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ABSTRACT

Actinocephalus polyanthus (bong.) Sano (Eriocaulaceae)
is an everlasting endemic endemic to Brazil with great
potential for use in landscaping and as a cut flower on
the national and international markets. In order to ensure
that its use as an ornamental plant does not jeopardise
populations of the species in areas of natural occurrence,
as well as to avoid predatory extraction, the development
of protocols for its propagation is extremely important.
However, no protocol for the in vitro propagation of Acti-
nocephalus polyanthus has been reported in the literature.
The aim of this study was to establish a protocol for the
germination, seedling development and acclimatization
of 4. polyanthus. The use of Wood plant medium culture
medium at concentrations of 75 and 100% proved to be
the most effective for germinating the seeds, but it was
not the best medium for growing the seedlings, given that
for the growth phase the medium was MS at the highest
concentrations, also 75 and 100% salt concentrations, for
acclimatization the use of a shading screen proved to be
the most effective and the use of washed sand or carolina
soil were the best substrates.

Keywords: domestication, in vitro establishment, propa-

gation, everlasting flower.
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INTRODUCTION

Brazil has the greatest plant biodiversity in the world,
representing 17% of all terrestrial flora. Many of these spe-
cies are ecologically important for biodiversity conserva-
tion, while others are of economic and socio-environmental
importance, such as the evergreens of the Eriocaulaceae
family. However, the propagation and cultivation of these
species is considered a major challenge, as there are no
established protocols for the propagation of most of them."

Actinocephalus polyanthus (Bong.) Sano is an orna-
mental species endemic to Brazil, found in the states of
Bahia, Goias, Minas Gerais, Rio de Janeiro, Sdo Paulo,
Parand, Rio Grande do Sul and Santa Catarina.** The
flower stems of this plant can be preserved for several years
without the need for preservative solutions, a characteristic
that is highly valued in the cut flower market.®) However,
the trade in this species is almost entirely based on predato-
ry wild harvesting, which can lead to genetic erosion and a
reduction in natural populations.® In Parana, the harvesting
of wild plants for commercial purposes has been reported
since 1976.7

In addition to its ornamental value, A. polyanthus plays
an important ecological role, having interaction for at least
152 species of invertebrates, and is one of the most wide-
spread Eriocaulaceae species.®?

In Brazil, micropropagation has proven to be a
viable biotechnological strategy for the production and
conservation of rare and endangered species, such as the
"everlastings". Notable species studied include Coman-
thera mucugensis subsp. Mucugensis,"*'" Syngonanthus
elegantulus,"? Syngonanthus elegans (Bong.) Ruhland,®
Actinocephalus bongardii (A. St.-Hil.) Sano,"® Coman-
thera curralensis Moldenke® and Paepalanthus chiquiten-
sis Herzog.(V However, there are no reports in the literature
on the in vitro propagation of A. polyanthus.

In vitro establishment is the first step in developing
a micropropagation protocol for a species and can be
carried out using various plant parts. In this study, seeds
were chosen as the propagule type because they allow the
maintenance of genetic variability and avoid the removal of
individuals from their natural environment.!¥

Identifying the most suitable culture medium and the
ideal salt concentrations for rapid and uniform seedling
development in vitro is essential for production."® In ad-
dition, selection of the best substrate and lighting is crucial

for seedling survival during transfer from the laboratory to

the greenhouse, a process known as acclimatization.'®
The aim of this study was therefore to develop a proto-
col for the in vitro propagation of A. polyanthus, to identify
the most suitable culture medium and its optimum concen-
tration for germination and initial growth, and to determine
the most suitable lighting and substrate for acclimatization
in the greenhouse. This is the first report in the literature on

the propagation of this species.
MATERIAL AND METHODS

Collection of inflorescences, processing of dias-
pores and batch caracterization

Flower stalks were collected from five mother plants
of A. polyanthus in April 2022 at Morro da Pedra Branca,
Serra do Cadeado, Ortigueira-PR, Brazil (figure 1a). The
physiological maturity of the fruit was characterized by
the detachment of the petiole of the floral chapter from the
umbel.

After collecting the material, the inflorescences were
taken to the plant tissue culture laboratory at the Agricul-
tural Sciences Center (CCA) of the State University of
Londrina (UEL), Londrina-PR, Brazil, where they were
dried for 7 days on kraft paper at room temperature. The
chapters were stored in paper bags in a refrigerator at an
average temperature of 10 °C for 15 days. To process the
seeds, the flowerheads were rubbed with a spatula on a petri
dish (Figure 1b), then passed through a sieve with a mesh
size of 0.4 mm and, finally, the floral remains were blown
off with a De Leo© electric blower, with an opening of 2°
(Figure 1c). After this process, to increase purity, the seeds
were manually separated under a sterioscopic microscope
(Figure 1d and e).

To characterize the batch, two replicates containing 100
seeds were dried in a forced circulation oven at 102 °C for
17 hours, as recommended in the RAS for small seeds, and
their water content was obtained. To obtain the viability of
the batch, a tetrazolium test was carried out on 4 replicates
of 50 seeds, in which they were soaked for 16 hours at 30
°C. After this process, they were cut on the longitudinal axis
in the median portion and placed to stain in 0.075% tetra-
zolium salt for 4 hours.!'” Viable seeds were those with a
red colored embryo, as shown in figure 1f. The seed sample
used had a water content of 63%; seed viability, measured
by the tetrazolium test, was 92%; and the germination rate
was 89%.
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Figure 1. (a) Flower stem of Actinocephalus polyanthus (Bong.) Sano. (b). Beginning of seed processing of Actinocephalus polyanthus
(Bong.) Sano, (c) flower heads after rubbing, sieving and blowing. (d) Flower heads after rubbing, sifting and blowing as seen under
a stereoscopic microscope. (¢) Fully processed seed after removal of impurities. (f) Viable seed of Actinocephalus polyanthus (Bong.)
Sano. cut along the longitudinal axis showing a reddish embryo after the tetrazolium test, indicating a viable seed.

Culture medium and growing conditions

For both the seed germination experiment and the
initial growth experiment, nine culture media were tested:
(a) medium containing only deionized water, (b) Wood
Plant Medium (WPM),"® (c) modified WPM with 75%
of the concentrations, (d) modified WPM with 50% of
the concentrations, (¢) modified WPM with 25% of the
concentrations, (f) Murashige and Skoog (MS),!” (g) MS
modified with 75% of the concentrations, (h) MS modified
with 50% of the concentrations, (i) MS modified with 25%

of the concentrations. In all media, 6g L' of agar and 17g
L' of sucrose were added.® The pH of the media was
adjusted to 5.8 + 0.2 before autoclaving, which was carried
out for 20 minutes at 127 °C and a pressure of 1.5atm. The
flasks were kept in a growth room under irradiation of 47
umol m? s and a photoperiod of 16 hours of light and 8
hours of dark, at a constant temperature of 25 + 2 °C. The
A. polyanthus seeds were separated and disinfected in a
laminar flow chamber with 70% alcohol for 30 seconds,
followed by immersion in 2% sodium hypochlorite for 10

minutes, then triple washed in autoclaved deionized.

Figure 2. Acclimatization of Actinocephalus polyanthus (Bong.) Sano after 60 days of in vitro cultivation in pot 11. (b) Acclimatization
system for A. polyanthus on the day the experiment was set up, using a polyethylene bag to maintain relative humidity; (b) Experiment

set up in the greenhouse without shade.
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Experimental design and data analysis

The nine media described above were used in the ger-
mination experiment, with four replicates, each replicate
being a 250 ml glass jar containing 50 ml of each culture
medium and 50 seeds per jar (figure 3a). The number of
germinated seeds was analysed daily until stabilization
for 7 consecutive days with no new germinated seeds,
thus calculating the germinability (% GERM), the Germi-
nation Speed Index (GSI),?” the mean germination time
(MGT),®Y the first count (FC), carried out after 20 days
and determined by the number of normal seedlings (plants
with roots and aerial parts).®) Seeds with a chlorophyll
embryonic axis more than 2 mm long were considered
germinated (figure 3b). The experimental design consisted
of'a2 x5 factorial design, with the first factor being the two
formulations of culture medium used (WPM and MS) and
factor 2 being the concentrations of the media (0, 25, 50,
75 and 100). The data obtained was subjected to analysis
of homogeneity and variance (ANOVA) and the Tukey 5%
probability test.

Seedling development

In the initial growth experiment, 40-day-old seedlings
from culture medium (a) with a height of approximately 1 +
0.2 cm were inoculated into the same nine culture mediums
as mentioned above. Each treatment had 5 replicates, with
each replicate being a 250 ml flask containing 50 ml of
each culture medium with 10 plants in each flask. After
60 days of inoculating the explants, growth analyses were
carried out on the seedlings in all the treatments (figure 3c):
number of leaves (NF), aerial part length (APL), length of

the largest leaf (LLL), number of live leaves (NLL), rosette
diameter (RD), length of the largest root (LLR) and number
of roots (NR). Size data was taken using a digital caliper
with a precision of 0.001 cm. The experimental design
consisted of a 2 x 5 double factorial, with the first factor
being the two formulations of culture medium used (WPM
and MS) and factor 2 being the concentrations of the media
(0, 25,50, 75 and 100). The data obtained was subjected to
analysis of variance and the means were compared using
Tukey's test at 5% probability. When the concentrations
differed, regression analysis was carried out.

Acclimatization

A. polyanthus seedlings grown in vitro for 60 days on MS
medium with 100% salt concentrations were transferred to
plastic pots with 430ml of volume. To do this, the seedlings
removed from the jars were washed in deionized water to
completely remove the culture medium, taking care to keep
the roots, and then placed in 4 different substrates: medium
expanded vermiculite, Carolina Soil®, medium washed
sand and a 1:1:1 mixture of the three above, all wrapped
in transparent plastic bags to maintain internal humidity, as
can be seen in figure 2a and b.!?

These containers were then distributed in two vegeta-
tion houses with different light levels, one with a photon
irradiance of 47 pmol m? s and the other with an irradi-
ance of 250 pmol m? s!. The plastic bags were cut laterally
every 7 days until they were completely removed, which
was done at 28 days.!!

Watering was carried out twice a week by percolation
during the first 28 days, when the pots were covered with a

plastic bag to maintain humidity. After this period, with the

Figure 3. (a) 250ml flask containing 50ml of culture medium and 50 seeds per flask on the day the experiment was set up. (b) Flask
containing 50ml of culture medium and 50 germinated seeds 30 days after the experiment was set up. (c) seedling after 60 days of initial

growth in MS medium 100% of the salt concentration.
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pots fully exposed to air, irrigation was performed manu-
ally every two days. This frequency was established based
on the observation of a dry surface layer of the substrate,
approximately 2 centimeters thick.

The acclimatization experiment consisted of 8 treat-
ments, four different substrates and two light intensities,
with 20 replicates per treatment, considering a pot with
one plant a replicate. The data obtained was subjected to
analysis of variance and the means were compared using
Tukey's test at 5% probability.

RESULTS AND DISCUSSION

In vitro seed germination

The %GERM was influenced by the culture medium
and the salt concentrations used. In the MS medium, the
highest concentration (100%) had a lower germination than
the others. On the other hand, the control (water agar) was
superior to the others, as can be seen in Table 1.

The %GERM can be considered high compared to
other Eriocaulaceae species. For example, Actinoceph-
alus bongardii was also more responsive to the WPM
medium, but had a germination rate of 74%, lower than
that observed in this experiment. The germination rates
of A. polyanthus analyzed in this work were also higher
than those of Syngonanthus elegantulus (61%), S. elegans
(63%) and Paepalanthus chiquitensis (82%), all from the
family Eriocaulaceae.!5!219

The observed results confirm those obtained by Pegd

et al.1? for S. elegantulus and by Albuquerque et al.©© for

Comanthera curralensis, where there was a decrease in
germination as the concentration of salts in the MS medium
increased, due to the higher concentration of osmotically
active compounds, affecting the water available to the
seeds.

GSI was influenced by the salt concentrations in the
media. In MS, only the highest concentration (100%) dif-
fered negatively, being inferior to the others. In WPM, the
highest GSI was obtained in the 75% treatment, which was
higher than the others. This index can be used to determine
the sensitivity of the seeds of a species to different concen-
trations of salts in the culture media and to identify the best
conditions for the seeds to achieve the best expression of
their physiological quality.??

MGT was also affected by salt concentrations in the
culture media, following the same pattern as GSI. In MS,
increasing concentrations had a negative effect; in WPM,
the best performance was observed at 75%. In both media,
the control treatment was statistically equal to the best
concentration.

The increase in MGT and decrease in GVI in the MS
medium may be due to the saturation of the salts present, as
the seed imbibition process may be slower with increasing
salt concentrations.?® Winhelmann et al.,®® who studied
another evergreen species, Angelonia integerrima, found
that the increased presence of mineral salts in the medium
increased MGT, which affected the germination process,
making it take longer and preventing the seeds from reach-

ing their full physiological potential.

Table 1. Germination (%), germination speed index, mean germination time (days) and first count (%) of Actinocephalus polyanthus
germinated in vitro after 38 days in two culture media (MS and WPM) at five different salt concentrations (0, 25, 50, 75 and 100%)

Salt concentration

Culture médium 0 25% 50% 75% 100%
Germination (%)
MS 81 a* 93 Aa 92 Aa 85 Ba 71 Bb
WPM 81b 91 Aa 93 Aa 95 Aa 95 Aa
Germination speed index
MS 383a 4,28 Aa 4,29 Aa 3,47 Ba 1,64 Bb
WPM 3,83b 3,98 Ab 4,19 Ab 4,62 Aa 3,92 Ab
Mean germination time (days)
MS 10,81 a 11,44 Aa 11,61 Ab 13,56 Be 19,51 Bd
WPM 10,81 a 13,33 Bb 12,58 Bb 11,79 Aa 13,81 Ab
First count (%)
MS 76 a 88 Aa 88 Aa 76 Ba 38 Bb
WPM 76 b 78 Bb 88 Aa 94 Aa 86 Ab

* Equal uppercase letters between culture media and lowercase letters between salt concentrations do not differ statistically by the Tukey test (P < 0.05).
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The pattern observed in other evergreens native to
Brazil is not followed in most of the parameters analyzed
in germination in this work, considering that the GVI in
the WPM medium was not affected, as observed by Pegd
et al.®,'? in S. elegantulus and S. elegans, respectively,
which may indicate a lower sensitivity of the species to the
variation of nutrients in this medium.

The FC also shows that in the MS medium, increas-
ing concentrations are detrimental to germination and
subsequent formation of a normal seedling, as the highest
concentration was the one with the lowest number of viable
seedlings in this medium. In contrast, the WPM medium
showed better performance, particularly at 75% and 50%
concentrations. Notably, WPM medium at 75% or 100%
salt concentration is recommended for in vitro germination
of this species. It is also worth mentioning that MS at 25%
has nearly the same ammonium and nitrate concentration
as WPM at 100%, which may explain the comparable
germination outcomes observed under these conditions.

In vitro seedling development

The MS medium with 100% salt concentration resulted
in the greatest shoot growth (APL), with an average of 4.5
cm, which was higher than the 0, 25 and 50% salt con-
centrations and statistically equal to the 75% concentration
(Table 4). The WPM medium had lower responses than the
MS medium, but followed the same pattern where increas-
ing concentrations led to greater growth of the aerial part.
The concentration with the best results for this medium was
100%, with an average of 3 cm, which was higher than the
others.

For the LLL in the MS medium, the concentrations of
50, 75 and 100 per cent were statistically superior to the
others, with the highest average (3.95 cm) being observed
in the 100 per cent concentration. For the WPM medium,
the highest LLL was also obtained at 100% salt concentra-
tion, with an average of 2.45 cm, statistically different from

the other concentrations (Table 2).

Table 2. Number of leaves (NL), Aerial part length (APL), largest leaf length (LLL), rosette diameter (RD), number of leaves (NL),
number of roots (NR), number of live leaves (NLL) and largest root length (LRL) of Actinocephalus polyanthus (Bong.) Sano seed-
lings, after 60 days of initial in vitro growth in two culture media MS and WPM and in five salt concentrations

salt concentration

culture medium 0 25% 50% 75% 100%
Number of leaves

MS 3b* 14 Aa 15 Aa 18 Aa 22 Aa

WPM 3b 13 Aa 13 Aa 13 Ba 16 Ba
Aerial part length (cm)

MS 09c¢ 2.35Ab 3.4 Ab 39Aa 4.5Aa

WPM 09c¢c 1,5 Ac 1.85Bb 2 Bb 3 Ba

Length of the largest leaf (cm)

MS 09c¢ 2 Ab 3.1Aa 3.55Aa 3.95Aa

WPM 09c¢ 1.3 Bc 1.5 Bb 1.75 Bb 2.45 Ba
Number of live leaves

MS 3¢ 9 Ab 11 Ab 10 Ab 17 Aa

WPM 3¢ 7 Ab 5 Bb 7 Bb 10 Ba
Rosette diameter (mm)

MS 12.53d 27.33 Ac 38.83 Ab 51.53 Aa 55.55 Aa

WPM 12.53d 19.16 Be 25.75 Bb 26.58 Bb 31.26Ba

Length of the largest root (cm)
MS 0.6b 2 Aa 2.45Aa 2.5Aa 1.9 Aa
WPM 0.6b 1.9 Aa 1.5Ba 2 Ba 1.5Aa
Number of roots
MS 3b 7 Aa 7 Aa 9 Aa 7 Aa
WPM 3b 6 Aa 7 Aa 9Aa 5Ba

* Equal uppercase letters between culture media and lowercase letters between salt concentrations do not differ statistically by the Tukey test (P <0.05).
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Ivanova and Staden,® in their work with Aloe poly-
phylla, reported that increasing nitrogen concentrations
is fundamental for growth parameters, a fact that was
observed in this study, where the two mediums at the
standard concentration showed the greatest growth when
compared to the other concentrations diluted in the same
culture medium. The higher levels of NH* found in the
MS medium stimulated faster plant growth. Schnitzer et
al. 2018, working with Oncidium baueri, also reported that
increasing nitrogen concentrations is essential for better
plant growth performance.®

The RD was also influenced by the salt concentrations.
The MS medium once again proved to be more effective,
with the best result obtained at a concentration of 100%,
with an average of 55.55 mm, which was higher than
the concentrations of 0, 25 and 50%. The WPM medium
followed the same pattern as both media so far in all the
growth characteristics, where with increasing salt concen-
trations there was greater development of the characteristic
being analyzed. The 100 per cent concentration in the WPM
medium showed the best results, with an average of 31.26
mm, higher than the 0, 25 and 50 per cent concentrations.

The parameters number of roots (NR), length of the
largest root (LLL) and number of leaves (NL) showed dif-
ferences when comparing the medium without added salts
with the others, with the 0% concentration being lower than
the others, 25, 50, 75 and 100%, which were statistically
equal to each other.

The number of leaves was not affected by the concentra-
tions of 25, 50, 75 and 100% in any of the media analyzed.
However, the 0% concentration was lower than the others.
However, for the parameter number of live leaves, the salt
concentrations were responsive in both culture media,

with the 100% concentration being the most effective and

'A%
lcm

‘2cm

MS 0%

MS 25% MS 50%

" -r""
\"ﬂ._,‘ 1,5 cm

statistically superior to the others.

The fact that there was no change in the number of
leaves with the increase in the concentration of salts in the
medium may indicate that the plant grows easily in less
favorable conditions, such as those found in high altitude
fields. However, the increase in the number of live leaves
(and consequent decrease in chlorotic leaves) is indicative
of improved soil nutrition, meaning that nutrients such
as nitrogen are translocated from the older leaves to the
growth of the new leaves. The death of the oldest leaves of
A. polyanthus has already been reported in the literature,
but due to the lack of experiments with the cultivation of
the species, it is not possible to say whether this is due to
its own physiology or to the lack of nutrients in the field.?”

The number of roots and the length of the largest root
were not affected by any of the concentrations in either of
the two media analyzed. In both media, the concentration
with the best performance was 75 per cent, both for the
number of roots and the length of the largest root.

The increase in salt concentrations resulted in greater
growth of the seedlings in vitro and consequently the quali-
ty of the seedlings (Figures 4 and 5), with a growth pattern
that was distinct in the S. mucugensis, S. elegantulus and S.
elegans species, in which the WPM medium proved to be
more effective.

In this study, the species showed greater growth on
100% MS medium, which shows that despite coming from
an environment with sandy soils and low fertility, the plant
is able to adapt well to laboratory conditions and assimilate

the nutrients present in the culture medium

Acclimatization

30 days after the plants were acclimatized in a green-
house with and without shade and different substrates, the

survival rate was measured and is shown in Table 3.

‘ 2 cm

MS 75% MS 100%

Figure 4. Actinocephalus polyanthus (Bong.) Sano seedlings after 60 days of in vitro growth in five culture media: MS 0%, MS 25%,

MS 50%, MS 75% and MS 100% salt concentrations.

Rev. Ceres, Vigosa, v. 72, 72022, 2025



Sérgio Pedro Junior et al.

y=0,875%+0,385
R? =0,9509

E
=)
T 25
o .
S 2
15 y=0,47x+0,44
1 R2=0,9321
05
0
0% 25% 50% 75% 100%
Concentragdes de sais
MS WPM  eeeeeeeee Linear (MS)  ceeseeeee Linear (WPM)
45
4 y=0,765x+0,405
RZ =0,9477
35
. 3
E 25
S22
o

y=0,355x+0,515
R?=0,9454

25%

50% 75% 100%

Concentragdes de sais

MS

Linear (MS)

Linear (WPM)

y =11,023x+4,086
R?=0,9717

E a0

E

< 30 .
0o y=4,487x+9,599
10 ‘ R? =0,9458

0% 25% 50% 75% 100%

Concentragdes de sais

MS o (PN eeeeen Linear (MS)  «++eeeee Linear (WPM)

R?=0,7538

0% 25% 50% 75% 100%

Concentragbes de sais

MS

Linear (MS)

Linear (WPM)

Figure 5. Different WPM (orange color) and MS (blue color) culture media at different salt concentrations (0, 25, 50, 75 and 100%)
on growth parameters. A) Aerial part lenght (APL). B) Rosette diameter (RD). C) Length of the largest leaf (LLL) and D) number of

live leaves (NLL).

Table 3. Percentage survival of Actinnocephalus polyanthus
(Bong.) Sano seedlings after 30 days of acclimatization in a
greenhouse in different substrates (washed sand, vermiculite, Car-
olina Soil and a 1:1:1 mixture of the three substrates mentioned
above) and two types of lighting system (50% shade and full sun)

treatments % survival
Full sun + washed sand 80% b
full sun + vermiculite 0% e
full sun + Carolina Soil 45%d
full sun + mixture 75%b
full sun + washed sand 100% a
full sun + vermiculite 50% c
full sun + Carolina Soil 95% a
full sun + mixture 100% a

In general, the half-shade treatments had the highest
survival rates. The use of 50% shade combined with the use
of washed sand or sand in a mixture as a substrate resulted
in 100% survival. In both greenhouses, vermiculite was
the worst substrate, which was also reported by Pego et al.
(2013) on S. elegantulus. The use of sand was effective in
both types of greenhouses, with 80% survival in the one
with plastic covering and 100% survival in the one with
50% shade. This may be due to the fact that the greenhouse
is located in a highland field with sandy soil.

The greenhouse with 50% shade provided a higher
survival rate, possibly due to the similarity in light intensity
between the greenhouse and the growth room, bearing in
mind that with increased luminosity it is possible that there
is an increase in evapotranspiration, due to the lower thick-
ness of the leaf cuticles, as well as non-functional stomata,
less sun, less stress.

Another factor that may have interfered with the higher
survival rate of the seedlings during acclimatization is the
fact that in the field the young plants are not fully exposed
to the sun, despite the country environment, because due to
their small size they end up being shaded by larger shrubs
and herbaceous plants. In practice, they initially grow in half
shade.” This is the first report in the literature of a protocol
involved in the production process of A. polyanthus, and
the information in this article on the in vitro establishment
of this species could contribute to the domestication and

introduction of this beautiful native plant onto the market.

CONCLUSION
The use of WPM medium with 75% or 100% salt con-

centration is recommended for in vitro seed germination,
while MS medium with 75 or 100% salt concentration is

recommended for initial growth. For the acclimatisation
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phase, a greenhouse with 50% shade and a substrate of
washed sand or a mixture of sand with vermiculite and

Carolina Soil® is recommended.
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