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Abstract

An adequate concentration of growth regulators as well as the replacement of agar by an alternative
medium may be promising from practical and financial points of view to produce orchid plants by
micropropagation. The objective of this work was to evaluate different concentrations of growth
regulator and alternative substrates for agar replacement in culture medium for in vitro multiplication
and rooting of Oncidium baueri. In the explant multiplication phase, two experimental factors were
evaluated- various concentrations of 6-benzylaminopurine (BAP) (0.0, 1.0, 2.0, and 3.0 mg L") and
substrates (agar, vermiculite, and coconut fiber) added to MS medium. In the rooting phase, different
concentrations of indole butyric acid (IBA) (0.0, 0.5, 1.0, and 1.5 mg L") were added to culture medium
containing the same substrate. Six months after the experiments were initiated, the survival percentage,
number of leaves, shoots, and roots and length of the aerial part and the major root were evaluated. The
results suggested that addition of 1.0 mg L' BAP is necessary for the O. baueri in vitro multiplication
phase, but IBA is not necessary in the rooting phase. For the substrate, vermiculite is not indicated as
an agar replacement. In contrast, coconut fiber can be used in both multiplication and rooting phases of
Oncidium baueri in vitro culture.

Key words: Orchid. Coconut fiber. Culture medium. Vermiculite.

Resumo

Na micropropagacdo de orquideas, a concentracao adequada de reguladores de crescimento, bem como
a substituicdo do agar por substratos alternativos no meio de cultura podem ser promissoras do ponto de
vista da praticidade e da economia financeira para a obtengdo de mudas. Assim, o objetivo do trabalho foi
avaliar diferentes concentragdes de reguladores de crescimento e substratos alternativos em substituicao
ao agar no meio de cultura para a multiplicacdo e o enraizamento in vitro de Oncidium baueri. Na
fase de multiplicagdo dos explantes, foram avaliados dois fatores: concentragdo de benzilaminopurina
(BAP) (0,0; 1,0; 2,0 e 3,0 mg L") e substrato (agar, vermiculita e fibra de coco) no meio de cultura MS
e, no periodo de enraizamento, foram testadas concentragdes de acido indolbutirico (AIB) (0,0; 0,5; 1,0
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e 1,5 mg L") nos mesmos substratos e meio de cultura. Apos seis meses da instalagdo dos experimentos,
foram avaliadas as variaveis: porcentagem de sobrevivéncia; numero médio de folhas, brotagdes e
raizes; comprimento da parte aérea e da maior raiz. Para a fase de multiplicag@o in vitro é necessario a
utilizagdo de BAP na concentra¢do de 1,0 mg L'; porém, para a fase de enraizamento a utilizagdo do
regulador de crescimento AIB ¢ dispensavel. Quanto aos substratos, a vermiculita ndo ¢ indicada para
substituir o agar; entretanto, a fibra de coco pode ser usada, tanto na fase de multiplicagdo, quanto no

enraizamento in vitro de Oncidium baueri.

Palavras-chave: Orquidea. Fibra de coco. Meio de cultura. Vermiculita.

Introduction

Oncidium baueri Lindl., popularly known as
golden rain, belongs to a group of native orchids of
Brazil. It is an ornamental species popular among
consumers owing to its numerous yellow flowers
distributed along the flower stem. It is commonly
used in floriculture, marketed as a potted plant or
cut flower, and for landscape projects (GARAY;
STACY, 1974; LORENZI; SOUZA, 2001; FARIA
et al., 2000).

Owing to their high ornamental potential,
orchids have been suffering from increasing human
exploitation. Thus, some species are threatened
with extinction, because their multiplication by
natural means is slow. Furthermore, their seeds are
devoid of endosperm and have a low percentage
of germination in nature (SORACE et al., 2008;
JUNGHANS; SOUZA, 2013).
promising alternative for the commercial production

Therefore, a

of seedlings is micropropagation, which results in
the production of seedlings with high standards of
quality and efficient use of space (FARIA et al.,
2010, 2012).

Although micropropagation techniques
widely adopted for several species, additional
information regarding the factors involved in the
production of seedlings on a commercial level is
required, owing to the high cost of the materials
and equipment used, as well as low efficiency in the
development and multiplication of some species.
As a result, new approaches have been developed

arc

to enhance the outcome and reduce the costs of
micropropagation technique (PEREIRA et al., 1999;
PEREIRA; FORTES, 2003; PINHO, 2003).

In order to obtain satisfactory results in the
stages of multiplication and in vitro rooting, strict
control over light availability and hormonal balance
in the culture medium are essential. The latter is
one of the most relevant factors to the success of
this technique. Therefore, in addition to the basic
formulation of the culture media, the use of growth
regulators is crucial for success of the propagation
of in vitro cultures (SCHUCH; ERIG, 2005).

Another factor that affects the success of
micropropagation is the use of agar (polysaccharide
extracted from seaweed) as the gelling agent in the
culture medium. In Brazil, because this material,
used in large quantities, is imported, resulting in high
costs for both research and commercial laboratories
(FERRI et al., 1998; LIMA-NISHIMURA et al.,
2003). According to Scholten and Pierik (1998),
agar can influence the growth and development
of in vitro cultures. Roots grown in culture media
containing agar, in general, are not very efficient in
absorbing nutrients and water during acclimation,
resulting in high mortality of plants (HOFFMANN
etal., 2001).

Several substrates, such as chopped polyurethane
foam (FARIA etal., 2006), the mixture of carbonized
rice shells and coconut fibers (ZANDONA et al.,
2014), coconut powder and fibers (COLOMBO
et al., 2005; ASSIS et al., 2008), and vermiculite
(MORAES et al., 2002), have been tested in the
cultivation of orchids. However, there is little
information regarding the use of these materials as
alternatives to agar in the culture medium.

To investigate the issues described above, the
objective of this study was to evaluate different
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concentrations of growth regulators and alternative
substrates to agar in the culture medium for the
multiplication and in vitro rooting of Oncidium
baueri.

Methods and Materials

The study was conducted from November 2013
to May 2014, in the Fruit Trees Plant Propagation
Laboratory, Department of Plant Science, Faculty
of Agronomy Eliseu Maciel (FAEM), Federal
University of Pelotas, Pelotas (UFPel) — RS.

Oncidium baueri plants provided by Londrina
State University (UEL), originating from vegetative
propagation (six months after sowing), had an
average of 2 = 0.3 leaves and height of 5.6 cm = 0.3.
These plants were subcultured in clear glass bottles
with transparent plastic covers with a capacity of
250 mL of MS liquid medium (MURASHIGE;
SKOOG, 1962). At the first stage of the experiment,
which refers to the multiplication of the explants
(adventitious shoots), two factors were studied:
concentrations of 6-benzylaminopurine (BAP) (0.0,
1.0, 2.0, and 3.0 mg L) and substrates (standard
coconut fiber Amafibra® and vermiculite of average
particle size) as gelling agents compared to agar
(concentration of 6 g L), totaling 12 treatments
with four replications and five explants used in each
replicate. Six grams of substrate were added per
vial plus the liquid culture medium (30 mL); this
amount was set based on preliminary tests, which
determined the minimum amount needed to support
the plants in these containers. In the second stage
during rooting, four concentrations of indole butyric
acid (IBA) (0.0, 0.5, 1.0, and 1.5 mg L") and the
same substrates described above were tested. The
design was completely randomized in a 4 x 3
factorial scheme for a total of twelve treatments with
four replicates and five explants in each replicate.

The pH of the culture medium was adjusted to
5.8 before the addition of the agar (in the relevant
treatment) at a concentration of 6.0 g L. The
culture medium was autoclaved at 120 °C and 1.5
atm for 20 min. After cooling, the bottles received

explants and were transferred to a growth chamber
with 16 h photoperiod, temperature 25 + 2 °C, and
light intensity of 27 umol.ms™! (Figure 1).

After six months, the following variables in both
experiments were evaluated: survival percentage,
number of leaves, shoots, and roots, and length of
the aerial part and of the major root (cm).

Data were evaluated with analysis of variance;
means were compared with Tukey’s test at
5% probability using Winstat (MACHADO;
CONCEICAO, 2007). Percentage values were
transformed using the square root of x + 0.5, where
x is the percentage for each variable.

Results and Discussion

Table 1 percentage
of Oncidium baueri plantlets in the in vitro
multiplication phase. No interactions were found

shows the survival

between the factors; however, significant differences
in the BAP concentrations were observed. The BAP
concentration of 3.0 mg L' led to higher percentage
survival than other concentrations, but did not differ
statistically from the concentration of 1.0 mg L.

In the multiplication phase, the number of leaves
(Table 2) was significantly lower in the substrate
containing agar with a BAP concentration of
3.0 mg L' than in the other treatments. A similar
result was found by Santos et al. (2010), who
evaluated the effect of BAP concentration in the
in vitro multiplication of Epidendrum ibaguense
(epidendrum). They found a smaller number of
leaves as BAP concentration increased from 2.0 mg
L!. The number of leaves was significantly lower
for vermiculite as a substrate when compared to agar
for all BAP concentrations analyzed up to 2.0 mg
L}, in contrast to coconut fiber, which, regardless of
the concentration of this growth regulator, produced
averages similar to or greater than the agar (Table
2). The negative effect of vermiculite contrasts with
the results observed by Fialho et al. (2011), in which
this substrate did not decrease the number of leaves
in the micropropagation of laelia (Laelia tenebrosa
Rolfe).
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Table 1. Mean values of the percentage survival of Oncidium baueri plants in the in vitro multiplication phase as a
function of 6-benzylaminopurine (BAP) concentration and the substrate used as culture medium. Pelotas-RS, 2015.

Factor Survival percentage (%)
BAP (mg.L")
0.0 65b
1.0 75ab
2.0 65b
3.0 95a
Substrate
Agar 64**
Vermiculite 81
Coconut fiber 80
CV (%) 33.11

* Mean values followed by the same letter do not differ by Tukey’s test at a 5% level of probability. ** Mean values do not differ

by Tukey’s test at a 5% level of probability.

Table 2. Number of leaves and roots of Oncidium baueri explants in the in vitro multiplication phase as a function of
6-benzylaminopurine (BAP) concentration and the substrate used as culture medium. Pelotas — RS, 2015.

Number of Leaves

Number of Roots

Substrate Substrate
(mBgI.XE") Agar Vermiculite Cg:;))::t Agar Vermiculite C;:l;)::t
0.0 4.33 ABa* 2.72 Ab 4.10 Aa 2.00 Ba 1.33 Ab 2.20 ABa
1.0 4.74 Aa 3.00 Ab 423 Aa 3.13 Aa 1.63 Ac 2.58 Ab
2.0 4.41 ABa 2.76 Ab 4.04 Aa 2.55Ba 1.69 Ab 2.26 ABa
3.0 3.75 Bb 3.33 Ab 4.84 Aa 2.33 Ba 1.50 Ab 1.98 Bab
CV (%) 29.29 31.85

* Means followed by the same letter, upper case within a column and lower case within a line, do not differ by Tukey’s test at a

5% level of probability.

The number of leaves is an important variable for
the growth and development of plants, since through
photosynthesis, CO, and light energy penetrate
the leaf surface; further, through transpiration, the
stimulation for the intake of water and nutrients from
the root medium to the plant occurs. Thus, a higher
number of leaves were associated with a higher
metabolism, growth, and development of the plant
(BENINCASA; LEITE, 2002). Studies carried out
with banana seedlings in vitro by Santos et al. (2004)
found that the seedlings with the largest number of
leaves had a higher fruit set index, initial growth,
and development in the acclimatization stage, owing
to the increased production of photoassimilates,
possibly resulting in increased production. For the
number of roots in the multiplication phase (Table 2),

only the concentration of 1.0 mg L' BAP produced
more roots than the others in the agar cultivation.
In the case of vermiculite, there were no significant
differences between the concentrations of BAP. In
contrast, for the coconut fiber up to a concentration of
2.0 mg L', no differences were found; however, the
larger concentration of BAP resulted in a reduction
in root number when compared to a concentration
of 1.0 mg L. In general, the coconut fiber substrate,
without the addition of the regulator and cultivation
in agar with 1.0 mg L' of BAP, showed promising
This
variable is very important regarding the growth and

results for the variable number of roots.

development of seedlings, as an undeveloped root
system reduces the leaf area and height and biomass
production (OLIVEIRA et al., 2008).
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Forthelengthoftheaerial partinthemultiplication
phase (Table 3), there was no significant interaction
between the two factors. Evaluating the effect
of BAP concentration, the greatest length was
obtained with a BAP concentration of 2.0 mg L
which did not differ from concentrations of 0.0 and
3.0 mg L' but was greater than a concentration
of 1.0 mg L. In a study of micropropagation of

miniature roses, Rosa chinensis Jacq, performed
by Diniz et al. (2014), an increased length of the
aerials parts with a BAP concentration of 1.0 mg L™
was obtained. Regarding the substrate used in the
culture medium, coconut fiber produced length of
aerial parts greater than vermiculite and agar. In a
study conducted by Faria et al. (2006), the highest
value for this variable was found in an alternative
substrate to agar, chopped foam.

Table 3. Aerial parts length, number of shoots, and root length in explants of Oncidium baueri in the in vitro
multiplication phase as a function of the concentration of 6-benzylaminopurine (BAP) and the substrate used as

culture medium. Pelotas — RS, 2015.

Factor Aerial parts length (cm) Number of shoots Root Length (cm)
BAP (mg L)
0.0 2.40 AB 1.67 A 1.22A
1.0 2.36B 1.77 A 1.36 A
2.0 27719 A 1.52 A 1.34 A
3.0 2.42 AB 1.61 A 1.10A
Substrate

Agar 2.60 B* 1.74 A 1.79A
Vermiculite 1.89 C 141 B 0.65C
Coconut Fiber 2.99 A 1.77 A 1.33B
CV (%) 36.29 35.53 67.45

* Means followed by the same letter do not differ by Tukey’s test at a 5% level of probability.

For the number of shoots in the multiplication
phase (Table 3), there was no interaction between
the factors. The different concentrations of BAP
exerted no significant effect on this variable, unlike
the results observed by Soares (2009) with an orchid
hybrid [(Laelia cattleya Culminant ‘Tuilerie’ x
Laelia cattleya Sons Atout Rotunda) x Brassolaelia
cattleya Startifire Moon Beach], in which the best
results for this variable (2.35) were obtained with a
concentration of 2.0 mg L. However, with respect
to substrates, vermiculite had a negative effect and
coconut fiber was similar to agar for number of
shoots.

Similarly, for the root length in the multiplication
phase (Table 3), interaction between the factors

and significant effects of BAP concentrations were
not found. However, when effect of the substrate
was examined, agar produced the greatest root
length followed by the coconut fiber and lastly the
vermiculite. This response contradicts the results of
Faria et al. (2006), in which the use of agar did not
affect the root length in in vitro cultures of Oncidium
baueri.

The analysis of the variables evaluated in the
second experiment of this study, which deals with
the rooting of explants of Oncidium baueri, indicates
that there was no interaction and no significant
effect of the concentration of IBA and substrate on
the percentage survival of the explants at this stage
(Table 4).
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Table 4. Mean percentage survival of Oncidium baueri plants in the in vitro rooting stage depending on the
concentration of indolebutyric acid (IBA) and the substrate used as culture medium. Pelotas-RS, 2015.

Percentage of Survival (%)

IBA (mg.L™)
Substrate 0.0 0.5 1.0 1.5
Agar 65* 90 80 75
Vermiculite 90 80 75 90
Coconut Fiber 65 85 95 85
CV (%) 32.88

* Means do not differ by Tukey’s test at a 5% level of probability.

Analysis of variance indicated that there average of 6.76 cm with a concentration of 1.6 mg
was an interaction between the factors for the L. In contrast, for the culture with vermiculite,
variable aerial part length in the rooting stage. they found that at the highest concentration of IBA,
There were no significant differences between the aerial part length was higher when compared to
the IBA concentrations for explants cultured on other concentrations. Furthermore, it was reported
agar and coconut fiber (Table 5). However, higher that there were substrate effects only when the
concentrations than those used in this work might medium contained 1.0 mg L' IBA, whereas the
be detrimental to the aerial part length, since Santos  orchid plants grown in coconut fiber produced
et al. (2010), in an experiment with epidendrum aerial part lengths similar to agar and greater than
(Epidendrum ibaguense Kunth), observed the largest ~ vermiculite.

Table 5. Length of the aerial part of Oncidium baueri explants in the in vitro rooting stage owing to the concentration
of indolebutyric acid (IBA) and substrate used as growth medium. Pelotas — RS, 2015.

Aerial parts length (cm)

Substrate
IBA (mg.LY) Agar Vermiculite Coconut Fiber
0.0 2.02 Aa* 2.05 ABa 3.45 Aa
0.5 2.75 Aa 3.85Aa 2.53 Aa
1.0 3.35 Aab 2.21 ABb 4.26 Aa
1.5 2.67 Aa 1.64 Ba 2.68 Aa
CV (%) 35.99

* Means followed by the same letter, upper case within a column and lower case within a line, do not differ by Tukey’s test at a
5% level of probability.

No significant effect of IBA concentration was  6) was found. Silva et al. (2013), however, observed
found in the rooting stage for the variables number a negative effect of increasing the concentration of
of leaves, number of shoots, shoot length, and IBA (between 1.0 and 4.0 mg L!) on the number of
number of roots (Table 6). Thus, our results suggest cyrtopodium leaves (Cyrtopodium saintlegerianum
that for the in vitro rooting of Oncidium baueri the Rchb). This reduction can be attributed to the
addition of IBA is not necessary. phytotoxic effects that synthetic auxins might exert
at high concentrations, being used as herbicides in

In the range between 0.0 and 1.5 mg L' IBA, no ]
crops in some cases (MERCIER, 2012).

effect of this regulator on the number of leaves (Table
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Table 6. Number of leaves and shoots, shoot length, and number of roots in Oncidium baueri explants in the in vitro
rooting phase in relation to the concentration of indolebutyric acid (IBA) and substrate used as culture medium.
Pelotas — RS, 2015.

Factor Number of Leaves Number of shoots Shoots Length (cm) Number of Roots
IBA (mg.L")
0.0 379A 1.53A 1,45 A 220A
0.5 381A 1.56 A 1,68 A 2.17A
1.0 3.62A 1.54 A 1,64 A 226 A
1.5 3.67A 1.50 A 1,49 A 2.17A
Substrate

Agar 4.05A 1.68 A 2.33A 2.52A
Vermiculite 3.15B 1.31B 0.90B 1.79 B
Coconut Fiber 396 A 1.60 A 1.46 B 2.29A
CV (%) 16.68 19.68 49.63 20.24

* Means followed by the same letter do not differ by Tukey’s test at a 5% level of probability.

With respect to the effect of the substrate, the
presence of vermiculite in the cultivation led to a
reduction in the number of leaves and shoots, length
of'shoots, and number of roots in the rooting stage. In
contrasts, coconut fiber produced similar results to
agar for all of these variables, except for the number
of shoots (Table 5) and length of shoots (Table 6),
which were lower in this substrate when compared
to agar. The results obtained differ from those of
Fialho et al. (2011), who reported no significant
differences in the number of leaves between agar,
vermiculite, and coconut fiber media used for in
vitro rooting of pteridium (Pteridium aquilinum
Kuhn), and from those of Gallo et al. (2014), who
reported no significant differences between agar
and filter paper and polyurethane foam with respect
to their the function of rooting cattleya (Cattleya
loddigesii). Thus, the addition of the IBA growth
regulator in the rooting phase did not improve the
response of the variables analyzed in the in vitro
culture of Oncidium baueri (Tables 4 to 6). This lack
of effect is as a great advantage from the economic
point of view of seedling production of this species
because, by not using growth regulator at this
stage, it reduces the costs of using in vitro culture.
However, analysis of the survival percentages of the
multiplication stage strongly supports that the use
of a concentration of 1.0 mg I'' BAP is required.

Regarding the substrates, both vermiculite
and coconut fiber are materials of lower cost than
agar and can be purchased in the south region of
Brazil. Both have the important characteristic of
not deteriorating during in vitro cultivation (which
would invalidate their use as viable gelling agent
alternatives). Golle et al. (2010) emphasized the
importance of this aspect when arguing against the
use of cornstarch, for example, due to the release of
a-amylase by the roots of some species.

Although the alternatives to agar substrates did
not produce a negative effect on the percentage
survival both in the multiplication (Table 1) and
the rooting stages (Table 4), vermiculite reduced
the responses obtained for most variables in both
stages (Tables 2, 3 and 6). In contrast, coconut fiber
produced very similar results to the agar in all the
parameters evaluated in the explants (Tables 2, 3, 5
and 6), with the exception of shorter shoots lengths
in the rooting phase (Table 6). This result may be
related to the higher water retention capacity of
vermiculite, which might have caused greater contact
between the solution and the plant base tissues,
stimulating enzymatic reactions responsible for the
occurrence of necrosis. Another possibility is the
occurrence of such reactions in tissues responsible
for the formation of root primordia, due to the pH
value of this substrate (PEREIRA et al., 2005).
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Conclusions

1. The use of BAP at a concentration of 1.0 mg
L' is recommended for the in vitro multiplication
phase of Oncidium baueri.

2. The use of the auxin IBA is not necessary in
the in vitro rooting phase of Oncidium baueri.

3. The in vitro multiplication and rooting of
explants of Oncidium baueri may be performed in
MS medium containing coconut fiber as a gelling
agent to replace agar.
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