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ABSTRACT
In order to successfully establish themselves in their natural environment, ferns need habitats with abiotic conditions 
that are suitable for spore germination and gametophyte development. Th e objective of this study was to assess the 
infl uence of abiotic factors on the initial development of Cyathea phalerata cultivated in vitro. Spore germination 
and gametophyte development were assessed under varying conditions of surface sterilization, pH, temperature 
and photoperiod. Exogenous contamination was eliminated by sterilizing spores with 2.5 % NaClO for 15 min and 
sowing them into a culture medium supplemented with nystatin. Spores germinated at all pHs tested. Gametophytic 
development was faster in acidic pHs. Cultures at 25 °C exhibited the highest percentages of germination and laminar 
gametophytes. Th e species produced its highest percentages of gametophytes in cultures with photoperiods between 
6 and 18 h. Th e optimal abiotic conditions found here for in vitro development of C. phalerata are similar to those 
found in its natural habitat. Th e southern limit of this species to north of the 30th parallel in Rio Grande do Sul, 
Brazil, may be because further south spores do not encounter the ideal combined conditions of temperature, pH 
and photoperiod determined in the laboratory. 
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Introduction
For the sporophytes of ferns to settle in their natural 

environment, they need habitats and abiotic conditions 
that are suitable for the germination of spores and the 
development of gametophytes (Page 1979). The most 
important of such factors include temperature, photoperiod 
(Miller 1968; Ranal 1999; Esteves 2013) and the pH of the 
substrate (Petersen 1985). However, due to the diffi  culty 
of monitoring the initial development stages of ferns in 
their natural habitat, most studies have concentrated 
on understanding the sporophytic stage. In vitro culture 

provides an environment in which conditions are controlled, 
making it possible to evaluate the infl uence of abiotic factors 
on the germination of spores and the initial development, 
considering that the morphological structure of fern 
gametophytes appears to be highly conserved across in 
vitro and in situ environments (Farrar et al. 2008).

Arborescent ferns play an important role in tropical 
forests and, in particular, due to its long and erect caudices, 
they provide a habitat for many epiphytic species (Schmitt & 
Windisch 2010; Schneider & Schmitt 2011). However, these 
plants are targets of extractive exploitation, particularly 
in the South of Brazil, which has a negative impact on the 
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availability of microhabitats for epiphytes that preferentially 
or exclusively occur on their caudices (Schmitt & Windisch 
2005).

Cyathea phalerata is an arborescent fern belonging to the 
Cyatheaceae for which there are records in Bolivia (Lehnert 
2006) and in all regions of Brazil, in the phytogeographic 
domains of the Atlantic Forest and the Cerrado (Windisch 
& Santiago 2015). As a result of the drastic reduction of the 
Atlantic Forest in the state of Rio Grande do Sul, C. phalerata 
is on the list of species threatened with extinction, in the 
critically endangered category (Rio Grande do Sul 2014). 
Th is plant preferentially grows in the shadowy interior of 
forests, both along water courses and in the interfl uvial 
areas of humid forests, or close to streams in drier forests, 
but it can also be found in gallery forests and forest edge 
gullies, and at altitudes ranging from sea level up to 1,500 
meters. C. phalerata plants develop caudices of up to 4 
m. Th eir leaves can be as long as 3.5 m and the petioles 
bear thorns measuring 2-8 mm, which may be muricate 
or glabrous (Fernandes 2003). Popularly, the species is 
known as a medicinal plant, since the inner part of the 
caudices and leaves may be used in alcoholic extracts to 
fi ght infl ammatory diseases (Hort et al. 2008).  

Th ere are no records about the infl uence of diff erent 
abiotic factors in the germination of spores and the initial 
development of C. phalerata. Over the last ten years, studies 
have been concentrated on C. delgadii (Hiendlmayer & Randi 
2007), C. atrovirens (Azevedo et al. 2008; Rechenmacher et 
al. 2010; Silveira et al. 2013; Vargas & Droste 2014; Marcon 
et al. 2015) and C. corcovadensis (Medeiros et al. 2016). 

Although germination of fern spores in vitro has been 
shown to be eff ective (Dyer 1979), exogenous contamination 
is an obstacle to successful cultivation over the long term 
(Dyer 1979; Vargas & Droste 2014). Only a small number 
of the antimicrobial agents that can be used to prevent in 
vitro contamination of plants have been tested with ferns, 
including nystatin (Dyer 1979; Simabukuro et al. 1998; 
Quintanilla et al. 2002; Vargas & Droste 2014), streptomycin 
(Cox et al. 2003) and actidione (Vargas & Droste 2014).

Th e aim of the study was to assess the infl uence of 
antimicrobial agents, temperature, photoperiod and pH on 
germination and development of C. phalerata gametophytes, 
and based on the results, determine the ideal abiotic 
conditions for the establishment of the initial stage in the 
life cycle of ferns in a controlled environment, and to relate 
them to the abiotic characteristics found in the natural 
habitat of the species.    

Materials and methods

Collection and processing of spores

Th e donor plants of Cyathea phalerata Mart. from which 
fertile leaves were collected grow in the domain of the 

Atlantic Forest, specifi cally in a riparian forest (29º42’25.0”S; 
50º17’27.8”W) located in the upper stretch of the Rio dos 
Sinos hydrographic basin, which is between the coastal and 
mountainous regions of the state of Rio Grande do Sul, 
Brazil. Th e vegetation is composed of elements characteristic 
of Dense and Mixed Rain Forest with canopy openness 
ranging from 10.4 % to 18.6 % (Rocha-Uriartt et al. 2015). 
Th e region’s climate is type “Cfa” according to the Köppen 
classifi cation (humid, subtropical) and is characterized by 
well-distributed rainfall throughout the year (Peel et al. 
2007). At the site in which C. phalerata grows, the mean 
annual temperature ranges from 18.9 to 21.2 °C and annual 
rainfall ranges from 2,406 to 2,706 mm (Rocha-Uriartt et 
al. 2015).

Fertile leaves were collected in March of 2014 and placed 
in trays in which they were kept at room temperature for 
72 hours, for dehiscence of the sporangia. Th e spores were 
fi ltered through interleaved paper towels (Melpaper®) 
and stored in eppendorf tubes at a temperature of 7 ºC 
(Rechenmacher et al. 2010).

Establishment of ideal conditions for spore surface 
sterilization 

Experiment I: 30 mg samples of C. phalerata spores 
were placed in 1.5 mL eppendorf tubes and subjected to 
surface sterilization with 1 mL of sodium hypochlorite 
solution (NaClO) at concentrations of 1.5 and 2 %, for 
15 min. After removing this disinfectant agent, 1 mL of 
autoclaved distilled water was added to each tube to rinse 
the spores, and they were then centrifuged for 3 min at 3,000 
rpm. Th e washing and centrifuging stages were repeated 
four times.  

In a horizontal laminar fl ow chamber, spores were 
sown in 200 mL-glass fl asks (10 mg/fl ask), containing 
30 mL of Meyer liquid medium (Meyer et al. 1955), with 
pH adjusted to 5.0 prior to sterilization in autoclave, and 
then supplemented with one of the following antimicrobial 
agents: 50,000 U mL-1 of nystatin (Sigma-Aldrich) and 
0.5 g L-1 of actidione (Fluka, Sigma-Aldrich), according to 
the methodology adapted from Vargas & Droste (2014). 
Th ree repetitions were prepared for each combination of 
NaClO concentration (1.5 and 2 %) and antimicrobial agent 
(nystatin and actidione) totaling 12 fl asks. Th e cultures 
were kept at 26±1 ºC, with a photoperiod of 12 h of light 
and luminosity of 70 µmol m-2 s-1. 

After 30 days of cultivation, a qualitative analysis 
was conducted to check for fungi and/or bacteria, and 
a quantitative analysis was conducted to assess spore 
germination and gametophytic development. A microscopy 
slide was prepared for each fl ask. Th e fi rst 100 specimens 
viewed per slide with a binocular optical microscope (Nikon, 
Eclipse E200) at 400 times magnifi cation were classifi ed as 
germinated or not germinated spores. Th e criterion adopted 
to defi ne germination was the emergence of a chlorocyte or 
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rhizoid (Ranal 1999). Laminar and cordiform gametophytes, 
representing the two more advanced development stages, 
were identified according to Rechenmacher et al. (2010) 
and counted. 

Experiment II: Eppendorf tubes were prepared 
with 100 mg of C. phalerata spores that had undergone 
surface sterilization with different sodium hypochlorite 
concentrations and exposure times. These treatments were 
as follows: 2 % NaClO for 20 min, 2 % NaClO for 25 min 
and 2.5 % NaClO for 15 min. The processes of washing and 
sowing the spores were as described for Experiment I, but for 
Experiment II, only the culture medium supplemented with 
50,000 U mL-1 of nystatin was used. Ten repetitions were 
prepared for each NaClO concentration/surface sterilization 
time, totaling 30 flasks, which were then cultivated as 
described for Experiment I. Contamination, germination 
of spores and gametophytic development were assessed after 
30 days of in vitro cultivation, following the methodology 
described for Experiment I.

Assessment of the influence of abiotic conditions on 
spore germination and gametophyte development 

In order to assess germination of spores and 
gametophytic development in different pH conditions in 
vitro, culture media were tested at pHs 4, 5, 6 and 7. Spores 
underwent surface sterilization with 2.5 % NaClO for 15 
min, based on the results of Experiment II. Spores were sown 
in a horizontal laminar flow chamber, with 10 mg samples 
distributed into 200 mL-glass flasks containing 30 mL of 
Meyer liquid medium previously sterilized in an autoclave 
and supplemented with nystatin (50,000 U mL-1), based 
on the results of the surface sterilization experiments. For 
each pH, three repetitions were prepared, totaling 12 flasks. 
These cultures were kept under controlled conditions and 
the ontogenetic development was analyzed at seven, 30 
and 60 days of cultivation, using the same methodology 
described for Experiment I.

The influence of temperature on germination of spores 
and development of gametophytes was tested using the 
following treatments: 10, 15, 20, 25 and 30 °C. For this 
experiment, spores were subjected to surface sterilization 
with 2.5 % NaClO for 15 min, sown in Meyer liquid medium 
supplemented with nystatin (50,000 U mL-1) and with 
pH adjusted to 5.0, based on the results of the previous 
experiment. Three repetitions were prepared for each 
temperature, totaling 15 flasks. These cultures were kept 
in a germination chamber under the same conditions of 
light intensity as those used for the previous experiment. 
Germination and gametophytic development were assessed 
after seven, 30 and 60 days of cultivation using the same 
methodology described for Experiment I.

The effects of photoperiod on germination of spores 
and initial development of gametophytes were tested using 
the following photoperiods: 0 (24 h darkness), 6, 12, 18 

and 24 hours of light. The pH of the Meyer liquid medium 
and the temperature used for cultivation were chosen 
based on the results of the previous experiments. Three 
repetitions were prepared for each treatment, totaling 15 
flasks. Germination and gametophytic development were 
assessed after seven, 30 and 60 days, using the methodology 
described for Experiment I. 

Abiotic conditions in the environment of occurrence 
of the donor plants: pH of the soil, temperature and 
photoperiod

 
The pH was tested in samples of soil from the site where 

the plants from which spores had been collected occur. 
Samples from a depth of 20 cm had been taken at three 
points chosen at random next to individuals of C. phalerata. 
The pH tests employed the methodology described by 
Silva (2009). Temperature data for this environment were 
measured using a mobile weather station (Davis Vantage 
PRO 2 VP USB NS), located within the municipality of Caraá, 
7.5 km (in a straight line) from the site where the individuals 
of C. phalerata occur (29°44’15.88’’S; 50°21’34.52’’W, 375 m 
altitude). Data on photoperiod in the natural environment 
were obtained from Brazil’s National Observatory for the 
municipality of Porto Alegre (ON 2015).

Statistical analysis

The Shapiro-Wilk test was used to test for the normality 
of data, which were assessed using the analysis of variance 
(ANOVA). Differences between means were analyzed by 
using the Duncan test with 5 % probability. The statistical 
program employed was SPSS 22.

Results

Establishment of ideal conditions for spore surface 
sterilization

In Experiment I, treatments with 1.5 and 2 % NaClO and 
nystatin resulted in 90.33 and 91.67 % of spores germinated, 
respectively, and were both significantly different from the 
treatment with 2 % NaClO and actidione, in which 82.33 % 
of the spores had germinated after 30 days of cultivation. 
The treatment with 1.5 % NaClO and actidione resulted in 
an intermediate percentage of spores germinated (Fig. 1). 
Analysis of gametophytic development revealed a similar 
situation. The treatments with 1.5 and 2 % NaClO and 
nystatin resulted, respectively, in 72.67 and 77.33 % of 
laminar gametophytes (the most advanced gametophytic 
stage observed in this experiment), significantly differing 
from treatments with actidione, to the extent that the 
treatment with 2 % NaClO and actidione exhibited just 
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8.67 % of gametophytes at this stage (Fig. 1). The difference 
between the percentage of germinated spores and the 
percentage of laminar gametophytes are due to the existence 
of gametophytes at earlier stages of development, not 
recorded. Contamination by fungi was detected in all of 
the flasks from Experiment I.

All treatments tested in Experiment II were effective 
in terms of surface sterilization, since there was no 
contamination of the culture medium by fungi or bacteria. 
In terms of germination, it was observed that the treatment 
with 2.5 % NaClO for 15 min exhibited 88.10 % of spores 
germinated and was significantly different from the treatment 
with 2 % NaClO for 25 min (83.10 %), whereas the treatment 
with 2 % NaClO for 20 min exhibited an intermediate value. 
With regard to the presence of laminar gametophytes, no 
significant differences were observed between treatments, 
but the highest percentage was observed in the treatment 
with 2.5 % NaClO for 15 min (Fig. 2). 

Assessment of the influence of abiotic conditions on 
spore germination and gametophyte development 

The pH of the culture medium influenced the 
germination of spores and development of gametophytes 
of C. phalerata. The first analysis was conducted after seven 
days of cultivation and it was observed that no spores had 
germinated in the pH 7 treatment, whereas in all the other 
pHs from 18 to 25 % of spores had germinated. The cultures 

with pH adjusted to 5 exhibited the highest percentage of 
germination, which was significantly different from the 
percentage germination in pH 6 (Tab. 1).

After 30 days of cultivation, it was observed that 
treatments with pH adjusted to 4, 5 and 6 exhibited, 
respectively, 70.33, 75.00 and 75.33 % of spores germinated, 
significantly differing from pH 7. The medium adjusted to 
pH 6 exhibited 65 % of laminar gametophytes and this value 
was significantly higher than in the other treatments. The 
cultures adjusted to pH 7 continued to exhibit the lowest 
percentage of laminar gametophytes (Tab. 1). After 60 
days of cultivation, the culture media adjusted to pHs 4, 
5 and 6 did not significantly differ from one another, but 
it was observed that pH 5 had the highest percentage of 
germinated spores. The cultures with medium adjusted to 
pH 7 continued to exhibit significantly lower proportions 
of germinated spores. The profiles of gametophytic 
development were similar to those for germination of spores 
at this point in the experiment. The culture media adjusted 
to pH 5 and 6 exhibited 77.67 and 76.33 % of laminar 
gametophytes and was significantly different from those 
at pH 4 and 7. At this time, from 7 to 9 % of cordiform 
gametophytes could also be observed in media with pH 4, 
5 and 6 (Tab. 1).

The tests for the influence of temperature on the 
initial ontogenetic development of C. phalerata showed 
that the cultures maintained at 10 and 15 ºC exhibited 
zero germination during the period of analysis. The other 
temperatures tested had different influences on germination 

Figure 1. Influence of different concentrations of sodium hypochlorite (NaClO) and addition of actidione or nystatin to the culture 
medium on the percentages (mean ± standard deviation) of spores germinated and on gametophytic development of Cyathea phalerata 
after 30 days of cultivation. (A) 1.5 % NaClO/actidione; (B) 2 % NaClO/actidione; (C) 1.5 % NaClO/nystatin; (D) 2 % NaClO/nystatin. 
Same letters above columns of the same color indicate that data are not significantly different from each other, according to the Duncan 
test at 5 % probability. Black columns indicate the total percentage of germinated spores; gray columns indicate the percentage of 
laminar spores. Bar = standard deviation.
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Figure 2. Influence of different concentrations of sodium hypochlorite (NaClO) and exposure times on percentages (mean ± standard 
deviation) of spores germinated and on gametophytic development of Cyathea phalerata after 30 days of cultivation. (A) 2 % NaClO for 
20 min/nystatin; (B) 2 % NaClO for 25 min/nystatin; (C) 2.5 % NaClO for 15 min/nystatin. Same letters above columns of the same 
color indicate that data are not significantly different from each other, according to the Duncan test at 5 % probability. Black columns 
indicate the total percentage of germinated spores; gray columns indicate the percentage of laminar spores. Bar = standard deviation. 

Table 1. Percentage (mean ± standard deviation) germination and gametophytic development of Cyathea phalerata cultivated in 
culture media with different pHs. Same letters in the line indicate that data are not significantly different from each other according 
to the Duncan test, at 5 % probability. GS: germinated spores; LG: laminar gametophytes: CG: cordiform gametophytes.

Days Stage
pH

4 5 6 7 F p
7 GS 23.00±5.00 ab 25.33±2.08 a 18.33±3.21 b 0.00±0.00 c 39.91 <0.001

30  GS 70.33±0.58 a 75.00±2.65 a 75.33±3.21 a 25.33±4.62 b 180.48 <0.001

LG 50.33±6.03 b 57.00±4.36 b 65.00±2.65 a 6.67±0.58 c 130.32 <0.001

60 GS 84.33±3.05 a 90.33±2.08 a 89.67±4.51 a 37.33±10.26 b 56.14 <0.001

LG 63.00±3.47 b 77.67±1.15 a 76.33±5.51 a 31.00±5.57 c 75.69 <0.001

CG 9.67±3.78 a 9.67±2.31 a 7.67±2.08 a 0.00±0.00 b 10.57 0.004

and after seven days of cultivation the cultures maintained 
at 25 ºC exhibited 22 % of spores germinated, significantly 
differing from the other treatments (Tab. 2).

After 30 days of cultivation, the cultures maintained at 
25 ºC exhibited 64.67 % of spores germinated, which was a 
significantly superior percentage to those observed in the 
other treatments. The lowest germination percentage was 
observed in cultures maintained at 30 ºC. The most advanced 
stage observed at this time was laminar gametophytes, 
and these were only observed in cultures maintained at 
temperatures from 20 to 30 ºC. However, just 3.67 % 
of individuals were at this stage in the 30 ºC treatment, 
whereas the 20 ºC cultures exhibited 20.33 % and the 25 ºC 
treatments had 47.67 % of laminar gametophytes, with 
significant differences between these treatments (Tab. 2).

After 60 days of cultivation, 83.33 % of germinated 
spores were observed in the cultures maintained at 25 ºC, 

62.67 % were observed in cultures at 20 ºC and just 47.33 % 
of spores maintained at 30 ºC had germinated, which 
were significant different. Gametophytic development 
also exhibited significant difference between these three 
treatments (Tab. 2). 

The C. phalerata spores were unable to germinate 
in the absence of light, indicating that the species is 
positively photoblastic. However, germination of spores 
and development of gametophytes were observed in all 
treatments exposed to light, irrespective of the exposure 
time or light intensity. After seven days, it was observed that 
7 % of the spores in cultures exposed to 12 h of light per 
day had germinated, significantly differing from treatments 
with other photoperiods (Tab. 3).  

After 30 days of cultivation, the cultures exposed to a 
12 h photoperiod still exhibited the highest germination 
percentage, differing significantly from the cultures with 6 
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and 24 h of light per day. Cultures with an 18 h photoperiod 
exhibited an intermediate germination percentage. The 
lowest proportion of laminar gametophytes was observed 
in cultures with a 24 h photoperiod, differing significantly 
from the percentages resulting from exposure to 6, 12 and 
18 h of light per day (Tab. 3).

The analysis of germination after 60 days of cultivation 
revealed that the 6 and 18 h photoperiod treatments had 
78.33 and 80.67 % of spores germinated, notably differing 
from the percentages in treatments exposed to 12 h and 24 
h of light per day. The analysis of gametophytic development 
showed that cultures exposed to 6, 12 and 18 h of light per 
day had from 56 to 60 % of laminar gametophytes, which 
was significantly different from the values in the treatment 
with 24 h of light per day. A statistical difference was also 
detected in an analysis of the proportion of cordiform 
gametophytes, since the treatments with 6, 12 and 18 h 
photoperiods had all approximately 15 % of individuals at 
this stage, whereas the 24 h treatment had just 8.67 % of 
cordiforms (Tab. 3).

Abiotic conditions in the environment of occurrence 
of the donor plants: pH of the soil, temperature and 
photoperiod

The soil analysis revealed that the pH at the site 
where the plants from which spores had been collected 
occur is acidic, since the mean pH recorded was 5.8. In 
this environment, the maximum temperature observed 

during 2014 was 24.6 ºC and the minimum temperature 
was 15.6 °C (Fig. 3). According to data from the National 
Observatory, the shortest mean photoperiod recorded in 
the Porto Alegre area in 2014 was 10.24 h of light, during 
the winter, and the longest photoperiod was 14.05 h of 
light in the summer (Fig. 3). 

Discussion
The target for in vitro cultivation is to maintain cultures 

under conditions as close as possible to those in the natural 
environment. In view of this, it would be interesting to 
conduct the process without performing surface sterilization 
of the biological material, but after the spores have been 
sown they tend to become contaminated, preventing the 
assessment of gametophytic development. One example of 
this can be found in a study using Platycerium bifurcatum 
(Polypodiaceae) (Camloh 1999), in which the spores did 
not undergo surface sterilization and contamination of the 
cultures was observed within the first 10 days of in vitro 
cultivation. Spore sterilization can result in a reduction in 
their capacity for germination (Simabukuro et al. 1998; Cox 
et al. 2003), which is why an assessment of each species’ 
tolerance is necessary. In the present study, germination 
of C. phalerata spores was not compromised by surface 
sterilization in sodium hypochlorite, remaining greater 
than 80% in both experiments, although the sterilization 
process was not entirely effective for the elimination of 
fungi in Experiment I. This high germination rate may be 

Table 2. Percentage (mean ± standard deviation) germination and gametophytic development of Cyathea phalerata cultivated at 
different temperatures. Same letters in the line indicate that data are not significantly different from each other according to the 
Duncan test, at 5 % probability.  GS: germinated spores; LG: laminar gametophytes; CG: cordiform gametophytes.

Days Stage
Temperature

F p
10 °C 15 °C 20 °C 25 °C 30 °C

7 GS 0.00 c 0.00 c 1.00±1.00 b 22.00±2.45 a 12.33±3.78 b 65.05 <0.001
30 GS 0.00 d 0.00 d 50.00±4.36 b 64.67±1.15 a 33.00±27.15 c 282.05 <0.001

LG 0.00 d 0.00 d 20.33±2.08 b 47.67±2.08 a 3.67±2.08 c 482.24 <0.001
60 GS 0.00 d 0.00 d 62.67±2.08 b 83.33±3.79 a 47.33±1.53 c 1006.51 <0.001

LG 0.00 d 0.00 d 34.67±1.53 b 67.67±4.93 a 13.33±3.05 c 341.93 <0.001
CG 0.00 c 0.00 c 4.00±1.73 b 8.00±1.73 a 0.00±0.00 c 32.00 <0.001

Table 3. Percentage (mean ± standard deviation) germination and gametophytic development of Cyathea phalerata cultivated with 
different photoperiods. Same letters in the line indicate that data are not significantly different from each other according to the 
Duncan test, at 5 % probability. GS: germinated spores; LG: laminar gametophytes; CG: cordiform gametophytes.

Days Stage
Photoperiod

F p
0 h 6 h 12 h 18 h 24 h

7 GS 0.00±0.00 b 1.33±1.53 b 7.00±1.00 a 1.00±1.73 b 0.67±1.15 b 15.761 <0.001
30 GS 0.00±0.00 d 39.33±6.81 bc 53.67±7.51 a 47.00±1.73 ab 37.67±3.05 c 56.801 <0.001

LG 0.00±0.00 c 32.33±7.09 a 31.67±2.08 a 28.33±3.05 a 20.67±1.15 b 41.574 <0.001
60 GS 0.00±0.00 d 78.33±3.78 a 73.33±3.05 b 80.67±1.52 a 66.00±3.00 c 490.333 <0.001

LG 0.00±0.00 c 60.67±3.21 a 56.00±5.57 a 56.00±1.73 a 45.67±5.03 b 134.785 <0.001
CG 0.00±0.00 c 14.33±0.58 a 15.67±3.21 a 15.00±1.00 a 8.67±3.21 b 29.826 <0.001
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related to the fact that in addition to acting as agents of 
disinfection, hypochlorites can also be used to stimulate 
germination, because they have the capacity to stimulate 
α-amylase activity, or, additionally, to aid with breaking 
dormancy (Kaneko & Morohashi 2003).

Vargas & Droste (2014) conducted tests to establish the 
ideal conditions for surface sterilization of C. atrovirens, 
observing 0.3 % contamination in cultures, whether 
supplemented with nystatin or with actidione. However, 
at the end of the experiment, a lower proportion of laminar 
gametophytes was not observed in cultures with actidione, 
in contrast with what was observed for C. phalerata. 
Cycloheximide, the main active ingredient of actidione, is 
an antibiotic derived from a microbial source that inhibits 
protein synthesis in eukaryotic organisms (Wettstein et al. 
1964). Inhibition is selective, with activity against most 
yeasts and fungi, but the substance is tolerated by the 
majority of bacteria (Wettstein et al. 1964; Schneider-Poetsch 
et al. 2010). Nystatin is a polyene antimicrobial produced 
by a bacterium and, due to its chemical characteristics, it 
can reduce contamination by fungi without affecting the 
development of gametophytes (Dyer 1983).

Cyathea phalerata spores that had been washed in 2 % 
NaClO for 20 and 25 min and 2.5 % NaClO for 15 min did 
not subsequently become contaminated in a culture medium 
supplemented with nystatin, an antimicrobial agent that was 
previously considered effective for reducing contamination 
in cultures of Culcita macrocarpa (Culcitaceae), Dryopteris 
aemula, D. corleyi, D. guanchica (Dryopteridaceae) and 
Woodwardia radicans (Blechnaceae), ferns threatened with 
extinction in Spain (Quintanilla et al. 2002). Simabukuro 
et al. (1998) reduced, but did not eliminate, exogenous 
contamination of C. delgadii through the sterilization 
of spores with 0.5 % NaClO for 2 min and addition of 

nystatin. Brum & Randi (2002) observed that the best 
method of decontamination with the highest percentage of 
germination for Rumohra adiantiformis (Dryopteridaceae) 
was using 15 % of a commercial NaClO solution (containing 
2 % active chlorine) for 10 min plus supplementation of the 
culture medium with Benomil (Benlate®). Sterilization of 
spores using NaClO combined with the addition of Benlate® 
to the culture medium has been successfully employed for 
in vitro cultivation of fern species (Brum & Randi 2002; 
Viviani & Randi 2008; Santos et al. 2010). However, it has 
been illegal to sell this fungicide in Brazil since 2001.

The highest percentages of C. phalerata spore germination 
and greatest proportions of laminar gametophytes observed 
when media with acidic pHs were used may reflect the 
preferential conditions for the plants to establish themselves 
in their natural habitat. The level of acidity measured in 
the soil where the species grows naturally was equivalent 
to the pH values of the treatments that best promoted 
gametophytic development in vitro. This preference exhibited 
by C. phalerata is in agreement with findings showing 
that many fern species present greatest germination and 
development in substrates with acidic to neutral pHs (Miller 
1968; Raghavan 1980). 

Studies undertaken with two other species of the Cyathea 
genus that also occur in the state of Rio Grande do Sul, C. 
atrovirens (Rechenmacher et al. 2010) and C. corcovadensis 
(Medeiros et al. 2016), also reported significantly higher 
germination percentages and proportions of laminar 
gametophytes in cultures with pHs from 4 to 6.5 than 
in cultures at pH 7. Herbaceous fern species also exhibit 
elevated germination rates in acidic pHs, including 
Ophioglossum palmatum (Ophioglossaceae) (Whittier & 
Moyroud 1993), Cheilanthes feei (Pteridaceae) (Nondorf 

Figure 3. Mean monthly temperatures and photoperiods for 2014, respectively, in the region of the study area and in the municipality 
of Porto Alegre, in Rio Grande do Sul, Brazil.
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et al. 2003), Polypodium lepidopteris (Polypodiaceae) and 
Gleichenella pectinata (Gleicheniaceae) (Viviani & Randi 
2008; Santos et al. 2010). Notwithstanding, some species 
of ferns exhibit low germination percentages or are even 
incapable of germinating in highly acidic substrates (Hevly 
1963), like Anemia mexicana and A. phyllitidis (Schizaeaceae) 
(Nester & Coolbaugh 1986).

Similarly to C. phalerata, germination of other 
Cyatheaceae is higher at median temperatures. Cyathea 
corcovadensis spores kept at different temperatures ranging 
from 23 to 29 ºC exhibited germination percentages that 
did not significantly differ from each other, and the highest 
value (95 %) was observed at 23 ºC. In contrast, at 32 ºC 
only 5.7 % of the spores germinated (Medeiros et al. 2016). 
Cyathea fulva, Nephelea mexicana, Trichipteris bicrenata and T. 
scabriuscula exhibited partially inhibited spore germination 
at temperatures above 25 ºC (Pérez-García & Ribas 1982). 
The negative interference that high temperatures have on 
germination of the spores is possibly due to the inhibition of 
the synthesis of proteins involved in the spore germination 
process, as a result of the decoupling of far-red phytochrome 
(Haupt 1991). However, spores from C. atrovirens exhibited 
germination percentages from 84 to 99 % at 20 to 32 ºC and 
even at 15 ºC, 43 % of spores germinated, demonstrating the 
species’ plasticity to the temperatures of the environments 
in which the species occurs (Marcon et al. 2015).

Similarly to the germination of spores, the development 
of gametophytes of the Cyatheaceae species is also 
stimulated at median temperatures. Medeiros et al. (2016) 
observed, after 31 days of cultivation, percentages of laminar 
and cordiform gametophytes of C. corcovadensis at 26 ºC 
(62 % and 1 %, respectively), comparable to those for C. 
phalerata, indicating that this temperature stimulates the 
gametophytic development velocity of this species. Marcon 
et al. (2015) observed from 61 to 73 % of C. atrovirens 
laminar gametophytes at different temperatures ranging 
from 20 to 29 ºC, significantly differing from the results at 
32 ºC (1 %) and at 15 ºC, temperature at which there were 
no laminar gametophytes. At temperatures of 23 and 26 ºC, 
the aforementioned authors observed 2 % and 0.25 % 
of cordiform gametophytes respectively after 28 days of 
cultivation. 

Cyathea phalerata gametophytes exhibited the greatest 
development at 25 ºC, with double the number of laminar and 
cordiform gametophytes at this temperature than at 20 ºC. 
 A tendency was observed for arborescent fern species that 
occur in the state of Rio Grande do Sul to produce spores 
during the hottest months with the longest days. Studies on 
the phenology of Dicksonia sellowiana (Schmitt et al. 2009), 
C. atrovirens (Schmitt & Windisch 2012) and C. corcovadensis 
(Neumann et al. 2014) found that the production of fertile 
leaves was related to an increase in the temperature and 
photoperiod. The fertile leaves obtained from the natural 
environment in which C. phalerata occurs were collected 
during the months under these conditions. 

The germination result observed at the temperature 
range tested contributes to explain the restricted 
occurrence of C. phalerata until the 30º S parallel of Rio 
Grande do Sul (Gonzatti et al. 2016).  At further south 
latitudes, the reduction in precipitation and temperature, 
as well as the increase in cold days, associated with frost 
events (Waechter 1990), may be associated with the 
reduction in the germination capacity in the natural 
environment. 

Cyathea phalerata is positively photoblastic, since 
its spores did not germinate in the dark, corroborating 
statements made by Miller (1968) and by Esteves & 
Felippe (1985), who claim that few fern species are able 
to germinate in the absence of light. Four of the species 
of Cyatheaceae that occur in the state of Rio Grande do 
Sul were evaluated for this characteristic and all were 
found to be positively photoblastic (Marcondes-Ferreira 
& Felippe 1984; Azevedo et al. 2008; Marcon et al. 2015; 
Medeiros et al. 2016). This need for light to initiate the 
germination process indicates that spores exposed on the 
surface of the ground can germinate, as described for C. 
atrovirens and Alsophila setosa (Cyatheaceae) (Azevedo 
et al. 2008). 

All the C. phalerata cultures exposed to light exhibited 
germination and gametophytic development, irrespective 
of the number of hours, as similarly observed for C. 
corcovadensis (Medeiros et al. 2016) and C. atrovirens 
(Marcon et al. 2015). Notwithstanding, for all three of these 
Cyatheaceae species, the lowest means for germination of 
spores and for proportion of laminar gametophytes were 
observed in cultures exposed to light 24 hours per day, 
which may be because of a need for alternation between 
periods with and without light, as it happens in the natural 
environment. The photoperiod conditions in the natural 
habitat in southern Brazil coincide with the conditions 
in which the optimal values of germination and initial 
development of the species were recorded in the controlled 
environment.

Fern spores are dispersed to long distances by the wind 
(Esteves 2013). Nevertheless, the restricted occurrence of 
C. phalerata in Rio Grande do Sul may be related to the fact 
that spores cannot find an ideal combination of temperature, 
pH and photoperiod in the natural environment, such as 
those determined in the laboratory.  
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