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Abstract 

 

The aim of this investigation was to evaluate cryopreservation by vitrification of seeds from the orchid species Cattleya walkeriana 
and to achieve ex vitro acclimatization of in vitro derived cryopreserved seedlings. Seeds were removed from eight-month-old and 

ten-month-old capsules, and immersed in LN under different PVS2 exposure times. In in vitro experiment, ten different treatments 

and five replications with approximately 600 seeds each one were distributed in a completely random design and germination was 

calculated by the number of germinated seeds developing into protocorms and subsequently into seedlings. Seeds that were immersed 
directly into LN (0 min PVS2) and germinated in ½ MS culture medium after plunged directly into LN,  returned germination rates 

of 3.0 (eight-month-old) and 36.8% (ten-month-old). Ten-month-old seeds in vitrification for 1h in PVS2 returned 53% germination 

in ½ MS culture medium. However, when the same mature seeds were exposed for 1h to PVS2 with the addition of 1% 

phloroglucinol, germination was 4.36% higher compared to the treatment without this additive. Seedlings from cryopreserved seeds 
showed normal development after 210 days of in vitro culture. Seedlings from ten-month-old seeds cryopreserved for 1h in PVS2 

were acclimatized in greenhouse conditions in either sphagnum moss or sphagnum moss with pine bark (1:1, v/v) revealed the best 

ex vitro growth. Seed cryopreservation of this orchid species has shown to be efficient, demonstrating the effect of seed maturation 

time and ex vitro seedling acclimatization was established, with successful development of seedlings.    
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Introduction 

 
Orchidaceae is one of the three largest families of flowering 

plants, with more than 800 genera and 25-35,000 species 

(Arditti 1992).  All orchids are listed in Appendix II of the 

Convention of International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) (Chugh et al., 2009). Orchids 

are endangered by a combination of factors: over-collecting 

for trade as ornamental and medicinal plants, unsuitable 

agriculture and forestry practices, urbanization, habitat 
destruction caused by fragmentation or degradation of natural 

ecosystems, and climate changes that may promote extreme 

events. Hence, the development of ex situ conservation of 

orchid germplasm is a promising alternative to protect and 
conserve native species (Meritt et al., 2014; Popova at al., 

2016). 

The genus Cattleya Lindley includes orchids native to 

tropical America (Pridgeon and Morrison 2005), and 
represents a very important genus for the market due to its 

high genetic variability, large ability for genetic 

recombination, and flowers presenting attractive colors, 

durability, shape, and size.  Cattleya walkeriana Gardner is a 

short-size species native to the Brazilian Central Plateau 

Savannah (Cerrado) and its beautiful and distinctive flowers 

(Fig 1A) are quickly regaining popularity worldwide 

(Menezes 2011). According to the red list of endangered flora 
species of Brazil, Cattleya walkeriana has very reduced 

native populations and is considered a vulnerable species 

especially because of over collection for trade (Ibama 2008). 

The introduction of this species to genetic breeding may 
introduce new ornamental resources to floriculture, and also 

contribute to native population conservation.   

Orchid seeds are heterogeneous, and preservation of seeds 

can help conserve the genetic diversity of plant populations. 
Thus, seed propagation in wild orchid species has major 

significance, especially for genetic breeding. 

Cryopreservation, an alternative means to conserve plant 

genetic resources in ultra-low liquid nitrogen temperature (-
196 °C) is among the most efficient, safe and cost-effective 

long-term storage techniques for plant materials (Engelmann 

2011; Kaviani 2011). Cryopreservation is a suitable 

biotechnology for preservation of orchid germplasm, 
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requiring minimal storage space and maintenance, while 

ensuring the stability of phenotypic (Vendrame and Faria 
2011; Vendrame et al., 2007; 2014) and genotypic 

characteristics (Hirano et al. 2005; Galdiano et al. 2013; 

2014).  

Vitrification is defined as the physical process of transition 
of an aqueous solution into an amorphous phase or glass, 

while avoiding the formation of crystalline ice. Its usual goal 

is to achieve intracellular vitrification, whereas avoiding 

intracellular ice formation and membrane damage (Reed 
2008). Vitrification represents a simple and applicable 

cryopreservation method extensively explored in orchid 

germplasm storage (Ishikawa et al., 1997; Hirano et al., 2005; 

Vendrame et al., 2007; Galdiano et al., 2013). Although this 
technique is very successful, the inclusion of phloroglucinol, 

a 1,3,5-trihydroxybenzene that has plant growth-promoting 

activities and potential application to plant tissue culture 

studies (Teixeira da Silva et al., 2013), has been very 
promising for increased recovery of vitrified orchid seeds 

from commercial hybrids (Galdiano et al., 2012) and species 

(Vendrame and Faria 2011; Galdiano et al., 2013).    In vitro 

grown seedlings often have low or no stomatal activity (due 
to continuous high humidity) and are grown in a high nutrient 

environment. The acclimatization procedures are used to 

gradually decrease relative humidity levels, increase 

photosynthetic capacity, and acclimate seedlings to low 
nutrient environments (Kauth et al., 2006). Consequently, the 

survival rate in the ex vitro environment is low and seedlings 

survival rate may be low enough to become a limiting factor 

in the process of in vitro propagation.  Therefore, 
acclimatization is another key to the success of regeneration 

of seedlings from cryopreserved seeds. 

The aim of this investigation was to evaluate 

cryopreservation by vitrification of seeds from the orchid 
species Cattleya walkeriana and to achieve ex vitro 

establishment and acclimatization of in vitro derived 

seedlings. 

 

Results 

 

Seed characteristics and germination are summarized in 

Table 1. Capsules harvested in different maturation times 
presented seeds with different characteristics of color, 

viability and germination. Eight-month-old seeds showed 

white/cream color (Fig 1B), while older seeds revealed 

brown seeds (Fig 1C). Seed viability (80 ± 1.87, mean ± 
standard error), and germination (81 ± 0.82), were higher in 

ten-month-old seeds. Moisture content was higher in eight-

month-old seeds (21 ± 0.26). Seed viability, estimated by 

TCC test (Fig 1D), and revealed a good correlation with seed 
germination test 

At 120 days after sowing, protocorms started forming 

seedlings (Fig 1E), and germination percentages were 

evaluated.  The best germination (53.2 ± 4.17) was observed 
with ten-month-old seeds dehydrated for 60 min in PVS2, 

while the lower germination (2.8 ± 0.73) was observed with 

eight-month-old seeds for 0 min in PVS2  (Fig 2). For the 

control (0 min PVS2), seeds showed a dramatic difference for 
germination between the different maturation times, whereas 

ten-month-old seeds showed 36.87% germination, 12 times 

higher than the germination of eight-month-old seeds. 

Furthermore, ten-month-old cryopreserved seeds in PVS2 for 
30 min prior to immersion in LN showed a germination 

percentage comparable to that of eight-month-old 

cryopreserved seeds under the same treatment, showing a 

dehydration-dependence for enhanced germination. 

After 120 min treated with PVS2, seeds decreased 

germination. Nonetheless, when ten-month old seeds were 
vitrified for 60 min in PVS2 with addition of 1% 

phloroglucinol, germination increased by 4.36% (Fig 3).   

After 210 days of in vitro culture, seedlings from all 

treatments developed into normal seedlings with healthy 
shoot and root formation (Fig 4A). Seedling growth and 

development was not adversely affected by cryopreservation 

and no abnormalities were observed. 

Hardening of seedlings plantlets in the greenhouse under 
high humidity conditions (near 80%) was found to be 

critically beneficial for successful acclimatization. Therefore, 

a great number of seedlings plantlets acclimatized in 

greenhouse. Among the substrates used, sphagnum moss and 
the combination of sphagnum moss and pine bark were found 

to be suitable for C. walkeriana in vitro–derived seedlings 

from cryopreserved seeds for ex vitro establishment and 

acclimatization in greenhouse conditions (Table 2). 
Although pine bark alone showed to be detrimental for 

seedling survival and seedling height, mixing it in the same 

proportion with moss supported a good growing substrate, 

keeping the satisfactory results for the seedling growth and 
survival (higher than 95%), number of pseudobulbs and 

seedling height. Vigorous seedlings will be maintained in 

greenhouse (Fig 4B) and are expected to bloom within the 

next years. 
 

Discussion 

 

Mature seeds of C. walkeriana, as other seeds of Orchidaceae 
family are produced in great number, dust-like in appearance 

and present a fusiform shape (Arditti and Ghani 2000). Seed 

viability by the TCC test correlated with seed germination 

test in previous studies, TTC was consecrated as a seed 
staining solution for general seed cryopreservation research 

(Verleysen et al., 2004), as well as for vitrified zygotic 

embryos (Vanda protocorm-like bodies) (Poobathy et al., 

2012). It was also useful for orchid seed cryopreservation 
(Ishikawa et al., 1997; Hirano et al., 2005; Galdiano et al., 

2012). In this study, the TCC test revealed to be safe and a 

precise test in determining seed viability. 

Threated seeds of Vanda coerulea with 33% of moisture 
content returned 67% germination after dehydration for 70 

min in PVS2 (Thammasiri and Soamkul 2007). However, 

when they were directly submitted to LN without 

dehydration, no germination was observed because of the 
high seed moisture content. Most of orchid seeds have high 

moisture content, greater than most plants of agricultural 

importance (Schwallier et al., 2011). Elevated water content 

allows lethal damage to cells by intracellular ice nucleation 
and ice crystal formation after freezing, and may cause 

physical rupture and mechanical injury to cells (Benson 

2008). In this study, seed maturation time seems to be a 

preponderant factor for seed survival and germination after 
cryopreservation, as older seeds have lower moisture content 

than younger seeds, therefore minimizing intracellular ice 

formation. 

In this study, all PVS2 treatments allowed seed germination 
after cryopreservation. However, germination decreased in 

those seeds treated for 120 min in PVS2. Longer periods 

under vitrification solution may have caused 

some damage that affected seed embryos.  
Plant cell membranes excessively desiccated might suffer 

structural changes, oxidative stress and protein denaturation 

(Hoekstra et al., 2001). These could be some of the factors 

accounting for the decreased germination in seeds treated 
with  PVS2  for  120  min,  although  additional  and   more  
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Table 1. Seed characteristics of capsules in different maturation times from hand-pollinated Cattleya walkeriana Gardner. 

 Eight-month-old Capsulea Ten-month-old Capsulea 

Characteristic Mean (± SD) 

Moisture (%)b 21 ± 0.26 16 ± 0.38 

Viability (TTC) (%)c 62 ± 1.4 80 ± 1.87 
Germination (%)c 56 ± 2.48 81 ± 0.82 

a Three different capsules were evaluated. b Values are mean of five replications of 50 mg seeds each. c Values are mean of five replications with 600 seeds each.  

 

 

 
Fig 1.  Cattleya walkeriana Gardner inflorescence, seeds and germinated seedlings. (A) The inflorescence general aspect, bar 2.5 cm. 

(B) Seeds of eight-month-old and (C) ten-month-old capsules, bars 1.0 cm. (D) Stained seeds of ten-month-old capsules. bar 1.0 mm. 

(E) Seedlings at 120 days after sowing from cryopreserved seeds at 0 min PVS2, bar 1.0 cm. 
 

 

Table 2. Effect of different substrates on ex vitro establishment and acclimatization of cryopreserved seed-derived Cattleya 

walkeriana Gardner seedlings after 150 days in greenhouse conditions 

Treatments Survival (%) No. of pseudobulbs Seedling height (cm) 

Moss 98a 3.98a 6.64a 

Moss and Pine bark (1:1, v/v) 96a 3.72a 6.76a 
Pine bark 74b 3.86a 3.54b 

In each treatment, 50 seedlings were used. Values with different letters are significantly different according to Tukey’s tes t after square root and arcsine transformation (P < 

0.05). 

 

 
Fig 2. Germination percentage of eight-month-old and ten-month-old Cattleya walkeriana seeds after cryopreservation by 
vitrification under different exposure times to PVS2. Seeds were cryopreserved in LN for 1 h. Values with different letters are 

significantly different according to Tukey’s test after square root and arcsine transformation (P<0.05). Approximately 600 seeds were 

used in each of the five replications. Bars indicate standard error. 
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Fig 3. Germination percentage of ten-month-old Cattleya walkeriana mature seeds after cryopreservation by vitrification under 

different exposure times to PVS2 and PVS2 + 1% phloroglucinol. Seeds were cryopreserved in LN for 1 h. Values with different 

letters are significantly different according to Tukey’s test after square root and arcsine transformation (P<0.05). Approximately 600 
seeds were used in each of the five replications. Bars indicate standard error. 

 

 
Fig 4. In vitro developed and ex vitro acclimatized seedlings of Cattleya walkeriana from cryopreserved seeds. (A) Seedlings raised 

after 210 days of in vitro culture, bar 1.0 cm; (B) Seedlings acclimatized in different substrates, bar 5.0 cm.  
 

detailed studies would be necessary to determine specific 

factors. Eight-month-old seeds treated with PVS2 with 1% 

phloroglucinol for 60 min had a slight increase in 
germination. Phloroglucinol has been used to improve the 

recovery of cryopreserved orchid seeds for Dendrobium 

hybrid (Galdiano et al., 2012) and Oncidium flexuosum 

(Galdiano et al., 2013), and also for Dendrobium nobile 
protocorms (Vendrame and Faria 2011). Such studies using 

phloroglucinol as an additive to PVS2 demonstrated a 

significant increase in germination of seeds and recovery of 

protocorms after cryopreservation. 
The natural habitat for Cattleya orchid species include hot 

and humid areas in Central and South Americas, generally 

near a river or other water sources (Pridgeon and Morrison 

2005). Therefore, hardening conditions in this study provided 
a proper environment for the successful acclimatization and 

growth of plantlets. In addition, a good growing substrate for 

Cattleya species must have the attributes of good porosity, 

water holding capacity, and drainage for epiphytic orchids, 
such as for C. walkeriana (Menezes 2014). In this study, 

mixing pine bark and moss in equal proportions was essential 

to allow the high survival observed, with subsequent 

successful growth and development of seedlings. 

 

Materials and Methods 

 

Plant material, capsule sterilization and seed viability 

assessment  

 

Eight-month-old and ten-month-old mature seed capsules of 
hand-pollinated Cattleya walkeriana obtained from 

greenhouse grown of seven-year-old plants were used. 

Capsules were surface disinfected in a laminar flow hood 

using ethanol 70% for 5 min, followed by 1% sodium 

hypochlorite (Clorox Ltda., Brazil) for 30 min, and washed 
three times in sterile distilled water. Capsules were dried in 

the laminar flow hood and dissected longitudinally with 

forceps and surgical blade. Seed moisture content evaluation 

was performed according to Vendrame et al., (2007). About 
50 mg of seeds contained approximately 600 seeds. Seeds 

were maintained in 2-mL cryovials. The viability was 

assessed using a modified 2,3,5-triphenyl tetrazolium 

chloride (TTC) test with sucrose (Hosomi et al., 2012). Five 
cryovials were used for each treatment. Seeds were counted 

using a Leica MZ12.5 stereoscope, and only rose-red seeds 

were counted as viable. A seed germination test was 

performed in semi-solid ½ MS medium containing 0.088 M 
sucrose (pH 5.7), and cultured under controlled 

environmental conditions (26 ± 2 °C; 60 µmol m-2 s-1; 14/8 

light/dark; 4x 9A Phillips® fluorescent bulbs) to verify the 

seed viability. 
 

Osmoprotection and seed cryopreservation treatments 

 

For each treatment, 1 mL cryoprotective loading solution was 
added, consisting of 2.0 M glycerol and 0.4 M sucrose 

(Nishizawa et al. 1993). Cryovials were left for 20 min at 

room temperature (26 ± 2 °C) prior to the addition of a plant 

vitrification solution (PVS2). The PVS2 (Sakai et al. 1990) 
contains 30 % (w/v) glycerol, 15 % (w/v) ethylene glycol, 

and 15 % (w/v) dimethyl sulfoxide (DMSO) in ½ MS 

medium containing 0.4 M sucrose (pH 5.7). 
The effect of different exposure times (0, 15, 30, 60 and 

120 min) in PVS2 at 0°C was assessed for seed germination. 
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The control consisted of direct exposure of seeds to liquid 

nitrogen – LN (time 0 min) without PVS2 solution. 
After 60 min in LN, cryovials were removed and rapidly 

rewarmed in a 40 °C water bath for 90 s. Cryopreservation 

solutions were removed from cryovials with a sterile 

disposable transfer pipette under a laminar flow hood. Seeds 
were rinsed with liquid ½ MS culture medium + 1.2 M 

sucrose (pH 5.7) for 15 min, transferred to 280-mL flasks 

containing 40 mL semi-solid ½ MS medium + 3% sucrose 

and 2 g L-1 activated charcoal (pH 5.7), sealed with PVC film 
(Dispafilm Ltda., Brazil) and cultured under controlled 

environmental conditions as described above. Treatments 

were comprised of five replicates with 600 seeds each. Petri 

dishes were visually monitored weekly for germination 
occurrence. Germination percentage was assessed after 120 

days for the control and the different treatments by counting 

the number of germinated seeds under a Leica MZ12.5 

stereoscope. Seed survival was assessed by counting the 
number of germinated seeds that formed protocorms. 

 

Seed cryopreservation with phloroglucinol 

 
Seeds of ten-month-old capsules were used in further 

experiments to test the effect of phloroglucinol as an additive 

to PVS2 solution. Treatments comprised of different 

exposure times (0, 15, 30, 60 and 120 min) in PVS2 with or 
without 1 % phloroglucinol at 0°C were assessed for seed 

germination. Seeds (50 mg) in cryovials were osmoprotected 

in 1 mL of load solution for 20 min, dehydrated in the PVS2 

treatments and plunged directly into LN for 60 min. After 
cryopreservation, cryovials were rewarmed in a 40 °C water 

bath for 90 s and seeds were rinsed with liquid ½ MS culture 

medium  + 1.2 M sucrose (pH 5.7) for 15 min. Sowing and 

flask incubation conditions used were the same as described 
above.  

 

Protocorm in vitro growth and seedling development  
 

Seedlings from protocorms developed from cryopreserved 

seeds were transferred to 280 mL flasks containing 40 mL of 
semi-solid ½ MS culture medium for further growth and 

development. Flasks were maintained for 90 days under the 

same conditions as described above. At 210 days of culture, 

fully developed seedlings were formed.  
  

Seedling acclimatization and hardening in greenhouse 
 

Well-developed seedlings from each treatment were washed 

thoroughly under tap water for 1-1.5 min to remove traces of 

agar-gelled medium adhered to them. Uniform seedlings 
from cryopreserved seeds (PVS2 for 60 min) were transferred 

to individual 6 cm plastic pots (120 mL per pot) containing 

sphagnum moss (Five Star, Chile) or sphagnum and pine 

bark (Agrolink Ltda., Brazil) (1:1, v/v) or pine bark as the 
growing substrate. Each treatment consisted of 50 seedlings 

that were left in a greenhouse with 70% shade, 80% humidity 

and watered every day (50 mL of tap water per pot). 

Seedlings were sprayed every other week with Plant Prod 
(Plant Products, Canada) solution consisting of 35% total N, 

5% P2O5 and 10% K20 and Calbit-C (Valagro, Italy), in a 

concentration of 2 ml L-1, 20 mL per seedling. At 150 

days after acclimatization, seedling survival, number of 
pseudobulbs and seedling height were recorded.  

 

Experimental design and data analysis 

 
For cryopreservation experiment, ten different treatments of 

0, 15, 30, 60 and 120 min. on PVS2 with or without 

phloroglucinol and five replicates of 600 seeds each 

treatment. Germination percentage was calculated by the 
number of germinated seeds developing into protocorms and 

subsequently into seedlings of the total viable seed evaluated. 

For seedlings hardening in greenhouse experiment, biometric 

data were evaluated of 50 seedlings analyzed per treatment. 
All experiments were arranged in a completely randomized 

design (CRD). The data were subjected to analysis of 

variance (ANOVA) using software R, and means were 

separated by Tukey’s test (P < 0.05). Seed germination data 
were normalized using the square root and arcsine 

transformation. 

 

Conclusion 

 

In this study, seed cryopreservation of the native vulnerable 

orchid Cattleya walkeriana was achieved. Seed maturation 

time seems to be a preponderant factor for survival and 
germination after cryopreservation. Ten-month-old seeds 

dehydrated in PVS2 at 0°C for 60 min had better germination 

compared with eight-month-old seeds, presenting 

considerable germination even without dehydration and 
plunged directly in LN (control). However, when older seeds 

were vitrified for 60 min with PVS2 with 1% phloroglucinol, 

germination increased by 4.36% compared with the treatment 

without this additive. Seedlings of all treatments developed 
into normal seedlings with healthy shoot and root formation, 

and could be acclimatized under ex vitro conditions on 

different substrates, such as sphagnum moss or sphagnum 

moss + pine bark. Seed long-term storage and successful 
establishment in greenhouse of in vitro derived seedlings 

could assist in the species future reintroduction efforts back 

to their natural habitat, as well as for large-scale cultivation 

for commercial purposes. Furthermore, this technique can be 
a valuable tool for breeding programs of Cattleya aiming at 

desired characteristics. 
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