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Cryopreservation protocols have been introduced as techniques for germplasm preservation of vegetatively 
propagated horticultural and staple food crops. In Finland, cryopreservation has been studied since 1990’s, 
beginning with cryopreservation of forest tree breeding material and since 2004 on cryopreservation of 
genetic resources of horticultural plants and potato. Priority was given to cryopreservation of raspberry 
(Rubus ideaus L.), strawberry (Fragaria x ananassa Duch.)  and potato (Solanum tuberosum L.) and the 
possibility to use cryotherapy in eradication of raspberry bushy dwarf virus (RBDV) from in vitro cultures 
were studied on raspberry. Modified droplet vitrification cryopreservation protocols were designed for 
raspberry and strawberry and cryotherapy combined with thermotherapy was proven to be a successful 
application to eliminate RBDV from infected raspberries. Cryotherapy method can be applied for a large 
scale elimination of viruses from plant germplasm and from candidate nuclear stock in a certified plant 
production scheme. Routine use of cryotechniques in germplasm preservation of vegetatively propagated 
horticultural plants was started. Besides for long term germplasm preservation, cryopreservation techniques 
can be applied also for maintenance of mother stocks in certified plant production schemes and in com-
mercial plant production. Cryopreservation of potato shoot tips needs additional detailed research to obtain 
sufficient recovery and regrowth rates. 
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Introduction

Staple food and pollakanthic or perennial hor-
ticultural crop species are mostly vegetatively 
propagated. In field collections, many of these 
species are susceptible to accumulation of viruses, 
various other plant pathogens, diverse small genetic 
mutations, accidental seedlings as well as to abiotic 
stresses. Due to these risk factors the availability 
of germplasm and preservation of stock plants in 
field collections cannot be secured. The establish-
ment of reliable conservation has become an urgent 
issue. The need of complementary techniques to 
in vivo conservation of genetic resources has been 
generally recognized (Engelmann and Engels 2002, 
Reed et al. 2004).

Over thirty years ago Bajaj and Reinert (1977) 
reviewed cryotechnology and concluded that cryo-
biology of plant cell cultures offers a wide range of 
prospects such as conservation of genetic uniform-
ity, preservation of rare genomes, freeze storage of 
cell cultures, maintenance of disease free material, 
cold acclimation and frost resistance, retention of 
morphogenetic potential and slow metabolism and 
ageing.  Today, cryotechniques are mostly intro-
duced for secondary genetic resource preservation 
(Reed 2008b). However, these techniques have 
also potential for wider use in horticultural indus-
try, for instance in certified production scheme and 
in commercial plant production (Uosukainen et al. 
2007). 

The aim of the present paper is to give a re-
view of various cryotechniques that can be applied 
in germplasm conservation and in maintenance 
of mother stocks of clonally propagated plants, 
such as strawberry (Fragaria x ananassa Duch.), 
raspberry (Rubus ideaus L.), potato (Solanum tu-
berosum L.) and woody species of temperate and 
boreal zones. Also an overview of cryopreserva-
tion research and utilisation of cryotechniques in 
germplasm preservation and maintenance of certi-
fied nuclear stocks of horticultural crop plants in 
Finland is presented.

Cryopreservation refers to storage of biological 
samples at ultra low temperatures, for example 
that one of liquid nitrogen (−196 °C). At ultra-low 

temperature basically all cellular divisions and 
metabolic processes cease, and in theory, plant 
tissues can be stored without any change for an 
indefinite period of time (Engelmann 1997). Ad-
ditionally, such storage method requires a small 
volume, demands very limited maintenance, and 
is thus relatively cheap (Reed et al. 2004). Inter-
est in cryopreservation techniques awoke from the 
need of a safe alternative to in vivo plant collections 
and to develop techniques that could secure plant 
biodiversity and for the long-term maintenance of 
genetic resources. Cryopreservation is today used 
world wide as a safe backup of valuable plant ma-
terials and cryopreservation protocols have been 
established for more than 200 plant species (Engel-
mann 2004, Wang and Perl 2006, Reed 2008a). 
Controlled rate cooling, vitrification, encapsulation 
dehydration and dormant bud preservation have 
become standard protocols for cryopreservation 
(Reed 2008b).

Controlled rate cooling method was introduced 
in 1970’s. It is used for both in vitro and in vivo 
source materials. These techniques are recom-
mended for storing large collections (Reed 2008b). 
Different stepwise freezing protocols are used to-
gether with preculture or acclimation and cryopro-
tection of samples. During a controlled rate cooling 
procedure, extracellular ice forms and intracellular 
water moves to the outside. Formation of extracel-
lular ice reduces the potential ice nucleating inside 
the cells (Benson 2008a). 

In vitrification-based protocols cell solutes are 
concentrated to a critical viscosity. The liquids 
become glassy solid and lethal crystalline ice for-
mation will thus be avoided.  (Gonzalez-Arnao et 
al. 2008, Benson 2008a). Development of vitrifi-
cation-based procedures progressed significantly 
cryopreservation of organized plant structures 
(Engelmann 2004, Wang and Perl 2006, Gonzalez-
Arnao et al. 2008, Reed 2008a). 

Encapsulation of explants in calcium alginate 
beads was originally introduced as a method to 
produce synthetic seeds (Redenbaugh et al. 1986). 
Dehydration is used in combination with encap-
sulated explants. Dehydration of alginate beads is 
performed by desiccation under the air of a laminar 
flow cabinet or in sealed containers with dry silica 
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gel. When the bead water content is lowered to 
around 20 %, only glass transitions are recorded 
when samples are plunged in liquid nitrogen (Sher-
lock et al. 2005).

Besides these standard protocols, also combina-
tions of these methods have been developed togeth-
er with several modifications for different plants 
species. Cryopreservation of temperate woody 
species was started in Japan when Sakai (1960) 
demonstrated that winter hardy twigs of poplar and 
willow survived slow cooling and then immersion 
in liquid nitrogen. Since then this method has been 
applied and developed further for preservation of 
dormant buds of fruit species (Sakai and  Nishi-
yama 1978, Tyler and Stushnoff 1988, Towill et 
al. 2004, Toldam-Andersen et al. 2007, Towill and 
Ellis 2008). In Finland, studies have been carried 
out to develop cryopreservation techniques for for-
est tree breeding materials since 1990’s and the 
method for cryopreservation of dormant buds to-
gether with recovery through in vitro culture has 
been introduced. (Ryynänen 1996, 2000). The dor-
mant bud method together with budding or grafting 
recovery technique is a good alternative for plants 
that have poor adaptability to in vitro culture.

Several modifications of the standard protocols 
have been developed for different plant species. 
Simple and efficient protocols are necessary for the 
utility of cryopreservation techniques for a wide 
range of plant genetic material containing variable 
genotypes. Such universal techniques could be 
encapsulation-dehydration (Dereuddre et al. 1990, 
Fabre and Dereuddre 1990) and droplet vitrifica-
tion (Panis et al. 2005) as well as encapsulation-vit-
rication (Matsumoto et al. 1995). At present, drop-
let vitrification method (Panis et al. 2005) receives 
much attention. It has been applied in large scale to 
germplasm collections for banana, potato and garlic 
(Reed 2008a). Encapsulation-vitrification has been 
applied to strawberry and potato (Hirai et al. 1998, 
Hirai and Sakai 1999). Encapsulation-dehydration 
and encapsulation-vitrification are both applicable 
methods for raspberry cryopreservation (Wang et 
al. 2005). Encapsulation-dehydration has also been 
applied to strawberry (Soria et al. 2007). However, 
in most plant families these methods need species 
specific adjustments before they can be applied in 

large scale conservation of the genetic diversity of 
the germplasm.

Recently, cryotherapy of shoot tips, an ad-
ditional application of cryopreservation, has 
been demonstrated to efficiently eradicate plant 
pathogens (Wang et al. 2009). In Finland, as a 
consequence of successful cryopreservation of 
raspberry nuclear stock and eradication of RBDV 
from a candidate nuclear stock of a new raspberry 
cultivar (Wang et al. 2005, 2008b), cryotherapy 
was introduced to certification scheme of Finnish 
horticultural plants (Ministry of Agriculture and 
Forestry 2006) and cryopreservation was applied 
to maintenance of nuclear stock of strawberries and 
raspberries (Nukari and Uosukainen 2007, Uosu-
kainen et al. 2007).

Types of plant materials subjected to 
cryopreservation

At present, cryopreservation techniques are avail-
able for storage of algae, bryophytes, ferns, dedif-
ferentiated cell cultures, embryogenic cultures, 
excised embryos and embryonic axes, dormant 
buds, meristem and shoot tips, root tips, pollen 
and seeds (Benson 2008b, Reed 2008a). Organized 
plant tissues, such as twigs, dormant buds or in vitro 
propagated plantlets, proliferating meristem clumps, 
apical and axillary shoot-tips,  shoot tips and nodes 
and buds, are generally preferred in cryopreserva-
tion of vegetatively propagated plants (Panis et al. 
2007, Reed 2008a). 

Cryopreservation of dormant buds has been 
adopted as a cryopreservation method for fruit 
trees in cold climate, where natural cold harden-
ing of buds can be exploited. A standard protocol 
was developed in North America for dormant ap-
ple buds and implemented on large scale in a cold 
continental climate at the Plant Genetic Resourc-
es Unit in Geneva, US (Towill et al. 2004). This 
method proved to be applicable also to cultivars 
grown in the milder, Danish maritime winter cli-
mate (Toldam-Andersen et al. 2007). This method 
has been applied also for Pyrus and Ribes as well 
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as other fruit trees and woody ornamentals (Reed 
2008a).

Successful cryopreservation requires that the 
plant tissue survives the storage and is thereafter 
capable of regenerating into plants (Harding 2004, 
Reed 2008b). However, there are genotypes that 
have almost non-existing recovery response after 
cryopreservation. In case the plant species produce 
seeds born by apomixes, they can be used in germ-
plasm preservation and also cryopreserved instead 
of other somatic parts of the plants.

As an alternative to meristematic plant tissues 
cryopreservation of diverse genotypes as embryo-
genic cell lines induced from various types of 
plant organs may be possible. Somatic embryos 
originating from one plant cell or a group of cells 
can also be used for development of synthetic 
seeds (Ipekci and Gozukirmizi 2003) and to create 
rapid mass propagation systems using bioreactors 
(Ducos et al. 2008). After successful cryostor-
age, embryos should germinate and develop into 
entire plants with homogeneity similar to the true 
seeds (Tessereau et al. 1994). To produce geneti-
cally uniform and stable materials originated from 
embryogenic clusters was introduced for Citrus 
species (Sakai et al. 1990). The first examples of 
successfully cryopreserved plant somatic embryos 
were originated from Asparagus cladophyll tissue 
(Uragami et al. 1989). Also embryogenic masses 
have successfully been preserved in sweet pota-
to (Ipomoea batatas (L.) Lam.) (Blakesley et al. 
1996). For certain plants species, such as carrot 
(Daucus carota L.) and coffee (Coffea arabica L.), 
somatic embryogenesis has become a routine tech-
nique and the economic viability of the method has 
already been proven (Etienne-Barry et al. 1999). 
Often embryogenic cell lines are cryopreserved as 
suspensions, such as in banana (Musa), grapevine 
(Vitis spp.) and coffee with the maintenance of 
high regeneration capacity (Panis and Thinh 2001, 
Wang et al. 2002, 2004).

Cryopreservation of somatic embryos is po-
tentially a method to preserve an increasing range 
of accessions and genotypes, because different 
genotypes preserved as shoot tips often show vari-
able regrowth rates. For carrot and coffee, direct 
regrowth of frozen-thawed somatic embryos has 

been observed. The size of embryos and the age 
of the embryogenic strain determined their ability 
to develop into morphologically normal plantlets 
(Tessereau et al. 1994). In carrot, even differenti-
ated torpedo shaped embryos, which were 2 mm 
in size, survived cryopreservation, but the larger 
embryos needed a progressive decrease of sucrose 
content in the medium for successful regeneration 
(Tessereau et al. 1994). In Finland, the aim is to 
test various methods to produce somatic embryos 
from potato cultivars and to cryopreserve the em-
bryogenic clusters developed. Each cryopreserved 
embryogenic cluster is comprised of high numbers 
of meristematic regions, which enhances the capac-
ity of cryotechniques. Subsequently, somatic em-
bryos can also be used for development of synthetic 
seeds, which are cryopreserved, and additionally 
to create mass propagation systems. Overall, the 
utilisation of somatic embryogenic cultures for 
many crop species has various challenges, such as 
difficulties with germination and rooting, which 
need to be overcome before the technology can be 
transferred into practice.

True-to-type evaluation of cryopreserved 
materials

Plants regenerated following cryopreservation need 
to be genetically stable and identical to the original 
genotypes. The recovery of plant materials from the 
cryopreservation stages without any intermediate 
callus formation is essential to avoid somaclonal 
variation (Gonzales-Arnao et al. 2008). In potato, 
plants regenerated from cryopreservation did not 
show abnormalities on their ability to form tubers, 
but the formation of flowers was impaired compared 
to the tuber-derived plants (Harding and Benson 
1994). Cytological abnormalities or changes at the 
molecular level were still not observed (Benson 
et al. 1996, Harding 1997, Harding and Benson 
2001). In a few cases, however, plants regenerated 
after cryopreservation have shown varying levels 
of genetic changes depending on the species and 
analysis technique utilised. A recent study car-
ried out on papaya (Carica papaya L.) showed 
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genotype-dependent variability using various 
molecular techniques, such as randomly amplified 
DNA fingerprinting (RAF) and amplified DNA 
methylation polymorphism (AMP) (Kaity et al. 
2008). In hops (Humulus lupulus L.), however, no 
genetic changes using RAPD (randomly amplified 
DNA polymorphism) and amplified fragment length 
polymorphism (AFLP) techniques were detected, 
but some epigenetic changes with methylation 
sensitive amplified polymorphism (MSAP) were 
found dependent on the cryopreservation protocol 
used (Peredo et al. 2008). These findings suggest 
that more specific molecular analysis techniques for 
genetic stability will be needed to test true-to-type 
status of the cryopreserved materials.

Cryotherapy for pathogen eradication

Cryotechniques can have potential use as a substitute 
or complement to classical virus eradication tech-
niques such as meristem culture and thermotherapy 
(Wang and Valkonen 2008a, 2008b). Experiments 
performed with plum shoot tips (Brison et al. 1997), 
banana meristematic cultures (Helliot et al. 2002) 
and grape shoot tips (Wang et al. 2003) showed 
various degrees of elimination of different viruses 
after freezing of infected viruses. The development 
of this technique improves plant health and the qual-
ity of culture, storage and exchange of germplasm 
( Reed et al. 2004).

Adequate management measures should be 
taken by the genebank to eliminate infection and 
contamination (Engels and Visser 2003). This re-
quirement is congruent with the certified produc-
tion schemes for horticultural crops presented by 
European and Mediterranean Plant Protection Or-
ganization (OEPP/EPPO) (1993). Cryotherapy is 
potential means for the establishment of high qual-
ity long term preservation of selected germplasm 
as well as for establishment of nuclear stock. The 
maintenance of plant health is secured when mate-
rials are subsequently transferred to long-term pres-
ervation conditions using available cryotechniques 
(Uosukainen et al. 2007, Wang et al. 2009).

Tissue culture-based virus eradication methods 
were introduced in Finland in the 1970’s when in 
vitro techniques were utilised for production of 
virus-free potato clones (Tapio 1972) and subse-
quently for currants, gooseberry, raspberry and 
strawberry (Bremer and Ylimäki 1978, Uosukai-
nen and Kurppa 1988). Recently, also cryotherapy 
has been successfully applied for the elimination of 
plant viruses and phytoplasmas from plant materi-
als (Wang and Valkonen 2007, 2008b, Wang et al. 
2008). Cryotherapy of shoot tips has been suggested 
a novel technique for pathogen eradication, much 
more efficient than the traditional methods like 
meristem tip culture (Wang et al. 2009). 

In cryopreservation, the main focus lays on 
conserving high numbers of plant materials using 
techniques in which the tissue survival rate after 
thawing is maximised. On the contrary, for patho-
gen eradication by cryotherapy, it is essential that 
viability of only the meristematic, uninfected cells 
is ensured and the highly vacuolated, often infected 
cells are killed, thereby producing healthy shoots 
(Wang et al. 2008, 2009). Combination of cryo-
therapy with a preceding thermotherapy stage was 
found to be the solution to eliminate RBDV from 
an infected raspberry clone; the procedure which 
had earlier been practically impossible using the 
traditional methods (Wang et al. 2008). Similarly, 
potato leaf roll virus (PLRV) and potato virus Y 
(PVY) were also efficiently eliminated by cryo-
therapy from potato clones (Wang et al. 2006). Pro-
fessor Qiaochun Wang has studied the mechanisms 
of virus eradication from the meristematic shoot 
tips and has together with his associates given a 
comprehensive overview on eradication of patho-
gens, including viruses, phytoplasmas and bacteria 
(Wang and Valkonen 2007,2008a, 2008b, Wang et 
al. 2009).

Cryopreservation of crop plants 
in Finland

In 1990’s, cryopreservation research was started in 
Finland as an aim to preserve forest tree breeding 
material by using dormant buds (Ryynänen 1996). 
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In 2004 MTT Plant Production Research, Laukaa 
(MTT Laukaa) initiated a major research project 
for establishment of cryopreservation methods for 
vegetatively propagated horticultural plants. MTT 
plant genetic resource working groups, sub-coor-
dinated under the Finnish national genetic resource 
programme, proposed cryopreservation as the first 
backup method for the long-term preservation of 
vegetatively propagated, selected genotypes. The 
priority was given to species for which a cryopreser-
vation procedure is already available (Aaltonen et 
al. 2006a, 2006b, Ahokas et al. 2006), such as for 
raspberry.

The cryopreservation project of vegetatively 
propagated horticultural plants was based on the 
pathogen free in vitro material which was avail-
able in the Finnish nuclear stock bank. The work 
was started by screening different cryopreserva-
tion methods. Later also various explant sources for 
cryopreservation has been evaluated, such as in vit-
ro grown meristematic tissues, shoot tips, dormant 
buds, embryogenic clusters or somatic embryos. 
In the cryopreservation of in vitro materials, api-
cal shoot meristem tips or basal buds were used as 
explants, rather than merely meristematic tissue.

At the University of Helsinki, Wang et al. 
(2005) introduced an application of encapsula-
tion-vitrification and encapsulation-dehydration 
cryopreservation protocols to raspberry shoot tips 
excised from in vitro plantlets. Further studies 
and development of the protocols at MTT Lau-
kaa proved encapsulation-vitrification and droplet 
vitrification methods successful basic techniques 
for cryopreservation of micropropagated raspberry 
shoot tips. A modified droplet vitrification method 
was designed for conservation of raspberries and 
also for other vegetatively propagated horticultural 
plants, such as strawberry (Nukari et al. 2006).

Cryopreservation experiments of dormant 
buds were carried out by using traditional two-
step freezing method with a controlled rate freezer 
or cryopreservation of naturally hardened buds by 
using slow freezing to −20 °C (2 °C /hour) with a 
combined refrigerator-freezer or cryopreservation 
of naturally hardened buds collected from minus 
degrees and stored in freezer in −25 °C.  Also 
different strategies to promote regrowth of apple 

(Malus domestica Borkh.), sour cherry (Prunus 
cerasus L.), plum (Prunus domestica L.), black 
currant (Ribes nigrum L.) and red currant (Ribes 
Rubrum-group L.) were tested. Freeze-drying at 
−4 °C was occasionally used as a pre-treatment for 
the dormant buds in the two step freezing method. 
For recovery, both chip bud grafting using T-cut in 
rootstock and initiating in vitro cultures from the 
cryopreserved buds were used.

The use of cryopreservation techniques for 
dormant buds of plum, apple, black currant and 
red currant was not successful when it was com-
bined with chip bud grafting. Instead of the bud 
grafting, establishment of in vitro cultures from 
cryopreserved buds gave more promising recov-
ery results especially for sour cherry. However, the 
recovery success rates in plum and apple buds were 
still low. Only a few buds showed regrowth on an 
agar-gelled medium (Table 1). The main reasons 
for the failure were microbes that contaminated 
the cultures when the transplants were excised 
from cryopreserved dormant buds collected from 
the field. Cryopreservation of in vitro cultures is 
often preferred to in vivo dormant buds, because 
the contamination risks induced by the explants 
can be thereby mainly avoided. In case of grafting 
contamination is not an issue.

In 2006, the work was extended to potato, in 
collaboration with MTT Biotechnology and Food 
Research. The aim was to apply cryopreserva-
tion techniques for the long-term genetic resource 
preservation of vegetatively propagated plants of 
importance in Finland. Cryopreservation of straw-
berry and potato were studied for both meristem-
atic shoot tips and lateral buds derived from in vitro 
cultures. At MTT, droplet vitrification method was 
chosen as the most suitable cryopreservation pro-
cedure applicable for a wide range of vegetatively 
propagated horticultural species and their various 
genotypes. 

The cryopreservation genebank was established 
at MTT Laukaa in 2006. A protocol to utilise cryo-
preservation in the certification scheme of nuclear 
stock and in the maintenance and propagation of 
propagation stocks was developed by MTT Lau-
kaa (Uosukainen and Laamanen 2006, Uosukainen 
et al. 2007). Cryopreservation was accepted as a 



A G R I C U L T U R A L  A N D  F O O D  S C I E N C E

Nukari, A. et al. Cryopreservation of vegetatively propagated Finnish crop plants 

122

A G R I C U L T U R A L  A N D  F O O D  S C I E N C E

Vol. 18 (2009): 117–128.

123

preservation method of the nuclear stock collec-
tion by the Ministry of Agriculture and Forestry 
and this application was included into the statute 
of the Finnish certification scheme (Ministry of 
Agriculture and Forestry 2006, Uosukainen et al. 
2007). Cryo-collections of the nationally valuable 
raspberry and strawberry accessions were initiated 
(Nukari and Uosukainen 2007, Uosukainen et al. 
2007). The prerequisites to establish cryo-collec-
tions of other vegetatively propagated horticultural 
genera such as Ribes, Prunus, Malus, Rosa, Dasi-
phora and Syringa were also developed, as the 
same equipments and protocols can be exploited. 
By the end of 2008 altogether 29 Rubus accessions, 
8 Fragaria accessions, 9 Humulus accessions, 1 
Ribes accession and 1 Syringa accession were tak-
en into long-term cryopreservation in the Laukaa 
cryobank.

At MTT Biotechnology and Food Research, 
Jokioinen, preliminary studies to produce somatic 
embryos from cultivated potato clones and rasp-
berry clones were also carried out. In potato, the 
applied somatic embryogenesis protocol followed 
the previously published methods of Seabrook and 
Douglass (2001) and Sharma and Millam (2004). 
Somatic embryogenesis was induced using inter-
nodes, leaf laminae and petioles of in vitro grown 
potato varieties Bintje, Fambo, Idole, Kardal, Ma-
tilda, Nicola, Pito, Saturna, Timo and Van Gogh. 
Nodular callus and embryo-like structures were 
formed and entire plants were subsequently regen-
erated. The plant materials are currently used for 

true-to-type status analyses using previously devel-
oped molecular analysis techniques as described by 
Antonius et al. (2008).

Preliminary experiments were also carried out 
at MTT Laukaa to cryopreserve embryogenic clus-
ters of potato using the encapsulation-vitrification 
technique. However, the first experiences dem-
onstrated that additional detailed research will be 
needed to obtain sufficient recovery and regrowth 
rates.

In collaboration with University of Helsinki 
and MTT Laukaa, cryotherapy combined with 
thermotherapy was used as a novel strategy to 
eradicate a pollen-born virus, RBDV, from the in-
fected raspberry clone Z13 (Wang et al. 2008). The 
persisting virus infection had prevented MTT from 
releasing this promising raspberry breeding line 
for cultivation. This new procedure of combined 
thermotherapy and cryotherapy, will be helpful not 
only in virus eradication from raspberry but also 
with other virus-host combinations in which virus 
elimination is a rather complex procedure. Conse-
quently, Finland has become a forerunner in the 
use of the cryotherapy to eliminate diseases from 
crop plant materials.

Investments for establishment of cryopreserva-
tion laboratory depend on the local infrastructure. 
In Finland cryolaboratory was integrated to the ex-
isting tissue culture laboratory which is in charge 
of establishment, maintenance and disease testing 
of the horticultural nuclear stock. Plant material 
for cryopreservation was mostly harvested from in 

Plant species Cultivar Number of batches col-
lected at different times 

(7–12 buds in each)

Survival rate 
of buds at 2 
months (%)

Recovery rate 
of buds (%)

Plum (Prunus domestica) ‘Kuokkala’ 4 0 0

Plum (Prunus domestica) ‘Sinikka’ 4 10 0

Apple (Malus domestica) ‘Pirja’ 4 21 0

Sour Cherry (Prunus cerasus) ‘Sikkolan Kuulasmarja’ 6 55 30

Table 1. The survival and recovery rates after cryopreservation of dormant buds collected from field. The buds were im-
mersed into liquid nitrogen from −25 °C in cryotubes. After thawing the meristems were isolated under stereo-microscope 
and cultured on agar gelled medium. Survival rate was counted from number of buds being visually green two months af-
ter thawing and recovery rate of buds was counted from number of buds, that recovered into in vitro cultures.
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vitro cultures. Therefore only small alteration in 
facilities was needed. The most expensive invest-
ment was the cryotank (model 1520 ETERNE). In 
2006, the total costs of establishment of cryofacil-
ity were 20000 € including the price of the equip-
ment, installing and training for users. 

During transfer of the material to cryopreserva-
tion, expenses comprised mostly from labour costs. 
The amount of working hours depended on the 
plant material and how experienced the person was 
to process the plant material in question. Trans-
fer of material from micropropagation to cryotank 
costs about 240–400 €/accession (an accession is 
10 cryotubes). Total costs, including establishment 
of meristem cultures, multiplication of material for 
cryopreservation, transfer of the material to the cry-
otank and the quality control, were around 1000 €/
accession  (10 cryotubes). At delivery, including 
recovery procedures, post culture and materials, the 
costs were about 200 €/accession. 

During the long term storage variable costs 
comprised mostly from liquid nitrogen. In Fin-
land, the annual cost for keeping up one tank for 
30 000 cryotubes was 4500 euro /in 2008 which 
was about 1,5 euro/accession. Total annual costs 
including overall costs in long term preservation 
will be less than 5 €/accession.   

Cryopreservation is considered a cost effective 
method for long term preservation of plant materi-
al. However, as Benson (2008b) pointed out, there 
are very limited numbers of economic efficiency 
models for plant cryopreservation. The studies that 
have been undertaken are difficult to compare, but 
the estimations have been in favour of cryopreser-
vation in comparison with field-maintenance. Cost 
effectiveness may be limited by labour, consum-
able and overall costs as well as by poor recovery 
response of plant material. Some genotypes may 
survive the cryogenic storage stage but do not re-
grow afterwards. Therefore poor survival is often 
compensated by cryopreserving a greater number 
of plant units/ vial (Reed 2008b).  

As long term cryobanks are established, it is 
important to study the effects of cryopreservation 
and banking strategies on longevity of stored mate-
rial. The actual timescale for changes in viability 

of plant material has yet to be calculated (Benson 
2008b). 

Cryopreservation can be taken as a tool of 
maintaining the propagation stocks in commercial 
plant production (Uosukainen et al. 2007). For ani-
mal breeding and human medicine cryogenic meth-
ods have already practical applications. For plant 
tissues, cryotechniques has been studied mainly as 
a tool for the long term preservation of germplasm. 
However, also in commercial plant production, 
this method could be applicable.  Cryopreserva-
tion is to a large degree based on in vitro tech-
niques, which already is applied in horticultural 
industry. Meristem culture in vitro was first applied 
in certified production scheme during the nuclear 
stock production stage (Reinert and Bajaj 1977) 
and today it is applied in commercial production 
of horticultural plants world wide. Cryotherapy 
and cryopreservation of disease-free nuclear stock 
have already been introduced to certified produc-
tion scheme in Finland (Uosukainen et al. 2007). 
Equal to germplasm preservation, the maintenance 
of true to type and high quality mother stock mate-
rial in vivo is expensive in commercial production. 
Combination of in vitro culture and cryopreserva-
tion could be an economically lucrative solution 
because cryopreservation allows maintenance of a 
more extensive selection of mother stocks than in 
vivo methods and flexibility in establishing of large 
scale production whenever it is needed.

One major advantages of cryostorage is the 
cessation of ageing process of crypreserved cells. 
When the mother stock of a new cultivar is cryo-
preserved, the original propagation material can 
always be restored to production. Because the 
number of successive subcultures or clonal proga-
tion generations does not increase, also the risk of 
somaclonal variation is minimized. In traditional, 
long term clonal propagation procedures, genera-
tion after generation, diverse gene mutations accu-
mulate and little by little the material in production 
will be declined. In cryopreservation, mother stock 
does not decline. This is also an advantage in long 
term preservation of germplasm.

Germplasm health inspection, disease and pest 
indexing and elimination procedures should always 
be included in the establishment of germplasm col-
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lections. (Benson 2008b, Reed 2008b, Wang et al. 
2009). This can be accomplished cost-effectively 
by combining meristem culture and in vitro preser-
vation with cryotherapy and cryopreservation and 
by utilizing the expertise and facilities of the insti-
tutes that execute the national certification scheme 
of vegetatively propagated crops. The preliminary 
estimated costs of long-term cryopreservation at 
MTT Laukaa are correspondent with the earlier 
observations. Application of cryotechniques to 
preservation of valuable germplasm as well as to 
maintenance of nuclear stocks makes the coopera-
tion between nuclear stock banks and gene banks 
simple. Once plant material is tested to be disease-
free, it can be stored to cryobank, utilised in pro-
duction and eventually transferred to genebank as a 
high quality germplasm material that can be safely 
transported from one country to another without 
any risk of spreading diseases.

Conclusions

As a conclusion, the methods introduced in the 
recent years are well complementary to each other 
and can be applied to the preservation and utilisa-
tion of genetic resources (Nukari and Uosukainen 
2007, Wang et al. 2009). The basic cryopreserva-
tion methods like encapsulation and vitrification 
protocols are quite practical and effective although 
the encapsulation-based techniques have been more 
suitable for specific purposes like cryotherapy or 
cryopreservation of somatic embryos. 

The potential of cryopreservation for elimina-
tion of viruses from infected plants as a substitute 
or complement to classical virus eradication tech-
niques such as meristem culture and cryotherapy 
should be further explored. However, there are 
still certain limits in the techniques such as low 
recovery rates, which may be seen as one of the 
main challenges for future research in cryopreser-
vation. Continuing development of tissue culture 
and cryopreservation systems and techniques to 
evaluate genetic stability will make it more fea-

sible to determine the possible genetic changes in 
plant material.
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