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COST � the acronym for European COoperation in Science and Technology � 
is the oldest and widest European intergovernmental network for cooperation 
in research. Established by the Ministerial Conference in November 1971, COST 
is presently used by the scienti�c communities of 35 European countries to 
cooperate in common research projects supported by national funds.

The funds provided by COST � less than 1% of the total value of the projects � 
support the COST cooperation networks (COST Actions) through which, with 
only around €20 million per year, more than 30.000 European scientists are 
involved in research having a total value which exceeds €2 billion per year. This 
is the �nancial worth of the European added value which COST achieves. 

A �bottom up approach� (the initiative of launching a COST Action comes from 
the European scientists themselves), �à la carte participation� (only countries 
interested in the Action participate), �equality of access� (participation is open 
also to the scienti�c communities of countries not belonging to the European 
Union) and ��exible structure� (easy implementation and light management of 
the research initiatives) are the main characteristics of COST.

As precursor of advanced multidisciplinary research COST has a very important 
role for the realisation of the European Research Area (ERA) anticipating and 
complementing the activities of the Framework Programmes, constituting a 
�bridge� towards the scienti�c communities of emerging countries, increasing 
the mobility of researchers across Europe and fostering the establishment of 
�Networks of Excellence� in many key scienti�c domains such as: Biomedicine 
and Molecular Biosciences; Food and Agriculture; Forests, their Products and 
Services; Materials, Physics and Nanosciences; Chemistry and Molecular 
Sciences and Technologies; Earth System Science and Environmental 
Management; Information and Communication Technologies; Transport and 
Urban Development; Individuals, Society, Culture and Health. It covers basic 
and more applied research and also addresses issues of pre-normative nature 
or of societal importance.

Q
S

-31-10-676-EN
-C

COST Action 871

Cryopreservation of crop species  
in Europe

Proceedings of the �nal meeting

AGROCAMPUS OUEST INHP, Angers � FRANCE

February 08-11, 2011

Edited by:
Agnès Grapin

E. R. Joachim Keller
Paul T. Lynch

Bart Panis
Angeles Revilla Bahillo

Florent Engelmann

FA

Food and Agriculture

doi:10.2831/10956

C
r

Yopreser









Vation


 of

 C
R

O
P

 S
pecies







 in
 E

urope













Europe Direct is a service to help you find answers  
to your questions about the European Union. 

 
Freephone number (*): 

00 800 6 7 8 9 10 11 
(*) Certain mobile telephone operators do not allow access to 00 800 numbers or these calls 

may be billed. 
 
 
More information on the European Union is available on the Internet (http://europa.eu). 
 
Cataloguing data can be found at the end of this publication. 
 
Luxembourg: Publications Office of the European Union, 2011 
 
ISBN 978-92-898-0051-8 
doi:10.2831/10956 
 
© European Union, 2011 
Reproduction is authorised provided the source is acknowledged. 
 
Printed in Luxembourg 
 
PRINTED ON CHLORINE-FREE PAPER  



 
 

COST- the acronym for European Cooperation in Science and Technology- is the oldest and 
widest European intergovernmental network for cooperation in research. Established by the 
Ministerial Conference in November 1971, COST is presently used by the scientific 
communities of 35 European countries to cooperate in common research projects supported 
by national funds. 

The funds provided by COST - less than 1% of the total value of the projects - support the 
COST cooperation networks (COST Actions) through which, with EUR 30 million per year, 
more than 30 000 European scientists are involved in research having a total value which 
exceeds EUR 2 billion per year. This is the financial worth of the European added value 
which COST achieves. 

A "bottom up approach" (the initiative of launching a COST Action comes from the European 
scientists themselves), "à la carte participation" (only countries interested in the Action 
participate), "equality of access" (participation is open also to the scientific communities of 
countries not belonging to the European Union) and "flexible structure" (easy implementation 
and light management of the research initiatives) are the main characteristics of COST.  

As precursor of advanced multidisciplinary research COST has a very important role for the 
realisation of the European Research Area (ERA) anticipating and complementing the 
activities of the Framework Programmes, constituting a "bridge" towards the scientific 
communities of emerging countries, increasing the mobility of researchers across Europe and 
fostering the establishment of "Networks of Excellence" in many key scientific domains such 
as: Biomedicine and Molecular Biosciences; Food and Agriculture; Forests, their Products 
and Services; Materials, Physical and Nanosciences; Chemistry and Molecular Sciences and 
Technologies; Earth System Science and Environmental Management; Information and 
Communication Technologies; Transport and Urban Development; Individuals, Societies, 
Cultures and Health. It covers basic and more applied research and also addresses issues of 
pre-normative nature or of societal importance. 

 

Web: http://www.cost.eu 
 

 
 
 
 



 
 

Organizers and sponsors 
 
 
 

 

 

 

�  

 

This is the final meeting proceeding of COST Action 871 CryoPlanet �Cryopreservation 
of crop species in Europe�. 

 

 

 

 

 

 

It has been jointly organized by AGROCAMPUS OUEST Angers and IRD (Institut de 
recherche pour le dØveloppement, Montpellier). 

 

 

The companies and institutes below are duly acknowledged for their strong financial 
and organisational support to this meeting. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 



 
 

 

Part I. Introduction....................................................................................1 

 

Part II. Working Group 1: Fundamental Aspects of Cryopreservation 
/ Cryoprotection and Genetic Stability ...............................................5 

Design of transgenic cell cultures as model systems for cryopreservation research 
Heinz Martin Schumacher, Antar El Banna, Zahid Ali, Heiko Kiesecker, Lea Vaas and Elke 
Heine-Dobbernack ............................................................................................................................. 6 

Transgenic potato cell cultures � Application as a model system to investigate the 
relation of cryopreservation and osmotic tolerance 
Elke Heine-Dobbernack, Antar El Banna, Heiko Kiesecker, Lea Vaas and Heinz Martin 
Schumacher ...................................................................................................................................... 12 

Safekeeping parameter for evaluation of plant thermal transitions important for 
cryopreservation by vitrification methods 
Ji�í ZÆme�ník and Milo� Faltus ........................................................................................................ 18 

Cryopreservation of Hypericum perforatum L.: multiple responses to cryogenic 
treatment 
Matœ� Skyba, Katarína Bru�ÆkovÆ, Linda PetijovÆ, Martina UrbanovÆ and Eva �ellÆrovÆ............ 24 

The role of cryopreservation in the long-term conservation of vegetatively propagated 
plants 
Carmen Martín, Angelika Senula, IvÆn GonzÆlez, AndrØs Acosta, M Elena GonzÆlez- 
Benito, E. R. Joachim Keller............................................................................................................ 28 

Behaviour of regenerants of strawberry mericlones and chicory nodules after 
cryopreservation through droplet-vitrification 
Druart, Ph., Zhu,G., Magein, H. and Panis B................................................................................... 33 

Evaluation of dehydration stress response in potato and its use in cryopreservation 
Raquel Folgado, Bart Panis, Jenny Renaut, Kjell Sergeant, Lucien Hoffmann, Rony 
Swennen and Jean-Francois Hausman ............................................................................................. 36 

Clonal fidelity of Iris pumila plants regenerated after cryopreservation by vitrification 
Sla�ana Jevremovi�, Borut Bohanec, Maurizio Lambardi, Anna De Carlo, Carla Benelli and 
Angelina Suboti� .............................................................................................................................. 40 

Bioenergetic parameters during cryopreservation of two Abies cephalonica 
embryogenic cell lines 
Kraj�ÆkovÆ, J., Sutela, S., Gömöry, D., Vianello, A. and Häggman, H........................................... 44 

Proteomic changes in Gentiana cruciata cell suspension during cryopreservation 
protocol 
Dom�alska Lucyna, Rybczy	ski Jan J. ............................................................................................ 48 

Cryopreservation of Norway spruce embryogenic cultures: levels of polyamines 
Martin VÆgner, Zuzana VondrÆkovÆ, Kate�ina EliÆ�ovÆ, Olga MartincovÆ, Milena CvikrovÆ ....... 52 

Physiological evaluation of Hypericum rumeliacum Boiss. plant regenerated after 
cryopreservation 
Zhenya Yordanova, Milena Dimitrova, Eva �ellÆrovÆ, Veneta Kapchina-Toteva.......................... 56 



 
 

Part III. Working Group 2: Technology, Application and Validation of 
Plant Cryopreservation....................................................................60 

Development and implementation of droplet-vitrification protocol  for cryopreserving 
clonal germplasm in Korea 
Haeng-Hoon Kim and Elena Popova ............................................................................................... 61 

An overview of dormant-bud cryopreservation for the ex situ conservation of woody 
species in a maritime climate, based on experience with Malus cultivars 
Brian W.W. Grout, Christina Vogiatzi, Torben B. Toldam-Andersen, Andrew Wetten ................. 68 

Cryopreservation of Malus and Fragaria 
Monika Höfer ................................................................................................................................... 74 

Cryopreservation of Populus species by PVS2 vitrification: influence of explant type, 
PVS2 treatment time, and preculture/pretreatment on shoot regeneration after 
rewarming 
Andreas Meier-Dinkel and Jenny Osterburg.................................................................................... 79 

Comparison of different PVS2-based procedures for cryopreservation of Thymus spp. 
Elif Aylin Ozudogru, Ergun Kaya, Emrah Kirdok, Maurizio Lambardi.......................................... 86 

Cryopreservation of horticultural plants at MTT 
Anna Nukari, Marjatta Uosukainen, Jaana Laamanen and Saija Rantala ........................................ 93 

Cryopreservation studies on bilberry (Vaccinium myrtillus L.) 
Laura Zoratti, Laura Jaakola, Jaanika. Edesi, Hely Häggman ......................................................... 98 

Development of droplet-vitrification protocols for tropical vegetatively propagated crops 
Bart Panis, Edwige Andre and Rony Swennen .............................................................................. 104 

Ways of collaboration � COST Short-Term Scientific Missions on three crops and their 
outcomes � potato, garlic and mint 
E. R. Joachim Keller, Angelika Senula, Christine Zanke, Marion Grübe, Anja Kaczmarczyk, 
Anna Nukari, David Teyssedre, Carolina Kremer Morales, Jaanika Edesi, Ma�gorzata Pelc 
and Marta Olas-Sochacka............................................................................................................... 110 

Cryopreservation of endemic Hladnikia pastinacifolia by encapsulation-dehydration 
Jana Ambro�i�-Dolin�ek, Terezija Ciringer and Mitja Kaligari� .................................................. 116 

Cryopreservation of sugarcane (Saccharum sp.) shoot tips using  encapsulation-
dehydration and droplet-vitrification 
Giuseppe Barraco, Isabelle Sylvestre and Florent Engelmann ...................................................... 119 

Progress in cryopreservation by droplet-vitrification at the C.R.A. Fruit Tree Research 
Centre of Rome, Italy 
E. Caboni, E. Condello, A. Frattarelli, M. Arias, A. Sgueglia and B. Panis .................................. 123 

Shoot tips cryopreservation of Solanum spp. varieties 
Catherine Souchet, DaniŁle MØar, Martine Muller, Jean-Eric Chauvin......................................... 125 

Integration of cryopreservation in French plant genetic resource collections: the 
CRYOVEG project 
Florent Engelmann, Emilie Balsemin, Teresa Barreneche, Philippe Chatelet, Jean-Eric 
Chauvin, Emmanuel Couturon, Franck Curk, Marie-Ange Dantec, Jean-Paul Dantec, 
Thibault Decourcelles, StØphane Dussert, Laurence Feugey, Yann Froelicher, Lydie 
Fouilhaux, Franciane Gamiette, AgnŁs Grapin, Michel Grisoni, Philippe GuØrif, Arnaud 
Guyader, Alain Label, François Luro, Bernard Moulin, Martine Muller, AndrØ PeyriŁre, 



 
 

Yvon Prigent, Michel Renard, Michel Roux-Cuvelier, DaniŁle Roques, Suzia Rubens, 
Jocelyne Sapotille, Catherine Souchet, Isabelle Sylvestre, David Teyssedre ................................ 129 

Cold hardening and sucrose pretreatment to improve cryopreservation of date palm 
highly proliferating meristems using vitrification, encapsulation- vitrification and 
droplet-vitrification protocols: a biochemical investigation 
Lotfi Fki, Neila Bouaziz, Nahed Sahnoun, Olfa Chkir, Rony Swennen, Noureddine Drira and 
Bart Panis ....................................................................................................................................... 132 

Cryopreservation of potato landraces using droplet-vitrification 
Nataliia Shvachko and Tatjana Gavrilenko.................................................................................... 135 

Cryopreservation: an efficient tool for Pelargonium species long-term conservation 
AgnŁs Grapin, Anthony Gallard, Camille Le Bras, Noºlle Dorion................................................ 138 

First results on cryopreservation by dormant bud technique of a set of Malus and Pyrus 
cultivars from the INRA Biological Resources Centre 
Arnaud Guyader, RØmi Guisnel, Fabienne Simonneau, Bernard Rocand, Camille Le Bras, 
AgnŁs Grapin, Philippe Chatelet, StØphane Dussert, Florent Engelmann, Laurence Feugey........ 141 

Duration of culture of grapevine (Vitis vinifera) microcuttings on medium with zeatin 
riboside affects shoot tip recovery after cryopreservation 
Zvjezdana Markovi�, Philippe Chatelet, Isabelle Sylvestre, Jasminka Karoglan Konti�, 
Florent Engelmann ........................................................................................................................ 145 

Cryopreservation of Prunus cerasifera Ehrh. shoot tips by encapsulation-dehydration 
Djurdjina Ru�i�, Tatjana Vujovi� and Radosav Cerovi� ............................................................... 148 

Cryopreservation of Asplenium cuneifolium gametophyte and regeneration of plant 
material in post-rewarming culture 
Damian Makowski, Anna Miku�a and Jan J. Rybczy	ski.............................................................. 151 

Cryopreservation of olive embryogenic cultures 
Carolina SÆnchez-Romero.............................................................................................................. 154 

Survival of Rosa canina and Rosa rubiginosa meristems after cryopreservation by the 
droplet-vitrification method 
Bozena Pawlowska, Dorota Burnog, Bozena Szewczyk-Taranek ................................................. 157 

Development of procedure for immunolocalisation of Tomato Spotted Wilt Virus in 
Impatiens walleriana apices 
Milana Trifunovi�, Marjorie Juchaux, AgnŁs Grapin, Sne�ana Milo�evi�, Angelina Suboti�, 
Marija Petri�, Sla�ana Jevremovi� ................................................................................................. 160 

Cryopreservation of cherry plum and blackberry shoot tips by droplet-vitrification 
Tatjana Vujovi�, Isabelle Sylvestre, Djurdjina Ru�i� and Florent Engelmann.............................. 163 

Cryopreservation as a tool in conservation of orchids in Northern Poland 
J. Znaniecka, J. Minasiewicz, A. Mikula, J.J. Rybczynski and E. Lojkowska............................... 167 

 

Part IV. Country Reports ......................................................................171 

Country Report: Belgium 
Bart Panis, Sebastien Carpentier, Annelies Vertommen, Edwige AndrØ, Rony Swennen, Bart 
Piette, Johan Van Huylenbroeck, Evelien Calsyn, Philippe Druart, Ellen Lambert and Danny 
Geelen ............................................................................................................................................ 172 



 
 

Country Report: Bulgaria 
Ivaylo Tsvetkov and Veneta Kapchina-Toteva .............................................................................. 176 

Country Report: Czech Republic 
Milos Faltus and Martin Vagner .................................................................................................... 180 

Country Report: Denmark 
Brian Grout..................................................................................................................................... 184 

Country Report: Finland 
Marjatta Uosukainen, Hely Häggman and Merja Veteläinen ........................................................ 187 

Country Report: France 
Florent Engelmann and AgnŁs Grapin ........................................................................................... 191 

Country Report: Germany 
E. R. Joachim Keller, Heinz Martin Schumacher, Monika Höfer, Andreas Meier-Dinkel, 
Kurt Zoglauer and Ina Pinker......................................................................................................... 195 

Country Report: Greece 
Elias Anastassopoulos and Dimitris Zaragotas .............................................................................. 199 

Country Report: Italy 
Maurizio Lambardi, Carmine Damiano, Maria Arias, Carla Benelli, Emilia Caboni, Emiliano 
Condello, Anna De Carlo, Andrea Frattarelli and Aylin E. Ozudogru .......................................... 201 

Country Report: Luxembourg 
Jean-François Hausman, Isabelle LefŁvre, Raquel Folgado .......................................................... 205 

Country Report: Poland 
Jan J. Rybczy	ski, Pawe� M. Pukacki, Bo�ena Paw�owska, Joanna Zaniecka, Teresa 
Kotli	ska ........................................................................................................................................ 208 

Country Report: Portugal 
A. Romano and M.M. Oliveira ...................................................................................................... 212 

Country Report: Serbia 

ur�ina Ru�i� and Sla�ana Jevremovi�......................................................................................... 213 

Country Report: Slovak Republic 
Eva �ellÆrovÆ and TerØzia Salaj .................................................................................................... 217 

Country Report: Spain 
M. Elena GonzÆlez-Benito ............................................................................................................. 221 

Country Report: United Kingdom 
Paul T. Lynch, Hugh W. Pritchard, Jayanthi Nadarajan, Erica E. Benson, Keith Harding and 
Andy C. Wetten.............................................................................................................................. 224 

 

List of participants ................................................................................228 



1 
 

Part I 
Introduction  

 



2 
 

This book represents contributions, oral as well as posters, of the final meeting of COST 
Action 871, CRYOPLANET (Cryopreservation of crop species in Europe) held in Angers. 
Local organizers of the meeting were Dr. AgnŁs Grapin (AGROCAMPUS OUEST � Angers) 
and Dr. Florent Engelmann (Institut de Recherche pour le DØveloppement).   

COST Action 871 started in December 2006 with a Kick-off meeting at the COST 
office in Brussels and officially ended in December 2010. Twenty-one COST Action 
Countries (see figure 1) and 3 non-COST institutes (New Zealand Institute for Crop & Food 
Research (New Zealand), Vavilov Institute of Plant Industry (Russian Federation), FacultØ 
des Sciences de Sfax (Tunisia)) participated actively in this initiative.   

 
 

Figure 1. Participating countries at COST Action 871.  
 

The Action was created because plant cryobiologists realized that plant 
cryopreservation was hardly applied in Europe. This was mainly due to the fact that (i) 
efficient and robust cryopreservation protocols applicable to many plant species and diverse 
germplasm types were not available, (ii) plant researchers were unacquainted to recent 
developments in cryogenic storage methods and (iii) there was a lack of coordinated research 
in Europe on plant cryopreservation. The main objective of this action was therefore �to 
improve and apply technologically advanced techniques for plant genetic resources 
conservation of crops that are grown/ and or conserved in Europe with main emphasis on 
long-term conservation through cryopreservation�. In order to achieve this, 2 working groups 
(WGs) were established; (i) a working group on fundamental aspects of 
cryopreservation/cryoprotection and genetic stability and (ii) a working group on technology, 
application and validation of plant cryopreservation. 

Major activities of the Action included the organization of workshops, STSMs (short 
term scientific missions) and work group meetings. 

The 5 training schools/workshops held in the framework CRYOPLANET, concentrated 
on two major topics, i.e. (i) the use of differential scanning calorimetry (DSC) as a tool to 
understand cryopreservation damage and (ii) cryopreservation through the dormant-bud 
technique as an alternative to the classical cryopreservation of in vitro material and were 
organized in Prague (on DSC), Florence and Copenhagen (both on dormant buds).  
























































































































































































































































































































































































































































































