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ABSTRACT

Cycnoches haagii is an epiphytic Orchidaceae found in
the Brazilian Savannah that presents a great ornamental potential.
Aiming at developing a complete seminal propagation protocol
of C. haagii, as well as testing the influence of the mycorrhizal
fungi presence in the process, mature seeds were germinated
in vitro in the presence or absence of two fungal isolates, both
belonging to the Tulasnella genus (FCH and FHC3E), in three
culture media (B&G, Knudson and OMA). The percentage of
germinated seeds was evaluated, and the protocorms of the
four media with higher percentages were transferred to a new
media, aiming at the conversion into plantlets. The seedlings
were evaluated for shoot length, number of leaves, length of
the largest root, number of roots and total fresh matter. The
B&G medium provided a germination rate higher than 60 %,
besides a higher seedling growth, contributing to 100 % of
survival in the acclimatization stage, independently of the
mycorrhizal fungi presence. However, only the seedlings from
the B&G medium inoculated with the isolated FHC presented
a fast growth when acclimatized, and flowering at the end of
the first year of acclimatization. Therefore, the presence of
the mycorrhizal fungus FHC on the B&G medium, during the
germination phase, is adequate for the propagation of C. haagii,
because it accelerates its development and anticipates the ex
vitro flowering.

RESUMO

Florescimento precoce de plantas oriundas de
sementes de Cycnoches haagii germinadas in vitro na
presenca de fungos micorrizicos

Cycnoches haagii ¢ uma Orchidaceae epifita encontrada
no Cerrado brasileiro, que possui grande potencial ornamental.
Objetivando desenvolver um protocolo completo de propagagao
seminal de C. haagii, bem como testar a influéncia da presenga
de fungos micorrizicos no processo, sementes maduras foram
germinadas in vitro na presenga ou auséncia de dois isolados
fungicos do género Tulasnella (FCH e FHC3E), em trés meios
de cultura (B&G, Knudson e OMA). Avaliou-se a porcentagem
de sementes germinadas, e 0s protocormos dos quatro meios
com maiores porcentagens foram transferidos para meios novos,
visando a conversao em plantulas. As plantulas foram avaliadas
quanto ao comprimento da parte aérea, numero de folhas,
comprimento da maior raiz, nimero de raizes e massa fresca
total. O meio B&G proporcionou germinacdo superior a 60 %
e maior crescimento das plantulas, contribuindo para 100 % de
sobrevivéncia na fase de aclimatiza¢do, independentemente da
presenga de fungos micorrizicos. No entanto, apenas plantulas
oriundas do meio B&G inoculadas com o isolado FCH
apresentaram desenvolvimento acelerado quando aclimatizadas,
e floresceram ao final do primeiro ano de aclimatizag@o. Assim,
a presenga do fungo micorrizico FCH no meio B&G, durante a
fase de germinagdo, ¢ adequado para a propagacgao de C. haagii,
pois acelera o desenvolvimento e antecipa a floracdo ex vitro.
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INTRODUCTION

Orchidaceae is one of the largest plant families
and contains more than 25,000 species in the entire
world (Chase et al. 2015); nevertheless, it is also
among the most threatened of all flowering plants
(Huang et al. 2018).

PALAVRAS-CHAVE: Orquidea; aclimatizag¢ao; simbiose.

Cycnoches haagii Barb. Rodr. is an epiphytic
and not endemic orchid native to the Brazilian
Savannah, and might also be found in the states of
Amazonas, Para, Rondonia, Goias and Mato Grosso,
in vegetation formations such as ciliary forest, palm
grove and vegetation on rocky outcrops (Rio de
Janeiro 2018). In the Mato Grosso do Sul state, the
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species was reported in the municipality of Costa
Rica (Barros et al. 2018).

Our observations have shown that C. haagii
has been found in a low frequency, always preferring
the Attalea phalerata Mart. Ex Spreng. palm as
phorophyte. For being a species with a high ornamental
potential, studies on the propagation processes of
this orchid are essential, not only to improve the
production process, making it economically viable,
but also for preservation, promoting the perpetuation
of'the species, and thus reducing the risk of extinction.

In this century, the most rapid growth in
the human population with the greatest contingent
pressure on natural resources has occurred in regions
where biological diversity is high (Kennedy 2006).
In addition, the fragmentation of habitats, removal
of key species critical to the continued existence of
ecosystems, increased susceptibility to fire threats
and pollinators decline are also documented to result
in drastic losses in orchid populations and diversity
(Sosa & Platas 1998, Coates & Dixon 2007). In
this way, there is an urgent need for a differentiated
policy to guide cultivation operations based on the
biological characteristics, cultural significance,
market demands and conservation status of the target
species (Liu et al. 2018).

The in vitro propagation has proven to be
effective in the mass propagation of a number of
endangered orchid species, or with a high commercial
value (Soares et al. 2012). According to Rasmussen et
al. (2015), in any conservation or restoration program
for orchid populations, a delimitation of factors that
limit seed germination and seedling establishment
must be investigated.

Orchids produce vast numbers of tiny seeds
lacking storage reserves, such as the endosperm
(Arditti & Ghani 2000, Batty et al. 2000, Yang &
Lee 2014). The production of great numbers of small
seeds supports high dispersal rates (Batty et al. 2002,
Zettleret al. 2003), seen that few seeds germinate,
and even fewer develop into mature plants in nature
(Swarts & Dixon 2009), because, under natural
conditions, seeds of most of the epiphytical orchid
species shall germinate only in association with a
compatible mycorrhizal fungus, due to limited food
reserves (Ramsay et al. 1986, Arditti et al. 1990).
Therefore, orchid seeds have a complete dependency
on nutrients supplied by the mycorrhizal association
during early germination and seedling establishment
phases (Rasmussen 1995), due to an impaired ability

of'the seeds to metabolize polysaccharides and lipids
(Manning & Van Staden 1987).

This fungal-orchid symbiotic process is
predominantly characterized by the development of
fungal compositions within cells, called pelotons,
which develop inside the parenchyma cells of the
root cortex (Peterson et al. 2004). This, however, is
a mutualistic relationship, in which there is carbon
flow flux in both directions (Cameron & Leake
2006). Therefore, the use of mycorrhizal fungi
from germination aims to improve the growth and
development of the seedlings, even in cases in which
in vitro germination does not require the presence
of the symbiotic process to occur, in order to ensure
greater future gains during the acclimatization phase
(Wang et al. 211, Dan et al. 2012). The use of MS
(Murashige & Skoog 1962), a traditional medium to
symbiotic orchids seedling development, was related
by Wang et al. (2013) in the symbiotic cultivation of
Dendrobium officinale Kimura et Migo and, according
to Bocayuva et al. (2014), the addition of macro
and micronutrients to the OMA medium provides
the production of more developed Hadrolaelia
jongheana (Rchb.f.) Chiron & V. P. Castro plants,
without inhibiting the mycorrhizal growth in ten
months, resulting in an efficient and faster protocol
to conduct the later stages of acclimatization and in
situ reintroduction for species conservation.

The symbiotic or asymbiotic in vitro
propagation of C. haagii is required to guide
management strategies for the successful conservation
of the species. Thus, this study aimed to develop a
complete seminal propagation protocol of C. haagii,
as well as to verify the influence of the mycorrhizal
fungus presence in the germination phase and in the
posterior development of the in vitro seedlings.

MATERIAL AND METHODS

For the conduction of the experiments, a mature
capsule was obtained from a C. haagii adult palm tree
known as acuri (4ttalea phalerata Mart. Ex Spreng.),
in the pasture area of a farm (18°32°25.52”’S and
53°9°27.03”W) near the municipality of Costa Rica,
Mato Grosso do Sul state, Brazil, in September 2015.
The capsule was carefully collected in accordance
with the SISBIO 22570-2 authorization. For species
identification procedures, the exsiccate of a flowering
plant was prepared and deposited in the herbarium of
the Botanical Institute, in Sdo Paulo.
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The experiment consisted of nine treatments
with culture media [4 g L' of oat meal and 7 g L' of
agar (HiMedia®), KNUDSON C (Knudson salts +
20 g L' of sucrose +7 g L' of agar) and B&G (47g L™
of salt +7 g L! of agar)], with the pH adjusted to 5.6
before the autoclaving process at 121 °C and 104 KPa,
for 20 min. After autoclaving, two mycorrhizal fungi
belonging to the Tulasnella genus [FCH - isolated
from roots of the terrestrial orchid Cyrtopodium
paludicolum Hoehne LC; and FHC3E - isolated from
the roots of the rupicola orchid Hoffmannseggella
caulescens (Lindl.) H. G. Jones] were inoculated in
the asymbiotic and symbiotic treatments.

In the symbiotic treatment, a disc of 5 mm
of potato:dextrose:agar (PDA) medium containing
the mycorrhizal fungus was present in the sowing
medium. In a laminar flow hood, prior to sowing,
seeds were disinfested through soaking in autoclaved
distilled water for 15 min, drained and added with
a solution of sodium hypochlorite (0.66 % of active
chlorine), for 10 min. They were washed (three
times) in autoclaved distilled water and sowed into
Petri dishes (9 cm in diameter) containing 50 mL
of asymbiotic or symbiotic culture medium, as
previous described. After the inoculation of seeds,
the Petri dishes were taken to the plant growth
room, with a 16-h photoperiod, irradiation of
36 umol m?2 s provided by tubular led lamps (Philips,
Ledtube 18W - white) and temperature of 27 + 2 °C,
where they remained for 90 days. Following that,
the evaluation of the germination percentage was
performed by counting the number of germinated and
not germinated seeds in three sample fields (2 cm in
diameter) of each replicate (Petri dish), using a stereo
microscope (Paiva Neto et al. 2015). The seeds were
considered germinated when the embryo became
swollen and chlorophyllous, according to Bektas et
al. (2013), and used to calculate the germination rate.

The experiment was conducted in a 3 x 3
factorial scheme, with three cultivation media (OMA,
B&G and Knudson) combined with a mycorrhizal
fungus factor (asymbiotic, isolated FCH and isolated
FHC3E), totalizing nine treatments, each with four
replicates (Petri dishes).

The protocorms obtained through the four best
treatments (OMA + FHC3E, B&G, B&G + FCH and
B&G + FHC3E), concerning the germination rate,
were transferred to 250 mL containers with 50 mL of
culture medium without fungal re-inoculation. In this
way, this new experiment consisted of four treatments
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with 10 replicates (flasks), with 10 protocorms per
container. The period of protocorms development
was of 120 days when the following evaluations
were performed: number of leaves, shoot size (cm),
number of roots, largest root size (cm) and total fresh
matter (g).

To check the fungus presence in the seedlings,
before the acclimatization phase, roots were collected
and transversal sections were manually cut with
a razor blade, and then observed using a light
microscope coupled with a digital camera.

For the acclimatization experiment, 15
seedlings per treatment were used, originated from
a previous in vitro experiment, being each seedling
considered as one replicate. The seedlings were
planted in plastic vessels (120 cm®) containing the
commercial substrate Basaplant-Ornamentais®
(Base Agro) and no carbonized rice husk, in equal
volume proportions. The plastic vessels were
randomly distributed in a greenhouse with 50 %
of shading through transparent film and Aluminet
shade cloth (Ginegar Polysack), and equipped with
an intermittent irrigation system comprised of micro-
sprinklers activated by an automatic timer system,
with two daily irrigation cycles of 2 min each,
resulting in approximately 0.62 mm day'. The period
for the acclimatization phase was of 90 days, when
the survival rates of the seedlings were measured.

The plants were kept under the same conditions
described for acclimatization and visually observed
at 12 and 24 months after the transplantation to
acclimatization, to verify the flowering occurrence.
In the sixth month of cultivation, the plants were
transplanted to larger plastic vessels (625 cm?) with
addition of the same substrate.

The experimental design was completely
randomized for all experiments. If necessary, an
arcsine square root transformation was performed.
After that, data were submitted to analysis of variance
(Anova) and averages compared by the Tukey test at
5 % of significance (p < 0.05), using the Sisvar 4.3
statistical software (Ferreira 2014).

RESULTS AND DISCUSSION

Both the tested factors, presence of the fungus
and culture medium, showed a significant effect
on the germination process, interfering in the seed
percentage that was converted into protocorms,
and with interaction between the two factors. In
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the germination of C. haagii (Table 1), the highest
percentages of germinated seeds were obtained in
the OMA medium combined with FHC3E (OMA +
FHC3E), B&G+FHC, B&G + FHC3E and asymbiotic
B&G, all these with germination values over 60 %.
The values obtained for the best treatments are
higher than those described by Carvalho et al.
(2018), who evaluated the percentage of in vitro
symbiotic germination for the C. paludicolum orchid
in association with mycorrhizal fungi, collected in
the same geographic region, reaching 52.89 % of
maximum germination.

The B&G medium provided the best
performance for the percentage of asymbiotically
germinated seeds (78.4 %), if compared to OMA
(12.65 %) and Knudson (41.54 %). For the symbiotic
cultivation, although the B&G medium resulted in
germination percentages of 71.35 % and 61.55 %,
when combined with the FCH and FHC3E fungi,
respectively, the best germinative percentage,
numerically, occurred in the combination of the
OMA medium with the FHC3E fungus (82.17 %),
although no statistical difference was detected. The
addition of fungal isolates to the B&G medium did
not contribute to increase the germination percentage,
since the medium itself was efficient in the embryo
nutrition, making the fungal presence unnecessary
to this phase.

The asymbiotic OMA medium resulted in
the lowest germination percentage (12.65 %). On
the other hand, the highest percentage (82.17 %) of
C. haagii was obtained when OMA was inoculated
with FHC3E. The asymbiotic OMA medium does
not provide sufficient nutrient requirements to the
seeds, since the presence of the FCH (OMA + FCH)
and FHC3E (OMA + FHC3E) isolates resulted in
respective increases of 649.6 % and 265.6 % in the

Table 1. In vitro asymbiotic and symbiotic germination
percentages of Cycnoches haagii seeds, at 90 days
after the inoculation in culture media.

. L Mycorrhizal fungi
Culture media  Asymbiotic FCH FHC3E
OMA 12.65 cC 46.25 bB 82.17 aA
KNUDSON 41.45bAB 50.25 bA 24.57 cB
B&G 78.40 aA 71.35aA 61.55bA

Data subjected to the analysis of variance and Tukey test at 5 % of significance,
obtained after an arcsine square root-transformation of the proportions. Averages
followed by the same lowercase letters in the column and uppercase letters in the
row are not statistically different by the Tukey test (p < 0.05).

number of total germinated seeds, when compared
to the OMA-asymbiotic treatment. In this regard,
FHC3E was more efficient than FCH, when the
germination medium had more complex sources of
carbohydrates (OMA), such as starch, considering
that its composition is oat-based. Mycorrhizal
fungi were able to induce the degradation of the
polysaccharides present in the medium for later
availability for the seeds. However, the combination
of FCH and OMA was less efficient.

The addition of the fungal isolates to the
Knudson medium did not result in significant
gains in the germinative percentages (Table 1).
This is probably due to the fact that this medium
offers a greater contribution of monosaccharides
and disaccharides to the seeds and fungi, and, as
a consequence, it is not a recommended medium
for the co-cultivation of the FHC3E isolate and
the orchid embryo, resulting in a reduction of
59.3 % in the total germinated seeds, in relation to
the Knudson-asymbiotic medium. Originally, the
Knudson medium was proposed for the in vitro
germination of orchid seeds (Knudson 1946), and
it has been considered a medium with lower ionic
concentration, when compared, for example, to the
MS medium (Melo et al. 2015). It was noted by
Kozai & Kubota (2005) that the water potential of the
MS medium (-0.212 MPa) is three times lower than
that of Knudson (0.069 MPa). Thus, Knudson was an
unfavorable medium to C. haagii embryo and FHC3E
symbiotic establishment, despite the fungus growth.

The seedlings resulting from the development
of protocorms originated from the B&G medium,
regardless of the asymbiotic or symbiotic condition,
presented superiority in all the evaluated growth
parameters (Table 2), when compared with the
seedlings originated from the other media. However,
root and shoot lengths and total fresh matter of the
seedlings (Table 2) indicate a superior development
of the protocorm originated and established in the
B&G medium, in the asymbiotic and symbiotic
conditions with the FCH fungus (Table 2). On the
other hand, the worst performance for all the analyzed
parameters, except for root length, was obtained by
the seedlings from the OMA + FCH3E medium,
which, despite providing the highest germination
percentage, did not present the same efficiency in
the development of seedlings.

The total fresh matter accumulation also
presented prominence for seedlings cultivated in
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the B&G medium alone or associated with the FCH
fungus, which presented 2.05 g, differing statistically
from the other treatments (Table 2; Figure 1A). The
lowest total fresh matter average was observed for
seedlings from OMA associated with FHC3E with
only 0.19 g (Table 2; Figure 1A). These results
evidenced the great importance in the choice of the
culture medium, demonstrating that, even when the
symbiotic association between the fungus and the
plant occurs, the availability of medium constituents
for plant material is medium-dependent. This medium
importance is more evident when the morphological
growth of the seedlings is compared (Figure 1A). In
this context, it was verified that not all the colonization
by the mycorrhizal fungi resulted in immediate gain
for the seedlings or in all its stages of development.
Therefore, the obtained results, to a certain extent,
contradict the proposition of Yoder (2000) and Chang
(2007), who consider that symbiotically germinated
seedlings generally have advantages, if compared

to those germinated asymbiotically, considering the
greater absorption capacity of water and nutrients.
This fact was not confirmed under in vitro conditions,
when seeds were sown in media containing ionic
nutrients and accessible carbohydrates. However,
Yoder (2000) and Chang (2007) affirm that gains may
occur in later stages of plant development, making
them more resistant, mainly to adverse environmental
conditions, as it occurs here in the acclimatization
phase, when superior growth and development were
observed in seedlings cultivated symbiotically in the
B&G medium, comparing with asymbiotic seedlings
of the same medium.

Some fungal isolates have a greater competence
in promoting the symbiotic development of orchids
than others, suggesting that, for the use of mycorrhizal
fungi in the symbiotic production of orchid seedlings,
it is essential to test them for promoting both the
germination and development of the species under
study, since there is a variation in this efficiency

Table 2. In vitro growth parameters, number of leaves and roots, shoot and root length, and total fresh matter of Cycnoches haagii
seedlings after 90 days on OMA and B&G media, developed from protocorms originated from asymbiotic and symbiotic
germination media with two mycorrhizal fungi belonging to the Tulasnella genus (FCH and FHC3E); and ex vitro survival
percentage in the acclimatization phase after 120 days, under greenhouse conditions.

Culture media Leaf Numb;rOOt Sho;;ength(cm) Root Fresh matter (g plant')  Survival (%)
B&G 593a 8.63a 6.03a 442a 1.47 ab 100 a
B&G + FCH 6.07 a 9.63a 6.60 a 427a 2.05a 100 a
B&G + FHC3E 5.33 ab 7.70 a 4330 2.03b 0.75 be 100 a
OMA + FHC3E 4.10b 330b 2.08 ¢ 3.26 ab 0.19¢ 40b

CV (%) 16.04 18.91 15.33 18.55 23.22 7.22

Averages followed by the same letters in the column are statistically equal within each other, according to the Tukey test at 5 % of significance.

Photos: Vespasiano Borges de Paiva Neto

Figure 1. Cycnoches haagii seedlings originated from symbiotic and asymbiotic germination in vitro. A: seedlings at the final
development phase preceding the acclimatization phase (bar = 1 cm); B: root transverse section of C. haagii seedlings
originated from the B&G medium associated with the FCH fungus, showing the pelotons presence (arrows) in the cortical
cells (bar = 200 pm); C: seedlings of C. haagii originated from the B&G medium associated with the FCH isolate at 24
months after the beginning of acclimatization, showing the presence of floral buds (arrow); D: details of a female flower
of the C. haagii plant.
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between fungi of the same species and among fungi
of different species of a genus (Otero et al. 2005,
Pereira et al. 2011).

A relevant factor for FCH, in relation to the
FHC3E total fresh matter, might be the fact that
FCH was isolated from an orchid species found in
the same geographical region of C. haagii, whereas
the FHC3E isolate was obtained of a native species
from the Minas Gerais state. Additionally, in
taxonomic aspects, the Cycnoches genus is closer
to the Cyrtopodium genus than to Laelia. In this
respect, in some orchid species, the mycorrhizal
fungi promotes a more efficient seed germination
and seedling development in populations originated
close to where the sample was collected (Otero et
al. 2005, Stewart & Kane 2006, Pereira et al. 2011).

Light microscopy analysis of root sections
showed the pelotons presence in the cortical
parenchyma cells of all symbiotic seedlings
(Figure 1B) and absence in asymbiotic ones. In
this way, we can affirm that FCH and FHC3E were
efficient in the colonization of C. haagii seedling
roots.

In the acclimatization phase, the plants which
obtained the highest survival rate were those from
the B&G culture medium, independently of the
fungal association, reaching 100 % of survival, and
the lowest acclimatization performance was obtained
by the seedlings grown in the OMA medium added
with the isolate FHC3E, with only 40 % of survival
(Table 1).

These results demonstrate that, although the
FHC3E isolate presents an excellent contribution
in the germination phase, that does not repeat in the
developmental and acclimatization phases. Therefore,
it is not possible to state that the mycorrhizal fungi
present in the germination phase, when the fungal
association is obligatory in nature, are necessarily
the same as those found in adult plants, when the
association may be optional (Porras-Alfaro &
Bayman 2007). So, there are specific fungi for each
stage of development of the orchid life cycle (Shimura
etal. 2009). More recently, experimental observations
with the Oeceoclades maculata (Lindl.) Lindl. orchid
allowed to affirm that, in some cases, there could be a
high specificity for fungi during the seed germination,
but unusually promiscuous in adult plants (Bayman
et al. 2016). This result is in agreement with our
observation regarding differences in fungi type for
each development phase.

It should be noted here that the plants from
the B&G medium associated with the FCH fungus
presented a clear reproductive precocity, with 40 %
of the acclimatized plants showing inflorescences
at 12 months after the beginning of the above-
mentioned process. This phenomenon also occurred
in the second year, when 60 % of the plants flowered
again (Figures 1C and 1D). In this second year, 30 %
of the plants from the B&G treatment associated
with the FHC3E isolate also flowered. Plants of the
remaining treatments continued in the vegetative
stage. Hoang et al. (2017) reported a similar flowering
phenomenon in some plants from ghost orchid
(Dendrophylax lindenii), after two years of in vitro
germination on symbiotic conditions. Indeed, we
are convinced that this reproductive precocity is a
consequence of the benefits of the orchid-mycorrhizal
symbiosis, allowing an increase in plant growth and
development.

The symbiotic germination makes it possible
to obtain robust seedlings for the reintroduction in
the natural environment (Zettler et al. 2007), and
the mycorrhization of seedlings provides a greater
absorption of nutrients and protection of biotic
and abiotic stresses during the acclimatization or
reintroduction stages to the natural environment
(Dearnaley et al. 2012, Aewsakul et al. 2013).

It is clear that, for the use of mycorrhizal fungi
in the seedling production, it is important to test
them for the efficiency in promoting the germination
and development of the orchids (Rasmussen 2002,
Stewart & Kane 2006), since changes in this
efficiency might be observed among isolates of the
same species and among isolates of different species
of a genus. In this context, an associated fungus can
promote a great contribution only in a specific plant
development phase, and little or no contribution
at all in other phases (Herrera et al. 2017). Here
we found that, despite the FCH presence in the
traditional asymbiotic media, it did not contribute
effectively during the in vitro development phases,
as germination and seedling growth, but it provided
a representative effect in the ex vitro development
phase of C. haagii seedlings.

CONCLUSION

The B&G medium, associated with the
Tulasnella sp. (FCH) mycorrhizal fungus, is
adequate for in vitro germination and seedlings
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growth of Cycnoches haagii, resulting in the best
plantlet development and acclimatization, including
precocious flowering.
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