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Abstract: Phalaenopsis is an orchid genus of great economic value in world floriculture. In vitro clonal
propagation is the only large-scale feasible method for Phalaenopsis propagation, but it is difficult
because of the low multiplication rate. The aim of this study was to evaluate the effect of types and
concentrations of N6-benzyladenine (6-BA) and gibberellic acid (GA3) on the in vitro multiplication
of shoots from inflorescence nodal segments (INS) of Phalaenopsis hybrids. INS with one axillary
bud were inoculated in New Dogashima Medium with different combinations of BA and GA3. The
results show that the treatment containing 1.0 mg L−1 BA and 1.5 mg L−1 GA3 showed the higher
percentage of live inflorescence segments (71.48%) and a number of shoots (1.68 shoots/INS). The
highest 6-BA concentration (4 mg L−1) tested in this study resulted in the best shoot multiplication
rate (4.3). Contamination and browning of the INS tissues were the main difficulties identified for
clonal propagation of Phalaenopsis. Successful in vitro rooting occurred on half-strength Murashige
and Skoog medium (100%), and acclimatization (100%) was obtained independent of the substrates.
However, the best gains in number of roots, leaves, chlorophyll content, and fresh weight of plantlets
were achieved using vermiculite.

Keywords: Orchidaceae; shoot multiplication; phytoregulators; plantlet production; ex vitro development

1. Introduction

The family Orchidaceae is one of the three largest angiosperm families, with almost
28,000 species [1], as well as thousands of hybrids from different regions of the world [2].
Among the more than 700 genera of this family [1], the genus Phalaenopsis has been ap-
pointed as the orchid with the greatest commercial importance in world floriculture, being
the most commercialized as a cut or pot flower and with the greatest economic value
to the world floriculture industry [3], especially due to the diversity of colors and floral
architecture [4], as well as the high durability of their flowers [5], allowing transport to
distant sites of production.

In vitro propagation of Phalaenopsis by seeds can generate a large number of seedlings
from protocorms and has applicability in the development of new cultivars and species
conservation [6], but the high genetic variability and the lack of uniformity in vegetative
and reproductive development [7] make the commercial production of seedlings economi-
cally uninteresting. Thus, commercial production of Phalaenopsis orchids has been based on
hybrids obtained from controlled manual crosses [8] and post-selected for improved char-
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acteristics of horticultural and market interest [9], followed by in vitro cloning of superior
hybrid genotypes using shoot proliferation initiated by inflorescence stalks [10,11].

Thus, the production of clonal plantlets can be considered as one of the main techno-
logical steps for Phalaenopsis cultivation, with predominance of hybrid plants that serve
as mother plants for in vitro cloning. Only this technique could be considered reliable for
guaranteeing the uniformity of ornamental and horticultural characteristics of interest in
flower production [12].

Protocorm-like bodies (PLBs) derived from different types of somatic tissues represent
a clonal method used to produce large numbers of plantlets from few mother plants [11,13].
However, regeneration of PLBs from different tissues and in different genotypes has shown
as the main limitation the occurrence of different frequencies (0–51.7%) of somaclonal
variations (SVs), including SVs associated with flower development—e.g., absence of
flower parts of Phalaenopsis ‘PH908’ [3].

In Phalaenopsis, direct shoot induction from flower stalk segments was used for this
purpose, but a limited number of commercial genotypes were tested and reported [14].
Additionally, the use of this type of explant from selected hybrids of adult Phalaenopsis
allowed the production of clonal shoots from dormant buds contained in inflorescences,
with or without reduced somaclonal variations, and allowed the production of in vitro
leaves aiming at induction, proliferation, and regeneration of protocorm-like bodies (PLBs)
into plantlets [15,16].

Some plant genotypes presented high recalcitrance to regeneration when flowering
occurred [17], with recent studies pointing to a possible interface between the florigen
mRNA and the inhibition of tissue/organ regeneration [18]. However, in plants, flower-
ing development is divided into two main stages: flowering induction and the effective
development of inflorescences and flowers. The developing or developed floral organs
and tissues have been used, aiming at in vitro regeneration, and have until now inter-
esting applications in different important crops, such as the induction and regeneration
of the somatic embryogenesis pathway [19,20]. In addition, floral organ in some species
is the unique viable explant used as an alternative to apical shoot meristem, such as in
Phalaenopsis, a monopodial orchid in which the assessment of shoot tips results in the death
of the mother plant [21]. Thus, in Phalaenopsis, the previously developed buds present in
nodes of flowering stalks make this tissue a realistic method for shoot induction by the
activation of previously formed buds contained in each node being used as explant [11,13].

Despite these benefits, the greatest limitation of this technique has been associated
with the low yield of in vitro shoot multiplication and has as a consequence increased
the high cost of micropropagated plantlets [10]. In this context, endogenous factors (such
as genotype) as well as exogenous factors (such as culture media, phytoregulators, and
growing conditions) are preponderant for increasing the multiplication rate, aiming at
increasing the efficiency of micropropagation and plantlet production in Phalaenopsis [11,16].

The main questions to be addressed by this research are: Do commercial hybrids of
Phalaenopsis respond at the same level of model species, such as Phal. amabilis conventionally
used for in vitro regeneration? Is there a specific importance of different phytoregulator
classes, such as gibberellic acid (GA3) and N6-benzyladenine (6-BA) on bud sprouting and
shoot proliferation of Phalaenopsis hybrids? Does the 6-BA used in the multiplication phase
have residual influence on plantlet development during the rooting phase? What changes
occur in acclimatization of Phalaenopsis clonal plantlets when acclimatized using the most
common substrates in world floriculture? Considering these justifications, in this research,
the effects of 6-BA and GA3 on the establishment and shoot proliferation of commercial
Phalaenopsis orchid hybrids were evaluated using young inflorescence segments as initial
explants. In addition, an experiment aiming at improvements in the multiplication phase
using different concentrations of 6-BA was also designed. Finally, clonal plantlets were
subjected to acclimatization in different substrates to evaluate plantlet development.
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2. Material and Methods
2.1. Establishment and Multiplication of Inflorescence Stalks of Two Cultivars of Phalaenopsis

Inflorescences of two Phalaenopsis hybrid cultivars called ‘PH501’ and ‘PH908’ from
the breeding program developed by the author J.C.C. at DBPVA/UFSCar were cultivated
under greenhouse conditions, using 65% shading, irrigated three times a week (3.0 mm wa-
ter/irrigation) and fertigated with Poly-Feed® (19% N, 19% P2O5, 19% K2O, 1000 ppm Fe,
500 ppm Mn) at a concentration of 1 g L−1 foliar fertilizer with weekly applications.

Young floral stalks, 10–15 cm long, were collected and divided into segments of
approximately 3.0 cm containing one axillary bud and submitted to asepsis in 70% alcohol
for two minutes, followed by 20 min in sodium hypochlorite (2.0–2.5% active chlorine),
and again immersed in 70% alcohol for 1 min. Subsequently, three washes were performed
with autoclaved deionized water.

After asepsis, the borders of the inflorescence segment and the bract covering the
bud were removed. Explants were introduced into 250 mL flasks containing 40 mL of
New Dogashima Medium (NDM) [13] supplemented with 20 g L−1 sucrose and 0.1 g L−1

inositol, with the addition of 6-benzyladenine (6-BA), gibberellic acid (GA3), and naph-
thaleneacetic acid (NAA), described as follows: control without phytoregulators (PGRs);
6-BA 1.0 mg L−1, GA3 1.5 mg L−1, and NAA 0.1 mg L−1 (complete PGRs); 6-BA 0.1 mg L−1

(reduced 10×), GA3 1.5 mg L−1, and NAA 0.1, and; 6-BA 1.0, GA3 0.15 (reduced 10×), and
NAA 0.1 mg L−1.

The pH of each culture medium was adjusted to 5.7 ± 0.05, and the culture media
were solidified with 7.0 g L−1 plant agar. The culture medium in 250 mL flasks, covered
with polypropylene caps, was autoclaved (Prismatec, Brazil) at 120 ◦C and 1 kgf cm−2 for
20 min. The inflorescence segments were transplanted every 60 days, until completing
three subcultures of in vitro multiplication in each treatment with culture media.

All flasks were kept in a growth room under cool white fluorescent light tubes with
photon flux density of 54–57 µmol m−2 s−1, photoperiod of 14 h, and temperature of
25 ± 2 ◦C.

Evaluations were conducted in two different phases: 60 days after inoculation of
inflorescence segments under in vitro conditions after asepsis. In this phase, evaluations
were carried out for percentage of contamination and living inflorescence segments, type
of bud development, whether in vegetative shoot (Ve) or new inflorescence (Ge), and also
after the first to third subculture of INS, called the multiplication phase, in which the
multiplication rate (number of shoots obtained/segment inoculated) was evaluated.

The experiment was conducted in a factorial arrangement of two (genotypes) and
four (phytoregulators) with 7 replications at the in vitro establishment phase and with
11 replications for each subculture. Each replicate consisted of a flask with four inflores-
cence segments. The experiment in the multiplication phase was repeated for three times,
consisting of three subsequent subcultures of explants.

2.2. Improvements in the Shoot Proliferation Phase of Phalaenopsis ‘PH501’

An additional experiment was also carried out with the cultivar Phalaenopsis ‘PH501’
in order to increase the yield of shoots obtained by subculture cycle. This cultivar was
chosen because of better commercial characteristics than ‘PH908’, such as larger flowers
and branched inflorescences. The culture medium used in this step was Murashige and
Skoog [22] with half the concentration of macronutrients (MS 1

2 ), maintaining the original
concentrations of microelements and vitamins and aminoacidic, and supplemented with
20 g L−1 sucrose, 0.1 g L−1 inositol, and concentrations of cytokinin 6-BA as treatments:
1, 2, 3 and 4 mg L−1, with addition of 2.4 g L−1 Gelrite (Duchefa, Netherlands). In total, six
replications were used per treatment, each repetition consisting of a flask containing three
apical shoots.

All flasks containing the shoots were kept in a growth room for 90 days under LED
lighting with wavelengths in the blue (450 nm) and red (660 nm) (1:1.5) (Audax electronics,
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São Bernardo do Campo, Brazil), 40–42 µmol m−2 s−1 using a 16-h photoperiod and a
temperature of 26 ± 1 ◦C. The experiment was repeated twice.

After 90 days of cultivation, the multiplication rate, the number of new leaves emerged,
and the fresh mass of shoots were evaluated in the multiplication phase, as well as the
number of leaves and roots obtained from the rooting phase of each treatment, to evaluate
the 6-BA residual effects in the later stages of micropropagation, such as rooting and
acclimatization.

2.3. Rooting of Shoots and Acclimatization of Plantlets Derived from Inflorescence Segments

Shoots obtained were rooted in Murashige and Skoog [22] medium containing half
of the macronutrients (MS 1

2 ) and supplemented with 20 g L−1 sucrose, 0.1 g L−1 inositol,
25 mL L−1 fresh coconut water, and 1 g L−1 activated charcoal and solidified with 2.4 g L−1

Gelrite and pH adjusted to 5.7 ± 0.05. Plants were cultivated in a growth room under cool
white fluorescent light tubes with photon flux density of 55–57 µmol m−2 s−1, photoperiod
of 14 h, and temperature of 25 ± 2 ◦C for 60 days.

Acclimatization was performed in 50-cell (40 mm × 40 mm × 90 mm depth) plastic
trays and transferred to a greenhouse under 65% shading (Freshnet®, Agronet, Brazil) and
irrigated using micro sprinklers three times a week (3.0 mm water/each irrigation), plus
one fertilization a week by fertigation (0.5 L/m2) using the follow concentration of salts
(mg L−1): 293 Ca(NO3)2*4H2O, 55 KNO3, 9 NH4NO3, 109 KH2PO4, 71 K2SO4, 96 MgSO4*7H2O,
and a micronutrient source of 25 mg L−1 of chelated minerals (Apex Mix®, Apex Agro,
Valinhos, Brazil).

Substrates tested were the coconut powder, sphagnum, and vermiculite for acclima-
tization of Phalaenopsis ‘Ph501′ clonal plantlets. Fresh mass, number of leaves and roots,
and chlorophyll a, b, and a + b fluorescence in leaves (Clorofilog, Falker®, Porto Alegre,
Brazil) were measured in plants at the beginning of acclimatization (Cf initial—day zero)
and in plastic trays containing each substrate after 60 days of cultivation (Cf final). The
chlorophyll content index was measured using the chlorophyll meter Clorofilog® (Falker,
Porto Alegre, Brazil).

At the end of the 60 days of cultivation under greenhouse conditions, plants were
removed from the substrates, and the same parameters were evaluated, aiming to detect
gains/differences obtained in each substrate used.

The experiment was conducted in a completely randomized design with three treat-
ments (substrates) and 10 replications (plants). The results were tested by analysis of
variance (ANOVA), and then the treatments were compared by Tukey averages comparison
test at 5% probability. These analyses were run in Agroestat software [23].

3. Results
3.1. Establishment Using Inflorescence Nodal Segment Explants

Young inflorescence segments with 10–15 cm in length can be successfully used for
in vitro shoot induction of the two hybrids of Phalaenopsis ‘Ph908’ and ‘Ph501’. Buds
present in inflorescence nodal segments (INS) showed two types of development: the
shoots (SH) with production of new sprouts or; the generative development, which results
in the formation of new inflorescences (NI) (Figure 1E). The percentage of INS of ‘PH501’
developed into NI was close to 75%, while in ‘PH908’, the majority developed into SH,
85% INS (Table 1). The different combinations of phytoregulators had no influence on the
type of development, SH, or NI (Table 1).

The treatments containing 1.0 mg L−1 BA caused an increase in the percentage of
live explants (67.8–78.6%) and shoot proliferation (1.92–2.12 shoots/explant), compared
with the control (Table 1). The cultivar ‘PH501’ showed a higher percentage of live seg-
ments (76.8%) and number of shoots (1.81), compared with the cultivar ‘PH908’ (44.6 and
1.21, respectively), with no significant interaction between genotype and phytoregulators
(Table 1).
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Figure 1. Micropropagation of Phalaenopsis hybrids using inflorescence nodal segments (INS): size
of inflorescences used (A), segmentation (B), elimination of dead tissue margins after asepsis (C),
and inoculation of INS in culture medium (D); (E) 90 days after in vitro cultivation of INS with
vegetative (Ve) shoots or generative (Ge), obtained in the different inflorescence-type of Phalaenopsis
‘PH501’ and ‘PH908’; (F) late and persistent contamination by unidentified microorganism (in red
circle) causing the death of INS and shoots in culture medium; acclimatized plantlets of ‘PH501’ after
60 days in different substrates: vermiculite (vr), sphagnum (sp), and coconut powder (cp).

Table 1. Percentage of live inflorescence nodal segments (INS), of shoots in generative and vegetative
shoots, and yield of shoots per segments of inflorescence in the in vitro establishment of flower stalks
of two cultivars of Phalaenopsis.

Cultivars Percentage of Live INS Stalks
INS with Shoots Yield

(Shoots/INS)Generative Vegetative

Ph 501 76.8 a 75.1 a 24.9 b 1.8 a
Ph 908 44.6 b 14.5 b 85.5 a 1.2 b

Culture medium

PGR-free 44.6 b 39.9 a 51.3 a 0.98 b
BA 1.0; GA3 1.5; NAA 0.1 67.8 ab 49.8 a 41.6 a 2.12 a
BA 0.1; GA3 1.5; NAA 0.1 51.8 ab 35.7 a 55.2 a 1.01 b

BA 1.0; GA3 0.15; NAA 0.1 78.6 a 42.8 a 48.5 a 1.92 a

F1 cultivars 20.18 ** 73.96 ** 74.7 ** 10.75 **
F culture medium 4.36 ** 1.23 ns 1.23 ns 10.76 **

F Interaction 1.04 ns 0.35 ns 0.36 ns 1.53 ns
F Treatments 5.20 ** 11.24 ** 11.35 ** 6.80 **

CV (%) 37.06 47.5 39.35 45.1

The letter means followed by the same letter in the columns do not differ statistically from each other by the Tukey
test at the 5% probability level. ** significant at the 1% probability level (p < 0.01).
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3.2. Multiplication or Shoot Proliferation Phase

The culture medium containing the phytoregulators 6-BA, GA3, and NAA at 1.0,
1.5 and 0.1 mg L−1, respectively, resulted in higher explant survival (71.5%) and higher
number of shoots (1.68). The combination of 6-BA with GA3 had an additive effect to
increase shoot proliferation of Phalaenopsis hybrids (Table 2). The continuous use of this
culture medium also homogenized the in vitro development and multiplication of shoots
along the subcultures (Table 2).

Using shoot proliferation, all the leaves were excised, keeping only the apical region
containing the leaf primordia and the proximal region of developed leaves, instead of intact
plants. This procedure was performed and promoted a greater number of shoots from the
axillary buds than intact individual shoots (data not shown).

The 6-BA concentration was directly correlated with increased multiplication rate or
shoot proliferation in Phalaenopsis; and the best multiplication rate was achieved with the
highest concentration of 6-BA tested: 4.0 mg L−1 (Table 2; Figure 2). Cytokinin 6-BA
also increased fresh mass gain up to a concentration of 3.0 mg L−1 (2.79 g/flask and
0.93 g/plantlet) and the number of leaves up to a concentration of 4.0 mg L−1 (9.4 leaves/flask
and 3.1 leaves/plantlet) (Figure 2).
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Figure 2. In vitro shoot proliferation of Phalaenopsis cv. ‘PH501’ in concentrations of 6-BA added to
culture medium.

Table 2. Percentage of live inflorescence nodal segments (INS) and shoot multiplication rate (SM) in
three different subcultures in multiplication phase and the mean of the three multiplications.

1st subculture 2nd subculture 3rd subculture Mean (3 subculture)

Cultivars LIS SM LIS SM LIS SM LIS SM

PH501 52.7 b 1.27 a 66.7 a 0.94 a 66.4 a 1.32 a 60.3 a 1.18 a
PH908 59.4 a 1,18 a 64.9 a 0.99 a 64.8 a 1.01 b 61.2 a 1.06 a



Horticulturae 2022, 8, 340 7 of 13

Table 2. Cont.

1st subculture 2nd subculture 3rd subculture Mean (3 subculture)

Cultivars LIS SM LIS SM LIS SM LIS SM

Culture medium

PGR-free 48.6 b 0.80 c 53.5 c 0.50 d 53.8 b 0.55 c 51.0 c 0.61 c
BA 1.0; GA3 1.5; NAA 0.1 64.7 a 1.69 a 76.6 a 1.43 a 78.6 a 1.93 a 71.5 a 1.68 a
BA 0.1; GA3 1.5; NAA 0.1 49.1 b 1.03 c 63.4 bc 0.77 c 59.9 b 0.79 c 55.8 bc 0.86 c
BA 1.0; GA3 0.15; NAA 0.1 61.8 a 1.37 b 69.8 ab 1.17 b 70.0 a 1.39 b 64.7 ab 1.31 b

F Genotype 4.56 * 1.19 ns 0.35 ns 0.79 ns 0.45 ns 23.54 ** 0.13 ns 1.72 ns
F culture medium 7.26 ** 21.12 ** 10.36 ** 51.75 ** 21.99 ** 89.02 ** 12.39 ** 27.60 **

F Interaction 2.25 ns 0.92 ns 0.27 ns 1.98 ns 1.21 ns 2.66 ns 1.07 ns 0.16 ns
F Treatments 4.73 ** 9.62 ** 4.61 ** 23.14 ** 10.01 ** 42.65 ** 5.79 ** 12.14 **

CV (%) 26.14 32.41 21.75 27.84 16.72 26.28 10.47 19.71

* Means followed by the same letter in the columns do not differ statistically from each other by the Tukey test at
the 5% probability level. ** significant at the 1% probability level (p < 0.01).

The best development of plantlets, considering the number of leaves and roots pro-
duced at the rooting phase, was also obtained from 6-BA-derived shoots (Figure 3).
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Figure 3. Residual effects of 6-BA treatments in number of leaves and roots of plantlets of Phalaenopsis
‘PH501’ after 90 d of subculture in rooting medium under free-BA medium (left) and 18-month-old
flowering plants of micropropagated Phalaenopsis ‘PH501’ (right).

3.3. Rooting of Shoots and Acclimatization of Plantlets Derived from Inflorescence Segments

The MS 1
2 culture medium was also effective for in vitro multiplication (Figure 2) and

the in vitro rooting (Figure 3), with 100% rooted and survived plantlets for both Phalaenopsis
hybrids. All plantlets (100%) survived the acclimatization phase, regardless of the substrate
used. Vermiculite resulted in the highest increase in root number (1.9/plant) compared with
sphagnum and coconut chips substrates, 0.9 and 0.7 roots/plant, respectively. Similarly, the
highest increase in leaf number and fresh mass was also found using vermiculite, followed
by sphagnum moss substrate (Table 3). In general, chlorophyll content index (a, b, a + b)
from all treatments were reduced after transfer from in vitro to ex vitro acclimatization
conditions, verified by the negative values (Table 3). In vermiculite, the lowest reductions in
all chlorophyll content index (−9.0/−9.4 and −18.4) were found, while in coconut powder
a major reduction was observed (−15.0/−15.3 and −30.3).
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Table 3. Gains in number of leaves and roots, fresh weight, and differences in chlorophyll content
index (Falker index) of 60-day acclimatized plantlets (final) of Phalaenopsis ‘Ph501′ under greenhouse
conditions compared with initial plantlets acclimatized (day zero).

Number Plantlets Fresh Chlorophyll Content Index

Substrates Leaves Roots Weight (g) Final–Initial (a/b/a + b)

Vermiculite 0.50 a 1.90 a 1.75 a −9.0/−9.4/−18.4
Sphagnum moss 0.3 ab 0.90 b 1.33 ab −12.8/−15.9/−28.7
Coconut powder 0.2 b 0.70 b 0.97 b −15.0/−15.3/−30.3

CV (%) 75.27 61.5 42.83
F 3.71 * 8.03 * 4.52 *

* Means followed by the same letter in the columns do not differ statistically from each other by the Tukey test at
the 5% probability level. CV: Coefficient of Variation

4. Discussion

We report the successful micropropagation of Phalaenopsis hybrids using inflores-
cence nodal segments from young inflorescences, an interesting alternative explant to this
monopodial orchid genus of high commercial importance in the world of floriculture.

4.1. Inflorescence Nodal Segments Could Be Used for Initiate Micropropagation

The differential characteristics of types of inflorescence, branched (PH501) or simple
(PH908) in Phalaenopsis cultivars, seem to be a factor controlling post-development of INS
buds after inoculation under in vitro conditions, similar to those observed for the archi-
tecture of inflorescences of petunias [24] and legumes [25]. INS buds of cultivar ‘PH501’
with branched inflorescences (Figure 1—PH501) developed new in vitro inflorescences
(Figure 1E—Ge), while in ‘PH908’ with single inflorescence (Figure 1—PH908), INS buds di-
rectly developed into shoots under in vitro conditions (Figure 1E—Ve). The characteristic of
new inflorescence development increased the multiplication rate of cultivar ‘PH501’ (1.81),
compared with ‘PH908’ (1.21) (Table 1), mainly due to the formation of new nodal segments,
which were sectioned and subcultured on a new culture medium for multiplication.

However, after the first subculture at the multiplication phase, only vegetative shoots
were developed from all explants, and in both ‘PH501’ and ‘PH908’ cultivars (Table 2). The
6-BA added as a phytoregulator after the first subculture of INS, at the multiplication phase,
resulted in a unique vegetative development of these explants since this phytoregulator
was conventionally used to increase shoot proliferation and development in different
orchid species [26], including Phalaenopsis [27], also with production of protocorm-like
bodies (PLBs) and shoot regeneration from inflorescence shoot tips using 6-BA as the main
phytoregulator [13]. Although PLBs resulted in higher proliferation rates than direct shoot
proliferation, different studies associated PLBs with increases in somaclonal variations in
Phalaenopsis [3,28].

The PGR-free culture medium resulted in low survival of explants and low multiplica-
tion rates, showing that dormant buds in inflorescence segments do not contain the required
types and quantities of hormones—e.g., cytokinins, for spontaneous shoot induction and
proliferation, indicating the importance of adding phytoregulators such as 6-BA in culture
medium, aiming at rapid shoot induction. N6-Benzyladenine (6-BA), from 1 to 10 mg L−1,
is an effective cytokinin for Phalaenopsis micropropagation and can also be used to obtain
shoot proliferation and PLBs induction and proliferation from different explants, including
inflorescence tissues [13,29,30].

The main limitation of this phase was the high contamination rate—on average
32% INS, caused by the development of a persistent colony with milky color (Figure 1A),
which was not characterized. Tanaka et al. [31] also reported the contamination of flower-
stalk cuttings under in vitro conditions. Contamination causes loss of time, financial,
and genetic resources, as well as the risk of contamination of other flasks present in the
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same growth room [32,33] and also increases the costs of producing Phalaenopsis in vitro
plantlets [10].

4.2. Effects of Phytoregulators on In Vitro Development of Phalaenopsis

Cytokinins, such as BA, are characterized by inducing shoots from inactive axillary
buds [34] and are directly involved in cell division [35]. BA is the cytokinin most commonly
used in plant tissue culture [36], and it is also efficient in promoting shoot development
from inflorescence segments of Phalaenopsis, producing multiple new shoots at the multipli-
cation phase. Our results also show that GA3 acts by improving and homogenizing shoot
development and multiplication and is frequently correlated with the elongation of cells
and stimulation of the growth of different types of organs [37]. In addition, it is also able
to increase the number of shoots from axillary buds [38], similar to that observed in the
present experiment with Phalaenopsis. Similarly, the combination of 6-BA with GA3 was
able to induce faster in vitro shoot production and increased the mean number of in vitro
shoots in Guizotia abyssinica [39].

The better development and proliferation of shoots in this culture medium contain-
ing higher concentrations of GA3 and 6-BA may be related to the effect of GA3 as an
anti-browning agent, as has been reported using in vitro leaf segments of Phalaenopsis
as explants [40]. Browning is one of the major problems affecting in vitro cultivation of
Phalaenopsis and is frequently associated with high content of phenolics and increases in
polyphenol oxidase activity (PPO) [41]. In the present study, we also observed browning
of explants and also the culture medium, which intensified after 10–14 days of culture of
the INS and along the multiplication phase (Figure 1C). The high rate of tissue browning,
and its association with phenolic oxidation, has been previously reported in the genus
Phalaenopsis and was associated with PPO activity [42] and is caused by physical damage
to tissue, with phenolic oxidation being toxic to plant tissues and in some cases lead-
ing to plant death [43]. However, GA3 was not enough to improve shoot multiplication
since the treatment containing the higher concentration of GA3, combined with the lowest
6-BA concentration (0.1 mg L−1) resulted in reduced explant survival and in vitro shoot
multiplication of Phalaenopsis cultivars (Figure 1F).

4.3. INS-Derived Shoots Increased Shoot Proliferation Rate

Due to the low multiplication rate observed in previous experiments using inflores-
cence nodal segments as explants, an additional experiment was carried out with shoots
derived from these explants, aiming to evaluate the effect of 6-BA concentrations on in vitro
multiplication rate. This experiment with shoots derived from INS of ‘PH501’ and using
different concentrations of 6-BA, with maintenance of the phytoregulators GA3 and NAA
at 1.5 and 0.1 mg L−1, respectively, showed the positive correlation between the concentra-
tion of 6-BA and shoot proliferation rate and resulted in up to 4.3 shoots/explant using
4.0 mg L−1 6-BA (Figure 2). This is more than the double the shoot multiplication rate
obtained using the concentration of 1.0 mg L−1 6-BA (Figure 2; Table 2).

There are few studies demonstrating the micropropagation of commercial cultivars
of Phalaenopsis from inflorescence nodal segments and in vitro shoots used as explants.
However, the results obtained in actual experiment differ from those reported by Chen and
Piluek [44], in which there was a lower number of new shoots of Phalaenopsis hybrid at BAP
concentrations from 10 µM (2.22 mg L−1) to 20 µM (4.44 mg L−1) (1.5–1.8 shoots/shoot), ob-
taining a multiplication rate similar to that obtained in the present experiment
(4.3 shoots/shoot) only at the concentration of 40 µM (8.9 mg L−1), equivalent to more than
double the concentration tested here (4.0 mg L−1) (Figure 2).

Chen and Piluek [44] also used the phenylurea thidiazuron (TDZ), a cytokinin-like
compound, and demonstrated that this reagent was more effective than BAP for sprout
proliferation in Phalaenopsis. Farrokhzad et al. [45] also observed high rates of shoot
proliferation (5.86–5.93) in shoots derived from stalk internodes of Phalaenopsis amabilis
cultivated in culture medium containing TDZ at 2.0 mg L−1, under low light intensity
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(40–80 µmol m−2 s−1). Nevertheless, highlights about recent associations between the use of
TDZ and the occurrence of somaclonal variations and other physiology changes in plantlets
derived from TDZ treatments were also observed in orchid micropropagation [46–48].

4.4. Rooting, Elongation, and Acclimatization of Phalaenopsis

Although 6-BA addition inhibited rooting and reduced the size of shoots at the multi-
plication phase, the shoots derived from 6-BA treatments resulted in better development of
plantlets in the phytoregulator-free rooting culture medium, with improved shoot-quality.
This is the opposite of that reported by different authors with micropropagated species, in
which this cytokinin would be associated with a subsequent inhibition of in vitro rooting
due to the formation of stable conjugates with this cytokinin in the plant [49]. However, the
recent literature has shown that 6-BA-derived shoots resulted in better rooting and shoot
quality in rooting and elongation phases, compared with shoots derived from 6-BA-free
culture medium [50].

Our results show a strong influence of substrate and the development of plantlets
after acclimatization. Values in Table 3 indicate the gains or differences in values between
plants cultivated for 60 days under greenhouse conditions (after acclimatization) and
at the moment of acclimatization. Due to large differences between in vitro and ex vitro
environmental conditions, acclimatization leads plantlets to different types of stress, such as
water content-, osmotic-, nutritional-, phytosanitary-, and photosynthetic-related stress [51].

Venturieri and Arbieto [52] concluded that only sphagnum promoted 100% survival
for acclimatization with larger leaves (32% major) and roots (>24.7% major) of in vitro-
derived seedlings of Phalaenopsis amabilis, followed by vermiculite, which represented a
good substrate with 92.59% survival. The highest water-holding capacity was pointed out
as the main difference between sphagnum, vermiculite, and other substrates [52].

However, based on the new data obtained in the present experiment, vermiculite
proved to be an interesting substrate for acclimatization of micropropagated Phalaenopsis
plantlets, promoting greater increases in all growth parameters evaluated, followed by
sphagnum, and coconut powder (Table 3). In addition, plantlets grown in vermiculite
presented the lowest value of index of chlorophyll content loss during acclimatization
(Chl a −9.0, Chl b −9.4, and Chl a+b −18,4) and among all substrates used.

Chlorophyll fluorescence determination using chlorophyll meters is an easy, non-
destructive technique, but this measurement is relative and requires being carried out
under normalized conditions [53]. The chlorophyll content index could also be used to
measure the stress suffered by plantlets, and it is associated with important enzymes stress
activity [54]. Using these two concepts, there was an interesting and positive association
between plantlet development and the chlorophyll content index in acclimatized plantlets
of Phalaenopsis, in which the best development of Phalaenopsis plantlets was found under
acclimatization with the lowest reduction in the index of chlorophyll content index (Table 3).
This represents an interesting, non-destructive tool for monitoring Phalaenopsis plantlet
health under acclimatization conditions.

Approximately 30 acclimatized plants from the 4.0 mg L−1 6-BA (best treatment for
shoot proliferation) were cultivated in 15 cm diameter plastic pots until the flowering
stage, using pine bark and coconut chips as substrate 1:1 (v/v), in order to observe the
vegetative and reproductive development of plants. No relevant morphological differences
were observed between the mother plants of cultivars used and those obtained from
micropropagation (Figure 3), demonstrating that the technique allows for the efficient
production of true-to-type plants.

The technique developed here with inflorescence nodal segments used as explants,
followed by proliferation of INS-derived shoots, can also be applied to produce protocorm-
like bodies (PLBs), replacing the use of leaves obtained from in vitro seedlings, which has
the disadvantages of having non-clonal origin, aiming induction, and regenerating clonal
plantlets [11,55].
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5. Conclusions

The in vitro establishment and multiplication of Phalaenopsis hybrid cultivars is of
interest for large-scale commercial production of plantlets, and the in vitro cultivation of
inflorescence nodal segments as explants is an interesting alternative to the production
of clonal plantlets of this important commercial orchids since other sources of explants,
such as axial or apical buds, lead to the death of mother-donor plants. The addition of
6-BA and GA3 to the culture medium was positive. The use of shoots derived from INS in
increased concentration of 6-BA up to 4.0 mg L−1 added to culture media resulted in the
best shoot proliferation and the quality of plantlets at rooting and acclimatization stages.
The chlorophyll content index proved to be a powerful tool for monitoring the development
of micropropagated Phalaenopsis plantlets under acclimatization conditions. None of the
plantlets acclimatized after 180 days of greenhouse growth and until flowering, presented
any type of morphological variation, proving the clonal origin of plantlets obtained using
the protocol developed.
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