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ABSTRACT

Objective: To evaluate the physiological development of red Anthurium andreanum L. var. Tropical in three in
vitro culture systems: semi-solid, partial immersion and RITA® bioreactor.
Design/methodology/approach: A completely randomized design with three treatments, semi-solid medium,
partial immersion and RITA™ bioreactor, and four repetitions each was used. Vitroplants of anthurium
were selected with a size of 0.5 cm from the stem to the highest leaf, with three leaves in each specimen.
Morphometric, chlorophyll content and hormone content analyses were carried out after 60 days of sowing.
Analysis of variance and means comparison tests were performed on the data obtained through Kruskal-Wallis
and Tukey, respectively, using the statistical software R-STUDIO.

Results: The highest shoot rate and root length were obtained in partial immersion; however, the number
of leaves, shoots and root multiplication did not show differences with the RITA® bioreactors. The highest
concentration of chlorophylls and indole acetic acid was observed when using RITA® bioreactors.

Study limitations/implications: The results are favorable for the in vitro production of anthurium, although
the use of RITA® bioreactors for commercial production is a high cost in the initial investment.
Findings/conclusions: With the results obtained, it is considered that the RITA® bioreactors obtained the
best results for the production of anthurium, followed by the partial immersion system. This is due to the liquid
medium and better gas exchange, which favors the development of plants.

Keywords: Anthurium andreanum L.; chlorophyll; phytohormones; immersion systems.

INTRODUCTION

The bract of the anthurium plant is
highly valued in the ornamental market,
due to its beauty and vase life; in
addition, the leaves are also marketed
(Mireles-Ordaz et al.,
2015). The flower stems reach prices
of $25 (SNIIM, 2019). The optimal
temperature for the development
of this plant is 20 to 35 °C and
relative moisture between 70 and

as foliage

80%. Its production requires for

the climate requirements of light,
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height, temperature, etc., to be fulfilled (Gayosso-Rodriguez et al., 2013). In Mexico, the
central region of the state of Veracruz has the soil-climate conditions that are apt for its
cultivation (Garcia-Alonso et al., 2014).

Traditionally, anthurium is propagated by seed and stem segmentation; however,
these techniques are slow and present high genetic variability (Teixeira da Silva et al.,
2015). This translates into marketing problems, and therefore the tools for in vitro culture
are advisable, which allow obtaining specimens in less time, which are genetically
homogenecous, free of disease; these tools also allow controlling growth speed and tissue
regeneration (Rangel-Estrada et al., 2018). The semi-solid medium is effective, basic
and provides support to the tissues; however, higher production has been reported in
various species when using liquid medium, due to the contact that is maintained between
the medium and the explants, which makes the absorption of nutrients more efficient
(Ontaneda et al., 2020).

Among the plant tissue cultivation systems, temporary immersion systems outperform
those mentioned. Since they are semi-automatized, they decrease the maintenance costs and
renew the gaseous atmosphere avoiding the accumulation of toxic gases within the system
(Rosales et al., 2018); in addition, a higher contact between the cultivation medium and the
plant, good gas exchange, as well as the system’s automatization increase the multiplication
rates. Among these systems, the Automatized Temporary Immersion Recipients, RITA®
(for its initials in Spanish, Recipientes de Immersion Temporal Automatizado), represent a
technological advancement that allows an improvement in plant tissue culture (Alamilla-
Magana et al., 2019); however, the results of the use of TIS are limited by factors such as
the composition of the culture medium, which is reflected in the amount of nutrients that
the plant can absorb affecting its quality (Vilchez & Albany, 2014).

The atmosphere created in the temporary immersion systems promotes physiological
processes such as photosynthesis, respiration, chlorophyll synthesis, and stomata functioning
(Ramirez -Mosqueda et al., 2019); therefore, it is important to analyze the concentration
of chlorophyll in plant tissues (Marin-Garza et al., 2018). In addition, phytohormones have
mechanisms of action capable of triggering effects and physiological changes; however,
in in vitro culture the plants do not produce them in sufficient amount, which is why
they must be aggregated to the culture medium (Elias & Padrén, 2020). Nevertheless, the
concentration and absorption by the plant tissue can generate both an improvement in
micropropagation and alterations in tissues such as de-differentiation between them, and
this 1s why knowing the content of absorption by the plant tissue allows understanding its
interaction and the response that it generates (Aguilar et al., 2019).

To make more efficient the use of in vitro tissue culture techniques, especially the use of
immersion systems, the objective of this study was to evaluate the physiological development
of A. andreanum micropropagated in three culture systems: semi-solid medium (SS), partial

immersion (PI), and in RITA® bioreactors.

MATERIALS AND METHODS
This research study was conducted in the LADISER (Laboratory of Teaching, Research

and Services - Laboratorio de Docencia, Investigacion y Servicios) of Plant Biotechnology and
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Cryobiology at the School of Chemical Sciences, in Orizaba, Veracruz, which depends on
Universidad Veracruzana.

Morphometric characteristics were measured (number of shoots, size of shoots, size
of root in cm, number of leaves and number of roots), content of chlorophylls (mg/ g_1
PF) and phytohormones (mg L_l) in leaves from anthurium vitroplants. A completely
random design with four repetitions was used; the treatments were PI systems, RITA®
and semi-solid medium. With the data obtained, a Kruskal-Wallis one-way analysis of
variance was conducted and Tukey’s means comparison tests through the minimum
significant difference (P=<0.05), using the R-STUDIO statistical software version 2019
for Windows.

Vitroplants of A. andreanum were micropropagated in MS culture medium (Murashige
& Skoog, 1962) supplemented with 1mg L' of 6-Benzylaminopurine (BAP), 30 g L™
of sucrose. For the semi-solid medium, 3 g L~ of phytagel were used, while the pH of
the medium was adjusted to 5.7 with a potentiometer Brand HANNA, and sterilized at
121 °C during 15 min in a vertical autoclave brand EVAR. The plants were incubated
at 24=x2 °C with a photoperiod of 16 h light and 8 h darkness. The light intensity was
36 umol m~%s ™!, supplied by white fluorescent lamps.

Vitroplants were micropropagated in MS medium, and with a size of 3.5 cm, three
leaves and no roots were sown in the different systems. For the semi-solid and partial
immersion mediums, four glass containers were used with capacity of 250 mL to which
25 mL of culture medium were added. Four explants were placed in each container. In
four RITA® temporary immersion systems, 200 mL of culture medium were added and
four plants per bioreactor. These were connected to an air system which came from a
compressor brand Adir with a maximum entry flow of 5.89 with pressure of 29 psi, and
the air entered to the bioreactors through a Midisart® 2000 filter of 0.2 um (PTFE and
polypropylene). The immersions in TIS were carried out in intervals of four hours, six
immersions per day, which had a lapse of two minutes, according to what was described by
del Rivero-Bautista et al. (2004) for the in vitro propagation of anthurium.

After 60 days the morphometric development of the anthurium vitroplants was analyzed
through the number of shoots, leaves, roots, length of shoots and roots, using graph paper.
The quantification of chlorophylls was done following the methodology described by
Harborne (1973) in a spectrophotometer (Thermo Scientific®, Genesys 10S UV-VIS) at
645 and 665 nm of absorbance.

The hormonal analysis was carried out with the technique described by Pan (2010)
using leaf samples, through HPLC (Agilent Techonologies 1200 serie).

RESULTS AND DISCUSSION
Morphometric analysis

For the analysis of the morphometric data (number of shoots, number of leaves,
number of roots, size of shoots and size of root), a Kruskal Wallis non-parametric test and
analysis of variance were conducted, as well as a means comparison through the t-student
test (P=<0.05). Significant statistical differences were obtained for the morphometric

development of anthurium cultivated in the different systems according to the Kruskal
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Wallis test, regarding the systems which consist in a liquid medium compared to the
treatment with semi-solid medium.

The development of plants is very plastic, which allows them to react to the
environmental changes in size, morphology, etc. (Escaso Santos et al., 2011). The
treatment with the highest values for length of shoots was partial immersion. However,
for number of shoots, number of leaves and number of roots, the RITA® and PI systems
were statistically equal. No differences were observed between treatments for root length
(Table 1).

The use of the liquid medium in the PI and RITA® systems favored the morphometric
development of anthurium vitroplants. These results agree with what was reported by
Garcia et al. (2015), who mention that a higher rate of explant development was obtained
in the systems where a liquid medium was used because they allow a higher contact of
the explants with the culture medium, allowing a better absorption of nutrients and
maximizing their development. In addition, the temporary immersion system allows
supplying the culture medium to the explants by time lapses, and this allows the renovation
of the gaseous atmosphere avoiding the hyper hydricity in the plant tissue with it, as well
as the accumulation of toxic gases within the systems.

Chlorophyll content
When it comes to chlorophyll content, significant statistical differences were found in

the three systems. The highest concentrations of chlorophylls a, b and total were observed
in the RITA® bioreactor (Table 2).

Table 1. Morphometric development of seedlings of Anthurium andreanum cultivated in vitro for 60 days, in
three systems.

System Sprouts Sprouts Leaves Root Root

(number) (cm) (number) (number) (cm)

SS 1.81b 2.59b 6.19b 1.40b 3.05b

1P 2.93a 3.28a 9.25a 2.11a 4.06a
RITA® 3.19a 2.40b 10.25a 1.98a 3.90ab

SS: semi-solid medium, IP: partial immersion and RITA® bioreactor. Different letters in the columns
indicate significant statistical differences between treatments by Kruskal Wallis test for (P<0.05).

Table 2. Effect of the different in vitro cultivation systems in the concentration (mg/ g_l PF)
of chlorophylls a, b and total in anthurium plants cultivated for 60 days.

System Chlorophylls (mg g~ ! PF) Total
a b
SS 0.38%x0.06c 0.14%x0.02c 0.46x0.071c
1P 0.58+0.05b 0.21%0.017b 0.80x0.07b
RITA® 0.97x0.04a 0.35x0.01a 1.34%x0.06a
DMSH/HSD 0.196 0.070 0.24

SS: semi-solid medium, IP: partial immersion and RITA® bioreactor, DMSH=minimum
significant honest difference, different letters in columns indicate significant statistical

differences between treatments (P<0.05).
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According to the means comparison, the highest leaf content of chlorophylls a, b and
total (0.97%0.04, 0.35%0.01, 1.34%0.06 mg g_1 PT respectively) was obtained when using
the RITA® systems, compared to other treatments, and this is because the conditions of
moisture and gas exchange inside the systems foster the synthesis of chlorophylls and, with
that, photosynthesis. These results agree with what was reported by Ramirez-Mosqueda
et al. (2019) who reported different contents of chlorophyll in different bioreactors of
temporary immersion.

In addition, the chlorophyll content probably contributes to in vitro growth and the

adaptation to an autotroph environment (Martins ¢t al., 2015).

Content of phytohormones

Phytohormones, in addition to their important role in the regulation of growth and
development, are related to mechanisms that allow the plant to respond to the changes to
which they are subjected. After 60 days of culture of in vitro anthurium seedlings, significant
statistical differences were obtained in the content of kinetin (KIN), abscisic acid (ABA)
and indole acetic acid (AIA) in the leaf tissue. The highest contents for KIN and ABA
were observed in the semi-solid medium, of 24.98+0.92 mg L™ ' and 13.55+0.42 mg L™,
respectively. Meanwhile, for AIA the highest result was obtained in the RITA® bioreactor,
of 24.33+1.64 mg L.

The different treatments had significant statistical differences according to the means
comparison obtained for KIN (24.98+0.92) and ABA (13.55%0.42) in the semi-solid
culture medium, which contrast with the lowest morphological results obtained in this
system. The development of the plant is influenced by the coordination of positive and
negative regulators. Cytokinins, although they stimulate cell division, seem to do it at low
levels in the root (Escaso Santos et al., 2011). On the other hand, ABA was generally an
antagonist and growth inhibitor, which explains the results obtained. Meanwhile, AIA is
related to cell division, growth and differentiation, favoring the growth of roots, shoots and
stems (Azcon-Bieto and Talén, 2003); this explains the higher statistical result obtained
for the RITA® bioreactor (24.33+1.64). These results agree with what was reported by
Aguilar Jiménez & Rodriguez De la O (2018), who described that the presence of AIA

had a favorable effect in the in vitro growth and development of agave shoots and roots.

Table 3. Content of KIN, ABA, and AIA in leaf tissue of anthurium seedlings grown in vitro

for 60 days.
Phytohormones (mg LY
System Kinetin ABA ATA
SS 24.98+0.92 a 13.55%x0.42 a 10.58+0.45 b
1P 2.82%+0.06 ¢ 1.55x0.016 ¢ 3.86x0.01 c
RITA® 7.58+1.40 b 9.17x0.04 b 24.33x1.64a
DMSH/HSD 4.2 1.05 4.26

SS: semi-solid medium, IP: partial immersion and RITA® bioreactor, DMSH=honest least
significant difference, different letters in the columns indicate statistically significant differences
between treatments (P<0.03).
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Likewise, Flores-Mora et al. (2015) describe that there are advantages in temporary
immersion systems compared to the other tissue culture systems that have an impact on
the response in the absorption of plant hormones making it faster due to the atmosphere

created inside the systems and the type of immersion.

CONCLUSIONS

The morphometric development of anthurium vitroplants var. Tropical was favored
using partial immersion systems and the RITA® bioreactor where the highest number of
leaves, number and size of shoots were seen. The higher content of chlorophylls a, b and
total, as well as indole acetic acid in the anthurium leaf tissue was favored when using those
bioreactors in comparison to other treatments; meanwhile, the absorption of kinetin and
abscisic acid was favored by the semi-solid medium. According to the results obtained, the
RITA® system was considered to be the most viable option for in vitro culture of anthurium,
since as a whole the characteristics studied will foster the best development of plants and,
with that, the most desirable characteristics for their production.
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