Brazilian Journal of Biology https://doi.org/10.1590/1519-6984.215276
ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

{e) ETR

Original Article

Conservation of Vriesea flammea L.B.Sm., an endemic
Brazilian bromeliad: effects of nutrients and carbon
source on plant development

M. H. Sasamori“* ©©, D. Endres-Junior® (© and A. Droste*

“Laboratério de Biotecnologia Vegetal, Programa de Pos-graduagdo em Qualidade Ambiental, Universidade Feevale,
ERS-239, 2755, CEP 93525-075, Novo Hamburgo, RS, Brasil

*e-mail: marciosasamori@feevale.br

Received: October 11, 2018 — Accepted: February 14, 2019 — Distributed: May 31, 2020
(With 2 figures)

Abstract

Bromeliaceae is restricted to the Neotropical region and has a high degree of endemism, which contributes to
increased biodiversity because of the diverse morphological characteristics of individuals. In order to develop an
in vitro conservation technology to obtain plants for reintroduction, seeds of Vriesea flammea L.B.Sm. were collected,
sterilized and germinated in culture medium. The plants obtained were cultured for 180 days in MS medium with
different concentrations of mineral nutrients (25 and 50% of nitrogenous salts and macronutrients), and different
concentrations of sucrose (20, 30, 40, 50 and 60 g L"), and then acclimatized for 150 days on commercial substrate.
When seeds were sterilized directly, only 4% of them were contaminated, whereas sterilization of capsules resulted
in 43.6% contaminated seeds. Germination rates above 80% were recorded. Low concentrations of nitrogenous salts
and macronutrients produced greater than 76% survival and promoted greater in vitro plant development than the
complete MS medium. The development of the aerial system, root system, fresh mass and photosynthetic pigments
were positively related to sucrose concentration in vitro. The highest sucrose concentration also indirectly promoted
greater development of the aerial system and fresh mass of acclimatized plants. We established conditions for in vitro
cultivation and acclimatization for efficient propagation of V. flammea with a view towards conservation of the species
or reestablishment of natural populations.
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Conservacao de Vriesea flammea 1L..B.Sm., uma bromélia Brasileira
endémica: efeitos dos nutrientes e fonte de carbono
sobre o desenvolvimento das plantas

Resumo

Bromeliaceae ¢ restrita a regido neotropical, com alto grau de endemismo, que contribui para o aumento da
biodiversidade, devido as caracteristicas morfologicas dos individuos. Objetivando desenvolver uma tecnologia in vitro
de conservagdo para obtengdo de plantas com vistas a reintrodugdo, sementes de Vriesea flammea L.B.Sm. foram
coletadas, esterilizadas, germinadas em meio de cultura e as plantas obtidas foram cultivadas por 180 dias em meio
MS com diferentes concentragdes de nutrientes minerais (25 e 50% dos sais nitrogenados e dos macronutrientes), bem
como em diferentes concentragdes de sacarose (20, 30, 40, 50 e 60 g L'). Apos, as plantas foram aclimatizadas por 150
dias em substrato comercial. Quando da esterilizagdo das sementes, apenas 4% destas contaminaram. Por sua vez, a
esterilizacao de capsulas resultou em 43,6% de sementes contaminadas. Taxas de germinacao superiores a 80% foram
registradas. Baixas concentragdes dos sais nitrogenados e de macronutrientes proporcionaram sobrevivéncia superior
a 76% e promoveram maior desenvolvimento das plantas in vitro do que o meio MS completo. O desenvolvimento do
sistema aéreo, radicular, a massa fresca e pigmentos fotossintéticos apresentaram relagio positiva com a concentragdo de
sacarose in vitro. A maior concentracdo de sacarose também propiciou indiretamente maior desenvolvimento do sistema
aéreo e massa fresca das plantas aclimatizadas. Estabelecemos as condi¢des de cultivo in vitro e aclimatizagdo para a
eficiente propagac¢do de V. flammea com vistas a conservagao da espécie ou reestabelecimento das populagdes naturais.

Palavras-chave: Floresta Atlantica, Bromeliaceae, tecnologia de conservagéo, micropropagagao.

Braz. J. Biol., 2020, vol. 80, no. 2 pp.437-448 437


https://orcid.org/0000-0003-4381-6301
https://orcid.org/0000-0002-1067-4362
https://orcid.org/0000-0001-8866-1599

Sasamori, M.H., Endres-Junior, D. and Droste, A.

1. Introduction

Bromeliaceae is one of the largest families of flowering
plants in the Neotropical region, with about 58 genera and
3,408 described species (Luther, 2014; Stevens, 2013).
The majority of bromeliads have tanks formed by the
arrangement of their leaves, which collects rainwater,
atmospheric nutrients and organic debris (Benzing, 2000;
Oliveira and Coelho Netto, 2001). Bromeliads are important
for the maintenance of forest systems (Lugo and Scatena,
1992; Oliveira, 2004), and for forming microhabitats
that contribute to the coexistence of other organisms
(Rocha et al., 1997). The family possesses four centers
of diversity corresponding to Central America, the Andes,
the Guiana Shield and the Atlantic Forest (Givnish et al.,
2011), the latter region is characterized by the presence of
epiphytic vascular plants (Kersten, 2010), among which
Bromeliaceae is one of the most abundant families with a
high degree of endemism (Martinelli et al., 2008; Martinelli
and Moraes, 2013)

About 70% of the human population of Brazil is
concentrated in the Atlantic Forest domain (Fundacao
SOS Mata Atlantica, 2018), which, through the disordered
occupation of natural environments, has contributed to
extensive degradation of the biome and extinction of
several species (Pinto et al., 2006; Fundagdo SOS Mata
Atlantica, 2018). The extractivism of native species of
bromeliads, which have high ornamental value, has also
led several species to the threat of extinction (Martinelli
and Moraes, 2013), many of which are still classified as
data deficient for evaluation.

In order to reduce anthropic pressures on natural species,
in addition to the use of in situ strategies such as the creation
of Conservation Units, ex situ conservation strategies
have been implemented, among which the use of in vitro
culture and other biotechnological tools have proven to be
effective for the propagation and conservation of species
(Benson, 1999; Decruse et al., 2003; Aggarwal et al., 2012;
Endres Junior etal., 2015; 2018). The propagation of native
plants for ornamentation can contribute to the reduction
of extractivism (Mercier and Nievola, 2003). In addition,
plants can be used for live botanical collections and/or
restoration and reintroduction programs in natural habitats
(Benson, 1999; Decruse et al., 2003; Aggarwal et al., 2012;
Endres Junior et al., 2015, 2018).

Vriesea flammea L.B.Sm. is an epiphytic bromeliad
endemic to Brazil (Forzza et al., 2018). It is small in size
(from 40 to 50 cm in height) and possesses brownish leaves
and dark purple or reddish spots (Reitz, 1983). The leaves
are arranged in a rosette, thereby forming a tank, which
is densely covered by brown scales. It is heliophytic, or
at least occurs in diffuse light, and is quite frequent on
branches with greater penetration of sunlight. In its natural
habitat, individuals resemble some species of Tillandsia
L. (Reitz, 1983). Vriesea flammea occurs in the Atlantic
Forest domain within the states of Rio Grande do Sul and
Bahia, as well as the state of Pernambuco (Gomes-da-Silva
and Costa, 2011; Forzza et al., 2018), but there is little
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scientific information on its biology and ecology in the
specialized literature (Reitz, 1983; Machado and Semir,
2006; Gomes-da-Silva and Costa, 2011; Forzza et al.,
2018). In addition, there have been no reports of ex situ
propagation and conservation initiatives for V. flammea.

In order to obtain plants of Vriesea flammea for
reintroduction, the aims of the present study were to:
(a) quantify in vitro germination and determine the
effectiveness of seed sterilization methods; (b) evaluate
the influence of mineral nutrient and carbohydrate
concentrations on the survival and development of plants
grown in vitro; and (c) analyze the effect of carbohydrate
concentration on plant survival and development in ex vitro
acclimatization. It is expected that the development of plants
will be influenced by lower concentrations of nutrients
and by greater carbohydrate concentration in the medium.
Bromeliads possess physiological adaptations that optimize
the absorption and use of mineral nutrients in epiphytic
conditions (Benzing, 2000), and carbohydrates provide
metabolic energy and carbon skeletons for individuals
under the mixotrophic conditions typical of in vitro culture
(Caldas et al., 1998).

2. Material and Methods

2.1. Sterilization and seed germination

Mature capsules of Vriesea flammea were collected from
different individuals from a natural population in South
Brazil (29°24°59.84” S; 49°54°50.30” W), in the municipality
of Trés Cachoeiras, which is in the northeastern region of
the state of Rio Grande do Sul. This population occurs in
a fragment of dense humid forest. Voucher specimen was
deposited at the Herbarium Anchieta (PACA), in the city
of Sao Leopoldo, Brazil. The capsules were washed in
running water with commercial detergent, rinsed in distilled
water, taken to a laminar flow chamber, and sterilized for
30 seconds in 70% ethyl alcohol. Then, they were divided
into two groups and sterilized by one of two different
methods: (I) external sterilization of the capsules, and
(IT) sterilization of the seeds. In the first methodology (1),
the capsules were submerged in 4% sodium hypochlorite
plus 0.1% Tween® 20 detergent for 15 minutes. Afterwards,
the capsules were washed four times in autoclaved distilled
water and opened with a scalpel to remove the seeds
(Droste etal., 2005). The plumose appendages were removed
and the seeds were seeded in petri dishes with 30 mL of
semi-solid MS medium (Murashige and Skoog, 1962) for
germination, as described by Bencke and Droste (2008).
For sterilization of seeds by methodology 11, the capsules
were opened, the seeds were removed, and the plumose
appendages excised. The process of seed sterilization
was performed according to the methodology described
by Soares et al. (2012), in which seeds were soaked for
10 minutes in autoclaved distilled water (30 mL) followed
by the addition of 15 mL of sodium hypochlorite (2.5%).
The seeds were kept in sterilization for 15 minutes at which
time 205 mL of autoclaved distilled water was added to
dilute the sodium hypochlorite, thereby reaching a total
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of 250 mL of solution. The seeds were removed from the
solution, dried on sterile absorbent paper and then seeded
in petri dishes with the same culture medium as described
in methodology I. After sowing, the cultures were kept ata
temperature of 26 + 1 °C under a photoperiod of 12 hours
with 60 pmol m? s of light intensity. Forty plates were
used for each methodology, each containing 20 seeds.
The efficiency of seed sterilization was evaluated by recording
visible contamination. Only plates with uncontaminated
seeds were used to evaluate germination (emergence of the
radicle and the primary leaf). The number of germinated
seeds was recorded 75 days after sowing. The length of
the aerial portion (LAP), number of roots (NR) and the
longest root length (LRL) each individual were recorded
120 days post-sowing.

2.2. Macronutrient concentrations

Plants with a LAP of 1.0 + 0.2 cm obtained 120 days
post-sowing were cultivated in flasks (volume 200 mL)
containing 30 mL of semi-solid MS medium plus 30 g L"!
of sucrose, 4 g L' of Phytagel™, and 5 g L' of activated
charcoal, with pH adjusted to 6.4 before autoclaving.
The experimental design consisted of reducing the salts of
the MS medium, testing the concentrations of 25 and 50%
of nitrogenous salts (treatments referred to as 25N and
50N, respectively) or 25 and 50% of the macronutrients
(treatments referred to as 2SMS and 50MS, respectively).
A treatment with the complete formulation of the salts
of the MS medium (referred to as 100MS) was used
as a reference. For each treatment, 70 individuals were
cultivated and distributed in 14 flasks with five plants each,
for a total of 350 bromeliads. A subculture was performed
every 60 days, and the plants were cultivated for 180 days
under the conditions of temperature, photoperiod and light
intensity described for germination. Plant survival and
concentration of photosynthetic pigments (chlorophyll a, b and
carotenoids) were evaluated for each treatment. In addition,
the length of the aerial portion (LAP), number of leaves
(NL), number of roots (NR), longest root length (LRL)
and fresh mass (FM) were evaluated for each individual.
To determine the chlorophyll concentration of plants of
each treatment, three replicates of 20 mg of fresh leaf
mass were collected from individuals of each treatment,
which were immersed in 1 mL of DMSO for 24 hours in
a water bath at 65 °C. For each 1 mL sample, triplicates
of 100 pL were taken for reading in a spectrophotometer
(Spectramax® M3) using a 96-well plate for cell culture.
The spectrophotometer readings for chlorophyll a, b
and carotenoides were taken at wavelengths of 665 nm,
649 nm and 480 nm, respectively. The concentrations of
the pigments were calculated according to the equations
proposed by Wellburn (1994).

2.3. Sucrose concentration

Plants with a LAP of 1.0 £ 0.2 cm, obtained by
means of seed germination according to the methodology
described above, were transferred to MS medium with
different concentrations of sucrose 120 days after sowing.
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The treatments consisted of sucrose concentrations of
20, 30,40, 50 and 60 g L', combined with the concentration
of 25% macronutrients (25MS), based on the results of
the test described in item 2.2. The plants were cultured
in flasks (volume 200 mL) containing 30 mL of MS
medium plus 4 g L' of Phytagel™, and 5 g L' of activated
charcoal, with pH adjusted to 6.4 before autoclaving.
For each treatment, 70 individuals were cultivated and
distributed in 14 flasks with five plants each for a total
of 350 bromeliads. A subculture was performed every
60 days and after 180 days of cultivation plant survival
and concentration of photosynthetic pigments (chlorophyll
a, b and carotenoids) in each treatment were evaluated.
The LAP, NL, NR, LRL and FM of the individuals were
also measured.

2.4. Acclimatization

The plants from the experiment related to carbohydrate
concentration in the culture medium (item 2.3) were
submitted to acclimatization. After recording data relative
to the morphological parameters, the bromeliads from
each sucrose treatment were divided into three groups
of 15 individuals each, which were planted in sphagnum
with a total of 45 plants per treatment. Transparent plastic
trays (24 cm x 18 cm, 10 cm high) with lids were used
as containers, and a layer of crushed stone (rose granite
n° 1) was placed at the bottom of each tray to aid drainage.
The individuals remained in acclimatization in the growth
room under a temperature of 26 £ 1 °C and with the
retention of 70% of the natural light by means of a black
polypropylene shade fabric. To provide the plants with
higher humidity, the trays remained with the transparent
lids closed for 30 days, which were gradually opened
after this period, exposing the individuals to atmospheric
air. Plant irrigation was performed manually, keeping the
substrate always moist, and leaf fertilizations (1 g L")
were performed biweekly with Peters® professional
commercial fertilizer (NPK — 20-20-20). The bromeliads
remained in acclimatization for a period of 150 days, and
the survival of individuals from each in vitro treatment
(20, 30, 40, 50 and 60 g L' of sucrose), was recorded, as
were the concentration of the photosynthetic pigments
(chlorophyll a, b and carotenoids) of the plants of each
treatment. The LAP, NL, NR, LRL and FM were also
measured for each individual.

2.5. Statistical analysis

The contamination and seed germination data were
transformed into percentages, which were compared by the
Chi-square test and the Mann-Whitney test, respectively.
The LAP, NR and LRL data for plants 120 days after sowing
were compared by the Mann-Whitney test. The survival
data for plants propagated in vitro and acclimatized
were transformed into percentages and compared by the
Kruskal-Wallis test, followed by the Student-Newman-Keuls
test. Data on LAP, NL, NR, LRL, FM and photosynthetic
pigments were transformed to natural logarithms [In(x+1)]
and square roots [root(x+1)]. Means for salt and sucrose
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concentrations were subjected to analysis of variance
(ANOVA) followed by the Tukey’s test. Regression
analysis was used to estimate the relationships between
biotic parameters and sucrose concentrations. Means for
the parameters evaluated between the beginning and after
150 days of acclimatization were compared using Student’s
t-test for paired samples. The data for acclimatization after
150 days were subjected to analysis of variance (ANOVA)
followed by Tukey’s test. Chi-square, Mann-Whitney and
Kruskal-Wallis tests were conducted using BioEstat version
5.3, while ANOVA and Student’s t-test for paired samples
were performed using SPSS version 20. The probability
was set at 5% for all tests.

3. Results

3.1. Sterilization and seed germination

Germination of V. flammea seeds was significantly
higher for external sterilization of the capsule (87.4 + 12.5%)
than sterilization of seeds (80.5 + 14.8%). On the other
hand, the external sterilization of the capsule had a higher
contamination percentage (43.6%), whereas sterilization
of the seeds had only 4% contamination. There were no
differences in LAP, NR or LRL between plants obtained
from the two methods of sterilization (see Table 1).

3.2. Macronutrient concentrations

Cultivation of V. flammea in MS medium with reductions
of mineral nutrients resulted in 76 to 93% plant survival.
The reduction of nitrogenous salts to 50% (50N) contributed
to greater survival of plants and differed significantly from

the survival for the treatments with macronutrient reductions
(50MS = 76%; 25MS = 79%), as well as from that of the
complete treatment (100MS = 79%). The treatment 25N
had 86% plant survival and did not differ from the other
treatments (H = 10.121; p = 0.038).

The reduction of mineral nutrients of the MS medium
also contributed to greater development of the aerial
system of the plants. The means for LAP varied between
4.4 and 5.1 cm in treatments with mineral reductions, with
the 25MS treatment having significantly higher means
than the SON culture medium and the complete treatment
(100MS), which had the lowest mean. The plants of the
50MS and 25N treatments had intermediate values and did
not differ significantly from each other or from the 25SMS
treatment (see Table 2). For the NL of the plants, means
varied between 10.2 and 13.8 leaves, and for the 25N, 50N
and 50MS media, the means for NL were significantly
lower than in 25MS. Individuals in the 100MS medium
had intermediate means for NL (see Table 2).

The root system of plants was also favored by the
reduction of nutrients in the culture medium. The longest
root length (LRL) varied from 2.2 to 2.4 cm among the
tested media, which presented significantly higher LRL
than plants in 100MS (see Table 2). The highest mean
NR was observed in the plants in 25MS, which differed
significantly from the means for individuals cultivated
in 50N, 50MS and in the complete medium (100MS)
(see Table 2).

As with the morphometric parameters, FM also varied
among the media tested. In general, plants with nutrient

Table 1. Percentages (mean + standard deviation) of seed contamination and germination and plant morphological parameters.

Sterilization method Contamination (%) Germination (%) LAP (mm) NR LRL (mm)
Capsules 43.6* 87.4+12.5* 8.8=+1.3 1.1+£0.2 92+38
Seeds 4.0 80.5+ 14.8 9.7+2.8 1.1+0.3 83+2.7

x2 =20.5 U=691.5 U=156.0 U =190.0 U=167.5
p <0.001 0.037 0.234 0.787 0.379

*Indicates significant difference at 5% probability. Length of the aerial portion (LAP); number of roots (NR); longest root length

(LRL).

Table 2. Values (mean + standard deviation) for the length of the aerial portion (LAP), number of leaves (NL), longest root
length (LRL), number of roots (NR), fresh mass (FM) and photosynthetic pigments (chlorophyll ¢, b and carotenoids — Chla,
Chlb, and Car, respectively) of plants of Vriesea flammea 180 days after cultivation in vitro.

Treatments

25N* SON* 25MS* S0MS* 100MS* ¥ P
LAP (cm) 4.6 £ 1.4ab 4.4+ 1.5ab 5.1+1.5a 47+12a 40+1.1b 5180 <0.001
NL 10.6 £ 4.6b 10.5+2.3b 13.8+8.2a 10.2+2.4b 11.8+3.1ab 6.498 <0.001
LRL (cm) 24+1.1a 23+1.0a 22+09a 23+09a 1.8+ 1.70 4.928 0.001
NR 2.9+ 1.5ab 2.7+ 1.1b 33+1.5a 2.6 £ 0.8bc 2.1+£0.7c 8106 <0.001
FM (mg) 199.5+134.9ab 213.1+151.0ab 250.2 + 162.1a 208.9 + 154.2ab 146.0 + 67.0b 4.494 0.002
Chla (mg g') 213.2+52.8ab 200.6+9.8a 175.0 £38.1ab 203.0 +44.1ab 162.9+28.5b 2.815 0.038
Chlb (mg g') 114.1+£26.7a 111.4+12.7a 99.6+239a 109.8 +22.0a 96.3 +15.8a 1.228 0.314
Car (mg g") 34.0+83a 32.7+2.0a 29.0 £ 6.6a 34.0+6.2a 284+4.8a 1.817 0.145

Different letters in a row indicate significant difference between the treatments according to Tukey test a 5% probability. *25N

and 50N - the concentrations of 25 and 50% of nitrogenous salts;

25MS and 50MS - the concentrations of 25 and 50% of the

macronutrients; 100MS - complete formulation of the salts of the MS medium.
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reduction treatments had the highest mean FM, especially
those of the 25SMS medium, which differed significantly
from the plants in the 100MS medium (see Table 2).

Reduction of nutrients in the culture medium did not
influence the concentration of photosynthetic pigments
of V. flammea cultivated in vitro. The leaf chlorophyll
a concentration was between 163 and 213 mg g, and
only plants of the treatments SON and 100MS differed
significantly. The concentrations of chlorophyll » and
carotenoids did not differ significantly between treatments,
ranging 96 and 114 mg g and 28 and 34 mg g'!, respectively
(see Table 2).

3.3. Sucrose concentration

The cultivation of V. flammea in culture medium with
different concentrations of sucrose contributed to high
survival of the plants, with survival percentages between
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97 and 100%. In general, there was no observed influence
of sucrose on survival since all individuals cultivated
at the lowest and the highest concentrations of sucrose
(20 and 60 g L', respectively) survived. In addition, plant
survival did not show a significant difference between
treatments (H = 3.334; p = 0.504).

The development of the aerial system of the plants
was influenced by increased sucrose concentration in the
culture medium, which led to increases in the morphometric
parameters evaluated. The linear regression coefficients
showed that 39 and 27% of the variation in LAP and NL,
respectively, were related to the carbohydrate concentration
of the medium (see Figure 1A). The concentrations of
20 and 30 g L' of sucrose produced, on average, plants
with LAP of 3.7 cm, which differed significantly from
individuals of treatments with higher concentrations of
sucrose (40, 50 and 60 g L"), with averages between
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Figure 1. Relationship between biotic parameters and sucrose concentration for plants of Vriesea flammea micropropagated
for 180 days in MS medium. R? — adjusted R square; (A) LAP - length of the aerial portion; NL - number of leaves;
(B) LRL - longest root length; NR - number of roots; (C) FM - fresh mass; (D) Chl a - chlorophyll a; Chl b - chlorophyll b;

Car — carotenoids.

Braz. J. Biol., 2020, vol. 80, no. 2 pp.437-448

441



Sasamori, M.H., Endres-Junior, D. and Droste, A.

4.4 and 5.2 cm (F = 12.874; p < 0.001). Likewise, the
NL of plants had significantly higher means in the
treatments with 40, 50 and 60 g L' of sucrose (between
12.8 and 13.8 leaves), while the plants in 20 and 30 g L*!
had lower means (12.0 and 11.1, respectively; F = 14.576;
p <0.001).

The root system of plants of V. flammea was also
influenced by the increase in carbohydrate concentration of
the medium. The linear regression coefficient revealed that
45 and 50% of the variation in LRL and NR, respectively,
was explained by the increased sucrose concentration of
the culture medium (see Figure 1B). The LRL of'the plants
was significantly greater in the treatment with 60 g L' of
sucrose (4.2 cm; F = 16.476; p < 0.001), whereas plants
of the treatments with 30, 40 and 50 g L' of sucrose
had intermediate values for this parameter (between
2.9 and 3.4 cm). For NR, the highest mean was also
observed in the plants of the treatment with 60 g L' of
sucrose (4.8), which differed significantly from the other
carbohydrate concentrations (F =23.987; p <0.001).

Increasing the concentration of sucrose in the culture
medium also produced higher FM averages. The regression
coefficient indicated that 41% of the variation in FM was
related to the concentration of sucrose in the medium,
presenting a polynomial fit for the increase of plant mass
(see Figure 1C). As with the other parameters described
above, FM of the plants was significantly higher in the
treatment with the 60 g L' concentration of sucrose
(296 mg; F =13.903; p <0.001). In the other treatments,
the values were intermediate and did not differ among
them, with mean values of FM between 150 and 201 mg.

The photosynthetic pigments of the plant leaf tissues
were, in general, related to the concentration of sucrose.
Regression coefficients showed that 13 and 26% of the
increase of chlorophyll b and carotenoids, respectively,
were related to the increase of sucrose in the culture
medium (see Figure 1D). Only chlorophyll a did not have
a significant relationship with sucrose. The concentrations
of photosynthetic pigments were significantly less in the
treatment with 20 g L' of sucrose (chlorophyll a: 152 mg g™';
F=7.294; p<0.001; chlorophyll b: 57 mg g''; F = 5.269;
p=0.003; carotenoids: 22 mg g'; F=10.035; p <0.001).
The means for the three photosynthetic pigments evaluated
under other treatments (30, 40, 50 and 60 g L) did not
differ, being between 190 and 228 mg g'! for chlorophyll a,
between 78 and 101 mg g' for chlorophyll b and between
26 and 29 mg g for carotenoids.

3.4. Acclimatization

The acclimatization of plants of V. flammea cultivated
with different concentrations of sucrose resulted in 68 to 89%
survival after 150 days in the ex vitro environment, with
no significant difference among treatments (F = 1.868;
p=0.193).

The development of acclimatized plants was generally
higher with increased sucrose in the culture medium, with
significantly higher means for LAP (F =26.248; p<0.001),
NL (F =13.852; p<0.001), NR (F = 17.831; p < 0.001)
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and FM (F = 40.708; p < 0.001) in the treatment with
60 g L' of sucrose. For LRL, significantly higher means
were observed for the treatments with 50 and 60 g L
of sucrose (F = 16.759; p < 0.001; see Figure 2A-E).
Conversely, the plants that had been cultivated at the
lowest concentrations (20 and 30 g L") had significantly
lower means for the same parameters. In addition, LAP
(between 9.8 and 18.8%), NL (between 19.5 and 24.6%)
and FM (between 2.0 and 32.1%), also increased with the
addition of sucrose to the culture medium, even showing
significant differences between the initial and final values of
acclimatized plants in the treatments between 40 and 60 g L™!
of sucrose (see Figure 2A-B and E).

For the root system, a decrease in the length of the longest
root was observed in treatments with 20, 40 and 60 g L"!
of sucrose (-4.3, -11.5 and -2.4%, respectively). On the
other hand, plants of the treatments with 30 and 50 g L"!
of sucrose had an increase in root length (3.3 and 8.1%,
respectively). The number of roots increased between
15.2 and 23.5%, resulting in significantly higher means
between the initial and final values, with the exception of
the treatment with 60 g L' of sucrose (see Figure 2C-D).

In general, the concentration of photosynthetic pigments
increased significantly after 150 days of acclimatization,
with the rates of increase being linearly opposite to
the increase of sucrose concentration in the medium
(Chla: between 26 and 55%; Chlb: between 36 and 69%;
Car: between 28 and 55%), resulting in significantly higher
means for chlorophyll a (F=6.812; p <0.001), chlorophyll
b (F =9.473; p < 0.001) and carotenoids (F = 15.767,
p <0.001) in treatments containing low concentrations of
sucrose in the culture medium (see Figure 2F-H).

4. Discussion

The use of seeds maintains the genetic diversity of
propagated individuals, making them suitable for in situ
conservation programs (Benson, 1999; Pinto et al., 2010).
In addition, in vitro propagation allows plants to be obtained
for the reintroduction and conservation of endangered,
endemic and key species, such as V. flammea, for the
restoration of critically vulnerable biomes (Benson, 1999;
Pinto et al., 2010). The micropropagation of native plants
for ornamentation can also contribute to the reduction of
extractive pressure on natural populations (Mercier and
Nievola, 2003), since a large number of individuals can
be obtained quickly and efficiently (Mercier and Kerbauy,
1995).

The methodologies used for sterilization of V. flammea
seeds provided high rates of germination in vitro, comparable
to the rates for other species of in vitro germinated bromeliads
(Mekers, 1977; Mercier and Kerbauy, 1995; Bencke and
Droste, 2008; Sasamori et al., 2016). Despite the success in
germination rate, the use of sterile capsules to obtain plants
from seeds germinated in vitro was not very feasible since it
led to a high degree of contamination of seeds by fungi and
bacteria. The use of both methodologies is quite common
for obtaining bromeliad or orchid plants by means of seeds
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Figure 2. Values (mean + standard deviation) of: (A) length of the aerial portion (LAP), (B) number of leaves (NL),
(C) longest root length (LRL), (D) number of roots (NR), (E) fresh mass (FM) and (F-H) photosynthetic pigments
(chlorophyll a, b and carotenoids — Chl a, Chl b, and Car, respectively) of Vriesea flammea plants initially (gray bars - t1) and
after (black bars — t2) 150 days of acclimatization. Different letters indicate significant differences among treatments after
acclimatization according to the Tukey test at 5% probability. Asterisks indicate significant (*p < 0.05) and highly significant
(**p < 0.001) differences between the initial and final values of the parameters evaluated for each concentration of sucrose
of the in vitro step, according to Student’s t-test at 5% probability.

(Droste et al., 2005; Pedroso et al., 2010; Suzuki et al.,
2010; Soares et al., 2012; Endres Janior et al., 2014;
Sasamori et al., 2015; 2016). Vriesea gigantea Gaudich.,
V. philippocoburgii Wawra and V. incurvata Gaudich. have
been micropropagated only by means of sterilization of
the capsules, optimizing the process for the cultivation of
species with high germination rates (Droste et al., 2005;
Sasamori et al., 2016). The presence of small holes in the
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capsule made by insects or the entrance of microorganisms
according to the characteristic of the pericarp of the fruit
of V. flammea during ripening may be contributing factors
for the contamination of seed during micropropagation.
Cultivation of plants in MS medium with different
concentrations of macronutrients influenced individual
survival and development. The micropropagated V. flammea
plants had higher mean values for the parameters evaluated
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in the low concentrations of nitrogenous salts and/or
macronutrients in the MS medium, corroborating the
nutritional requirement of young bromeliads in the natural
environment (Adams III and Martin, 1986; Zotz et al.,
2004). Tank epiphytic bromeliads generally have two
phases in their life cycle. The initial phase is characterized
by having similar morphological characteristics to those
of atmospheric bromeliads (absence of tank, narrow and
linear leaves, high density of trichomes), thus presenting
lower nutritional requirements (Adams III and Martin,
1986; Benzing, 2000; Zotz et al., 2004). In the second
phase, or the adult phase, the plants possess morphological
characteristics in the form of a tank, which allows the
accumulation of water, organic matter and animal waste
(Benzing, 2000). In this way, bromeliads with a developed
tank have greater availability of nutrients, thereby increasing
the photosynthetic capacity and nitrogen content of leaf
tissues with the passage from the young (atmospheric) phase
to the adult (tank) phase (Zotz et al., 2004). In addition,
epiphytic plants possess physiological adaptations that
optimize the absorption and use of mineral nutrients,
which allows them to constantly pass through the stress of
nutritional deficiency (Benzing, 2000). Thus, because they
do not present a conventional plant nutrition mechanism,
species of Bromeliaceae are also good models for studying
mineral nutrition (Benzing, 1990).

The results recorded for V. flammea corroborate the
findings made for other species of bromeliads such as
Aechmea blanchetiana (Baker) L.B.Sm., 4. bromeliifolia
(Rudge) Baker, Alcantarea imperialis (Carriére) Harms,
Nidularium minutum Mez and Vriesea incurvata, which also
showed higher development of morphometric parameters
when grown with low concentrations of nutrients in the
culture medium (Fraguas et al., 2002; Kanashiro et al., 2007,
Kurita and Tamaki, 2014; Kurita et al., 2014; Sasamori et al.,
2016). Because it contains higher amounts of mineral
nutrients than other culture media, dilutions of the original
formulation of MS medium (Murashige and Skoog, 1962)
have been widely used for the propagation of various plant
species (Fraguas et al., 2002; Endres Junior et al., 2014;
Kurita et al., 2014; 2015; Sasamori et al., 2015, 2016).

Since epiphytic bromeliads possess physiological
adaptations to the lowest nutritional requirement, the
nitrogen concentration in the MS medium was also reduced
for the propagation of V. flammea, which, in general, also
showed to be beneficial for the plants. Nitrogen is one of
the elements of higher concentration in the MS medium,
being made available to plants in the form of nitrate (NO,’)
and ammonium (NH,") (Sakuta et al., 1987; Caldas et al.,
1998). Although this element plays an important role in
the formation of proteins and chlorophylls (Marenco and
Lopes, 2011), elevated concentrations of nitrogen can impair
plant growth (Pedroso-de-Moraes et al., 2012), causing
acute growth of the aerial system and underdeveloped
supporting tissues (Andrade and Tamaki, 2016). On the
other hand, the lack of this element can decrease the
absorption of other nutrients present in the medium and
impair cell metabolism (Nagao et al., 1994).
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The reduction of nutrient concentrations was not
detrimental to the metabolism of V. flammea, since the
photosynthetic process related to the availability of mineral
nutrients (Taiz and Zeiger, 2013; Marenco and Lopes,
2011), was not affected. The nutritional status or stress
of plants, in general, can be diagnosed by photosynthetic
pigment content. For the evaluation of nitrogen status
in plants, for example, the concentration of chlorophyll
has been suggested as a good parameter for diagnosis
(Feibo et al., 1998), since chlorophyll content decreases
when a plant is deficient in nitrogen (Marschner, 1995).
This relationship was evidenced for Ananas comosus (L.)
Merr. variety Smooth Cayenne which, when cultivated in
the presence of different dilutions of MS medium, showed
lower concentration of photosynthetic pigments when plants
had nitrogen deficiency (Tamaki et al., 2007).

The addition of sucrose to the culture medium contributed
to the development of the aerial system of V. flammea
plants. Sucrose acts as a carbon source for the cultivated
plants, which use it for biosynthesis of structural and
functional components of growth (Caldas et al., 1998).
In addition, the supply of carbohydrate in the medium
can contribute to the expansion of starch reserves in the
leaves of plants in vitro, which act as energy storage
organs. During the acclimatization stage, starch reserves
can provide energy for the growth of new leaves adapted
to the ex vitro environment, resulting in greater success in
acclimatization (Capellades et al., 1991; Hazarika, 2003;
Fuentes et al., 20006).

The calculated coefficients of regression revealed that
sucrose had a greater influence on the number and length of
the roots than on the aerial system, which is fundamental
to the successful acclimatization of micropropagated
individuals (Kumar et al., 1999; Besson et al., 2010;
Martins et al., 2015). In general, high concentrations of
sucrose in the medium positively influence the leaf number
and development of plants, although they may also inhibit
growth of the aerial part and, at the same time, stimulate
the development of the root system (Al-Khateeb, 2008;
Martins et al., 2015). For in vitro rooting of plants, in
general, carbohydrate concentrations of between 2 and 3%
are used (Grattapaglia and Machado, 1998). However, the
cultivation of V. flammea and V. incurvata (Sasamori et al.,
2018) in higher concentrations of sucrose proved to
be beneficial for the development of the root system.
The carbohydrate source may contribute to the production
of growth hormones, such as auxins, which act in the
process of rooting through cell expansion and proliferation
(Rolland et al., 2002; Wang and Ruan, 2013).

Sucrose stimulation for the growth of the aerial and
root systems also produced an increase in the fresh mass
of V. flammea plants by incorporating carbon (Riek et al.,
1997). Carbohydrates added to the culture medium provide
metabolic energy and carbon skeletons, as well as organic
compounds essential for cell growth (Caldas et al., 1998).
Just as for V. flammea, plants of the bromeliad V. incurvata
and of the orchids Cattleya intermedia Graham and Gomesa
varicosa (Lindl.) M.W. Chase & N.H. Williams also
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showed higher averages for fresh mass and aerial and root
systems in treatments with higher sucrose concentration
(Rego-Oliveira et al., 2003; Sasamori et al., 2015, 2018).

No inhibition of chlorophyll synthesis was observed for
V. flammea plants grown at the highest concentrations of
sucrose. In in vitro propagation, in general, the inhibition
of the photosynthetic process can occur when the plants are
grown at high concentrations of carbohydrates (Yamada
and Sato, 1978; Capellades et al., 1991; Kozai, 1991;
Hdider and Desjardins, 1994), which can stimulate the
plants to assume mixed or heterotrophic behavior (Kozai,
1991; Rolland et al., 2002), making them dependent on
an exogenous carbohydrate source (Hazarika, 2003;
Besson et al., 2010). For V. flammea, the maintenance
of photosynthetic activity during in vitro culture in the
concentrations of sucrose tested can contribute to the rapid
establishment of a positive photosynthetic rate, leading to
the successful acclimatization of the plants.

The positive influence of the addition of sucrose to the
culture medium on the development of V. flammea was
observed after 150 days of acclimatization in an ex vitro
environment. The energy reserves in leaf tissues, due to
the higher concentration of sucrose in the medium, and the
maintenance of the photosynthetic activity of the individuals
propagated in vitro, contributed to the development of
the bromeliads, since higher rates of increase and higher
means were observed for the parameters length of the
aerial portion, number of leaves, number of roots and fresh
mass, especially in the medium with 60 g L' of sucrose.
The accumulated sucrose reserves in leaf tissues act as a
source of energy for plants during the transition from their
mixotrophic to autotrophic metabolism (Capellades et al.,
1991; Hazarika, 2003; Fuentes et al., 2006), since the
positive photosynthetic rate may require two or more
weeks to develop during acclimatization, depending on
the species being studied (Hazarika, 20006).

When using lower sucrose concentrations in vitro
(between 20 and 40 g L' of sucrose), higher rates of
increase and final values of photosynthetic pigments
were observed in acclimatization. The lower availability
of sucrose in the culture medium may induce individuals
to autotrophic metabolism (Rolland et al., 2002). On the
other hand, excess carbohydrates in leaves may result in
the repression of photosynthetic genes (Shenn, 1990; Paul
and Foyer, 2001). In addition, the accumulation of soluble
carbohydrates in the leaf tissues of acclimatized plants
may reduce the activity of the rubisco enzyme and the rate
of regeneration of carboxylase ribulose 1,5-bisphosphate
(Capellades et al., 1991).

The different concentrations of sucrose in the culture
medium did not influence the root length of V. flammea after
150 days of acclimatization, although sucrose did influence
greater root growth of individuals in vitro. In addition,
no significant increase or decrease of this parameter was
observed after acclimatization. In the acclimatization phase,
short roots are desired, since, in addition to facilitating
washing and handling during planting, short roots are still
in the active phase of growth (Grattapaglia and Machado,
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1998). Furthermore, the increase in the number of roots
of bromeliads in the in vitro phase, during which sucrose
can induce root growth and formation (Grattapaglia and
Machado, 1998), was also observed in the acclimatization
phase, with root formation producing a completely functional
root system for the ex vitro environment.

5. Conclusion

High germination rates were obtained from the
sterilization of intact capsules and the direct sterilization of
seeds without prejudice to the development of the plants.
However, the greater contamination of seeds during the
sterilization of capsules showed this methodology to be
ineffective due to the possible internal contamination of
the capsules. Low concentrations of macronutrients and
nitrogenous salts promoted greater plant growth in vitro.
A positive relationship was found between sucrose
concentration and length of the aerial portion, number of
leaves, longest root length, number of roots, fresh mass,
chlorophyll » and carotenoids in vitro. In addition, an
indirect influence of sucrose on the development of the
aerial system was observed in the acclimatization phase,
when there was a significant increase of the length of the
aerial portion, the number of leaves and, consequently,
the fresh mass of the plants with the highest concentration
of this carbohydrate. The propagation of V. flammea was
efficient so that plants could be used in reintroduction
programs, thus contributing to the reestablishment of
natural populations and conservation of the species.
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