specification of the existing pressure pumps were replaced 
with new advanced ones that would meet the irrigation needs of existing and future 
plantings. The present irrigation system of the National Garden (automatic or 
otherwise) in conjunction with the fire protection system remains to be improved. 
The effectiveness of maintenance was improved with the establishment of daily 
work schedules and record sheets of work progress. Plants that had been lost 
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especially trees were replaced with the same species. In spring 2006, 92 different 
trees, 600 bitter orange trees, 12 palm trees and 68 climbers were planted. Flower 
beds, turf and groundcover areas that were lost were re-established and the rose 
gardens restored with commercial varieties (320 rosebushes). Hedges were restored 
from missing plants with identical species. The supply of some of the original plant 
species such as the White and Yellow Lady Banks rose (Rosa banksiae var. albo-
plena, and Rosa banksiae var. lutea-plena) and the gold-leafed olive (Olea 
chrysophylla) presented difficulties as they seem no longer popular in Greece. The 
retaining walls, fountains, pergolas and planting located at the terrace that once 
connected the National Garden with the Parliament building were restored. A year 
after completion of planting the percentage for successful plant establishment was 
approximately 98% and the image of the National Garden has improved. 
With regards to the infestations of Palm species detected in 2010 the relative 
Phytosanitary Inspector and Benaki Phytopathological Institute were informed. A 
detailed survey was undertaken to identify and record infestations, phytosanitary 
destruction of infestations and dendrosurgery was applied and finally 
entomopathogenic nematodes were applied in a chitosan formulation (Biorend R). 
Furthermore, mass trapping with pheromone was introduced in September 2011. 
Since the original detection made in 2010, amongst the 424 palm trees recorded 
including the 216 Canary Island Palms that are particularly susceptible to infestations 
there have been 12 Canary Island Palms lost, 4 dendrosurgeries performed and 3 
other palm trees lost from other causes. Dendrosurgery involved careful removal of 
infested parts of the palms and covering the new growth for protection. 
The presence of large in size trees of historical significance within the National 
Garden needs careful management that aims at preserving in good phytosanitary 
condition and keeping safe for both visitors and employees. Proper and careful 
management of these trees would protect their longevity. A management schedule 
of plant species with historical significance commenced in December 2011 and will 
be implemented due to the large number of plants in successive phases. At the initial 
phase works were undertaken at the oak and plane tree avenue along Herodou 
Attikou that included pruning, monitoring and assessing cavities and decayed wood 
in the tree trunks with a sonic tomograph and the installation of support cables.  
The automated irrigation system, eroded paths as well as the weathered and aged 
infrastructures of the National Garden need to be improved and restored. The 
National Technical University of Athens has recently completed a study for improving 
and restoring the existing infrastructures within the National Garden. The necessary 
procedures for funding its application have been completed. Specifically this project 
will restore and improve all infrastructures, as well as aesthetically enhance and 
regenerate particular areas such as the surrounding area of the post roman mosaic 
and the small zoo collection. 
Amongst the various catalogued archaeological findings located throughout the 
National Garden the post roman mosaic dated in the mid-5th century A.D. is of 
particular importance. Initial works began in 1981 aiming to protect the mosaic. 
Following a significant amount of restoration works were undertaken in 2003-2004 
by the 3rd Ephorate of Prehistoric and Classical Antiquities and are since occasionally 
continued to present.  
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Management is paramount in strengthening the relationship between people, 
history and environment. The regeneration works of the National Gardens described 
above have emphasised the need for continuous management and illustrated that 
only through proper and careful management of the National Garden will the site’s 
integrity and character be protected.  
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Abstract 
The conservation of plant species' diversity should also include cultivated varieties. 
The latter derive from artificial selection and hybridization of species which are used 
to develop economically valuable plants. Ornamental plants are usually subjected to 
big changes aiming at decorative attributes and the produced varieties are treated as 
atypical structures or deviations from normal habit.  
During past centuries the richest gene pool of cultivated plants was collected in the 
botanical gardens. They demonstrate not only variety and stages of selection work, 
but also can be treated as a gene pool of atypical structures.  
An attempt was undertaken to describe observed atypical structures for forms and 
varieties of different species of Paeonia L., to trace the hereditary basis of different 
varieties and the regularity of transfer of selected features from parental species to 
cultivars. Our researches have revealed significant polymorphism in alternation of 
flower parts, and also the modifications concerning reproductive organs. The 
analysis of alternation of flower parts did not reveal dependence of its type from an 
origin of cultivar and from which parental species it derives. Besides flower 
structure, many conservative features of peonies, such as ploidy, ultra sculpture of 
pollen grains and surface of seeds are subjected to variability. As a result we 
recorded direct dependence between loss of reproductive function and occurrence 
of atypical structures (doubleness, fragrance), which occurs because of the increase 
of flower apical meristem sizes during the formation of plant organs. 
Thus, it is important to keep and study collections of forms and varieties of plants 
with atypical structures in botanical gardens since in the wild they are sporadic and 
solitary. Representing a unique combination of genes, any loss of a variety is 
irreplaceable. Therefore, conservation of cultivated plants is one of the aims of 
botanical gardens along with conservation of wild species.  
 
 
Background 
Ornamental plants are usually subjected to big changes aiming at decorative 
attributes and the produced varieties are treated as atypical structures or deviations 
from normal habit. During the past centuries the rich gene pool of cultivated plants 
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was collected in the botanical gardens. They demonstrate not only variety and stages 
of selection work, but also can be treated as a gene pool of atypical structures.  
The Living Collection of the Botanical Garden of Moscow State University contains 
more than 6000 species, varieties and is being displayed in the Rock Garden, 
Arboretum, systematics display, collections of: useful plants, plants of Central 
European Russia, ornamental plants, fruit plants (the orchard) and in the 
greenhouses [1]. Collection of favourite ornamental plants counts more than 2000 
forms and cultivars, among which is the collection of genus Paeonia L. Peonies are 
among of the favourite ornamental plants in Central European Russia being grown 
outside. The Botanical Garden of Moscow University carries out scientific work on 
the introduction and selection of tree peonies - species of peonies with woody 
stems: P. suffruticosa Andrews, P. lutea Delavay ex Franch., P. delavayi Franch.и, P. 
potaninii Komarov - in Central European Russia. At the moment, 29 varieties of tree 
peonies were registered in the state list-register of Russian Federation. The base of 
the modern collection of herbaceous peonies was laid in 1947-1950. These were 
varieties of European origin, especially French, Dutch and German. In 1958-1960 the 
collection was replenished with new varieties from Great Britain, Holland and USA. In 
2004-2005 the collection has increased by adding species of native flora: species and 
subspecies from the wild flora of Russia and species interesting for breeding. Their 
presence in the collection widens potentials of research work within genus. 
Nowadays, there are 15 species and 250 varieties in the collection representing all 
garden groups of peonies [2]. 
In the current study, an attempt was undertaken to describe observed atypical 
structures for forms and varieties of different herbaceous species of Paeonia L., to 
trace the hereditary basis of different varieties and the regularity of transfer of 
selected features from parental species to cultivars. Our researches revealed 
significant polymorphism in alternation of flower parts and modifications of 
reproductive organs.  
 
 
Materials and Methods 
Plant material of the species and varieties of Paeonia L. was obtained from the genus 
collection maintained at the Botanical Garden of Moscow State University (MSU). 
More than 50 varieties were obtained for the following species: P. lactiflora Pall., P. 
officinalis L., P. peregrine Mill., P. mascula (L.) Mill., P. daurica Andrews, P. anomala 
L., P. tenuifolia L., P. mlokosewitschii Lomakin, P. wittmanniana Hartwissex Lindl., P. 
suffruticosa Andrews, P. delavayi Franch., P. lutea Delavay ex Franch. 
Study of initiation and differentiation of embryonic flowers in bud analysis of their 
parts structure was carried out with scanning electron microscopy. Preparation of 
samples was made according to the method of [3]. The count of chromosomes and 
their morphology were studied according to the method by Kaptar’ [4] and modified 
by Solov’eva [5]. For examination and photographing of chromosomes a light 
microscope Zeiss Axioskop 40 FL was used, supplied with digital camera Mrc and 
software Axio Vision 3.1 for image analysis. 
For the study of pollen grains, dry material was subjected to acetolysis according to 
the standard methods [6]. After acetolysis pollen grains were photographed under 
light microscope Axioplan-2 (Karl Zeiss) with 1000x magnification. Ultrasculpture of 
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pollen grains was examined under scanning electron microscopes Hitachi S-405 A 
and Camscan S-2 with 1000× – 3000× 10000× magnification. 
Descriptions of morphology, measurements of fruits and seeds were made under 
binocular MBS-9 according to generally accepted methods [7]. 
Seed surface ultrastructure was examined by scanning electron microscope Camscan 
S-2 in 50× – 100× – 330× and 500× magnification. 
 
 
Results and Discussion 
The analysis of altered flower parts in Paeonia L. species did not reveal any 
dependence to the origin of cultivar or to the parental species. During selection the 
big changes have first of all touched the flower, including its reproductive organs 
(Figure 1).  
At the description of alternations of flower parts in some sorts of peonies we 
revealed modifications concerning androecium and gynoecium (Figure 2). If 
modifications concern gynoecium the reproductive function of such peony is 
completely lost. If androecium undergoes minor alterations with preservation of 
fertility - function of fertilization is partly or completely kept. If changes have 
touched replacement of one organ by another and as a result reproductive organs - 
androecium and gynoecium - became sterile, or have completely changed, a full loss 
of function of fertilization is observed.  
Some unusual alternations of flower parts were described: sepal-(petal-stamen) × n-
carpel, where 2 ≤ n ≤ 4 (appearance of an additional zone of petal and stamen 
formation in the medial flower part) (Figure 1, b-f). The identity of flower parts was 
not affected in the flowers with this unusual alternation. It was shown on the basis 
of mathematical simulation of the genes responsible for flower development that 
these alternations may be determined by increased pool of stem cells, which may 
lead to delayed termination of flower development [8]. 
Atypical structure and alternations of flower parts in sorts and hybrids of Paeonia L. 
inspired us to study their karyotype. Unlike many morphological peculiarities 
karyotype evolution goes relatively independently from the environment.  
The basic number of chromosomes in representatives of Paeonia L. is 5 (х=5). In 
studied plants we found three levels of ploidy (Table 1): diploids (2n=2х=10), initial 
number for peonies, triploids (2n=3х=15) and tetraploids (2n=4х=20). All species and 
most part of cultivars are diploids and tetraploids. Triploids may appear either as a 
result of spontaneous function of unreduced male and female gametes in the 
concrete conditions of the environment (‘Early Scout’), or as crosses between diploid 
and tetraploid species or cultivars (‘Golden Glow’). 
Among conservative features of peonies subjected to variability, such as flower 
structure, ploidy, surface of seeds, is ultrasculpture of pollen grains. Investigated 
pollen grains, as a rule, are tricolpate, more rarely 3-colporate, ellipsoidal or 
elongated ellipsoidal, large or medium size. With the means of electron microscope 
two types of peony pollen grains surface were revealed: reticulate, found in all 
investigated species and hybrid forms, and foseolate-reticulate - typical for 
interspecies hybrids (Figure 3) [9]. 
Macro-morphological peculiarities and species seed surface ultrasculpture were 
studied in Paеonia L. cultivars. Several types of seed surface ultrasculpture were 
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revealed. The most common type is reticulate with a reticulate- tuberculous sub-
type. According to seed surface ultrasculpture studied species and cultivars may be 
divided into 4 groups. Variety of seed surfaces in representatives of Paeonia L. may 
serve as an additional feature of species and cultivars evaluation and together with 
other macromorphological features it can be used for identification and classification 
of peony cultivars [10]. 
As a result a direct dependence between loss of reproductive function and 
occurrence of atypical structures (doubleness, fragrance) which occurs because of 
the increase of flower apical meristem sizes during the formation of plant organs was 
recorded (Table 2).  
The analysis of structure of external and internal surface of the staminodial disk in P. 
delavayi and cultivar ‘Garden Treasure’ allows assuming its secretory role. We 
revealed both stomata typical for nectaries, folded surface typical for osmophores, 
cuticle swellings possibly hiding the secret defining the smell and hair-osmophores. 
(Figure4). The certain connection between the presence of the disk and the smell is 
traced. Basing on the expressiveness of the disk in the peony flower, 4 borders of 
this parameter are allocated. Intensity of aroma does not correlate with the sizes of 
the flower. Hence, the amount of the secretory tissue does not influence the 
strength of aroma.  
The analysis of the disk structure and expressiveness of aroma in the representatives 
of Paeonia has allowed determining 3 groups of correlation: The first group is 
characterized by the presence of both staminodial disk and aroma (P. anomala, 
‘Garden Treasure’). The second group by the strong aroma, thus the disk is not 
developed or fully reduced (‘Argentina’, ‘BelyiParus’). These cultivars are included in 
the group of P. lactiflora by their origin. The third group unites interspecific hybrids 
(‘Diana Parks’, ‘Red Dandy’), which possess staminodial disk, staminodes or petaloid 
staminodes thus the aroma is absent (Table 3) [11].  
The study of atypical structures is important for the analyses of plants morphological 
evolution and for establishing of patterns of comparative plant pathology. Mutual 
study of normal and abnormal structures helps to reveal the variability of the 
species. Thus, it is important to keep and study collections of forms and varieties of 
plants with atypical structures in botanical gardens since in the wild they are 
sporadic and solitary. Representing a unique combination of genes, any loss of a 
variety is irreplaceable. Therefore conservation of cultivated plants is one of the aims 
of botanical gardens along with conservation of wild species.  
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Figure 1. (a). Alternation of flower parts in Paeonia lactiflora– a typical flower of 
genus Paeonia; Alternation of flower parts in cultivars: (b) ‘Angelo Cobb Freeborn’; 
(c) ‘Zhemchuzhnaya Rossyp’; (d) ‘Moon of Nippon’; (e) ‘Old Faithful‘; ‘(f) Duc de 
Wellington’. 
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Figure 2. (a). Homeosis of carpels on the example of cultivar ‘Zhemchuzhnaya 
Rossyp’; (b). Surface of carpel cells in cultivar ‘Zhemchuzhnaya Rossyp’; (c). Homeosis 
of carpels on the example of cultivar ‘Reine Hortense’; (d). The structure of 
peripheral carpel in cultivar ‘Reine Hortense’; (e). Homeosis of stamen on the 
example of the cultivar ‘Burst of Joy’ and (f). The structure of filament in cultivar 
‘Burst of Joy’. 
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Figure 3. Ultrasculpture of pollen grain surface (reticular type) in cultivars ‘Miss 
America’ (a, b) and ‘Burst of Joy’ (c). 
 
 
 

 

 
Figure 4. The adaxial surface of the staminodial disk teeth in Paeonia delavay. (a) 
Rugose surface with nectar stomata; (b) Cuticle swellings; (c) The adaxial rugose 
surface of the staminodial disk teeth in cultivar ‘Garden Treasure’ with nectar 
stomata; (d) The hair-osmophores on the abaxial surface of the staminodial disk 
teeth in cultivar ‘Garden Treasure’. 
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Table 1. Morphometrical parameters of chromosome sets in peony varieties 
depending on their origin 
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Karyotype formula 

1 2 3 4 5 6 7 
Hybrid P. lactiflora 

P. lactiflora 

2х 10 82.31 1.18 44.98 6M+2SM+2ST 

Moon of 
Nippon 

2х 10 101.27 1.06 44.66 6М+2SMsp+2STsp 

Walter Faxon 2х 10 90.7 1.61 92.27 6M+2SM+2ST 
Interspecies hybrid P. lactiflora × P. tenuifolia 

P. tenuifolia 2х 10 95.08 1.28 61.14 6M+2SM+2ST 
Early Bird 2х 10 86.06 1.20 50.27 6M+4SM 
Early Scout 3х 15 146.72 1.07 65.93 10M+2SM+3STsp 

Interspecies hybrid P. lactiflora × P. officinalis 
P. officinalis 4х 20 179.55 1.62 184.9 12M+2SM+2M+4ST 
Carol 3х 15 166.33 1.35 118.98 12M+2SM+1STsp 
Sable 2х 10 73.44 1.08 33.62 6M+2SM+2ST 

Interspecies hybrid P. lactiflora × P. peregrina 
P. peregrina 4х 20 153.16 1.20 86.56 10M+2SM+2M+4SM+2ST 
Ellen Cowley 2х 10 106.58 1.33 73.99 6M+2Msp+2STsp 
Golden Glow 3х 15 160.36 1.46 134.16 10M+4SM+1ST 
 
Table 2. The dependence of the duration of flowering on the degree of doubleness 
and on presence or absence of reproductive organs 
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Species/ 
cultivars 

 
Presence or absence of 

reproductive organs 

 
The degree of 
doubleness, 
number of 

petals М±m, 
PCs 

 
The duration of 
flowering of a 

single flower (min-
max), days 

 
Stamens 

(+/–) 

 
Carpels 
 (+/–) 

1 P. anomala + + 8,5±0,5 1-3 
2 P. lactiflora + + 10±1 1-4 
3 Claire de Lune + + 10,5±0,5 2-5 
4 Ellen Cowley + + 38±10 3-6 
5 Kansas + +/– 210±58 5-12 
6 Miss America + + 45±10 4-6 
7 Privet Altaya +/chimera + 9±1 2-4 
8 Shirley Temple – –/+ 531,5±55,5 5-15 
9 Varenka – – 427,5±44,5 5-13 
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Table 3. Groups of species and varieties of peonies picked out on the presence or 
absence of aroma and its connection with staminodial disk 
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Species 
Tree peonies P. delavayi, P. suffruticosa + – + + 
 
Herbaceous 
peonies P. anomala 

+ – + + 

P. daurica, P. lactiflora,  
P. mlokosewitschii, P. steveniana,  
P. tenuifolia, P. wittmanniana 

+/– – + – 

Cultivars of P. lactiflora: 
А) With simple or 
semi-double 
flowers 

Miss America + – + – 

 
B) With Japanese 
shape of flower 

Largo, Zhemchuzhnaya Rossyp + + + + 

Mikado + + + – 

 
 
C) With double 
flowers 

Argentine, Arkadiy Gaydar, Mercedes, 
Philomele, Waikiki 

– + – + 

Belyi Parus + + – + 

Reine Hortense, Kansas – + + – 

Intersectional hybrids: 
 Garden Treasure + – + + 

Interspecies hybrids: 
 
 
А) With simple or 
semi-double 
flowers 

Ballerina, Blaze, Early Daybreak, Early 
Scout, Ellen Cowley, Sable, Seraphim  

– – + – 

Claire de Lune, Coral Fay, Coral Sunset, 
Coral Supreme, Cytherea, Prairie Moon 

+ – + – 

Privet Altaya + + – + 

B) With Japanese 
shape of flower 

Burst of Joy + + + – 

 
C) With double 
flowers 

P. tenuifolia f. plena, Carol, Henry 
Bockstoce, Red Dandy 

– + – – 

Goody – + + – 
P. officinalis f. rosea plena, P. officinalis f. 
rubro plena, Angelo Cobb Freeborn 

+ + – – 
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Abstract 
The "University City" complex was founded in year 2004 comprising the Botanical 
Garden and the Park, both of 28.5 ha total area. The Park facilities occupy 21 ha and 
the Botanical Garden covers 5.3 ha. Both are managed by the Genetic Resources 
Institute, of the University of Banja Luka. 
University City complex consists of 28 facilities; two of them are of cultural and 
historical value. There are 1503 woody plants in the park, of which 1386 are trees 
and 117 shrubs. A total of 77 species (25 conifers and 52 deciduous) were noted. 
There are 212 woody plants which have been estimated as valuable. Particularly 
important and valuable ones, actually, the real monuments of nature are: narrow-
leafed ash, common oak, a group of swamp cypress, a group of elm trees, an avenue 
of plane trees and also individual specimens of rare or important species such as 
Picea omorika (Pančić) Purk. or Abies grandis (Douglas ex D.Don) Lindley [4]. 
Having once being part of the military polygon, the area should have been 
reconstructed and revitalized during the preparation for planting [1]. The Botanical 
garden facilities are divided into three sections. In one section, the setting up of 
botanical collections has begun and alpines were designed. In the arboretum 
collection, there are primarily going to be represented autochthonous woody species 
with their herbaceous companions from corresponding phytocenoses in the ground 
floor vegetation. In the third section, greenhouses were designed and main building 
was built.  
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Reviewing the recent results of the Park’s valorization and Botanical garden’s 
construction, it can been concluded that the area of the University complex is a 
significant collection of tree and shrub species for several reasons, including 
aesthetic value, educational importance, biodiversity conservation and natural 
environment conservation. 
 
 
Background 
Parks and botanical gardens are an irreplacable part of university centres with 
regional and global influence [1]. Being a university centre, Banja Luka is well-known 
for its greenery and alleys. However, the city does not dispose of a facility of this 
particular type and for this reason, an initiative has been raised to create a Botanical 
garden and to systematically organize the Park within the complex named 
“University City”, due to multiple global influence green areas generally have. 
The complex was formed at the end of the XIX century and it initially represented an 
Austro-Hungarian military barracks named “Vrbas”. The object had been used for 
military purposes until 2004 when the Government of the Republic of Srpska brought 
a decision to give the millitary facility to the University of Banja Luka for further use 
and management. Planning and organization commenced during 2004, where at the 
same year an initiative to create a Botanical garden was raised. This initiative was 
approved by Banja Luka City Assembly on September 17th 2004. In the period 
between 2005 and 2008, a detailed sanation and recultivation of the soil had been 
performed. In the same period new urban regulatory plan was created and adopted, 
based on which project and technical documentation was created. Between 2008 
and 2009 detailed preparation of the soil had been executed and specific types of 
forest and decorative dendrological material had been planted within the Botanical 
garden. Genetic Resources Institute was established at the beginning of 2009 as an 
organizational unit of the University and is entitled to use and management of the 
botanical garden. In 2012, the “University City“ complex was declared a protected 
area for genetic resources management, while Genetic Resources Institute was 
determined to control and  monitor this protected area.  
 
 
Materials and Methods 
Ecological characteristics of the location  
The “University City“ complex is located east from Banja Luka centre, between Vrbas 
river on east side, Boulevard Vojvode Živojina Mišića on the south and 
Banjalučkopolje on the north side. Total area of the complex is 28,5 ha - Park takes 
21 ha and Botanical garden 5.3 ha (remaining part of the area is under objects). The 
complex stretches between 44°46' 20'' and 44°46' 39'' of north latitude and between 
17°12' 27'' and 17°12' 58'' of east longitude. 
The area is located at the borders of Pannonian Basin with its characteristic hilly 
terrain and river terraces. The complex itself is located on the left bank of Vrbas river 
on Neocene river terrace, slightly leaned towards east, that is towards bank of 
Vrbasriver. Natural soil on research area is an alluvial deposit of a significant depth. 
Original land relief had been subject to significant changes while the area was used 
as a military training ground and current ecological profile has been changed due to 
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different anthropogenic influences. The absolute height of the natural terrain is 
approximately 156 m. 
Climate characteristics of Banja Luka can be categorized as moderate continental 
climate type. This climate type implies sufficient quantity of rain during the year 
which represents very favourable conditions for woody plants. Winters are 
considerably mild, while summers are warm. During non-vegetation period, warm 
southwest winds often appear in the city area, causing fog and rapid snow melting in 
winter. The average annual air temperature for the period 1961-1990 was 10.6°C 
with an average annual precipitation of 1026 mm. The coldest month of the year is 
January, with average temperature 0.7°C and the warmest month is July with 
average temperature 20.5°C. Average air temperature during vegetation period is 
16.9°C. Spring, with an average temperature of 10.9°C is slightly warmer than 
autumn (10.8°C). Maximum precipitation during the year occurs in June in the 
amount of 111 mm, while the lowest precipitation level is measured in February (63 
mm). During vegetation period, precipitation rises to 566 mm, which represents 
55.17% of total annual precipitation. More detailed characteristics of Banja Luka 
climate are given in Table 1.  

 
Table 1. Annual air temperature and precipitation values obtained from the Republic 
Hydrometeorological Institute of the Republic of Srpska [8] 

 
month I II III IV V VI VII VIII IX X XI XII Year. 
Temp. 
(°C) -0,7 1,9 6,1 10,9 15,7 18,9 20,5 19,7 15,9 10,8 5,8 1,2 10,6 

Precip. 
(mm) 69 63 79 87 98 111 95 93 82 72 91 86 1026 

 
On the basis of these climate indicators it can be concluded that the locality in 
question is very favourable for growth of majority of woody and shruby plants. 
 
Primordial vegetation 
The Park and Botanical garden area is located in the natural zone of oak and 
common hornbeam forests (Querco-Carpinetumbetuli). Alluvial terraces with moist 
soil types are mainly covered by oak and hornbeam forests (Carpinobetuli – 
Quercetumroboris), while river banks are covered with willow and poplar forests. In 
the Park, besides the plane tree alleys of Platanus x acerifolia Aiton there are several 
impressive trees, as remaining parts of the aboriginal vegetation including, one oak 
tree (Quercus robur L.), several narrow-leaved ash trees (Fraxinus angustifolia Vahl), 
several lime trees (Tilia argentea Desf ex DC, Tilia cordata Mill.), European white 
elms (Ulmus laevis Pall.), one maple tree (Acer campestre L.) and several cherry trees 
(Prunus avium L.) [4]. 
The woody plant collection found in the Botanical garden was mainly of rural origin, 
which is indicated by the high number of black locust trees (Robinia pseudoacacia L.) 
as the most frequent species, ash-leaved maple (Acer negundo L.) and cherry plum 
trees (Prunus cerasifera Ehrh.). A certain number of honey locust trees (Gleditsia 
triacanthos L.) have also been found mainly at the hedges of the site. Along the 
existing main road, oriented towards the campus, specimens of Lawson’s cypress 
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Chamaecyparis lawsoniana (A. Murray) Parl. have been identified as well as 
specimens of red oak (Quercus rubra L.) along with a sample of Jeffrey pine tree 
(Pinus jeffreyi Balf.) and paper birch (Betula papyrifera Marsh.) which are very rare 
species in our decorative tree flora [4]. 
 
 
Studies 
Due to significant anthropogenic influence on the complex area, it was necessary to 
conduct detailed studies on the conditions of the locality before the commencement 
of any further work on Park reconstruction and establishment of Botanical garden 
[3].  
The subject of the study is “Evaluation of health conditions, safety risks and value of 
woody plant resources of ‘University City’ park with suggestion of reconstruction, 
protection and enhancement measures”. The actions are focused on: the spirit of 
sustainable development and environmental protection, in the process of 
maintenance and rehabilitation of green matrix, perform valorization of woody plant 
resources in the ‘University City’ Park, where evaluation of health condition of 
woody plants with suggestion of reconstruction measures and determination of 
exact value of the object and its constituent elements (trees) as recommendation for 
further active protection, represent the most significant activities. Other also 
important goals of the reconstruction are maintenance of form and structure of 
valuable objects, such as plane tree alley, preservation of species diversity of woody 
plant resources, as well as an increased safety of the humans present within the Park 
every day. Each tree is positioned in the area using GPS technology, marked by a 
number and presented on a digital map [3]. Following parameters have been 
determined for each tree: number, classification, diameter at breast height (height 
130 cm), height of the tree, shrub spread, as well as characteristics of health 
condition (dieback index, degree of defoliation, degree of leaf discoloration, and 
presence of plant diseases, pests and mechanical damages). Determination of tree 
value has also been performed, i.e. ecological importance, decorative and cultural 
value as well as the value within the existing spatial composition has been 
determined for each tree. 
The location of the Botanical garden was arranged to be a part of military training 
ground. Training facilities were mainly removed, apart from concrete bottom of the 
terrain cavity which had been used for underwater rides of military vehicles, which is 
kept and planned to be nested in a decorative lake. Due to a sequence of difficulties, 
for which this surface was found in shabby conditions, a need appeared to make a 
radical growing and sanitary expert intervention and perform reconstruction and 
revitalization of the area. For this reason, another study was made, so as to include 
the area of Botanical garden and conditions for its establishment, protection, 
maintenance and instructed usage of biodiversity for scientific research and 
educational purposes [2]. Taking into consideration the need to adjust all above 
mentioned functions of the area in question and the conditions the area was found 
in, a research on environmental conditions was made for the surface that Botanical 
garden has been planned to be built on. Analysis of all works necessary, for 
reconstruction and revitalization of areas in question, has been performed and 
further measures have been suggested so as to enable recultivation and 
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enhancement of the areas due to their specific purpose. After analysis of natural and 
created factors that influence formation and development of the Botanical garden, 
an insight in microclimatic characteristics of the location was taken, primarily 
concerning humidity and illumination, proximity of Vrbas river and potential water 
retention in topsoil. As a final step, most favourable positions for plantation of 
different vegetative species have been determined, pursuant to specific biological 
requirements of the plants, time schedule of the planting activity itself and 
specification of the species recommended for input. A plan to remove or reconstruct 
the trees found on the area has also been made.  
 
 
Results and Discussion 
The Park 
A total number of 1503 woody plants have been recorded in the Park- 1386 trees 
and 117 shrubs. Out of the total number of trees, 819 trees are conifers and the rest 
684 are deciduous. A total number of 77 species (25 conifers and 52 deciduous) was 
recorded. In addition, 10 intraspecific taxa have also been recorded [3].  
Most frequent coniferous species in the Park are Norway spruce (Picea abies L. 
H.Karst.) and Colorado blue spruce (Picea pungens Engelm.) planted in small groups 
or individually. Most frequent deciduous tree is London plane [Platanus x acerifolia 
(Aiton) Willd.], planted mostly in alleys. Highly represented coniferous species is also 
eastern white pine (Pinus strobus L.) which is mostly planted in groups. Participation 
of other species is lower than 10 %. Distribution of trees by their value is represented 
in Graph 1., where 248 trees are marked as worthless, 853 trees are marked as plain, 
212 trees are marked as valuable and 17 trees as extremely valuable. Particularly 
important and valuable samples, which actually represent monuments of nature, are 
following: narrow-leafed ash, common oak, a group of swamp cypress, a group of 
elm trees, an avenue of plane trees, and also individual specimens of rare or 
important species such as Picea omorika (Pančić) Purk. or Abies grandis (Douglas ex 
D. Don.) Lindley [3].  
The plane alley [Platanus x acerifolia (Aiton) Willd.] was planted in the end of the XIX 
century, spreads from the main gate of the "University City" complex to the 
Rectorate building in east-west direction. The trees are located on both sides of path 
in two parallel rows. The plane alley is 270 m long and consists of 97 plane trees.  
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Graph 1. Distribution of trees in the "University City" complex by their value [4]. 

 
Based on a macroscopic review of trees and shrubs in the Park, the presence of 
different pests was noted, while the health condition of individual alley trees is 
different, depending on the species, age and micro location [4]. Life expectancy of 
most tree species found in this location is considerably long, as far as they are 
situated in natural conditions and adequate habitat conditions. However, 
considering the fact that these trees live in city conditions where air pollution is 
increased and hydro-thermal regime of the immediate environment disturbed, it was 
logical to expect a decreased level of their vitality. As a result of decreased vitality 
drying process of the trees intensified. Such long term exhaustion of trees by bad 
environmental conditions leads to attacks of different fungi which cause trunk, 
crown or root rotting, and drastically decrease trees' physical and mechanical 
properties. 
Based on the review, it was concluded that health condition of a large number of 
trees is satisfactory, according to current assessment they can serve their purpose 
for in least 10 more years. In addition to presence of specific and non-specific 
damage symptoms, the damage level was also determined by using Pressler drill. On 
the assimilative organs of conifers, following pathogens, which decrease vitality of 
infected trees and disturb their health condition, were evidenced: Cyclaneusma 
minus, Dothistroma pini, Lophodermium seditiosum, Lophodermium pinastri [3]. 
Coniferous species represent a specific problem in the Park. It should be indicated 
that one of the main reasons for which coniferous trees tend to dry, besides drought, 
is the presence of secondary injurious insects of the Scolytidae family. Following 
species have been evidenced in the spruce and pine trees: Ipstypographus, 
Pytiogenes chalcographus, Blastophagus piniperda, Cerabbyx cerdo, Aegosoma 
cabricorne, Pineus strobi, Chermes viridis, Hylesinus fraxini, Hylesinus crenatus, 
Scolytus laevis, Scolytus mali, Scolytus rugulosus [3]. Their presence is registered on 
the basis of specific symptoms, i.e. round exit holes and small pitch tubes extruding 
from the bark. Also, a trunk or root rot of different intensity in large number of trees 
was evidenced and on some trees mushrooms of fungi were found, which indicates 
final stage of destructive activity of these fungi and the need for immediate removal 
of infected trees.  



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

231 
 

The study determines immediate removal of 218 trees that are in bad health 
condition and for which further safety could not be guaranteed [3]. Out of the total 
number of trees marked for removal 39.9% are conifers and 60.1 % are deciduous 
trees. During the first reconstruction phase only 84 trees were removed from the 
Park, in order to preserve aesthetic aspect of this valuable collection. Also, 951 trees 
were pruned. These pruning activities include cleaning and/or reduction of canopy, 
removal of branches and forked branches, crown pruning and wound sealing and 
protection. The second reconstruction phase, actually further tree removal, will 
begin only after already removed trees have been replaced with new seedlings.  
 
Botanical Garden 
By spatial planning the Botanical Garden area was divided in three sections: area for 
machinery, storage facilities and greenhouses; Arboretum with a lake; botanical 
collections, alpines and flower collections. Around the Botanical Garden a protective 
fence was planned and partially built, with main and side entrances [2].  
Carefully selected, fertile, humus based substrate is deposited on the entire 
Arboretum surface. Land amelioration and terrain leveling was carried out in this 
way, so that planting may commence. In the south segment of the Botanical Garden, 
which covers around 1.5 ha, the setting up of botanical collections and alpines has 
already begun. Botanical collections, due to lot size, are organized as systematic 
collections. Also, because of the specific needs of different University Departments, 
other collections will also be created, such as: vegetable collection, herbal collection, 
field crop collections, industrial plant collections and edible wild plant collections. In 
the central area of the lot the setting up of Arboretum collection and construction of 
lake already commenced. In the Arboretum collection, due to limited space and 
educational purpose, mainly autochthonous woody plants are present, with their 
herbaceous companions from corresponding phyto-societies in the ground floor 
vegetation. Currently, there are 300 trees of different age in the Botanical garden, 
237 of which are deciduous and 63 conifers, with total number of 37 species. There 
is also a collection of autochthonous apple and pear cultivars, which consists of 62 
seedlings - 38 apple seedlings and 24 pear seedlings, with 20 apple cultivars and 14 
pear cultivars represented [1]. 
In the second phase of Botanical garden development, the final construction of lake, 
and alpines, botanical collections and footpaths has been planned. The lake and 
alpines, with their distinctive vegetation represent one more form of biological 
diversity, i.e. a unique botanical, geological and ecological collection that completes 
the botanical collection.  
 
 
Conclusions 
With an area of almost 29 ha and position in the urban core of the city, the ‘University 
City’ complex presents an ecological value, which is reflected in improvement of 
environmental quality through improvement of sanitary, hygienic and microclimatic 
conditions. The river Vrbas and its banks inside complex borders provide great 
contribution to the ecological quality of the area. 
This complex has an incalculable value, today as well as in the future, so every person 
who decides on its future as well as each person enjoys its benefits, has responsibility to 
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take good care of it. With its location, spatiality and rich plant resources the ‘University 
City’ complex is one of the most valuable landscape architecture objects in Banja Luka.  
Biodiversity, in the context of urban areas, is often in many ways different from 
general biodiversity, due to greater impact of humans and their constant activities. 
However, its great value to which more attention is given every day remains 
undisputed. It is a fact that most of the world's human population lives in cities. This 
fact points out the importance of engagement precisely in such environments. The 
UN's goal to decrease loss of species, habitats and ecosystems caused by human 
activities by 2010 was not achieved. Actually, the opposite happened; indicators 
show increased impact on Earths' wildlife [9]. This fact was one of the main reasons 
for drafting the Global Strategy for Plant Conservation (GSPC) which represents one 
of the most important documents for biodiversity conservation and protection [6,7]. 
This Strategy was basis for planning and conducting activities on University Park's 
conservation and protection and Botanical garden's planning and founding, but more 
importantly it was used as basis for drafting the Plant genetic resources conservation 
programme in the Republic of Srpska [5]. Today we know that nature protection is 
not efficient if conducted only in limited protected areas and that it should be 
carried out and incorporated in all areas of human activities to ensure sustainable 
exploitation of natural resources, which is one of the aims of the Strategy for nature 
protection of the Republic of Srpska.  
Reviewing the recent results on the Park's valorization and Botanical garden 
construction, it can be concluded that the area of the University complex is a 
significant collection of tree and shrub species for several reasons, including 
aesthetic value, educational importance, biodiversity conservation and natural 
environment conservation.  
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7. 

Management of invasive species 
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SUMMARY 

 

G. Potenza et al. focused on invasive alien turfgrass species as an emerging problem 
in Italy and presented alternative native plants that can be used as turfgrasses. 

V. Heywood et al. outlined the current threats of invasions from botanic gardens in 
Europe, gave examples of initiatives at a national level, discussed some of the 
practical issues of combating invasive alien species and presented the European 
Code of Conduct for Botanic Gardens on invasive alien species, which brought 
attention to awareness raising, information sharing, prevention of new invasions, 
control measures and forward planning. 
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Abstract 
Many non-native plant species have been deliberately introduced to Italy, by both 
private and public institutions, for economic, recreational and environmental 
reasons, including erosion control, landscaping, highway beautification, etc. The 
results of a research programme have shown that 1023 of these species are 
currently used in Italy, where turfgrasses are some of the most easily spread species. 
The turfgrass industry is a fast developing field in Italy, with a growing demand for 
alien planting material. They have now become a threat of great concern to natural 
ecosystems. This study reports the first results of a research project (Mi.T.E.A.Med) 
funded by the Italian Ministry of Agriculture. The results of this project showed that 
Mediterranean adapted native grass species are worth investigating for turfgrass 
making them as mono- [e.g. Cynodon dactylon (L.) Pers.] and polycultures (e.g. 
Potentilla sp., Trifolium sp., Lotus sp.) for their performance advantages and low 
resource use (especially water requirement). These species can be used as promising 
alternatives to conventional non-native turfgrasses. The research is organized in two 
phases: the first one involves the screening of the study area (Southern Italy) to find 
suitable turfgrass species and the second one focuses on innovative propagation and 
cultivation techniques, including hydroponic culture to optimize the 'mother plant' 
growth. At this stage, some Cynodon sp., Potentilla sp., Trifolium sp. and Lotus sp. 
ecotypes have been collected from several sites. Collected ecotypes were 
transplanted into an unheated greenhouse and for each ecotype a voucher specimen 
has been deposited at the Herbarium Lucanum (HLUC, University of Basilicata). A 
database reporting plant morphological aspects and collection site characteristics 
was created. 
 
Background 
The production and planting of turfgrasses is a fast developing business with a 
growing demand for easy to use materials that usually involves using non native 
species. 
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In Italy, as a result of a national research programme supported by the Ministry of 
the Environment (MATTM), a total of 1023 non native species (IAS) have been 
identified. Among them, turfgrass species can be considered some of the most easily 
spread in Italy [1].  
Despite the increased interest in turfs in Italy, all the available varieties of this kind in 
the country are of foreign origin and are often poorly adapted to the prevailing 
climatic conditions. This prompted the start of a collection activity of indigenous 
turfgrass species, with the ultimate goal of identifying promising materials for future 
breeding, based on local genetic resources. 
The growing interest in turfs and the low adaptability of foreign varieties to the 
prevailing soil (pedo-climatic) conditions in Italy [2-4], prompted the beginning of a 
collection programme for native grass species aiming to select suitable turf varieties. 
Unlike forage varieties, those considered for turfgrass should have limited growth 
and thin leaves, as well as high ability to recover rapidly from thinning, due to traffic 
and subsequent wear.  
The main turf species of interest for Italy are grasses belonging to the subfamilies 
Festucoideae and Eragrostideae. The former are also defined as ‘coolseason grasses’ 
because of their preferential adaptation to cool and moist environments. The target 
species for turf uses in this subfamily are: Kentucky bluegrass (Poa pratensis L.) 
characterized with a strong rhizomatous habit and adapted to form long-lasting turfs 
of intermediate texture; perennial ryegrass (Lolium perenne L.) for fast grown 
establishment; creeping red fescue (Festuca rubra L. subsp. rubra) and chewings 
fescue (Festuca rubra subsp. commutata Gaudin.), which are both with fine texture 
and rather tolerant to shading: the former has a rhizomatous habit and is suited to 
sport lawns, the latter is tufted and less tolerant to traffic; tall fescue (Festuca 
arundinacea Schreb.), which has rough texture but good tolerance to turf wearing; 
and creeping bentgrass (Agrostis stolonifera L.), characterised by the finest leaf 
texture and suited to high-quality turfs [3]. The utilisation limit for all these species in 
Italy is summer heat and drought stresses, that typically affect the Mediterranean 
areas of Italy [5-10]. 
Members of the Eragrostideae subfamily are also defined as ‘warm-season grasses’, 
being characterised by good growing ability under high temperatures and by 
vegetative standstill with low temperatures [5]. Bermuda grass (Cynodon dactylon 
(L.) Pers.) is the most interesting for turfs in the coastal and southern environments 
of Italy, where the climatic conditions are not suitable to cool-season grasses. 
This article provides the first results of an Italian research project named 
Mi.T.E.A.Med 'Miglioramento dei tappeti erbosi in ambiente mediterraneo: impiego 
di specie endemiche e ottimizzazione delle tecniche di impianto' (Improved turfgrass 
in Mediterranean environment: use of endemic species of plant and optimization 
techniques), the project is funded by the Italian Ministry of Agriculture. This study 
was carried out on a set of native populations that were evaluated for turf 
characteristics at three locations in Italy with the aim of selecting the most promising 
ecotypes with low water requirements and salinity resistance. 
 
Materials and Methods  
The research was organized in two phases: the first one involves the screening of the 
study area (Central and South Italy) to find suitable turfgrass species characteristics 
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for the Mediterranean Bioclimate, while the second one focuses on ex-situ 
cultivation to test the ecotypes with low water requirements and salinity resistance. 
The collection was carried out during summer 2011 and winter 2012. Samples of 
different macrotherm native species were collected in coastal and hilly, especially on 
sandy substrates dry and/or salty, in 9 sites distributed across 6 administrative 
regions in three distinct areas: the centre (regions of Lazio and Abruzzo), the south-
west (regions of Basilicata, Calabria, Campania) and south-east of Italy (Table 1). 
The Mediterranean study area mostly features a warm temperate climate, with mild 
winters and hot summers, while the total rainfall is relatively low with a typical 
Mediterranean distribution concentrated in autumn and winter. The mean annual 
temperature ranges from 14 to 18° C. 
Overall, the collecting sites were located from sea level to 400 m and most of the 
explored sites lay in lowlands. A further restriction was the inclusion of selected 
habitat types. We only considered the 2 habitat types: sandy dunes and therophytic 
(annual) grasslands. 
For each site, every recorded species of interest was sampled by walking on a 
transect. Whole plants were collected (including roots embedded in soil) at the 
vegetative stage every 2–5 m, depending on the size of the spot, the density of the 
population and the species being collected (the wider distance being for species with 
rhizomes / stolons, such as Poa pratensis, Paspalum paspaloides and Cynodon 
dactylon). A total of 34 accessions with 29 monocots and 5 dicots were collected 
(Table 2). 
Cynodon dactylon was collected in nearly all regions on sandy dunes and it was 
rather ubiquitous across the different regions (Table 3). Paspalum paspaloides was 
collected only in humid areas, whereas Poa pratensis, Poa reptans and Trifolium 
repens were only collected in the Basilicata Region.  
The samples were transplanted into pots in a greenhouse established at Metaponto 
(Basilicata region, Southern Italy), on a sandy-loam soil of good fertility. In 
Metaponto, the mean yearly temperature is 16 °C and average precipitation level is 
about 530 mm/y (average computed over 1951-2007). Relative air humidity varies 
around 81 % (average computed over 1989-2008 by SAL-Metapontum Agrobios 
S.r.l.). 
During summer 2011 and winter 2012, the following characteristics were recorded: 
root length (l_root), root width (w_root), stolon length (l_stolon), number of 
internodes (n_internodes), leaf width (w_leaf), leaf length (l_leaf) and average 
number of internodes (average_internodes). Univariate statistics on biometric 
measure of Cynodon spp. were computed for each sample to evaluate a preliminary 
growth rate. 
Statistical analyses were performed using Statistica V.10 (Statsoft Inc.), USA. 
The taxonomic attribution of each accession and general information on species 
biological traits and ecology were also verified from Pignatti [22]. 
 
 
Results 
A total of 29 monocots and 5 dicots were studied and for each ecotype morpho-
metrical aspects were measured (Table 3). 
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At this stage, biometric data (Table 4) on the Cynodon spp. characteristics were 
subjected to PCA (Figure 1). Two principal components were extracted and they 
explained 56% and 35% of the total variance, respectively. The PCA therefore allows 
the discrimination of the different Cynodon ecotypes primarily in function of root 
and leaf length. 
In the next phase of the project growing tests in controlled environmental conditions 
will be carried out in order to confirm the biometric and morphological 
characteristics of the samples collected. Also stress tests will be carried out to 
identify ecotypes with low water requirements and salinity resistance. 
 
 
Discussion 
This research is important for the promotion of indigenous turf species and 
propagation in the Mediterranean area, in concordance with previous work [11-16]. 
Analysis of the collected materials to date has revealed a remarkable variety of 
native phenotypic resources. In fact, important interactions emerged among 
collected vegetative material and environment, which suggests the possibility to 
conduct selection programmes providing infra-specific tests in the open system. 
Bermuda grass (C. dactylon) in particular revealed itself to be a warm-season species 
with good density, texture and tolerance that makes it very suitable for high-quality 
turf, including for golf courses and sport fields [17]. Its drought and heat tolerance 
also make it appropriate for turf use under the Mediterranean conditions found in 
Italy [15, 18]. 
Until now, there is little research done on Bermuda grass in Italy. Available cultivars 
in the market are mostly of foreign origin. Bermuda grass is widespread in Italy 
under diverse ecological conditions, and wide variation exists in wild populations 
concerning morphological traits of potential interest for turf use, such as leaf size, 
stolon density and growth habit as demonstrated in Table 4. This was also stated by 
Speranza [19] and Romani et al. [13]. 
In this study, preliminary assessment of 25 C. dactylon ecotypes collected in three 
areas of the Mediterranean biogeographical region shows that the Italian 
populations of Vasto (Vc, Vf, Vg) have the largest number of internodes in 30 cm. 
This indicates a greater chance of taking root and spreading, while the ecotypes (Va, 
Vb , A6, 1R, 8R) have the best characteristics for leaf width, because they have very 
thin leaves. These eight ecotypes show great potential for plant breeding of C. 
dactylon. 
In recent years annual legumes have revealed great promise for the regeneration of 
vineyards in the Mediterranean, sub-Mediterranean and temperate areas [20-21]. 
Among the Leguminosae species, Trifolium repens L. and Lotus corniculatus L. were 
found most interesting for our purposes but statistical analyzes are not yet available 
for them. 
Another dicot on which field tests have been conducted is Potentilla reptans L. It will 
be attractive to polycultures for recreational use (schools, city parks, etc.) because of 
its deep green colour in winter when the C. dactylon is dry. All of the material 
selected for propagation was used to test open field production relative to aspects of 
appearance, leaf texture, turf density, green colouration and to test their commercial 
quality. 
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Within a few years it should be possible to introduce a turf grass variety developed 
from local genetic resources. The development of material that exhibited good 
performance and reduces the use of resources (particularly water), is of great 
importance.  
The results from Mi.T.E.A.Med research suggest that Mediterranean adapted native 
grass species are worth investigating for turfgrass making as mono [e.g. C. dactylon; 
Paspalum paspaloides L.] and polycultures (e.g. Potentilla reptans L., Trifolium repens 
L., Lotus corniculatus L.) for their performance advantages and low resource use 
(especially water requirement). These species can be used as promising alternatives 
to conventional non-native turfgrasses.  
In conclusion, the future development of turf species based on an examination of 
Italian germplasm is a potentially valuable resource that has been much overlooked 
to date. 
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Table 1. List of sites at which collections were made. 
 

 
 
 
 
Table 2. List of ecotypes collected 
 

ECOTYPES 
NUMBER OF 
ACCESSIONS 

natural Cynodon dactylon 25 
natural Paspalum paspaloides 3 
natural Trifolium repens  1 
natural Poa pratensis 1 
Potentilla reptans 1 
Lotus sp. 1 
Medicago sp. 2 
 
 
 
 

REGION LOCALITY ALTITUDE m a.s.l. Coord WGS 84 EAST Coord WGS 84NORTH
LAZIO FERONIA 52 301247 4666980

ABRUZZO VASTO 1 477071 4660831
CAMPANIA ASCEA 2 515368 4441795
CALABRIA DIAMANTE 3 569503 4395413

BASILICATA POLICORO 12 640561 4448129
BASILICATA PISTICCI 3 651250 4461902

PUGLIA GINOSA 5 658028 4473741
BASILICATA MONTESCAGLIOSO 136 643920 4488523
BASILICATA MATERA 386 644391 4507215
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Table 3. Turfgrass accessions collected in southern and central Italy 
 
Species  Basilicata Campania Calabria Puglia Molise Lazio 
Cynodon dactylon 7 5 1 5 6 1 
Paspalum paspaloides 2 - - - 1 - 
Trifolium repens  1 - - - - - 
Poa pratensis 1 - - - - - 
Potentilla reptans 1 - - - - - 
Lotus sp. 1 - - - - - 
Medicago sp. - 2 - - - - 
 
 
 
Table 4. Univariate statistics on biometric measures of Cynodon dactylon 
 
  l_root w_root l_stolon n_internodes w_leaf l_leaf average_internodes 

N 25 25 25 25 25 25 25 
Min 0 0 15 0 0 0 4 
Max 180 3 62 44.2 4.1 130 19 
Sum 1283.08 32 860.36 482.9 59.5 1365 255 

Mean 51.35 1.28 34.41 19.31 2.38 54.6 10.2 
Std. 

error 7.75 0.15 2.98 2.07 0.23 7.20 0.80 
Variance 1502.01 0.60 222.76 107.79 1.35 1298.71 16.08 

Stand. 
dev 38.75 0.77 14.92 10.38 1.16 36.03 4.01 

Median 40 1 30 16.9 2.6 45 10 
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Figure 1. PCA on Cynodon dactylon ecotypes 
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WORKSHOP: Policies for Combating the Introduction of Alien 

Invasive Species  

Convenor: Vernon Heywood  

Facilitators: Matthew Jebb and Magnus Lidén 

In his presentation Professor V. Heywood outlined the current threats of invasions 
from botanic gardens in Europe, gave examples of initiatives at a national level and 
discussed some of the practical issues of combating IAS (how to prevent their 
introduction; Identification and misidentification; screening existing collections; risk 
analysis methods; sharing information with other gardens; staff awareness and 
public outreach). In brief, he pointed that:  

• The number of IAS introduced through botanic gardens in Europe is generally 
small when considered as a proportion; nonetheless, some gardens have 
been implicated directly or indirectly in the escape of invasive plants from 
cultivation. 

• Any misidentifications of invasive alien species can have serious 
consequences – harmless species can be confused with harmful invasive 
species leading to a waste of resources and vice versa, harmful invaders can 
be mistaken for innocuous species, so called ‘invaders in disguise’ (Marsilea 
azorica). 

• There is a dormant risk with the large number of plant species grown in 
gardens that currently survive outside their optimal climatic conditions in the 
reduced competition environment of cultivation. Southern Mediterranean 
and South African grasses may pose the greatest threat yet to the native flora 
of Europe as these grasses are chosen specifically for their toughness and 
ability to survive greater climatic extremes. Another development that carries 
potential risks is the expansion of the installation of green roofs and living 
walls. 

• Various voluntary codes of practice and conduct have been produced: 
o The St Louis Code 2001. 
o Code of Practice for Horticulture (DEFRA 2005, 2011).  
o German-Austrian Code of Conduct for the cultivation and 

management of invasive alien plants in Botanic Gardens (Kiehn 2007). 
o Council of Europe /EPPO Code of conduct on horticulture and invasive 

alien plants (Heywood & Brunel 2009, 2011).  

• Voluntary codes can play a key role in building awareness, encouraging best 
practice, changing attitudes and encouraging voluntary compliance.  

• Being voluntary, they are easier to develop, modify and disseminate than 
legally binding instruments and they can be more readily adjusted to meet 
changing circumstances. 
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• Their drawbacks include that they lack specific targets or time-frames and 
their effectiveness depends largely on how well they are promoted. They 
need to be carefully monitored with some form of supervisory mechanism, 
and there can be difficulties in getting the message to some of the key 
stakeholders. 

• The Council of Europe has commissioned a European Code of conduct for 
Botanic Gardens on invasive alien species. This has been a joint collaboration 
of the Council of Europe and BGCI.  

The European Code of conduct for Botanic Gardens on invasive alien species brings 
attention to: 

Raising of awareness 
• Ensure that all botanic garden personnel are made aware of the issues and 

problems posed by invasive alien plants and are involved in formulating and 
implementing the policies adopted by the garden 

• All botanic garden personnel should be aware of which species are known to 
be invasive in Europe and especially in your country or region and of the risks 
that they pose 

• Ensure that the Botanic Garden complies with existing legislation and 
regulations regarding invasive alien species at a national, European and 
international level and that all relevant staff is made aware of them. 

Sharing information 
• Share information with other botanic gardens and other organizations 

concerned with the impacts or control of invasive alien species. 
Preventing new invasions 

• Undertake an audit of the existing collections in the Botanic Garden for 
invasion risk. 

• Try to ensure that no invasive or potentially invasive plants are 
unintentionally introduced into the collections. 

• Take great care when disposing of plant waste material from any part of the 
garden and do so responsibly. 

• Take great care in disposing of unwanted stocks of plants. 
• Consider adopting the International Plant Exchange Network (IPEN) Code of 

Conduct.  
• If the Botanic Garden produces a Seed List (Index Seminum), ensure that it 

does not freely offer seed or propagules of invasive or potentially invasive 
plants. 

• Be vigilant and ensure that staff reports any signs of invasiveness shown by 
plants in the public collections and in the nursery areas. 

• Do not offer for sale known or potentially invasive species in garden shops or 
nurseries.  

• Adopt good labeling practices. 
Control measures 

• Actual or suspected signs of invasive behaviour should be carefully 
monitored. 
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• Invasive plants or other organisms should be controlled or removed as soon 
as detected and confirmed. 

Outreach 
• Engage with the public on the dangers of alien invasive plants and their 

economic consequences. 
• Suggest alternative species to invasive plants. 

Forward planning 
• Prepare for the impacts on botanic gardens in a period of global change. 

 
The workshop organised during Eurogard VI noted that:  

• Target 10 of the Gloabal Strategy for Plant Conservation (GSPC) gave 
Botanic Gardens a responsibility to raise awareness and for National 
networks to liase with national authorities wherever possible. 

• There were difficulties with regional lists since one country’s endangered 
species can be another’s IAS. Even lists of species that were problems 
‘everywhere’ were illogical. 

• The recipient had to take responsibility Caveat Emptor. 
• Prevention was better than the cure. 

 
The workshop organised suggested that:  

• Botanic Gardens had a responsibility to conduct research on IAS, including 
improving the taxonomic understanding of invasive species. 

• There might be merit in devising a regional or international logo for 
identifying a plant with known invasive traits. 

• The code should be enshrined into national or regional policies. 
• It was important to monitor adoption of the voluntary code. 
• An alert system like the EPPO system could be used to make collection 

managers aware of new or emerging IAS. 
• There was a need for innovative electronic solutions to enable rapid 

informing and sharing of knowledge between gardens, countries and 
regions.  

• A means for gardens to flag up that they have developed a strategy would 
encourage others. 

 
The workshop concluded that:  

• The Congress should welcome the Council of Europe's Code of Conduct 
for Botanic Gardens on Invasive Alien Species as an excellent basis for 
Botanic Garden initiatives. 

• National Networks should take responsibility for raising the issue of IAS 
amongst their members on an annual basis and in promoting the 
voluntary code. 

• Alternatives to ‘bad’ plants: a ‘Green List’ for countries (Royal 
Horticultural Society and Plantlife have developed one such for the UK) 

• Gardens and their Networks should pool best practice examples of 
awareness raising, information sharing, prevention and control. 
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8. 

Environmental education and awareness 
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SUMMARY 

 

M. Komninou & P. Ragkou explored the role of the newly established Aegean Botanic 
Garden of Chios Island, Greece as a teaching tool for designing educational activities 
for elementary students. 

A. Tampoukou et al. conducted research with questionnaires in order to investigate 
the potential of botanic gardens in supporting environmental education for primary 
and secondary school students, to facilitate the programmes offered by 
environmental education centres within Greece and presented the differences in 
opinions and perceptions of the teaching staff of environmental education centres in 
utilising botanic gardens. 

S. Kapelari et al. presented the European 7th Framework INQUIRE network which is 
currently developing and offering a one-year inquiry-based training course that will 
reach out to hundreds of teachers and botanic garden educators, and in turn 
thousands of children, in 14 botanic gardens and natural history museums of 11 
European countries. 

C. Tavares et al., in the frame of the EU INQUIRE project, presented the structure of 
the Coimbra Pilot Inquire Course on biodiversity loss and climate change along with 
its evaluation, reporting that trainees built and shared knowledge and experiences 
with inquiry-based science educational projects on biodiversity and sustainability. 

M. Stitelmann presented the hanging gardens of Paquis-Centre Primary School 
showing how the link between plants and people helped in building primary 
knowledge among urban school children and in raising their awareness of 
biodiversity, with edelweiss (Leontopodium alpinum) being the symbolic star-plant. 

A. Kantartzis & L. Pappas explored the potential of creating Old Testament botanic 
gardens for contemporary global Jewish communities, which require proper plant 
selection as well as appropriate design guidelines. Attempting to find overlapping 
common ground or points of convergence between the Jewish and the hosting 
countries’ cultures, they selected Greece as a suitable hosting country and presented 
a master plan for the creation of Old Testament botanic gardens.  

J. Willison & A. Vergou (together with E. Mole) organised a workshop focused on the 
demand of increasing the social role of botanic gardens by re-evaluating their 
mission and policy, within a framework of social responsibility, and identified 
obstacles and barriers that need to be overcome in attempts to do so. 
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Abstract 
The botanic gardens in their operation context meet various objectives. Two of the 
most important are: a) the conservation of local plant diversity through the 
conservation and reproduction of genetic material of native species, b) the 
environmental information and awareness of different social groups through 
practices in formal, non formal and informal education, based on the principles of 
Education for Environment and Sustainability. Therefore, it is important to explore 
the pedagogical and didactic potential of a botanic garden. The present study 
examines whether the Botanic Gardens can function as an important teaching tool 
for designing educational activities for elementary students, in order to take 
advantage and highlight the concept of biodiversity and its importance, through 
approaches that overcome the simple naturalistic approach (identification of plant 
and animal species, creation of plant collections, etc.), with the aim of highlighting 
the relational character of the environment and the dynamics of interdependencies 
and interactions among organisms and their environment. In addition, the ultimate 
goal is the development of a systemic approach and a holistic perspective of the 
environment that contribute to a deeper understanding of the biophysical and socio-
economic aspects of environmental issues. On the other hand, this way of thinking 
can lead to changing perceptions, attitudes as well as promoting actions of 
environmental protection. 
 
 
Background 
The threat to species and ecosystems has never been as great as it is today. The loss 
of biodiversity and ecosystems is a threat to the functioning of our planet, our 
economy and human society. According to the Millennium Ecosystem Assessment, 
announced in 2005 and commissioned by the General Secretary of the United 
Nations, the rate of species and habitats extinction, due to human activity, is 
estimated at 100 to 1000 times higher than the natural rate. The interventions of the 
human factor are so strong, that exceed the carrying capacity of Earth. Two-thirds of 
ecosystem services are degraded worldwide because of overexploitation and loss of 
biological diversity which ensuring their stability. According to the European 
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Commission, evidence of this decline is for example the rapid shrinkage of fish 
stocks, the loss of soil fertility, the excessive loss of pollinators, the reduction of 
water retention, etc [1]. 
All the above, have important implications for future economic and social 
development. Consequently, an immediate global action and cooperation are 
required in order to secure the global biological heritage. 
 
Biological diversity 
According to the Convention of Rio (1992) on Biological Diversity - Article 2, the 
concept of Biological Diversity defined as the quantity and variability among living 
organisms within species (genetic diversity), between species and (between) 
ecosystems (terrestrial, marine, etc.) [2]. By simplifying the definition above, we 
would say that Biological Diversity illustrates the diversity of life in all its aspects, 
incorporating all types, levels and combinations of living organisms in nature. 
Some of the factors that contribute to the increasing loss of biodiversity and 
significantly affect its dynamics and characteristics are associated with all the 
modern environmental problems. As reported by Leveque and Mounolou [3], all 
these environmental problems are causing changes globally. These changes are 
mainly related to land use and vegetation, changes in atmospheric composition - 
climate change, changes in the composition of natural communities that have as a 
result the loss of biodiversity. 
The natural plant communities are threatened by various dangers such as drying of 
land, overgrazing, chemical pollution, climate change, habitat fragmentation, 
introduction of exotic plant species and many other human activities [2]. In addition, 
the deeper causes of these phenomena are associated with modern economic 
development model, the total population size and the growth rate. Because of lack 
of coordination and common economic interests, all the above work together on 
existing economic and political structures and contribute to the loss of biodiversity at 
local or regional level by omitting or inhibiting conservation efforts.  
However, there is a growing recognition that biological diversity is subject of vital 
importance and value, both for the sustainability of current and future generations. 
For this reason is accurately presented as the cornerstone of the environmental 
protection. The actions taken for its conservation and protection are certainly a 
further indicator of the kind of cultural and ethical dimensions of human societies. 
The protection of flora and fauna and their habitats is an investment for the future of 
life on the planet. 
As already mentioned biodiversity means the variety of relationships between 
different organisms and their environment. This ensures recycling of matter and 
energy flow in the ecosystem and the ecosystem is able to reduce ecosystem 
external disturbances [4]. "Increased diversity means more and larger ecological 
chains, more interactions between organisms and increased chances to return the 
ecosystem to its original equilibrium after an external shock», [5]. The importance of 
biodiversity for sustaining life emerges, if we consider all the vital functions of the 
planet and the services that nature generously offers. Biodiversity is not itself an 
ecosystem service but underpins the supply of services. 
In particular, concerning the term of "value" we do not refer only to economic size. 
The scientific community recognizes to any kind an intrinsic value, regardless to the 
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possible exploitation by humans and regardless to its ecological role. Therefore, the 
value of biodiversity can be seen as benefits arising directly from the utility value of 
biodiversity and those from non-use value of biodiversity [2]. 
It is difficult to estimate the economic value of ecosystem services to human society. 
Our ability to assess the benefits provided by ecosystems, or the costs from their 
loss, is limited by lack of information at several levels. There are probably benefits 
that we have not yet identified, so we are able to assess, even in qualitative terms, 
only a part of the (full range of) ecosystem services. 
Some of the benefits from the use of biodiversity (food production, fuel) can be 
evaluated in financial terms and in this direction, indicative results are shown in the 
Interim Report: “The Economics of Ecosystems and Biodiversity”, published by the 
European Community in May 2008, [6]. In this report, the estimated cost of the loss 
of functions undertaken and services that ecosystems provide will rise up to 7% of 
global GDP by 2050. The welfare loss due to loss of biodiversity is estimated to reach 
the 14 trillion. 
Nature and by extension its elements such as biodiversity are part of our culture, our 
history and the geo-biological history of the planet. In fact, biodiversity is the genetic 
product of four billion years of the natural history of our planet. 
Nowadays, biodiversity is threatened. During a human life there are more 
endangered species than these were lost in the large group extinction, 65 million 
years ago. Protecting biodiversity will be the challenge that perhaps mark the 21st 
century. Therefore, we have a moral obligation to manage it properly. Consequently, 
the potential value of biodiversity is presented, concerning the future use and its 
further exploitation, as well as the transfer value, which is the value of a resource’s 
transmission to future generations. The last one has already recorded in the last 
paragraph of the introduction of Rio’s Convention on Biological Diversity, noting that 
the parties "are determined in the direction of conservation and sustainable use of 
biodiversity to the benefit of current and future generations» [2].  
The international recognition of biodiversity’s value and the adoption of measures 
and actions that targeted directly or indirectly to the conservation of natural areas 
and elements, that constitutes biodiversity (either as an integrated whole or as 
individual component), began by developing and implementing international 
conventions and directives such as the Ramsar Convention (1971), the Bern 
Convention (1979), the Barcelona’s Convention, as well as the European Directives 
79/409/EEC and 92/43/EEC. 
 
Botanic Gardens 
One characteristic of our time is the alienation from the natural environment. 
Billions of people are born and grown up in urban centers, often deprived of the 
obvious knowledge that rural inhabitants have, (such as the recognition and names 
of plants or the properties of herbs). This gap can be covered by Botanic Gardens, 
which are either developed in thousands of acres or limited to a few dozen square 
meters, may offer to children as well as to adults, the opportunity to get an insight to 
plants of their own land and those from others areas, while offering a great 
opportunity of relaxing and escaping from the anxiety of everyday life. Moreover, 
the botanic gardens offer the last chance to preserve the natural richness by 
maintaining samples in their collections of rare, endangered or nearly extinct 
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species. Also, in botanic gardens studies are carried out for the protection of species 
and as consequence they may play a crucial role in the conservation of biodiversity. 
Botanic Gardens are characterized as global treasures on a particular time of 
ecological crisis, as temples dedicated to nature as places for human spirit’s 
regeneration breaths of green areas in the city, "windows" that overlook in distant 
destinations, places of education and scientific research. They are source of 
inspiration, aesthetic and spiritual pride and an important piece of national heritage 
of the areas where are hosted. Their collections have contributed significantly to the 
development of many scientific fields, particularly in botany, chemistry, medicine, 
ecology and pharmacy. They have also a great artistic and architectural value.  
Botanic Gardens, besides the plant species, they protect monuments, architectural 
and engineering achievements of the past. Therefore, they are recognized as an 
integral part of social, cultural and economic history, at least on the European 
continent. The most important thing is that they are cradle of understanding of the 
relationship between nature, local history and culture, which provides them an 
important socioeconomic role locally, as well as globally [7]. They have managed to 
play an important role both in the development of science and education. 
Taking this in mind, the IUCN (World Conservation Union) created the Botanic 
Gardens Conservation Secretariat (BGCS) in 1987, which became independent in 
1989 as BGCI (Botanic Gardens Conservation International). BGCI's primary concern 
was to provide means for botanic gardens in all parts of the world, in order to 
exchange information on activities, programs, as well as any progress related to 
conservation and education. 
Specifically, the BGCI set the following objectives [7]: 

• Protection and conservation of plant life (conservation ex situ) and in 
particular protection of endangered species (CITES) and Biological 
Diversity (CBD), 

• Promotion of public education and awareness through environmental 
education, 

• Access to genetic resources and sharing, 
• Promotion of research and science, 
• Protection of the cultural heritage by creating a database of the 

botanic gardens, which includes all types of gardens (public, private, 
research, etc.) around the world, in order to guide and cooperate for a 
better strategy of biodiversity protection. 

According to the data from BGCI, the first botanic gardens in the world were the 
natural gardens in Italy on the 16th and 17th of century. Specifically, the first one was 
the natural garden of Pisa created by Luca Chini in1543. Then, this example was 
followed by other Italian universities by creating gardens in Padua (1545), Florence 
(1545) and Bologna (1547). These gardens were exclusively used for academic 
studies on therapeutic plants. By the 16th century, these therapeutic gardens had 
been spread to universities and pharmacies in all over the central Europe, e.g. in 
Cologne and Prague. Moreover, the Botanic Garden of Oxford University was the 
first one created in the United Kingdom in 1621 with the aim of transmitting 
knowledge and glory of God. 
The interest in botanic gardens has been revived in the last 30 years because they 
are considered very important due to their collections, as well as the scientific 
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knowledge that they offer, concerning the reproduction of plant species. This 
"movement" began in the 1970's, when the International Union for Conservation of 
Nature (IUCN) has started to encourage the ex situ conservation of threatened 
plants. Nowadays, there are about 1800 botanic gardens in 148 countries all over the 
world with many more to be under construction.  
The importance of the Botanic Gardens would be great if they are all well organized 
and equipped. They can play an important role in different areas such as: taxonomy, 
botany, conservation, propagation and cultivation of native plant species. Botanic 
Gardens consist an important link between in situ and ex situ conservation and are 
frequently involved in national planning processes, such as strategies for biodiversity 
and its exploitation, art and culture. Their work in such different areas, from 
developing new crops for agriculture and discovery of new herbal medicines, as well 
as education and environmental awareness, illustrates the important role that they 
may play worldwide by designing appropriate actions, practices and methods applied 
in all these research areas mentioned above. 
In conclusion, the Botanic Gardens can also provide opportunities for cooperation 
with local authorities, research centers, universities, schools, non-governmental 
organizations, associations, public and private institutions, giving another dimension 
in participatory procedures for information, awareness and action, meeting 
sustainability goals that looking forward to 'joint' decisions and actions, while 
strengthening democratic practices and procedures, which are all elements of a 
sustainable society. 
 
The Aegean Botanic Garden in Chios Island 
The case of the Aegean Botanic Garden in Chios island constitutes a very important 
initiative in maintaining the biodiversity of the Aegean region, promoting the 
outstanding natural environment and native flora of this island. In an area of ~16 
acres in the southeastern part of the island (area of Nenita) are hosted endemic and 
characteristic species of the region, which are both protected by International 
Conventions and the Greek Law. For example, Centauria huljakii, Fritillaria pelinaea 
and Origanum dictamnus are some of them. These plants are also included in IUNC's 
lists, the European Red List of globally threatened plants, the list of European 
Council, the list of threatened plants of Corine, the Bern Convention and CITES. This 
Botanic Garden includes 9 thematic plant displays: 1) Seaside garden, 2) Mastic 
trees, 3) Pine trees, 4) Water-loving and aquatic plants, 5) Orchard, 6) Medical and 
aromatic plants, 7) Maquis plants, 8) Phrygana and 9) Decorative plants. 
Key targets, besides the ex situ protection of the Aegean flora diversity, is the 
economic development of the region, as well as the promotion of environmental 
education, information and awareness. In developing the educational and social role 
of the Aegean Botanic Garden in Chios is entered this research study. 
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Environmental education, biodiversity and botanic garden 
One of the specificities of Environmental Education has to do with the nature of its 
subject, which is nothing else than the study of environmental issues. With a 
particular character of complexity, the environmental issues are a field of socio-
economic, political and biophysical interactions due to environmental problems, 
which are the result of human activity on natural ecosystems. An education against a 
global reality that leads to functionally disconnected and fragmented knowledge is 
inadequate and makes opaque the complex and multi parameter nature of modern 
problems [8]. 
For the Environmental Education the understanding of this complexity is at the same 
time the means and the purpose [8]. Fragmentary knowledge, "crumbled" and weak 
to weave ties between the whole and its parts, unable to see the problem in the 
wider context, it becomes inoperable in a world of growing complexity and 
uncertainty [9]. The effective addressed environmental issues make the conceptual 
approach of the environment more demanding that requires the development of a 
systemic approach and a holistic perspective of the environment, which contribute 
to a deeper understanding of the biophysical and socio-economic aspects of 
environmental issues [8]. 
The concept of biodiversity has a teaching force that originates from its conceptual 
field. This field can highlight a variety of relationships between different organisms 
and their environment, which means bigger and more ecological chains, most cases 
of interactions between organisms and their environment, both natural and man-
made. Therefore, biodiversity is presented as an appropriate teaching tool in order 
to approach the complexity of the issues in Environmental Education. 
The Botanic Gardens in their turn could be an important training field for the 
development and promotion of biodiversity, through programmes and activities of 
environmental education, which go beyond the simple naturalistic approach, by 
teaching the relational character of the environment and the dynamics of 
interdependencies and interactions among organisms and their environment. Also, 
by pointing out interdependences, such as between plants and animals, between 
them and the economic activity of man, we aim at raising public awareness about 
environmental protection and conservation of flora, the importance of plants for 
human life, etc. 
 
 
The study 
The present study examines whether the Botanic Gardens can function as an 
important teaching tool for designing educational activities for elementary students, 
as part of an Education for Sustainability. Our proposal for a programme of 
educational activities in Botanic Garden incorporates data arising from the analysis 
carried out in three educational fields:  

• Education for Environment and Sustainability  
• Science of Ecology and 
• The natural environment of Botanic Garden. 

Each of these fields leads to a series of specialized educational proposals used for the 
final construction of educational activities program. 
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Αs the main guideline around which environmental education activities were 
structured at the Aegean Botanic Garden of Chios, we have chosen to be the concept 
of biodiversity. The broader research consists of the following steps: 

• Monitoring and recording a tour for elementary school students in the 
Aegean Botanic Garden, which includes filling in questionnaires 
before and after the tour. 

• Designing a programme of educational activities around the concept 
of biodiversity, as part of education related to environment and 
sustainability. 

• Implementation of this programme and filling in questionnaires 
before and after the programme implementation.  

In the context of the present work we will develop the main guidelines for 
structuring a schedule of activities on biodiversity in Botanic Garden. 
The most important guiding principles and features of Education for Environment 
and Sustainability, on the basis of which the criteria for educational activities were 
structured, are: 

• The Environmental Education helps people to understand the 
complexity of environmental issues, by promoting the idea of a 
systemic reality of the natural environment [10-13].  

• The systemic reality of natural ecosystems that incorporates a variety 
of factors, relationships and interactions, could be a useful tool for the 
student, in order to gain insight of the interdependence of relevant 
factors and develop a holistic and synthetic thinking from the early 
age. 

• The complex nature of the environment, resulting from the 
interactions between ecological, social, economic and political 
parameters [10].  

• Environmental Education aims at cultivating in individuals and 
collectivities, the sense of responsibility and the desire for active 
participation in preventing and addressing to the environmental 
problems [11].  

• Environmental Education does not consider the environment itself but 
our relationship with the environment [14].  

• Environmental Education is an educational process that encourages 
students to adopt a critical attitude towards themselves, the society 
and the existing system of values [15,16]. 

The conceptual field of biodiversity will help us to overcome the simple naturalistic 
approach (identification of plant and animal species, creation of plant collections, 
etc.) and highlight the relational character of the environment and the dynamics of 
interdependencies and interactions among organisms and their environment. The 
development of a systemic approach and a holistic perspective of the environment, 
contribute to a deeper understanding of the biophysical and socio-economic aspects 
of environmental issues. Consequently, the Education for Environment and 
Sustainability is the best way to approach the concept of biodiversity in such natural 
environment as a Botanic Garden.     
Based on these principles and characteristics of Education for Environment and 
Sustainability, the guidelines for structuring the programme of activities on 
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biodiversity in a botanic garden, the worksheets and the questionnaire include the 
following:  

• Knowledge of species: that includes identification of plant and animal 
species in a botanic garden. 

• Understanding of concepts: endangered, rare, endemic species, 
biodiversity, sustainability, sustainable management. 

• Understanding the dynamic nature of biodiversity and its 
environmental importance: through relations of interdependence and 
interactions that are developed among organisms and their 
environment (food chains, interactions among populations etc). 

• Understanding the principles of sustainability: prevention, 
reversibility, prediction, limit and carrying capacity.  

• Awareness: of biodiversity’s threats due to human activity (over-
exploitation, introduction of alien plant species, etc.) and the ability to 
connect biodiversity with other environmental problems like climate 
change, acid rain etc. 

• Awareness of the scope of students’ interaction with biodiversity 
(impact of lifestyle and consumer choices in biodiversity).  

• Recognition of the relationship between biodiversity conservation 
and quality of life.  

• Awareness of actions that you can take to protect biodiversity. 
• Development of values: such as intrinsic value of species, 

cooperation, solidarity, respect for life, responsibility for protecting 
biodiversity. 

 
 
Conclusions 
The increasing complexity of environmental issues originate from the involvement of 
economic, social, environmental and other factors, that makes the conceptual 
approach of the environment more demanding [17]. Therefore, in order to 
effectively address environmental issues, it is required to have a synthetic approach 
and a holistic perspective. In this way, it is easier to gain insight of interactions 
between biophysical, socio-economic and political aspects of environmental issues. 
A formal, informal and non-formal education, against a global reality that leads to 
functionally disconnected and fragmented knowledge is inadequate and makes 
opaque the complex and multi parameter nature of modern problems [8]. 
Through the international meetings of the last 35 years, Environmental Education is 
considered as a process that aims to reconstruct the relations between individual, 
social group and environment. This can be accomplished by educating people how to 
acquire values and critical thinking towards society and its value system [14]. The 
approach to environment and environmental issues should respond to this 
problematic of Environmental Education. Then, the education is able to affect the 
way of people's thinking, in order to move on to a society with stronger 
environmental values and sustainable way of life [18]. 
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Abstract 
Research was undertaken to investigate the potential of Botanic Gardens to support 
Environmental Education offered by Environmental Education Centres within 
Greece. The 69 Environmental Education Centres in Greece are distributed 
throughout the country and are located in all 13 Prefectures. A questionnaire survey 
addressed to the teaching staff of all the Environmental Education Centres was 
undertaken. The total number of questionnaires completed was 154. In general, the 
results of the questionnaires showed that respondents considered Botanic Gardens 
to be a valuable “tool” in supporting Environmental Education and raising 
environmental awareness to Primary and Secondary School students. However the 
results also showed unexpectedly the presence of a multidisciplinary background 
amongst the teaching staff of the Environmental Education Centres. Detailed 
analyses of the results showed that the opinions and perceptions amongst the 
teaching staff varied in accordance to their main field of discipline. These opinions 
and perceptions also varied between the teaching staff of Primary and Secondary 
Schools. Secondary school teachers with a science background compared to teachers 
from other field, as well as primary school teachers compared to secondary school 
teachers, were more receptive with regards to the use of the Botanic Gardens as a 
“tool” for Environmental Education. The variety of opinions and perceptions 
expressed by the teachers of the Environmental Education Centres in relation to 
factors such as age, gender and years of teaching experience are presented. 
 
 
Background 
Childhood "is a time for discovery" [1]. The discovery of nature’s secrets would 
significantly affect the formation of a person’s personality in adulthood [1]. In 
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accordance to child psychologists the detachment of children from the natural 
environment, especially at our time, where the largest percentage of children live in 
urban or suburban environments [2], is responsible for causing a series of 
disturbances at a physical and spiritual level [3]. 
The development of open spaces for children has been the subject of countless 
investigations supporting in general that environmentally based designs significantly 
enhance the socialness, imagination, spontaneity of play, motivation and creativity 
of children [1]. 
All of the above have enhanced the educational role of Botanic Gardens (BGs) 
worldwide and has recently received attention in Greece [4]. BGs are worth utilising 
to develop the Child - Nature relationship [5]. Based on the statistical data obtained 
by the Botanic Gardens Conservation International (BGCI, 2000) [6], BGs within the 
EU receive approximately 50 million visitors annually while 50% of them manage 
education programmes for the general public including students. Such programmes 
include tours, environmental pathways, various activities related to botany, 
environmental games, the production of educational material, the organisation of 
exhibitions with botanical or wider cultural interest, etc. [6]. BGs constitute excellent 
outdoor classrooms, and could be used for teaching a wide range of school subjects 
such as biology, geography, physics, social sciences, mathematics, art, history and 
foreign languages. Furthermore, BGs provide a great setting for teaching "non-
traditional courses" such as IT, technology and sustainability [7]. 
In recent years the number of BGs having developed educational programmes has 
increased as teaching in a natural environment undisputedly gives children the 
opportunity to acquire knowledge and an understanding of their relationship with 
nature and the importance of sustainability. This fact is attributed to the 
acknowledgment by the people in charge of the BGs, of the advantages and potential 
of BGs in education (especially environmental), within a period characterised by an 
environmental movement, and the need for reassessing and justifying the role of 
BGs in society [8]. Currently there is an imperative need for BGs to develop more in 
the field of environmental education, in order to communicate in a more effective 
and efficient manner with the local communities [6]. 
Although currently BGs tend to deal more with children than with teachers, it is very 
important that they provide support to teachers. Thus teachers would in turn, act as 
propagators through the creative use of BG visits, and parallel development of 
activities within the classroom, before and after these visits [9]. 
 
 
Materials and Methods 
This work investigated the perceptions of the teaching staff of Environmental 
Education Centres (EECs) with regards to the use of BGs as a “tool” for the 
development and implementation of Environmental Education Programmes (EEPs) 
for cultivating environmental awareness of primary and secondary school students. 
Furthermore the attitudes of EEC teachers for collaboration with BGs as well as the 
degree of collaboration between EEC teachers and BGs, the types of educational 
activities best supported by BGs and how the design of BGs could support education 
were investigated. Finally the intention of EEC teachers to actively support the 
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development of a BG in proximity to the EEC they work at and their experiences 
from BG visits within Greece were investigated.  
The questionnaire survey conducted was of Pan-Hellenic character and addressed 
the teachers of 66 EECs. Questionnaire completion was performed in January and 
February, 2010. A total of 154 teachers responded from 60 EECs that represent all 13 
Prefectures of Greece. The questionnaire data was analysed using SPSS Statistical 
Software v. 18.0 [10]. Analyses included frequency distribution for each variable and 
cross tabulation to examine the association between multiple variables  
 
 
Results  
The results of the analyses undertaken are presented as follows:  
 
BGs and Educational Process  
BGs could function to motivate student interest for learning, while concomitantly 
restoring the relationship between child and nature through experiential knowledge 
(Table 1). In accordance to the majority of teacher respondents BGs need to be 
designed accordingly and provide the necessary infrastructure to be educationally 
effective (Table 2).  
In accordance to the EEC teachers, primary school students benefit very much and 
significantly more in comparison with secondary school students from visits to BGs 
(Table 3). Older in age teachers consider that the degree of benefit from visits to BGs 
is less for junior high school students (sign: 0.075, Kendall’s tau-b: -0.126) and senior 
high school students (sign: 0.062, Kendall’s tau-c: -0.131).  
Teaching Biology and Arts are better supported under the environment of a BG while 
there were reservations with regards to Mathematics and History (Table 4). 
Specifically female teachers (sign: 0.103, Kendall’s tau-c: 0.154) and primary school 
teachers (sign: 0.001, Kendall’s tau-c: -0.295) consider at a greater degree that the 
teaching of Mathematics could be satisfyingly supported under the environment of a 
BG. Furthermore primary school teachers estimate at a greater degree that teaching 
of history could be satisfyingly supported under the environment of a BG compared 
to secondary school teachers (sign: 0.042, Kendall’s tau-b: -0.163).  
 
Teacher’s experience in visiting BGs 
Although the majority of EEC teachers are familiar with the presence of BGs at least 
within Greece, they do not have significant experience of visits at Greek BGs (Table 
5). The familiarity of teachers with a Greek BG is dependent upon the distance 
between the EEC where they work and the nearest BG. Therefore the longer the 
distance between the EEC and the nearest BG, the less the teachers are familiar with 
the BG (sign: 0.005, Kendall’s tau-b: 0.202). Older in age teachers (sign: 0.006, 
Kendall’s tau-c: -0.201), teachers with more working experience (sign: 0.002, 
Kendall’s tau-c: -0.265), the Head position of EECs (sign:0.017, Cramer’s V: 0.232) the 
primary school teachers as well the secondary school teachers with a science subject 
(sign:0.015, Cramer’s V: 0.287) have more experience of Greek BG visits. 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

268 
 

 

BGs and Environmental Education 
In accordance to the majority of the EEC teachers BGs could constitute a valuable 
“tool” for the development of Environmental Education Programmes (EEPs) (Table 
6). This is supported at a greater degree by primary school teachers and secondary 
school teachers with a science subject (sign: 0.034, Kendall’s tau-c: -0.188). In 
general teachers consider that the work of EECs could be supported significantly by 
the presence of a BG in proximity to the EEC (Table 6). However the majority of the 
EECs are located at a distance greater than 100 km from the nearest BG. 
Furthermore the majority of teachers are unfamiliar with the activities of BGs in the 
field of environmental education and the percentage of teachers that have relative 
experience from performing EEPs at a BG is minimal (Table 7).  
Teachers that have visited (sign: 0.001, Phi: 0.266) or at least are aware of a Greek 
BG (sign: 0.012, Phi: 0.206) acknowledge to a greater extent that BGs are suitable for 
conducting EEPs. This attitude is expressed more strongly by secondary school 
teachers with a science subject (sign: 0.053, Cramer’s V: 0.249).  
The majority of the teachers surveyed indicated that a significant portion of the EEPs 
conducted at EECs could be supported within a BG (Table 8). Furthermore the 
majority of the EEC teachers stated that BG visits need to be supplemented by 
relevant informative and educational material (Table 8).  
Teachers working at EECs located within a prefecture with a BG compared to 
teachers working at EECs located within a prefecture without a BG statedat a greater 
degree that the space of BGs is suitable for the conduct of EEPs (sign: 0.092, Phi: 
0.136). The degree of utilisation of BGs for conducting EEPs by EECs staff located 
within a prefecture is low and by EECs located within a prefecture without a BG is 
none (sign: 0.000, Gamma: -1.000).  
The majority of the EEC teachers have not considered the utilization of a particular 
BG to conduct an EEP (Table 9). The older in age teachers (sign: 0.098, Kendall’s tau-
c: -0.142), teachers that have visited BGs (sign: 0.017, Phi: - 0.2) as well as teachers 
that work at an EEC located in proximity to a BG (sign: 0.000, Kendall’s tau-c: 0.323) 
consider more the prospect to develop an EEP utilising the space of a BG. 
The majority of the EEC teachers express the willingness to request from the 
pertinent authority and most likely the Local Governing Authority the development 
of a BG in proximity to the EEC they work at (Table 9). The older in age teachers 
(sign: 0.087, Kendall’s tau-c:- 0.122) as well as the teachers with more years of 
working experience (sign: 0.059, Kendall’s tau-c: -0.139) are more favourably 
disposed towards such prospect.  
 
 
Discussion 
Based on the above analyses, BGs have the potential to be used as outdoor 
classroom suitable for teaching various subjects and in particular Biology and Arts. 
BGs could be used as a “tool” for environmental education as a large number of EEPs 
could be supported significantly by BGs located in proximity to an EEC. The proximity 
of a BG to an EEC could constitute a criterion for the development of an EEC in order 
to utilize present Greek BGs for environmental education.  
The results of this research are disappointing with regards to the utilization of Greek 
BGs for EEPs. Specifically the degree of utilization of BGs in EEPs from EECs located in 
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a prefecture either with or without a BG is low and none, respectively. The 
largedistance between BGs and EECs is not the only reason why BGs are not utilized 
by EECs. The lack of information and communication at a satisfactory level between 
the EECs and BGs about their actions and work is also responsible. In accordance to 
the EEC teachers a large number of EEPs designed by and conducted at EECs would 
find support within the space of a BG therefore potentially leading to a common 
ground between BGs and EECs. In every case the problem identified is probably due 
to the fact that BGs have a long way to go in order to develop, cultivate and enhance 
their educational character. Towards this direction and amongst other things BGs 
need to provide the appropriate infrastructure for hosting educational practices and 
the production of educational material. On the other at EECs it is necessary that 
teachers are familiar with the BGs and their potential for environmental education as 
the relevant knowledge and experience could motivate them to develop EEPs at BGs 
as well the development of new BGs. 
Based on the above it is apparent that there is a need on behalf of the BGs to 
develop an organized informative network (i.e. workshops, seminars, guided tours, 
produce and delivery of relevant educational material, organization of EEC activities, 
etc.). Teachers and staff involved in environmental education programmes in Greece 
(i.e. at EECs) could enhance the critical role of BGs in environmental education, to 
strengthen awareness of the school community and society.  
Undoubtedly BGs constitute “the books of nature”. Therefore the need for an 
institutional support of their presence, such as a national network at the centre 
stage of the Greek educational process, particularly environmental education and 
even broader education for sustainable development is paramount. Towards this 
direction it is principal to the Greek BGs to have a continuous and productive 
communication with Botanic Garden International Consortium (BGCI) in order to 
receive, adopt and adjust accordingly to the Greek conditions the rich and 
continuously enriched with innovative elements and experience on environmental 
education issues of the BGCI.  
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Table 1. Perceptions of EEC teachers with regards to the contribution of BGs to the 
educational process. 

 0 1 2 3 4 5 

BG’s motivate education 0.6% 1.9% 14.3% 29.9% 35.1% 18.2% 
BG’s act to restore the relation 
between child and nature 

0.0% 1.3% 9.7% 25.3% 40.3% 23.4% 

Note: 0 = none, 5 = very much 
 
 
Table 2. The perception of EEC teachers with regards to the effect of the design of BGs in 
education. 

 0 1 2 3 4 5 

Design of BGs accordingly to 
educational practices 

0.7% 0.7% 5.2% 21.6% 36.6% 35.3% 

Note: 0 = none, 5 = very much 
 
 
Table 3. Perceptions of EEC teachers towards the degree of benefit from visits to BGs at 
various levels of education  

 0 1 2 3 4 5 
Benefit of Primary school students 
from BG visits 

0.0% 1.3% 1.3% 11.7% 31.8% 53.9% 

Benefit of Junior Highshool 
students from BG visits 

0.0% 1.3% 3.9% 20.8% 35.1% 39.0% 

Benefit of Senior Highschool 
students from BG visits 

0.0% 2.6% 12.5% 24.3% 27.0% 33.6% 

Note: 0 = none, 5 = very much 
 
 
Table 4. The perceptions of EEC teachers with regards to the support of BGs in teaching 
various subjects. 
 0 1 2 3 4 5 
Support of teaching Biology in a BG 0.0% 0.7% 1.3% 6.0% 21.3% 70.7% 
Support of teaching Arts in a BG 0.0% 0.7% 2.8% 9.8% 24.5% 62.2% 
Support of teaching Mathematics 
in a BG 

1.6% 23.8% 25.4% 23.0% 19.0% 7.1% 

Support of teaching History in a BG 2.1% 21.0% 16.8% 32.2% 18.9% 9.1% 
Note: 0 = none, 5 = very much 
 
 
Table 5. Familiarity and experience of EEC teachers of the presence of Greek BGs  

 YES NO 
Familiarity of teachers with the 
presence of Greek BGs  

72.7% 27.3% 

Experience of teachers from visits 
to BGs within Greece 

34.5% 65.5% 
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Table 6. Perceptions of EEC teachers about the contribution of BGs to environmental 
education. 

 0 1 2 3 4 5 
BG as a “tool” for the development 
of EEP 

0.0% 0.0% 0.0% 11.7% 37.7% 50.6% 

Significance of the presence of a 
BG in proximity to an EEC 

0.0% 0.0% 2.6% 9.2% 28.8% 59.5% 

Note: 0 = none, 5 = very much 
 
 
 
Table 7. Awareness and experience of EEC teachers on the conduct of EEPs at BGs. 

 YES NO 
Awareness of EEC teachers on the 
conduct of EEPs at BGs 

29.2%  70.8%  

Experience of EEC teachers on the 
conduct of EEPs at BGs 

18.0%  82.0%  

 
 
 
Table 8. Perceptions of EEC teachers towards the contribution of BGs to the work of EECs 
and the need for supporting BG visits with educational material. 

 YES NO 

Potential for supporting EEC 
Programmes at BGs 

74.0% 26.0% 

Need for supporting BG visits with 
educational material. 

96.7% 3.3% 

 
 
 
Table 9. Attitudes of EEC teachers towards the utilization of BGs in the work of EECs. 

 YES NO 
Consideration for the development 
of an EEP at a BG 

31.3% 68.8% 

Willingness for the development of 
a BG in proximity to an EEC 

77.9% 22.1% 
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Abstract 
The European 7th Framework INQUIRE network is currently developing and offering a 
one-year inquiry-based training course that will reach out to hundreds of teachers 
and Botanic Garden educators, and in turn thousands of children, in 11 European 
countries. The course is currently running in 14 Botanic Gardens and Natural History 
Museums - some of Europe’s most inspirational cultural and learning institutions. 
These places act as catalysts, training and supporting teachers and educators 
together to develop their proficiency in inquiry and out of school learning as well as 
to become reflective practitioners. To ensure excellence, theoretical rigour and 
project progression, King's College London, ahighly regarded science education 
research institution participates in the project. The training locations, the practical 
nature of the course, the support offered and the subject content encourages 
teachers and educators to enroll in INQUIRE courses and try out inquiry and out of 
school learning in their everyday teaching. 
Biodiversity loss and climate change are the major global issues of the 21st century 
and many teachers, as well as our own botanic garden educators, are looking for 
innovative ways to tackle these subjects. INQUIRE training supports teachers to do 
just that and introduce them to institutions where children can carry out ‘real’ 
investigations and see science in action. INQUIRE training courses are also working to 
help teachers and educators create communities of practice and learn from each 
other. In effect this provides a new collaborative network for plant science 
education, promoting closer interchange of ideas and activities and sharing both 
pedagogical and science expertise between members. 
 
 
Background 
All learning takes place in settings that have particular sets of cultural and social 
norms and expectations and that these settings influence learning and transfer in 
powerful ways [1]. 
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The educational function of botanic gardens existed from the very beginning but 
initially it was restricted to higher education and specifically to instruction about, and 
study of, the medicinal uses of plants for doctors andmedical students [2]. Later on, 
the educational function encompassed the training of botany students who 
examined the plants from a more scientific rather than medical point of view [3]. 
Unlike zoos, botanic gardens were slow to consider public education of school 
children as their primary agenda. Only a few such as Brooklyn Botanic Gardens, N.Y., 
New York Botanical Garden or Kirstenbosch Botanic Garden, Cape Town are able to 
look back on a more than 70 year lasting history of teacher training, children´s 
gardening or teacher employment [4]. Brooklyn Botanic Gardens, (opened to the 
public in 1910) from the early years of its establishment focused on developing an 
educational programme [5] initiated by Ellen Eddy Shaw (1927, p. 103) who pointed 
out that ‘most botanic gardens in the world offer nothing in specially planned work 
for children and teachers’. A wide range of activities were offered to young people 
which included classes for school visits, classes for children on Saturdays and during 
holidays, and after school, and classes for teachers [6]. 
Nonetheless the situation is rapidly improving. For quite some years already botanic 
gardens have started raisingtheir educational profile through its acknowledgement 
in major policy documents and in relation to the botanic gardens conservation 
strategy. For example the World Conservation Strategy in 1980 and the International 
Conference on Botanic Gardens (1985) [7] recognized the vital importance of 
community understanding and awareness in achieving conservation of biological 
resources. It called on governments, conservation organizations, schools and 
colleges, industry and concerned people to assist educational programmes in botanic 
gardens through funding, moral support and direct involvement. However, a study 
conducted by BGCI in 2007 showed that a little more than a fourth of the examined 
Gardens (n= 120) which consider education necessary to achieve protection of plant 
diversity do not have a particular budget dedicated to educational purposes only and 
educational staff occasionally have no relevant qualifications [8, 9]. 
Although research is increasingly clear that learning outside of the classroom (LOtC) 
which includes learning at zoos, botanic gardens or environmental protection sites is 
associated with several positive outcomes such as more engagement in learning and 
higher levels of academic achievement, learning at botanic gardens in particular 
remains sparsely documented in science education research literature [4]. Education 
programmes developed and applied at botanic gardens are mainly based on practical 
approaches to teaching and learning. In addition botanic gardens as well as other 
LOtC institutions may not focus on evaluating their programmes in great detail [10]. 
Studies about the effectiveness of teaching and learning programmes offered by 
botanic gardens are rare [4]. As a result botanic gardens have difficulties sharing 
their understanding of teaching and learning with each other and the broader 
educational community. Many Botanic Gardens today embrace education and are 
delivering programmes to a range of audiences, in particular schoolchildren. 
Delivering high quality and cutting edge science and conservation programmes, we 
should now expect that education programmes endeavor to reflect the latest best 
practice methodologies in their education provision.  
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Inquiry based learning at botanic gardens 
Current science education reform initiatives require fundamental changes in how 
science is taught and in how teachers are supported to engage in alternative ways of 
science teaching. One of the currently favoured strategies in improving science 
teaching and learning in Europe and North America is to incorporate inquiry based 
science education (IBSE) within the everyday school science curriculum [11, 12]. To 
help make this change happen, teachers need opportunities to participate in a 
variety of professional development experiences that foster an understanding of 
science and inquiry based science teaching. There is a growing awareness of 
alternative ways of facilitating teachers’ professional development. In addition 
research has shown that learning that includes activities based outside the classroom 
is highly motivating, not only for children but also for teachers [13, 14]. In particular, 
botanic gardens are some of Europe’s most inspirational cultural, scientific and 
learning institutions. 
 
The Inquire Concept 
The European 7th framework INQUIRE network is currently developing and offering a 
one-year inquiry-based science learning (IBSL) training course that will reach out to 
hundreds of teachers and Botanic Garden educators, and in turn thousands of 
children, in 11 European countries. The course is currently running in 14 Botanic 
Gardens and Natural History Museums. These training courses invite teachers and 
botanic garden educators to learn with and from each other and to develop a shared 
understanding of how IBSE can be facilitated in the school classrooms and in botanic 
gardens and natural history museums. The content of the INQUIRE training courses 
focuses on various aspects of biodiversity loss and climate change [15]. 
The INQUIRE concept is based on four major principles which are guiding the 
learning process not only on the course participants but on the consortium level: 
Principle 1: Experience first what should be applied later, Principle 2: Collect 
evidence to improveyour practice, Principle 3: Take your time for learning, Principle 
4: Communicate results 
 
Principle 1: Experience first what should be applied later 
 
Inquiry-based science learning 
INQUIRE partners associate various meanings when they are asked to define the 
multifaceted educational approach of Inquiry-Based Science Education (IBSE), an 
issue that is also occurring in science education research. The INQUIRE approach to 
developing a shared understanding of IBSE in INQUIRE was to not take a finished but 
suboptimal definition of IBSE published elsewhere, but to develop an understanding 
of IBSE through an inquiry-based process - questions were asked, hypotheses 
uttered, literature scanned and practical approaches presented and discussed. The 
current shared understanding of IBSE builds on a range of knowledge and resources 
developed and provided through the collaboration of partners. It is based on the 
notion that natural science is a creative, coherent and replicable process of gaining 
information and producing new knowledge. It is not just about following a 
predetermined method that has to be implemented one step after another. The 
main principle is to promote a model of the learner as an autonomous and 
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independent thinker - someone capable of dealing successfully with many aspects of 
science. Therefore learners are provided not only with appropriate guidance but 
with free space for organizing their learning processes individually. Some science 
content is provided by teachers and educators because students cannot simply 
invent scientific knowledge without any basic level of scientific understanding. 
INQUIRE training courses will see participants being invited to apply an inquiry-based 
approach too. Learners are asked to reflect on what is happening in their own 
classes/with their garden groups while applying IBSE methods in class and at the 
botanic gardens. Case studies are conducted; data is collected, presented and 
discussed amongst teachers and botanic garden educators. Inquiry-based learning is 
experienced while applied in every day teaching. 
 
Communities of Practice 
The development of this shared understanding of IBSE has been facilitated through a 
process of establishing a community of learners and making progress by exchanging 
ideas and resources, building on everyone’s work [16, 17]. In INQUIRE networking 
activities partners focus on sharing experiences, appraising good practices and 
creating new forms of knowledge. They discuss their findings which are based on 
evidence collected during their own reflective process while evaluating the 
outcomes of their courses. 
This attitude of learning from and with each other is one of the characteristics which 
should then be put into life in INQUIRE training courses too. Teachers and educators 
participating in these courses are recognized not only as learners but as experts in 
their field providing knowledge for the whole group to develop a better 
understanding of how IBSE learning in class and at the botanic gardens is facilitated 
best. 
 
Principle 2: Collect evidence for improving your practice 
To evaluate project outcomes, INQUIRE relies on a Quality Management Plan (QMP) 
which asks 14 partners in 11 European countries to collect evidence for improving 
their course design in portfolios. 
One set of evidence collected involves questionnaires for participants developed by 
the quality management team which has been facilitated via a multi-lingual online 
survey. Additional evidence is collected through interviews, observation of activities, 
and case studies handed in by course participants as a course requirement. 
Consortium partners are experiencing themselves what 181 teachers and 57 
educators participating in INQUIRE courses are experiencing equally. Educators and 
teachers have been asked to look closely and find evidence for whether they have 
reached their goals while applying IBSE in their daily work too. Each INQUIRE course 
participant has his or her individual questions to answer and they share the 
knowledge gained not only with their colleagues on the course but also through 
presenting their case studies at the end of each course and sharing experience with 
teachers all over Europe via the INQUIRE website. The final INQUIRE conference will 
see a selection of participating teachers and educators presenting their case study 
results. 
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Principle 3: Take your time for learning 
When we think about teacher and educators training the main goal is that teachers 
and educators professional learning supports changes in teachers practice and in 
their students learning. However, research has shown that teachers’ professional 
development is likely to change teachers learning but this learning has less effect on 
teachers’ actual behaviour and even less influence on students learning [18]. The 
quality of the learning experience and the amount of time dedicated to this learning 
experience is most influential [19]. To apply an inquiry-based approach to teaching in 
class and at botanic gardens does not only require time for learning particular 
teaching techniques. It requires time for supporting teachers and educators to 
change their attitude towards their students as well as towards their own role as a 
teacher. As mentioned above, in IBSE students are encountered as “autonomous and 
independent thinkers capable of dealing successfully with many aspects of science”. 
Although many teachers, educators and even parents may agree to this perception 
they may not act according to it. Therefore the INQUIRE network as well as INQUIRE 
professional development courses are designed as long term activities asking 
teachers and educators to commit themselves to a community of practice for at least 
one year (INQUIRE training course) or three years (INQURE network). 
 
Principle 4: Communicating results 
The INQUIRE partners act as catalysts, training and supporting increasing numbers of 
teachers and educators to develop their proficiency in IBSE and become reflective 
practitioners. The INQUIRE consortium is also working on an INQUIRE Course Manual 
(support for teachers and educators participating in INQUIRE courses) and an 
INQUIRE Train the Trainers Course Manual (support for LOtC venues to snowball the 
INQUIRE approach to IBSE professional development) which will be published on the 
website soon. Eleven (11) Advisory Groups have been established in 11 European 
countries: the Advisory Groups comprise of 122 members who come from a wide 
range of professions such as science education research, teachers and head 
teachers, education authority representatives etc. and provide the link between the 
INQUIRE Projects and the national formal and informal education system. Advisory 
Groups enable a two-way flow of information between key decision makers and 
practitioners and facilitate a better understanding of each other’s working contexts 
and outcomes. The IBSE Consortium links Advisory Groups at an international level. 
National and international meetings, scientific and public publications, leaflets, the 
final Conference at the Royal Botanic Gardens, Kew London, July 9-10th 2013 and the 
INQUIRE website (www.inquirebotany.org) support this network. The final report will 
show a comprehensive list of activities carried out by a range of Partners to address 
the INQUIRE objectives, emphasizing the fact that a renewal of science pedagogy in 
Europe can only take place when all key players work collaboratively to reach given 
goals. 
 
 
Conclusion 
The INQUIRE project is a project in action and will be running until December 2013. 
There are many ways for more Botanic Gardens and teachers to become involved in 
either the ‘Train the Trainers’ courses or in the next INQUIRE course offered in 11 
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countries all over Europe. Future updates on the progress of the project will be 
publicised through our website www.inquirebotany.org 
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Abstract 
The Portuguese basic education curricula on Natural Sciences for students from 5th 
to 9th grade (10 to 14 years old) focus on biodiversity loss and climate change, two of 
the major global issues of the 21st century. These students are a crucial audience to 
educate for biodiversity conservation and sustainable practices, so teachers and 
educators play a main role in this process and goal. The inquiry-based science 
education (IBSE) is an effective science teaching methodology for a better teaching 
of science, going through a direct interaction with scientific phenomena, so 
knowledge processing is shared and constructed. Botanical Gardens and Learning 
Outside the Classroom (LOtC) are inspirational cultural, scientific and learning bodies 
forming ideal facilitators of education for science outside the classroom. The 
Botanical Garden of the University of Coimbra (BGUC) is one of the 17 partners in 
INQUIRE, a three year European Union project which aims to reinvigorate IBSE in an 
international net-operating team. The Coimbra Pilot Inquire Course focused on 
biodiversity loss and climate change, teaches resources, educational tools and 
learning experiences. Trainees built and shared knowledge and experiences, 
producing IBSE educative projects on biodiversity and sustainability. These were 
presented and evaluated, both the course and trainers. One of the main outcomes 
was fully achieved, as all participants felt more reflective practitioners and better 
educators for sustainability. In the present study, the COInquire 2012 course will be 
presented and described as an IBSE case-study, reproducible, sustainable and well 
succeeded. 
 
Background 
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As every problem has a question, maybe we should begin to INQUIRE: WHY teaching 
about the conservation of biodiversity and climate change? There are a number of 
good reasons [1]: 1. The diversity of life on Earth is dramatically affected by human 
activities on ecosystems; 2. Compelling evidence show that the reverse is also true, 
as biodiversity promotes human well-being; 3. The role of biodiversity in ecosystem 
services and human well-being. It is currently accepted that:  

i. radical changes are required to recognize biodiversity as a global public good;  
ii. biodiversity conservation must integrate policies and decision frameworks for 

resource production and consumption; 
iii. focus on wider institutional and societal changes to enable more effective 

implementation of policy [2].  
In all cases, this is a Global Education problem demanding solution. Under such 
perspective a new question ascends: HOW to teach and educate for conservation of 
biodiversity and climate change? Developing educative projects have already 
emerged in some countries (e.g. http://proyectobiosfera.blogspot.com; BGCI), 
following the United Nations Assembly declaration concerning the 2010-2020 
Decade of Education for Sustainability. There is no conservation without education 
or education without conservation – this is an interdependence theme. We only 
preserve what we like and to like we must know and be responsive about. People 
must be engaged to explore biodiversity and to understand climate change, inquiring 
‘What, Who, Which, When, Where and Why’ to finally get the ‘HOW’, i.e. a way to 
reach sustainability.  
These are the main steps for the IBSE methodology which is recognized as a more 
effective method to apply the teaching of science, reflecting the consensus of the 
scientific community that this method exceeds the success of current teaching 
practices [3-4]. Knowledge is built through testing ideas, discussion with teachers 
and peers, and direct interaction with scientific phenomena [5]. This “Education for 
Research" methodology can be developed in the Botanic Gardens and other LOtC 
institutions that are ideal places for informal education, given that they comprise a 
vast pool of resources for science and science education, offer great opportunities, 
provide stimulating environments and real situations for students to explore their 
learning catalyzed by teachers and educators. 
The IBSE methodology includes five phases of inquiry, as steps in action research 
(Figure 1): 1 – Identification of problem area/question, 2 – Data collection and 
management, 3 – Data exploration, 4 – Action based on results, 5 – Reflection.  
For most practitioners the first step is to formulate a plan/design and all of these 
'Why' questions can be turned into a 'how do I…?' question that will signal your 
intent towards improvement (cit in: INQUIRE, 2011 - Pilot INQUIRE Course Manual 
for teachers). Biodiversity loss and climate change, two of the major global issues of 
the 21st century, are important issues to explore with students, contributing to 
reflection and self-awareness and lead spontaneously to adoption of sustainable 
practices. 
The Botanical Garden of the University of Coimbra (BGUC) is one of the 17 partners 
in INQUIRE, a three year European Union project which aims to reinvigorate IBSE 
within 11 countries, funded by the European Union under the 7th Framework 
Programme. Fourteen botanic gardens are individually developing a one-year IBSE 
teacher training course for teachers and educators (these ones considered as non-

http://proyectobiosfera.blogspot.com/
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formal teachers, freelancers) or formally linked to LOtC institutions as botanic 
gardens, museums and others. The course is supported by the Botanic Gardens 
Conservation International, King’s College of London, UK and the University of 
Bremen, Germany and coordinated by Innsbruck University Botanic Garden, Austria 
(see Project Inquire: http://www.inquirebotany.org). This INQUIRE course aims to 
develop the methodology (IBSE) and apply it to produce new resources and teaching 
tools for education of formal and non-formal students from 5th to 9th grade of Basic 
Education (10 to 14 years old). 
The BGUC already developed the Pilot Inquire Course (PIC) to be presented.  
 
 
Methods 
Model of the course 
The course comprises a total of 60 h, being 30 h (5x6 h Saturday’s classes at the 
garden) plus 30 h of self-work for the project development, application and 
assessments. 
The Coimbra one year training course entitled “Inquire: sustainability and 
biodiversity educators training” consisted of the following:  

i. A first step course focused on training inquiry-based learning methods for 
teachers and LOtC educators from other institutions. An approach to the IBSE 
methodology, examples and practical activities will be run in the botanical 
garden in three main sessions.  

ii. A second step is bringing research methodology with the production of the 
project to be implemented with educators and the school students, both 
outside and inside the classroom.  

iii. The third step is focused in the development and presentation of research 
outcomes from trainees. Trainees write up an assignment, present results 
and submit them to analysis and discussion. The course participant is 
evaluated in a 1 to 10 scale. 

At the end both the course and trainers performance are evaluated. During the year, 
botanic gardens provided an open informal space for teachers to meet and discuss 
their experiences gained from the project. Furthermore, a teaching manual and an 
interactive website were developed as depicted in Project Inquire website 
(http://www.inquirebotany.org). 
 
Structure of the course 
Module I – Plenary sessions by the trainers about IBSE methodology fundamentals 
and use; the catalyzing role of the teacher and educator; importance of the botanical 
gardens as educative and research institutions; biodiversity and climatic changes 
case study of Biology, Geology and Geography for the recognition of biodiversity and 
sustainability importance. The contents are summarized as follows. 
 
Plenary 1 – Framework of the IBSE methodology in the education and science 
perspectives – reflecting on teaching practice 
Summary: Perspectives on Science and education: from teaching transmission to 
teaching research. Differences between teaching research and teaching by discovery. 
Importance of prior knowledge of students in the design of educational strategies. 

http://www.inquirebotany.org/
http://www.inquirebotany.org/
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The different approaches to practical work (laboratory, experimental or field) in the 
framework of the educational prospects. The Problem Based Learning (PBL) and the 
Science/Technology/Society (STS) approach. Types of evaluation and its problematic. 
Critical reflection on practices in order to design the “best practices” [6-7]. 
Group work – Distinction between IBSE and not IBSE questions. 
 
Plenary 2 – Projects development in the school context – Methodology approach 
Summary: Organization of the information in the perspective of the project 
definition to be developed in the school context. Conceptual organization of the 
project founded on open concept maps. Creating records of flexible teaching 
strategies, structuring the project. Definitions of alternative pathways capable of at 
any time, solve the problems under study. Analysis of the results and evaluation 
process. 
Group work – The teacher's role in science education. 
 
Plenary 3 – Climate change and biodiversity – the contribution of Earth History 
Summary: The knowledge of Earth history, particularly the legacy printed in the 
sedimentary record, has revealed significant environmental changes with profound 
impacts on the diversity of the continental and marine biota. Based on the analysis 
of paleoecological data, we analyze, discuss and evaluate their impacts on 
biodiversity in two major geohistoric events with Portuguese significance: the 
Pleistocene/Ice Age and the cenomanian (upper Cretaceous) transgression [8].  
 
Plenary 4 – Impacts from climate change on hotspots of biodiversity: an example 
from Madeira Island  
Madeira Island is considered one of the islands with highest biodiversity in the 
Macaronesia, a biogeographic region recognized as a biodiversity hotspot. The high 
number of exclusive endemics, the unique attributes of the vegetation, and the level 
of current and potential threats, namely related to climate change, really contribute 
to select Madeira Island as a good example to use as a model. This activity aims to 
explore methodologies on data collection and strategies or techniques to asses 
climate change impacts, namely those based on species distribution modeling [9-10]. 
Results obtained for some species, namely those with restricted distributions and 
high interest for conservation, are explored and discussed, in order to find 
weaknesses, advantages and other applications for the methodologies in use. 
 
Plenary 5 – Botanical Gardens: ideal spaces for education, research and conservation 
[11]. Biodiversity and Conservation: a Project for conservation and valorization of the 
Iberian endemic Apiaceae in Portugal [12]. 
 
Module II – Development of three lesson planes – IBSE activities with the trainees in 
the Coimbra Botanical Garden 
 
1st lesson plane – Let’s hug the trees?!! Recognition of biodiversity importance. IBSE 
activity in the botanic garden following the guidelines for educators and students 
[11, 13]. 
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2nd lesson plane – Explorers in the garden. Exploring and comparing Biodiversity. IBSE 
activity in the botanic garden [11]. 
We presented an overview of lesson as an example: 
Title of the lesson: “Explorers in the Botanic Garden” 
The grade level: basic education level: 3rd to 8th Portuguese grade (ages 9-14) 
Anticipated time: two h 
Summary 
Small groups of pupils are invited to explore different areas in the garden, observing 
and collecting examples of all the “biological” things they find, during a period of 
time. They will describe and record the sample areas and they are free to make and 
use all kind of documentations they choose to do it (photos, drawings, worksheets, 
sounds, films, etc). Afterwards they will make an interpretation about the 
identification, origin, function and use of all the findings. The main goal is to 
conclude what area has more biodiversity and if so, why it has more value and 
interest, realizing how and why it probably will change throughout the years. Finally, 
they will be guided to decide in which area they would prefer to live and why. 
Learning outcomes 
Development of the observation and exploration skills; understanding the value of 
biodiversity and how abiotic factors, as climate changes, can influence it; identifying 
the biotic and abiotic factors and their interactions; concluding why these three 
ecologic factors (biotic, abiotic and interactions) affect our life as well as all life in 
earth.  
Competences 
Exploring and comparing biodiversity to understand its value and to behave 
accordingly: 1. To stimulate curiosity about nature around us; 2. To use and enrich 
the observation and imagination capacities; 3. To explore and to develop the skills 
and tools for achieving the proposed goal; 4. To stimulate discussion and the 
capacity for decisions and choices; 5. To construct the knowledge about the sample 
areas and their ecological characterization based in the experiments and resources 
of the garden; 6. To share work and opinions in a team; 7. To apply some knowledge 
about living things and evaluate the effects of climatic changes on biodiversity; 8. To 
understand biodiversity in a real and natural context; 9. To provoke the interest on 
biodiversity issues; 10. To behave according to sustainable biodiversity practices.  
Curriculum content:  
3rd to 8th Portuguese grade (ages 9-14). 
Overview of activity/ies 
Following the curricular programmes about biodiversity, a practical approach using 
the garden outside areas and resources is developed within different sites and with 
small groups of students. 
Prior learning 
Basic writing and reading skills; a first contact to the garden is especially advisable 
for the teachers. 
Some guidelines for teachers are constructed and delivered accordingly. A brief 
context of the student activity/ies: In the trial within the garden, the different groups 
explore different area samples and register the biodiversity they found, during a 
defined period of time; they should repeat or imagine this action throughout the 
year. Problems and questions to resolve: How does biodiversity change during the 
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year? Which area has more biodiversity? How can this be explained? Next time/year, 
will they find the same biodiversity in the same samples of the garden, in the same 
day? Why? What is a main factor that affects the biodiversity of the samples in the 
garden?  
If they must live in the garden which area will they prefer? Why? 
Each action, with a new group of explorers, brings new conclusions and reflections: 
always changing, depending on the garden samples and the dynamic of the pupils. 
For the student’s activities few materials are needed for the “recorders of the 
moment” that will be improved by students; maybe a blank paper, pencil or pen and 
a bag? The most important is an active mind! Can be reproduced and compared 
anywhere, anytime. 
 
3rd lesson plane – Scientist-pupils in the botanic garden.  
Studying biodiversity and the effect of climatic changes, a case-study. IBSE activity in 
the BG following the guidelines for educators and students [11, 14]. 
 
Module III – Project construction, Assessments 
The teachers and educators rolled in the course then constructed and developed 
their project with a group of students and presented in the last session where all the 
assessments (trainers and course) were run. The PIC is evaluated by the trainee’s 
completion of a questionnaire. It includes a set of dimensions for the course training 
and it aims to perceive the effectiveness of training and the satisfaction of trainees 
through open and closed questions.  
 
 
Results 
The course was accomplished by 22 participants, being 16 teachers and 6 educators, 
producing 20 different individual projects, linked in 5 groups by a common thematic. 
Only two participating teachers could not achieve the conditions to work with a 
student group outside the school. Outputs from individual projects will be available 
in Inquire Website: http://www.inquirebotany.org. 
Through the results of the 20 collected questionnaires we can conclude that, in a 
general view, the course was well succeeded. The trainees evaluated very positively 
this course classifying it as Very Good, and 65% (n=13) of the trainees evaluate it 
with the highest level of the responses range (The question on the "Evaluation of the 
action" was divided into a number of key points: Aims of the course; Trainers 
Performance, Interpersonal relations, Technical and educational resources, Logistics 
organization, Importance of the course for the trainee, being each point composed 
by a simple multiple-choice responses, based on a scale of response categories 
defined by a range of 1 to 5, where level 1 corresponds to Low, level 2 Regular, level 
3 Good, level 4 Very Good and level 5 Excellent.) 
The analysis of the responses regarding to what degree the trainees were motivated 
to attend the course revealed that the “Improvement of pedagogical practice” was 
the main motivation, concentrating 52.6% of the highest level of importance 
answers. 
Concerning the trainee’s background knowledge to attend the course, most of them 
(65%) revealed that their knowledge was enough; moreover it should be noticed that 
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25% said they did not have enough knowledge about the educational subject, which 
indicates the pertinence of this course about the IBSE approach, even because 45% 
revealed they had not attended any similar course so far. 
Regarding the “Objectives of the Training Course”, all items were positively 
evaluated, highlighting the "Interest of the topics of the course" and the "Relevance 
of content crossing the current curricular programs", with 55% and 55.6% of the 
trainees assessing those with the Excellent level, respectively. 
The role of the trainers was also evaluated with Excellent by 65% of trainees (24% 
rated it as Very Good), being highlighted the "Scientific Domain" and "The adequacy 
of the used methodology”, with 90% of trainees, in first case and 80% in the second 
one, ranking it with Excellent. 
Generally, the "Interpersonal Relations" was the point with a more positive 
evaluation, especially the items "Participation of the trainer in the sessions", 
"Effectiveness in the motivating trainees for the suggested activities" and "Human 
relationships between trainees and trainers" from which 65% of trainees reported it 
with Excellent. 
About the "Technical and pedagogical resources" the item "Relevance of mobilized 
support tools" gathered the most consensus among trainees, with 55% evaluated it 
with Excellent. 
Concerning the point "Logistic organization", the "Adequacy of space available for 
training" and the "Provision of supporting documentation" were highlighted with 
65% and 55% of the trainees evaluating them as Excellent. 
The point "Importance of course for the trainee" was classified with Very Good, 
within they highlighted the item "For an update of their knowledge in the focused 
subject" with 60% of the trainees evaluated it as Excellent. 
Note that the four main issues of the course (IBSE Methodology, Climate Change, 
Biodiversity and Botanical Gardens as educative resources) had a positive overall 
assessment, with most of the trainees considering that their knowledge and 
understanding of these aspects were more developed after this course attendance, 
particularly with regard to the IBSE methodology and botanical gardens as 
educational resources, where 60% of trainees believe that their knowledge was very 
much reinforced (Tables 1 to 4). 
 
 
Discussion 
The course involved twenty trainees producing different projects and the evaluation 
of the course showed that trainees became reflective practitioners. Gathering 
teaching resources and tools, the experiences were built and shared among peers. 
Teachers and educators worked together and developed a new “community of 
practice”, to share, implement and replicate new and innovative IBSE tools and 
educative resources on biodiversity and sustainability. 
We think that the main success of the course was supported by a well-structured 
design and fulfillment of the programme. In reality, we managed to bring up a 
fundamental of IBSE theory; showing good and current case-studies on biodiversity 
and climate changes; different botanical garden practical IBSE activities; good work 
groups definition and organization; availability of good and current resources and 
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tools for trainees; permanent and fruitful website communication among all; 
guaranty all logistic organization was a good support as well. 
This was crucial to accomplished with success the Coimbra PIC, where the trainees 
could share knowledge, experiences and help each other, with motivation, fulfilling 
the Inquire course objectives. In reality:   

i. all the trainees’ projects used IBSE methodology;  
ii. were applied outside the classroom and focused biodiversity and/or climatic 
changes/sustainability issues;  
iii. all trainees will recommend the course to their pairs.  

Also we could conclude that: (i) teachers and educators want to keep on using IBSE 
as a learning and teaching methodology for their students, besides all the work it 
requires; (ii) during the course teachers and educators revealed a strong enthusiasm 
and dedication to the development of the projects feeling like they knew IBSE for a 
long; and (iii) teachers and educators found a theoretical support for their practices. 
Finally, the challenges for the next year Coimbra Inquire Course will be starting in 
September (earlier in the year calendar than the 1st course did), to allow a better 
management and organization of educational projects and to be integrated into the 
schools’ annual plan of activities more easily. Developing a stronger 
relationship/collaboration between the trainees of each country and among all 
countries and creating a forum for trainees and their pairs to share ideas and 
experiences will be the next task to come. 
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Figure 1. IBSE methodology design showing the five steps in action research (cit in: 

INQUIRE, 2011 – Pilot INQUIRE Course Manual for teachers). 

http://www.apea.pt/xFiles/scContentDeployer_pt/docs/Doc140.pdf
http://www.apea.pt/xFiles/scContentDeployer_pt/docs/Doc140.pdf
http://www.uc.pt/jardimbotanico/projetos/inquire/Modulo1/rec_teoricos/Um_PROGRAMA_EDUCATIVO_sustentavel_JBCOI_10.pdf
http://www.uc.pt/jardimbotanico/projetos/inquire/Modulo1/rec_teoricos/Um_PROGRAMA_EDUCATIVO_sustentavel_JBCOI_10.pdf
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Tables 1, 2, 3 and 4. Course Evaluation – Getting knowledge about IBSE 
Methodology and Climate Change (left side), and Biodiversity and Botanical Gardens 
as educative resources (right side) 
 
IBSE Methodology Nº % 
Yes, a lot 12 60,0 
Yes 7 35,0 
Low 1 5,0 
No 0 0,0 
Total 20 100,0 
 
 

 
 

Climate Change Nº % 
Yes, a lot 3 15,0 
Yes 13 65,0 
Low 2 10,0 
No 2 10,0 
Total 20 100,0 

Biodiversity Nº % 
Yes, a lot 5 25,0 
Yes 11 55,0 
Low 3 15,0 
No 1 5,0 
Total 20 100,0 

BGs as educative resources Nº % 
Yes, a lot 12 60,0 
Yes 8 40,0 
Low 0 0,0 
No 0 0,0 
Total 20 100,0 
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Abstract 
Concerning plants as the fundamental root of cultural heritage and symbolism, an 
educational case study is presented, showing how the link between plants and 
people helped in building primary knowledge among urban school children, and in 
raising their awareness on biodiversity. A symbolic plant among all, the edelweiss 
(Leontopodium alpinum), star of the bilingual national exhibit “Edelweiss, Myth and 
Paradox” presented by Geneva Botanical Gardens, was the centre of the project. A 
wide range of material and activities were developed, taking place at the school’s 
Hanging Gardens, in the classrooms and also at the local library and at the 
neighbouring Botanical Gardens. The children and their families attended the 
exhibit’s opening, as their art work was being presented as part of it. The Hanging 
Gardens were planted and cultivated with alpine plants under professional guidance. 
The public library provided reading sessions on Gardens and Plants. Pupils and 
teachers were provided guided visits and workshops to the Botanic Gardens. A 
celebration event took place, in part at the Hanging Gardens on the school roof. This 
project is taking place in the context of a “school failure prevention” strategy 
implemented within the Priority School’s Network launched by the Education 
Department of Geneva, which provides primary schools in lower socioeconomic 
neighbourhoods with enhanced quality and quantity measures. Connecting schools 
with their environment and building partnerships with neighbour actors is identified 
as a factor for socio-cultural integration towards school performance. This project 
strengthened connections between this school, its 400 pupils and families and 
valuable resources on cultural and plant diversity. 
 
 
Background 
Over the course of a whole school year, Geneva Botanical Gardens collaborated with 
a neighbourhood primary school. The teachers of Pâquis-Centre Primary School had 
created, two years before, a garden on the roof of the school building as they 
wanted to introduce gardening into their teaching curriculum. After two years of 
vegetable growing with their pupils, which provided a lot of interactive observation 
opportunities, this group of enthusiastic teachers was ready for more. The school 
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Director started to look for a partner who would provide some professional 
gardening support for this initiative. Since his school was part of the «Failure 
Prevention Strategy” network launched by the Education Department of Geneva, it 
was easy to contact and come into partnership with the Geneva Botanical Gardens, 
as this strategy provides primary schools in lower socioeconomic neighbourhoods 
with measures aiming at connecting pupils and families with their environment [1]. 
One of the ways recognized to facilitate achieving this connection is by building 
partnerships with neighbour actors. The Pâquis Centre Primary School has 20 classes 
with an average of 17 pupils in each class. Usually, pupils of 15 nationalities 
represent in a class. 
The fundamental principle of the strategy underlying our project is that socio-
cultural integration should be recognized as a factor contributing towards school 
performance. Moreover, environmental education, biodiversity awareness and 
hands-on green activities contribute to such socio-cultural integration, thus 
contributing to biodiversity conservation. 
 
 
Context 
At this time, the Geneva Botanical Gardens were preparing, in collaboration with the 
Zürich Botanic Gardens, a national exhibition on the alpine star Edelweiss (alpine 
plant). This star plant was going to be looked at from different points of view: 
classification and description, domestication and uses, and symbolism. The 
exhibition was going to provide surprising information - supported by pictures, 
objects and live plants. It was to be bilingual. A real experience for all! And a school 
programme was to be set up. This exhibition project was a perfect match for the 
primary school-botanic garden project, as they are located very close to one another. 
The exhibition about Edelweiss provided a lot of new and different information. For 
example, it is commonly agreed that the Edelweiss plant currently has a very 
fashionable image. Many people think that this plant is widely known, and fully 
investigated. However, it is not the case. Its genus Leontopodium has not been 
extensively studied. Actually, its classification is only just beginning to be mastered 
[2]. 
A first description was made in the late 1500s; then a monograph in the early 1900s. 
In 2010-2011, a molecular study at the University of Vienna recognized 31 species in 
the genus Leontopodium. Two of them are found in Europe, the rest are distributed 
in Asia in the Himalayas. 
There was also an aspect about its conservation status [3]. Edelweiss has been 
protected in various parts of Switzerland and Austria since the late 1800s. It has 
suffered from over-picking as tourism was developing in this region. Rural 
inhabitants were selling Edelweiss in order to make a little money. Now, over the 
past twenty years, Edelweiss has gone from the status of an extremely rare mythical 
plant to that of a domesticated one. 
In response to the growing interest in its agronomic potential for cosmetics and 
sweets, a selection programme was set up at the National Research Centre in 
Conthey in 1993. In Switzerland, sustainability of rural livelihoods is fragile. As in 
other parts of the world, farms and farmers disappear because of economic 
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challenges linked with globalization and agricultural politics. This new Edelweiss crop 
could have an interesting potential for some farmers. 
This exhibition project was led by a scientific network including Geneva and Zürich 
Botanical Gardens, and the Conthey National Research Centre. In addition, several 
leading researchers were about to publish a book on Edelweiss [4]. A network of 
botanists, applied researchers, agronomists and gardeners collaborated with 
ethnobotanists and exhibition officers. A national multilingual (French, German and 
English) exhibition was to be exhibited simultaneously in two cities. 
 
 
Educational programme 
Thanks to the Edelweiss National Exhibition and the school gardening project, the 
scientific network and the school cultural network overlapped. The first meeting of 
the latter took place at the Pâquis Centre Primary School and brought together the 
educational and cultural actors, including teachers, the Director of the school, 
municipal librarians, artists, story tellers and botanical education officer and 
gardeners. 
Our goal was to contribute towards the Failure Prevention Strategy effort through a 
wide ranging educational programme; in order to help pupils and their families in 
their social and cultural integration, and to connect them with their immediate 
environment. We decided that this programme would include a number of activities 
around the Hanging Gardens, throughout the school year and with a strong linkage 
to the Edelweiss and gardening themes. 
We used the links between people, plants and botanical gardens as a working base. 
Both botanic gardens worked together. A link between rural and urban livelihoods 
was drawn for those involved. Environmental education, both in the school and in 
the botanical garden, was directed on common grounds. Of course, some classical 
school objectives were defined, such as, easier learning of, sciences, language, 
reading, etc. 
Described here are some of the activities run in this programme. Primary school 
teachers wanted to use Edelweiss in their routine natural science teaching, so they 
were provided with a complete training at the Botanical Gardens. We coordinated 
first hand training for the teachers, by agronomical researchers who had actually 
domesticated Edelweiss and who were currently working in applied research. This 
was combined with a discussion about economy and local agriculture, as well as, 
visits to the alpine rock garden plant collections. 
In early spring, the hanging gardens (the school roof garden) were renewed; alpine 
plants were sown and planted by pupils. A participative maintenance and 
observation plan was organised, including professional gardeners who were fully 
involved in the success of this garden. These were moments of joy for pupils, 
teachers and gardeners, as well as, great opportunities for informal learning. 
Meanwhile, in classical classroom activities, teachers were giving natural science 
classes, including various topics such as, morphological adaptation and plant 
evolution, in which they had been trained by the researchers. This was enabled 
thanks to the development of specific teaching materials by project leader and 
teacher Marie-Jeanne Lorenz, together with the Botanic Garden education officer. 
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Each teacher in the school could choose the theme to work on with their pupils, and 
received a comprehensive set of textbook material. 
Also, art and science activities occurred throughout the year. One of the art teachers 
explored the scientific and common names of plants. Pupils then painted large size 
panels for an outdoor presentation. The other two art teachers explored an urban 
approach of Poya with their pupils. Poya is a traditional picturing art from the Alps, 
representing the main events of seasonal and everyday life [5]. They featured their 
own urban environment, focusing on symbolism, either from plants or from 
commercial advertisements. They also created slogans or keywords from their own 
ideas of what Edelweiss is. 
Using plants for teaching was a great tool in this school which hosts some 60 
different nationalities. Some pupils, by sharing their own culture and plant 
knowledge with the gardener, managed to improve their social integration within 
the school and within Swiss culture. Everybody could express their own way of 
interacting with plants. Some teachers talked about medicinal plants, requesting 
children to investigate their use at home, or by organising herb tea discovery at 
school. One day, while watching a video on Edelweiss, a pupil from Mongolia reacted 
strongly. The people interviewed were talking his language and he was the only one 
understanding what they said. In Mongolia, Leontopodium grows wild with a very 
large distribution area! 
The public library next to the school collaborated by running activities for classes on 
the same themes; gardens, flowers and plants, with a special focus on symbolic 
plants. Packs of books were carefully selected according to the age or level of 
groups. The groups would come to meet the librarian who would tell them a story. 
Then, pupils were invited to become empowered with this space. Finally, the pack of 
books was lent to them. 
A story telling professional, Deirdre Foster, collaborated with the project thanks to a 
special fund granted by the State of Geneva. She trained four classes in the basics of 
oral tradition; storytelling and story collecting. She launched a collection of stories 
on plants within their families. Each pupil was invited to ask their relatives for a 
traditional story featuring a plant. The story could of course be told or written in any 
language, it didn’t have to be in French. Then, all the stories were gathered. A 
selection was made in order to create a multilingual show to the whole school. This 
show was offered by la “Compagnie Chat de Bla” including four storytellers. 
The librarians provided an activity of art work linked with illustration and books. 
Pupils created their own leporello, which is a folded booklet, illustrated with the 
theme “My garden”. In order to enhance visual art learning, independent illustrators 
were involved in this process. 
At the Botanic Gardens, in May and June, young biologists guided the school groups. 
The symbolic plants tour became their favourite. We usually started by offering a 
rose to the teacher. We then visited the olive tree in the green house and at the end 
of the visit the lotus. Children had a lot of fun spraying water on the lotus leaves, as 
they dried immediately, thanks to the famous “lotus effect”. The Evolutionary tour 
was second in rising interest. 
The educational programme and school year ended with an Edelweiss party. This 
was when all the activities and results were brought together. Everybody met again 
for one day in a very participatory dynamic manner. Financial sponsors, political 
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directors, pupils, families, teachers, everybody admired one another’s realisations 
and shared the joy of their Hanging Gardens and Botanical Gardens. 
Traditional music of the Alps and songs interpreted by pupils gave a special ambiance 
to this multicultural neighbourhood gathering. The party allowed us to feel a part of 
it. It also allowed all cultural and scientific actors to see the whole picture of this 
multidisciplinary educational and cultural project they had been a part of. The 
moment when children stopped chatting, to become silent and hear the first words 
of the storytellers’ multilingual show, was a magical moment. 
 
Conclusions 
The evaluation that was done for project actors and educators showed that thanks 
to the wide theme of this symbolic plant and that of gardens in general, everybody 
could find their space for expressing their own link to the environment. Knowledge 
and experiences were shared among people who normally would never come 
together. Links between pupils and their families, among teachers, and also among 
cultural colleagues, were strengthened thanks to the project’s dynamic process. The 
quality of materials and activities were underlined in all cases. 
The adventure of this educational programme was a risky one. The challenges were: 
Multiple points of views to coordinate, the uncertainty of teachers and pupils 
involvement, as well as, unprecedented administrative collaboration between 
various entities. 
It appears that the project could probably not have taken place without these 
specific conditions. As a consequence of a particular migratory situation in Geneva, 
which has given rise to a well-known multi-cultural diversity and to a lower 
socioeconomic education network, a challenge has been seen to turn into an 
opportunity. Diversity is a valuable resource for the community. It seems that the 
risk factor contributed to an enhanced creativity, thanks to unusual structure. This 
experience has been recognized as an example of Good Practices by the Education 
Foundation for the Environment (Foundation Education à l’environnement) 
[http://www.educ-envir.ch/bonnespratiques/]. 
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Abstract 
Old Testament botanic gardens can greatly contribute in the reorientation of today’s 
society offering people an alternative mode of enhancing contemporary quality of 
living. The paper‘s study goal arises from a need to address vital issues pertaining to 
Old Testament botanic gardens around the globe, involving research on: a) suitable 
plant selection, b) garden design, c) use of such botanic gardens in everyday Jewish 
communities, both in Israel and abroad. The results of this research can be widely 
accessible, combining education, meditation, spiritual awareness, physical health, 
and recreation, emphasizing various aspects of Biblical times through personal or 
group visits, series of programmes, educational displays, lectures etc.  
Initially, a social approach is selected in order to: a) define traditional customs 
(holidays observation and celebrating), b) liaison old customs with contemporary 
every day living, c) establish the needs of the botanic garden‘s end users (Jews and 
non Jews alike). Potential end users for Old Testament botanic gardens are 
considered to be everyday citizens, study groups from schools, universities, churches 
and synagogues. Such an attempt forges ancient times’ horticulture, landscape and 
garden design in the mind and lives of people. 
Secondly, these social parameters are integrated with an underlying grid: that of 
horticulture and landscape architecture components that allude to the organization, 
design, implementation, function, and management of a botanic garden. This 
requires research on proper plant selection as well as appropriate design guidelines 
for Old Testament botanic gardens.  
Since botanic gardens of Jewish typology and origins can be hosted around the 
globe, the paper attempts to find overlapping common ground or points of 
convergence between the Jewish and the hosting countries’ cultures. 
Finally, the country of Greece has been selected as both a hosting country for the 
above mentioned gardens and a case study, in order to test the validity of the 
argument presented in the paper.  
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Background  
 
Problem Statement 
Botanic gardens in the Western world have an extensive history, much of which can 
be traced to the medicinal garden in Pisa, Italy in 1543 [1]. The planning and design 
of botanic gardens has changed over time to reflect changes in purpose, in science 
and in the aesthetic expressions of human cultures over time [2]. Old Testament 
botanic gardens can greatly contribute in a reorientation of today’s society offering 
people an alternative mode of enhancing quality of living. Potential users for Old 
Testament botanic gardens are everyday citizens, study groups from schools, 
universities, churches, synagogues etc., Jews and non-Jews alike (Figure 1).  

 

 
 

Figure 1. The Botanical Garden of the Hebrew University at Mt. Scopus. 
 

A botanic garden should make education a primary focus, using its collections for 
display and education [3, 4]. Our study addresses vital issues pertaining to Old 
Testament botanic gardens around the globe, focusing on education, conservation, 
research and public appeal, while more specifically involving research on: a) 
traditional holiday observances, b) suitable plant selection associated with 
traditional eating habits and nutritional values, c) botanic garden/landscape 
architectural planning and design, d) integration of botanic gardens in Jewish 
communities (benefits and opportunities). 
Greece with its local Jewish and Greek communities, its climatic zone and available 
plant spectrum, is used as a case study to test the validity of the argument 
presented. Finally, structuring concrete conclusions encapsulates the subject matter. 
 
 
Methods 
 

Problem Solving Methodology 
The problem solving methodology is divided into three components: a) 
Social/Historic Component, b) Ecological / Nutritional Value Component and c) 
Botanic garden/landscape architectural design Component. 
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1.  Social/Historic Component  
Initially, a social approach is selected in order to: a) define traditional customs 
(sacred holiday observation and celebrating), b) liaison old customs with 
contemporary everyday living, c) identify the socio-historic/religious needs of the 
botanic garden’s end users and d) identify common cultural features between Jew 
and International communities.  
1.1 “Forging Identity by Rooting into the Past” 
Define traditional historic/religious customs through holiday observations and 
celebrations [5]: Sabbath (Saturday), Rosh Mashana (New Year/Seeking for 
forgiveness/Shofar the blowing of ram’s horn), Yom Kippur (Day of Atonement), 
Sukkot (Feast of Tabernacle/Fall Harvest), Pesach (Passover/ Festival of Freedom 
from the Egyptians), Shavuot (Festival of Weeks/Torah/Simchat Torah/Bikkurim: first 
fruits to the Temple/7 species), Purim (Purity/Book of Esther), Tu Bishvat (New Year 
of the Trees/Tithes of New Year’s crops), Chanukah (Festival of Lights/menorah the 7 
candle candelabra). 
1.2 “Strengthening the Present”  
Liaison old customs with contemporary everyday living: Birth, Circumcision, Bar & 
Bat Mitzvah (entering adulthood), Wedding, Funeral 
1.3 “Looking into the Future”  
Identify the everyday needs of the botanic garden’s users 
1.4 “Common cultural features” 
Common features between Jewish and international communities are identified and 
encouraged, in order to establish common ground between the Jew and the hosting 
country’s cultural heritage 
 
2. Ecological/Nutritional Component 
Secondly, these social/historic parameters are integrated with an underlying grid of 
horticulture and landscape architecture components that allude to the organization, 
design, implementation, function and management of a botanic garden. This 
requires research on proper plant selection as well as appropriate design guidelines 
for Old Testament botanic gardens.  
2.1 Plants/food used on traditional historic/religious holiday observations and 
celebrations: 
- Sabbath (Saturday): Wheat (Triticum dicoccon) for Challah bread, Grapes for Wine 
- Rosh Mashana (New Year / seeking for forgiveness / Shofar the blowing of ram’s 
horn): Apples (pomegranates), Honey, Grapes for Wine (Kiddush) 
- Yom Kippur (Day of Atonement): Fasting and Prayer = no eating 
- Sukkot (Feast of Tabernacle/Fall Harvest). Jews make Sukkot out of branches from 
four specified plants: Etrog i.e. Citrus medica (citron tree), Lular i.e. Phoenix 
dactilifera (palm tree), Hadass i.e. Myrtus communis (myrtle tree), Aravah i.e. Salix 
babylonica (willow tree), Fruits, Vegetables, Vines and leaves   
 - Pesach (Passover/ Festival of Freedom from the Egyptians). Seder (festive ritual 
meal): Wheat for matzah (unleavened bread) 
- Shavuot (Festival of Weeks/Torah/Simchat Torah/ Bikkurim / first fruits to the 

Temple / 7 species): Grains: Barley (Triticum dicoccon), Wheat (Hordeum 
distichon), Grapes, Figs, Pomegranates, Olives, Dates, Dairy food made out of 
Chalav (milk) and cheese. 
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- Purim (Purity/Book of Esther): Etrog i.e. Citrus medica (Diamante Citron, Greek 
Citron, Balady Israeli Citron, Maroccan Citron, Yemenite Citrons) 
- Tu Bishvat (New Year of the Trees/Tithes of New Years crops): Dried Almonds, Nuts, 
Figs, Dates, Prunes 
- Chanukah (Festival of Lights/menorah the 7 candle candelabra): Potatoes 
2.2 Plants/food associated with contemporary everyday lifecycle events (Birth, 
Circumcision, Adulthood, Wedding and Funeral) 
There are no specific traditional dishes, hence plants associated with modern 
contemporary everyday lifecycle events aside of the fact that meat and dairy dishes 
do not mix at the same meal. 
 
3. Landscape Architecture/Botanic Garden design Component 
Thirdly, creating Thematic Botanic Gardens based on Jewish historic holiday 
observances and contemporary everyday lifecycle events forges ancient times’ 
horticulture, food and nutritional values along with landscape and garden design in 
the mind and lives of people. This requires research on applying Old Testament 
themes, proper historical plant selection and appropriate landscape architectural 
designs and botanic gardens’ design guidelines to accommodate contemporary 
everyday lifecycle needs.  
 
3.1 Old Testament themes 
Below are proposed and listed themes in chronological order based on the Old 
Testaments’ most prominent figures: 
- World’s Creation (Genesis) 
- Abraham’s Tent and the Nation of Israel (Torah or Pentateuch: Genesis, Exodus, 

Leviticus, Numbers, Deuteronomy, Joshua) 
- Joshua and the land of Canaan (Joshua) 
- Samuel the Prophet (Samuel A’ & B’) 
- King David (Samuel A’ & B’, Chronicles A’, Psalms) 
- Salomon the wise man (Chronicles B’, Proverbs, Song of Songs, Ecclesiastes)  
- Esther (Esther) 
- Job (Job) 
- Prophets (Isaiah, Jeremiah, Ezekiel, Daniel, etc).  
 
3.2 Proper historical plant selection  
The Botanic Gardens Conservation International (BGCI) defines a modern botanic 
garden as “institutions holding documented collections of living plants for the 
purposes of scientific research, conservation, display and education” [6].  
A historical plant selection of 87 plants was presented / proposed at the conference 
poster in alphabetical order by Latin names, based on the Old Testaments’ most 
prominent plants listed [7, 8] but due to space limitation is omitted here.  
 
3.3 Proposed landscape architectural planning and botanic gardens’ design 
guidelines  
This study focuses on appropriate landscape architectural planning and botanic 
gardens’ design guidelines to accommodate contemporary everyday lifecycle needs 
such as: 
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- Latest international design trends showing that plants are no longer arranged in 
botanic gardens by classifications according to related families, but instead through 
their geographical points of correspondence, creating charming miniature “climatic 
zones” landscapes [9, 10]. 

- Plant selection based on current region, amount of sunlight, low-maintenance, 
drought and heat tolerant, choosing some as highlight plants [11, 12]. 

- Common topography, plant and other landscape features between the Jewish and 
hosting country’s landscapes must be identified 

Many general botanic garden design guidelines have been published which address 
topics on garden structure, collections organization, visitor amenities, facilities and 
the design process. These guidelines are meant as over-arching planning principles 
within which smaller-scale design decisions can be made. The planner or designer of 
an ethno-botanic garden should give special attention to the importance placed on 
mission, story and environment; the role of experience and how to orchestrate it; 
the effects of the physical environment, including amenities, on learning; the need to 
accommodate multiple learning styles; and the components of good interpretive and 
educational design [2, 13, 14] falling under five categories: a) Mission Statement and 
Site Character, b) Presentation of Native Habitats, c) Presentation of Native Plants in 
Man-made Landscapes, d) Sustainable Practices in Daily Operations, e) Educational 
Components. 
It is important that the botanic garden design become functional, maintainable, 
environmentally sound, cost effective and visually pleasing. It is also important to 
use the following principles of design to create unity within the botanic garden 
design: simplicity, variety (of form, texture, seasonal interest, and colour to provide 
sensory stimulation), balance (symmetrical or asymmetrical), use of key specimen 
group and mass plantings to create emphasis within the space (it provides focal 
points to help people orient themselves in the garden), sequence or smooth 
transitions from one area of the landscape to another, scale.  
 
The case of Greece 
Greece boasts quite a few Jewish communities, as Jews flocked to Greece from other 
parts of the Mediterranean basin due to persecution. The most prominent Jewish 
communities are those of Athens (central Greece) and Thessaloniki (northern 
Greece). Unfortunately, no specific site was available for a Jewish botanic garden to 
the Greek Jewish Council, so a hypothetical site was adopted, where a botanic 
garden with appropriate themes was designed and proposed, reinforcing 
commonalities between the Israeli and the Greek landscape features. Three major 
supporting goals are proposed: a) establishing an educational programme to 
increase awareness of historic and ecological conservation and sustainable use, b) 
establishing a programme of activities focused on Old Testament plants, c) 
establishing a programme of research in Old Testament plant conservation. In this 
botanic garden, arts and music events, transformational social and environmental 
projects, learning experiences for students, as well as other exciting projects / 
activities engaging people and creating memories will be taking place, celebrating 
geographical differences while emphasizing cultural commonalities, sense of 
belonging and sustainability [15]. 

http://www.sustland.umn.edu/design/maintain.htm
http://www.sustland.umn.edu/design/environ.htm
http://www.sustland.umn.edu/design/cost.htm
http://www.sustland.umn.edu/design/visual.htm
http://www.sustland.umn.edu/design/princip.htm
http://www.sustland.umn.edu/design/gloss.htm#UNITY
http://www.sustland.umn.edu/design/simp.htm
http://www.sustland.umn.edu/design/variety.htm
http://www.sustland.umn.edu/design/balance.htm
http://www.sustland.umn.edu/design/emphasis.htm
http://www.sustland.umn.edu/design/sequence.htm
http://www.sustland.umn.edu/design/scale.htm
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The role of the garden will be to combine education, meditation, spiritual awareness, 
relaxation and enjoyment for its visitors. As the only Old Testament botanic garden 
in Greece, it will receive study groups from universities and schools, churches and 
synagogues and will be devoted to the study of horticulture and agriculture of the 
ancient bible times. This knowledge will be widely accessible through a series of 
seasonal programmes throughout the year, holding educational displays and lectures 
by professionals (garden specialists/Mediterranean botanists) and coordinators, 
emphasizing aspects of Old Testament life. The selected plants in the garden will be 
displayed in a setting reminiscent of the land of Israel. Cascading waterfalls of north 
Israel running along Jordan River, Lake Kinerevt to the Dead Sea will be enriched by a 
desert and oasis landscape, thus achieving biblical plant plurality (including the 7 
species) due to topography and climate zones variation [16]. 
Selected Bible Themes, mentioned above, are proposed to be connected through a 
“Bible Path”, which could be planted with up to 70 species that scientists have 
identified as some of the 400 types of plants mentioned and associated with in the 
Bible relevant to the Neot Kedumim Botanic Garden and the Hebrew University 
Botanic Garden at Mt. Scopus in Israel [17]. 
Methodologically, the overlay method was used to identify “common ground” 
among a) Old Testament Themes, b) Jewish Observances, c) Garden Types and d) 
Plant Collections. Then a Master Plan was formulated. Below, the four schematic 
botanic garden concept plans are proposed, aiding in the formulation of the Master 
Plan: 
Ten (10) Old Testament Themes are proposed as mentioned on 3.1 (Figure 2). 
 

 
 

Figure 2. Proposed Old Testament Themes concept plan  
 
Ten (10) Jewish Observances are proposed as mentioned on 1.1 (Figure 3).   
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Figure 3. Proposed Jewish Observances concept plan 

 
Ten (10) Types of Gardens are proposed (Figure 4).   
1. Native Plants Display Garden 
2. Horticultural Education /Therapy Garden 
3. Orchards 
4. Mediterranean Conifer Forest 
5. Enabling Gardens, designed especially for people of all ages and abilities 
6. Children's Gardens 
7. Sensory Gardens, designed to appeal to all five of the senses.  
8. Meditation and Visually Impaired Gardens 
9. Hospice Gardens  

 

 
 

Figure 4. Proposed Garden Types concept plan 
 
 

The above mentioned list is proposed to fall under any combination of the five types 
of plant collections, suggested as necessary for future botanic gardens according to 
Robertson [18]: Native Plants, Ecological and Bio-geographic, Taxonomic, Adaptive 
Lifestyle and Experiential, and Reclamation and Genetic Conservation (Figure 5).  
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Figure 5. Proposed Plant Collections concept plan 

 
 
Finally, benefiting from several concept plans, the following Old Testament Botanic 
Garden Master Plan is being proposed, offering “common ground” among Old 
Testament Bible Themes, Jewish Observances, Garden Types, and Plant Collections 
(Figure 6). 

 
 

Figure 6. Old Testament Botanic Gardens Master Plan 
 
 
 
Conclusions 
By designing and implementing Old Testament Botanic Gardens for contemporary 
Jewish communities suitable to the needs of the end users –Jews and non-Jews alike- 
the following objectives will be met: 
- Historical forging  
- Cultural Heritage enrichment 
- Study of Biblical plants 
- Environmental awareness and education 
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- Social events and functions enhanced 
- Research on Biblical Mediterranean flora  
- Proper use/application of Landscape Architectural principles and guidelines to 

Botanic Garden Design. 
- Sustainability/Viability of available resources 
- Commonalities in both landscape and plant types between Israel and hosting 

countries around the globe 
- Reinforcing social, cultural and friendship ties between Israel and hosting countries 

around the globe  
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Abstract 
Research was undertaken to investigate the potential of Botanic Gardens to support 
Environmental Education offered by Environmental Education Centres within 
Greece. The 69 Environmental Education Centres within Greece are distributed and 
located in all 13 Prefectures. A questionnaire survey was undertaken that was 
addressed to the teaching staff of all the Environmental Education Centres within 
Greece. The total number of questionnaires completed was 154. In general, the 
results of the questionnaires showed that respondents considered Botanic Gardens 
to be a valuable “tool” in supporting Environmental Education and raising 
environmental awareness to Primary and Secondary School students. However, the 
results also showed unexpectedly the presence of a multidisciplinary background 
amongst the teaching staff of the Environmental Education Centres. Detailed 
analyses of the results showed that the opinions and perceptions amongst the 
teaching staff varied in accordance to their main field of discipline. These opinions 
and perceptions also varied between the teaching staff of Primary and Secondary 
Schools. Secondary school teachers with a science background compared to teachers 
from other fields, as well as primary school teachers compared to secondary school 
teachers, were more receptive regarding to the use of the Botanic Gardens as a 
“tool” for Environmental Education. The variety of opinions and perceptions 
expressed by the teachers of the Environmental Education Centres in relation to 
factors such as age, gender and years of teaching experience are also presented. 
 
 
Background 
In general urban sprawl has created limited green spaces and the gradual 
detachment of people from nature. People’s values about nature are formed during 
childhood [1]. Children are inclined to form a bond with nature between the ages of 
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6 and 12 years [2]. All aspects of childhood development i.e. physical, mental, moral 
and emotional benefit from children’s interaction with nature. The substitute of a 
conventional tarmac schoolyard with the development of a school garden containing 
suitable planting, a lake, compost area, vegetable garden, seating areas, etc. has 
been found to reduce student hostile behaviour [3]. Environmental Education 
Centres (EECs) aim to develop and establish student environmental awareness and 
conscious. Furthermore Botanic Gardens (BGs) are an integral part of environmental 
education based on their scientific, research and educational status. Currently within 
Greece 69 EECs distributed throughout the country provide multidisciplinary 
environmental education programmes, material and experiences to both students 
and teaching staff of schools. In addition there are 15 BGs distributed relatively 
homogenously throughout the country with the exception of the Peloponnese, 
Epirus and Thrace. 
The teaching staffs of EECs in Greece is multidisciplinary constituted of primary and 
secondary school teachers with various subjects that include science such as 
chemistry, physics, mathematics, humanities such as history, literature, physical 
education (PE), etc. Teachers’ opinions and perceptions regarding the use of BGs in 
environmental education are expected to vary between teachers and are 
investigated in this study. 
 
 
Materials and Methods 
A questionnaire-based survey addressed the teaching staff of all the Environmental 
Education Centres within Greece in order to investigate amongst others their 
opinions and perceptions in utilising Botanic Gardens as a means of carrying out their 
educational activities. The questionnaire consisted of 57 questions divided into 6 
sections that included: 
• Respondent profile 
• Role of Botanic Gardens in Education  
• Infrastructure of Botanic Gardens abroad to support Environmental Education 
• Familiarisation of primary and secondary school students with plants 
• Infrastructure of Botanic Gardens within Greece to support Environmental 

Education   
• Role of Botanic Gardens in Environmental Education 
A total of 154 questionnaires were analysed using SPSS Statistical Software v. 18.0 
[4]. The questionnaire included: closed-ended multiple choice and 1- to -5 bipolar 
scales, open ended and filter questions. Within each question the percentage 
frequency distribution was calculated.  
 
 
Results  
Overall the majority of the respondents (85.7%) stated that elementary students 
benefit the most from school visits to BGs rated at 4 and 5 on a 6 point scale 
followed by preschool children (77.2%), junior high school students (74.1%) and 
senior highschool students (60.6%) (Table 1). 
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Furthermore primary school teachers stated at a higher percentage (64.7%) 
compared to secondary school teachers with a science discipline (48.9%) that BGs 
could be used as a “tool” for environmental education (Figure 1). 
The majority of respondents stated Biology (70.7%) and Arts (62.2%) as the subjects 
supported the most and Mathematics (7.1%) and History (9.1%) as the subjects 
supported the least from visits to BGs (Table 2). Significant differences of the 
interaction between the taught subjects that included Mathematics, Biology, Physics, 
History and Arts and the teachers profile such as gender, teaching subject, teaching 
level of education, post graduate degree qualification, years of teaching experience 
and position was investigated. Results showed that for Mathematics and History 
visits to BGs are supported by primary school teachers at a greater degree compared 
to secondary school teachers. Female respondents also support visits to BGs for 
teaching Mathematics at a greater degree compared to male respondents. 
Older in age respondents (41.1%) consider to a greater degree the use of BGs in the 
development of environmental education programmes (Figure 2). Visits to BGs are 
performed at a greater percentage by respondents that are older in age, have more 
years of teaching experience, have a high position at the EEC they work at and are 
reception/primary school teachers and secondary school teachers with a science 
subject (Figure 3). Furthermore older in age respondents (88.2 %) as well as 
respondents with more years of teaching experience (82.3%) would be willing to 
request from the pertinent authorities the development of a BG in proximity to their 
EEC.  
 
 
Discussion 
There is a variety of opinions and perceptions expressed by teachers of EECs 
according to their teaching subject and level of education, age, gender, field of 
discipline, position and years of teaching experience. In general teachers older in age 
and with more years of teaching experience are more favourable in visiting BGs and 
using these spaces as a tool for teaching. In addition to teaching Biology and Arts, 
visits to BGs could support the teaching of other subjects and in particular 
Mathematics and History. Overall the results suggest that there is a need to increase 
awareness of teachers of EECs and the staff of BGs for the opportunities and benefits 
derived from visits at BGs. Environmental education should be invested towards this 
direction with the provision of suitable educational material to both students and 
teachers and the development of infrastructure to support teaching in BGs. 
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Table 1. Respondent rating (%) of student benefit at different levels of education, 
rated at a six point scale from 0= no benefit to 5= benefit very much. 
 

 0 1 2 3 4 5 
Level of Education             

Primary             
Preschool 0.7 0.7 5.9 15.7 27.5 49.7 

Elementary 0.0 1.3 1.3 11.7 31.8 53.9 
Secondary       

Junior Highschool 0.0 1.3 3.9 20.8 35.1 39.0 
Senior Highschool 0.0 2.6 12.5 24.3 27.0 33.6 

 

 
Figure 1. Respondent rating (%) of the use of BGs as a “tool” for environmental 
education according to teaching  subject, rated on a six point scale from 0= no use, 
to 5= use very much. Presented rates in two groups as 1.00= 0, 1, 2, 3 and 2.00=4, 5. 
 
 

 

Scale 

Teaching 
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Reception & Primary 
School Teachers 

Physical Education 
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Table 2. Percentage (%) of teaching subjects that could be supported by visits to 
Botanic Gardens. Rating was performed at a six point scale 0= no support, 5= very 
much support. 
 

 0 1 2 3 4 5 
Teaching subjects             

Mathematics 1.6 23.8 25.4 23.0 19.0 7.1 
Biology 0.0 0.7 1.3 6.0 21.3 70.7 
Physics 0.7 6.6 11.7 24.8 30.7 25.5 
History 2.1 21.0 16.8 32.2 18.9 9.1 

Arts 0.0 0.7 2.8 9.8 24.5 62.2 
Other Modules 2.8 0.0 5.6 36.1 19.4 36.1 

 

Figure 2. Percentage of respondents (%) that consider the use of BGs in the 
development of EEPs in accordance to respondent’s age. 
 
 

 
Age groups 

 
 
 

0-40 
41-45 
over 46 

Yes                         No 

Approx. Sig. : 0.098 
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Figure 3. Percentage of respondents (%) that have performed visits to Botanic 
Gardens in Greece in accordance to respondent’s age, years of teaching experience, 
teaching subject and position. 
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WORKSHOP:  Growing the social role of botanic gardens –towards a 
new social purpose 
 
Workshop organizers & coordinators: Julia Willison & Asimina Vergou, Botanic 
Gardens Conservation International (BGCI), UK 
 
Co-presenter: Eddie Mole, Bristol Zoo Gardens, UK 
Growing the social role of botanic gardens is about examining botanic gardens’ 
purpose and revaluating their mission and policy within a framework of social 
responsibility. During this workshop, it was presented the BGCI’s work on ‘Growing 
the Social Role of Botanic Gardens’, which has been continuously supported by the 
Calouste Gulbenkain Foundation since 2009. A study commissioned to the Research 
Centre for Museums and Galleries, University of Leicester, investigated how socially 
relevant are currently the botanic gardens and showed that they were particularly 
concerned with development in seven key areas:  

• Broadening audiences (audience development)  
• Enhancing relevance to communities (meeting the needs of communities)  
• Education  
• Conducting research which has socio-economic impact locally and globally  
• Contributing to public (and political) debates on the environment  
• Modelling sustainable behaviour  
• Actively changing attitudes and behaviour  

While there are examples of Botanic gardens internationally that have established 
their social role within their organizations, the research argued that more could be 
done to make botanic gardens truly relevant to a broader and more diverse audience 
than they currently attract. The underlying factors that prevent further development 
in this area have been identified and amongst others include the historical context, 
lack of capacity and skills, workforce with limited diversity, collections’ 
focused/inward looking and management hierarchy. On the other hand forces for 
change which can motivate gardens to consider their social role include the policy 
context, involvement in wider networks, professionals’ passion and climate change 
as a social issue.  

Following on from this research during 2010 and 2011, BGCI supported three UK 
botanic gardens to develop their social roles through a programme of workshops and 
funded small-scale community projects. Winterbourne House and Garden, part of 
the University of Birmingham, set up Urban Veg, a community based vegetable 
garden designed as a two way cultural exchange and learning experience for the 
Islamic communities of Birmingham and the Garden. Ness Botanic Garden, ran a 
series of science focused workshops for students from a deprived area of Liverpool. 
The evaluation of these pilot projects highlighted that what is needed when botanic 
gardens work on repositioning themselves as socially-engaged organizations are 
project management skills, team work, skills or experience in working with 
community groups, and focusing on the achievable and keeping the projects simple. 
BGCI is now working with four botanic gardens – Bristol Zoo Gardens, University of 
Leicester Botanic Garden, Royal Botanic Garden Edinburgh and Westonbirt – The 
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National Arboretum – to encourage them to examine their social role and develop a 
project that addresses a particular social issue or social group. Eddie Mole, from 
Bristol Zoo Gardens presented during the workshop the 'Bristol Community Plant 
Collection' project. This is an innovative project in two different ways. It is the first 
time that a National Plant Collection will be based on an annual plant, Calendula 
species in particular and it is also the first time that the National Plant Collection will 
be preserved through community groups which will grow the species in their local 
environment. The community groups involved in the project vary from a care home 
and a Community Garden to a school garden club and a sheltered housing.  

The workshop continued with group discussions on the barriers that the participants’ 
organizations may face if they would like their work to become more socially 
relevant in one of the key areas that were identified by research. The groups also 
came up with ideas how to overcome the barriers and grow their social role in those 
areas. Four groups of participants focused on one key area each: 
 
1) Actively changing attitudes and behaviour 
Description of this key area of work: Botanic gardens talk about the importance of 
changing the attitudes and behaviours of visitors –and society in general– towards 
the natural world. Society through the combined effects of industrialisation and 
urbanisation has become completely detached from the role that plants play in our 
lives. One way in which botanic gardens see to convey the relevance of plants to 
their visitors is through making the connection between their daily lives and how 
much of what they eat, buy, medicate with and wear is derived from plants. 
Barriers identified by the participants: 

• It is difficult to measure the impact of botanic gardens actions to changing 
people’s attitudes and behaviour 

• Many botanic gardens have an entrance fee and are not open access to 
everybody. So that limits the audiences botanic gardens can reach to 
influence their environmental attitudes and behaviour. 

• Achieving change in people’s behaviour can be challenging because different 
strategies may be needed to reach audience from different cultures. 

• Contact period of the gardens and their visitors is usually relatively short and 
one-off. It is difficult to achieve change within that limited amount of time.  

• Some gardens in the way they are established they are not models of 
environmental friendly practices so how can they convince their visitors to 
change their behaviour if they don’t ‘practice what they preach’? 

• A botanic garden is considered by their audiences as a scientific institution or 
as a beautiful place to visit so it is not perceived as a place that can instigate 
change to people’s behaviour.  
 

2) Broadening audiences 
Description of this key area of work: Broadening botanic gardens’ audiences is 
about making their audiences more diverse and representative of wider society – 
whether by age, ethnicity or socio-economic status. Audience development is about 
breaking down the barriers which hinder access to botanic gardens and ‘building 
bridges’ with different groups to ensure their specific needs are met’.  
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Barriers identified by the participants: 
• For some botanic gardens there are safety issues for children visiting specific 

areas. There is a need to improve the health and safety.  
• Lack of funding and how the garden areas are established is a barrier for 

people with physical impairments e.g. people in wheelchairs or visitors with 
visual impairments 

• Lack of space to develop areas relevant to different groups of the community 
• Lack of technological equipment that will make a visit to a botanic garden 

more meaningful to specific group audiences e.g. to people with visual 
impairments  
 

3) Education 
Description of this key area of work: Botanic Gardens provide formal and informal 
education, from nursery-age children through University students to adults. 
Education programmes vary from teaching the more traditional science subjects – 
plant classification, botany, ethnobotany but also sessions that engage with 
contemporary issues such as climate change, the impact on plant biodiversity, 
environmental issues, the need to live more sustainably and becoming an active 
citizen.  
Barriers identified by the participants: 

• Families visit the botanic gardens because they consider it as a fun place and 
they visit the gardens only once. So it is difficult to engage them in 
educational activities.  

• Botanic gardens are collection focused and their displays are not appropriate 
to be used as an educational resource. There is a need to make the living 
plant displays relevant to the education needs 

• Botanic gardens exist because of passionate people not because the 
government is interested in plants 

• Some gardens experience high level of vandalism 
• Big part of the gardens are closed to the public and they are dedicated only 

to research 
 

4) Modelling sustainable behaviour 
Description of this key area of work: Botanic gardens are relatively unique in their 
relationship with climate change in that they can not only show the impact that it 
will have upon the natural world, they can model some of the necessary adaptations 
in the form of ‘sustainable behaviour’.  
Barriers identified by the participants: 

• Lack of staff in our and other gardens (not staff at all) 
• Lack of finances/space to be allocate to modeling sustainable behaviour 
• Lack of awareness and interest of the authorities and public. The public has 

priorities related to their everyday life issues – surviving issues - so people 
will not be not interested in visiting the gardens and looking at the gardens as 
models of sustainable behaviour 

• Local and global crisis (financial, environmental, social) 
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• Some botanic gardens are regarded as monuments of culture with specific 
purposes that are not linked to modeling sustainable behaviour. So bringing 
changes in these gardens is difficult as it requires changing established parts 
that have historical significance.  

Suggested actions for the botanic gardens to overcome the barriers and become 
more socially relevant: 

• Increase the accessibility of the gardens for different groups e.g. provide 
ramps or lifts for people who use wheel chairs.  

• Run cultural themed events to attract visitors from different cultural 
backgrounds.  

• Develop guided tours in more languages. 
• Provide funding for groups that come for a disadvantaged background 

including school groups.  
• Identify what groups of the community are not visiting the gardens and 

approach them to find out why they don’t see the gardens as a place relevant 
to them.  
 

Other issues discussed during the workshop 
During the plenary of the workshop it was highlighted by some participants that 
there are botanic gardens that lack of funding and staff and for them it is impossible 
to undertake a new area of work such as developing the gardens’ social role. 
However one of the arguments that were presented in the beginning of the 
workshop is that there is available funding in the sector of social inclusion which the 
botanic gardens can start thinking of applying for. Hence the barrier of lack of 
financial resources could be seen as an opportunity to start looking for funding from 
sources the botanic gardens haven’t thought of before.  
Also, the issue of botanic gardens not having entrance fees was being raised. An 
example of a botanic garden from Croatia was mentioned which is open access to 
the public. In one occasion the garden decided to put entrance fees to the temporary 
exhibition area of the gardens exhibition was unsuccessful as it resulted in low visitor 
numbers for the specific exhibition. An example from the National Botanic Gardens 
in Belgium was provided as the garden is free entrance but there is a small fee for 
visiting the glasshouses. The low cost of the entrance fee in combination with the 
services provide as a return for entering the glasshouses has resulted in satisfactory 
visitor numbers.  
In the end of the workshop seven out of the 16 participants of the workshop 
registered their interest in participating in the future in projects related to growing 
their institution’s social role. 
For more information on the work of BGCI on growing botanic gardens social role 
and to access the relevant reports visit: http://www.bgci.org/education 
/communitiesinnature/ 
Also, if you would like to follow the stories of the four UK botanic gardens that are 
currently examining their social role and are running projects with their local 
communities addressing a particular social issue visit the blog: 
http://communitiesinnature.wordpress.com/ 

http://www.bgci.org/education%20/communitiesinnature/
http://www.bgci.org/education%20/communitiesinnature/
http://communitiesinnature.wordpress.com/
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9. 

Plant-based innovations and good practices 
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SUMMARY 

 

B. Ursem unveiled some significant bio-inspired ideas; he exemplified cases of 
biological mimicry and presented the rationale followed and the sophisticated 
methods used in developing plant-based innovations with industrial potential. 
Additionally, he presented a programme developed in Vietnam for the restoration of 
mangrove habitats as a cheap and sustainable coastal defense system and organised 
a workshop on ‘Plants and Business’. 

K. Hughes presented the environmental management system developed at the Royal 
Botanic Garden Edinburgh (UK), illustrated the steps followed and outlined the 
environmental improvements attained to date. 

S. Rauti & M. Yli-Rekola presented the Plant Database Manager project as a 
modernized plant collection management system and illustrated its main advantages 
compared to other systems used. 

W. Majtkowski presented the natural (energy crops collection) and technical 
(furnaces for biomass combustion) resources of the Botanical Garden in Bydgoszcz, 
Poland, in line with global priorities to enhance the shift from non-renewable to 
renewable energy sources by generating knowledge on how to improve the 
utilization of terrestrial energy crops. 

R. V. Piacentini presented the Phipps Conservatory and Botanical Gardens as a 
unique example-case (which has become a trusted and respected local and global 
community leader in the USA), by demonstrating just how effective public gardens 
can be in helping to heal the human-nature relationship and in finding innovative 
and restorative solutions. 
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A brief historical perspective of plant use 
The very first use of plants by mankind was the gathering of fruits, seeds, leaves and 
roots as food. In China, Mesopotamia, Egypt and later the Greek and Roman 
Empires, plants were used in agriculture, for feed and food production, as well as 
construction materials, medicine, cosmetics and in many other daily uses. The first 
innovation of plant use was when straw and reed were mixed with calcium-rich clay 
and loam as mortar.  
With the start of European exploration of the world by ship, the use of novel plants 
became important in both agriculture and industry. Plants of the tropics especially, 
transformed many countries interests in crops of new food and feed plants, such as 
potato, maize, beans, tomato, cacao, tea, coffee as well as the great variety of 
tropical spices. 
The first industrial plants were introduced and used in new products, as with the use 
of geraniol from South African Pelargonium in perfume, or the fibres of Musa textilis 
during the Dutch Golden Age for rope making and caulking of ships because of its 
seawater resistant properties.  
The Dutch attempted to establish a monopoly on several important tropical 
products, much like the British, French, Portuguese, Spanish and many others, by 
occupying tropical territories in order to establish dominion over innovative goods 
for further processing.  
 
The Botanic Garden of Delft University of Technology use of plants and innovations 
In 1917, the Dutch still occupied the colony of Netherlands Indies, modern day 
Indonesia, and many novel products were industrialised, including latex, rubber, 
gums, resins, fibres and wood. In the course of time, the Dutch Rubber Institute, the 
Delft Yeast and Spirits Factory (later to become Gist Brocades and present Royal 
DSM N.V.), and the Delft Glue Factory became centres of industry that originated 
through the activities of the Botanic Garden of Delft University of Technology.  
Today the Botanic Garden once again plays an interesting role in industrial 
innovations. Since 2001 a number of remarkable innovations have been developed 
for industry, such as the fine dust, or particulate matter, reduction system based on 
Sea-buckthorn (Hippophae rhamnoides); the new Bio UV filter based on the 
Mountain Pine of the Alps, (Pinus mugo f. mughens); self-healing-concrete based on 
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the hollow lignified fibres with pores (dots of Hof) from fir (Picea abies), Larch (Larix 
decidua) or Scots Pine (Pinus sylvestris).  
Sea-buckthorn grows in the Dutch dunes near the North Sea coast. It was observed 
that sand, salt and other particles that drift on the sea breezes that blow inland, 
appeared to lift and pass over the groves of bushes of Sea-buckthorn, opposite to 
the expected downward drift due to gravity. This phenomenon suggested the idea 
that friction might generate negative charging of the coarse particulate matter. The 
Sea-buckthorn, being rooted in the dunes, will by definition have the same electrical 
charge as the dunes that are a negative charge. Two similarly charged negative 
fields: negatively charged particles due to friction and the negatively charged tips 
and thorns of the Sea-buckthorn will repel one another. If the electrical field of the 
particulate matter was the opposite, i.e. positively charged, it would work in 
combination with gravity and would fix fine dust to any grounded surface [1]. This 
was experimentally generated in the Botanic Garden and tested in several 
applications, including traffic systems, tunnels, poultry farms, pig stables, automotive 
machines etc., and has now acquired a worldwide patent. Because particulate 
matter of ca. 10 nanometre in diameter can be readily charged, this provides 
numerous applications in the Nano structured industries [2].  
The other innovation involving Bio UV filters [3] is currently being traced at the level 
of RNA structure in the dwarf Mountain Pine, Pinus mugo f. mughoides and is being 
genome sequenced. Sequencing involves two cultivars exhibiting differential 
production of flavonoids, a lowland cultivar which does not produce the compound 
of interest, and a highland cultivar which does produce it. 
The aim is to identify potential genes involved in the flavonoid pathway. These cDNA 
sequences encoding putative optically bioactive flavonoid specific genes can then be 
cloned in Yeast Cells, Saccharomyces cerevisiae. The ability of Saccharomyces 
cerevisiae to be transformed with and to stably maintain large sequences of DNA has 
long made it a workhorse for genome sequencing efforts. The central technique for 
building large heterologous DNA constructs in yeast is transformation associated 
recombination (TAR), which leverages yeast’s unique capability to efficiently 
combine many DNA fragments by homologous recombination in a single step. These 
steps of RNA implementation in Saccharomyces cerevisiae is the work of our 
colleague Prof. Dr. Jack Pronk and collaborators of the Department of Biotechnology 
in Delft.  
In the near future we hope to have a permanent, functional and translucent Bio-
based UV filter with huge potential impacts on industry [4]. Possibilities include 
everlasting and more efficient solar power panels, non-fading dyes and cosmetics, 
longer lasting asphalt (betume will be UV degrading resistant), sun repellents that 
last longer than a few hours and even the possibility of permanent sun screens. 
Even well-known, and at first-hand traditional, uses of plants can be applied in 
modern technology. A good example is the use of fibres. In the past fibres were used 
for rope making, matting or basket-making, and such properties were studied by the 
Botanic Garden in the past. In the last decade, however, the focus has changed to 
exploring the microscopic properties of fibres. Examples include the fibres of conifers 
such as the earlier mentioned fir, Picea abies; Larch, Larix decidua or Scots Pine, 
Pinus sylvestris.  
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These gymnosperm fibres have a hollow space of 50 - 70 nanometres within their 
lignified fibres. As well as the lumen of the fibre, another property of significance is 
the existence of pores. Using vacuum injection technology, we have perfected the 
ability to fill the lumen of a fiber with liquids and seal them afterwards. This 
application provides us with the possibility of developing self-healing systems in 
concrete [5, 6]. After filling with iron-hydroxide and sealing and drying, the fibre 
takes on a coiled morphology. These iron-hydroxide filled spirals can then be added 
to the concrete mixture. During the drying process concrete shrinks and this 
naturally creates numerous micro-cracks. Cracks are not important for the structural 
capacity of concrete, but they do allow air that contains sulphur-dioxide to flow into 
the cracks. Sulphur-dioxide is highly reactive with calcium-carbonate, or chalk, and 
transforms this compound into calcium-sulphate, or gypsum. Gypsum is both weak 
and brittle and leads to concrete rot. Where iron-hydroxide filled fibres are present 
in the concrete, the cracks allow the ingress of water which causes the release of the 
iron-hydroxide which reacts forming iron-carbonate which acts as filling glue and 
thus seals the crack [7].  
The most famous example of plant use in industry, based on the novel approach of 
bio-inspired ideas, is that of Velcro. In 1941, the Swiss engineer George de Mestral, 
took his dog for a walk and on his return he noticed that burrs (Arctium lappa or 
greater burdock) had got stuck in its fur. Because of the way these burrs stuck so 
tenaciously to the dog’s hair, he examined them under a microscope. He noted that 
the tiny hooks on the end of the burr’s spines caught anything with a loop, like hairs, 
fur, clothes, curtains and carpets. Soon afterwards, the very first bio mimetic zipper 
made of the burrs arose, and this was later improved to a second invention, the 
Velcro brand fasteners. 
Another striking example of bio mimicry from plants can be found in the "super 
hydrophobicity," phenomena of the leaves of Lotus (Nelumbo nucifera). This is 
known as the Lotus Effect, first discovered by Prof. Dr. Wilhelm Bartlott, Botanic 
Garden and University of Bonn in Germany [8]. The surface of the Lotus leaves is 
covered with laminar wax that water rolls off, taking any contaminates with it. 
Researchers have developed ways to chemically treat the surface of plastics and 
metal to evoke the same effect. Applications are nearly endless and not just in 
making windshield wipers and car waxing obsolete; using this technology for 
example, aircraft won’t need to be de-iced any more [9]. 
Another novel use of plants is an initiative in the Botanic Gardens of Delft based on 
the hygroscopic movements of mosses. This has led to the formation of an 
interdisciplinary research team involving ETH Zurich, Sensiel Research and CSEM, 
from Switzerland, and the Max Planck Institute of Frankfurt and Potsdam in 
Germany, and the Faculties of Industrial Design (Department of Process and 
Industrial Management) and Applied Sciences (Botanic Garden and Nanostructures 
(Department of Chemistry) at Delft University of Technology in the Netherlands. The 
mechanism of intra-crystalline swelling is new in biology and there has been limited 
exploration of the chemistry of the phenomenon. One of the first applications for 
this in industry may be in car-tyre manufacturing. Presently we still have to change 
tyres during the year for dry summer conditions or snowy and extreme wet winter 
conditions. It is feasible that hygroscopic movements will provide an application for 
an adaptable all-weather tyre in the coming years.  
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Besides these innovative biomimetic innovations at the Botanic Garden, there is also 
a focus on using plants in more direct ways. Two examples illustrate that innovation 
does need to use highbrow technology, but simply calls for good observation and a 
creative mind.  
The first to be mentioned will be the possibilities of growing biofuels in open sea 
situations [10]. The genus Macrocystis or Giant Kelp, reputedly one of the fastest 
growing seaweeds, occurs as the dominant species along the coasts of California and 
Chile in the Pacific Ocean. These species grow at an almost exponential rate of 
growth suggesting the possibility of high production of alginate biomass and its 
conversion into biofuel or ethanol. The plants need a high nutrient input; therefore 
growing them in open oceanic sites, where nutrients are not available close to the 
surface, would require the provision of such nutrients from a deep-water source. 
Minerals could be pumped from lower, phosphate-rich waters to control the rate of 
growth. This would provide a fully controlled growth location, and there would be no 
risk to the environment because pieces of macro algae cut off by storms or other 
disruptions would float away and die because of a lack of nutrients. Sun is the energy 
source. The growth of Giant Kelp has an efficiency of 2 % energy conversion into 
plant biomass. The system is by definition carbon neutral and fits any desire on the 
carbon footprint. And most importantly no precious land or fresh water resources 
are needed for farming on the high sea!  
The optimal place might be the doldrums, because they have light wind conditions, a 
permanent fair sky and a calm sea surface. 
At these spots the sun would provide the most optimal radiation for energy growth: 
350 Watt/m2. Next to this we need to be far away from navigation routes. There are 
a great number of places in the southern hemisphere that fit the required conditions 
mentioned here. The only question that arises is how many tons of dry biomass 
seaweed do we need for 1 ton of biofuel equivalent as compared to combustion oil? 
If we compare current sources of possible competitive biofuel production we have 
sugar cane, which needs 1 ton biomass for 1 ton ethanol; wood, which needs 4 tons 
biomass for 1 ton ethanol or bio-diesel; sugar-beet with a need of 12.5 tons biomass 
for 1 ton ethanol; potatoes that need 10 tons biomass for 1 ton ethanol; or finally 
grain which needs 10 tons biomass for the production of 1 ton ethanol. Macro algae, 
like Macrocytisus, need in this respect 5 tons biomass for 1 ton ethanol or methane 
production at profitability of 2 % dry biomass after sun drying. If we calculate this 
further, we need as a result 50 times the biomass amount of seaweeds. That is 200 
times harvest at least for production. For every 1000 tons of ethanol we need 5 x 200 
= 1000 x water, so 1.106/24.60 = 700 tons water intake per minute! A simple shrimp 
farm in the Netherlands, as in the towns of Katwijk at Sea or Spaarndam 
manufactures their whole operation with a pump system that runs 2000 – 3000 tons 
per minute. A simple polder pump station needs only 350 kWh power. In conclusion 
is a polder pump system of 350 kWh sufficient for the whole operation of harvesting 
the biomass of macro algae from the sea. With a 350 kW simple polder pump station 
we can easily harvest 5000 tons of seaweed biomass a day, which would provide a 
production of 30,000 tons of biofuel ethanol a month.  
The production fields for such quantities need to be sized as 10 x 20 kilometre with a 
yield of only 1 metre macro algae cutting thickness. This implicates with a 6 metre 
harvest a field of 8 kilometres diameter. To estimate the possible energy 100% plant 
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based power by seaweeds and compare this to the total competitive energy 
production, we need 200 fields of macro algae, which will be equivalent to the total 
yearly production of Iraq! Current traditional biomass ethanol production is 40 
million tons per year. If we scale this to a global perspective, we need to grow 500 of 
these fields, which will be equivalent to the total world oil demand at present 
consumption rates.  
That will cover a total of 100,000 square kilometres, an area as large as Iceland 
(103,000 km2) or a little bit less then 1/5 of that of France (547,020 km2)! Total global 
energy demand could be met by 100.000 km2 and the surface of the Pacific Ocean is 
165,200,000 km2 in total. The Southern hemisphere part of the Pacific Ocean alone 
has a total cover of 82,600,000 km2 of the earth’s surface. In conclusion only 1/826th 
part of the southern Pacific Ocean is sufficient to provide the global energy need! 
Facing the growing opposition of people to grow energy on land instead of food 
crops and secondly the enormous fresh water need for these energy crops, we can 
better focus on this novel opportunity and open up the small part of the Pacific 
Ocean to solve the world’s energy problem and possible future demands. 
The other example of direct use of plants in innovations is a grass species from the 
South East Asian tropics, Vetiver grass or Vetiveria zizanoides (known as a basic 
odour for after shave). The fibres are used for basket making, matting and rope 
manufacturing. The novel approach in use of the species in this respect is exploited 
by the Botanic Garden in civil engineering. This species can be used to protect the 
banks of rivers and canals against erosion caused by waves from shipping [11, 12]. 
The root system grows extremely deeply into the soil, up to 4 metres or more, and 
creates many side roots, forming a matrix that prevents soil erosion on slopes. 
Vetiver grass planted in front of a dike can reduce the flood volume by 55 per cent, 
while if planted on the dike it can reduce the dike height by 90 cm and the dike 
volume by 20%, while maintaining the same water retaining capacity [12].  
As presented in the last two examples, the innovative use of plants can be 
revolutionary and high-tech, but can also be feasible for every Botanic Garden 
without the academic support enjoyed by the Botanic Garden of Delft University of 
Technology. It is simply a matter of observing opportunities in plants and 
implementing them at an industrial level. Creativity, seeing problems and connecting 
them to plant-based solutions or biomimetic derivative innovations is no more than 
a frame of mind. I hope that you too can be inspired to start projects through this 
approach, and contribute to revolutionary plant-based possibilities and uses.  
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Abstract 
Royal Botanic Garden Edinburgh (RBGE) covers four sites where 41,000 accessions of 
living plants are growing. The largest site includes a range of uninsulated glasshouses 
covering nearly 5,000m2 in which over 1,000 of these are cultivated. Since 2004, 
RBGE has become more environmentally aware of the resources required to 
maintain its estate and as a result began work to establish an Environmental 
Management System (EMS). It has also sought to educate staff and visitors in 
sustainability issues and to encourage them to act with consideration for the 
environment and their impacts on it at work and home. 
In 2004 the Environmental Policy was written and endorsed by Senior Management. 
The allocation of resources required to implement the policy is described. This 
includes the formation of groups of staff to address areas where activities impact 
most and to encourage good practices at work. The activities and achievements of 
these groups are communicated annually to staff and visitors in an Environmental 
Report. Key actions and examples of the activities and reports will be given, 
demonstrating that action on the ground from committed staff with support from 
senior staff is vital to achieve improvements. 
The purpose of an institution to improve environmentally is to reduce carbon 
emissions which are considered to be a principal cause of climate change. In 2009, 
RBGE followed a Carbon Management Programme in which the carbon emissions of 
the organisation were calculated and a plan setting a target to reduce these by 13% 
in five years was written. The implementation of the Carbon Management Plan is a 
major part of RBGE intentions to consider globally and act locally. Key emissions data 
and future projects are presented.  
RBGE is now in a position to more effectively address its impacts on the 
environment. However, it is only through practical action that the goals will be met. 
These goals and actions can be applied to any botanical institution and this will be 
demonstrated. 
 
 
Background 
In 2004 what are now referred to as ‘environmental issues’ were being discussed in 
current affairs as research pointing to the increasing evidence for global warming 
and also the decline in the health of biodiversity and ecosystems worldwide was 
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increasingly being documented. One of the reasons for the rise in temperature is 
considered to be the steady increase in the use of natural resources such as fossil 
fuels and water by humans and the growth in waste products generated by 
developed societies. This has lead those concerned with researching and maintaining 
biodiversity and ecosystems to declare that human beings need to limit their use of 
natural resources and reduce the amount waste they generate. The health of the 
natural world is central to the work of and a major concern of botanic gardens, and 
as such botanic gardens should be playing a part in the movement to use resources 
wisely through sustainable ways of working. 
RBGE began to consider how it could do this in 2004, while maintaining high 
standards in science, horticulture, education and providing a beautiful visitor 
attraction. The starting point for this was with an Environmental Gap Analysis. This 
was carried out by Edinburgh-based environmental consultants Natural Capital and it 
analysed the main areas where RBGE could continue to maintain gardens, research 
facilities and education programmes and have less impact on the environment [1]. 
The Gap Analysis document recommended two principal actions: first, to write an 
environmental policy (Royal Botanic Garden Edinburgh 2010) and second, to 
examine the areas where RBGE activities impact most heavily on the environment. 
This was to lead to the establishment of five Environmental Management Groups 
(EMGs) which would address these impacts in the areas of biodiversity (on the four 
sites of RBGE), travel by staff on business, carbon management through the use of 
finite resources of water, gas and electricity, waste and procurement of goods and 
services.  
 
The Environmental Management System 
In 2008 it was decided that RBGE should continue to develop the EMGs and to 
establish an Environmental Management System (EMS) in line with the standards set 
out by environmental management standard ISO 14001. This is an internationally 
monitored and recognised standard of management with respect to the impact that 
an organisation has on the environment. One of the main outcomes of compliance 
with the standard is to continually reduce these impacts. In order to achieve the 
stringent standards set by ISO 14001 a management system is required and all staff 
in the organisation is required to take part in this, some to a greater extent than 
others.  

The key groups in the RBGE EMS are the following:  

1. Senior Management – are required to review and sign the Environmental 
Policy annually and to take an interest in the Environmental Management 
Programmes and to support their activities 

2. EMGs – are required to set targets for improvement, and to run programmes 
to achieve these 

3. Environmental Coordinator – is required to communicate the targets to the 
Area Champions and all staff and assist the EMGs in communicating the 
progress of targets to staff and senior management 

4. Area Champions – are required to assist the EMGs to achieve the targets and 
facilitate the implementation of the Policy in their designated area of the site 

5. All staff – are expected to comply with the Policy and support the EMG 
targets in their area of work. 
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The Environmental Management Groups  
Procurement Group 
The Procurement Group aims to promote sustainable procurement of goods and 
services for RBGE activities. Successes of the Group include the purchase of clothing 
for horticultural staff students and volunteers made of organic fairly-traded cotton 
and organic dyes. The group also achieved the implementation of a policy to only 
buy 100% recycled paper for office use. 
The main challenge for this Group is the tension between the increasing pressure on 
funding availability and the requirement to achieve best value in all purchases, 
against the environmental credentials of these purchases, where the most 
environmentally sustainable is rarely the most economical choice. 
 
Biodiversity Group 
The Biodiversity Group aims to improve the four gardens for native biodiversity. The 
Group has achieved regular and comprehensive monitoring of birds, insects, 
mammals, fungi and native bryophytes and lichens in the Edinburgh Garden and 
some monitoring of these groups in the Regional Gardens. The group is also working 
to tie RBGE practices in with Local Biodiversity Action Plans and protected species. 
Members of the Group work with the Horticulture Department to ensure that non-
plant biodiversity is not adversely affected when improvements are made in the 
plantings. 
Strength of this group is that local naturalists and volunteers work with staff 
members to further this work and this is an area well suited to the contribution of 
volunteer’s time and expertise. 
 
Travel Group 
The Travel Group works to improve the numbers of staff travelling sustainably to 
work and on business. A salary sacrifice scheme through which staff can buy a bicycle 
for cycling to work has been in place for four years and 36 persons have bought a 
bicycle through the scheme. A Travel Policy requesting that staff does not travel 
within Britain by air unless on urgent business has also been established and 
endorsed by Senior Management. The number of kilometres travelled by train 
coupled with a decrease in travel by air has been measured since the establishment 
of the policy, which has contributed to a decrease in carbon emissions. 
In 2010 and 2011 RBGE worked with a local sustainable travel initiative (A Better 
Way to Work), which provided bicycle maintenance sessions and organised city-wide 
sustainable travel challenges which encouraged staff to travel sustainably with prizes 
and online involvement. RBGE very nearly won first prize for the most staff travelling 
sustainably to work in both challenges and measured 49% of staff travelling by 
bicycle, walking, bus and train. This initiative was a good example of how RBGE can 
use external organisations to help us achieve our aims by tapping in to nation-wide 
sustainability initiatives. 
 
Waste and Recycling Group 
The Waste and Recycling Group set targets to reduce the waste sent landfill and 
increase recycling rates. Successes include setting up systems to ensure that all 
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green waste which comes from the garden is reused on site, and setting up waste 
streams for all commercially recyclable waste which include cardboard, plastic, cans 
and tins, batteries and metal. The most recent waste stream added to the recycling 
system was the tea bags and coffee grounds used. These are collected in small bins 
all over the site and removed to the compost heap. 
 
Carbon Management Team 
The Carbon Management Team (CMT) aims to measure and reduce RBGE carbon 
emissions primarily by reducing fossil fuel use. The CMT was established in 2010 as 
when RBGE joined the Carbon Management Programme run by the Carbon Trust. 
RBGE carbon emissions for the baseline year, 2009 were 4,415 tonnes CO2e, in 2010 
they were 3,673 tonnes CO2e, in 2011 they were 3152 tonnes CO2e. This is a 20% 
reduction in the first year of the programme and 10.9% in the second year. This 
decline in energy use is attributed to the replacement of heating equipment for the 
main building on the Edinburgh site coupled with reduction in temperature in some 
of the glasshouses and a change in the regime of the pumps in the Rock Garden. 
However, the CMP (Carbon Management Programme) provides details of a number 
of projects which will replace fossil fuel use with renewable energy sources across all 
four gardens. These include: hydro power (Dawyck Botanic Garden), a wind turbine 
(Logan Botanic Garden) and biomass boilers at Benmore and Logan Botanic Gardens. 
These projects are expected to be installed and completed by 2015 and will reduce 
carbon emissions by a further 13%.  In addition, other energy savings measures are 
being put in place such as insulation and energy efficient lighting. 
The Climate Change (Scotland) Act 2009 places a duty on Public Bodies (RBGE is 
defined as a Public Body in this context) to act in the most sustainable way it can to 
achieve the carbon reduction targets for Scotland set by the Act. The targets are a 
reduction of Scotland's carbon emissions by 42% by 2020 and by 80% by 2050. It is 
the duty of RBGE to contribute to the achievement of this target and the CMP will 
help RBGE to do this. 
The structure of the Carbon Management Team and its activities is an example of the 
principle that to achieve improvements action ‘on the ground’ by staff is coupled 
with support from senior staff who are empowered to enable these actions. 
Members of the CMT include the Director of Horticulture, Director of Finance, Head 
of Estates Management, Head of ICT, the Environmental Coordinator and the PA to 
the Director of Horticulture. The CMT met as a group twice monthly for the duration 
of the Carbon Management Programme (CMP) and has met on a monthly basis since 
its completion in order to ensure that the CMP progresses. In this way the baseline 
emissions figures were established, projects identified and the CMP written in 2010. 
This included a commitment from Senior Management to spend 10% of the annual 
capital budget on carbon saving measures where funding allowed. This commitment 
has remained firm since 2010. In 2011, a number of projects were completed 
including the replacement of heating equipment and an energy audit identifying 
further possibilities for improvements. In 2012, the wind turbine is expected to be 
installed at Logan and the other renewable energy projects mentioned above have 
moved into the planning stages. 
 
Area Champions 
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There are 20 Area Champions over all four sites of the RBGE, 17 at the Edinburgh site 
which is by far the largest and most diverse in terms of activities and the estate, with 
office and welfare buildings, a large herbarium containing over three million 
specimens, a suite of laboratories, temperate and tropical glasshouses occupying 
over 5,000 m2, a visitor centre, classrooms, art gallery, library and two cafes. There is 
one Area Champion for each of the Regional Gardens (Dawyck, Benmore and Logan 
Botanic Gardens) which have lower staffing levels and smaller buildings. 
 
Setting targets to reduce impacts 
The CMP sets out an area of improvement in the sustainability of RBGE, other 
improvements have been facilitated by the establishment of the EMS. The EMS 
provides a structure to the improvement programmes. It functions because targets 
are set and actions to meet these targets are monitored and reviewed. New targets 
are set as required to achieve the desired improvement. 
This can be demonstrated by the following diagram: 
 
 
 
 
 
 
 
 
 
 
The work of the Waste and Recycling Group to reduce the number of recyclable cans 
in general waste bins provides an example of this system. In June 2010 the group 
carried out an audit of a representative sample of the general waste bins in staff 
areas at Edinburgh. It was found that there were 760g of cans in these bins which 
could have been put into recycling bins and therefore been recycled. The group set a 
target to reduce to zero the numbers of cans not being recycled. They installed more 
can bins around the site, sent round notices to staff and produced an information 
poster providing clear information where waste should be placed in order to be 
recycled. This was posted in strategic places next to bins and where cans were 
purchased. 
In May 2011 another audit of a representative sample of bins was carried out and 
the number of cans in the general waste bins had reduced by 80%. A new target was 
set to reduce the content of recyclable cardboard in the general waste bins. Again, 
further facilities were installed and the Group presented an information stall at the 
Staff Conference to advise staff where they should put their waste. 
 
Challenges to an EMS 
The EMS has achieved environmental improvements since its establishment in 2005-
2006; however, there have been some challenges to those running it. These are: 

•  The initial investment of financial and staff resources in the first stages of 
establishment because initial changes are required before long term 
changes can be made such as the purchase of equipment and writing policy 
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documents 
•  All staff involved in the EMS are absorbing the extra tasks into their current 

workload which can limit the extent of their activities 
•  While many staff at RBGE are predisposed to environmental awareness and 

sustainability issues because of their work with plants and the environment, 
not all staff make this connection and there is a mixed level of interest for 
sustainability in the workplace 

•  Improvements require people to change their habits, many of which have 
developed over time for good reasons and it is not easy to change these 
habits 

•  The maintenance of a system into which an organisation of over 200 people 
requires additional bureaucracy including meetings, minute-taking and 
documentation which requires time and resources which in some cases can 
appear to be counterproductive to aims of the system 

However, it is considered that in the case of RBGE (and which therefore may be the 
case for many other botanic gardens of a similar size) it is worth the extra paperwork 
and staff time to establish an EMS. The reasons for this are as follows: 

•  A botanic garden can reduce its impacts on the environment, which is directly 
compatible with its aims to conserve natural habitats in which plants, animals 
and humans live. 

•  Reduced use of natural resources can lead to reduced costs, which means an 
ability to respond to funding availability which in the case of RBGE and many 
European Gardens is declining in the long term. 

•  In encouraging staff to consider their environmental impacts in the workplace 
it is hoped that they may also do so in their non-working lives and therefore 
the effect will be duplicated and broadened. 

•  The public demand an awareness of environmental issues from visitor 
attractions, particularly those which interpret the natural world. RBGE needs 
to respond to this and also hopes to engage those who do not have 
awareness before their visit. 

•  RBGE aims to set an example to other attractions in Scotland in order that 
they consider their impacts and the effects of these on the natural world. 

•  The Scottish Government has set a number of targets to reduce waste and 
carbon emissions for Scotland, as a publicly funded body it is important that 
RBGE meets these targets and seeks to demonstrate to other institutions 
how they can do this. 

 
 
Conclusion 
RBGE has found it useful to use an EMS to achieve improvements in its impacts on 
the environment and a reduction in carbon emissions. Nevertheless, it is not argued 
that an EMS is essential to make improvements of this type. However, it is useful for 
a botanic garden such as RBGE which can be attended by up to 500 members of 
staff, students, volunteers and associates in one day and over 700,000 visitors in one 
year. On a smaller site such as Dawyck Botanic Garden which has 6 members of staff 
and nearly 30,000 visitors per year, the decision-making and target-setting process is 
simpler and more easily communicated. Improvements can still be achieved without 
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the formality of the system established at Edinburgh. 
Overall, many staff, students and volunteers at RBGE are innately ‘environmentally 
friendly’. The system assists these individuals to work together to achieve long term 
improvements in the organisation through daily actions and by implementing in the 
Environmental Policy from the most senior of staff to the least senior. The system 
assists the coordination of the actions of individuals. Further details and examples of 
the work carried out can be found in the Annual Environmental Reports [2]. 
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The distribution area of mangroves in the world ranges from the tropics to the 
subtropics. Mangroves can only grow in dynamic environments, but cannot grow in 
strong current flows or running water. Mangroves can cope with a great variation in 
the depth of tides, depending on the species and its growth habits, but the angle of 
the slope of the surface substrate needs to be small. The soil conditions for 
mangroves vary from mixed sandy clay up to muddy silt clay. Mangroves prefer 
conditions where silt or slimy clay accumulates. The salt tolerance varies greatly 
between species and ranges from almost fresh water conditions up to extremely 
high saline environments.  
Mangrove forests generally consist of pioneer trees (Category 1) and other more 
inland mangrove species: the intermediate, dynamic environment species (Category 
2) and obligate inland species (Category 3) in various gradients of ecological 
succession [1].  
Category 1: Mangroves forming the first boundary line of coastal defense growing in 
a rough salt-rich turbulent environment. This is an excellent growth area for 
mangroves with stilt pneumatophore root systems: tall trees, robust root systems, 
well anchored in the mud, no settling of silt. Especially good for blocking storms and 
strong wave impact.  
Category 2 and 3: Mangroves growing in a more inland, relatively dynamic up to non-
turbulent, low saline environment. This is an excellent growth area for mangroves 
with erect pneumatophore root systems: medium to tall trees, sometimes shrubs, 
root system just reaching the high tide level, relatively open to dense root cover, 
only anchored in mud at the base, creating a perfect alluvial environment. 
In 2009, the Delft Botanic Garden was involved in an official visit to Vietnam with the 
Dutch Delta Committee and its president and former Dutch Minister of Agriculture, 
Environment and Fisheries, Prof. Dr. Ir. Cees Veerman. During this visit we examined 
typical Dutch solutions to coastal engineering –for example solid dikes as sea walls 
[2-4]. But the subsoil conditions in Vietnam are very different to Holland and appear 
to consist of clay instead of sand. In some places, the dike systems fell apart and 
even subsided and sank away as can be seen on the photo of mangrove depletion 
and replacement of a concrete blocks reinforcement (Figure 1).  
During an excursion, I noticed an extremely thin line of mica on the remnant, not 
fully eroded, patches of beach in many different places along the sea shore. This 
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indicated the influence of both of the main rivers of Vietnam, the Mekong and 
Saigon Rivers, because isinglass could only have been carried there by these rivers 
from the silicon rich mountains at the border of Cambodia and Vietnam. This 
influence appeared to stretch along nearly the whole coastline of Vietnam (780 km) 
meaning that it could be secured through the Delft Botanic Garden’s plan of 
recovering the mangrove forest.  
Together with the Department of Water Management and Coastal Engineering of 
Delft we developed a plan to put bars on the tidal zone to capture coarse particles 
from the sea [5]. After creating the desired shallow coast, we reduced the distance 
between the bars in order to settle silt and clay. When a depth of clay sediment was 
attained suitable for a mangrove habitat, we started to plant primary mangroves 
(Rhizophora apiculata and Sonneratia caseolaris). These mangroves grow quickly and 
due to the limited aeration of the compressing soil around them, are forced to grow 
stilt pneumatophores. These now take over the role of the bars used in the tidal 
zone. As the density of pneumatophores increases, so does the sedimentation of silt 
and clay. The next step will be to follow the natural succession and at the right time, 
introduce the properly adapted species for the ever changing edaphic environmental 
conditions.  
 

 
 
Figure 1. Coastal area of Vietnam with destroyed mangrove forest and replacement 
of a concrete block reinforcement. Photo: author 
 
Rehabilitation of mangrove groves not only breaks up the waves produced by 
typhoons and tsunamis, but also provides a long-lasting, relatively cheap and 
sustainable coastal defence. Furthermore, mangroves contribute as a source of 
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income through leisure activities, ecotourism, fishing and wildlife observation. In the 
hinterland of the mangrove forest, a simple clay dike is all that is needed at typhoon 
wave height to prevent flooding. 
As mentioned above, the restoration of the coastal defence in Vietnam started with 
capturing coarse material, such as sand, followed by silt and clay with the capture 
system of bars put in the tidal zone. As soon as the clay and silt deposit is about 20 to 
30 centimetres thick, clay becomes compressed due to clay structure in a stratiform 
deposition and oxygen is released. The first mangroves that can be introduced are 
red mangroves (Rhizophora apiculata), although in Vietnam the dominant 
Sonneratia caseolaris is also a suitable species. Both belong to Category 1 species 
that produce aerial buttressed pneumatophores. These species are both extremely 
tolerant of highly saline water. These species exclude salt by having significantly 
impermeable roots which are highly buttressed, which act as an ultra-filtration 
mechanism to exclude sodium salts from the rest of the plant. Analysis of water 
inside mangroves has shown that 90% to 97% of salt has been excluded by the roots. 
Salt which does accumulate in the shoot is concentrated in old leaves which the 
plant then sheds. Rhizophora and Sonneratia species can also store salt in cell 
vacuoles. White (or grey) mangroves (genus Avicennia) can secrete salts directly, 
because they have two salt glands at each leaf base, hence their name, when they 
are covered in white salt crystals. Rhizophora apiculata can tolerate rough turbulent, 
high saline conditions and soils of sand flats with slimy mud up to heavy clay/mud 
conditions. It needs high saline water all year around! Sonneratia caseolaris prefers 
sand and mud conditions, most common in estuaries, having high saline up to 
brackish water (5 up to 10‰). For Vietnam both are species of great interest, but in 
extensive shallow areas, with a fast accumulation of deposition, the preferred 
species would be Soneratia caseolaris because of a wider tolerance to various saline 
conditions.  
As soon as the primary reforestation has taken place and starts to mature, the 
ecological conditions change drastically. Then Rhizophora apiculata will suffer and 
thrive less well and it will need to be replaced by more adapted species of the 
second category such as the grey mangrove or guava mangrove, Avicennia marina 
var. intermedia. The more tolerant Sonneratia caseolaris can still thrive but prefers a 
more dynamic environment as mentioned earlier. Avicennia marina var. intermedia 
grows as a shrub or tree to a height of three to ten meters, or up to 14 meters in 
tropical regions. The habit is a gnarled arrangement of multiple branches. It has 
smooth light-grey bark made up of thin, stiff, brittle flakes. This may be whitish, a 
characteristic described in the common name. The leaves are thick, five to eight 
centimeters long, a bright, glossy green on the upper surface, and silvery-white, or 
grey, with very small matted hairs on the surface below.  
As with other Avicennia species, it also has pneumatophores, but these grow up to a 
maximum height of about 20 centimeters with a diameter of one centimeter erected 
aerial roots or can also form thin stilt-like roots which look like the pneumatophores 
of Sonneratia species, but much more slender. The flowers range from white to a 
golden yellow colour, are less than a centimeter across, and occur in clusters of three 
to five. The fruit is a large fleshy seed, often germinating on the tree and falling as a 
seedling. The latter aspect of vivipara germination is extremely important to create a 
dense growth to break up waves.  
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Avicennia marina var. intermedia can experience stunted growth in water conditions 
that are too saline, but thrive to their full height in waters where both salt and 
almost fresh water are present. Avicennia marina var. intermedia is a highly variable 
tree, with a number of ecotypes, and forms closely resembling other species. It has 
been reported to tolerate extreme weather conditions, high winds, and various pests 
and diseases. It is a pioneer on sand flats with a small proportion of slimy muddy 
soils with a pH value of 6.5 to 8 and is tolerant to mud, but is intolerant of shade.  
A second species showing interest in this respect is the white mangrove or Avicennia 
alba. Avicennia alba forms a low, dense bushy crown often branching near the base 
of the trunk. The shrub does not grow more than 20 m in height. The dark green 
leaves, 15 cm long by 5 cm wide, have a silvery gray under leaf and grow in 
opposition. Orange yellow flowers, borne in a racemose inflorescence, have a 
diameter of 3 to 4 mm when expanded. The bark is smooth, greenish black, finely 
fissured and does not flake. The fruits are grayish green and conical in shape 
extended into a beak up to 4 cm. Avicennia alba grows in temporarily dry river banks 
to muddy portions of the seashore, but needs salt water all year around. But most 
importantly Avicennia alba creates erect pneumatophores that take over the bars 
which were placed in the initial phase on the tidal zone. The density of the aerial 
roots acts like a super settling filter system for the smallest fractions of clay and silt. 
An additional interesting capacity of Avicennia alba is the adaptation to a more 
open-spaced environment in a mangrove forest, because it can also produce a 
limited number of stilt pneumatophores. It is a very highly adaptable species of the 
second category of succession in the restoration of mangrove systems, developing 
along and at the forefront of the coast in Vietnam.  
After 8 or 10 years of maturity, the second phase moves into the third and final 
phase of the mangrove restoration programme, involving mangroves of the third 
category. In this phase we can add any natural species available in the wild in 
Vietnam and restore over time a complete natural mangrove system that can sustain 
itself for hundreds of years. Natural species that thrive in this third category are 
Nypa fruticans, the mangrove palm, Ceriops tagal, Bruguiera cylindrica, Xylocarpus 
granatum, Lumnitzera racemosa, Ceriops decandra, Camptostemon schultzii and 
Aegialitis annulata. The study of the natural succession in Vietnam’s mangrove forest 
development in the Mekong and Saigon estuary influenced area, is first the 
settlement of pioneer vegetation consisting of Rhizophora apiculata, Sonneratia 
caseolaris, Avicennia marina var. intermedia and Avicennia alba, followed in the first 
succession by Sonneratia alba and Bruguera parviflora. As soon as this first 
succession gets its maturity species of Ceriops taigal, Avicennia officinalis, Sonneratia 
griffithii, Nypa fruticans and Rhizophora mucronata will take over their niches. After 
this second succession a third phase can be recognized and consists of species such 
as Lumnitzera racemosa, Ceriops decandra, Bruguiera cylindria, Bruguiera 
gymnorrhiza and Xylocarpus gratatum. In a fully developed and undisturbed 
mangrove natural forest species such as Phoenix paludosa, Xylocarpus mekongensis 
and Exoecaria allocha can be traced on top of the third succession mentioned 
species.  
The programme that we developed for the restoration of the mangroves as a coastal 
defense system could not involve all species, but the given steps for pioneers, first 
and second created succession by planting will provide a solid basis for a new future 
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of mangrove forests or mangrove grove typhoon and tsunami protected coasts of 
Vietnam [6-8]. The knowledge gained through this project can be exported to all 
countries with the same problem and the same type of coast, with clay and mud 
systems, as Vietnam.  
Currently the Delft University of Technology in full cooperation with the Department 
of Water Management and Coastal Engineering under the supervision of Prof. Dr. Ir. 
Marcel Stive and the Delft Botanic Garden are training 10 PhD students and a 
number of MSc students from Vietnam to transfer and gain knowledge of the 
mangrove system as a sustainable coastal defence [9]. 
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Abstract 
Our old database management system, BG-Recorder 2, delivered by BGCI, needed to 
be modernized. Gradually, we realized that to visualize the locations of our plants on 
the map and to use the database on the web would be excellent properties for the 
new system. The old database was converted into MySQL and the system had to be 
reprogrammed from scratch using PHP, a language for creating dynamic webpages. 
The output of the project, Plant database manager, uses a map engine to provide a 
new way to survey and to edit plant data. One can search plants and display them on 
the map. ArcGIS JavaScript API and ArcGIS server were used to implement the 
system’s web mapping functionality. 
Plant data can now be managed and maps can be displayed even outdoors on any 
device having an Internet connection and a suitable web browser. Different map 
options make it possible to perform simple and complex map searches. On the map, 
a little pop-up window shows information about a plant and there is a link for more 
data about the plant in question.  
The location of plants can be edited directly on the map by using located plants as 
reference points. Thus the tedious, time-consuming and expensive process of 
locating all plants using GPS can be avoided. 
Custom maps based on any search conditions can be created and map booklets can 
be produced from these maps. The map can also be easily zoomed to almost any 
extent. Images of plants can be added and taxon categories are seen hierarchically.  
The Botanical Garden of the University of Turku cooperated with the Departments of 
Geography and Information Technology of the University of Turku and with the 
Botanical Garden of the University of Helsinki. In addition, we got useful ideas from 
the Botanical Garden of Tartu University.  
 
 
Background 
Geographic information systems (GIS) are used to store, manage, analyse and 
present all types of geographical data. Plant management of botanical gardens can 
also greatly benefit from GIS technology when we want to create dynamic web-
based maps and to analyse plant locations based on different criteria. These kinds of 
smart queryable maps provide new flexible ways to visualize data compared to old 
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hand-drawn maps [1, 2]. This study presents the Plant database manager, a modern 
plant data management system used in the Botanical Garden of the University of 
Turku, as an example of such modern plant collection management tool. 
In 2008, the Botanical Garden of the University of Tartu composed a map booklet 
that shows trees and shrubs in the garden, located with GIS technology. After this, 
two students conducted their master’s theses [3, 4] on determining the 
requirements for our modern plant management system. 
The old plant information system of the Botanical Garden of the University of Turku 
consisted of a Microsoft Access database and a graphical user interface written with 
Visual Basic for Applications. While this setup was sufficient to manage the database 
and create reports, it was not ideal for representing geographical data, creating 
maps and allowing visitors to display data online. 
 
 
Methods 
Prior to start building any software, the first phase is to find out requirements for the 
system’s functionality. In this case, the goal was to preserve all the basic functions of 
the old plant management system, but also to add two important features: the 
ability to store and edit the geographical information of plants and the possibility to 
use the system online. Moreover, the new system also supports many other new 
features like storing images of plants. 
When the main requirements for the new system were set, we had to figure out the 
best ways to meet these goals. Firstly, the web- and mapping-related technologies 
were carefully explored to find the most suitable ones to implement the system. 
Moreover, we also wanted to study plant collection management in other botanical 
gardens to gain essential knowledge about strengths and weaknesses present in 
other systems. 
We needed a multiuser system capable of representing geographical plant data 
online. For web mapping, several technologies were considered and ArcGIS 
JavaScript API was found to be best suited for our purposes. We visited the Botanical 
Garden of the University of Tartu to find out how their plant mapping system was set 
up. This garden also uses ArcGIS software to map their plants, so their system had 
many interesting similarities with our project and their maps [5] originally served as 
a starting point when planning our own mapping system. Another visit was made to 
the Botanical Garden of Kaisaniemi in Helsinki. We familiarized ourselves with their 
plant data management system which also provides a mapping feature. 
Our old Access database was converted into a MySQL database that works better in 
the web environment. The database is still in its old format (based on ITF2 standard) 
although some fields were added. The new web-based system was coded from 
scratch using PHP, a language for creating dynamic web pages. During its 
development, the software was continuously edited based on the feedback from the 
staff of the Botanical Garden of the University of Turku. Naturally, the feedback from 
the users of the system was especially important when designing totally new 
functionality like creating plant maps. 
Figure 1 roughly depicts the new plant management system from a more technical 
point of view. The user's client machine connects to the web server. The plant data 
manager software, written mainly in PHP, runs on this server. The plant database 
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itself is located on the MySQL server. PHP queries this server to dynamically 
generate pages based on the searches made by the user. 
When map functionality is needed, the garden's base map is fetched from the ArcGIS 
server. The GIS data associated with the plants, however, is stored in the MySQL 
database, and dynamically drawn on the base map when the user makes a map 
search. To display the map, the system uses ESRI's JavaScript API, a technology for 
dynamic web mapping. 
 
 
Results 
The end result of our project, Plant database manager, can be divided into two main 
parts. Some features of the system deal with traditional database management. This 
is an enhanced version of the old system, now implemented on the web. The other 
part, the map engine, is a completely new feature and provides a new way to 
examine and edit plant data. Also, visitors and garden staff can use the map engine 
to search plants and print out custom maps. This section concentrates on the map 
functionality, but some consideration is also given to the database functionality 
usually provided by traditional plant collection management systems. 
Figure 2 shows the main menu from the plant collection management system with 
several options. The most important database operations are searching, adding and 
editing data. Because of the hierarchical nature of the plant database, these 
operations can be done on five separate levels: individual plants, accessions, plant 
names (species level), genera and families. 
As seen in Figure 3, the search function includes several options. The user defines a 
search term, which can be used to search matches from all fields or a specific field in 
the database. The fields displayed in the search results and the ordering of the 
results can also be chosen. At each hierarchical level, new data can be inserted to 
the database using the add option. Respectively, the edit option allows the user to 
edit the data already in the database. At individual plant level, the coordinates of the 
each plant can be edited directly on the map. 
Map option (Figure 1) makes it possible to display search results on the map. The 
Garden map option provides a simple search with one search condition. Much more 
complex map searches can be carried out with the specific map search option. 
Searches can also be saved for later use. Plants are shown as red points on the map. 
Additional data about the plant can be shown in a little pop-up window by clicking 
the point. The plants that belong to the same accession are connected with lines. 
These features are depicted in Figure 4. 
At the maximum zoom level, separate plants are easy to tell apart even when they 
are located only a few centimetres away from each other (an important feature e.g. 
in the rock garden). Figure 5 shows the map view. The current extent of the map is 
shown on the smaller reference map as a grey rectangle. It is possible to navigate on 
the map by moving this rectangle. 
The results of a map search can also be displayed as a list in a separate window. By 
hovering mouse over an accession number of this list, the plants of this accession will 
start blinking on the map for better illustrativeness (see the rimmed points in Figure 
5). 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

344 
 

The coordinates of plants can be added and edited directly on the map using a 
special editing tool. In this tool, the plant that the user wants to edit is shown as a 
red point, and other plants in the same location are shown as blue points. The plant 
can be placed by simply clicking on the map. 
When placing a plant, other plants nearby are used as reference points. It is possible 
to draw circles with a specific radius around these blue reference points. When the 
distances from two points are known, we can draw two circles and place the plant at 
one of the two points where these circles intersect. The correct point is the one that 
the observer in the field has been using for measurements. The situation before and 
after placing the plant is shown in Figures 6 and 7. 
Aside from the map engine and editing data, the system also provides a reports 
option. This feature enables the user to create diverse reports based on the several 
search conditions and chosen result fields. The reports can practically be created 
based on any plant property present in the database. The map search feature 
mentioned earlier allows the creation of reports in form of maps. All reports can also 
be saved. 
Other plant management features (Figure 1) worth mentioning include tree view, 
statistics and images. Tree view enables the user to examine families, genera, 
species, accessions and individual plants in a hierarchical view. The user first chooses 
a family, then a genus belonging to this family, and so on, until individual plants on 
the lowest level of this conceptual tree are reached. Figure 8 shows an example of 
the tree view on genus level. 
Statistics view displays statistical data on the all hierarchical data levels. Images can 
be added to the database. An image can be associated either with plant name level 
or accession level. Images can also be searched using different criteria. 
Many features tailored for specific gardens can also be added to the system. For 
example, creation of plant labels has been made easier in the Botanical Garden of 
the University of Turku by adding a tailored module for this purpose. Similarly, 
custom modules for index seminum creation can be added to the system quite 
easily. 
 
 
Discussion 
In this paper, we discussed the Plant database manager as an example of a 
modernized plant collection management system. This new plant information 
system has many advantages compared to the old one. Plant data can now be 
managed and maps can be displayed on any device having an Internet connection 
and a suitable web browser, including mobile devices. This means the plant data can 
be viewed and edited even outdoors. This is may be useful when plant data is 
corrected or geographical data on plants is added. Also, the visitors can familiarize 
themselves with the plant data online before or during their actual garden visit. 
Measuring GPS coordinates takes much time and resources [6]. This paper 
introduced a way to accurately place plants on the map without measuring their 
location with a GPS device. As the location of plants can now be edited directly on 
the map, one can use points accurately located with GPS as reference points and 
determine the places of other plants based on this data. The distance of a plant from 
reference points can be measured for example by using a laser rangefinder and then 
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input directly to the plant data system. Thus, the tedious, time-consuming and 
expensive process of locating all plants using GPS can be avoided for the most part. 
It is important to emphasize here that the elements in the base map have to be 
carefully measured with GPS. If the reference points are not accurate, the plants will 
be placed erroneously. It is also worth noting that in addition to being very time-
consuming, GPS may sometimes be an inaccurate way to pinpoint plants’ locations. 
Measuring areas covered e.g. by tree crowns or trying to measure location when the 
device has found too few satellites can lead to imprecise or unusable results.  
Using the new system, custom maps can be created based on any search conditions 
and map booklets can be compiled using these maps. This avoids the need to 
maintain hand-drawn planting maps, as all information can be stored in the 
database. The map can also be easily zoomed to almost any extent, a feature which 
is not often available on many digital plant maps found on the web. 
Naturally, there are also a few drawbacks when using web-based techniques and 
maps in a plant collection management system. The diversity of web browsers is one 
such problem. While our system works well with all major browsers used on desktop 
computers (Google Chrome, Firefox, Internet Explorer), some browsers of mobile 
devices are still not developed enough to handle all web map functionality. This may 
cause some problems for example when a visitor wants to look at the map while 
visiting the garden. 
As noted earlier, the software can be edited according to the needs of the specific 
botanical garden by building new modules. Also, existing functionality can be 
changed pretty easily. For example, instead of points on the map, different little 
symbols indicating the type of the plant could be used on the map (e.g. conifers 
versus deciduous trees). 
Compared to the old database, the new system’s geographical data provides a whole 
new way to visualize the data. Indeed, the possibility to create different maps and 
the ability to manage plant data online will probably be important features in 
modern plant management systems in the future. 
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Figure 1. Scheme presenting the architecture of the Plant Database Manager. 
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Figure 2. Outline of the main menu of the Plant Database Manager showing the 
functionality of the system. 
 

 
Figure 3. Example of the search function of the system Plant Database Manager. 

Each plant in the search result is displayed as a “plant data card”. 
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Figure 4. Example of a map and a pop-up window displaying specific plant data from 
the Plant Database Manager. 

 
 
 
 

 
 
Figure 5. Example of the map view and the table listing the result accessions from 
the Plant Database Manager. 
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Figure 8. Example of tree view of the Plant Database Manager. 

Figure 6. Before placing the plant using 
features of the Plant Database Manager. 

Figure 7. After placing the plant using 
features of the Plant Database Manager. 
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Abstract 
The Botanical Garden of the Plant Breeding and Acclimatization Institute – National 
Research Institute in Bydgoszcz is the place where plants from various climatic zones 
are maintained in different, highly specialized collections. These collections are 
closely connected with scientific, didactic and popularization activities. Since 1994 
genetic resources activities have been focused on species used for energetic 
purposes. Now this collection consists of plant species cultivated, or evaluated, for 
combustion purposes: woody plants of short field rotation (Populus and Salix - Polish 
and Swedish energetic varieties), perennial dicotyledonous plants (Helianthus 
tuberosus, Sida hermaphrodita, Silphium perfoliatum), and perennial C-4 grasses 
(Miscanthus giganteus, M. sinensis, Andropogon gerardi, Panicum virgatum, Spartina 
pectinata). The natural (energy crops collection) and technical (furnaces for biomass 
combustion) resources of the Botanical Garden in Bydgoszcz were a basis for 
participating in the project “Modelling of biomass utilization for energy purpose”, 
funded by the EEA- and Norwegian Financial Mechanism. The scope of the project 
was in line with global priorities to enhance the shift from non-renewable to 
renewable energy sources by generating knowledge on how to improve the 
utilization of terrestrial energy crops. This is a particularly important issue in Poland, 
where coal constitutes a substantial part of the national energy supply. 
 
 
Background 
Poland, like all EU member countries must reduce greenhouse gas emissions. There 
is growing interest in obtaining energy from biomass, mainly due to the search for 
alternatives to fossil fuels. The energy plant collection in the Botanical Garden of the 
National Centre for Plant Genetic Resources in Bydgoszcz was initiated in 1994, when 
Miscanthus giganteus was imported from Germany to Poland. It now consists of 
about 40 taxa which are potentially suitable for cultivation in large areas in Poland. 
Our aim was to evaluate the taxa and determine their suitability for cultivation in 
Polish climatic conditions, their phenological traits, yield and biomass moisture. 
At the end of 2003 the Botanical Garden in Bydgoszcz was funded by the National 
Fund for Environmental Protection and Water Management to establish furnaces for 
biomass (wood chips) combustion, with a capacity of 400 kW. Apart from the 
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obvious economic and ecological advantages with the reduction of sulphur emission, 
it will also be possible to measure the quality parameters of biomass from different 
plant species. As a result new possibilities will emerge, for projects such as those 
with a didactic route for explaining the way from the plant (collection of energy 
species) to final energy production. 
These resources of the Botanical Garden in Bydgoszcz were a basis for participating 
in the research project “Modelling of biomass utilization for energy purpose”, funded 
by the EEA/Norwegian Financial Mechanism, realized in 2007-2010. The results were 
repeatedly presented at scientific conferences contributing to the popularization of 
the knowledge about renewable energy sources. 
 
 
Materials and Methods 
Collection and evaluation of energy plants 
The plant material (seeds, cuttings) of energy crops was obtained in Poland and 
abroad (Table 1). The plants were planted at the Botanical Garden of the Plant 
Breeding and Acclimatization Institute (PBAI) in Bydgoszcz, on lessive soil, formed 
from clay, in an amount dependent on the size of the received samples. Spacing was 
according to the recommended agricultural technology for the species, e.g.: 
Miscanthus - 1 x 1 m, other grass species – 0.6 x 0.6 m, willow – 0.7 x 0.7 m, poplar – 
1 x 1.5 m. Plants were grown with an extensive dose of NPK fertilization, 
respectively: 60:40:40 kg∙ha-1 with watering immediately after planting and 
thereafter only in the periods of drought. The scope of the study included 
phenological observations, measurements of yield, and the evaluation of the 
biomass moisture content. The samples of biomass were collected after the end of 
the plants vegetative growth period, from November to April. 
 
Wood chip-fired boiler house 
The modernization of a 27-year-old coke-fired boiler house in the Botanical Garden 
of the PBAI in Bydgoszcz was finished in July of 2004. Two boilers (Type ECA IV) 
produced in 1977 were replaced by two automatic wood chip-fired boilers (2 x 200 
kW), produced by HDG Bavaria (Germany) and one, hand-loaded, biomass-fired 
boiler (50 kW) which was equipped to measure the calorific values of plants from the 
collections. The mentioned modernisation was cofinanced by the Plant Breeding and 
Acclimatization Institute in Radzików and the National Fund for Environmental 
Protection and Water Management in Warsaw. 
 
Participation in the EEA- and Norwegian Financial Mechanism project 
In existing production fields, which are located in several parts of Poland, three plant 
taxa: Salix viminalis, Miscanthus x giganteus and Sida hermaphrodita were examined 
for energetic purposes, during the period from 2007 to 2009. In the frame of the 
above project, the following objectives were evaluated by the Botanical Garden of 
the PBAI in Bydgoszcz: 
• Estimation of the dynamics of plant growth and potential biomass productivity 

from an area unit on the basis of: 
- biometric measurements and phenological observations of plants in 

the plantations 
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- measurements of photochemical efficiency (with LCpro+) 
• Estimation of biomass energetic value and ash content for particular plant 

species. 
 
 
Results and Discussion 
Collection and evaluation of energy plants 
Observations carried out on the collection of energy plants in the Botanical Garden 
of PBAI in Bydgoszcz have provided valuable information about alternative energy 
species and about their suitability for Polish agriculture. During the 18 years 
following the planting of the first plant in the collection, about 50 plants have been 
evaluated. Some of them are currently being implemented in large-scale cultivation 
in Poland, such as Miscanthus giganteus, despite the failure of the first plants 
imported to Poland in April 1994. The imported material was also propagated, in 
several other locations: Warszawa (Warsaw University of Life Sciences), Radzików 
near Warszawa (the Plant Breeding and Acclimatization Institute), Poznań (the 
Institute of Plant Genetics, Polish Academy of Sciences), Bartążek near Olsztyn (Plant 
Breeding Ltd.). The plants growing outdoors in Bydgoszcz and Poznań did not survive 
the winter of 1994/1995, while the plants planted outdoors in Warsaw and in the 
greenhouses in Radzików and Bartążek overwintered well. In the collection in 
Bydgoszcz M. giganteus was propagated again in 1997, with the use of plants from 
Radzików. The sensitivity of Giant miscanthus to frost during the first year of 
cultivation in the climatic conditions of Germany was pointed out by Pude [1]. In 
vitro seedlings are particularly vulnerable to frost. Better resistance to winter 
conditions has been attributed to rhizome cuttings. At present, M. giganteus is 
considered to be the plant giving the highest yields of biomass every year. Similar 
hopes have been expressed for Arundo donax, which is one of the most promising 
crops for energy production in the Mediterranean climate [2-3]. In southern Italy, a 
trial was carried out to test the performance yield of 39 genotypes, and an average 
yield of 22.1 t ha−1 of dry matter in the second year was recorded, a result 
comparable to those obtained in Spain (22.5 t ha−1) as well as in southern Greece 
(19.0 t ha−1). However, the tests on the wintering of A. donax in Poland, which was 
brought to the collection in Bydgoszcz from the Botanical Garden in Iasi/Romania in 
1997, were not successful. 
Elbersen et al. [4] report that the North American species Panicum virgatum can 
yield in the third year of cultivation, more than 15 t of dry biomass in the climatic 
conditions of north-west Europe. Studies conducted in the Botanical Garden in 
Bydgoszcz confirm that switchgrass can be grown in Europe and that it can be used 
to produce inexpensive biomass under low input conditions and at a very low 
environmental impact (Table 3). 
 
Wood-chip-fired boiler house 
Economic and environmental results related to the exploitation of a biomass boiler 
in the Botanical Garden of PBAI in Bydgoszcz influenced the decision to modernize 
the heating system at the headquarters of the Institute in Radzików, which was 
based on the combustion of coal culm using about 1000 t per heating season. The 
modernization of the heating system in Radzików consisted of the installation in 
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2007 of an additional furnace with a capacity of 2.25 MW for the combustion of 
straw, including biomass from Giant miscanthus plantations. In addition to reducing 
heating costs achieved by changing the existing heating medium (coke, culm), the 
conversion to biomass (pellet, straw) resulted in very favourable ecological effects 
connected to lower dust and exhaust emissions (Tables 4, 5). 
 
Participation in the EEA- and Norwegian Financial Mechanism project 
Studies conducted during the project confirmed the importance of Miscanthus 
giganteus for energy development based on the use of biomass in Poland [5]. The 
highest biomass yield (23.7 t d.m. ha−1) was obtained for M. giganteus in the 
plantation in Radzików, where it was planted on podzolic soil which belongs to 
quality class IV. The smallest yield (8.3 t d.m. ha−1) was obtained for the Sida 
hermaphrodita plantation in Gronowo Górne near Elbląg, on mineral soil belonging 
to class III. Damp deficit, weed infestation, low content of nutrients in the soil and 
low pH had a negative impact on plant development. Some photosynthetic 
characteristics and the impact of other factors having an influence on biomass yield 
were also examined. 
In the morning in full light, of the three species examined the highest photosynthetic 
rate (about 15 µmol CO2/m2/s) was observed for the Salix hybrid (Figure 1). The 
photosynthetic rate increased up till the noon hours for Salix and Sida 
hermaphrodita, reaching 21 µmol CO2/m2/s and 17 µmol CO2/m2/s, respectively. 
During the afternoon hours the photosynthetic rate of these species decreased, 
whereas it increased for Miscanthus giganteus to 15 µmol CO2/m2/s. Similarly, 
higher photosynthetic rates during the morning and afternoon hours were also 
observed for the Salix hybrid in limited light conditions (shade inside the canopy) 
(Figure 1). Starck [6] demonstrated that photosynthetic rate (to some extent) 
increases together with air temperature. The C4 plants made better use of increasing 
PAR intensity in photosynthesis than the C3 plants. The photosynthetic rate of the C4 
species increases when the temperature is 22 oC and above, whereas a reverse 
phenomenon occurs for species with C3 photosynthesis [7]. The examined plant 
species also differed in their rates of transpiration. Salix hybrids showed the highest 
transpiration rate in full light conditions (∼6.5 µmol H2O/m2/s), while the lowest 
transpiration rate was observed for M. giganteus (∼4 µmol H2O/m2/s). The rate of 
transpiration increased simultaneously, with little effect of water management 
(Figure 2). 
 
 
Conclusions 
• The research conducted in the Botanical Garden confirms the possibility of 

growing perennial grass species of type C4 photosynthesis in Polish climatic 
conditions. 

• The natural and technical (the collection of energy species and the biomass-fired 
boiler house) resources of the Botanical Garden of PBAI in Bydgoszcz provide an 
excellent base for renewable energy education. 

• The introduction of new plant species for cultivation in Poland should be 
preceded by further research on the climate and soil requirements, the 
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development of appropriate agricultural technology, and propagation 
techniques and evaluation of energetic efficiency. 

• The knowledge of the rate of photosynthesis allows the control of the factors 
associated with the increase of biomass, such as, efficient use of light and 
substrate charged from the environment, crop density and row spacing. 
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Table 1. List of materials in the energy plant collection of the Botanical Garden of the 

National Centre for Plant Genetic Resources in Bydgoszcz in 2012. 
 

Species Type of 
material 

Origin Year of 
introduction 

Andropogon  
gerardi Vitm. 
 

”Bison” 
“Bonilla” 
“Champ” 
“Kaw” 
“Pawnee” 
“Roundtree” 
ecotype 
ecotype  

 

Plant Material Center, Bismarck/USA 
Plant Material Center, Bismarck/USA 
National Seed Stor. Lab., Fort Collins/USA 
National Seed Stor. Lab., Fort Collins/USA 
National Seed Stor. Lab., Fort Collins/USA 
BG*. Chicago, Morton Arboretum/USA 
BG. Chicago/USA 

 BG. Jena/GER 

1998 
1998 
1998 
1998 
1998 
2005 
1998 
1998 

 

Elymus 
elongatus Run. 

ecotype BG. Saarbrucken/GER   1998 

Miscanthus 
x giganteus 
Greef & Deuter 

form 
form 

VITROPLANT, Klein Wanzleben/GER 
Institute of Natural Fibres, Poznań/POL 

 1994, 1997 
 2002 

Miscanthus 
sacchariflorus 
(Maxim.) Hack. 

ecotype no data  before 1977 

Miscanthus 
sinensis  Anderss. 

form Institute of Plant Genetics PAS, Poznań/POL  2000 

Panicum 
virgatum L. 

Blackwell 
Cave-in-Rock 
Dacotah 
Forestburg 
Pathfinder 
Summer 
Trailblazer 

 

National Germplasm Resources Lab., Beltsville/USA 
National Germplasm Resources Lab., Beltsville/USA 
Plant Material Center, Bismarck/USA 
Plant Material Center, Bismarck/USA 
National Seed Stor. Lab., Fort Collins/USA 
National Seed Stor. Lab., Fort Collins/USA 
National Germplasm Resources Lab., Beltsville/USA 

 

1998 
1998 
1998 
1998 
1998 

  1998 
  1998 

Populus sp. form Familie Zeilinger, Loryhof in Guggenberg,   
Wippenham/AUT 

  2006 

Reynoutria 
japonica Houtt. 

ecotype National Centre for Plant Genetic Resources of 
Plant Breeding & Acclimatization Institute, 
Radzików/POL 

  1995 

Reynoutria 
sachalinensis 
Nakai 

ecotype Museum of Agriculture, Ciechanowiec/POL 
 

  1995 

Rosa multiflora 
Thunb. 

form Stowarzyszenie Bioenergia na Rzecz Rozwoju Wsi,     
Kalisz Pom./POL 

  2002 

Rumex 
tianschanicus 
Los.-Losinsk. 

form 
form 

BG. Cluj-Napoca/ROM  
BG. Vacratot/HUN  

 

  2004 
  2004 

Salix  
viminalis L. 

Gudrun/SWE 
Karin/SWE 
Olof/SWE 
Sprint/POL 
Start/POL 
Sven/SWE 
Tora/SWE 
Tordis/SWE 
Torhild/SWE 
Turbo/POL 

 

"Agrobränsle" AB, Svalov/SWE 200  
"Agrobränsle" AB, Svalov/SWE 200  
"Agrobränsle" AB, Svalov/SWE 200  
University of Warmia and Mazury, Olsztyn/POL 200  
University of Warmia and Mazury, Olsztyn/POL 200  
"Agrobränsle" AB, Svalov/SWE 200  
"Agrobränsle" AB, Svalov/SWE 200  
"Agrobränsle" AB, Svalov/SWE 200  
"Agrobränsle" AB, Svalov/SWE 200  
University of Warmia and Mazury, Olsztyn/POL 200  

 

2004 
2004 
2004 
2005 
2005 
2004 
2004 
2004 
2004 
2005 
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Sida 
hermaphrodita 
Rusby 

form University of Life Sciences, Lublin/POL 
 

  2002 

Silphium 
perfoliatum L. 

ecotype Research Institute of Horticulture Apicultural 
Division, Puławy/POL 
 

  1994 

Spartina  
pectinata Bosc. 
ex Link 

ecotype BG. Wrocław/POL   1989 

* Botanical Garden 
 
 
 
Table 2. Chemical composition of the soils in the Botanical Garden of the National 

Centre for Plant Genetic Resources in Bydgoszcz. 
 
 
 

Unit 

Feature 
Salinity pH in 

H2O 
N-NO3 P K Na Mg Ca 

g∙l-1  mg∙l-1 mg∙l-1 mg∙l-1 mg∙l-1 mg∙l-1 mg∙l-1 

Value 0,12-0,33 5,8-6,9 <10 28-62 82-108 49-100 22-103 400-2050 
 
 
 
Table 3. Summary of Panicum virgatum yield obtained in studies conducted in the 

Botanical Garden in Bydgoszcz and selected countries of NW Europe [in t of 
dry matter per ha]. 

Varieties 
Location / Date of harvest 

Wageningen/NL* 
03.2001 

Braunschweig/D* 
01.2001 

Bydgoszcz/PL 
03.2010 

Bydgoszcz/PL 
03.2011 

Cave in Rock 13,8 14,5 - - 
Summer 12,4 - 18,3 14,5 
*Data obtained from [4] 
 
 
Table 4. The ecological effect of heating-medium change from coke to wood biomass 

in the boiler house in the Botanical Garden of National Centre for Plant 
Genetic Resources in Bydgoszcz. 

Emission 
Coke Biomass Ecological 

effect 

kg/Mg Mg/heating 
season* kg/Mg Mg/heating 

season** 
Mg/heating 

season 
SO2 11,2 1,23 0,68 0,06 1,17 
Dust 15,75 1,73 13,6 1,3 0,43 
NO2 1,5 0,16 50 4,8 lack 
CO 25,0 2,75 19 1,82 0,93 
CO2 2400 264 0 0 264 

* - 110 t/ heating season (coke)  **  - 96 t/heating season (wood pellets) 
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Table 5. The ecological effect of heating-medium change from culm to straw in the 

boiler house in the Plant Breeding and Acclimatization Institute in Radzików 
[8].  

Emission 

Amount of 
emission 
before 

modernization 
culm 

(t/year) 

Amount of 
emission after 
modernization 

straw 
(t/year) 

Ecological 
benefit 

(t/year) 

SO2 20,17 0,069 20,10 
NO2 4,71 3,55 1,16 
CO 28,8 1,53 27,27 

Dust 38,82 1,08 37,74 
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Figure 1. Net rate of photosynthesis (µmol CO2/m2/s) of the tested species (Sida 
hermaphrodita, Miscanthus giganteus, Salix hybrid) in full light and in shade (inside 
the canopy). 
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Figure 2. Transpiration rate (µmol H2O/m2/s) of the tested species (Sida 

hermaphrodita, Miscanthus giganteus, Salix hybrid) in full light and in shade 
(inside the canopy). 
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Background 
I recently heard a statistic that if everyone in the world was to try to live the same 
way that we do in the U.S. it would take seven planets worth of resources to do so. 
That is obviously not possible, so we need to be smarter. We need to be smarter 
about the way that we build and operate our buildings and the way in which we 
connect people to nature. 
Across the globe we are seeing unprecedented population growth and unsustainable 
use of natural resources, as people in the developing world seek to emulate the 
lifestyle we enjoy in the West. This is placing enormous pressure on our planet, 
climate and other species, and that is not good. We cannot deny people their 
aspirations, but we can show them a better way. 
The result of our lifestyle choices can be seen in climate change, habitat destruction 
and the loss of biodiversity. The traditional botanic garden response has been both 
in situ and ex situ conservation, plant collection, ethnobotanical research, seed 
banks, and preservation of habitats. What we also need to focus on, however, is how 
people interact with the environment. 
Botanic gardens have the potential to effect environmental change and to advance 
sustainability, human well-being and environmental awareness, while leading by 
example and emphasizing the important relationships between people and plants. 
One of the best means through which we can do this, is by the way that we build and 
operate our buildings. 
For several thousands of years we have constructed buildings to keep nature and 
marauding invaders at bay. Now, in most parts of the world, we are no longer 
concerned with such invaders, yet we continue to construct buildings that 
completely isolate us from the natural world. What we need to be doing is designing 
buildings that instead, connect us to nature. We spend nearly 80% of our lives in 
buildings, so it is important that we make the connection between people and 
nature in the places where we spend most of our time. Many of us think of nature as 
some faraway place we visit on vacation. But it is all around us no matter where we 
live. All we have to do is look for it. 
Of course, the most profound effect of this disconnection with nature is on our 
children—a group upon which the fate of our planet depends. The reality is that 
many kids today experience nature through electronics, rather than through actual 

mailto:richard@phipps.conservatory.org


European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

362 
 

interaction. The biggest concern pertaining to this fact is that children are not 
making the connection to nature they need to make in order to develop a concern 
for the environment. 
Additionally, a growing body of research shows that connections to nature are 
related to psychological well-being (self-awareness, self-esteem, confidence); 
emotional well-being (positive emotions, satisfaction with life); social well-being 
(social integration and interaction); mental ability and productivity (memory, task 
performance, testing scores, ADHD); and physical well-being (overall fitness, weight 
management, heart health, ability to recover from illness, longevity). It also reveals 
that environmental concerns are rooted in a person's interconnection with other 
people and nature, too—determining how they will interact with nature and 
whether or not they will be concerned with biodiversity, climate change, pollution, 
and the unsustainable use of natural resources. And, finally, recent research even 
suggests that nature exposure increases intrinsic aspirations (personal growth, 
intimacy, community) and decreases extrinsic aspirations (money, image, fame) [1-
5]. 
 
The transformation of Phipps Conservatory and Botanical Gardens 
So how do we begin to make these connections? Let me offer the transformation of 
Phipps Conservatory and Botanical Gardens as an example of how they can be made 
within the sphere of botanic gardens [6]. When Henry Phipps gave Phipps 
Conservatory to the City of Pittsburgh in 1893, it was at a time when people had little 
concern about the amount of natural resources we used, or the amount of pollution 
we produced. In fact, people thought we were going to conquer nature. Phipps was 
run by the city for 100 years but, in 1993, after the steel industry collapsed, it was 
turned over to a “Friends of Phipps” group that incorporated as a non-profit 
organization. 
Originally, we were focused on improving our amenities, extending visitor stay time 
and replacing dilapidated facilities. The result was the development of a three-phase 
master plan that included a new visitor center, production greenhouses, a tropical 
forest conservatory, and an education, research and administration center. But it 
was also in the process of developing this plan that we learned about a new 
programme called LEED (Leadership in Energy and Environmental Design), which is 
now the major green building standard in the U.S. We never realized before how 
much buildings contribute to the amount of energy and water we use and the 
amount of pollution we generate. When we found out, however, we thought: “We 
care about the environment; why shouldn’t our buildings reflect our values?” So we 
began to pursue LEED for our Welcome Center. 
A little later, during construction of this new facility, another major turning point 
occurred whenI walked into the café as tiles were being laid andnoticed that the box 
they came out of said “Made in Turkey.” I was surprised because, with LEED, you are 
supposed to use local materials to minimize the energy used in transporting heavy 
products around the world. When I asked why we were using them, I was told that 
we already got “that point”. But we were not just doing this for points; we were 
doing this because it was the right thing to do. And, from that point on, we 
questioned everything we did to ensure that our practices were as green as possible: 
We drastically reduced our pesticide use; started to work with peat-less soil mixes; 
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removed the irrigation system from our front lawn, seeded it with enhanced grass 
varieties and started to maintain it organically; began to compost all organic waste; 
replaced cleaning products with green ones; eliminated plastic disposables and 
bottled water; started an organic farmers’ market; and got our café Green 
Restaurant Certified. 
We also began to see more clearly the connection between people, plants, the 
planet, health and food, so it made sense to feature healthy, local and organic foods 
in our café, too. Because a lot of children visit Phipps, we even eliminated soda from 
all of our facilities, including our café, and in 2011, we brought together over 40 
regional organizationsto develop “Let’s Move Pittsburgh”, a health collaborative with 
the goal of addressing the issue of childhood obesity (this programme is based on 
the Let’s Move! programme founded by First Lady Michelle Obama). 
Additionally, we began to fix other inconsistencies between our operations and our 
values. We realized that it did not make sense, for example, to tell people to care 
about rainforests in the conservatory and then sell them trinkets in the gift shop, 
made by people who were cutting them down. So we began to carefully source our 
merchandise and focus on fair trade items, as well. 
As part of LEED certification, we were also required to use 20% renewable energy in 
our Welcome Center. But we said, “Why stop with 20%? Let’s use 100%.” Then, we 
said, “Why stop with the Welcome Center? Let’s use 100% renewable energy 
throughout our entire campus.” And, as a result, in 2009, we were recognized by the 
U.S. Department of Energy as one of the top 15 NGO users of renewable energy in 
the U.S. 
 
Energy policy 
By this time, we had already started construction of our production greenhouses and 
tropical forest conservatory and we were determined to see if we could make them 
more energy efficient. We started by trying to understand conventional conservatory 
design. We went all the way back to the 1840s when the first conservatories were 
being built in the United Kingdom, and followed the design all the way up to today, 
finding that, in over 160 years, not a lot had changed—with one exception being the 
use of large energy-intensive fans to help extract hot air that accumulates in these 
spaces during the summer. So we began to challenge our engineers with some 
unconventional design ideas, asking them to design the building so that half of the 
roof would open. We then went on to design our own two-stage shading system that 
could close under the stationary panels of glass and leave the spaces under the vents 
wide open for maximum airflow. By specifying solid cloth instead of perforated cloth, 
we are also able to use the shades as energy blankets in the winter. From there, we 
installed 6, 100-meters long, and 60-centimeters in diameter earth tubes, each 
buried 5 meters underground, so we could use the ground to cool the air, and we 
added a fogging system to provide evaporative cooling. All of these technologies 
have exceeded our expectations: There is no greenhouse effect in this conservatory; 
it has never gotten hotter inside than out; and, even though it is a large glass 
building with a giant south-facing glass wall, it is always 2-3 degrees Centigrade 
cooler inside than out and it uses virtually no energy to do this. 
Relying on yet more innovations for heating, we also had the building designed with 
single-pane glass on the large south facing wall to maximize winter sunlight, but 
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changed the roof to double-pane insulated glass to minimize heat loss. We 
incorporated thermal massing and root zone heating to save energy, too. 
Later in the process, we added a Siemens Power Generation prototype of a solid 
oxide fuel cell to make electricity. By the time we opened in December 2006, we 
realized we had built the most energy-efficient conservatory in a public garden: 
Cooling costs were practically zero; heating costs were less than half of those 
incurred by a conventional conservatory; and it was the only conservatory in the 
world to operate with electricity produced by a fuel cell. 
 
The Living Building Challenge 
Around this time, we also found ourselves thinking in systems, which is the way that 
nature works. As we thought about phase 3 of our expansion plan, the Center for 
Sustainable Landscapes (CSL), we began to consider ways that we could connect our 
buildings with each other and the environment. As fate would have it, we would find 
our direction in November 2006—about one month before the tropical forest 
conservatory opened—when I attended a U.S. “Green Building Council” conference 
and learned about the Living Building Challenge [7], which was launched there by 
Jason McLennan, CEO of the Cascadia Chapter. As a certification based on systems 
thinking, it challenged people to imagine a building as elegant and efficient as a 
flower, one that generated its own renewable energy, and captured and treated all 
of its own water. I especially liked the flower metaphor, which was selected because 
plants are rooted in place, harvest their own energy and water, are adapted to 
climate and site, operate pollution free, are comprised of integrated systems, and 
are beautiful. To me, it had Phipps written all over it. 
The Living Building Challenge [7] is a philosophy, advocacy tool and certification 
programme that addresses development at all scales. Its underlying principle 
(illustrated by the flower metaphor) is that all projects should use nature as the 
ultimate measurement stick for performance. According to the Challenge, there are 
seven petals, or requirements, for certification: 
• The Site Petal focuses on re-establishing the balance between nature and the 

built environment. Implicitly, it advocates for us to re-evaluate the current trend 
of decentralizing our communities, which increases transportation impacts and 
pollution. 

• The Energy Petal has only one imperative: To create net-zero energy from 
renewable resources produced on site. Projects are expected to be super-
efficient and operate using 60-80% less energy than typical buildings. 

• The Water Petal requires that all Challenge projects treat water as a precious 
resource and achieve net-zero goals by capturing and treating all sanitary and 
stormwater on site. 

• The Materials Petal shows how material selection has the most far-reaching and 
broad impacts on design, construction and occupancy. It includes a Red List of 
toxic materials that are not allowed in any Challenge projects.  

• The Health Petal seeks to maximize physical and psychological health and well-
being. 

• The Indoor Quality Petal is unique in that it is less extreme in its approach. The 
intent of these imperatives is not to address all of the potential ways that an 
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interior environment could be compromised, but to focus on best practices to 
create healthy spaces. 

• The Equity Petal focuses on creating a built environment that upholds the dignity 
of all members of society regardless of their physical abilities or economic 
situations, and that is human and not automobile scaled. The imperatives cover a 
range of issues, including accessibility, rights to natural systems regardless of 
property ownership, and protecting individuals from the negative impacts caused 
by adjacent properties.  

• The Beauty Petal also recognizes the need for beauty as a precursor to caring 
enough to preserve, conserve and serve the greater good. 

With the CSL, we are pursuing the Living Building Challenge, LEED Platinum and 
Sustainable Sites Initiative SITES certification. The three-story structure is located on 
an old brownfield site once used by the city’s Department of Public Works on a 
plateau behind and 10 meters below the existing conservatory. The outside is clad 
with salvaged wood from old deconstructed barns. The main purpose of the building 
is to house our education, research and administrative offices. However, it also 
includes a classroom for children’s programs, and an atrium that will feature exhibits 
and signage so that people can understand how the building works and why it is 
important to build in this way. The atrium will additionally include an art gallery to 
showcase photographs and art from our programmes that are designed to connect 
children to nature. 

 
 
 

Figure 1. Net-zero energy at Phipps Conservatory and Botanical Gardens 
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As part of its operation, the building will make more energy on site with renewable 
resources than it uses (Figure 1). The first step in achieving net-zero energy was to 
make the building as passively efficient as possible. To accomplish this, it has a 
robust envelope with extensive insulation and triple-glazed windows. The building is 
also long andnarrow to maximize daylight efficiency and natural ventilation. Energy 
will be supplied by photovoltaic cells, a vertical axis wind turbine and 14 geothermal 
wells which are 170 meters deep. A state-of-the-art HVAC unit includes a desiccant 
wheel so that it can remove humidity from the air without the need to run energy-
intensive compressors. Sun shades block intense summer sun and internal light 
shelves reflect daylight deep into the space to make natural daylighting effective. 
Sloped ceilings assist this process by reflecting the light deep into the middle of the 
office spaces. 
The building is designed to be cooled in three stages. The first stage is to open the 
high and low windows for natural ventilation. The second phase of cooling, which 
will be needed on hot days with high humidity, is to close the windows and use the 
desiccant wheel in the HVAC unit to remove the humidity from the air. People feel 
cooler when the air is dry. On really hot and humid days, we will have to run the air 
conditioner. 
 
Net-zero water policy 
The CSL will achieve net-zero water (Figure 2) by capturing and treating all of our 
sanitary and stormwater from the site. Stormwater will be captured on the green 
roof, in several rain gardens, and in underground storage below permeable parking 
areas. Excess water will first go into a lagoon and, when that overflows, it will then 
flow into 320,000-liter capacity underground rain tanks.  

Figure 2. Net-zero water at Phipps Conservatory and BG: Watercapture 
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Each day, 80,000 liters of water will be pumped up to the upper campus to another 
cistern for the purpose of watering plants in the conservatory and production 
greenhouses. When there is not enough captured rainwater, a well will provide the 
necessary water for irrigation. By doing this, we will be able to offset the 28 million 
liters of potable water that are currently drawn from our municipal water system 
each year. 
Treatment of sanitary water will first start with captured rainwater to flush the 
toilets (Figure 3). From there, it goes to a settling tank and then on to constructed 
wetlands where the plants, and the bacteria they harbor, will clean the water. The 
water will then flow through a sandfilter, where it is further cleaned. Afterwards, the 
cleaned water is returned to another 6,800-liter cistern, where it is circulated past a 
UV light to kill any pathogens, and then it is used once more to flush toilets. We 
estimate that there will be a surplus of 600 liters of cleaned sanitary water left over 
each day. This water will be sent to 12 solar distillation units that will create distilled 
water for the watering of orchids that are sensitive to chemicals in tap water. 
Because these units are solar operated, we will store the treated sanitary water in 
two cleaned 48,000 liter underground fuel tanks until there is enough sun to distill 
the water. 

Figure 3. Net-zero water at Phipps Conservatory BG: Sanitary water treatment 
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Beyond these energy and water features, we are also implementing progressive and 
ecologically restorative practices with the landscape in pursuit of SITES, a 
certification that requires that restored vegetation have characteristics that match 
native communities, and have the same dominant species and relative species 
abundance. At Phipps, we will highlight a sequence of micro-communities that 
feature the various plant communities and successional stages of the Allegheny 
Plateau—from open old field meadows to dense aspen groves, lowland hardwood 
slopes and water’s edge communities. 
Our work to bring buildings like this one to life is not just about the structures. It is 
about the process—what we have learned by going through it and creating 
innovative new programmes that highlight our vision and values. We now all 
understand the connection between people, plants, health, the planet, and beauty—
that anything we do in one area affects everything else. This is the story that we 
have to tell, and we see a great opportunity for public gardens everywhere to 
similarly lead the way to a sustainable future. People come to our gardens for 
inspiration and learning; we all have an opportunity to change the way that they 
interact with the world. And we can inspire the public through innovative 
programming, particularly for children and youth. At Phipps, we have both adult 
andyouth programsthat are centered on three core areas: conservation and 
sustainability; connections between the arts and sciences; and healthy living.All of 
them are conducted in a cross-disciplinary, participatory, locally relevant manner to 
reach as many audiences as possible. And, to ensure that we meet our goals, we 
have implemented regular assessments to see what impact we are having on 
environmental awareness, attitude and behavior in the youth we educate. For 
example, data from school field trips has revealed a positive impact of field trips on 
the participants’ knowledge and attitudes towards environmental issues and 
environmental behavior (Table 1). 
Through our work, Phipps has become a trusted and respected local and global 
community leader, by demonstrating just how effective public gardens can be in 
helping to heal the human-nature relationship and find restorative solutions for the 
world our children will inherit. By carrying out similar work, there are three 
overlapping, researchfields focused on how people relate to the environment that 
can help guide gardens everywhere (Figure 4): 

Environmental Psychology: An 
interdisciplinary field focused on the 
interplay between humans and their 
surroundings. 
Conservation Psychology: The study of 
the reciprocal relationships between 
humans and the rest of nature, with a 
particular focus on how to encourage 
conservation. 
Eco-Psychology: The study of the 
relationship between humans and nature 
through ecological and psychological 

People  
+  

Nature 

Figure 4. Research fields focused on how 
people relate to the environment 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

369 
 

principles. This field seeks to understandand expand the emotional connection 
between people and the natural world, to help individuals develop sustainable 
lifestyles and remedy alienation from nature. 
 
Table 1. Results of the assessment of the impact of school field trips to Phipps 
Conservatory and BG on participants’ understanding and attitudes towards 
environmental issues 
 

 “Participating in this programme has increased my” 
 

 

 Agree or Strongly 
Agree 

Knowledge of environmental issues. 80 % 

Interest in environmental issues. 80 % 

Knowledge of positive environmental behaviors. 87 % 

Commitment to positive environmental behaviors. 93 % 

 
 
At Phipps, we see an opportunity to leverage ourselves so that conservation 
psychology and these related fields become our core research area. And we think 
that all gardens could play a role where these three fields intersect and relate to 
people-nature relationships.  
Together, we have an opportunity to change the way that people interact with the 
world, and it is critical that we succeed. Ultimately, this is the most effective way 
that we can address climate change, destruction of habitats and loss of biodiversity. 
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WORKSHOP: Plants and Business  
 
Convenor: Bob Ursem 
 
Brief summary of the presentation 
The workshop started with an introduction by Bob Ursem to address the urgent need 
for funding of botanic gardens in general. A condensed case study of the Hortus 
Botanicus of Amsterdam from the years 1990 till 2001 was given. This example 
highlights the potential possibilities for Botanic Gardens as well as feasible solutions 
to financial problems. Of course the case of Amsterdam is highly unusual, but similar 
steps or pathways can be used to improve the financial situation of many gardens. 
Many gardens do not have access to technical staff, science staff or scholars to 
execute ideas or to implement novel concepts into industrial applications. The 
purpose of the workshop was to demonstrate current and future examples that 
everyone can do or carry out without the back up of a university like the Technical 
University of Delft.  
Dr. Ursem gave a review of feasible examples such as the mimicking of tower-
building termites for smart heat and energy control in a building (cost reduction); 
gecko tape mimicking the microstructure of gecko feet; copying humpback whale 
flippers to improve energy efficiency in wind power turbine blades; swift wings 
inspiring morphing of airplane wings; shark skin swimwear that provided Michael 
Phelps with his gold medals in the Olympics; copying the hollow hair of polar bears’ 
to tunnel sun power into solar panel power; the shapes of animals used by the car 
industry to create aerodynamic solutions; mimicking the structural colour patterns of 
butterfly wings for modern cell phone and computer screen applications; to pure 
plant based novelties like artificial photosynthesis; Velcro fastners based on burr’s 
spines; the lotus effect of Nelumbo nucifera leaf surfaces; the 2,500 years use of 
Chios mastic trees in many products; the electric milking of plants in Delft and spray 
technologies for plant pest control;or Delft-Leiden (Netherlands) research on the use 
of birch trees (Betula pendula) to create novel bio-based wood preservers.  
Other applicable and feasible ideas involving direct plant use, such as the use of 
vetiver grass (Vetiveria sisanoides) in erosion control or river/canal bank wave-
impact reduction.  
A special reference was made to the creative possibilities outlined by Alexey 
Prokhorov of the Botanic Garden of Petrozavodsk University during discussion with 
the author during the excursion. The Petrozavodsk Botanic Garden experienced an 
earthquake which left a large earth crack in the middle of the garden. The rocks in 
the crack were reputed to have medicinal properties and raised the interest of the 
public. A permanent geological observation station and an educational display were 
established. In order to keep the geological crack untouched, rocks were obtained at 
a nearby quarry and sold in cardboard boxes with information for the visitors.  
 
The main points that were raised in the discussion 
The discussion began with examples of various cases of commercial uses of plants in 
the botanic gardens of the participants. In Athens they use diasporae (seeds) of 
favorite native trees and sell these in the garden shop. A nice example of business 
can be seen on the site: www.DRAGONS DAY.com  
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In Greece it is worth mentioning the plant-derived oils and perfumes used as sprays 
and sold in garden shops.  
Gert Ausloos mentioned a project with Coffea arabica and Sanseviera in the National 
Botanic Garden of Belgium with an adoption programme by industries. They have 
also developed a special garden label for their home-made jam (fruits) and honey 
from the garden’s bee hives. Furthermore they sell potted plants of Allium ursinum, 
a common garden weed, as a useful plant in food and kitchen. This works very well.  
Petr Hanzeka (Prague Botanic Garden) mentioned their own vineyard and own 
garden wine-making. They trade their own brand on several products, such as 
bottled wine, honey in pots, local herbal traditional plants used for medicine and 
food. They have registered a trade mark for these products.  
There was general agreement that it is not easy to involve industries in projects. 
Crithmum maritimum could be of great interest for food and also possible products 
involving industry in the garden. Local uses of plants can be one of the new 
initiatives to export elsewhere. Problems to solve are the legislation by law. In 
Greece such an approach is impossible, because of legislation. 

A great new product is made from locally grown Agave americana, an alien species 
in Chios, Greece that is used to produce a local liqueur. This product was launched 
recently with great success and the “AMORGES” drink is sold locally on the island.  
In Cleveland Botanic Garden, Richard Piacentini gave an example of a programme on 
community gardens they undertake with kids. The kids create a salsa for food, and 
due to this practical home-made product and education, parents get involved. 
Because of this initiative they have increased garden income due to extra entrance 
fee takings.  
Other participants mentioned the possible use of the on-line data base “Plants for 
the Future”. This covers over 3000 species of useful plants that can inspire many 
gardens to explore possible business opportunities. 
 
Conclusions and proposed actions by the participants 
Many participants were inspired to give further consideration to potential business 
spin-offs, but at this moment it is too early to come up with concrete topics or steps. 
This will need more time.  
The National Botanic Garden of Belgium, Meise (Gert Ausloos), Prague Botanic 
Garden (Petr Hanzelka), the National Botanic Garden of Wales (Natasha de Vere) and 
Botanic Garden Delft University of Technology (Bob Ursem) are willing to cooperate 
in a new common project that can lead into business.  
The topic of plants and business as addressed in Chios, Greece, and the progress of 
ideas and proposed steps should be addressed at the next Eurogard VII in Paris, 
France.  
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10. 

Strengthening infrastructure and networks 

for people and plants 
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SUMMARY 

 
M. Kiehn presented the International Plant Exchange Network (IPEN) Code of 
Conduct which is adjusted to fully comply with the Nagoya Protocol (NP) regulation 
and discussed the concomitant challenges for botanic gardens. The IPEN Task Force 
will keep up the contacts with the EU-Commission to try to optimize the utility of the 
planned EU-regulation for NP-compliant material transfer activities of botanical 
gardens.  

B. van den Wollenberg & J.G.M. Persoon presented a Dutch case on how to build 
taxonomic capacity (proper nomenclature and accurate plant identification) at 
national level through networking, by developing a webpage where each botanic 
garden can look for information sources, and add its own sources for others to learn 
from.  

A. Tampoukou et al. explored the potential for establishing a joint action between 
the environmental education centres and botanic gardens within Greece to meet the 
main aims of environmental education. 

N. Assimakopoulou & M. Papafotiou through a site analysis proposed the unification 
and regeneration of two old botanic gardens in Athens (Greece), enhancing their 
landscape character and historical importance. 
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Background 
Botanic Gardens have a long tradition in exchanging living plant material for 
research, conservation, education and for raising public awareness on biodiversity. 
Consequently the Botanical Garden community strongly acknowledges the need of 
fair and equitable Access and Benefit-Sharing regulations as specified by the 
Convention on Biological Diversity (CBD) and participates in numerous benefit 
sharing activities [1, 2]. Botanic Gardens and Botanic Gardens Conservation 
International (BGCI) are driving forces of the establishment and implementation of 
the Global Strategy for Plant Conservation (GSPC) of the CBD. They are also 
determined to contribute to the implementation of the objectives now included in 
the Nagoya Protocol (NP) of the CBD, especially if they result in harmonized 
international or regional approaches with accepted best practise procedures and 
simplified models for material exchange and benefit sharing [3].  
However, it is crucial for Botanic Gardens to mitigate negative effects of 
overburdening administration potentially caused by new legally binding material 
transfer or documentation regulations in order to stay functional in dealing with the 
tasks mentioned above. Therefore is of great importance to develop and implement 
material transfer systems for Botanic Gardens which are transparent and 
trustworthy to providers of plant genetic resources. Such systems shall, at the same 
time, secure the sharing of benefits with the providers, create confidence in the 
work of Botanic Gardens worldwide and thus facilitate access to genetic resources, 
with minimized bureaucracy for plant exchange between Botanic Gardens within the 
scope of their traditional, non-commercial activities. 
The International Plant Exchange Network (IPEN) is a Botanic Gardens´ strategy 
developed to fulfil these requirements [1, 4]. 
 
 
The Nagoya Protocol (NP) 
The “Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable 
Sharing of Benefits Arising from their Utilization in accord with the Convention of 
Biological Diversity” (NP) was formally adopted by the 10th Conference of the Parties 
to the CBD on 29th October 2010 (http://www.cbd.int/abs/text/). It is a general 
framework for international, legally binding regulations of access and benefit sharing 
(ABS) issues. As the NP will enter into force 90 days after the date of deposit of the 
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fiftieth instrument of ratification (www.cbd.int/abs), this will be on 12 October 2014. 
The NP is likely to considerably impact the current practices for the acquisition and 
documentation of new plant accessions in Botanic Gardens as well as the exchange 
of plant material. 
Regulations resulting from the NP will be put in place on national, regional and 
international levels. Within the European Community, e.g., a regulation to 
implement the NP has already been prepared. 
 
The International Plant Exchange Network (IPEN) 
IPEN has been started in 1998 by the Verband Botanischer Gärten, the association of 
Botanic Gardens of the German speaking countries [1, 4]. It is a voluntary system for 
transferring living plant material aiming at securing CBD-conformity, being 
transparent to countries providing plant genetic resources and reducing the amount 
of bureaucracy connected with documentation when exchanging plant material for 
non-commercial purposes. IPEN is intended to enable Botanic Gardens to routinely 
cope with requirements arising from the implementation of the CBD, including those 
related to access and benefit sharing. 
IPEN is characterised by the following features: only open to botanic gardens, only 
for the acquisition and exchange of living plant genetic resources (including seeds), 
only for non-commercial purposes, with documentation in accord with CBD-
requirements. 
In 2002, IPEN has been endorsed as CBD-implementation strategy by the European 
Consortium of Botanic Gardens (EBGC, the platform of official representatives of the 
national networks of botanic gardens in the EU). The ECBC actively supports and 
promotes IPEN [1]. IPEN also has received recognition as a best practice model and 
as instrument for implementing ABS regulations of the CBD by the EU [3] and on the 
CBD Nagoya Protocol website (http://www.cbd.int/abs/instruments/). 
The daily work of IPEN, including answering questions related to the scope and 
intentions of IPEN, is carried out by the IPEN Task Force. This group of botanic 
gardens network representatives (for actual members see footnote 1) is appointed 
by botanic gardens networks in consultation with the EU Consortium of Botanic 
Gardens. Its major tasks are the development and update of the IPEN instruments 
(including the information provided on the IPEN website hosted by BGCI: 
http://www.bgci.org/resources/ipen) in accordance with international biodiversity 
conventions, especially the CBD, and the promotion of IPEN activities and member 
interests in national and international fora. The IPEN Task Force also ensures, in 
consultation with national botanic gardens networks, that applicants to the IPEN 
meet the IPEN criteria and coordinates IPEN membership applications and 
registration at the IPEN website (http://www.bgci.org/resources/ipen/). Actually, 
155 gardens out of 23 countries are registered in IPEN.  
IPEN rules and Code of Conduct (see below) are compliant with CBD regulations on 
ABS in general. They are, at the moment, carefully adjusted to fully comply with the 
requirements resulting from the NP. By accepting and following the IPEN rules and 
Code of Conduct, IPEN member gardens implement ABS-regulations as outlined in 
the NP. Consequently, IPEN is now reaching out to Botanic Gardens worldwide as a 
best practice registration and documentation system.  
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The IPEN Task Force and the Nagoya Protocol 
On behalf of the EU Consortium of Botanic Gardens, the IPEN Task Force has started 
activities in order to enable Botanic Gardens to cope with the anticipated new 
regulations of the NP, especially with the expected additional administrative work. 
These activities include: 
• Information about the NP, including expected access and benefit sharing 

regulations and their potential implications for Botanic Gardens when trying to 
obtain or exchange plant material. Presentations on this subject, e.g., took place at 
the Eurogard VI Conference, Chios, Greece, 2012, the 13th International Association 
of Botanical Gardens Conference, Guangzhou, PR China, 2012, and at several 
national network meetings. An IPEN and NP related workshop also took place at 
the 5th Global Botanic Gardens Congress in Dunedin, New Zealand, in October, 
2013. 

• Promotion of IPEN as an example of best practice for plant material exchange 
without overburdening paperwork and in accord with ABS regulations: IPEN Task 
Force members are in contact with Botanical Gardens Networks and individual 
gardens within and outside of Europe to increase the number of member gardens. 
Meanwhile, the first gardens from the US, from Russia and from New Zealand have 
jointed the network. It is considered crucial that the number of member gardens is 
continuing to increase, because this also is likely to increase the acceptance of the 
system as a trustworthy partner for provider countries. 

• Contact with national CBD Focal Points to raise awareness for the need of 
manageable provisions especially for smaller gardens: IPEN Task Force members 
have contacted national CBD representatives in several EU-countries to inform 
them about the IPEN system and its components like the Code of Conduct or the 
IPEN number system and its documentary function compliant with CBD 
requirements. They also expressed the concern of Botanic Gardens that ABS-
regulations must not create negative CBD-incentives by hampering the exchange of 
material for biodiversity related research (e.g., in taxonomy and conservation) by 
overburdening administration. 

• Participation in discussion processes on the EU-level: the IPEN Task Force 
responded to an EU questionnaire on an Impact Assessment of the Nagoya 
Protocol and, i.a., emphasized the need for a simplified procedure for material 
exchange between research institutions. The concerns raised in the answers to 
that questionnaire by the IPEN Task Force (and, at the same time, by the EU 
Consortium of Botanical Gardens and the Austrian Botanical Gardens Working 
Group) were taken up in the report on the Impact Assessment [2, 3]. They also 
resulted in a series of contacts and meetings with representatives of the EU 
commission. The outcomes of these interactions are hoped to be incorporated into 
a “Regulation of the European Parliament and of the Council on Access to Genetic 
Resources and the Fair and Equitable Sharing of Benefits Arising from their 
Utilization in the Union” which is under preparation at the moment. The annex to 
the final report on the Impact Assessment quotes one of the core statements 
made in the context of IPEN: The preferred implementation option for Botanic 
Gardens would be the recognition of the IPEN code of conduct as a best practice 
example for fulfilling ABS regulations, which could form part of a legal base for 
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simplified procedures for access to genetic resources by botanic gardens (177) [3]. 
The Task Force also expressed its opinion that it would be highly desirable if the 
IPEN number (including minimal documentation) could be explicitly mentioned in 
the above mentioned regulation as being compliant with the documentation 
requirements arising from the implementation of the NP.  

 
Definition of “utilization” by the NP – implications for IPEN? 
In Article 2 (c) the NP defines the term “Utilization of genetic resources” as follows: 
“Utilization of genetic resources” means to conduct research and development on the 
genetic and/or biochemical composition of genetic resources, including through the 
application of biotechnology as defined in Article 2 of the Convention” (NP, Article 2. 
Use of Terms; http://www.cbd.int/abs/text/articles/?sec=abs-02). This definition is 
somehow unclear, as is, e.g., indicated by the interpretation of the Union for Ethical 
BioTrade [5]: “Research on the properties of extracts and molecules from plants, for 
example … would thus now be distinctly subject to access and benefit sharing 
requirements”. This interpretation is contrasting the view of experts involved in the 
EU Commissions assessment of the impacts of an implementation of the NP in the 
EU, who consider molecular and phytochemistry studies for “pure taxonomic 
purposes” not to fall under the definition of utilization by the NP.  
But independent from these legal uncertainties, the coming into force of the NP will, 
in any case, result in a legally binding need for the documentation of plant material 
in accordance with the requirements of the NP and the CBD as soon as the material 
will be transferred to other institutions or if the results of scientific studies will 
create an interest for commercialization. Therefore, securing such documentation 
with a low amount of bureaucracy is valid as strong argument to join IPEN. 
 
IPEN membership  
Preconditions for an IPEN membership are: the applicant must be a botanic garden 
in the definition outlined on the BGCI-website (http://www.bgci.org/ourwork/1528). 
It also has to be a legal entity or part of a larger legal entity, e.g., of a university. 
Private gardens or private individuals are not eligible for membership. The applying 
botanic garden must be registered by BGCI (in BGCI’s Garden Search database: 
http://www.bgci.org/garden_search.php), in order to have a Garden Institution Code 
necessary for issuing IPEN numbers.  
To join the network, an application for IPEN-membership has to be sent to the IPEN 
Task Force, signed by a person authorized to sign such documents for the applicant, 
(http://www.bgci.org/files/ABS/IPEN/ipen_reg_new_fax_june_20092.doc), as well as 
an “IPEN Code of Conduct Statement of Compliance” including the commitment to 
implement the “main principles of the IPEN” as described in the Code of Conduct. 
The IPEN Task Force handles the application and asks advice about the application 
from the National Node for IPEN. 
It is not required for an IPEN member to immediately put all its collections into the 
IPEN documentation system. The minimum obligation is to include those accessions 
which are offered for exchange/transfer within the IPEN system. At least for those 
plant genetic resources, an IPEN number must be issued by the member garden and 
documentation must be stored electronically to be made available upon request. 
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Ideally (and depending on infrastructural, personal and financial resources), other 
accessions can also by included in the IPEN system (on a voluntary basis). 
 
The IPEN Code of Conduct 
The most important element for the functionality and understanding of the IPEN is 
its Code of Conduct (http://www.bgci.org/files/ABS/IPEN/IPEN%20Code%20of%20 
Conduct.doc). This document has to be signed by every garden intending to join the 
network as a commitment to act in accord with the IPEN requirements. It contains 
rules and regulations related to the acquisition, documentation, maintenance and 
supply of living plant material within and beyond the IPEN system as well as on 
benefit-sharing. It also provides a Material Transfer Agreement (MTA) to be used for 
exchanges with institutions that are not member of the IPEN network. A key 
principle of the IPEN Code of Conduct is that plant material transferred within the 
network is only used for scientific research, education, conservation activities, rising 
public awareness and display.  
 
Documentation and material transfer: The IPEN number 
Documentation in IPEN is directly connected with the obligatory creation of a unique 
IPEN number for each accession of plant material entering the network. For this 
purpose, each IPEN member garden has to install an electronic documentation 
system. The IPEN member garden which first introduces an accession of a plant 
genetic resource for exchange into the network has to generate such a number 
which is uniquely connected to this accession. The number includes information 
about the provider country, indicates the garden which created the number and 
contains basic information about the conditions the plant material entered into IPEN 
(details see below). The same, unaltered IPEN number has to remain connected with 
each individual accession and all its descendants through all generations to come, 
including any further circulation within IPEN. This way the IPEN number allows 
tracing back of the origin of the plant genetic resource at every stage of the plant 
exchange within the network and the interests of the country of origin are secured 
through all transfers within IPEN.  
Only the garden which created the IPEN number (which is immediately identifiable 
by the IPEN number, see below) holds the full set of information relevant for this 
accession, e.g., complete taxonomic data, type of material, source, permits related 
to the acquisition or use and any conditions or terms of the country of origin, 
including original PIC and MAT documents. Other (recipient) gardens only need the 
IPEN number, and in case of restrictions for the transfer or use (see below) relevant 
details on these restrictions, to have a minimum documentation which is easily 
manageable and, e.g., in accord with all interests of provider countries (including the 
potential to be used in benefit sharing projects).   
In order to fulfill the requirements of a CBD-ABS and NP compliant documentation, 
the IPEN number is composed of four elements. They are presented and explained 
here by an example from the Botanical Garden, University of Vienna, taken from its 
seed catalogue for 2010: 
AT-0-WU-CAR100208 is the IPEN number connected with seed order # 81, an 
accession of Heliospermum pusillum (Waldst. & Kit.) Rchb. from the Ötscher region in 
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Lower Austria (Austria) collected there in the context of a collecting permit of the 
Federal State of Lower Austria (Austria). 
“AT” (for Austria) is the code for the country of origin (two positions in the IPEN 
number, abbreviation according to ISO 3166-1-alpha-2; if the origin is unknown: 
"XX"). “0” indicates: no restrictions for a transfer of the material (one position in the 
IPEN number, "1" would indicate here that there are restrictions). “WU” (= 
University of Vienna) is the unique Garden code of the institution offering the plant 
material for exchange, found on the BGCI-website under "Garden Search". 
“CAR100208” is the identification number (accession number of the garden 
providing the material).  
For the accession AT-0-WU-CAR100208, the traceability within the IPEN system has 
already been proven. With order number 443, the Index Seminum 2012 of the BG of 
Münster/Germany offers seeds of Silene pusilla Waldst. & Kit. In spite of different 
scientific names, it is clear from the IPEN number connected to this position (AT-0-
WU-CAR100208) that the seeds offered here represent offspring of the material 
from the 2010 catalogue of the Botanical Garden, University of Vienna. 
 
IPEN and benefit sharing 
Obviously, there are misperceptions as regards potentials and options of sharing of 
benefits with providers of plant genetic resources transferred in the IPEN system. 
Such misperceptions, e.g., are expressed by Kamau et al. [6], (257) who write, with 
reference to IPEN: “Networks of ex situ collections exist that exchange biological 
material among themselves and with researchers fostering taxonomic research, but 
excluding commercialisation and, in consequence, the regulation of benefit sharing.”  
It has to be clearly emphasized here that IPEN, in its Code of Conduct, expresses its 
commitment for a fair and equitable sharing of benefits arising from genetic 
resources included in the network system. Such benefits are usually non-monetary, 
but might also contain monetary elements. Several activities in this context by IPEN 
members (but also by other Botanic Gardens) are already in place and include, i.a., 
joint excursions or projects with institutions in countries of origin, sharing of 
research results, knowledge and know-how transfers, training, staff exchanges, 
donation of equipment and educational material, community development activities 
and monetary benefits from commercialisation projects [1, 3].  
 
Transfer of material to institutions outside of IPEN and the question of 
commercialization 
The IPEN Code of Conduct clearly describes the procedures to be followed by 
member gardens if plant genetic resources are requested by an institution outside of 
IPEN. In such a case the potential recipient will have to sign, at minimum, an IPEN 
Material Transfer Agreement, which will bind him to the same terms and conditions 
as applicable within IPEN. The recipient has to keep the full documentation for that 
material. Depending on the conditions defined by the provider country for the 
transfer of the material in question, such a transfer might also require additional a 
priori steps by the potential recipient, i.e., obtaining of a PIC (Prior Informed 
Consent) or MAT (Mutually agreed terms) from the country of origin for the 
intended uses.  
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Commercialization does not fall within the scope of IPEN. But the traceability of 
sources of plant genetic resources in the IPEN system provides a sound basis for the 
steps necessary for a commercial use of plant genetic resources in accord with the 
CBD and the NP. The applicant for a commercial use of plants transferred under the 
IPEN system, however, has to prove first that he has received a PIC and a MAT of the 
provider country for the intended use. Only after having obtained such documents 
for the material in question, this material, now element of separate agreements, can 
become subject of commercial utilization and it then leaves the IPEN system. This 
holds true independent of the question whether an IPEN member or a third party 
intends to use the material for a commercial use.  
 
Summary and outlook 
It is to be expected, that, within the next few months, the NP will be ratified by the 
required number of CBD parties and thus will become legally binding internationally. 
Within the EU, a regulation for the implementation of the NP is in preparation and 
will become operational as soon as the EU and its member states will have ratified 
the NP and the NP has come into force. For Botanic Gardens this will cause 
numerous new challenges, especially as regards documentation and administration 
for transfer of plant genetic resources.  
IPEN already now provides a framework that is suited to reduce the administrative 
burden for its member gardens in accord with CBD-ABS regulations. The IPEN Code 
of Conduct at the moment is adjusted to fully comply with NP-regulation. The IPEN 
Task Force continues to inform Botanic Gardens about the developments connected 
with the NP. Its members will stay in contact with CBD authorities to further raise 
awareness on the work and the needs of Botanic Gardens, allowing Botanic Gardens 
to continue their efforts related to conservation, research and public outreach. They 
will also keep the contacts with the EU-Commission to try to optimize the utility of 
the planned EU-regulation for NP-compliant material transfer activities of Botanical 
Gardens. Ideally, the implementation of the NP could lead to a harmonized accession 
and documentation policy for non-commercial purposes with standardized 
procedures for PICs and MTAs. Strengthening IPEN (by increasing the number of 
members) also strengthens the position of the IPEN Task Force in such negotiations 
and increases the credibility of the IPEN system as functional network securing 
transparency of plant genetic resources for provider countries.  
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Abstract 
The Global Strategy for Plant Conservation (GSPC) constitutes a major challenge to 
botanic gardens throughout the world. Addressing the GSPC requires a wide range of 
capacities, skills and facilities which often only the larger botanic gardens possess. 
Yet, the smaller gardens outnumber the bigger and stronger ones. Wouldn’t it be 
better if more botanic gardens could get involved in the GSPC? The most obvious 
target of the GSPC in which many more botanic gardens could play a role, and thus 
lighten the challenge for all, is target 8, in particular the ex situ conservation 
component. Every botanic garden has a plant collection, which can contain species 
worthy to conserve. But what are we conserving? While smaller botanic gardens may 
be willing to play their part, they run into very basic issues such as the use of correct 
plant names. They usually do not have the resources that big gardens have, such as 
well-stocked libraries, a good herbarium and several taxonomists in their staff.  
A ‘sources’ workshop was run in October 2011 in order to identify resources on the 
internet and as printed literature and to assess the reliability of these sources. This 
was done for the two main issues, viz. plant names, the taxonomic and 
nomenclatural resources and the identification resources. The goal for all 
participants was not only to identify the available resources for plant naming and 
plant identification, but also to mobilize the specific expertise available in many 
gardens individually. Jointly, we know more than we think we do. Most botanic 
gardens in our country participate in the National Plant Collection scheme, and as a 
result, maintain specializations, with the related specific literature, specialists, etc, 
which stays decentralized. The direct outcome was a long list of information sources, 
and some criteria to assess the reliability of each source. In addition, the participants 
suggested the establishment of a national information mechanism, probably as a 
web page, where each botanic garden can look for information sources, and add its 
own sources for others to learn from. We hope that this form of capacity-building by 
sharing the knowledge and information that the Dutch botanic gardens hold, will add 
greatly to the application of correct names, and to the increase of plant identification 
where the absence of appropriate resources has been, and still is, a major problem. 
With such a webpage, we hope to strengthen the capacity to name, indentify, and 
know accurately what we conserve.  
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Background 
Botanic gardens have a substantial role to play in several targets of the Global 
Strategy for Plant Conservation (GSPC) [1]. The most obvious and significant for 
botanic gardens is target 8, which in the updated deadline for 2020 reads: “At least 
75 per cent of threatened plant species in ex situ collections, preferably in the country 
of origin and at least 20 per cent available for recovery and restoration 
programmes”. This target represents a serious challenge to the botanic garden 
community. A key aspect towards the assessment of ongoing progress in meeting 
this target by 2020 is the Plant Search database, hosted by Botanic Gardens 
Conservation International (BGCI’s Plant Search Database) [2]. Botanic gardens can 
individually upload their plant collection list to this Plant Search Database [2], which 
aims to collect the collections lists of all botanic gardens worldwide. This compiled 
list is used to assess how far the botanic garden community has progressed towards 
meeting target 8. The Plant Search Database is checked against various lists, such as 
the IUCN 1997 [3] list of threatened plants, as well as the current list, which is based 
on stricter criteria, published in 2004 (IUCN). When uploading a collections list, the 
Plant Search Database screens that list against either of the two IUCN Red Lists [3] 
and generates a list of “hits”, which is then returned to the botanic garden uploading 
the data, allowing that database to be updated. 
Two important aspects significantly influence the assessment of the ongoing 
progress to meet target 8: these are use of accepted names in the databases 
maintained by the individual botanic gardens and the reliability of the plant 
identifications. The use of synonyms instead of the accepted names, as well as the 
absence of correct identifications give rise to confusion and misinterpretation to 
those individuals or organizations that use these data for evaluation purposes, such 
as e.g. the assessment of progress towards target 8 of the GSPC [1] or the future 
conservation use of plants in ex situ collections. Wrongly named plants lead to 
under-evaluation of the progress towards meeting target 8 of the GSPC [1], the gap 
that still needs to be filled, and misinforms the garden staff and management, 
researchers and visitors, in those botanic gardens where plant naming and plant 
identification are not properly addressed. 
The correct application of names, and plant identification, rely on the presence of 
qualified staff, capable to ensure proper recording of plant information including 
nomenclature, and the use of scientific literature. Ideally these are scientifically 
trained staff, preferably in the field of taxonomy. But how many botanic gardens 
have such taxonomists or botanists? And even if they do have such staff, do these 
have the necessary tools for nomenclatural decisions, and proper plant 
identification? Key tools include a well-stocked library with floras, scientific 
monographs and journals, electronic access to scientific journals and publications, 
and a well-stocked herbarium for comparison. Increasingly, we tend to depend on 
the internet for such tools, but the reality is that many relevant and reliable books 
and journal articles are not available on the internet. While the above aspects 
constitute the scientific aspects of collection management, at the same time they are 
an added value which is not immediately visible to the garden visitors, as opposed to 
e.g. plant labeling and educational materials such as exhibits, explanation panels etc. 
When budgets are getting tighter, this puts adverse pressure on choices in support 
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of quality collection management, which does not only involve staff costs, but also 
the cost of books and journal subscriptions, a library, etc. Investments in quality 
collection management do not lead to more income, or more visitors for that matter.  
In the Netherlands, there are currently 27 botanic gardens organized in the national 
network of botanic gardens (Figure 1), the Dutch Association of Botanic Gardens and 
the “Nederlandse Vereniging van Botanische Tuinen” (NVBT) [4]. Five botanic 
gardens are university gardens and 10 botanic gardens have a plant taxonomist.  
Another feature which is noteworthy is the Dutch National Plant Collection scheme. 
Of the aforementioned 27 botanic gardens, 20 jointly maintain one or more 
specializations that constitute the National Plant Collection (NPC). This NPC is 
coordinated by a separate foundation, the “Stichting Nationale Plantencollectie” 
(SNP) [5], which works together closely with the NVBT [4]. The current total of more 
than 100 specializations of the National Plant Collection need to fulfill a set of quality 
criteria, which are periodically checked by an independent committee of 
taxonomists. Figure 2 shows a part of this list. The botanic gardens that maintain 
these specializations not only maintain many species and many accessions of the 
taxa involved, they also maintain as much as possible the relevant literature, 
expertise, and more detailed cultivation information. In case the garden does not 
have a plant taxonomist, it is obliged to fill the gap by having an agreement with 
external specialists, who check that particular collection regularly.  
It nevertheless is clear that the application of proper nomenclature and accurate 
plant identification, remains problematic to a greater or lesser extent, for most if not 
all botanic gardens. Collection managers or curators by necessity are generalists, 
even when also being specialists of a particular family or genus, since most plant 
collections are broad-ranging. This means that for nomenclature and identification, 
they need to use less familiar information sources and e.g. come to grips with 
idiosyncrasies of terms used in keys and their intended meaning.  
So from the side of the Dutch Regional Office of BGCI (Delft), the initiative was 
launched to run a national workshop for all botanic gardens of the national network 
to review how the capacity for correct naming and identification could be 
strengthened. Using a wide range of sources, the objective was to provide general 
guidance on how to assess reliability of information sources, as well as establish a 
first list of these sources. This article reflects the results of the workshop and 
subsequent findings. 
 
Review of current situation 
A workshop “Sources for nomenclature and identification” was scheduled for 
October 5, 2011. The workshop was prepared by the authors and a questionnaire 
was sent out together with the invitation. The questionnaire asked for the specific 
references and internet sources that each participating botanic garden has on its 
specializations. In addition, the organizers beforehand also distributed some internet 
sources for nomenclatural use for study prior to the workshop.  
The one-day workshop was attended by 22 participants of 14 botanic gardens and 
was split up in two sessions: (i) nomenclature and (ii) plant identification.  
The organizers also brought along books and some journals for nomenclature and 
plant identification as examples and the compiled list of all sources contributed by 
the participants. 
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Plant nomenclature 
The first session of the workshop, on nomenclature, started with the two codes 
relevant for botanic gardens: the International Code of Botanical Nomenclature 
(ICBN, currently the Vienna Code, [6]), and to a lesser extent, the International Code 
of Nomenclature for Cultivated Plants (ICNCP or Cultivated Plant Code; [7]). Although 
especially the ICBN provides the basis for nomenclature, it was obvious that the 
application of the rules makes it extremely difficult for the average taxonomist and 
even more so for the non-scientifically trained collection manager, to use the Code 
within a reasonable time span. To complicate things further, each International 
Botanical Congress, held every five years, conserves particular names against the 
priority principle and even though these conserved names are published with each 
new Code, the average collection manager will have a hard time to make the right 
decisions. Plant collection managers, in general, are “consumers” of taxonomy, most 
often not producers of taxonomy and as a consequence, the understanding of 
nomenclature will also be less profound. 
This means that there is a real need for a list or database which reflects the currently 
accepted name and can provide quick answers to which name to use. Unfortunately, 
there is still no complete and agreed list of currently accepted names of all known 
plant species. 
The Kew World Checklist for Selected Plant Families (WCSP) [8] partly fulfils that 
need, in those cases where plant families have been completely reviewed. This 
database is under continuous improvement by a team of specialists from all over the 
world. The 173 plant families that have been reviewed so far provide excellent 
guidance to collection managers [9] (Figure 3). The work is compiled mostly by R. 
Govaerts [10], in close cooperation with the various specialists, where and when 
available. Apart from the invaluable plant name information, the WCSP also provides 
data on distribution and life form [9] (Figure 4), again a very useful resource for 
collection managers, since most websites on plant names list scientific information, 
but often lack distribution data.  
Another much acclaimed source is The Plant List [11], (Figure 5). The Plant List is a 
working list of all known plant species: “version 1 contains 1,244,871 million 
scientific plant names of which 298,900 are accepted species names” (The Plant List). 
The Plant List derives its data from various sources, e.g. the WCSP, and also lists 
many synonym names. At this point, many genera and families still need to be 
studied to sort out the nomenclatural synonyms, and assess which is the currently 
correct name. Version 1, released in December 2010, has about 25% of unresolved 
names, and for the remaining accepted and synonym names, a reliability rating is 
used for the users of this information (Figure 6). This rating varies from one to three 
stars. When comparing e.g. the listings on Curcuma from The Plant List, where 
almost all the data from The Plant List are drawn from the WCSP and the WCSP itself, 
it turned out that there are serious discrepancies between both datasets. Although 
the website of The Plant List states that version 1 has been released in December 
2010, none but the most alert reader will realize that this means that the data have 
not been updated since. Contact with The Plant List and the WCSP revealed that 
more recent publications affect the WCSP, while the dataset at The Plant List 
remains unaltered [10] and this means the data of The Plant List will diverge more 
and more from that of the WCSP over time, until a new version can be issued.  
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For collection managers using The Plant List this means that in order to have the 
most recent information on the accepted names, the original data source must also 
be checked.  
The website of the International Plant Names Index (IPNI) [12] is a source for names 
that has been available for a longer time (IPNI). IPNI contains the data of the well-
known Index Kewensis series, and the Gray Card Index, the latter containing 
“specimen records, primarily type specimens from the Harvard University Herbaria 
and New England Botanical Club”. Both datasets are being standardized, e.g. for the 
author abbreviations according to the Authors of Plant Names [13]. Checked author 
abbreviations are underscored.  
Not seldom, the IPNI data are misinterpreted. Seed lists issued by botanic gardens 
sometimes refer to IPNI for accepted names, but IPNI provides hardly any guidance 
about accepted names or synonyms, but focuses merely on published names. For 
example, Canna bidentata Bertol. is currently a synonym for Canna indica L. In this 
case, the author has not been underlined in their website, although correctly 
abbreviated, showing that the ongoing author check has not been finalized for all 
records. 
There are more sites aiming to develop a global overview of plant species, that could 
be mentioned here, e.g. IOPI-GPC (the International Organization for Plant 
Information - Global Plant Checklist).  
This article does not aim to provide a complete overview of all the sources for plant 
names, whether general sources, or sources on specific plant families or genera.  
Political decision-making regarding the conservation of biodiversity such as the 
Convention on Biological Diversity and its Global Strategy for Plant Conservation puts 
more pressure on finalizing global checklists. One example of such a checklist is the 
Catalogue of Life project (Catalogue of Life). It too compiles data from other 
databases such as the WCSP. The reliability of the data again depends largely on the 
quality of the underpinning databases, and the regularity of updates. It isn’t all that 
clear which source the collection manager should turn to, e.g. apart from the 
Catalogue of Life website, there’s also the Encyclopedia of Life (EOL) [14] both 
seemingly aiming at the same objective, but with different supporting organizations 
and with different datasets. 
This brings us to the printed publications that can provide guidance in finding the 
accepted names. For plant genera, Mabberley’s Plantbook remains a useful guide 
[15]. Useful for collection managers, but by default incomplete, and somewhat 
outdated in terms of nomenclature, is the New RHS Dictionary of Gardening [16]. 
The Index of Garden Plants [17] is a concise version of the previous. Both are useful 
in providing brief descriptions, distribution information, and a hardiness indication, 
but are outdated as to the accepted plant names. Another very useful source is the 
European Garden Flora [18]. This 5 volume set covers many of the European, North 
American, Canadian, and temperate Asian and Australasian species cultivated in 
botanic gardens, and has keys to the genera and species.  
 
Plant identification 
The second session of the workshop comprised plant identification. For a variety of 
reasons, plant identification seems to be at the bottom end of the job list of the 
collection manager. Its merits are often perceived as less important than plant 
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recording (accessioning), and plant labeling, and is certainly less visible, not only to 
the casual visitors, but also to gardeners, who see little merit in confirming the 
identity of an already correctly labeled plant.  
Ideally, every plant should be identified or the identity checked, to ensure that the 
proper names are applied. However, even in the best botanic gardens, staff 
resources for plant identification are limited, and for example in the Royal Botanic 
Garden (RGB), Edinburgh, they calculated in 2004 that only just over 24% of the 
plants were identified. This was partly caused by a policy that only wild collected 
plants merited identification. Since then, they have set a target to increase this 
percentage by 2% per year [25]. Of course, 100% verification will remain theory, 
since some plants die before they can be identified, and others may never flower or 
produce fruits, which often renders identification impossible.  
The RBG Edinburgh has developed a method to prioritize on which plants to identify 
first, and some 12 categories of accessions have been defined, e.g. plants from 
accessions of known wild origin [19]. In addition, a genus based approach has been 
proposed, which is expected to be more efficient than the ad hoc approach.  
For many collection managers, the constraints are much more basic. Having the 
proper tools on hand is often challenging enough. Without the proper literature, 
identification is virtually impossible. The first question that arises, is whether the 
plants in question are from known wild origin, or from the pool of botanic garden 
collections where the data were lost or not recorded in the past, which can partly be 
explained by the initial data systems often being ill-equipped to record verbatim 
information that could not be coded (in order to reduce electronic storage space) 
and partly by a mis-appreciation of the value of such information. When the plants 
are of unknown origin, one cannot rely on floras to identify the plants and general 
sources are needed.  
 
A plant of unknown origin 
Starting with the latter case, a named plant of unknown origin (the plant has a genus 
and species name), and then, accurate descriptions of the genus and species can be 
used to verify the identity. If these check out, we are in luck. If they do not match the 
plant, and even the family is uncertain, we have to start from scratch. In this age of 
the internet, synoptic keys are a real asset. Synoptic keys are much easier to use 
than dichotomous keys, which are the usual keys in printed publications.  
A very useful website is Plantsystematics.org (Nixon). For dicots, it has an illustrated 
synoptic key, which allows you to use only those characteristics that can be observed 
in the plants (Figure 7). Each choice reduces the number of potential families, until 
you finally end with one, or a few possible families. In addition, Plantsystematics.org 
also has images per family, which help check if the right family was keyed out.  
For collection managers without a well-stocked library, at this point the search for a 
monograph and key of the family in question starts. For the Dutch collection 
managers, if that plant family is also a specialization within the Dutch National Plant 
Collection scheme, this means that one botanic garden may have information 
sources and perhaps also keys to continue the identification process. If not, the 
collection manager has to look elsewhere. There are few family monographs with 
keys on the internet, although some separate keys to families can be found. Most 
family or genus monographs are published as books.  
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Of course, the absence from the library of the necessary monograph will stop the 
continuation of the verification process at that point. One could e.g. use the 
European Garden Flora, but the scope of this source is limited to the more widely 
cultivated plants, and therefore there is always a measure of uncertainty, so the user 
has to keep an open mind about the excluded species if the description of the 
species that was keyed out is not in line with the plant under scrutiny. 
 
A plant of known origin 
When attempting to identify a plant of known wild origin, that origin allows the 
selection of the proper flora to use. Some floras are available online, e.g. at the 
website of eFloras (eFloras) [20], where for example the Flora of China is available. 
Until 2008, the Flora of North America was also available here, but in the mean time, 
this has been moved to another website (Flora of North America) [21]. Of course, 
there are more regional or national floras available on the internet.  
As for printed floras (still the majority of publications), there are bibliographies 
available, such as the Guide to Standard Floras of the World [22], of which an earlier 
version of 2001 is also available in pdf-format. 
 
Illustrations 
One of the obvious advantages of the internet is the availability of images. This, on 
the one hand, can be an asset to assist in identification, but on the other hand, it is 
also dangerous to use, due to the often low reliability of the websites where these 
images originate from. For example, when one looks for images of “Aristolochia 
trilobata” on the internet, one of the first images that show up is clearly not that 
species, since both inflorescence and leaves are quite different from those of the 
true species. In this case, the erroneously named image stems from a commercial 
enterprise, but amateur sites can also hold misnamed images. This means that for 
identification purposes, extreme caution must be used, and such images should at 
best be used alongside a good description. This does not mean that images are 
always suspicious. Much depends on the people who moderate the site in question. 
The previously mentioned website of Plantsystematics.org provides many images per 
family, which can help in determining whether the identification has resulted in the 
correct family.  
An example of a carefully moderated site is e.g. Primula World (I World) [23]. In 
many cases, several photographs are provided per species, sometimes of plants in 
the wild as well as cultivated ones. Recently more focus has been put on 
photographs also showing specific characteristics of the species in question, and 
bibliographical information on the protologue, synonyms, and type specimen, as well 
as a link to an online flora (if available), as in the case of Primula faberi (Figure 8). 
Submitted photographs are only added by the moderator. Websites where anyone 
can upload photographs are obviously much less reliable.  
 
 
Results 
The first and most obvious result of the workshop was a long list of information 
sources, both from the internet and printed publications, pertaining to the accepted 
names to be used, and to verification sources. In some cases the details of the 
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information sources were complemented with comments on their usefulness, and an 
indication of reliability, for the plant collection managers of the Dutch network. The 
majority of information sources were without comments, since it was not possible to 
look at each in detail.  
At the same time, a set of indicators were formulated, in order to allow some 
assessment of the reliability of each information source: 

1. Information sources with references that underpin the data presented 
therein are likely to be more reliable than information sources without 
references. 

2. Names of specialists /monographers that guarantee that the information 
provided has been reviewed carefully.  

3. In the case of internet sources: indication who is allowed to add information. 
The more open the site is for adding information, the less likely it is to be very 
reliable. 

4. Very “flashy” websites usually indicate more attention to presentation, rather 
than quality of information. 

 
It was also clear that an assessment of reliability will always carry with it a measure 
of subjectivity. However, the reliability rating does provide some guidance to the less 
well-informed collection manager. The objective of the workshop was not to 
establish a series of objective criteria, if such a thing is at all possible in the first 
place.  
While the workshop was very useful to the participants, it was agreed that the 
effects of the workshop could be extended and improved by developing a joint 
information mechanism, restricted to the Dutch network of Botanic Gardens. 
Restriction of access is necessary in order to use the Dutch language, for maximum 
use within the network, and to avoid discussions with people outside the network 
about any reliability ratings used (these not being entirely objective).  
It is intended that the digital structure for this information mechanism will be 
provided, along with some information sources for each category, to serve as an 
example. However, the majority of information sources provided by the participants 
should be added by each participant respectively, along with a provisional reliability 
rating, and the person adding this information, so that in case of differing views, 
opposing views can be added.  
So far, the details of the information mechanism itself are still under review. It is 
desirable to keep it as simple as possible, while allowing multiple users access to the 
data. One could think of content management systems as e.g. Wordpress, but other 
options remain open for now.  
 
 
Discussion 
In a time where the financial resources of botanic gardens in general are under 
pressure, it is more and more difficult for individual botanic gardens, especially the 
smaller and more recently established ones, to build up and maintain a well-stocked 
library, and to have a part-time or full-time taxonomically trained collection manager 
to improve the plant names and plant identifications. At the same time, a high 
reliability in the plant names used, and the necessary identification of plants to check 
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whether plant names and plants actually match, remains a vital part of the modus 
operandus of any botanic garden. The botanic garden community has a responsibility 
towards plant conservation targets such as target 8 of the GSPC. In this respect, the 
data that individual botanic gardens upload to BGCI’s Plant Search Database must be 
sufficiently reliable to assess the progress of ex situ conservation of threatened 
plants maintained in the plant collections of the participating botanic gardens. This 
means that the botanic garden community is in need of creative solutions to assist 
individual botanic gardens to gain access to the necessary tools, in order to achieve 
the necessary reliability of their plant collection data. One of the basic tools for this 
is access to reliable information sources.  
At first glance, one might think that data sources of websites are far superior to 
printed publications. Databases can be updated continuously, and printed 
publications start getting outdated from the moment the manuscript goes to the 
publisher. While this is undeniable, a data record on a specific plant species, 
retrieved by a collection manager, can be changed five minutes later, without that 
collection manager finding out for the next decade or so. Unless the internet society 
develops a mechanism to alert the past users of data records when these records are 
changed, collection managers will never be certain that they actually hold the most 
recent data on the plant groups that they have checked in the past period of time. 
The solution to that lies well beyond the scope of this article, so we will not dwell on 
that in more detail.  
The workshop that was run attempted to address the issue of reliable information 
sources, and the intended internal information mechanism to mobilize resources of 
the Dutch network may at least partly contribute to that in a more structured way. 
The knowledge and information that each individual botanic garden has can be 
pooled into a national information point. This has the potential benefit that with a 
minimum of effort from each participating Dutch botanic garden, the result can be a 
great resource to all.  
The “sources” workshop demonstrates how a national network can support capacity 
building in support of correct naming and identification of plants for its members. 
This we hope will strengthen the contribution of the Dutch botanic gardens in 
meeting the GSPC challenge. 
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Figure 1. Members of the Dutch Association of Botanic Gardens, the “Nederlandse 
Vereniging van Botanische Tuinen” (NVBT). 
 

 
Figure 2. Examples of current specializations of the National Plant Collection facility 
which is coordinated by the “Stichting Nationale Plantencollectie” foundation (SNP). 
 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

396 
 

 
 
Figure 3.  Example of reviewed plant families (WCSP) providing excellent guidance to 
collection managers. 
 
 
 

 
 
Figure  4. Example of information delivered for Costus afer in the website of Kew 
World Checklist for Selected Plant Families (WCSP). 
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Figure  5. Main webpage of the Plant List website (The Plant List). 
 
 
 
 

 
 
Figure  6. Example of delivered taxonomic information regarding Myristica laevigata 
at the Plant List website (The Plant List). 
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Figure  7.  Example of synoptic keys for dicot families at the website of 
Plantsystematics.org [24]. 
 

 
 
Figure  8.  Example of a carefully moderated website with reliable illustration of 
specific taxa (Primula World). 
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Abstract 
Environmental Education Centres (EECs) have been established in Greece since the 
1980s. Sixty nine EECs distributed throughout the country provide multi-disciplinary 
environmental education programmes, resources and experiences to both students 
and teaching staff of schools, aiming to develop and establish their environmental 
awareness and consciousness. Botanic Gardens are also an integral part of 
environmental education based on their scientific, research and educational status. 
Currently within Greece there are 15 Botanic Gardens distributed relatively evenly 
throughout the country with the exception of the Peloponnese, Epirus and Thrace, 
(regions with no established botanic gardens).  
The current study investigates the potential for establishing a joint action between 
the EECs and Botanic Gardens within Greece to meet the main aims of 
Environmental Education, including the development and establishment of 
environmental awareness and consciousness. Specifically, a questionnaire survey, 
addressed to the teaching staff of the EECs of Greece, was undertaken to investigate 
the potential of incorporating the use of Botanic Gardens in their programmes. A 
total of 154 questionnaires were completed. The majority of respondents (88.3%) 
suggested that Botanic Gardens could be used to a great extent, within the 
programmes of Environmental Education. Respondents defined certain features 
within Botanic Gardens as necessary to meet educational requirements such as large 
open spaces suitable for environmental play activities, the trails designed 
purposefully to raise environmental awareness, aesthetically pleasing paths with 
easy access, areas that simulate various ecosystems, a greenhouse and some other 
features. 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

400 
 

The results of the survey are informative with regards to the infrastructure of the 
Botanic Gardens that could be utilized to improve their design (integrating or anew), 
to meet the aims of environmental education that are addressed by the EEC teaching 
staff in Greece.  
 
 
Background 
Environmental Education Centres have been established in Greece since the 1980s. 
Sixty nine Environmental Education Centres (EECs) distributed throughout the 
country provide multi-disciplinary environmental education programmes, material 
and experiences to both students and teaching staff of schools with an aim to 
develop and establish their environmental awareness and consciousness. Botanic 
Gardens (BGs) are also an integral part of environmental education based on their 
scientific, research and educational status. According to the International Agenda for 
Botanic Gardens in Conservation [1] “Botanic gardens are institutions holding 
documented collections of living plants for the purposes of scientific research, 
conservation, display and education”. Currently in Greece there are 15 BGs 
distributed relatively evenly throughout the country with the exception of the 
Peloponnese, Epirus and Thrace, regions with no established botanic gardens (Figure 
1), six of them are members of the Botanic Gardens Conservation International [2]. 
During “Middle Childhood” ages 6-12 children are inclined to form a bond with 
nature [3]. The physical, mental, moral and emotional development of children 
benefit from their interaction with nature and it is during childhood that people form 
their values about nature as adults [4]. In general the design of BGs has not intended 
to integrate within their infrastructure the needs of environmental education. This 
paper investigates and identifies main infrastructures that are required in BGs to 
support environmental education via EECs. 
The questionnaire was given to EEC staff as they have a wealth of experience in 
providing environmental education in Greece. Also according to Target 14 of the 
global strategy for Plant Conservation, botanic gardens need to incorporate the 
importance of plant diversity and the need for its conservation into communication, 
education and public awareness programmes [2]. Since BGs in Greece have been 
established mainly during the last two decades, they are still in the process of 
growing. In that respect garden staff lacks long term experience in botanic gardens 
education that can be supported and advised by staff from environmental education 
sites including EECs. 
 
 
Materials and Methods 
A questionnaire-based survey addressed to the teaching staff of all the EECs within 
Greece in order to investigate their views on the potential of BGs in providing 
environmental education. The questionnaire consisted of 57 questions divided into 6 
sections that included:  
 
• Respondent profile 
• Role of Botanic Gardens in Education  
• Infrastructure of Botanic Gardens abroad to support Environmental Education 
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• Familiarisation of primary and secondary school students with plants 
• Infrastructure of Botanic Gardens within Greece to support Environmental 

Education   
• Role of Botanic Gardens in Environmental Education 
A total of 154 questionnaires were analysed using SPSS Statistical Software v. 18.0 
[5]. The questionnaire included: multiple choice closed-ended questions, 1 to 5 
bipolar scale, open ended and filter questions. Within each question the percentage 
frequency distribution was calculated.  
 

 
Figure 1. Distribution of Botanic Gardens within Greece. 
 
 
Results  
The majority of the respondents (88.3%) rated 4 and 5 on a 6 point scale that BGs 
could constitute a “tool” for environmental education of primary and secondary 
students (Figure 2).  
The necessary infrastructure of BGs to support environmental education and rated 
by respondents with 4 and 5 on a 6 point scale are in descending order the presence 
of: open spaces to perform environmental education activities and games (94.0%), 
trails purposefully designed to raise environmental awareness (92.5%), plant displays 
that simulate different types of ecosystems (89.3%), easiness of path surface for 
walking (88.8%), nursery (86.3%), composting area (81.7%), environmental education 
facilities i.e. laboratories, rooms, smart boards, IT, etc. (81.7%), greenhouse (79.3%), 
wetlands (76.4%), weather station (72.2%), elements or features stimulating visitors’ 
interest (70.8%), outdoor amphitheatre (65.5%) library (69.4%) and shop (34.5%) 
(Figure 3). The majority of the respondents that have visited BGs when asked “if they 
have any proposals for modification or intervention of the visited BG to support 
environmental education” stated “none” at 65.9% (Figure 4). However the remaining 
34.1% of the respondents proposed additional seating areas, signage with a map of 
the BG and information with regards to the use, ecological value, history or evolution 
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of plants, the creation of organised routes, a library, laboratory, class room, outdoor 
amphitheatre, composting area and play area. Furthermore the majority of the 
respondents representing the educational staff of EECs selected the maximum 
number of 25 students per group visit to a BG (91.5%) (Figure 5), probably because 
of the maximum number of pupils within a classroom designated by the Hellenic 
State. Moreover, the survey indicated that both tutors and students should be 
supported with appropriate educational materials (96.7%) (Figure 6). 
 
Discussion  
Botanic Gardens contribute to familiarising children with the plant world and 
developing environmental awareness. In Greece the educators of EECs acknowledge 
to a great extent the use of BGs as a “tool” for Environmental Education for primary 
and secondary schools. The infrastructures of existing BGs within Greece do not 
meet the full potential for environmental education. The integration of 
environmental education within the design of BGs would increase their visitation. 
Infrastructures of existing and new BGs should accommodate contemporary needs 
for environmental education that include open spaces for environmental activities 
and games, facilitated access and specially designed trails to raise environmental 
awareness, the development of various ecosystems, a weather station, a nursery, as 
well as buildings hosting classes, laboratories, a library and a shop. Furthermore 
surprise elements and features would stimulate visitors. Twenty five student’s 
visiting a BG at any time is considered by tutors as the maximum number of students 
for optimal educational benefits. Furthermore educational materials should be 
supplied to both teachers and students to increase the educational benefits of 
student visits. Integrating environmental education to the design of BGs adds a new 
dimension to their function that is sustainable and is expected to increase BG 
popularity and revenue. 
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Figure 2. Respondent attitudes (%) towards the use of BGs as a “tool” for 
environmental education of primary and secondary students rated on a 6 point scale. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The four most popular infrastructures of BGs (amongst 15 infrastructures 
defined) necessary to support environmental education and rated on a 6 point scale 
expressed as percentage of respondents. 
  

37.66 
 

50.65 
 

11.69 % 

 
 
 0 None 

1 
2 
3 
4 
5 Very Much 

Scale 

 

 

 Open spaces for environmental  
activities / games 

23.33 % 

70.67 % 

0.67 % 
8.33 % 

0 None 
1 
2 
3 
4 
5 Very Much 

Scale 

Routes design for raising 
environmental awareness 

 2.03 % 
4.37 % 

24.32 % 
68.24 % 

Suitable infrastructure to accommodate 
various types of ecosystems 

 

1.34 % 

24.16 % 65.10 % 

8.72 %  1.99 % 
7.95 % 

28.48 % 60.26 % 

 Provide pleasant path surface 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

404 
 

 
 
Figure 4. Percentage of respondents with proposals for modification or intervention 
of visited BGs. 
 

 

 
Figure 5. Percentage of respondents (%) for optimum number students visiting a BG 
at any one time. 
 
 

 
Figure 6. Percentage of respondents (%) that state the necessity of appropriate 
educational resources for BGs to support both teachers and students.
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Abstract 
A site analysis of the neighbouring botanical gardens of the Agricultural University of 
Athens and the National and Kapodistrian University of Athens was undertaken and 
a proposal for their unification and regeneration was drawn up. The aim was to 
restore the gardens, while integrating them within the urban fabric and 
concomitantly raising the ecological awareness of the public. 
During the site analysis, buildings, structures and plant species were mapped. More 
than 110 plant species in the garden of the Agricultural University of Athens and 80 
plant species in the garden of the National and Kapodistrian University of Athens 
were identified and their locations mapped. Invasive and alien species were also 
identified and recorded. 
The proposed unification and regeneration of both botanical gardens was based on 
the considered bibliography related to the history of the area and the gardens, old 
maps and photographs, as well as verbal testimonies. The objective was to enhance 
the landscape character and history of gardens by restoring the old and long 
standing structures and protecting plants that are considered as living monuments 
due to their age, size and rarity of species.  
 
 
Background 
The botanical garden (BG) of the Agricultural University of Athens (AUA) and the BG 
of National & Kapodistrian University of Athens (NKUA) are two historical gardens in 
the heart of the city of Athens, next to each other, separated by the arboretum of 
the AUA. In the area of 120 acres, that now hosts the two BGs and part of the 
campus of the AUA, was the estate of the former Ottoman Voivode of Athens, Hadji 
Ali Hasekii. In 1838 the first Botanical Garden of the newly formed Greek state, one 
of the urban green projects of Queen Amalia, was established. Distinguished names 
such as the botanist Theodor Von Heldreich, the architect Christian Hansen and the 
professors of Botany Carl Nikolaus Fraas and Theodoros Orphanides were involved in 
its construction and management. In 1920 the BG was divided in two parts, where 
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the largest one was signed over to the newly established Agricultural College (now 
AUA) and the other part to the NKUA [1-3]. 
At present remains of Haseki’s house (konaki) are found at the basement of the 
Laboratory of Floriculture & Landscape Architecture (Figure 1), while part of the 
fortification wall (Figure 3a), a public fountain dated in the 17th century (Figure 4a) 
and the old guard room of the Agricultural College (now AUA) next to it are found at 
the entrance of BG-AUA [4]. The BG-AUA and less the BG-NKUA are today used for 
teaching. 
A site analysis of the two neighbouring BGs of AUA and NKUA was undertaken and a 
proposal for their unification and regeneration drawn up. The aim was to restore the 
gardens, while integrating them within the urban fabric and concomitantly raising 
the ecological awareness of the public.  
 
 
Methods 
The site analysis took place in 2010. Buildings, structures and plant species, were 
mapped.  
The proposal for unification and regeneration of both botanical gardens was based 
on bibliography related to the history of the area and the gardens, old maps and 
photographs, engravings and paintings and the verbal testimonies of Maggie 
(Margaret) Emke nee Willson, granddaughter of William Chisholm, who was the 
Head Gardner of the BG during the reign of Georgios I from late 19th to early 20th 
century (personal communication).  
 
 
Site analysis 
There were no plans found of the initial planting design of the (united) BG that 
Queen Amalia established, neither of later periods of the garden (Figure 2). Certainly 
many alterations of the planting design took place over the 174 years of the garden 
history, particularly at the BG-AUA. Since the early years of the BG (19th century) 
remain two glasshouses. The one found at the BG-AUA, is a steel glasshouse 
constructed most probably at the period that Theodor Von Heldreich was Director of 
the BG (1849/51-1861) [3]. The glasshouse is well preserved (last restoration took 
place in mid 1990s) and it is still in use for teaching and experimental purposes by 
the Laboratory of Floriculture and Landscape Architecture (Figure 4b). The second 
glasshouse is at the BG-NKUA and needs restoration (Figure 4d). Five water tanks, 
two in BG-NKUA and three in BG-AUA are also preserved since the early years of the 
BG (Figures 3a, 4c,f). 
The BG-AUA as mentioned above has not preserved its original design and at present 
the planting follows a naturalistic pattern (Figures 3, 5a), organized in thematic areas 
that highlight the old standing structures such as the fortification wall of Voivode of 
Athens Hadji Ali Hasekii (Figure 3a), the steel glasshouse (Figures 3d, 4b), Hansen’s 
water tank, since 1838 and still in use for irrigation of the garden (Figure 4c). The 
water canal along Iera Odos served for irrigation [4] now being an elevated parterre, 
as well as monument plants. The main entrance of the garden remains the same 
with the old entrance through the fortification wall (Figures 3a, 5). There are two 
large parterres and a small shallow lake at the entrance of the garden (Figures 3c,d, 
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5); the lake is connected through a brooklet with one of the old water tanks. An 
orangery, two open lawn spaces and an area reserved for students’ experimental 
research are part of the garden (Figure 5).  
The BG-AUA contains over 110 plant species from the temperate zone, 
Mediterranean, tropical, subtropical and native or endemic of Greece [5], some of 
which are rare or not commonly used in Greece the last years, such as Acanthus 
mollis, Arbutus x andrachnoides, Bauhinia blakeana, Broussonetia papyrifera, Celtis 
australis, Cocculus laurifolius, Dasylirion wheeleri, Quercus euboica, Maclura 
pomifera, Magnifera indica, x Malosorbus florentina, Parkinsonia aculeata, Persea 
americana, Phytolacca dioica, Pistacia terebinthus, Ruscus aculeatus, Ruscus 
hypoglossum, Shinus molle, Sphaeralcea umbellata. Some of the Phoenix canariensis, 
Washingtonia sp. and Cupressus sempervirens are over 100 years old.  
The BG-NKUA, despite it’s great history and important structures such as the old 
glasshouse, two water tanks and a sarcophagus (Figures 4d,f, 6), is rather neglected 
and was very difficult to map the original design (Figure 6). According to Maggie 
Emke nee Willson, who used to play in the garden as the granddaughter of the Head 
Gardener (personal communication 2011), the “Royal Garden” (BG-NKUA) was 
enclosed by a tall (2 m high) stone wall; another wall also separated the “Royal 
Garden” from the garden given to the newly established (1920) Agricultural College 
(now AUA). In early here 20th century Maggie Emke nee Willson recalls gold fish in 
the two water tanks of the Royal Garden, the entrance of the garden from Iera Odos, 
thinner vegetation than today (Figure 2), a water canal along Iera Odos that served 
for irrigation and an alley parallel to Iera Odos from the main entrance of BG-AUA to 
BG-NKUA. As Bofilia [3] also mentions, there were likely some Phoenix canariensis 
remaining at the BG-AUA, which are part of this alley.  
The garden still hosts a magnificent variety of plants [5] some of which are rare in 
Greece, such as Broussonetia papyrifera, Celtis australis, Coffea arabica, Conium 
maculatum, Gleditsia triacantha, Leucaena leucocephala, Maclura pomifera, 
Nicotiana tabacum, Parkinsonia aculeata, Pittosporum phillyraeoides, Senecio 
petasitis or monumental, as some of the Phoenix canariensis, Washingtonia sp. and 
Cupressus arizonica. 
Many plant species are common in both BGs pointing out their common history. 
Ailanthus altissima is an invasive species in both gardens, while Acanthus mollis and 
Pittosporum phillyraeoides are spreading uncontrolled in BG-AUA and BG-NKUA, 
respectively. Unfortunately in 2011-12 many of the old Phoenix canariensis were 
destroyed by Rhynchophorus ferrugineus, a beetle introduced in Greece in the last 
decade.  
 
 
Proposal 
The proposed development aims to regenerate the gardens and enhance their 
historical importance by restoring old and long standing structures and exhibiting 
them, as well as with plants that are considered living monuments due to their age, 
size or rarity in species. Mild modifications are proposed, preserving the historical 
character of the places and their scientific role. A proposal for the unification of the 
two BGs via the Orchard of the AUA is drawn up (Figure 7). 
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Thematic parterres with aromatic, medicinal and native species are integrated within 
the BG-AUA. Aquatic plants are added to the lake and climbing plants to the pergola 
included in the design (Figure 7a).  
For the BG-NKUA are proposed thematic gardens, parterres and alleys, enhanced 
views of existing monumental plants and increased variety of species with medical 
plants, herbs, shrubs and climbers. The area near the circular tank is designed to 
enhance Queens Amalia’s palm trees (Figure 7b). In both gardens invasive species 
have been removed.  
The proposed unification and regeneration of the two botanical gardens will 
enhance the landscape character and history of the gardens and will allow 
integrating them within the urban fabric and concomitantly raising ecological 
awareness of the public.  
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Figure 1. The Botanical Garden (area inside the red line) in about 1920; the 
photograph was taken from the radio antenna of Athens and the numbers on the 
photograph are put by William Chisholm indicating the houses that himself and his 
family “lived in (1), was living in (2) and he was going to live in (3)” as he noted at the 
backside of the photograph; the building no 2 is today the Laboratory of Floriculture 
and Landscape Architecture, AUA (the photograph was kindly given by Maggie Emke 
nee Willson and her daughter Elli Emke). 
 

 
 
Figure 2. The Botanical Garden (possibly the BG-NKUA) in late 1920s; the girl in the 
middle is Maggie Emke nee Willson (born in 1915). 
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Figure 3. (a) The main entrance of BG-AUA photographed from the inside of the BG 
and the remaining of the fortification wall of Voivode of Athens Hadji Ali Hasekii, a 
water tank can be seen at the right of the entrance; (b, c, d) views from the entrance 
of BG-AUA, in (d) the steel glasshouse can be seen. 
 
 
 

 
 
Figure 4. (a) A public fountain dated in the 17th century at BG-AUA; (b) steel 
glasshouse at BG-AUA; (c) Hansen’s water tank since 1838 in BG-AUA; (d) glasshouse 
next to Iera Odos street at BG-NKUA; (e) monument Washingtonias at BG-NKUA; (f) 
circular water tank at BG-NKUA dated before 1920.  
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Figure 5. Design and plant species mapping of BG-AUA; 1: The fortification wall of 
Voivode of Athens Hadji Ali Hasekii, 2: Main entrance of the BG-AUA, 3, 4: water 
tanks, 5: parterre, 6: water canal, 7: lake, 8: orangery, 9: steel glasshouse, 10: 
Hansen’s water tank, 11, 12: open lawn, 13: experimental research area. 
 

 
 
Figure 6. Design and plant species mapping of BG-NKUA; 1: New entrance of the BG-
NKUA, 2: Old entrance, 3: glasshouse, 4: circular water tank; 5: small water tank; 6: 
sarcophagus. 
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Figure 7. Design proposal for (a) BG-AUA and (b) BG-NKUA renovation and 
unification via the Orchard of AUA 
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11. 

Events during EUROGARD VI: 
 

Botanical tour,  
inauguration of the Aegean Botanic Garden 
and creation of the Homeric plants display, 

education and art workshops,  
art exhibitions and performances 
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Botanical tour during EUROGARD VI: Mt Pelineon, northern Chios 
 

 
View of the summit area of Mt Pelineon, northern Chios (1,297 m) 
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View of the city of Chios from Mt Pelineon (above) and support vehicle of the Balkan 
Botanic Garden of Kroussia (below) 
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Botanical tour on Mt Pelineon headed by Arne Strid, Nikos Krigas and Dimitios 
Tzanoudakis   
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Inauguration of the  

Aegean Botanic Garden  
during EUROGARD VI 

 
 

 
EUROGARD VI participants attending the opening ceremony,  

Aegean Botanic Garden, Chios Island 
 

 
Symbolic sowing of clovers by Eleni Maloupa, Sarah Oldfield and  

Vernon Heywood at the “Meadows of divine love”, Homeric plants display,  
Aegean Botanic Garden, Chios Island 
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Creation of the Homeric plants display  

at the Aegean Botanic Garden, Chios Island during EUROGARD VI 
 

 
Aspect of the “Plant bed of the cyclop Polephemus” (made with chasteberries and 
surrounded by common box plants, red metal construction of Polephemus made by 
the Dutch sculptress Ellen Klijzing) at the Homeric plants display, Aegean Botanic 
Garden, Chios Island. 
 
The Cyclop Polyphemus made his bed with withies which served Ulysses for 
rope making: 
 
“The male sheep were well grown, and carried a heavy black fleece, so I bound 
them noiselessly in threes together, with some of the withies on which the 
wicked monster used to sleep.” 

Odyssey, Book IX, verses 425-429 
 
The hard wood of common box was used for the making of yokes: 

 
“They brought out a strong mule-waggon, newly made, and set the body of 
the waggon fast on its bed. They took the mule-yoke from the peg on which it 
hung, a yoke of boxwood with a knob on the top of it and rings for the reins to 
go through.” 

Iliad, Book XXIV, verses 265-269 
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Aspect of the “Asphodel meadow of the souls”, Homeric plants display, Aegean 
Botanic Garden, Chios Island 
 
In antiquity the souls of dead people had to cross a meadow of asphodels, 
before they entered Hades. In total, the “asphodel meadow” is mentioned 
three times in the Odyssey. Such meadows indicate desertification of the 
landscape. 
 
“…they came to the gates of the sun and the land of dreams, whereon they 
reached the meadow of asphodel where dwell the souls and shadows of them 
that can labour no more.” 

Odyssey, Book XXIV, verses 11-14 
 
“…the ghost of Achilles strode off across a meadow full of asphodel, exulting 
over what I had said concerning the prowess of his son. The ghosts of other 
dead men stood near me and told me each his own melancholy tale;” 

Odyssey, Book XI, verses 538-542 
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Aspect of the “People made of ash tree”, Homeric plants display, Aegean Botanic 
Garden, Chios Island 
 
The ash-tree was sacred and it was protected by the Nymphs called Meliads. 
Ancient people in Homeric times loved war and their spears were made from 
the ash-tree. In total, the ash is mentioned four times in the Odyssey and 26 
times in the Iliad. 
 
“Imbrius fell headlong as an ash-tree when it is felled on the crest of some high 
mountain beacon, and its delicate green foliage comes toppling down to the 
ground.” 

Iliad, Book XIII, verses 178-181 
 
“This was the ashen spear from Mount Pelion, which Chiron had cut upon a 
mountain top and had given to Peleus, wherewith to deal out death among 
heroes.” 

Iliad, Book XVI, verses 142-144 
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Maria Passali at the “Meadows of the divine love”, Homeric plants display, admiring 
her Crocuses made of coloured paper, Aegean Botanic Garden, Chios Island 
 
Meadows full of wild flowers hosted the love of gods: 
 
“With this the son of Saturn caught his wife in his embrace; whereon the earth 
sprouted them a cushion of young grass, with dew-bespangled lotus, crocus, 
and hyacinth, so soft and thick that it raised them well above the ground. Here 
they laid themselves down and overhead they were covered by a fair cloud of 
gold, from which there fell glittering dew-drops.” 
 

Iliad, Book XIV, verses 346-351 
 
For ancient Greeks, the dawn was tinted in Crocus colours: 

 
“Now when Dawn in robe of saffron was hasting from the streams of Oceanus, 
to bring light to mortals and immortals…” 

Iliad, Book XIX, verses 1-2 
 

“At length as the Morning Star was beginning to herald the light which 
saffron-mantled Dawn was soon to suffuse over the sea…”  

Iliad, Book XIV, verses 227-228 
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EUROGARD VI participants at the Homeric plants display 
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“…when you have duly prayed and made your drink-offering, pass the cup to 
your friend that he may do so also. I doubt not that he too lifts his hands in 
prayer, for man cannot live without God in the world.” 

Odyssey, Book III, verses 45-48 
 

 
“He wrought also a vineyard, golden and fair to see, and the vines were 
loaded with grapes. The bunches overhead were black, but the vines were 
trained on poles of silver. He ran a ditch of dark metal all round it, and fenced 
it with a fence of tin; there was only one path to it, and by this the vintagers 
went when they would gather the vintage. Youths and maidens all blithe and 
full of glee, carried the luscious fruit in plaited baskets;” 

Iliad, Book XVIII, verses 561-568 

Detail from “The drink-offering 
lawn – The nectar of Gods”, 

Homeric plants display, 
Aegean Botanic Garden, Chios 

Island created by the Dutch 
sculptress Ellen Klijzing 

 
Directly or indirectly, the 
grapevine or its products 
are mentioned in total 70 
times in the Iliad and 146 
times in the Odyssey. 
Pramnian or from Ismarus, 
Thracian, from Thasos or 
from Lemnos, the wine had 
an origin and was used 
without end. Drink-offering 
and libations of people 
touched the Gods: 
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“The drink-offering lawn – The nectar of Gods”, Homeric plants display, Aegean 
Botanic Garden, Chios Island 
 

 
View of the Homeric plants display at the Aegean Botanic Garden, Chios Island 
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Bilingual signs with information on the displays of the Homeric plants, Aegean 
Botanic Garden, Chios Island 
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Art & Craft Workshops during EUROGARD VI 
 

 
ART AND ENVIRONMENT 

CO-EXISTING IN HARMONY 
 

Printmaking from plant diversity:  
Representations of herbs from antiquity to the present 

 
Printmaking Workshop inspired  

by the local plants of the Chian flora 
 

Workshop coordinator (planning & implementation): 
Maria Gerardi – Passali, Painter - Printmaker 

 
Technical Support:  

Printmaking Workshop of Mesta, Chios,  
Printmaking Workshop of the 5th Municipal Community of Thessaloniki,  

Group for the Dissemination and Research of Printmaking (Ο.Δ.Ε.Χ.),  
Art group: “Art for the Environment” 
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MYREPSOS - BYZANTINE CHIOS 
Beauty treatment workshop: a constant, timeless process that continues to date 

 
How to make cosmetics, face and body treatment products (soaps, peeling and 

aromatherapy products) 
 

Workshop coordinator (planning & implementation): 
Maria Gerardi – Passali, Painter - Printmaker 

 
Technical Support:  

Art group: “Art for the Environment”,  
Friends of the Balkan Flora,  

Cultural Association of the Chian people in Thessaloniki “Saint Marcella”  
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CHIAN SEASONINGS - AROMATIC PLANTS IN OUR DAILY LIFE 
 

A workshop for producing seasonings of high gastronomic value for daily meals: 
Production of traditional products belonging to the Mediterranean diet of Chios, 

using raw materials of a unique quality from the plant diversity of the island.  
 
 

Workshop coordinator (planning & implementation): 
Maria Gerardi – Passali, Painter - Printmaker 

 
Technical Support:  

Art group: “Art for the Environment”,  
Friends of the Balkan Flora,  

Cultural Association of the Chian people in Thessaloniki “Saint Marcella”  
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Exhibitions during EUROGARD VI 

 
 

Homerion Cultural Centre, Municipality of Chios 
 
 

Planning & implementation: 
Maria Gerardi – Passali, Painter - Printmaker 

 
With the aid of:  

Printmaking Workshop of Mesta, Chios,  
Printmaking Workshop of the 5th Municipal Community of Thessaloniki,  

Group for the Dissemination and Research of Printmaking (Ο.Δ.Ε.Χ.),  
Art group: “Art for the Environment”, 

Friends of the Balkan Flora 
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Mythological narrations for Greek plants 
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Plant diversity in Chian tradition and culture  

 

   
 

  
 

 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

438 
 



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

439 
 

 
When asphodel and ash tree converse with Homer  
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Ex libris - Signs: Narrations of symbols through the plant diversity of Chios  
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Plant diversity in the work of N. Gialouris 
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Plant views 
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Photospheres by Spyros Markogiannis 
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Performances during EUROGARD VI 
 
PERFORMANCE A: Chian land, meeting point – engraving with the timeless matrix 
 

  

 
 

PERFORMANCE Β: Chian tables – When Ariousios wine meet the five senses 
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PERFORMANCE C: Touch of soul in the meadows of God Eros 

  
 

PERFORMANCE D: When glorified myrtle celebrates the meeting of people  
from remote lands 

 

 
 
PERFORMANCE Ε: Art tour in the Aegean Botanic Garden with worship signs 
  

  



European Botanic Gardens in a Changing World: Insights into EUROGARD VI 
 

447 
 

Deconstructing canvas, expanding art limits: fairy entities at the land of Ionia 
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Alphabetical overview of keywords used in contributing papers: 
 

You can use the ‘control+F’ function to search keywords in this file. 
 
“University City complex” ecological restoration  
“Train the Trainers” courses eco-pyschology 
access to genetic resources edelweiss 
ArcGIS Education programmes 
arts and science educational material 
autogamy educational practice  
Bermuda grass endemic 
BGCI energy crops 
bio UV filter environmental awareness 
bioclimate  environmental tourism  
biodiversity  erosion protection 
biological-agricultural traits ex situ 
biomass  experiential education 
biophilia female gametophyte  
botanical identification Ferula 
Bosnia and Herzegovina Finland  
botany fir dieback 
bulblets flora 
C-4 grasses flower 
Cachrys France 
carbon emissions  fruits 
carpels gap analysis 
Caucasus genetic resources 
cereals habitats 
charred historic records 
chromosomes history 
climate change themes hybrids 
colour variation hygroscopic movements 
concrete block reinforcement Important Plant areas  
conditions and difficulties in situ 
construction in situ habitat 
containers infestations 
contemporary living International Plant Exchange Network 
course evaluation IUCN 
cultural features  Jewish communities 
cultural integration landscape architecture 
diagnostic characters learning outside of the classroom 
diversity LIFE 
dynamic web pages Living Building Challenge 
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Lotus effect pollen grain 
major fruits popularization activities 
maintenance programme 
management propagation  
mangrove forest pulses 
Mediterranean trees and shrubs rare species 
Mediterranean turfgrass Red Data Book 
methodology resources 
micrometeorological conditions restoration  
monuments rhizome 
morphological evolution  Rhizophora apiculata  
Muscari comosum  thematic gardens 
Narthex teacher perceptions 
native biodiversity tree genotype adaptation 
native species tuber 
nature  UK 
Neolithic Umbelliferae (Apiaceae) 
NGOs urban & forest plantations 
nursery practice urban environment 
nuts utilization 
old standing structures valorization 
Old Testament gardens and plants  varieties 
ontogenesis  Vetiver grass 
outdoor activities Vietnam 
palms visits 
Pannonian region visualization 
particulate matter reduction volunteers 
plant biology  webpage 
plant identification wild harvested 
plant use  woody species 
policy xenogamy 
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3.  BIODIVERSITY PAGE 
ΣΙΛΦΙΟΝ, SILPHION “…multis iam annis in ea terra non invenitur…”.  
Monika  Kiehn  

33 

Identified threats and proposed protection measures for the rare and 
threatened plants of Greece: classification, ranking and mismatches. 
Nikos Krigas, Antonia Bandi, Despoina Vokou 

43 

Helleborus diversity in Slovenia. 
Jože Bavcon  

53 

Siberian fir (Abies sibirica Ledeb.) pollen viability at the V.N. Sukachev 
institute of forest arboretum. 
Elena V. Bazhina 

63 

Systematics and phylogeny of Larix Mill. based on morphological and 
anatomical analysis. 
Larisa V. Orlova, Aleksandr A. Egorov, Aleksandr F. Potokin, Vasili Y. 
Neshataev, Sergei A. Ivanov 

75 

VIGIE-NATURE, a citizen science programme monitoring the state of 
biodiversity. 
Maite Delmas, Nathalie Machon, Romain Julliard 

89 

WORKSHOP: The Greek Flora - conservation and applied perspectives. 
Organised by the Hellenic Botanical Society: Costas A. Thanos, Panayotis 
Dimopoulos, Kyriacos Georghiou 

97 

  
4. PLANT GENETIC RESOURCES  
Plants and people in prehistoric Northern Greece: the archaeobotanical 
evidence. 
Soultana Maria Valamoti 

103 

Protection and utilization of genetic resources of wild relatives of fruit 
crops in Azerbaijan. 
Mirza Musayev, Zeynal Akparov 

113 

The state of the legume reproductive system as the indicator of the 
species adaptive abilities. 
Svetlana Zimnitskaya  

121 

WORKSHOP:  A role for botanic gardens in crop wild relative 
conservation. 
Nigel Maxted, Shelagh Kell 

127 
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5. IN SITU CONSERVATION PAGE 
European approach to plant conservation in Siberia  
(IPA system of Kemerovo region). 
Nikolay Lashchinskiy, Andrey Nikolajevich Kupriyanov 

141 

In situ botanical gardens: a case study in Zagori, Greece. 
George Karras, Evangelos Filis 

143 

Enhancing biodiversity: obstacles prior to regeneration efforts of 
Mediterranean ecosystems. 
Kalliopi Radoglou, Valasia Iakovoglou 

151 

WORKSHOP: Conservation of relict trees in the Mediterranean with 
special reference to the genus Zelkova. 
Stergios Pirintsos, Gregor Kozlowski, Giuseppe Garfì, Joachim Gratzfeld 

159 

  
6. EX SITU CONSERVATION  
Ex situ conservation of endangered geophytes of the Hirkan National 
Park (Azerbaijan) in Central Botanical Garden (Azerbaijan). 
Rashad Salimov Allahverdioglu, Ibadli Oruc Velioglu 

173 

Cruciata  glabra (L.) Ehrend. (Rubiaceae) in Lithuania.  
Asta Klimiene, Rimanta Vainorienė, Roberta Dubosaitė-Lepeškevičė, 
Kestutis Kazimieras Vilkonis 

181 

Monitoring the microclimatic environment and the ex situ conservation 
of threatened plants at the Philodasiki Botanical Garden, Mount 
Hymettus aesthetic forest, Athens, Greece. 
Vassiliki Gouma, Panayiotis Trigas, Nikolaos Pangas, Evangelia N. 
Daskalakou 

185 

Seed propagated tassel hyacinth: Effects of sites and sowing dates. 
Vincenzo Candido, Donato Castronuovo, Donata Matteo, Simonetta 
Fascetti, Giovanna Potenza, Vito Miccolis  

193 

The Forest Botanic Garden (Arboretum) at the Aristotle University of 
Thessaloniki, Greece (TAU): Ex situ conservation of trees and shrubs.  
Konstantinos Theodoropoulos, Eleni Eleftheriadou, Sampson Panajiotidis, 
Achilles Gerasimidis 

201 

Management of the National Garden – Strengthening the relationship 
between people, history and environment. 
Katerina Agorastou, Angeliki Paraskevopoulou, Georgios Gkinis, Elissavet 
Bargianni 

209 

Collections of cultivated plants in the botanical gardens, as gene pool for 
atypical structures: the example of Paeonia L. representatives. 
Sergey Efimov, Ekaterina Romanova  

215 
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Botanical Garden and Park of the University of Banja Luka.  
Gordana Đurić, Nada Šumatić, Ljiljana Došenović, Mira Ćopić, Vladimir 
Stupar, Jelena Davidović 

PAGE 
225 

  
7. MANAGEMENT OF INVASIVE SPECIES  
Turfgrasses: Invasive Alien Species (IAS) as en emerging problem in Italy. 
Giovanna Potenza,

 Donato Castronuovo, Simonetta Fascetti, Michele 
Perniola, Vito Miccolis, Stella Lovelli, Roberto Viggiani, Vito Marchione, 
Vincenzo Candido 

239 

WORKSHOP: Policies for Combating the Introduction of Alien Invasive 
Species. 
Vernon Heywood, Matthew Jebb, Magnus Lidén 

248 

  
8. ENVIRONMENTAL EDUCATION AND AWARENESS  
Environmental education activities in botanic gardens: The case of the 
Aegean botanic garden in Chios Island. 
Marianthi Komninou, Polyxeni Ragkou 

255 

Botanic Gardens as a tool for environmental education of primary and 
secondary school students. 
Anna Tampoukou, Maria Papafotiou, Alexandros Koutsouris, Angeliki 
Paraskevopoulou 

265 

Strengthening networks for people, plants and botanic gardens. 
Suzanne Kapelari, Asimina Vergou, Julia Willison, Elaine Regan, Justin 
Dillon 

273 

INQUIRE: Why teach about the conservation of biodiversity and climate 
change? 
Cristina Tavares, Susana Silva, Joaquim Santos, Isabel Paiva, João 
Oliveira, Albano Figueiredo, Teresa Bettencourt 

281 

The hanging gardens of Paquis-Centre Primary School: a doorway to 
plant knowledge and plant symbolism for a multicultural community 
near the Geneva Botanical Gardens. 
Magali Stitelmann 

291 

Old Testament botanic gardens for contemporary global Jewish 
communities: The case in Greece. 
Alexander Kantartzis, Lamprini Pappas 

297 

Investigating differences in opinions and perceptions of teaching staff of 
environmental education centres in utilizing botanic gardens. 
Anna Tampoukou, Maria Papafotiou, Alexandros Koutsouris, Angeliki 
Paraskevopoulou  

307 
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WORKSHOP: Growing the social role of botanic gardens –towards a new 
social purpose. 
Julia Willison, Asimina Vergou, Eddie Mole 

PAGE 
313 

  
 
9. PLANT-BASED INNOVATIONS AND GOOD PRACTICES  
Revolutionary plant-based possibilities and uses. 
Bob Ursem 

321 

Establishing an environmental management system in a botanic garden: 
Commitment from the top – action on the ground. 
Kate Hughes 

327 

Mangroves, the forgotten habitat in the middle of everywhere. 
Bob Ursem 

335 

Management of living plant collections with a web- and map-based 
database in the Botanical Garden of the University of Turku. 
Sampsa Rauti, Matti Yli-Rekola 

341 

Utilization of the energy plant collection: Dissemination of knowledge of 
renewable energy sources in Poland. 
Włodzimierz  Majtkowski 

351 

Public Gardens as agents for change to advance sustainability, human 
well-being and environmental awareness. 
Richard V. Piacentini 

361 

WORKSHOP: Plants and Business. 
Bob Ursem 

370 

  
10. STRENGTHENING INFRASTRUCTURE AND NETWORKS FOR PEOPLE 

AND PLANTS 
 

The International Plant Exchange Network and the Nagoya Protocol  
of the Convention on Biodiversity. 
Michael Kiehn  

377 

Building taxonomic capacity nationally in support of the Global Strategy 
for Plant Conservation: A Dutch case. 
Bert (LJW) van den Wollenberg, JGM Persoon 

385 

The opinion of environmental education centre teachers on botanic 
garden infrastructures suitable for environmental education. 
Anna Tampoukou, Angeliki Paraskevopoulou, Maria Papafotiou, 
Alexandros Koutsouris 

399 

Site analysis and regeneration proposal of the neighbouring botanical 
gardens of the Agricultural University of Athens and the National and 
Kapodistrian University of Athens. 
Ntina Assimakopoulou, Maria Papafotiou 

405 
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Conservation 
International 

joachim.gratzfeld@bgci.org UNITED 
KINGDOM 

27 Haellfors M. Botany Unit, Finnish 
Museum of Natural 
History 

maria.hallfors@helsinki.fi FINLAND 

28 Hanzelka P. Prague Botanic Garden petr.hanzelka@botanicka.cz CZECH REPUBLIC 

29 Havinga R. Hortus Botanicus 
Amsterdam 

reinout@dehortus.nl THE 
NETHERLANDS 

30 Heller A. Israel Ministry of 
Agriculture 

avigh@shaham.moag.gov.il ISRAEL 

31 Heywood V. University of Reading vhheywood@btinternet.com UNITED 
KINGDOM 

32 Hiltunen R. Botanical Gardens, 
University of Oulu 

ritva.hiltunen@oulu.fi FINLAND 

33 Hughes K. The Royal Botanic 
Garden Edinburgh 

k.hughes@rbge.org.uk UNITED 
KINGDOM 

34 Hyvarinen M. Botany Unit, Finnish 
Museum of Natural 
History 

marko.hyvarinen@helsinki.fi FINLAND 

35 Ibars A. M. University of Valencia ana.ibars@uv.es SPAIN 

36 Jebb M. National Botanic 
Gardens of Ireland 

matthew.jebb@gmail.com IRELAND 
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37 Juretic B. Botanical Garden of the 
Faculty of Science 

bjuretic@botanic.hr CROATIA 

38 Kadis C. Frederick University pre.kc@frederick.ac.cy CYPRUS 

39 Kaitera J. Finnish Forest Research 
Institute 

juha.kaitera@metla.fi FINLAND 

40 Kantartzis A. Epirus Institute of 
Technology 

greenwayman@gmail.com GREECE 

41 Katramados G. ETRA PUBLISHING holisticlifenews@yahoo.com GREECE 

42 Kauppila T. Botanical Gardens, 
University of Oulu 

tuomas.kauppila@oulu.fi FINLAND 

43 Kazepidou E. Student of American 
Farm School 

irene.kazepidou@gmail.com GREECE 

44 Kell S. University of 
Birmingham 

s.kell@bham.ac.uk UNITED 
KINGDOM 

45 Kiehn M. Core Facility Botanical 
Garden, University of 
Vienna 

Michael.kiehn@univie.ac.at AUSTRIA 

46 Kiehn M. Green School , CF 
Botanical Garden, 
University of Vienna 

monika.kiehn@aon.at AUSTRIA 

47 Klimiente A. Botanic Garden of 
Šiauliai University 

dir@bs.su.lt LITHUANIA 

48 Knickmann B. Universität Wien, 
Botanischer Garten 

barbara.knickmann@univie.ac.at AUSTRIA 

49 Kokkini S. Aristotle University of 
Thessaloniki 

kokkini@bio.auth.gr GREECE 

50 Kokolakis A. University of the Aegean kokolakis@fme.aegean.gr GREECE 

51 Komninou M. University of Aegean, 
Rhodes 

marianthi_4@hotmail.com GREECE 

52 Kovacic S. Botanical Garden, 
Faculty of Science, 
University of Zagreb 

sanja.kovacic@biol.pmf.hr CROATIA 

53 Kozlowski G. University of Fribourg / 
Natural History Museum 
Fribourg 

gregor.kozlowski@unifr.ch SWITZERLAND 

54 Kutlunina N. Ural Federal University natakutlunina@mail.ru RUSSIA 

55 Lashchinskiy N. Central Siberian 
Botanical Garden 

nnl630090@gmail.com RUSSIA 

56 Lazari D. Aristotle University of 
Thessaloniki 

dlazari@pharm.auth.gr GREECE 

57 Lidιn M. Uppsala University 
Botanic Garden 

magnus.liden@botan.uu.se SWEDEN 

58 Loehne C. Botanic Garden & 
Botanical Museum 
Berlin-Dahlem 

c.loehne@bgbm.org GERMANY 

59 Majtkowski W. Botanical Garden of 
Plant Breeding & 
Acclimatization Institute 

w.majtkowski@interia.pl POLAND 

60 Makhzoumi C. Makhzoumi Foundation camellia_s_m@hotmail.com LEBANON 

61 Maloupa E. HAO-DEMETER maloupa@bbgk.gr GREECE 

62 Mammadov T. Mardakan Dendrary NAS 
of Azerbaijan 

dendrary@mail.az AZERBAIJAN 

63 Markogiannis S.     GREECE 

64 Martinelli G. Rio de Janeiro Botanic 
Garden Research 
Institute 

gmartine@jbrj.gov.br BRAZIL 
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65 Maxted N. University of 
Birmingham 

nigel.maxted@dial.pipex.com UNITED 
KINGDOM 

66 Mole E. Bristol Zoo Gardens emole@bristolzoo.org UNITED 
KINGDOM 

67 Musaev A. Mountain Botanical 
Garden of Dagestan 
Scientifical Center 

musaev58@list.ru RUSSIA 

68 Mylona Ph. HAO-DEMETER phmylona@nagref.gr GREECE 

69 Namani S. Makhzoumi Foundation s.namani@makhzoumi-foundation.org LEBANON 

70 Nevalainen R. University of Oulu riikka.nevalainen@oulu.fi FINLAND 

71 Oldfield S. Botanic Gardens 
Conservation 
International 

sara.oldfield@bgci.org UNITED 
KINGDOM 

72 Ostgaard H. IrisBG / Botanical 
Software Ltd 

havard@irisbg.com UNITED 
KINGDOM 

73 Oudijk A. Utrecht University 
Botanic gardens 

A.Oudijk@uu.nl THE 
NETHERLANDS 

74 Oyvind H. R. IrisBG / Botanical 
Software Ltd 

oyvind@irisbg.com UNITED 
KINGDOM 

75 Pangas N. Philodassiki Enossi 
Athinon 

npangas@philodassiki.org GREECE 

76 Papadopoulos A. HAO-DEMETER ssi@the.forthnet.gr     GREECE 

77 Papafotiou M. Agricultural University 
of Athens 

mpapaf@aua.gr GREECE 

78 Pappa L. Epirus Institute of 
Technology 

lpappa@teiep.gr GREECE 

79 Paraskevopoulou A. Agricultural University 
of Athens 

aparas@aua.gr GREECE 

80 Piacentini R. Phipps Conservatory 
and Botanical Gardens 

richard@phipps.conservatory.org USA 

81 Pilavachi S. Philodassiki Enossi 
Athinon 

pil.sophia@gmail.com GREECE 

82 Pontecorvo C. Centro Conservazione 
Biodiversitΰ - Dip. di 
Scienze della Vita e 
dell'Ambiente - 

cristiano.pontecorvo@gmail.com ITALY 

83 Postolache G. Botanical Garden 
(Institute) Academy of 
Scinces of  Moldova 

ghpost@mail.ru MOLDOVA 

84 Poulsen A.D. Natural History 
Museum, University of 
Oslo 

axel.dalberg@nhm.uio.no NORWAY 

85 Prokhorov A. Botanic Garden of 
Petrozavodsk University 

alpro@onego.ru RUSSIA 

86 Puchalski J. Polish Academy of 
Sciences  Botanical 
Garden 

bgpas@obpan.eu POLAND 

87 Rae D. The Royal Botanic 
Garden Edinburgh 

d.rae@rbge.org.uk UNITED 
KINGDOM 
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88 Rappoport A. Botanical Garden, 
Lomonosov Moscow 
State University 

arapp@mail.ru;arapp1978@gmail.com RUSSIA 

89 Richard P. Bordeaux Botanic 
Garden 

p.richard@mairie-bordeaux.fr FRANCE 

90 Ryliskis D. Vilnius University 
Botanical Garden 

darius.ryliskis@gf.vu.lt LITHUANIA 

91 Ryttäri T. Finnish Environment 
Institute 

terhi.ryttari@ymparisto.fi FINLAND 

92 Samain M. S. Ghent University 
Botanical Garden 

mariestephanie.samain@ugent.be BELGIUM 

93 Scheen A.C. University of Stavanger anne-cathrine.scheen@uis.no NORWAY 

94 Schulman L. Finnish Museum of 
Natural History 

leif.schulman@helsinki.fi FINLAND 

95 Schumacher F. Botanical Garden of 
University Vienna 

frank.schumacher@univie.ac.at AUSTRIA 

96 Schwartz-Tzachor R. Ganei Ramat Hanadiv Racheli@Ramathanadiv.org.il ISRAEL 

97 Seniz O. NGBB seniz@ngbb.org.tr TURKEY 

98 Sharrock S. Botanic Gardens 
Conservation 
International 

suzanne.sharrock@bgci.org UNITED 
KINGDOM 

99 Skridaila A. Vilnius University 
Botanical Garden 

audrius.skridaila@gf.vu.lt LITHUANIA 

100 Skruzna J. Prague Botanic Garden jarmila.skruzna@botanicka.cz CZECH REPUBLIC 

101 Smith P. P. Royal Botanic Gardens, 
Kew 

p.smith@kew.org UNITED 
KINGDOM 

102 Smyrliadis C. VFLORES ABCE  technical@smyrliadis.gr   GREECE 

103 Smyth N. National Botanic 
Gardens, Glasnevin 

noeleen.smyth@opw.ie IRELAND 

104 Sneep J. W. Planta Europa 
Foundation 

sneep@nationaalpark.nl NETHERLANDS 

105 Soriano P. Universita de Valencia pilar.soriano@uv.es SPAIN 

106 Stikoudi M. HAO-DEMETER   GREECE 

107 Stitelmann M. Conservatoire et Jardin 
botaniques de Genéve 

magali.stitelmann@ville-ge.ch SWITZERLAND 

108 Strid A. Göteborg Botanical 
Garden 

arne.strid@youmail.dk DENMARK 

109 't Hart J. Hortus botanicus 
Amsterdam 

joke.thart@dehortus.nl THE 
NETHERLANDS 

110 Tamm H. Botanical Garden of the 
University of Tartu 

tammh@ut.ee ESTONIA 

111 Tavares C. University of Coimbra 
Botanical Garden 

actavar@bot.uc.pt PORTUGAL 

112 Teleuta A. Botanical Garden 
(Institute) of Academy 
of Sciences of Moldova 

director@gb.asm.md MOLDOVA 

113 Thanos C. N. K. University of 
Athens 

cthanos@biol.uoa.gr GREECE 
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114 Theodoropoulos K. Aristotle University of 
Thessaloniki 

ktheodor@for.auth.gr GREECE 

115 Thiercelin J. Thiercelin 1809 jean@thiercelin.com FRANCE 

116 Tzanoudakis D. University of Patras tzanoyd@upatras.gr GREECE 

117 Upson T. Cambridge University 
Botanic Garden 

tmu20@cam.ac.uk UNITED 
KINGDOM 

118 Ursem B. Botanic Garden TU Delft w.n.j.ursem@tudelft.nl THE 
NETHERLANDS 

119 Valamoti S.M. Aristotle University of 
Thessaloniki 

sval@hist.auth.gr GREECE 

120 van den 
Wollenberg 

B. Delft University of 
Technology, Botanic 
garden 

l.j.w.vandenwollenberg@tudelft.nl THE 
NETHERLANDS 

121 van Uffelen G. Hortus Botanicus Leiden g.a.van.uffelen@hortus.leidenuniv.nl NETHERLANDS 

122 Vange V. Ringve botanical garden, 
The NTNU Museum of 
Natural History and 
Archaeology 

vibekke.vange@ntnu.no NORWAY 

123 Vergou A. Botanic Gardens 
Conservation 
International 

 vergou@hotmail.com UNITED 
KINGDOM 

124 Wiland-
Szymanska 

J. Botanical Garden of the 
A. Mickiewicz University 
in Poznan 

wiland@amu.edu.pl POLAND 

125 Woodard S. Island Planning 
Corporation 

spencer.woodard@gmail.com USA 

126 Wyse Jackson P. Missouri Botanical 
Garden 

KATHY.FARRIS@MOBOT.ORG USA 

127 Yli-Rekola M. University of Turku, 
Botanical Garden 

matyli@utu.fi FINLAND 

128 Zilinskaite S. Vilnius University  
Botanical Garden 

silva.zilinskaite@gf.vu.lt LITHUANIA 

129 Zimnitskaya S. Ural Federal University zimn@list.ru RUSSIA 

130 Zimnitskiy S. SKB-bank zimn@list.ru RUSSIA 
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	EuroGard VI Congress Conclusions
	Theme 1 - Global and European strategies for plant conservation for 2011-2020: the role of Botanic Gardens.
	Recognising that Botanic Gardens have been actively involved in shaping national and international agenda for plant conservation;
	Noting that the new Global Strategy for Plant Conservation 2011-2020 provides an excellent framework for Botanic Gardens’ activities in strategic and practical contributions to plant conservation and
	Emphasising that the roles of Botanic Gardens in supporting the GSPC are manifold, from contributions of smaller gardens to single targets to potential contributions to all 16 targets by larger gardens,
	the Congress encourages all Botanic Gardens to:
	• Consider appropriate activities to contribute to the implementation of the Strategy to 2020, taking into account new challenges;
	• Contact national CBD focal points to ensure that a national GSPC focal point has been appointed and that the activities of Botanic Gardens in support of the GSPC and CBD are recognised by National authorities and
	• Ensure that the data of their living collections are submitted to BGCI’s Plant Search so that indicators of GSPC targets can be measured.
	Recalling that the significance of plant diversity and the importance of its conservation is a message that must be brought to the attention of civil society and policy makers;

	the Congress asks all Botanic Gardens to:
	• Support early discussion between relevant organisations (BGCI/IABG) to find a way of going forward together;
	• Get engaged in collaborative activities of their national networks and through these, the European Consortium of Botanic Gardens (www.botanicgardens.eu);
	• Work together in seeking funds for collaborative projects to advance plant conservation and environmental education;
	• Develop collaboration with policy-makers and agencies responsible for CWR conservation;.
	• Optimise capacity building, especially in support of smaller gardens;
	• Share, on regional and international levels, best-practice protocols and knowledge of management of ex-situ collections of threatened plants and
	• Ensure that their details are accurate and up to date on BGCI’s databases, so that it can be used as a measure of progress by European Botanic Gardens.

	Theme 3 - Plants and people: from myth, history and art to science and culture.
	Noting that plants have been important to humankind for thousands of years;
	Welcoming the information obtained during the congress on the historic uses and distribution of plants in Greece providing a clear insight into the spread, distribution and uses of plants in Greece over millennia;
	Emphasising that connecting with nature is more important than ever before;
	Noting that Botanic Gardens are uniquely positioned to address the growing disconnection between children and nature and to restore the link between people and plants and
	Recognising the opportunities provided by new technologies to engage with broader audiences,
	the Congress recommends that Botanic Gardens should:
	• Promote positive stories about activities to restore hope in the conservation, restoration and rehabilitation of plants in Europe;
	• Share experiences with new technologies between Botanic Gardens;
	• Seek to engage new audiences that remain unaware of many of the conservation issues faced by plants and ecosystems;
	• Continue their engagement in educational research and practice;
	• Collaborate with artists and educators to develop innovative approaches to increase public engagement; and
	• Utilise stories about traditional, historical and mythical usage of plants to engage audiences.

	Theme 4 - Consider globally, act locally: addressing changing environment.
	Appreciating the opportunities to promote the revival of small scale businesses, and the strengthening of local economies throughout Greece and the Mediterranean through agro-tourism initiatives, sustainable harvesting or cultivation of medicinal and ...
	Recognising the ongoing and vital role of Botanic Gardens in safeguarding species through ex-situ conservation;
	Further recognising the current and increasing threat of and impacts on biodiversity as a result of climate change;
	Being aware of the threats posed to biodiversity by invasive alien species and
	Welcoming the Council of Europe's Code of Conduct for Botanic Gardens on Invasive Alien Species as an excellent basis for relevant Botanic Garden initiatives.
	On environmental issues, the Congress encourages Botanic Gardens to:
	• Demonstrate best practice in relation to environmental sustainability both in their day to day work and when constructing new buildings and infrastructure;
	• Offer expertise to assess environmental impacts of new technical developments;
	• Create favourable environments for wildlife;
	• Assist with advice and research to support sustainable livelihoods and economies based upon plant products and
	• Be creative in developing new, environment-friendly, plant-based technologies;
	On conservation activities, the Congress urges Botanic Gardens to:
	• Manage their collections in accordance with an agreed institutional policy, taking into account relevant national and international legislation, guidelines and Codes of Conducts;
	• Establish or maintain activities in relation to ex-situ activities in support of Target 8 of the GSPC in view of the growing emphasis on restoration projects; and
	• Stay involved with conservation actions like Plant Microreserves and other in-situ or inter-situ projects;
	In regard to Alien Invasives, the Congress recommends that Botanic Gardens:
	• Train their staff to raise awareness and comprehension about the issue of Alien Invasive Species;
	• Assess the risk of plants in their collections becoming invasive – develop and implement guidelines, Codes of Conduct, and appropriate practice to prevent the spread of alien species;
	• Seek innovative electronic solutions to sharing information on Invasive Alien Species and alerting others to emerging problem taxa and
	• Undertake research on the spread, control, management and risks posed by invasive alien species.

	Resolutions on Congress Theme – Access and Benefit Sharing (ABS) and the Nagoya Protocol
	Respecting that the accessioning, management and exchange of plant material must be carried out in accordance with the Nagoya Protocol under the Convention on Biological Diversity and
	Recognising that it presents an important challenge for Botanic Gardens to develop Access and Benefit-sharing agreements for ex-situ collections under the CBD,
	the Congress urges all Botanic Gardens to:
	• Become familiar with and fully engaged in the Convention on Biological Diversity (CBD), the Nagoya Protocol and other multi-lateral environmental agreements;
	• Seek, in coordination with national networks, to be involved in developments of national regulations on ABS;
	• Submit case-studies to their national networks that exemplify both the tangible and intangible benefits shared by Botanic Gardens with provider countries for incorporation into the updated European Action Plan for Botanic Gardens;
	• Make use of systems compliant with the principles of ABS;
	• Join the International Plant Exchange Network (IPEN) for the exchange of materials between institutions.

	Resolutions on the European Botanic Gardens Consortium
	The Congress
	• welcomes the ongoing valuable support and guidance that is provided by the European Botanic Gardens Consortium;
	• recognises the important role it provides in supporting and guiding networking, linkages, and practical action amongst European botanic gardens, particularly in the field of plant conservation and
	• thanks Botanic Gardens Conservation International (BGCI) for its continued support in providing a secretariat for the Consortium.

	Thanks to the host, organisers, and sponsors
	• The Congress congratulates the Island of Chios, and the Greek Botanic Gardens Association on the occasion the inauguration of the Aegean Botanic Garden – a remarkable and noteworthy action to secure the survival and appreciation of the wealth of the...
	• The Congress congratulates and thanks the Balkan Botanic Garden of Kroussia, the General Directive of Agricultural Research of the Hellenic Agricultural Organisation, DEMETER, the Greek Network of Botanic Gardens, the Advisory Committee, the Scienti...
	• The Congress acknowledges the important role played by the staff of the Balkan Botanic Garden of Kroussia and the members of the European Botanic Gardens Consortium for their work in supporting the programme of the Congress and for contributing to s...
	• The Congress also expresses its grateful thanks to the Congress Secretariat ARTION Ltd for their efficient organisation of the meeting, and to Apivita S.A.; Ari Foods; BGCI/CBD; Chian Cellar (Chiotiko Kelari); Gklavakis Plants; Green Fund; Hellenic ...
	Protection measures

	Workshop: Conservation of relict trees in the Mediterranean with special reference to the genus Zelkova
	Convenors: Stergios Pirintsos, University of Crete, (Greece); Gregor Kozlowski, University of Fribourg and Natural History Museum Fribourg, (Switzerland); Giuseppe Garfì, National Research Council, (Italy); Joachim Gratzfeld, Botanic Gardens Conservat...

	1.0 WORKSHOP PRESENTATIONS
	1.1 Gregor Kozlowski: Relict tree species globally and in the Mediterranean
	Presentation Summary

	1.2 Gregor Kozlowski: Project Zelkova – an overview
	Presentation Summary
	Presentation summary
	Presentation summary
	Presentation summary
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	WORKSHOP: Policies for Combating the Introduction of Alien Invasive Species
	Convenor: Vernon Heywood
	Facilitators: Matthew Jebb and Magnus Lidén
	Raising of awareness



	Rhamnus saxatilis Jacq. subsp. rhodopea (Velen.) Aldén
	Populus hybrids 

	P. lactiflora
	Species

	P. anomala
	Muséum National d'Histoire Naturelle de Paris
	Botanic Garden of Šiauliai University

	The old plant information system of the Botanical Garden of the University of Turku consisted of a Microsoft Access database and a graphical user interface written with Visual Basic for Applications. While this setup was sufficient to manage the datab...
	Map option (Figure 1) makes it possible to display search results on the map. The Garden map option provides a simple search with one search condition. Much more complex map searches can be carried out with the specific map search option. Searches can...
	At the maximum zoom level, separate plants are easy to tell apart even when they are located only a few centimetres away from each other (an important feature e.g. in the rock garden). Figure 5 shows the map view. The current extent of the map is show...
	The results of a map search can also be displayed as a list in a separate window. By hovering mouse over an accession number of this list, the plants of this accession will start blinking on the map for better illustrativeness (see the rimmed points i...
	The coordinates of plants can be added and edited directly on the map using a special editing tool. In this tool, the plant that the user wants to edit is shown as a red point, and other plants in the same location are shown as blue points. The plant ...
	When placing a plant, other plants nearby are used as reference points. It is possible to draw circles with a specific radius around these blue reference points. When the distances from two points are known, we can draw two circles and place the plant...
	Aside from the map engine and editing data, the system also provides a reports option. This feature enables the user to create diverse reports based on the several search conditions and chosen result fields. The reports can practically be created base...
	Other plant management features (Figure 1) worth mentioning include tree view, statistics and images. Tree view enables the user to examine families, genera, species, accessions and individual plants in a hierarchical view. The user first chooses a fa...
	Statistics view displays statistical data on the all hierarchical data levels. Images can be added to the database. An image can be associated either with plant name level or accession level. Images can also be searched using different criteria.
	Many features tailored for specific gardens can also be added to the system. For example, creation of plant labels has been made easier in the Botanical Garden of the University of Turku by adding a tailored module for this purpose. Similarly, custom ...
	In this paper, we discussed the Plant database manager as an example of a modernized plant collection management system. This new plant information system has many advantages compared to the old one. Plant data can now be managed and maps can be displ...
	Measuring GPS coordinates takes much time and resources [6]. This paper introduced a way to accurately place plants on the map without measuring their location with a GPS device. As the location of plants can now be edited directly on the map, one can...
	It is important to emphasize here that the elements in the base map have to be carefully measured with GPS. If the reference points are not accurate, the plants will be placed erroneously. It is also worth noting that in addition to being very time-co...
	Using the new system, custom maps can be created based on any search conditions and map booklets can be compiled using these maps. This avoids the need to maintain hand-drawn planting maps, as all information can be stored in the database. The map can...
	Naturally, there are also a few drawbacks when using web-based techniques and maps in a plant collection management system. The diversity of web browsers is one such problem. While our system works well with all major browsers used on desktop computer...
	As noted earlier, the software can be edited according to the needs of the specific botanical garden by building new modules. Also, existing functionality can be changed pretty easily. For example, instead of points on the map, different little symbol...
	Compared to the old database, the new system’s geographical data provides a whole new way to visualize the data. Indeed, the possibility to create different maps and the ability to manage plant data online will probably be important features in modern...
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	Plant database manager is available as a demo version. If you are interested, please contact Sampsa Rauti or Matti Yli-Rekola.
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