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Micropropagation of the native species Anthurium
antioquiense Engl. for conservation purposes

Micropropagacion de la especie nativa Anthurium antioquiense Engl. para su conservacion

Paola Andrea Murillo-Gomez', Esther Naranjo', Ricardo Callejas’, Lucia Atehortiia® 2, and Aura Urrea’

ABSTRACT

Anthurium antioquiense Engl. is a native plant belonging to
the Araceae family. It grows on rocks in clear-water rivers and
well-protected zones, similar to the waters in certain watersheds
of the Antioquia Department, Colombia. Loss of habitat has
threatened this promising ornamental plant species, which is
also important because of its role in the ecosystem. In vitro tis-
sue culture is considered an efficient alternative for the propaga-
tion of endangered species with the aim of establishing short-,
medium- and long-term conservation programs. In the present
research, in vitro introduction and shoot induction from A.
antioquiense seedlings were performed. The highest production
of shoots was obtained in a %4 MS (half-salt content) medium
with 1 mg L of BAP, which attained a 23.7 shoots/explant
per month multiplication rate. The in vitro plants generated
from shoots were individualized and transferred to a growth
regulator-free medium. Rooting did not require the presence
of growth regulators, and the adaptation of the in vitro plants
to ex vitro conditions achieved a 98% survival rate.

Key words: Anthurium, growth regulators, in vitro culture,
preservation, propagation, shoots.

Anthurium antioquiense Engl. es una planta nativa pertene-
ciente a la familia Araceae. Crece sobre rocas en rios de aguas
claras y en zonas protegidas, caracteristicas de algunas cuencas
hidrogréficas del departamento de Antioquia-Colombia. La
pérdida de habitat amenaza esta promisoria especie ornamen-
tal, la cual también es importante debido a su incidencia en el
ecosistema. El cultivo de tejidos in vitro se considera una alter-
nativa eficiente para la propagacion de las especies en peligro de
extincion, con el fin de establecer programas de conservacion
a corto, mediano o largo plazo. En el presente trabajo de inves-
tigacion, se llevé a cabo la introduccion e induccion de brotes
in vitro de A. antioquiense. La mayor produccion de brotes se
obtuvo en medio ¥ MS (contenido de sales a la mitad) con 1
mg L' de BAP (23,7 brotes/explante por mes). Las plantas in
vitro obtenidas a partir de los brotes fueron individualizadas
y transferidas a medio libre de reguladores de crecimiento. El
enraizamiento se realiz6 sin presencia de reguladores de cre-
cimiento, y la adaptacién de las plantas in vitro a condiciones
ex vitro alcanzd una tasa de supervivencia del 98%.

Palabras clave: Anthurium, reguladores de crecimiento, cultivo
in vitro, preservacion, propagacion, brotes.

Introduction

Alarge number of endemic and native species are located in
avariety of areas of the planet, with particular characteris-
tics (hotspots); many of them have suffered a significant loss
of habitat (Malcolm et al., 2006). The biodiversity hotspots
consist of 35 biogeographic regions that cover 17.3% of
the Earth’s estimated land surface and contain 50% of the
world’s plant species (Myers et al., 2000; Mittermeier et al.,
2011); of these, 10 largely tropical biogeographical regions
have exceptional biodiversity and habitat destruction (Sloan
et al., 2014).

Colombia is the second richest country in terms of species
in the world and it has the richest collection of flora with
about 45,000 species of vascular plants (Sofrony, 2007). Ac-
cording to the TUCN (International Union for Conservation
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of Nature) and information obtained from the Red Books
of endangered species, of 1,476 evaluated species, 31% (458
species) are threatened, which suggests that nearly 30% of
the Colombian flora may be threatened as well (Garcia,
2007). Conservation measures must be taken to ensure
the sustainable use of species that have a potential value
(alimentary, medical, ornamental, etc.), are of ecological
importance or are endangered.

Anthurium antioquiense Engl. is popularly known as “an-
turio antioquense” in Colombia. It grows in clear-water
rivers and protected areas; it is an epipetric or terrestrial
plant with simple leaves that are alternated and closely
elliptical with a complete margin, accuminate apex and
base, and grows to a height of 0.3-0.5 m. Spadix white,
spathe pink-violet in color, it grows abundant fruits,
green- to white-colored berries. It is native to Colombia
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and has a reduced distribution in natural populations. A.
antioquiense is described as primarily occurring in the
Antioquia department, where the type collection is located
(Cardona et al., 2011; Tropicos.org, 2014). It has been found
in pre-mountainous and tropical wet forests at an altitude of
500-2,000 m a.s.l. (Idarraga and Callejas, 2011). Its potential
use is as an ornamental flower for interior decoration, in
flower pots and floral arrangements; it is appreciated for
its size and ease of management.

Currently, there is little or no published information on
A. antioquiense for important aspects of the species, such
as its phenology, propagation systems (ex situ, in situ and
in vitro), or seed viability, etc. Wang et al. (1998) evaluated
the resistance or tolerance to nematodes in different species
of anthurium, including A. antioquiense. In this study, the
plant material experienced in vitro handling (non-detailed
protocol), and seeds were used; the authors mention the
species distribution, referencing Colombia. A. antioquiense
has been included in other studies of the family (Araceae)
and genus (Anthurium), in which the number of chro-
mosomes and pollen type were determined (Sheffer and
Croat, 1983; Weber et al., 1999). Kuanprasert et al. (1998)
and Venkat et al. (2014) mentioned this anthurium plant
in producing hybrids by crossing it with commercial spe-
cies such as A. andreanum. None of the above papers gave
more information about this species.

Species of the genus Anthurium are usually propagated by
seeds, which have a low propagation rate and low viability;
they cannot be stored and the time of plant development
to production of mature seeds is approximately 3 years;
making the development of breeding and improvement
programs difficult (Dufour and Guérin, 2006). A. andrea-
num is the most studied species in the genus, it has several
micropropagation protocols that include organogenesis and
embryogenesis, with a differential response in a variety of
media and culture conditions (Joseph et al., 2003; Vargas
et al., 2004; Te-Chato et al., 2006; Viégas et al., 2007; Atak
and Celik, 2009; Liendo and Mogollén, 2009; Yu et al., 2009;
Islam et al., 2010; Oropeza et al., 2010; Atak and Celik, 2012;
Farsi et al., 2012).

Biotechnology provides opportunities for the propagation
and conservation of species of endangered plants and/
or plants of commercial interest. The ornamental plant
industry has applied plant tissue culture techniques for
the large-scale production of elite material (Rout et al.,
2006) and for establishing tissue banks as a method of
preserving genetic diversity when seeds cannot be stored
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in germoplasm banks (Pence, 2011). For conservation pur-
poses, a collection of plant cuttings and seeds is the most
used method. In order to preserve the maximum diversity
(genetic variability), the accessible seeds of endangered
species are commonly preferred; many laboratories have
used in vitro methods of seed germination to conserve
numerous rare plants, such as cacti, lilies and some or-
chid species. The seeds produced by endangered species
are mostly very small in number or they do not have the
potential to germinate; in vitro germination is frequently
used to germinate disease-free seedlings when there are
few seeds available; these seedlings are then used tips of
shoot and nodes and act as explants for the propagation
(Maryam et al., 2014).

The purpose of this study was to obtain a simple in vitro
propagation protocol for the native and endangered species
A. antioquiense for its conservation and future sustainable
use.

Materials and methods

The plant material and source of the explants were collected
in San Luis, La Cristalina district, Antioquia, Colombia.
The collected plants were planted at the biological station
of the Biology Institute, Nature and Exact Sciences Faculty,
Universidad de Antioquia (Fig. 1A). The plant material was
kept in pots filled with the substrate from the collection
site mixed with bark from Pinuspatula, under screenhouse
conditions. The experiment was conducted at the Plant
Tissues Culture Laboratory, Plant Biotechnology Group
(BioVeg), Biology Institute, Natural and Exact Sciences
Faculty, University of Antioquia, Colombia.

Seedlings with 2-3 leaves were used for shoot induction,
which were obtained in vitro from the MS culture medium
(Murashige and Skoog, 1962) at a half salts concentration
(Y2 MS), supplemented with 20.0 g L sucrose, 20.0 mg L™
adenine and 2.6 g L' phytagel. For shoot induction, the
same basal medium was used with the addition of the
growth regulator 6-benzylaminopurine (BAP), alone or in
combination with kinetin (KIN) and indole-3-acetic acid
(AIA); the basal medium without growth regulators was
used as the control treatment (Tab. 1). The cultures were
kept at 23+2°C under lighted conditions. The medium pH
was adjusted to 5.75 with NaOH or HCI 1 N solutions. The
culture media were sterilized at 121°C and 15 psi (103,42
kPa) for 20 min. The number of shoots was observed
through a stereoscope (Olympus SZ40, Tokyo, Japan) and
counted at 60 dai.
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FIGURE 1. Collected A. antioquiense plants in a greenhouse and their in vitro process. A, pot plant in good physiological conditions; B, pollinated
spadix (flowers); C, seeds from spadix for in vitro introduction; d, in vitro germinated seed, 3 days after introduction (dai); E, 5 dai; F, 8 dai; G, 15 dai.

TABLE 1. Treatments with growth regulators for shoot induction of A.
antioquiense from plantlets obtained from in vitro germinated seeds.

BAP KIN AIA Treatment
(mg L") (mg L") (mg L") nomenclature
0.25 0.1 0.2 At
1.00 0.1 0.2 A2
1.00 - - A3
3.00 - - A4
- - - A5 (control)

The shoots developed in the different treatments were
transferred after 60 d to vessels containing the above
growth regulator-free culture medium. The material
was maintained at 23+2°C under constant light, and the
number of developed and rooted plants by treatment was
counted.

For the adaptation process, 220 plantlets were selected
(1.5-3.0 cm). The in vitro plants were transplanted to a tray
with sterile soil (garden soil or black soil), maintained in
covered and with semi-controlled conditions of light and
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temperature. The presence of fungi was controlled with
Benomil® (500 mg L") sprayings, and, after 60 d, the in
vitro plants were totally exposed to environmental condi-
tions and hydrated once per week.

For the statistical analysis, a completely random factorial
experiment was performed with four repetitions per treat-
ment and four explants per repetition. The obtained data
were analyzed with the Statgraphics® Centurion XVI soft-
ware (StatPoint Technologies, Warrenton, VA); an analysis
of variance (ANOVA) and a Fisher’s Least Significant Dif-
ference (LSD) analysis were performed.

Results

Over 90% of the seeds germinated in the MS¥% culture
medium under constant light. Germination started at 3
d, and after 15 d, complete seedlings were obtained (Fig.
1B-G).
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For the shoot induction process, the analysis of variance
(ANOVA) showed a statistically significant difference
(P<0.05) between the treatments, with a confidence level of
95%. The combination of evaluated growth regulators had
an effect on the shoot formation. The Fisher’s LSD interval
analysis classified the treatments into three homogeneous
groups. Treatments A1-A4 showed statistically significant
differences compared to the control treatment (A5). The
treatments exhibited significant differences between A4
and A3 and between Al and A3. The A2 treatment did not
show a statistically significant difference with treatment
A3 (Tab. 2, Fig. 2).

The highest multiplication coefficient (23.25 shoots/explant
per month) was obtained in treatment A3, containing BAP

TABLE 2. Shoot induction process (multiplication coefficients) of A. an-
tioquiense.

Treatment Count Mean+SE Homogeneous group
A5 4 0.896+3.436 a
Al 4 11.281+3.436 a
A4 4 13.625+3.073 a
A2 4 17.218+3.436 bc
A3 4 23.758+3.436 c

Means with different letters indicate significant differences according to LSD test (P<0.05).
See abbreviations Tab. 1.
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FIGURE 2. Multiplication coefficients of shoot induction of A. antioquien-
se. Bars indicate LSD intervals test (P<0.05). See abbreviations Tab. 1.

at 1 mg L; followed by the treatment A2, containing BAP
(1.0 mg L") in combination with KIN (0.1 mg L") and AIA
(0.2 mg L") (17.2 shoots/explant per month). In the A4
treatment, a more compact structure was formed; in the
control (A5), the multiplication coefficient was the lowest
(1.79 shoots/explant per month) (Figs. 2 and 3).

The rooting process began spontaneously without an ad-
dition of growth regulators, even before the individualiza-
tion (Fig. 4). The individualization and transference to this
medium allowed for the improvement of the growth and
development of the plantlets and roots; the latter appeared
in 98% of the in vitro plants developed from shoots. The
rooting lasted between 20 and 40 d, and most of the plant-
lets presented 3-6 roots; 4 months after individualization
all of the plants presented roots.

The analysis of variance ANOVA and significant differ-
ence (LSD) analysis were also performed for the number
of in vitro plants developed in each treatment and for the
number of plants that formed roots. Similar to the shoot
induction, the analysis showed significant differences
between the treatments with growth regulators and the
control treatment, which is consistent with the results
shown in the tables and graphs for shoot induction. The
highest number of developed plants and plants with roots
was obtained with treatment A3, and the lowest number
was obtained in the control treatment (Fig. 5).

FIGURE 4. Seedlings and roots formed from shoots obtained from A.
antioquiense. A, plantlets with roots on initial explant; B, individualized
plantlet with roots.

FIGURE 3. Multiple in vitro shoot formations of A. antioquiense in the different treatments with plant growth regulators (mg L") A: 0.25 BAP, 0.10 KIN,
0.20 AIA; B: 1.00 BAR 0.10 KIN, 0.20 AIA; C: 1.00 BAP; D: 3.00 BAP; E: without plant growth regulators.
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FIGURE 5. Plantlets obtained of A. antioquiense with different plant
growth regulators to in vitro conditions. Bars indicate LSD intervals test
(P=<0.05). See abbreviations Tab. 1.

The adaptation to soil conditions was successful, achieving
98.2% (216 plants) well-adapted seedlings; there were no
visible differences between seedlings of 1.5 and 3.0 cm in
terms of adaptation response. The plants showed elonga-
tion of the leaves, typical of plants that develop in natural
conditions (Fig. 6).

FIGURE 6. Anthurium antioquiense plantlets adapted to ex vitro condi-
tions.

Discussion

The germination of this native anthurium was relatively
easy and quick in the laboratory (in vitro), in contrast to
direct soil germination (observed in preliminary tests, data
not shown), which was not successful, possibly because
the culture medium supplied the nutrients needed for this
process and because the conditions were controlled; there
was no pathogen or agent that attacked the germinating
seedlings.

The A. antioquiense germination rate (>90%) found in the
present study was optimal and exceeded the rate obtained
for A. andreanum by Vargas et al. (2004), who obtained
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a 74% germination rate in a MS medium compared to a
supplemented medium with BAP, which only produced
a 30% germination rate. Conversely, Oropeza et al. (2010)
found that a MS medium with 0.5 mg BAP was suitable
for the in vitro germination of seeds and for establishing
micro-cuttings of A. andreanum Lind cv. Rubrun. For the
Anthurium genus, several studies have used complete and
half concentrations of basal medium MS for seed germina-
tion as well as for regeneration and development of shoots
and rooting, obtaining good results (Joseph et al., 2003;
Martin et al., 2003; Viégas et al., 2007; Yu et al., 2009).
Te-chato et al. (2006) evaluated the response to an in vitro
culture of several Anthurium genotypes in different basal
media and found that the best response was obtained in
a MS medium.

The two better shoot multiplication rates obtained in the
Y2 MS culture medium contained 1 mg L™ of BAP (A3 and
A2 treatments) (Fig. 2, 3); this phytohormone has been
reported in anthuriums by various authors. Leffringen and
Soede (1979) were the first to describe the use of BAP as
the only growth regulator to induce shoots in Anthurium;
they used a concentration of 1-3 mg L. Shoot induction
using BAP at 1 mg L has also been reported for this genus
by Pierik (1976). Liendo and Mogollén (2009) obtained
similar results as the present study for A. andreanum; they
produced a larger number of shoots in a medium with 1 mg
L' of BAP; additionally, the use of the same medium with
different concentrations of the growth regulator naphtha-
leneacetic acid (NAA) reduced the number of shoots, but
2 0.01 mg L concentration of NAA positively influenced
the shoot length. Islam et al. (2010) indicated that the ad-
dition of NA A at variable concentrations in a medium that
contained 1 mg L BAP produced shoot induction in A.
andreanum cv. Nitta.

The formation of compact masses in A4 was apparently
composed of shoots that could not develop and may have
been the result of the 3 mg L' BAP content in the culture
medium (Fig. 3), which might suggest that this is high for
this species. Yu et al. (2009) used the growth regulator
combination of 2,4-D (2,4-Dichlorophenoxyacetic acid)
and BAP at different concentrations; they reported the for-
mation of compact masses that corresponded to the asyn-
chronous development of a callus mass from explants of the
leafand petiole in A. andreanums; the authors described the
mass as the formation of structures similar to protocorm,
from which the plant formations were indirectly obtained.

The development of the shoots from the initial seedlings
continued in the growth regulator-free culture medium
for 2-3 months after the data registry, which suggested that
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the addition of BAP in the induction phase was enough to
stimulate the shoot formation process in many consecutive
sub-cultures. This result should be evaluated to optimize
the use of cytokinin and prevent possible negative effects
on A. antioquiense plants propagated through this method.

Rooting for this anthurium does not require the use of
phytohormones; the occurrence of spontaneous roots has
already been reported by other authors for this genus (Vié-
gas et al., 2007; Liendo and Mogollon, 2009); therefore, one
specific medium for forming this organ is not necessary.
Recently, Farsi et al. (2012) also reported rooting without
the addition of phytohormones for the micropropagation of
A. Andreanum cv. Terra. Furthermore, different researchers
have reported rooting in 84 to 100% of the shoots of dif-
ferent varieties of A. andreanum using growth regulators
(Martin et al., 2003; Bejoy et al., 2008; Islam et al., 2010).

The results of the ex vitro adaptation revealed the relative
easy acclimation of A. antioquiense plantlets to environ-
mental conditions, using garden soil and controlling the
initial conditions and appearance of fungi (Fig. 6). After
the plants are established, great care is not required, ex-
cept to water them. Some authors have reported different
substrates for in vitro regenerated acclimatization (Martin
et al., 2003; Viégas et al., 2007); vermicompost and sand
mixture (1:3 relation), vermiculite and perlite (1:1), and soil
and organic humus (1:1) are the more common acclimatiza-
tion media, with high survival ratios ranging from 60% to
98%(Atak and Celik, 2012).

At the end of this study, 2,300 plantlets (in vitro) were
obtained from all of the evaluated treatments in which
they shooted.

Conclusions

This is the first report of a complete protocol of in vitro
multiplication for A. antioquiense as a starting point for
future conservation and sustainable use programs for this
promising species and for use as a model for other related
and endangered species. This protocol was efficient and
reproducible (obtaining plants adapted to soil and envi-
ronmental conditions), in which induced shoots from in
vitro seedlings were obtained using the growth regulator
BAP (1 mgL") in a basal % MS medium, in which the
best multiplication rate (23.7 shoots/explant per month)
was seen. The rooting process, occurring spontaneously,
does not require the addition of phytohormones; the good
production of roots facilitates the adaptation of plantlets
to ex vitro conditions, which is optimal under controlled

conditions. The in vitro propagation of anthuriums from
seeds is a quick and reliable way to get a high amount of
seedlings in a small amount of space at any time of year
that are free of pathogens; the obtained seedlings can be
gradually adapted to soil until complete and successfully
acclimatization for the proper development, maturation
and production of new seeds.

Recommendations

The initial control of fungal growth is strongly recom-
mended for good adaptation of plantlets to soil during the
acclimation process using a commercial fungicide. After
establishment, no further use is needed.

Despite a good germination percentage obtained in vitro,
an evaluation of substrates other than black soil is rec-
ommended, such as moss, for the germination of seeds
obtained directly from plants, along with a comparison of
in vitro and ex vitro germination.

A population study is required to determine the current
conditions and distribution of native anthurium in Co-
lombia because of the sensitive nature of its habitat and the
difficulty of finding natural populations during the search
for plant material in the present study at reported sites in
the department of Antioquia.
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