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Abstract

Phalaenopsis orchid has high economic value in the floriculture industry and is one of the most popular
orchids in the world. Tissue culture techniques make it possible to propagate and conserve this species. The
aim of the present study was to evaluate the effect of different concentrations of two plant growth regulators
(PGRs), namely N-Phenyl-N'-1,2,3-thiadiazol-5-yl-urea (TDZ) and 2,4-dichlorophenoxyacetic acid (2,4-D),
alone and in combination with each other, on the number of protocorm-like bodies (PLBs), leaves, and roots,
along with leaf and root lengths of micropropagated Phalaenopsis circus using leaf explants through
organogenesis method. Also, correlations between these traits in the Phalaenopsis circus plantlets under
study were calculated. Plantlets produced from PLBs were cultured on MS (Murashige and Skoog) basal
media enriched with various levels and combinations of TDZ and 2,4-D. The optimal concentrations of the
PGRs for micropropagation of Phalaenopsis circus are reported and discussed. The maximum number of PLBs
(75.00) was obtained on the medium enriched with 1.00 mg I 2,4-D. The highest length of leaf (5.23 cm)
was calculated on the medium enriched with 2.00 mg I? 2,4-D. Concentration of 1.00 mg I"* TDZ induced the
maximum number (6.07) of leaf. The longest root length (4.15 cm) and the largest number of root (4.93) was
obtained in the medium augmented with 2.00 mg I* 2,4-D.
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Introduction

species native to tropical rainforests of South and
South-East Asia, Australia, and New Guinea
(Winkelmann et al., 2006).

Orchids belonging to Orchidaceae family are
among the most diverse flowering plant families
(Chugh et al., 2009), with more than 800 genera

and 25,000 species. Phalaenopsis circus orchid has Many orchid species are vulnerable, rare, and/or
been developed through many artificial hybrids threatened, and their propagation is highly critical.
and is one of the most popular orchids in the world Sexual propagation of orchids, i.e. through seeds,
with high economic value in the floriculture leads to the production of heterozygous plants.
industry as both a cut and pot flowering plant. Also, natural clonal propagation of orchids is a
Phalaenopsis circus comprises approximately 60 slow process and results in traits segregation and
is not possible for Phalaenopsis circus. One of the
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produced from a small plant material (explant or
an intervening callus stage). On the other hand, in
vitro propagation of orchids has a few problems
like low rate of shoot multiplication, high cost of
production, poor rooting frequency, exudation of
phenolic compounds from explants,
transplantation to fields, and somaclonal
variations (Chugh et al., 2009; Bhattacharyya et
al.,, 2016). In fact, it is an ongoing research to
establish protocols for cost-effective yet efficient
in vitro propagation of orchids as a proper
alternative procedure for high frequency
regeneration of these plants.

Organogenesis is an important method for
micropropagation of the plant by developing
organs like roots, shoots, and flowers, either
directly from an explant or from the callus culture.
Several techniques for tissue culture of
Phalaenopsis spp. through cell suspension culture
and callus induction have been developed and
reported in the literature (Sinha et al., 2010).

Various explants have been commonly used for
tissue culture of the genus from the Orchidaceae
family including seeds (Roy et al., 2011; Zeng et al.,
2012; Mahendran, 2014), nodal segments
(Bhattacharyya et al., 2016), leaf segments (foliar
explants), rhizome segments, root segments,
shoot tips (Chugh et al., 2009), flower buds, tubers
(Panwar et al., 2012), protocorms (produced by
the very small zygotic embryos of orchids) (Kaviani
et al., 2017), PLBs (produced by explants, e.g. leaf)
(Mohammadi et al., 2019; Asa et al., 2019), and
inflorescence axes (Sinha et al., 2010). For
example, Park et al. (2002) introduced an in vitro
propagation method for Phalaenopsis sp. using
PLBs derived from leaf explants. Studies suggest
that among all these explants, protocorms and
PLBs are more efficient because of rapid
multiplication on solid or liquid culture media and
maximum production in a short period of time
(Luo et al., 2003a; Roy et al., 2011; Zeng et al.,
2012).

For tissue culture, plant cells are initially grown in
an artificial medium. Composition of the medium
for organogenesis of orchids is species-specific
and depends on several factors including type and
concentration of plant growth regulators (PGRs),
vitamins, and other additives (Luo et al., 2009).

Various plant growth regulators (PGRs) such as a-
naphthaleneacetic acid (NAA), indole-3-butyric
acid (IBA), 1-phenyl-3-(1,2,3-thiadiazol-5-yl)-urea
(TDZ), 6-benzyladenine (BA), and 6-
furfurylaminopurine or kinetin (Kin) have been
applied to in vitro propagation of Phalaenopsis
orchids through organogenesis and
embryogenesis (Kuo et al., 2005; Sinha et al., 2007;
Kaviani et al., 2017; Mohammadi et al., 2019; Asa
etal., 2019).

In sum, research on the protocols for in vitro
propagation of orchids has centered on a number
of factors including the species of Orchidaceae
family, employing explants, types and
concentrations of plant growth regulators (PGRs)
in the culture media, and the organ used as
explant to nest PLBs (Sinha et al., 2010; Baker et
al., 2014; Kaviani et al., 2017; Zakizadeh et al.,
2019; Mohammadi et al., 2019; Asa et al., 2019).
Studies recommend in vitro propagation of
Orchidaceae family through PLB explants to
achieve genetically stable plants with improved
quality. However, the protocols for
micropropagation are species-specific in terms of
the type and optimal concentration of PGRs used
in the culture medium. The aim of the present
study was to evaluate the effect of different
concentrations of two PGRs, namely TDZ and 2,4-
D, alone and in combination with each other, on
the number of PLBs, leaves, and roots, along with
leaf and root lengths of micropropagated
Phalaenopsis circus using PLB explants through
organogenesis method. Also, correlation
coefficients between these traits in the
Phalaenopsis circus plantlets under study were
calculated.

Materials and Methods

Capsules of Phalaenopsis circus were isolated
from the flowers of plants grown in the
greenhouse of the Hyrcan Agricultural Sciences
and Biotechnology Research Institute, Amol, Iran.
The approximate 150-day-old capsules were first
washed with tap water along with a few drops of
dishwashing liquid for 30 min before they were
rinsed thoroughly with distilled water. Then, they
were surface sterilized in  50% sodium
hypochlorite solution containing 5% active
chloride for 20 min with a drop of Tween 20,



rinsed completely in distilled water, and finally
kept in 70% alcohol for 1 min. The disinfected
capsules were longitudinally incised using a
sterilized surgical blade to remove seeds. The
seeds were then cultured on MS (Murashige and
Skoog, 1962) medium for production of PLBs. The
media were supplemented with 3% sucrose and
solidified with 0.8% agar. Media pH was adjusted
to 5.6-5.8 with 1 N HCl or NaOH before autoclaving
at 121 °C, 105 kPa for 20 min. Following
establishment, all cultures were incubated at 24 +
2 °C, 70-80% RH, and 16-h photoperiod of 50-60
umol m™ s irradiance from cool-white
fluorescent tubes.

The PLB explants were cultured in MS media
containing 3% sucrose and 0.8% agar. The media
pH was adjusted to 5.6-5.8 with 0.1 N NaOH or HCI
prior to autoclaving. All media contained in culture
bottles were autoclaved at 105 kPa and 121 °C for
20 min. The media were enriched with different
concentrations of TDZ (0.00, 0.10, 1.00, 2.00, and
5.00 mg I"*) and 2,4-D (0.00, 0.01, 0.10, 1.00, and
2.00 mg I'Y), either individually or in combination
for organogenesis.

After 90 days, the number of PLBs, leaves, and
roots along with leaf and root lengths were
recorded. Well-rooted in vitro plantlets were
taken out from culture vessels and washed
thoroughly with sterilized distilled water to
remove adherent nutrient from the plantlet body
before they were transplanted in plastic pots (18
cm height x 12 cm diameter) filled with a potting
mixture of LECA (Light Expanded Clay Aggregate),
peat moss, coco peat, charcoal soil, coco chips,
and perlite by the proportion of
15:10:20:5:30:20%. All pots were then transferred
to the greenhouse with the temperature set at

Table 1

Micropropagation of Phalaenopsis circus

2042 °C / 442 °C day/night under light intensity of
3500 Lux, RH of 80-90%, and 14-h photoperiod for
acclimatization. The pots were covered with
polyethylene bags to retain moisture inside and
the covers were removed gradually during two
weeks. The plantlets were initially covered with a
polythene sheet to maintain relative humidity
(90%). The number of surviving plants was
recorded three months after transfer.

The experiment was carried out in a completely
randomized design. Treatments involved the
media enriched with 25 different concentrations
of two PGRs alone and combined. For each
treatment, three replicates and for each replicate,
three specimens (explants) were considered. PGR-
free MS medium was used as control. Data were
subjected to analysis of variance (ANOVA) and
means were compared by the LSD test at P<0.05
using the SPSS ver. 17 (SPSS Inc., USA). Also,
coefficients of correlation were obtained between
the plantlet parameters.

Results

There were statistically significant differences
(p=0.01) among different concentrations of 2,4-D
in combination with TDZ and PLBs number, as well
leaf length (Table 1). Tables 2 and 3 show the
effect of different concentrations of TDZ and 2,4-
D, individually and in combination, on measured
parameters. The maximum number of PLBs (75.00
per explant) in P. circus was obtained in explants
treated with 1.00 mg I* 2,4-D without TDZ (Table
2, Fig. 1). Combined treatments of the explants
with 1.00 mg I"? 2,4-D + 0.10 mg I TDZ and 0.10
mg I* 2,4-D + 1.00 mg It TDZ resulted in the
highest number of PLBs more than 50.00 per
explant. There were no positive relationships

Analysis of variance of the effect of different concentrations of 2,4-D, NAA, IBA, Kin, and TDZ on measured parameters of
Phalaenopsis circus grown in vitro condition during organogenesis and embryogenesis

Mean squares

Source of variations df  PLBs number Leaf length  Leaf number Root length  Root number
2,4-D 4 248251 6.12" 1.61™ 6.82" 21.49%

TDZ 4 123.95" 0.38™ 27.81" 0.17™ 0.45™

2,4-D x TDZ 16 186.55"" 0.69" 0.36" 0.23™ 0.67™

Error 48 2291 0.24 0.66 0.15 0.90

CV (%) - 12.65 17.08 20.67 13.21 32.85

“and ™": Significant at the 0.05 and 0.01 probability levels, respectively; ": not significant at p<0.05
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Table 2

Mean comparison of the effect of different concentrations of 2,4-D and TDZ, individually, on measured parameters of

Phalaenopsis circus grown in vitro condition during organogenesis

Treatments PLBs Number per Leaf Length (cm) Leaf Number Root Length (cm)  Root Number
Explant
2,4-D (mgI7%)
0.00 16.47d 2.21d - 2.51c 2.07c
0.01 38.67¢ 2.59¢ - 2.72bc 2.20c
0.10 44.40b 2.63bc - 2.60bc 2.27c
1.00 50.47a 2.95b - 2.87b 3.00b
2.00 39.27c¢ 3.89a - 4.15a 4.93a
TDZ (mg 1Y)
0.00 42.20a - 2.40d - -
0.10 36.93bc - 4.20b - -
1.00 39.07ab - 6.07a - -
2.00 34.80c - 3.53c - -
5.00 36.27bc - 3.40c - -

Means with different letters on the same column are significantly different (p<0.05) based on LSD test.

between the increased levels of 2,4-D and TDZ
concentrations and the number of BLBs (Table 2).
The minimum number of PLBs (14.67 per explant)
was observed in explants treated with 5.00 mg I
TDZ without 2,4-D (Table 2, Fig. ). All treatments
in the absence of 2,4-D induced less than 18 PLBs
per explant (Table 2). The maximum leaf length
(5.23 cm per explant) was obtained in the
treatment with 2.00 mg It 2,4-D without TDZ
followed by the mean leaf length 4.40 cm
recorded in the medium enriched with 2.00 mg I
2,4-D + 0.10 mg I TDZ. On the other hand, the
lowest mean root length (2 cm per explant) was
observed in control plantlets.

Finally, Table 4 shows the results of correlational
analysis of the plantlet parameters under study.
Coefficient of correlations revealed a positive
correlation between leaf length and leaf number,
root length and root number, and also between
root length and root number. The number of
surviving plants was recorded 3 months after
transfer, showing 100% establishment rate (Fig.

).
Discussion

The direct shoot regeneration and multiplication
from PLBs and protocorms explants is a successful
approach for in vitro propagation of orchids. Shoot
multiplication from orchid protocorms and PLBs
has been reported in the literature (Chugh et al.,
2009; Lee and Yeung, 2018), and many

Table 3

Mean comparison of the effect of different
concentrations of 2,4-D and TDZ, individually and in
combination, on measured parameters of Phalaenopsis
circus grown in vitro condition during organogenesis

| Mean Comparison

2,4-D + TDZ (mg I') PLBs Leaf
Number Length
0.00 +0.00 18.00h 2.00h
0.00+0.10 16.67h 2.40e-h
0.00 + 1.00 17.00h 2.07gh
0.00 +2.00 16.00h 2.33fgh
0.00 +5.00 14.67h 2.23fgh
0.01+0.00 33.00g 2.27fgh
0.01+0.10 37.00efg 2.50d-h
0.01+1.00 40.00d-g 2.77d-h
0.01+2.00 39.00d-g 2.53d-h
0.01 +5.00 44.33cde 2.87d-g
0.10 +0.00 45.33bcd 2.57d-h
0.10+0.10 42.33c-f 2.80d-h
0.10 + 1.00 52.67b 2.70d-h
0.10 + 2.00 40.00d-g 2.63d-h
0.10 +5.00 41.67c-f 2.43d-h
1.00 + 0.00 75.00a 2.83d-g
1.00 +0.10 52.67b 3.17cde
1.00 + 1.00 49.33bc 2.63d-h
1.00 + 2.00 39.00d-g 3.23cd
1.00 + 5.00 36.33fg 2.90def
2.00 +0.00 39.67d-g 5.23a
2.00 +0.10 36.00fg 4.40b
2.00 + 1.00 36.33fg 3.73bc
2.00 +2.00 40.00d-g 3.20cde
2.00 +5.00 44.33cde 2.90def

Means with different letters on the same column are
significantly different (p<0.05) based on LSD test.

researchers have used this method in propagation
of various species of Orchidaceae family including
Phalaenopsis amabilis (Mohammadi et al., 2019),



Table 4
Correlation between measured parameters

Micropropagation of Phalaenopsis circus

Parameters PLBs Number Leaf Length Leaf Number Root Length Root Number
PLBs number 1

Leaf length -0.148 1

Leaf number -0.064 0.237* 1

Root length -0.187 0.668** 0.209 1

Root number -0.196 0.559%** 0.157 0.559** 1

*, ™ Significant at the 0.05 and 0.01 probability levels, respectively

Fig. Il. Acclimatization process of plantlets produced in vitro

Catasetum pileatum cv. Alba (Zakizadeh et al.,
2019), Orchis catasetum (Baker et al., 2014),
Eulophia nuda Lindl (Panwar et al., 2012), Vanda
coerulea (Roy et al., 2011), Habeneria marginata
(Sheelavanthmath and Murthy, 2001),
Dendrobium  aphyllum  (Talukdar,  2001),
Cymbidium aloifolium (Bujarbarua and Sharma,
1997; Kaur and Sharma, 1997), and Renanthera
imschootiana (Seeni and Latha, 1992).

In this study, the largest number of PLBs in
Phalaenopsis circus was recorded under 2,4-D
alone treatment. PLBs production is influenced by
concentration and combination of auxins and
cytokinins  (Arditti and Ernst, 1993). The
combination, type, concentration, and the relation
between PGRs plays a critically important role in
the formation of shoots, protocorms, and PLBs in
many orchids (Arditti and Ernst, 1993;

Bhattacharyya et al., 2016; Kaviani et al., 2017).
The most commonly used auxins in orchid culture
media are indole acetic acid (IAA), NAA, IBA, and
2,4-D. Similarly, Kin, BA, BAP, TDZ, and Zt are also
commonly used in orchid culture media (Yam and
Arditi, 2018). Maximum PLB regeneration and the
highest root length in Orchis catasetum were
achieved on the media supplemented with BA and
NAA (Baker et al., 2014). Bhattacharyya et al.
(2016) found that the exogenous application of
PGRs in appropriate concentrations promoted
shoot multiplication from PLBs. Also, a
combination of 1.00 mg I"* Kin and 1.00 mg I"* IBA
was reported to induce maximum PLB
regeneration and the largest number of leaves in
Catasetum pileatum cv. Alba (Zakizadeh et al.,
2019). In Vanda coerulea species, Roy et al. (2011)
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found that a combination of NAA and BAP resulted
in maximum PLB regeneration.

synergistic or antagonistic effect on each other.
The response to exogenous PGRs varies between
cultivars and explant types. Also, the difference
between the content of endogenous PGRs is the
most important factor responsible for plant
organogenesis.  Hormonal  pathways are
interconnected by a complex network of
interactions and feedback circuits that determines
the final outcome of the individual hormone
actions.

Findings of the current study showed that the
control medium (without PGRs) or the medium
with low and high concentrations of PGRs resulted
in low number of PLBs. Unlike our findings, some
researchers reported that the proliferation of
shoots is closely related to the type and
concentration of cytokinins used (Lee and Yeung,
2018; Bhattacharyya et al.,, 2016; Amoo et al.,
2014). Studies on the application of cytokinins
individually support its role in shoot proliferation
from PLBs in species of orchid, e.g., Dendrobium
(Ferreira et al., 2006), D. nobile and C. aloifolium
(Nayak et al., 2002), Rhynchostylis gigantea (Van
Le et al., 1999), C. ensifolium (Chang and Chang,
1998), and Dendrobium nobile and C. aloifolium
(Nayak et al., 1997b). TDZ has been found to
stimulate shoot formation in orchids (Mahendran
and Narmatha Bai, 2009; Zhao et al., 2007; Martin
and Madassery, 2006; Ket et al., 2004; Huetteman
and Preece, 1993). Kalimuthu et al. (2007) found
BAP alone resulted in the formation of higher
number of PLBs in Oncidium species compared to
its combined application with NAA. Probably, the
endogenous concentration of NAA is enough for
induction of PLBs in this species. As cell
messengers and signals, plant hormones have a

Conclusions

The growing popularity of orchids around the
world has encouraged the propagators and
breeders of these valuable plants to develop the
orchid flower industry more than ever. Providing
effective protocols using appropriate techniques,
explants, and plant growth regulators is one way
to achieve this goal. Concentration of 1.00 mg I™*
2,4-D was found to be the best for PLB induction.
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