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Abstract: Cryopreservation has been recognized as a practical and efficient tool for long-term storage of
vegetatively propagated plants. This study was conducted to examine the effect of three cryopreservation
methods (vitrification, encapsulation/vitrification and encapsulation/dehydration) and four different storage
periods (0, 1, 3 and 6 months) on the survival and recovery percentages of excised in vitro- and virus-free shoot
tips of two potato (Solanum tuberosum L.) cultivars, namely Spunta and Lady Rosetta. In vitro produced
plantlets were pretreated with high sucrose concentrations and cold temperature (10°C), before the application
of different cryopreservation methods. After pretreatments, samples were rapidly cooled in liquid nitrogen and
stored at a temperature of -80°C. Cryopreserved shoot tips, after thawing for 90 seconds at 38–40°C in a water
bath, were directly planted on regeneration medium for recovery. The highest survival (73.44%) as well as
recovery (53.13%), of cryopreserved shoot tip explants of both potato cultivars, was observed with
encapsulation/vitrification method. Increasing the storage period decreased both survival and recovery
percentages of cryopreserved shoot tips. Cultivar Lady Rosetta showed superiority over Spunta, it recorded
higher mean percentages of survival and recovery with encapsulation/vitrification method. Thus, this study
demonstrated that encapsulation/vitrification method appears promising for cryopreservation of in vitro stored
shoot tips for both cultivars of potato.

Key words: Potato  Cryopreservation  Vitrification  Encapsulation/vitrification  Encapsulation/
dehydration  Storage period

INTRODUCTION factors [3]. Cryopreservation is a very important tool for

Potato is known to have the richest genetic diversity generations, requiring only a minimum of space and
of any cultivated plant because of its high number of maintenance. Advantages of in vitro storage are that
varieties and related species [1]. To prevent the loss of preserving material sterile, where there is no risk of
potato genetic resources, long-term conservation of plant infections by insects or damage through in suspicious
material is accomplished in gene banks, genetic resource weather conditions and less work is needed than with
centers and private collections worldwide [2]. The field collections. Another advantage is that the varieties
simplest method of maintenance is cultivation  in  the are available all year round. Conservation of genetic
field, where genetic integrity of the varieties can be resources in gene banks is important, because of their
verified directly. Potatoes are conserved as tubers, where high value as breeding material and for research, industry
the risk of losing material through biotic and abiotic and private needs [2]. 
factors like diseases, pests, unfavorable weather It has been recognized as a practical and  efficient
conditions or other accidents, is very high. This method tool for long-term storage of vegetatively propagated
of conservation is widely applied for varieties, which are plants and has been applied to more than  80  plant
needed frequently. More stable conservation is given species and is a considerably less labor-intensive method
through in vitro cultures, where plants are cultivated than conventional procedures for in vitro germplasm
under sterile conditions and constant environmental maintenance [4].

the long-term storage of plant genetic resources for future
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Potato is highly heterozygous and the sexually Virus detection and serological diagnosis were
produced seeds are, therefore, not true to type. Thus, carried out for both cultivars using enzyme-linked
maintenance of cultivated potato accessions is not Immunosorbant assay (ELISA) for potato leaf roll virus
possible by true potato seeds [5]. Gene bank stocks are (PLRV), potato X potexvirus (PXV) and potato Y
therefore derived from vegetative material. To preserve potyvirus (PYV). Plantlets were propagated under in vitro
the genetic resources of this crop plant for the long term, conditions through single nodal cuttings on MS medium
cryopreservation is the best current option. Potato [17] supplemented with 3% sucrose and 0.8% phytagel for
cryopreservation was started in 1977 with two-step four weeks at 20±2°C under 16 h photoperiod, using cool
cooling  procedures  and ultra-rapid freezing techniques white  fluorescent  light  (50-60 µE/m /s light intensity)
[6-9]. The first protocols were time consuming because of (Fig. 1A). Proliferated shoots were subcultured on MS
the need to use programmable freezers and resulted in low medium supplemented with 0.3 M sucrose and 0.8% agar
survival. Later on protocols were refined and new and held at 20±2°C under 16 h photoperiod. After four
methods developed, such as the dimethyl sulfoxide weeks, the subcultures were incubated at 10°C for three
(DMSO) droplet method, vitrification [10], encapsulation/ days and shoot tip explants (1-1.5mm) were excised from
dehydration [11], encapsulation/vitrification [12] and cold hardened in vitro plantlets for cryopreservation by
droplet vitrification methods [13]. These protocols three different methods [18].
improved the results in potato cryopreservation in terms
of survival and regeneration frequencies and they are now Cryopreservation  by  Vitrification:  Shoot  tip  explants
routinely applied in several institutes to build up (1-1.5 mm) were precultured in Petri dishes (9 cm) on MS
cryopreserved potato collections. Afterwards, reviews by medium supplemented with 0.3M sucrose plus 0.8% agar.
Keller  et al.  [14],  Wang  et al. [15] and Gonzalez-Arnao The pH was adjusted to 5.6 before autoclaving. Petri
et al.  [16] have concentrated primarily on currently used dishes were incubated for 24h, under 16h photoperiod at
potato cryopreservation protocols [2]. Low rate of room temperature. Ten shoot tip explants were transferred
survival of plant materials after cryopreservation has into a cryo-vial and left for 30 min at room temperature.
become  a  major  problem  in  most of the plant species. Then immersed in the loading solution (MS medium
For this reason, various protocols have been developed supplemented  with  2M  glycerol  plus 0.4M sucrose),
to solve this problem. then the loading solution was replaced by ice-cooled,

Therefore, this study was conducted to examine the filter sterilized preservation vitrification solution (PVS-2)
effect of three cryopreservation methods and four [MS medium supplemented with 3.26M (30% w/w)
different storage periods on the survival and recovery glycerol plus 2.42M (15% w/w) ethylene glycol plus 1.9M
percentages of excised in vitro-virus-free shoot tips of (15% w/w) DMSO plus 0.4M sucrose] and pH was
two potato (Solanum tuberosum L.) cultivars, namely; adjusted to 5.6 before autoclaving. Shoot tips were
Spunta and Lady Rosetta. immersed in 1ml plant vitrification solution-2(PVS-2) in

MATERIALS AND METHODS nitrogen and held for at least 1h [19].

This study was carried out at Tissue Culture Unit, Cryopreservation by Encapsulation/vitrification: Shoot
Plant Genetic Resources Department, Desert Research tips were suspended in /  MS medium supplemented with
Centre, Cairo, Egypt, during November, 2012 to June, 3% (w/v) Na-alginate plus 2M glycerol plus 0.4M sucrose.
2013. The mixture including shoot tips was dropped by a sterile

Plant Material: Two commercial potato (S. tuberosum) glycerol plus 0.4M sucrose at room temperature. Beads
cultivars were used in this investigation. Both cultivars were left for 30 min for Na  and Ca  ions exchange to form
were obtained from the General Committee of Potato uniform beads (4 mm diameter) and each bead contained
Production, Egyptian Company to Import and Store one shoot tip (Fig. 1B). The beads were pre-cultured on
Potato. The two cultivars were Spunta, it is imported from MS medium supplemented with 0.3 M sucrose plus 0.8%
France; it contains low dry matter and is good for agar and incubated for 24h under 16h photoperiod at room
cooking, boiling and seed export. And, Lady Rosetta, temperature. Ten beads were transferred into a cryo-vial
which is imported from Holland and contains very high containing loading solution and held for 30 min to 1h
dry matter and is very good for chipping and seed export. under  room   temperature   for   dehydration.   Beads  were

2

cryo-vials (2ml) for 30 min at 0°C. Then plunged into liquid

1
2

micropipette into a sterile solution of 0.1M CaCl  plus 2M2

+ ++
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Fig. 1: Lady Rosetta potato cultivar shoots tips cryopreserved by encapsulation/vitrification method
A. Source of explants for cryopreservation
B. Encapsulated shoot tip (bead)
C. Sprouted capsule after cryopreservation
D. In vitro produced plantlet from a cryopreserved shoot tip
E. Acclimatized plantlet

transferred into sterilized ice-cooled PVS-2 solution as Recovery: Cryo-vials  were  rapidly thawed for 90 sec at
mentioned earlier and held for 30 min at 0°C. Then the 38-40°C in a water bath. Recovery of vitrified and
cryo-vials were plunged into the liquid nitrogen and held encapsulated-vitrified shoot tips was performed by
for at least 1h [20]. replacing PVS-2 solution by deloading solution

Cryopreservation by Encapsulation/Dehydration: This and held for 30 min [20]. Shoot tips were washed by liquid
procedure was achieved via shoot tips encapsulated as MS medium for 10 min and were directly planted on 50 ml
mentioned in the encapsulation/vitrification method and recovery medium (MS medium supplemented with 3%
dehydrated with the loading solution under laminar air sucrose,  0.7%  agar,  0.5 mg/l  BA,  0.1 mg/l   NAA  and
flow hood for 1h. Beads were transferred into Petri-dishes 1.0  mg/l GA ). Five explants were placed in each jar.
containing silica gel and were air dried for 3h. The beads These  induction  cultures  were  incubated under
were then transferred into cryo-vials and rapidly plunged complete darkness at 20°C for 24 h then at 24±2°C under
into liquid nitrogen and held for at least 1h [20]. a  16 h  photoperiod  using  cool white fluorescent light

(50-60 µE/m /s light intensity). Then, survival (%) and
Storage: Cryopreserved shoot tips, which were immersed recovery (%) were measured after 0, 1, 3 and 6 months of
in liquid nitrogen were transferred and stored at a storage [21]. Healthy rooted plantlets produced from
temperature of -80°C, survival and recovery percentages preserved shoot tips were acclimatized under greenhouse
were recorded after different time intervals (0, 1, 3 and 6 conditions, using autoclaving soil mixture of sand: peat
months). moss: vermiculite (1:1:1, v/v/v), as a growing medium.

containing MS medium supplemented with 1.2 M sucrose

3

2
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Statistical Analysis: Data were statistically analyzed as percentages, respectively, by using encapsulation/
completely randomized design using analysis of variance dehydration method. The lowest survival percentage was
technique (ANOVA) and means were compared by 43.16% with 15.57% recovery of explants by using the
Duncan’s  multiple  range  test  [22],   as   modified  by vitrification method. Respecting to the effect of the four
Steel et al. [23]. The differences among means of the storage periods, the highest mean percentages of survival
recorded parameters for all treatments were tested for and recovery were 61% and 40.67%, respectively,
significance at 5% level. Averages followed by the same recorded  at  0  time.  However,  the  lowest  mean
letter are not significantly different at P  0.05. percentage of both parameters was 47.5% and 24.46%,

RESULTS noticed that increasing the storage period decreased both

Data exhibited in Table 1 demonstrated the effect of shoot tips.
different cryopreservation methods and storage periods By comparing the two studied cultivars, cv. Spunta
on the survival and recovery percentages of the gave significantly higher survival percentage (55.08 %)
cryopreserved in vitro-virus-free shoot tips of the two than cv. Lady Rosetta (52.98%). On the other hand, with
potato cultivars (Spunta and Lady Rosetta). Results regard to recovery percentage, cv. Lady Rosetta gave
showed highly significant differences among and between significantly higher response (35.2%) than cv. Spunta
the studied parameters. Concerning the three different (29.37%). Regarding to the effect of the interaction
cryopreservation methods, for both cultivars, the highest between method, cultivar and storage period, the mean
mean percentage of survival (73.44%) as well as recovery survival percentage gave its highest value (85%) by using
(53.13%) were observed when the shoot tips were encapsulation/vitrification method with cv. Lady Rosetta
cryopreserved by encapsulation/vitrification method, at 0 storage time. And the lowest mean survival
followed  by  45.16%  and  28.16%  survival  and  recovery percentage (25%) was recorded for the same cultivar by

which were recorded after six months of storage. It was

survival and recovery percentages of cryopreserved

Table 1: Survival and recovery percentages of cryopreserved shoot tips of two potato cultivars (S, Spunta and R, Lady Rosetta) by using three cryopreservation
methods for different storage periods

Cryopreservation
----------------------------------------------------------------------------------------------------------------------------------

Protocol (P)
------------------------------------------------------------------------------------------------------------------
Vitrification Encapsulation/vitrification Encapsulation/dehydration
------------------------------------------------------------------------------------------------------------------
Cultivars (C)
------------------------------------------------------------------------------------------------------------------

Parameters Time (T) (month) S R S R S R Mean (T)

Survival % 0 44.00 41.00 76.00 85.00 60.00 60.00 61.00a
1 50.50 37.00 78.00 68.00 44.00 54.75 55.38b
3 38.00 33.00 69.50 72.00 55.00 46.00 52.25c
6 32.00 25.00 61.00 78.00 53.00 36.00 47.50d

Mean 41.13 34.00 71.13 75.75 53.00 49.19 --
Mean (P) 43.16 c 73.44a 45.16b --
Mean (C) S=55.08a R=52.98b -- -- -- --

Recovery % 0 28.00 34.00 55.00 56.00 35.00 36.00 40.67a
1 16.83 10.50 54.00 55.00 33.00 37.00 34.49b
3 10.75 12.00 44.00 60.00 18.00 33.00 29.63c
6 5.63 6.88 44.00 57.00 8.25 25.00 24.46d

Mean 15.30 15.84 49.55 57.00 23.56 32.75 --
Mean (P) 15.57c 53.13a 28.16b --
Mean (C) S=29.37b R= 35.20a -- -- --

LSD P C T P x C P x T C x T P x C x T0.05

Survival % 1.06 ** 0.87** 1.23** 1.50** 2.13** 1.74** 3.01**
Recovery % 0.97** 0.79** 1.12** 1.37** 1.94** 1.59** 2.75**
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using  vitrification  method  after 6 months of storage. the cell and minimizes osmotic damage caused by the
With regard to recovery percentage, the highest vitrification solution [28]. Also, osmoprotectants factors
percentage (60%) was recorded for cv. Lady Rosetta by play a vital role in cryopreservation (i.e., DMSO, glycerol,
encapsulation/vitrification method after 3 months of ethylene glycol). This beneficial effect may be due to the
storage. The lowest percentage of regeneration (5.3%) presence of DMSO, a highly penetrating cryoprotectant;
was recorded for cv. Spunta by vitrification method after in the loading solutions. Direct exposure of pre-cultured
6 months of storage. It is clear from the results in Table 1 shoot tips to concentrated verification solution PVS-2 was
that the highest recovery percentage was obtained by detrimental to the viability of vitrified shoot tips [29].
using the encapsilation/vitrification method for the two However, DMSO prevents oxygen interaction with the
studied cultivars. By comparing the two cultivars, Lady liquid meniscus. Glycerol prevents ice formation that
Rosetta gave significantly higher recovery percentages would otherwise rupture delicate membranes-acts like
during all the storage periods by using the same method automobile antifreeze. Glycerol and DMSO prevents
(Fig. 1C). Also, increasing the storage period for this formation of big crystals of water, that breakdown
cultivar didn't significantly affect the recovery ability of membrane. Also, as the media begins to freeze, the salt
the stored plant material. Potato plants, of both cultivars, concentration outside the cells will become greater than
recovered after cryopreservation was morphologically that in the cells and water will leave the cells to be
similar to those regenerated in vitro without preservation. replaced by the DMSO or glycerol. The loading solution
And, plantlets produced from preserved shoot tips were was reported to be very effective in increasing
rooted (Fig. 1D) and successfully acclimatized under osmotolerance  to  PVS-2  solution  of potato [30, 31, 32].
greenhouse conditions in sterile soil mixture of sand: peat In the vitrification procedure, meristems should be
moss: vermiculite (1:1:1, v/v/v) (Fig. 1E). sufficiently dehydrated osmotically by exposure to a

DISCUSSION However, the exposure of meristems to the PVS-2 solution

There  are  several  factors  affecting  survival of Thus, the key of success for cryopreservation by
post-thawing shoot tips after cryopreservation. The major vitrification is to precondition meristems to induce
factors are hardening of donor plantlets, sub-culture osmotolerance to PVS-2. In many studies without
medium, pre-culture medium, loading solution, vitrification glycerol, no concentration of sucrose increased the
solution,  thawing,  regeneration  medium and plant osmotolerance of potato meristems to the PVS-2 solution
species [24]. Also, the survival and regeneration rates of [33].
cold-hardened shoot tips were considerably higher than Cryopreservation by encapsulation/vitrification
those of controls, implying a requirement a high level of protocol has successfully been applied to numerous plant
sucrose during pre-culture and cold hardening for the species [12]. In the present study, the highest survival
cryopreservation of shoot tips in Lilium spp. [25]. Cold and recovery percentages were observed when the shoot
hardening of donor plants tends to induce an intrinsic tips were cryopreserved by encapsulation/vitrification
tolerance to low temperature and desiccation by triggering method and the lowest percentages were recorded by
genes responsible for cold stress [26]. The most optimum using  the  vitrification  method.   In   the   same  line,
hardening temperature for 50% survival in “Atlantic” and Dhital et al. [18] reported that the lowest survival rate of
43.3%  in  “Superior”  potato  cultivars  was  10°C  [18]. potato shoot tips was obtained from cryopreservation by
The effect of cold-hardening and osmoprotectants on vitrification, but higher survival rate was shown by
shoot formation of encapsulated vitrified meristems encapsulation/vitrification. Hirai and Sakai [34] reported
cooled to –196°C were investigated. Potato meristems that encapsulation/vitrification method made vitrification
osmoprotected with loading solution (2M glycerol plus easily applicable. In the gene bank context, where large
0.6M sucrose) for 90 min before dehydration with PVS-2 number of samples is treated routinely, in contrast to the
solution  produced  70%  of  shoot  formation without encapsulation/dehydration method, beads are dehydrated
cold-hardening,  while  the  percentage  of  shoot by PVS-2, which is much faster than desiccation in the
formation with cold-hardened meristems was 62.8% [27]. laminar flow or over silica gel. Results of shoot formation
Pre-cultured shoot tips were osmoprotected with a mixture after rewarming was also, better for the
of glycerol and sucrose. Many papers have reported that encapsulation/vitrification,  as indicated by Hirai and
osmotic loading treatment increases the osmotic level of Sakai   [12]   compared   to the encapsulation/dehydration,

highly concentrated vitrification solution (PVS-2).

without osmoprotection causes harmful osmotic stress.
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as reported by Grospietch et al. [35]. The encapsulation/ 9. Towill, L.E., 1981b. Survival at low temperatures of
dehydration method has been successfully applied to a shoot-tips from cultivars of Solanum tuberosum
wide range of materials. However, the problems are a group Tuberosum. Cryo-Letters, 2: 373-382.
lower rate of shoot formation and later recovery of growth 10. Golmirzaie, A. and J. Toledo, 1997. In vitro
compared  to  meristems  cryopreserved by vitrification conservation of potato and sweetpotato germplasm.
[36, 37]. The encapsulation/vitrification method is easy to CIP Program Report, pp: 351-356.
handle and a large number of meristems can be treated at 11. Fabre, J. and J. Dereuddre, 1990. Encapsulation-
the same time. Besides, recovery of growth is much earlier dehydration: A new approach to cryopreservation of
than with the encapsulation/dehydration method. Solanum shoot tips. Cryo-Letters, 11: 413-426.

Thus, the encapsulation/vitrification method 12. Hirai,  D.  and  A.  Sakai,  1999.  Cryopreservation  of
appeared  to  be  a potentially valuable cryogenic protocol in   vitro    -grown     meristems     of   potato
for cryopreservation of potato on a large scale [12]. It is (Solanum tuberosum L.) by encapsulation/
well documented that cryopreserved shoot tips of potato vitrification. Potato Research Journal, 42: 153-160.
require a low light level during the initial post thaw culture 13. Halmagyi, A., C. Deliu and A. Coste, 2005. Plant
phase [38]. In conclusion, encapsulation/vitrification regrowth from potato shoot tips cryopreserved by a
method appears promising for cryopreservation of in vitro combined vitrification-droplet method. Cryo-Letters,
stored shoot tips for Spunta and Lady Rosetta potato 26: 313-322.
cultivars. Thus, this method could be a valuable 14. Keller, E.R.J., A. Senula and A. Kaczmarczyk, 2008.
alternative for the long term conservation of potato Cryopreservation of Herbaceous Dicots. In: Reed BM
germplasm. (Ed) Plant cryopreservation: A pratical Guide.
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