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Abstract. Mycorrhizal fungi are important partners of orchids because they establish close symbiotic relationships with this group of plants, and its preservation is also important for the successful conservation of orchids.
In the present study, the conservation of Ceratobasidium sp., a fungal symbiont, using encapsulation in alginate
beads was tested over different times, temperatures of storage and dehydrated conditions. Osmotically dehydrated and air-dried beads were stored at room temperature (20 ± 2 °C), 4 °C, -20 °C and -80 °C. The fungal growth
was verified after 4, 8, 26 and 96 weeks. A second test was carried out to evaluate the encapsulations of fungi
as a form of inoculation in Trichoceros antennifer orchid to promote symbiosis and plants development. The
results show that the encapsulation of Ceratobasidium in alginate beads is a viable strategy for its conservation,
the beads are of easy manipulation and promote plant growth when inoculated in plant substrate. These results
may be adopted as part of effective conservation strategies for mycorrhizal fungi and orchids.
Resumen. Los hongos micorrícicos son socios importantes de las orquídeas ya que establecen relaciones simbióticas estrechas con este grupo de plantas y su conservación es también importante para la conservación de
las orquídeas. En este estudio, la conservación de Ceratobasidium sp., un simbionte fúngico, usando encapsulación en perlas de alginato fue evaluada a diferentes tiempos, temperaturas de almacenamiento y formas
de deshidratación. Cápsulas secadas al aire y deshidratación osmótica fueron almacenadas a temperatura
ambiente (20 ± 2 °C), 4 °C, -20 °C y -80 °C. El crecimiento del hongo fue verificado después de 4, 8, 26 y 96
semanas. Una segunda prueba fue llevada a cabo para evaluar la encapsulación del hongo como una forma
de inoculación para promover la simbiosis y el desarrollo en plantas de la orquídea Trichoceros antennifer.
Los resultados sugieren que la encapsulación de Ceratobasidium en perlas de alginato, es una estrategia viable para su conservación, que las perlas son fáciles de manipular y que estimulan el crecimiento cuando se
inoculan en el sustrato de las plantas. Este trabajo podría facilitar el diseño de estrategias de conservación de
hongos micorrícicos y de las orquídeas asociadas.
Key words/Palabras clave: alginate encapsulation, encapsulación en alginato, Ceratobasidium sp., symbiotic fungal, hongos simbióticos, Trichoceros antennifer

Introduction. More than 85% of orchids in the world
are in at least one category of endangerment (Wraith &
Pickering 2018). Despite Orchidaceae being the most
diverse family of vascular plants globally, they face
various conservation problems (Reiter et al. 2016): climate change, habitat loss, unregulated extraction and
the complexity of biotic and abiotic conditions necessary for their development, constitute the main threats
(Swarts & Dixon 2009). Precisely, complex close symbiotic relationships between orchids with fungi, is one

of the determining factors that guarantees the early
seedling development (Sommerville et al. 2008). Endophytic fungi, both mycorrhizal and non-mycorrhizal,
actively participate in the cycling of carbon (C), nitrogen (N), phosphorus (P), and increase the productivity
and diversity of plants (van der Heijden et al. 2015)
and help supply the reserve-depleted orchid seeds with
carbohydrates (Suárez & Kottke 2016). Consequently,
there is a need to develop tools that link the activity of
mycorrhizal fungi with their orchid hosts, to guarantee
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biological interactions, ecological stability and favorable growth for both organisms that could in turn support their conservation (Teixeira da Silva et al. 2015).
Traditionally, ex situ conservation of orchids has
relied on long-term storage of seeds at low temperatures, being this, the quintessential method for preservation (Jiang et al. 2017). However, there is generally
no included symbiotic microorganisms (Wood et al.
2000), which undoubtedly presents ecological limitations and reduces the probability of survival when
plants are reintroduced.
Fungi, including orchid symbionts, have been
traditionally preserved in specific media culture,
which face contamination risk, and morphological
and physiological mutations. Another method most
recently used is cryopreservation in liquid nitrogen,
however this is an expensive and labor-intensive procedure (Ercole et al. 2013).
Similar studies (Homolka 2014, Saha et al. 2014,
Yooyongwech et al. 2019) have shown that encapsulation prior to the storage of microorganisms at low temperatures, presents benefits such as space and required
maintenance reduction, stability of genetic material,
protection against biotic and abiotic stress (Vemmer &
Patel 2013), and also improves their viability which
can later contribute to the host plant species (Lalaymia
et al. 2014, Pacheco et al. 2017). Furthermore, encapsulation of microorganisms can facilitate reintroduction strategies by facilitating transportation and handling of the different symbionts used to reintroduce
orchids (Saiprasad & Polisetty 2003).
In Ecuador, even though it is one of the hot spots
with the greatest diversity of orchids in the world
(Pérez-Escobar et al. 2017), there are no records regarding the encapsulation of mycorrhizal fungi, however this encapsulation technique has been used for
microorganisms (Ercole et al. 2013, Vemmer & Patel2013), seeds (Kulus & Zalewska 2014, Pierce & Belotti 2011), and as a mixture of both as well (Sommerville et al. 2008, Wood et al. 2000). Encapsulation is a
process with multiple applications in various industries
(Vemmer & Patel 2013), usually involving the use of
sodium alginate at concentrations ranging from 1.5 to
3.5% v/v (Rodríguez et al. 2011).
The aims of the present work were: 1) to evaluate
the viability of Ceratobasidium over time after storage
at different temperatures in beads dried under different
LANKESTERIANA 21(3). 2021. © Universidad de Costa Rica, 2021.

conditions 2) to evaluate encapsulation as an appropriate method to promote orchid-fungi symbiosis and
thus a better survival and development of plants in substrate, since it is imperative that orchid conservation
methods also deal with the preservation of associated
fungi through simple field methods that promote plantfungi interaction.
Materials and methods. The fungi used in this study
was Ceratobasidium sp. Rogers (1935), which was previously isolated from the rhizosphere of a Trichoceros
antennifer (Humb. & Bonpl.) Kunth. (1816) plant, its
germination-promoting activity was verified in symbiotic germination tests and its identity was determined
by molecular techniques. Genomic DNA was extracted
from mycelia using Cenis (1992) method. As for the
sequencing, the ITS regions were amplified with polymerase chain reaction (PCR) with the primers ITS1 and
ITS4 (White et al. 1990). For molecular identification of
the isolate, taxonomic assignments were made comparing the nucleotide sequences obtained with those deposited in the GenBank databases of the NCBI (National
Center for Biotechnology Information).
The strain was re-isolated from plants used in a
previous symbiotic germination test. For this, a portion of the root of plants grown by symbiotic germination and maintained under in vitro conditions was
transferred to potato dextrose agar medium (PDA) at
room temperature (20 ± 2°C). The cultures were multiplied several times by placing 0.25 cm2 (0.5 × 0.5 cm)
of PDA fungal culture on fresh PDA plates.
Encapsulation.— The encapsulation process was performed by ion gelation using the Nisco brand EncapsulatorVar DBasic2Go LIN-0227 with a syringe pump.
Preliminary tests were carried out on the equipment
for the optimization of conditions and sodium alginate
concentrations.
Encapsulation was done using a 0.5 mm nozzle, at
100% pump force, 5 ml/min flow, 0.5 kHz frequency,
50% amplitude, 0,7 mm ± 2 mm drop height, 83.3 ± 0.1
µL bead volume at an operating temperature of 25°C.
Prior to operation, the encapsulator was disinfected
by pumping 20 ml of 1% sodium hypochlorite solution
followed by three rinses with sterile distilled water.
For the elaboration of beads, we used the mycelium collected from half a PDA Petri dish (90 mm)
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grown for 10 days at room temperature. After the
mycelium was collected it was placed in 5 ml of 3%
sterile sodium alginate and homogenized on a magnetic stirrer at 300 rpm for 1 hour. The mixture was
then placed in a 20 ml syringe and injected into the
encapsulator. Drops fell in a sterile 100 mM calcium
chloride (CaCl2) solution, which was kept stirring for
10 minutes.
Afterwards, the CaCl2 solution was drained, leaving only the small beads. The beads were then divided
into two groups. One group was placed in a sterile 0.75
M sucrose solution for osmotic dehydration for 22
hours at 130 rpm, and then air dried over tissue paper
in a laminar flow hood continuously for 18 hours. The
other portion of beads were placed directly inside the
laminar flow hood for drying for 18 h.
Two post-encapsulation processes were tested (sucrose dehydration + air drying and only air drying).
Storage and in vitro viability test.— to assess fungal viability after encapsulation, five beads from each treatment were placed individually within 90 mm Petri
dishes filled with potato agar dextrose (PDA), and then
incubated at room temperature (20 ± 2 °C) as a control
treatment. The remaining beads from each treatment
were divided into four groups to be stored in sterile vials
al at -80 °C, -20 °C, 4 °C and at room temperature (20
± 2 °C) for the evaluation of their viability after 4, 8, 26
and 96 weeks of storage. For this, five beads from each
treatment were placed individually in a Petri dish containing PDA, and the viability of the fungi was recorded
after five days, also, the mycelium growth was registered by measuring the diameter of mycelium. The data
was analyzed by R version 4.1.1 to determine statistical differences (p < 0.05) between storage times, drying
treatment, and storage temperatures.
Symbiosis evaluation using encapsulates for inoculation under greenhouse conditions.— Fifty T. antennifer
plants of a year and a half of age, were previously cultivated in vitro by the company Ecuagenera Cia. Ltda.
were used for the test. The plants had variable sizes between 0.9 and 2.5 cm, and each plant was weighed and
measured from the stem to the apex of the youngest
leaf. The roots were washed with sterile distilled water
and finally the plants were placed in plastic trays containing pine bark previously treated by the same com-
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pany (cooked with lime and then washed until tannins
are removed). Two beads containing the encapsulated
fungi were placed in a total of 25 plants at a depth of
one centimeter and very close to the root. The beads
used were those that demonstrated their viability after
26 weeks of storage. The other 25 plants were grown
under the same conditions, but no beads were placed in
the soil, and thus constituted the control group.
All the plants were kept under a greenhouse, at
around 20 °C and relative humidity of around 75%.
Irrigation was carried out once a week, fertilizer Ecuagrow (NH4NO3 13%, (NH4)H2PO4 13%, KNO3 13%,
MgSO4 0.04%, CuSO4 0.03%, H3BO3 0.002% and polyolefin 5.5%) was applied thirty days after being planted
in the substrate and every three months after the first
fertilization. After 10 months, the number of live plants
in each treatment (with and without fungi) was determined. From the plants that were alive, five were taken
randomly from each group and were weighed and measured once again. The obtained data was analyzed with
t-student test in R software version 4.1.1. To verify the
presence of pelotons in the roots, a root tip sample was
taken from each plant, cut into 0.5 cm segments and
crushed using forceps, scalpel, and a little water. It was
then observed under an Olympus SZ61 stereoscope at
4X and 10X magnification.
Results. Storage and in vitro viability test.—
After 4 and 8 weeks.— fungal growth was observed
in all storage temperatures (-80 °C, -20 °C, 4 °C and
at room temperature (20 ± 2 °C) in both post-encapsulation treatments which were a) sucrose dehydration +
air dried and b) only air dried.
After 26 weeks.— the beads were tested again to verify their viability, fungal growth was observed under
-80 °C, -20 °C and 4 °C storage temperatures in both
post-encapsulation treatments, after five days of being
placed in a sterile PDA Petri dish. At room temperature
only the air-dried beads showed fungal growth and no
growth was shown in the beads treated with sucrose +
air drying at day five, however on the 8th day half of the
beads presented fungal growth.
After 96 weeks.— the viability of fungi was registered
again in -80 °C, -20 °C and 4 °C storage temperatures
but there was no growth in the beads stored at room
temperature in any of the drying treatments, even after
10 days after being placed in petri dishes (Fig. 1A–B).
LANKESTERIANA 21(3). 2021. © Universidad de Costa Rica, 2021.
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Figure 1. Viability of the fungi after 96 weeks of storage at different temperatures. 1a. 5 days after sowing (A-D sucrose
dehydration + air dried Bead length=189.602 µm) (E-H only air dried Bead length= 98.801 µm). 1b. 10 days after sowing. Photographs by Diana Curillo.

In general, the growth of the fungi was more vigorous in the beads treated with sucrose + air-dried in the
first five days. Additionally, the samples stored at 4°C
showed comparatively less mycelial growth than the
treatments stored at -20 °C and -80 °C after 10 days of
growth (Fig. 1B)
The mycelial radial growth of Ceratobasidium was
significantly larger (p < 0.05) at 26 weeks of storage
than 96 weeks (Fig. 2). The data analyzed also revealed differences (p < 0.05) between the drying methods observing a greater mycelium growth in sucrose
dehydrated beads + air drying (Fig. 1A, 2). Finally
significant differences were found between the growth
radio at a temperature of 4 °C and the storage temperatures of -20 °C and -80 °C with the same drying
treatment (Fig. 1B).
LANKESTERIANA 21(3). 2021. © Universidad de Costa Rica, 2021.

Symbiosis evaluation using encapsulates for inoculation under greenhouse conditions.— In the group of
plants that received the treatment with the beads containing the fungi, 14 live plants were registered, representing a survival rate greater than 50%, while in
the control group, only 8 live plants were registered,
which is about a 30% survival rate.
The average weight increase in the evaluated
plants was 0.6 g for those who were inoculated in the
beads and 0.3 g for the control group. The average
height increase was 0.8 cm and 0.4 cm for the plants
with and without fungi, respectively. As the data was
analyzed it confirmed a statistically significant difference (p < 0.05) in weight and height, between the
control group and plants inoculated with the beads
(Fig. 3)
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Figure 2. Mycelium growth of encapsulated Ceratobasidium in alginate beads after stored for 26 and 96 weeks at different
temperatures, five days after sowing. Bars represent the mean ± standard error (n = 5).

Regarding the presence of pelotons, these could be
observed in 4 of the 5 plants belonging to the experimental group (Fig. 4A–4B), meanwhile, no pelotons
were observed for the control group.
Discussion. The results suggest that encapsulation in
alginate beads might be a viable strategy for the conservation of Ceratobasidium for up to a period of about
two years (96 weeks) at temperatures of 4, -20 and -80
°C and with the possibility of storage for longer periods. However, according to our results storage at room
temperature is not viable after 26 weeks, and these
results were similar to those reported by Kim et al.
(2019), who showed low viability after six months of
storage, and the complete loss of viability after longer
periods of storage at 37 °C, showing that the viability
of the fungal growth depends on the storage temperature of the beads.
Among the drying treatments following encapsulation, we observed that samples that underwent dehydration with sucrose showed lower viability after storage
at room temperature for 26 weeks, which suggest that
the air-drying treatment might be a favorable when the
beads are stored in room temperature (20 ± 2 °C) for up
to 26 weeks, However, there were no differences in the
fungi viability between the other temperatures or stor-

age periods. Similar results were obtained by Sommerville et al. (2008), who suggested that the sucrose used
during the drying treatment provides an instant food
source for the fungi encapsulated, which would explain
the registered difference in our results after 26 weeks of
storage at room temperature because the fungi remains
active and keeps consuming its food source. The loss of
viability (50%) of the fungi inside the dehydrate beads
with sucrose and kept at room temperature for 26 weeks
matches the results reported by Sommerville et al.
(2008) in which they registered minimal or no in vitro
fungal growth of the beads dried with sucrose after being stored at room temperature for three months.
Likewise, the greater growth diameter of the mycelium of the fungus in the pearls treated with sucrose
+ drying, can also be explained since an immediate
source of food is available when the fungus is reactivated as soon as the beads are removed from the different storage temperatures, which does not happen
with those beads subjected to only to air drying. The
differences recorded between the mycelium growth
diameters at 26 weeks and then at 96 weeks could be
associated with the handling of the material during the
establishment of the trials, because the pearls that were
not seeded at 26 weeks could have suffered an effect
of thawing and re-freezing by being in the same conLANKESTERIANA 21(3). 2021. © Universidad de Costa Rica, 2021.
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Figure 3. Effect of encapsulated Ceratobasidium beads in the weight and height of T. antennifer plants. Bars represent the
mean ± standard error (n = 5).

Figure 4. Presence of pelotons in plant roots. A. 4X magnification. B. 10X magnification. C. growth of hyphae from alginate beads in PDA medium. Photographs by Cesar Castro (A, B) and Diana Curillo (D).

tainer, however, the difference was reflected only in
the mycelium development diameter, but not in its viability, which we interpret as a more vigorous growth.
In contrast to the work of Sommerville et al.
(2008) we encapsulated the fungus alone (without
including orchid seeds), which could be more convenient, since the parameters to be optimized during the
process would focus on a single species. The results of
our pilot study allowed to verify the symbiosis during
the adaptation stage of the plants using encapsulates
only of the fungus, which suggests that this method
could be a good strategy to induce symbiosis.
Continuous recultivation could promote the adaptation of the fungi to laboratory conditions, with
an impact on the genetic stability of new generations
(Declerck et al. 2005).
Still the use of alginate beads could be considered
as an alternative for the trade of other fungi of interest,

since it has been reported that the storage of arbuscular mycorrhizal fungi in peat substrate decreases their
infectivity over periods of time (Püschel et al. 2014).
Lately, Zettler and Dvorak (2021) has published the efficiency of Tulasnella colospora (UAMH 9824) improve
symbiotic germination after two decades of subculture,
this argues against the concept of mycorrhizal fungi losing their symbiotic capacity after long periods of time
of subcultures. In our study we verified the symbiosis
in greenhouse conditions after inoculating orchids with
Ceratobasidium that were previously stored for 26
weeks, demonstrating that the encapsulation method is
not only efficient as a way to preserve the viability of the
fungi but it also preserves its symbiotic capacity.
The preservation in alginate capsules allows easy
handling field conditions and laboratory tests, because little space is required for their transportation
and storage, the manipulation is simple, facilitates in-
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oculation, quantification and protection of the fungi.
In addition, it is an easy to implement technique and,
although we used dedicated encapsulating equipment, the latter is not essential and could be done using standard pipettes normally found in most laboratories (Plenchette & Strullu 2003).
In conclusion, our evidence suggests that the storage
of Ceratobasidium in alginate beads is an efficient storage method that allows the recovery of the fungi after 26
weeks at room temperature dried with air drying treatment and up to 2 years in a common refrigerator set at
4°C as well as in freezers set at -20 and -80°C.
Regarding the post encapsulation treatment, the
dehydration with sucrose + drying with air flow, presented less viability after 26 weeks of storage at room
temperature, but had no significant effect in its viability on the other temperatures (4, -20, -80 °C) or storage
times (26 and 96 weeks). The growth diameter of the
mycelium decreased after 96 weeks of storage at 4°C
regardless of whether or not they are treated with sucrose, suggests an effect of the storage temperatures.
It was also observed that sucrose accelerates growth
during the first days of reactivation of the fungus at any
of the evaluated temperatures. We also report that the
capsules dried with sucrose + air flow are larger and
easier to manipulate in the laboratory, if tweezers are
used, while the pearls with just the drying treatment
are much smaller, harder, and drier and could be more
appropriate for inoculation in the field, however both
could be used in the field and in the laboratory.
This methods for Ceratobasidium conservation
could be replicable in other fungi of interest and has
been suggested as a promising strategy for the developing large-scale fungal inoculation experiments
and for the maintenance of collections (Plenchette &
Strullu 2003).
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