Report from small group meeting on dormand bud cryopreservation
Torben Toldam-Andersen
Participating delegates: Saija Rantala, Maurizio Lambardi, M. Angeles Revilla Bahillo, Monika Höfer, Andy Wetten, Hely Häggman, Petra Jadrna, Agnès Grapin, Philippe Druart, Brian Grout, Christina Vogiatzi and Torben T-A.
25st February 

09.00 
Welcome and approval of agenda for the meeting, by Torben T-A

The agenda was approved. 


Unfortunatly F. Laurence from France had not been able to come to the meeting. 

9.15 – 9.45 
Short presentations of the dormant bud work performed by the different participants
Torben: Gave a very short outline of the development of the dormant bud work at the Department at KU since his first introduction to the topic in Geneva in 2001 (P. Forsline) and in Corvalis in 2003 (B. Reed). After one week of training in the lab of P. Forsline in spring 2004 the work was initiated on apple with a MSc student thesis in winter 2004/5 with good success. It has been extremely difficult to get funding but since 2005 small experiments have been conducted every year. Finally in October 2008 a PhD project with Christina V. was initiated. Both apples and pears have been frozen successfully but pears with lower viability than apples.
Maurizio: The method works good with apples also in Italy and is a good alternative to the very laborious tissue culture methods. Cherries were tested this year. Pears has been a disaster. There is a great interest to get a dormant bud method to work in Olive. In vitro grafting my be possible to include in the protocol with olives which are very difficult to handle and grafting/budding is not succesfull unless a small leafarea is maintained around the bud. The overall goal is to look for a simple technique to insure a successful implementation in practice. In this aspect the dormant bud freezing has many advantages compared to tissue culture based techniques.
Monika: Started with tissue culture based cryo in 2003 on strawberries. She started with dormant bud of apple with 4 cultivars in 2005. The method is easy at the first look but like a black box when it comes to understanding of the processes. Many questions remain concerning dehydration and rehydration. Also tried to freeze wild Malus species.
Angeles: A student was on a short scientific mission to KU-Life in spring 2008 with 2 apple cultivars from the Spanish collection collectied in February and March and also some Olives. The apples collected in February survived LN storage but not those from March. Cryo of Hops is a major interest .
Hely: Has a large LN facility just funded. Have worked with cryoprotocols of natural forest trees in Finland (Birch and Popler). Many problems with freezing of the material due to cultivation in greenhouse conditions. 
Petra: Had undertaken som studies of the water status of buds and the lab has experience with cryopreservation of a number of plants based on tissueculture.

Agnes: Had worked with cryopreservation and invitro collection of Pelargonium. Now shifted to Roses whitch are difficult in in vitro culture. There is large genotype diversity. There is an interest in trying a dormand bud based freezing.

Philip: Works with all types of fruit trees in in vitro culture. The experience may be usefull in recovery of difficult to bud genotypes. Also experience with micrografting. 

Saila: There have been done experiments with dormant buds in apple and Ribes from field and greenhouse grown plants. No success with budding. Some results after in vitro culture. Sampling from greenhouse plants is a problem.

Andy: The group is responsible for the large collections at Brogdale (> 2000 apple accessions).  First accessions of apple tested successfully in 2007. Repeated sampling was done this year. Also a few pear samples are in LN.
Several of the participants had brought a number of slides to illustrate the work done in their labs as well as methods used. These were decided to be included during the meeting when appropriate and relevant to the topics to be discussed.

10.00-12.00
Group discussion of aspects of the Physiological stage of the bud wood at the time of collection. 

A copy of the protocol from P Forsline was distributed.

The position of the bud on the shoot and on the plant was discussed. Sampling of 5 segments from shoot base to tip had been tested. No clear effects of position. Normal practice for sampling of graftwood is to use the buds in the middle segment of annual/terminal shoots. Basal buds are of low vigour and terminal buds les developed and les hardy. Time of collection was addressed. From in vitro studies sampling from sept to febr showed low recovery in sept-dec due to low chilling and thus endo dormand buds. Higher recoveries reported after new year. Dormancy level is important to determine. Apparently the buds need to have reached the ecodormant stage. But the buds must still be hardy and should not at the ecodormant stage be exposed to mild/warm temperatures.  The importance of low temperatures prior to sampling was questioned. In Oviedo Spain the temperature newer is below +6 C. Still the test conducted in Copenhagen was successful. Similarly, tests conducted at KU with 2 weeks of storage of scions at +6 C in a refrigerator after sampling and prior to desiccation at -4 C showed no effect on survival after LN storage.
The hardiness may be increased during the slow desiccation?
Christina presented a short outline of the aspects of desiccation she is studying this winter with focus on how the different parts desiccate, bud, twig, thin vs. thick twigs, through the end cuts of the twig or through the bark or bud scales. The studies are ongoing and data has not yet been evaluated.

Angeles showed a presentation. Measurements of phytohormones are a special competence in her lab. But it is laborious. Alternative methods for indication of dormancy level were presented. DNA methylation patterns may be useful. Methylation levels increase with plant age and changes with the phenological stage with an increase during bud dormancy development, while highest at dormancy release/bud swelling. Then methylation decreases and is lowest at bud break. 

The method is fast and relatively easy when established. A Tubulin based test was also presented and showed opposite activity patterns compared to methylation at the different BBCH stages studied. Antibodies may be used for localisation studies. 
The need for good test systems/methods was discussed. TDC viability tests as used in seeds was suggested. Also a trypan blue based test which colors dead cells was discussed. Double staining may be possible?

Electrolyte leakage is easy and can be useful in determination of frost hardiness or levels of frost damage. The method can be applied in a relative test by expressing the leakage of the tissue prior and after an autoclave treatment of the sample. 

Simple forcing of scions/shoots can also be useful to determine when the buds go from endodormant to the ecodormant stage. 
12.00-13.00 
Lunch

13.00-14.15 Visit in the lab facilities and discussion of equipments and practical aspects. 

Rootstocks in the greenhouse were examined. Types of rootstock especially vigour levels were discussed. Position of buds on one side or opposite is used in different labs. There may be effects of apical dominance to consider. At KU seedling rootstocks of Pyrus communis was used for the pears and M7 for apple. M9 is considered to weak, but little data is available. The rootstocks were potted and placed in greenhouse one week before the buds were thawed from LN. After 2 weeks of rehydration in moist peat at 2 C chipbudding was performed. After 18-20 days trees are cut just above the upper bud and the rubber band cut of. Parafilm strips has also been used at KU. They are very eary to put on, but may give to little pressure on the bud and thus less contact to the rootstock and are difficult to remove without cutting the bark of the rootstock.
Recovery of buds on a filter paper bridge in fluent media was demonstrated and discussed in the lab. Release of phenolics is a problem. Recovery on solid media was shown possible but the bud development is very slow and repeated moving of buds to escape the phenolics is needed. 

At Pometet sampling and cutting of scions was discussed including a device for easy cutting. The handling of samples during slow dehydration at -4 was shown. Packing in nets makes handling efficient. To find a controllable freezer to do the very slow freezing to -30 C may be difficult. At KU a modified cooler is used but need manual control. The packing of scions in peat was discussed. What is the proper moisture level and how to detect it? Which type of peat is best dark or pale? In Dresden autoclaved sand has been used successfully. At KU dark peat without nutrients is used and packing done in plastic containers (a type normally used for candy is used). 

14.15-14.30 
Coffee break
14.30 – 16.30
Discussion of controlled dehydration. Importance of dehydration speed and end level/degree of dehydration. Temperature conditions.


Monika reported in her slides results with relative fast dehydration from just a few days until 2 weeks. If dehydration was done using salt solutions dehydration was even faster and did not give good results. In general success was only obtained with freezing after sampling in January. In the first year 2005 good results with a few cultivars were obtained but unfortunately  both in 2006 and 2007 very low survival rates had been found. Particularly the wild Malus species at proven very difficult to cryopreserve.

  From Italy Maurizio showed slides with the other extreme with a very slow dehydration of about 1 months in a chamber without ventilation. This very slow dehydration works but reduces the capacity by the chamber. For optimal handling during dehydration the scions must be as uniform as possible. 

The dehydration at -4/-5 C and the following step of the protocol with slow freezing down to -30 C was discussed in terms of desiccation effects or other effects perhaps related to hardiness development of the buds and twigs due to low temperature exposure. An open question is to what degree the dehydration actually is critical to the survival after LN or the main effect of these slow cooling steps of the protocol is related to hardiness development in more general physiological terms. 


The optimal degree of dehydration, thus is very uncertain. Maurizio showed increasing survival rated with increasing dehydration from 36 to 28 %. The results from both Monica and Maurizio were very much species and cultivar dependent. 

Survival down to 26% humidity has been obtained.

Andy showed material on the controlled cooling chamber he had bought which is a Binder APT Line MK. Information may be found at www.binder-word.com. A model to 9000 euro and one to 14000 euro is available. 
19.00 -
Dinner

26 February 

8.30- 9.30 
Discussion of rehydration. 
The packing material used for rehydration was discussed. Peat is mostly used but not a neutral material. Cotton may be an alternative but may lack structural strength to ensure some air to the twigs. Sand can be autoclaved and has been used successfully by Monika. No one had actually tried to rehumidify directly in water. Is the long and slow rehydration important? Or can it be done fast? No one had yet tested to what level of humidity the twigs are at after the 2 weeks, but Christina is about to do so. The transport of water into the twig was addressed. It probably is through the cell wall but how well water penetrated into the twigs is uncertain. The xylem is normally damaged by the cryostorage. The most important tissue to rehumidify must be the bud and probably also the cambium, but it is unknown how fast this happens and to which degree. Could it be beneficial to cut something of the twig before the humidifying to improve water uptake and perhaps reduce problems with air cavitations? Could water be pressed in with a pressure bomb?   
9.30- 9.45
Coffee break
9.45 - 10.45
Discussion of vitality/recovery testing, budding methods and use of tissue culture

Torben had brought some shoots and a knife and demonstrated the chipbudding. Details with the practical aspects of cutting and tying the bud chips were discussed and some took the chance to practice and photograph the creations.


Some had also successful experience with T-budding after cryo so chip budding is not the only possibility. The problems with damages to the vascular tissue was discussed and in cases where the bud is alive bud damages to cambium and xylem makes budding problematic it may be possible to transfer the meristem/bud to media and recover in vitro. Alternatively it was suggested to try to force the bud to break on the scion and then use micro grafting to obtain full recovery of a new plant. Forcing of shoots followed by micrografting is used in the lab of Philippe.

A comprehensive presentation on in vitro culture and micropropagation techniques activities at CRAW in Belgium was given by Philippe. Also in meristem culture optimal time for collection of material is Jan-Febr. In autumn lack of chilling probably reduces growth capacity of the meristem tips. Micrografting techniques was presented as a possibility, but requires a close timing of a parallel rootstock production to be able to combine scion and rootstock at the right stage and time. Disinfection methods was discussed. Formol vapour may be simple and effective.     
Finally the discussions of the protocol were completed with a presentation by Petra of the work done in Prague on water status evaluation and occurrence of water crystallization in Vitis and Malus. Crystallization is closely related to water content but varies among the species with a larger crystallisation in Vitis compared to Malus and with a larger variation among cultivars in Vitis compared to Malus. 

10.50- 12.00
Discussion of possibilities for use in other species than apple as well as genotype variation. 

As some had an early afternoon flight the discussion was focussed on ideas and possibilities for coordinated activities in the future.
Common experiments based on a common and detailed protocol were discussed trying to answer some of the questions to the protocol. Controls should be tested after -30 C and after LN with 20 bud replications. With 2 buds on each rootstock 20 rootstocks would be needed. 2 cultivars should be identified which could be one with a high recovery rate and one with a medium to low recovery. Thus 40 rootstocks would be used. 

A suggestion with 1 cultivar being delivered from one place to all others would need 20 rootstocks more and 1 cultivar could be send from all partners to be grafted in one place. The participants from Germany, Italy, Finland, Spain, Czech Republic and Denmark (6 countries) were interested in performing the experiment. Thus 6 partners would use 60 rootstocks each or 360 in total and one partner would additional graft a cultivar sample send from each partner (6x 20) = 120 more rootstocks.  

Which rootstock to use was discussed. Bittenfelder saimling might be a possibility.
Climatic data from each location should be provided eg from August to March. Temperature (max + min, 24h basis) Global radiation and ???
Data could be discussed at the Leuven meeting in April. All should try to bring the Climate information to the meeting. Calculations of chill units and number of days below a given temperature eg 0 C is a possibility. 

A new small group meeting in 2010 in May or August was suggested in order to discuss the results gathered and to prepare a presentation of it at the final meeting of the Cost action later in 2010. The meeting will probably be hosted in France or Poland.
Possible use of a fungicide such as Thiram before rehumidification in peat was discussed and in cases of difficult to recover samples micrografting could be relevant to test.  
12.00-13.00
Lunch

13.00- 14.30
Coordinated activities in the future?

The common experiments were further discussed. Which cultivars should be used. Golden Delicious is vide spread in Europe and show relatively low survival while Ida red which has been successful in Germany may be a candidate with a high recovery. Possible cultivars are to be discussed in Leuven. 


A detailed listening of the cryo protocol should be prepared. Torben is to send a first draft around. 

What to to after the Cost action? A broader network? A new cost action? Key words like tissue culture, conservation, application of cryopreservation, climate change related need for preservation of plant genetic resources…. was suggested.  
14.30-15.00
Conclusion and evaluation


The meeting with the form of open group discussions had given an unique possibility to discuss the many aspects of dormant bud cryopreservation. The many questions and discussions had clearly showed how very much needed the meeting was. The protocol and the processes still to a large extent remains as a ‘black box’ with many open questions, but all had found the meeting very useful and the form and arrangements very successful. 


A strong interest in continuation of contacts was expressed as well as the interest in setting up common experiments and a new meeting in 2010 to discuss and evaluate the results is to be applied for.
15.0 0
End off meeting and home travel.                      

Torben Toldam-Andersen, 9 March 2009.

