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Abstract
The in vitro propagation of orchids is the only commercial large scale technique to obtain healthy and high quality plantlets with
clonal origin. The use of new technologies in plant tissue culture systems could lead to efficiency increases and costs reduction
of micropropagation systems. The main actual micropropagation system is based on semi-solid culture media solidified using
agar, followed by sterilization using autoclaving, and cultivation under photomixotrophic conditions using sucrose as main source
of energy to plant in vitro culture. We proposed in this study the use of new micropropagation system using chemical sterilized
liquid medium using polyurethane foam as support and LED source of light in rooting stage of Miltassia ‘Shelobie Tolkien’. Thus,
the objective of this research was to test different concentrations of sucrose, comparing the conventional semi-solid agar-based
culture medium (control) and the use of liquid medium with polyurethane foam support. The following sucrose concentrations
were used: 0, 7.5, 15, 22.5 and 30 g L-1.The experiment was conducted in a 2 x 5 factorial, in a completely randomized design
with ten replications each over a total period of 105 days of cultivation. The chemical sterilization using ClO2 showed 100% of
decontamination in all treatments. The use of liquid media with polyurethane foam showed better results than plants cultivated in
agar medium, and can be used for replace agar-based for orchid in vitro rooting.
Keywords: Agar, polyurethane foam, micropropagation system, plantlet development, chlorine dioxide
Resumo
Viabilidade do novo método para o enraizamento in vitro de orquídeas utilizando meio de cultura líquido
e esterilizado quimicamente sob diferentes concentrações de sacarose
A propagação in vitro de orquídeas é a única técnica comercial em larga escala para obtenção de plântulas saudáveis e de alta
qualidade com origem clonal. O uso de novas tecnologias em sistemas de cultura de tecidos vegetais pode levar a aumentos de
eficiência e redução de custos dos sistemas de micropropagação. O principal sistema de micropropagação atual é baseado em
meios de cultura semi-sólidos solidificados usando ágar, seguido de esterilização pela autoclavagem, e cultivo sob condições
fotomixotróficas usando sacarose como principal fonte de energia para o cultivo in vitro de plantas. Neste estudo foi proposto o uso
de um novo sistema de micropropagação utilizando meio líquido esterilizado quimicamente e utilizando espuma de poliuretano
como suporte e fonte de luz LED para ocultivo in vitrode Miltassia ‘Shelobie Tolkien’. O objetivo desta pesquisa foi testar
diferentes concentrações de sacarose, comparando o meio de cultura convencional semissólido à base de ágar (controle) e o uso de
meio líquido com suporte de espuma de poliuretano. Foram utilizadas as seguintes concentrações de sacarose: 0, 7,5, 15, 22,5 e 30
g L-1. O experimento foi conduzido em fatorial 2 x 5, com delineamento inteiramente casualizado, somando um total de 105 dias de
cultivo. A esterilização química com o ClO2 mostrou 100% de descontaminação em todos os tratamentos. O uso de meios líquidos
com espuma de poliuretano apresentou melhores resultados do que plantas cultivadas em meio semi-solidificado com ágar, e pode
ser utilizado para substituir os atuais sistemas de cultivo in vitro baseados em ágar.
Palavras-chave: Agar, espuma de poliuretano, sistema de micropropagação, desenvolvimento da plântula, dióxido de cloro
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Introduction
The Orchidaceae family represents about 25,000
species, as well as thousands of hybrids around the world,
being the largest family among monocotyledons (Zahara et
al., 2017). The most economic value of orchids is attributed
to the ornamental value due to the beauty, diversity of
colors and forms of its flowers, but some orchids were
used as medicinal plant, as example in traditional Chinese
medicine (Silva et al., 2016).
The commercial production of ornamental orchids
utilizes for propagation asymbiotic in vitro germination
and cloning techniques of plants as the only techniques
with commercial feasibility to obtain healthy and high
quality plantlets in a large scale production. This technique
was also applied in the production of species that are
environmentally vulnerable or endangered (Datta et al.
2017; Faveta et al., 2017).
The Murashige and Skoog (1962) medium (MS) is
the most used for the in vitro propagation of orchids,
and depending of the species or hybrid used for
micropropagation, the macronutrient concentrations of the
medium are modified, reduced by half (½MS) to meet the
plant requirements necessary for in vitro development of
plantlets (Silva et al. 2015). These modifications resulted
in better development of micropropagated plantlets,
but in most of the experiments these modifications are
limited to nutrients, including treatments with types
and concentrations of plant growth regulators, such as
cytokinins and auxins (Park and Yeung, 2017).
The use of ½MS semi-solid agar-based containing
sucrose at 2%-3% into the culture medium and
white fluorescent-bulbs as source of light, under
photomixotrophic conditions, is the most system used
for orchid micropropagation (Silva et al. 2015). Both the
agar and the sucrose influence the in vitro development of
species, with direct correlation between the higher degree
of purity and increase of cost of these products (Daud et al.,
2011), which increase costs of micropropagated plantlets.
The sucrose is the main source of carbohydrates
in the culture medium and energetically supports the
development of shoots and plantlets cultivated in vitro,
main because photosynthesis is limited on these conditions
by the reduced gas exchange between in vitro and ex vitro
environment and low light intensity used in growth rooms
for maintain the plantlets development. Although sucrose is
essential in conventional micropropagation, concentration
studies help to improve its use (Zahara et al., 2017) and
experiments are required, especially for the development of
new systems for in vitro cultivation aiming the reduction of
it use, or even avoid it use in culture medium (sucrose-free
media) for micropropagation to promote a realistic way for
the photoautotrophic micropropagation.
The search and use of new disposable technologies that
replace conventional photomixotrophic micropropagation
methods could be used aiming to increase the efficiency
and to reduce costs of micropropagated plantlets, one of
the most challenges in this century. Studies realized by
Grzegorczyk-Karolak et al. (2016) show that the liquid

culture medium combined with the polyurethane foam as
support, improved plantlets performance in vitro and it
can be a new alternative to replace agar in vitro cultivation
of plantlets. In addition, new technologies for lighting,
as lighting-emitting diode (LEDs) showed an excellent
alternative to replace actual white cold fluorescent lighting
(Bello-Bello et al., 2017).
Similarly, chemical sterilization of culture media using
chlorine dioxide (ClO2) proved be highly efficient for
replace autoclaving and has been successfully used in in
vitro cultivation of ornamental plants such as anthurium
(Cardoso, 2009) and gerbera (Cardoso and Imthurn, 2018),
without phytotoxicity effects under effective concentrations.
Among the advantages of chemical sterilization using ClO2
is the efficient decontamination with non-phytotoxicity
effects. In addition, compared to autoclaving, allow the use
of new materials and chemicals that are thermolabile and
that resulted in phytotoxicity substances release in culture
medium caused by high temperatures treatment, such as
sucrose (Brondani et al., 2013; Cardoso and Imthurn, 2018;
Gavilan et al., 2018).
Based on these previous studies, the objectives were
to test a new method using chemical sterilized and liquid
medium with polyurethane foam as support for plantlet
development, to replace agar-based conventional medium
in orchids, under five different concentrations of sucrose.

Material and Methods
For the experiment there was used the commercial hybrid
Miltassia ‘Shelobie Tolkien’, which has as characteristics
fast and vigorous growth, early flowering compared with
other related hybrids, and starlit flowers with brown color
of petals and sepals, with rose lip. All the shoots used in
the experiment originated from multiplication phase of in
vitro micropropagation, obtained from shoot-tip culture,
therefore of clonal origin and obtained from a protocol
developed in the Laboratory of Plant Physiology and Tissue
Culture (LFVCT) of the Center of Agricultural Sciences of
Federal University of São Carlos (UFSCar).
The experiment was conducted at rooting stage of
orchid micropropagation. There were used test tubes which
were initially washed with running tap water and neutral
detergent prior to use. The culture medium used was
Murashige and Skoog (1962) with half of the concentration
of macronutrients (½MS), with addition of 0.1 g L-1 inositol
and without the application of plant growth regulators,
established according previous protocols developed and
used for the rooting and elongation of the plantlets in the
LFVCT-UFSCar.
The experiment tested the physical state of the culture
medium and the sucrose concentrations. The semi-solid
culture medium was obtained by addition of 6.5 g L-1 agar
and the liquid medium was supported by polyurethane foam
(PoF) (Agriespuma®, Ibiúna, Brazil). Both media were
supplemented with different concentrations of sucrose,
being: 0, 7.5, 15, 22.5 and 30 g L-1.
The experiment were conducted under new disposable
technologies, e.g. chemical sterilization of culture media
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with ClO2, instead of conventional autoclaving, and the use
of LED lighting source with blue/red wavelengths (1:2) to
replace white cold-fluorescent tubes conventionally used
for in vitro orchid micropropagation.
The culture media were chemically sterilized using the
protocol developed by Cardoso (2009), using the active
chlorine concentration of 0.0035% and the commercial
product Dioxiplus® (Indaiatuba, Brazil) with active
ingredient chlorine dioxide (ClO2). After addition of ClO2
(chemical sterilization), the pH of the culture medium
was adjusted to 6.2 prior to the addition of the Agar or the
polyurethane foam and dispensed into the culture test tubes.
To each test tube was added 12 ml of culture medium. A
total of 10 test tubes containing one shoot each (replicate)
per treatment were used. A transparent polypropylene
plastic cap was used for cover test tubes.
The experiment was conducted in factorial 5 (sucrose
concentrations) x 2 (semi-solid or liquid+PoF), in a
completely randomized design with ten replicates for each
treatment.
For the evaluations of in vitro plantlet growth, there
were measured biweekly the plant height and the leaf
number, over a total period of 105 days of cultivation. At
the end of the cultivation period, the longest root and the
fresh weight for each plantlet were also measured.
The acclimatization was carried out by washing the
roots with tap water and then planted in plastic trays of
200 cells containing commercial substrate Carolina Soil®
(Pardinho, Brazil) based on peat, vermiculite and charred
rice husk. The plantlets were transferred to greenhouse
covered with agricultural plastic diffuser and aluminum
color shading cover (65% shading capacity), irrigated daily
with approximately 1 mm of water and weekly fertigated
with commercial solution of fertilizers (Plant-Prod®, 2020-20 + micronutrients) and electrical conductivity of 1.0.
The survival of the plants was quantified at 90 days of
cultivation under greenhouse conditions and presented in
percentage of survival plantlets.
The data obtained at 105 days of cultivation were deducted
of data zero to evaluate the increases of variables among the
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period of cultivation. The results obtained were submitted
to Analysis of Variance, followed by the use of means
comparison Scott-Knott test at P = 0.01 and 0.05. The data of
number of leaves was also submitted to analysis of regression.

Results and Discussion
Chemical sterilization with ClO2 demonstrated
high efficiency for sterilization of the culture media,
independently of the sucrose concentration and if used
agar-based or liquid media with polyurethane foam (PoF).
During 105 days of in vitro cultivation, none of visible
contamination in the culture medium was observed. The
successfully sterilization of the culture medium was already
reported for other species and showed the high efficiency
of the ClO2 to effectively perform the sterilization of the
culture medium, without causing phytotoxicity effects to
different commercial ornamental plants grown in vitro
(Cardoso and Imthurn, 2018). This is the first report of the
use of ClO2 for successful chemical sterilization of culture
media in orchid cultivation using liquid media.
Similarly, the use of LED-lighting with blue/
red wavelengths were considered satisfactory for the
micropropagation of Miltassia ‘Shelobie Tolkien’, with
plantlets morphologically similar to those developed under
conventional white-fluorescent light (data not showed). The
use of LEDs has as advantages compared with fluorescent
lights, because the last one produces wide range of wave
lengths not required by development of micropropagated
plants, while red-blue LED concentrated more useful wave
lengths. The use of blue-red LEDs also has effects on orchid
development, increasing chlorophyll contents (a, b and a+b)
and showing similar development of in vitro plantlets of
Phalaenopsis orchids, compared to those cultivated with
conventional fluorescent white light (Bello-Bello et al. 2017).
The development of Miltassia ‘Shelobie Tolkien’ orchid
plants was possible and considered highly satisfactory
in both culture media, solidified with Agar, or in liquid
medium containing the polyurethane foam (PoF) as support
(Table 1).
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Table 1. In vitro development of Miltassia ‘Shelobie Tolkien’ in culture medium containing different sucrose concentrations,
chemically sterilized and semi-solid or liquid + Polyurethane foam (PoF) support
Sucrose concentration (g L-1)

Miltassia
‘Shelobie Tolkien’

0.0

7.5

15.0

22.5

30.0

Gains in shoot
Height (cm)

Agar

1.65

0.37

1.32

1.82

1.49

PoF

1.33

1.25

1.32

0.98

0.80

Gains of number
of leaves

Agar

3.8

8.7

7

8.2

8.2

Mean

PoF

4.2

6.1

7.6

6

7.9

Mean

4.0 b

7.4 a

7.3 a

7.1 a

8.1 a

Gains in longest
root (cm)

Agar

0.82

0.84

1,04

0.8

1.05

PoF

0.55

0.72

1.11

1.18

0.99

Fresh weight
(g/plant)

Agar

0.175

0.298

0.333

0.234

0.405

0.289 b

PoF

0.236

0.484

0.594

0.744

0.719

0.555 a

Mean

0.206 b

0.391 a

0.464 a

0.489 a

0.562 a

Shoot height

Longest root

Number of leaves

Fresh weight

Agar/PoF

0.95 ns

0.01 ns

2.00 ns

24.04**

Sucrose

1.42 ns

0.90 ns

2.51*

6.77**

Agar/PoF x Sucr

1.89 ns

0.43 ns

0.55 ns

1.99 ns

CV (%)

25.32

20.89

33.91

8.44

Transformation

√x+1

√x+1

√x+1

√x+1

Means followed by the same letters do not differ from each other by the Scott & Knott means test at 5% (*) or 1% (**) probability.

1

No significant differences were observed for the sucrose
and cultivation system factors for the variables analyzed
plant height and length of the longest root. Sucrose
concentrations had effect in the number of leaves/plantlets
and the fresh weight of plantlets was the only variable that
was influenced by both factors tested.
The use of the polyurethane foam (PoF) was resulted
in significant gains in the fresh weight compared to the use
of the conventional medium semi-solidified with Agar. The
use of PoF resulted in an average increase of 92% in the
fresh weight when compared to the plantlets obtained in
agar medium. The highest increase (218%) was observed
in the sucrose concentration of 22.5 g L-1. Also in sucrosefree medium there were observed increases of 35% in fresh
weight using PoF, compared with agar, showing a better
performance of plantlets since in sucrose-free media.
The fresh weight of plantlets differed when compared
the free-sucrose medium (0 g L-1) with the sucrose-added
medium, regardless of the concentration used (7.5 to 30 g
L-1). This same result was observed for the number of leaves
per plantlet, demonstrating that the presence of sucrose,
even at low concentrations (7.5 g L-1) resulted in increases
in the fresh weight gain and better vegetative development
of the plantlets than those grown in the absence of sucrose,
confirming the photomixotrophic development.
The importance of sucrose to in vitro plant cultivation
is conceptually known, including many reports on its use

and benefits for orchid in vitro cultivation. As example, in
Oncidium baueri there was observed that the use of the ½MS
culture medium associated with sucrose concentration of 40
g L-1 showed increases in shoot height (63%), root number
(64.1%) and the total fresh weight (106%), when compared
to the control medium containing 30 g L-1 sucrose (Sorace
et al., 2008). However, the concentration of sucrose appears
to be genotype-dependent, and for Cattleya loddigesii, the
use of sucrose concentrations greater than 20 g L-1 did not
result in benefits for in vitro development and survival
of the seedlings in ex vitro acclimatization conditions
(Galdiano Júnior et al., 2013).
In spite of these differences observed for other orchid
species, the observations realized in actual study using
cloned plantlets of Miltassia ‘Shelobie Tolkien’, showed
that the only differences were observed between the
absence and presence of sucrose in the culture medium,
regardless of the concentration used. Although sucrose
shows benefits for the in vitro plantlet development,
it has been demonstrated that their presence in the
culture medium can results in important physiological
abnormalities, such as the excessive opened stomata and
difficulties for the establishment of stomata control to
reduce excessive transpiration in plantlets cultivated in
vitro in pre-acclimatization stage (Cardoso et al., 2013).
In this previous study with gerberas, the combination
of greenhouse conditions (natural sunlight) associated
V. 25, No. 3, 2019 p. 263-269
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with the absence of sucrose in the culture medium may
result in better acclimatization of the plantlets, favoring
the acquisition of photoautotrophy even when the in
vitro plantlets showed limited in vitro development
under free-sucrose medium (Cardoso et al., 2013).
This was also observed in actual study with Miltassia
orchid, in which the plantlets grown in the absence of
sucrose could be acclimatized and presenting similar
morphology and development to those grown in medium
containing sucrose, showing that plantlets cultivated
in vitro in the absence of sucrose could be better
response to acclimatization conditions. The success of
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acclimatization was high, with approximately 90% of
plantlet survival in all treatments, including sucrose-free
media.
Another important fact observed in this study was
the greater increase of the fresh weight using the liquid
medium + PoF, in comparison to the medium solidified
with agar. The increase in fresh weight was the result of the
increase in other observed, but not evaluated items, such
as the larger leaf diameter and pseudobulbs in the plantlets
of Miltassia ‘Shelobie Tolkien’ cultivated in vitro, visibly
increasing the quality of the plantlets obtained using this
culture system (Figure 1).

Figure 1. Number of new leaves developed in in vitro cultivation period and in vitro
morphology of Miltassia ‘Shelobie Tolkien’ in culture medium containing different sucrose
concentrations with Polyurethane foam (PoF) support compared to agar-medium
The use of liquid medium may bring benefits to in
vitro plant micropropagation, such as increased available
and uptake of nutrients through the culture medium,
but also can lead to non-desirable responses when
cultivated under anaerobic conditions (undersolution),
with negative consequences to the development of
in vitro plantlets. In this sense, the use of temporary
immersion bioreactors (TIB) (Zhang et al., 2018) or
supports combined with the stationary liquid medium
are alternatives to avoid the problem of anaerobiosis on
in vitro plant tissue culture. Among the few works using
PoF as a support for in vitro cultivation, GrzegorczykKarolak et al. (2016) found that the use of stationary
liquid medium in combination with the use of PoFbased support resulted in the greatest increase of fresh
and dry weight in Scutellaria alpina plantlets cultured in

vitro, when compared to the conventional medium semisolidified with agar.
One of the differences observed in actual study
with using Miltassia ‘Shelobie Tolkien’ orchid was that
the resumption of the plantlets development, after the
transference to the new culture medium, was faster and
linear in the liquid medium with PoF compared to agar
medium (Figure 1). An example could be visualized with
the number of leaves, in which the use of liquid medium
resulted in linear correlation between development of the
new leaves and cultivation period, whereas in medium
containing agar there was observed a long period of
adaptation (first 40-50 days of cultivation) of the plantlets
to the new and nutrient-rich culture medium, followed by
the resumption of the production of new leaves only after
this period (Figure 1A).
V. 25, No. 3, 2019 p. 263-269
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Conclusions
The combination of chemical sterilization using ClO2,
plantlets cultivation in blue/red LEDs with higher energyefficiency and the use of liquid medium using polyurethane
foam as a support provided favorable conditions for the
in vitro development of plants, proving their efficiency
for orchid micropropagation, with benefits also in the
next acclimatization phase. These new technologies
are an important tool for the advances in the in vitro
micropropagation of plantlets, especially to obtain more
efficient systems, with lower cost and also aiming the
photoautotrophic micropropagation.
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