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A
bstract

Phalaenopsis is an orchid genus of high economic value in world floriculture 
used as a pot plant and cut flowers. High genetic variation and the lack of uniformity 
in vegetative and reproductive propagation make the production of this orchid 
economically uninteresting. In vitro proliferation is the only large-scale feasible 
method for Phalaenopsis propagation. The purpose of the present study was to 
evaluate the effect of types and concentrations of ɑ-naphthaleneacetic acid (NAA) 
and 6-benzyladenine (BA) (both at the concentrations of 0.0, 0.5, 1.0, 1.5 and 3.0 
mg l−1, individually or in combination), as a completely randomized design, on 
the in vitro propagation of Phalaenopsis schilleriana ‘Karen Rockwell’. Activated 
charcoal (AC; 0.0, 0.5 and 1.0 mg l−1) was added to the media for prevention of 
the browning of the media and tissues. Murashige and Skoog (MS), and protocorm 
were used as culture medium and explant, respectively. The results showed that 
the highest leaf number was obtained in medium enriched with 1.0 mg l−1 NAA 
together with 1.5 mg l−1 BA along with 1.0 mg l−1 AC. The treatment containing 
1.5 mg l−1 NAA together with 0.5 mg l−1 BA along with 1.0 mg l−1 AC induced 
the highest number of roots. Fully in vitro-produced plantlets were transferred to 
pots containing a mixture of LECA (Light Expanded Clay Aggregate), peat moss, 
coco peat, charcoal soil, coco chips and perlite, and acclimatized in greenhouse 
conditions with 100% survival rate.
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INTRODUCTION
Orchids from family Orchidaceae are one of the most diverse flowering plant families 

with 800 genera, 25000 species, and thousands of hybrids from different regions of the world 
(Chugh et al., 2009; Christenhusz and Byng, 2016). Orchids, including Phalaenopsis, cultivated 
as cut flowers and pot plants, are commercially important plants in world floriculture because of 
their medicinal and exotic values, such as variety in colors, sizes, shapes, and fragrances, as well 
as high durability of their flowers (Khoddamzadeh et al., 2011; Park et al., 2018; Cardoso et 
al., 2020). Phalaenopsis schilleriana is a hybrid orchid. The genus Phalaenopsis (as epiphytic 
plants) comprises approximately 60 species native to tropical rainforests of South and South-
East Asia, Australia and New Guinea (Winkelmann et al., 2006).

The characteristics of seedlings propagated by vegetative means are not uniform, also 
propagation by seeds results in high genetic variability and the production of heterozygous 
plants; therefore, lots of tissue culture protocols have been developed in this genus (Murthy 
et al., 2018; Asa and Kaviani, 2020). Natural clonal propagation of orchids is a slow process, 
which results in traits segregation and is, therefore, not possible for Phalaenopsis. Although, 
the micropropagation of genus Phalaenopsis has been demonstrated good development, the 
wide spread application of micropropagation is still limited due to some problems such as 
contamination, the exudation of phenolic compounds and somaclonal variation (Zahara, 2017). 
In vitro culture of Phalaenopsis could be considered reliable for guaranteeing the uniformity of 
flowers (Lee et al., 2013; Zanello et al., 2022). In vitro propagation is an extremely important 
and useful technique for clonal propagation of many species, particularly ornamental plants like 
orchids (Guo et al., 2024).  

Different procedures have been established for in vitro proliferation of orchids species, 
including Phalaenopsis, by various explants such as seeds, node, shoot tips, floral stalks, 
protocorm, protocorm-like bodies (PLBs), leaf, root, inflorescence, tuber, and rhizome, as well 
as somatic embryos, callus, thin cell layer, and plantlets obtained from seed (Roy et al., 2011; 
Panwar et al., 2012; Baker et al., 2014; Mahendran, 2014; Chen et al., 2015; Bhattacharyya et 
al., 2016; Kaviani et al., 2017; Yam and Arditti, 2018; Zakizadeh et al., 2019; Mohammadi et 
al., 2019; Asa and Kaviani, 2020). Many studies have shown that the optimization of medium 
composition was an important approach to improve the micropropagation process of orchids by 
culturing PLBs that is species-specific (Shimura and Koda, 2004; Luo et al., 2009; Guo et al., 
2024). Protocorms and PLBs are tuberous embryonic masses of cells that are developed from 
seeds and vegetative tissues, respectively; they can grow into new plantlets and be applied in 
commercial micropropagation (Cui et al., 2014; Lo et al., 2022). PLBs derived from different 
types of somatic tissues represent a clonal method applied to produce large numbers of plantlets 
from few mother plants and explants (Zanello et al., 2022). PLBs are similar to protocorms in 
morphology and biological characteristics (Lee et al., 2013; Cardoso et al., 2020). The main 
difference between protocorms and PLBs is basically the origin of the tissue. Induction of PLBs 
facilitate the micropropagation of orchids (Chen et al., 2019). In orchids, the formation of 
protocorms and PLBs is regulated by various factors, and plant growth regulators (PGRs) are 
among the most important ones (Cardoso et al., 2020). 

Cytokinins are the most important factors to improve the plant regeneration from PLBs 
(Luo et al., 2009). ɑ-naphthaleneacetic acid (NAA) and 6-benzyladenine (BA) are widely 
applied for the regeneration of shoots from protocorms or PLBs in many Phalaenopsis species 
or hybrids (Park et al., 2002; Paek et al., 2011; Bali Lashaki et al., 2014; Zanello et al., 2022). 
Another PGRs such as indole-3-butyric acid (IBA), 2,4-dichlorophenoxyacetic acid (2,4-D), 
N-phenyl-N′-1,2,3-thiadiazol-5-yl-urea (TDZ), and 6-furfurylaminopurine or kinetin (Kin) 
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have been used for tissue culture of some orchids like Cymbidium, Phalaenopsis, Dendrobium, 
and Paphiopedilum and others (Roy et al., 2011; Panwar et al., 2012; Zeng et al., 2012; Baker et 
al., 2014; Bhattacharyya et al., 2016; Kaviani et al., 2017; Zakizadeh et al., 2019; Mohammadi 
et al., 2019; Asa and Kaviani, 2020; Cardoso et al., 2020; Guo et al., 2024). 

Internal factors (such as genotype) as well as external factors (such as culture media, 
PGRs, and growing conditions) play a crucial role in enhancing the multiplication rate to 
improve the efficiency of micropropagation and plantlet production in Phalaenopsis (Khatun et 
al., 2020; Zanello et al., 2022). Therefore, the purpose of the present study was to evaluate the 
effect of different concentrations of NAA and BA, individually and in combination, on in vitro 
propagation of Phalaenopsis schilleriana ‘Karen Rockwell’ via organogenesis using protocorm 
explant. 

MATERIALS AND METHODS
Plant material 

Experiments were carried out on orchid Phalaenopsis schilleriana ‘Karen Rockwell’ 
(Fig. 1A) in June 2020 in tissue culture laboratory and greenhouse of the Hyrcan Agricultural 
Sciences and Biotechnology Research Institute, Amol, Mazandaran, Iran. The geographical 
coordinates of Amol are as follows: Latitude: 36°28′10″ N, longitude: 52°21′02″ E, and elevation 
above sea level: 96 m (314 ft). Healthy and sterilized PLBs prepared from a plant tissue culture 
in Austria was used as explant. P. schilleriana as Moth Orchid and the most popular species in 
this genus has relatively oblong leaves and the pink flowers.

Fig. 1. Effect of NAA and BA on PLBs mass proliferation of Phalaenopsis schilleriana. A) In flowering 
stage; B) Protocorms produced from in vitro culture of seeds (scale bar = 10 mm).

Culture media and treatments
The explants (seed-originated protocorms) (Fig. 1B) were cultured on MS (Murashige 

and Skoog, 1962) medium containing 3% sucrose and 0.8% agar. The pH of the media was 
adjusted to 5.6–5.8 with 0.1 N NaOH or HCl 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 BA and NAA both at the concentrations of 0.0, 0.5, 1.0, 1.5 
and 3.0 mg l−1, individually or in combination. Explants secrete phenolic compounds into the 
media; therefore, activated charcoal (AC; 0.0, 0.5 and 1.0 mg l−1) was added to the media for 
prevention of the browning of the media. AC absorbs phenolic compound. All the cultures were 
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incubated at 24 ± 2 °C, 70−80% RH, and 16-h photoperiod of 50–60 μmol m−2 s−1 irradiance 
provided by cool−white fluorescent tubes. 

Measured traits
Observations on leaf length, leaf width, leaf number, root length, root number, callus 

number and viability percentage were recorded 60 days after the culture initiation. Leaf length 
and width, as well as root length were measured with a ruler. The number of organs was counted 
with the naked eye.

Plantlets acclimatization
For ex vitro establishment, in vitro-rooted plantlets were taken out from culture vessels 

and washed with sterile distilled water to remove adherent medium from the plantlet body 
and transferred to plastic pots (18 cm height × 12 cm diameter) filled with a potting mixture 
of LECA (Light Expanded Clay Aggregate), peat moss, coco peat, charcoal soil, coco chips 
and perlite in the proportion of 15:10:20:5:30:20%. All the pots were then transferred to a 
greenhouse with temperature of 24 ± 2 ºC to 20 ± 2 ºC day/night (light intensity of 3,500 lux, RH 
of 80−90% and a 14h/10h day/night photoperiod) for acclimatization. The pots were covered 
with another plastic pots (18 cm height × 12 cm diameter) to retain moisture. Plantlets were 
exposed gradually to external environment. Thus, these pots were removed after two weeks. 
The plantlets were watered every five days. The number of surviving plants was recorded after 
two months of transfer.

Experimental design and data analysis
The experiments were established in a completely randomized design. For each 

treatment, three replicates and for each replicate, three specimens (explants) were taken (in total 
75 treatments, 225 replicates, and 675 explants). PGR-free MS medium was used as control 
in the experiments. 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).

RESULTS
The results of Kolmogorov-Smirnov’s test showed that the significance level was greater 

than 0.05 in all the traits measured in relation to shoot proliferation and there was no significant 
difference between the data and the data had a normal distribution (data not shown). Also, 
the results of Levene’s homogeneity test showed that in all measured traits related to shoot 
proliferation, the significance level was greater than 0.05 and there was no significant difference 
between the data. Therefore, the data had a homogeneous distribution (data not shown). Analysis 
of variance (ANOVA) showed significant differences among different concentrations of NAA 
and BA for leaf length, root length, root number and viability percentage (all at P<0.05), as well 
as leaf number, leaf width and callus number (all at P<0.01) (data not shown).

Multiplication or shoot proliferation 
Based on tables 1-3, simulatanious presence of NAA and BA is more suitable than 

the presence of each one of them for shoot proliferation. The highest leaf length (4.3 cm per 
explant) was achieved on medium enriched with 1.5 mg l−1 NAA together with 1.5 mg l−1 BA 
along with 1.0 mg l−1 AC. The content of 3.0 mg l−1 NAA together with 3.0 mg l−1 BA along with 
1.0 mg l−1 AC in medium was suitable for inducing the leaf length. The lowest leaf length (1.13 
cm per explant) was obtained on medium without PGRs (control). The highest mean values 
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of leaf width was 2.66 cm per explant, followed by 2.53 cm per explant, observed on media 
supplemented with 1.0 mg l−1 NAA together with 1.5 mg l−1 BA without AC, and  1.5 mg l−1 
NAA together with 1.0 mg l−1 BA along with 1.0 mg l−1 AC, respectively. The lowest leaf length 
(0.4 cm per explant) was observed on medium without PGRs. Our results demonstrated that 
leaf number on medium enriched with 1.0 mg l−1 NAA in combination with 1.5 mg l−1 BA was 
significantly different compared to other treatments, as they produced the maximum number 
of leaf per explant (5.76 with 1.0 mg l−1 AC and 5.4 with 0.5 mg l−1 AC, respectively) (Tables 
1-3, Fig. 2A, B). The medium without BA and AC, but containing 0.5 mg l−1 NAA induced the 
minimum number of leaf per explant (1.66). Present research showed that the 10 treatments 
containing different concentrations of NAA and BA induced the production of leaf more than 
4 per explant.

Table 1. Mean comparison of the effect of different concentrations of NAA and BA without activated 
chaircol on the measured characteristics of Phalaenopsis schilleriana ‘Karen Rockwell’.

NAA × BA 
(mg l−1)

Leaf length 
(cm)

Leaf width 
(cm)

Leaf 
number

Root length 
(cm)

Root 
number

Callus 
number

Viability 
(%)

0.0 × 0.0 1.33h 0.76fg 2.26d-g 2.50i 3.63bc 4.36cde 70.0d

0.0 × 0.5 1.63e-h 0.53g 3.36bcd 2.70i 3.93abc 4.63cde 83.0bcd

0.0 × 1.0 1.73d-h 0.80efg 2.53c-g 3.13f-i 3.60bc 4.70cde 73.0cd

0.0 × 1.5 2.46b-e 1.16d-g 1.8fg 4.33b-f 4.46abc 4.13cde 83.0bcd

0.0 × 3.0 2.00c-h 1.60cde 2.43d-g 2.90hi 3.36c 7.56ab 96.0ab

0.5 × 0.0 1.43f-h 1.26c-g 1.66g 3.80b-i 4.40abc 3.23cde 83.0bcd

0.5 × 0.5 1.90c-h 1.16d-g 2.8c-g 3.56c-i 4.16abc 2.76e 90.0ab

0.5 × 1.0 2.03c-h 2.03abc 2.7c-g 4.73bcd 4.76abc 5.20cd 100.0a

0.5 × 1.5 1.86c-h 2.46ab 3.7abc 4.03b-h 4.13abc 3.36cde 93.0ab

0.5 × 3.0 1.40gh 0.86d-g 2.6c-g 3.80b-i 3.66bc 4.20cde 100.0a

1.0 × 0.0 2.00c-h 0.76fg 2.16efg 4.90b 4.56abc 3.16cde 100.0a

1.0 × 0.5 2.03c-h 1.40c-f 3.36bcd 3.80b-i 5.00ab 8.70a 90.0ab

1.0 × 1.0 2.70a-d 1.63cd 3.33b-e 6.20a 5.00ab 4.36cde 90.0b

1.0 × 1.5 2.36b-g 2.66a 4.7a 4.70bcd 5.23a 3.00de 96.0ab

1.0 × 3.0 3.26ab 1.56c-f 3.33b-e 4.56bcde 4.50abc 4.20cde 86.0abc

1.5 × 0.0 1.76d-h 0.93d-g 2.43d-g 4.83bc 4.50abc 4.33cde 86.0abc

1.5 × 0.5 1.93c-h 1.30c-g 3.06b-e 4.00b-h 4.80abc 3.53cde 96.0ab

1.5 × 1.0 2.50a-e 1.66bcd 3.26b-e 4.80bc 4.10abc 4.46cde 96.0ab

1.5 × 1.5 3.23ab 0.93d-g 4.2ab 4.26b-g 4.16abc 3.00de 96.0ab

1.5 × 3.0 1.80c-h 0.90d-g 2.8c-g 3.00ghi 4.66abc 4.33cde 86.0abc

3.0 × 0.0 1.86c-h 1.16d-g 2.46d-g 3.33e-i 4.16abc 4.03cde 96.0ab

3.0 × 0.5 1.73d-h 1.26c-g 2.73c-g 3.80b-i 4.23abc 5.33bc 86.0abc

3.0 × 1.0 2.43b-f 1.56c-f 2.63c-g 3.46d-i 3.93abc 4.53cde 90.0ab

3.0 × 1.5 2.80abc 1.23c-g 4.16ab 3.46d-i 4.30abc 3.63cde 93.0ab

3.0 × 3.0 3.50a 1.00d-g 2.86c-e 3.66b-i 4.16abc 3.80cde 86.0abc

Means with different letters on the same column are significantly different (P<0.05) based on LSD test.
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Table 2. Mean comparison of the effect of different concentrations of NAA and BA along with 0.5         
mg l−1 activated chaircol on the measured characteristics of Phalaenopsis schilleriana ‘Karen Rockwell’.

NAA × BA 
(mg l−1)

Leaf length 
(cm)

Leaf width 
(cm)

Leaf 
number

Root length 
(cm)

Root 
number

Callus 
number

Viability 
(%)

0.0 × 0.0 1.13g 0.40f 3.00cd 2.8g 3.46gh 2.60g 86.0abc

0.0 × 0.5 1.36efg 1.33b-e 2.26d 2.93efg 2.83h 5.20bcd 83.0bc

0.0 × 1.0 2.20b-e 0.90c-f 3.23bcd 2.76g 3.70fgh 3.03fg 90.0abc

0.0 × 1.5 2.36a-d 1.20b-e 2.50d 2.83fg 4.73b-g 2.83g 100.0a

0.0 × 3.0 1.93b-g 0.93c-f 2.50d 2.93efg 4.40b-g 3.33d-g 86.0abc

0.5 × 0.0 1.93b-g 0.73ef 2.80d 4.66a-d 5.40a-e 2.86fg 96.0ab

0.5 × 0.5 1.70d-g 1.20b-e 2.26d 3.36d-g 5.76abc 5.10bcd 93.0abc

0.5 × 1.0 2.03b-g 1.66abc 2.46d 3.83c-g 5.43a-e 6.16bc 93.0abc

0.5 × 1.5 1.26fg 2.26a 4.73a 3.46c-g 5.56a-d 3.00fg 96.0ab

0.5 × 3.0 2.13b-f 1.16b-f 2.93d 4.30a-e 4.50b-g 3.13efg 96.0ab

1.0 × 0.0 2.43a-d 0.80def 2.56d 5.56ab 3.33gh 3.50d-g 80.0c

1.0 × 0.5 2.23b-e 1.53a-d 2.86d 4.23b-f 5.70abc 4.96cde 96.0ab

1.0 × 1.0 1.83c-g 1.86ab 3.40bcd 5.66a 6.66a 5.03b-e 90.0abc

1.0 × 1.5 1.76c-g 1.43b-e 5.40a 4.86abc 5.16a-f 8.16a 96.0ab

1.0 × 3.0 2.83ab 1.33b-e 3.43bcd 3.6c-g 4.10d-h 2.76g 90.0abc

1.5 × 0.0 1.70d-g 0.96c-f 2.70d 4.00c-g 5.00b-f 6.90ab 90.0abc

1.5 × 0.5 2.30a-d 1.23b-e 4.23abc 3.40d-g 5.83ab 3.93d-g 96.0ab

1.5 × 1.0 2.33a-d 1.50a-e 2.46d 4.13c-g 4.53b-g 4.76c-f 93.0abc

1.5 × 1.5 3.16a 1.06c-f 4.36ab 3.60c-g 4.26c-h 4.36c-g 83.0bc

1.5 × 3.0 2.53a-d 1.30b-e 3.13bcd 4.16b-g 3.73fgh 4.50c-g 100.0a

3.0 × 0.0 2.63abc 1.16b-f 2.46d 3.26d-g 4.33b-h 2.80g 90.0abc

3.0 × 0.5 1.96b-g 1.26b-e 2.96cd 4.16b-g 4.13d-h 5.20bcd 80.0c

3.0 × 1.0 2.53a-d 1.53a-d 3.00cd 4.13c-g 4.03d-h 4.23d-g 90.0abc

3.0 × 1.5 2.50a-d 1.06c-f 4.33ab 3.86c-g 3.73fgh 3.53d-g 83.0bc

3.0 × 3.0 2.33a-d 1.23b-e 3.36bcd 3.93c-g 3.80fgh 3.53d-g 96.0ab

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

Fig. 2. Effect of NAA and BA along with activated chaicol on PLBs growth of Phalaenopsis schilleriana 
‘Karen Rockwell’. A) On medium enriched with 1.0 mg l−1 NAA together with 1.5 mg l−1 BA along with 
0.5 mg l−1 AC; B) On medium enriched with 1.0 mg l−1 NAA together with 1.5 mg l−1 BA along with 1.0 
mg l−1 AC (scale bar = 5 mm).
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Table 3. Mean comparison of the effect of different concentrations of NAA and BA along with 1.0            
mg l−1 activated chaircol on the measured characteristics of Phalaenopsis schilleriana ‘Karen Rockwell’.

NAA × BA 
(mg l−1)

Leaf length 
(cm)

Leaf width 
(cm)

Leaf 
number

Root 
length (cm)

Root 
number

Callus 
number

Viability 
(%)

0.0 × 0.0 1.9de 1.01d 2.90e-h 3.06ef 4.10c-f 5.40abc 90.0a-d

0.0 × 0.5 2.16cde 1.20d 2.70e-h 2.80f 3.50f 4.16bc 73.0e

0.0 × 1.0 2.33cde 1.80a-d 3.00d-h 3.76c-f 4.43b-f 5.26abc 76.0de

0.0 × 1.5 1.93de 1.50bcd 3.03d-h 3.33def 4.50b-f 4.03bc 76.0de

0.0 × 3.0 1.80de 1.90a-d 2.66e-h 4.13b-f 3.93def 3.46c 90.0a-d

0.5 × 0.0 1.90de 1.10d 2.60e-h 3.70c-f 4.96b-e 3.43c 96.0ab

0.5 × 0.5 2.76cd 1.60a-d 2.43gh 4.13b-f 4.93b-f 6.50ab 90.0a-d

0.5 × 1.0 1.83de 1.70a-d 2.86e-h 5.73ab 5.46abc 5.40abc 83.0b-e

0.5 × 1.5 3.06bc 2.23ab 4.63ab 4.73a-d 5.36a-d 4.80abc 93.0abc

0.5 × 3.0 2.66cd 1.66a-d 2.50fgh 4.10b-f 4.33b-f 3.86bc 96.0ab

1.0 × 0.0 2.50cde 1.03d 1.86h 4.30b-f 5.70ab 3.40c 80.0cde

1.0 × 0.5 2.80cd 1.50bcd 3.40b-g 3.66c-f 4.00def 6.50ab 100.0a

1.0 × 1.0 2.20cde 2.16abc 2.83e-h 6.26a 5.70ab 4.63bc 86.0a-e

1.0 × 1.5 2.33cde 2.46a 5.76a 5.00abc 4.03cdef 3.96bc 83.0b-e

1.0 × 3.0 3.03bc 1.60a-d 3.80b-f 4.80a-d 4.46b-f 3.40c 90.0a-d

1.5 × 0.0 1.80de 1.40bcd 2.60e-h 4.26b-f 4.96b-e 5.76abc 83.0b-e

1.5 × 0.5 2.30cde 1.16d 4.23bcd 4.00c-f 6.73a 4.86abc 93.0abc

1.5 × 1.0 2.40cde 2.53a 3.33b-g 3.46c-f 3.70ef 4.06bc 96.0ab

1.5 × 1.5 4.30a 1.03d 4.53abc 3.96c-f 4.36b-f 3.63c 96.0ab

1.5 × 3.0 2.50cde 1.36bcd 3.26c-g 4.00c-f 4.10c-f 4.70abc 96.0ab

3.0 × 0.0 2.6cde 1.66a-d 2.66e-h 3.56c-f 4.6b-f 3.73c 80.0cde

3.0 × 0.5 2.13cde 1.26cd 2.93d-h 4.66a-e 4.46b-f 7.33a 93.0abc

3.0 × 1.0 1.56e 1.66a-d 3.46b-g 4.46b-e 4.56b-f 4.50bc 90.0a-d

3.0 × 1.5 2.46cde 1.46bcd 3.90b-e 3.90c-f 4.36b-f 4.16bc 83.0b-e

3.0 × 3.0 4.06ab 1.30bcd 3.40b-g 3.40c-f 4.43b-f 3.40c 80.0cde

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

Root induction and growth
Based on tables 1-3, simulatanious presence of NAA and BA is more suitable than the 

presence of each one of them for root induction and growth. We found that a combination of 
1.00 mg l−1 of both NAA BA, with and without AC, provoked the highest length of root (6.26, 
6.2 and 5.66 cm per explant, respectively). The lowed root length (2.5 cm per explant) was 
achieved on medium without NAA, BA and AC. The media containing 0.5, 1.0 and 1.5 mg l−1 
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NAA combined with 0.5 and 1.0 mg l−1 BA were effective for root production. The medium 
fortified with 1.5 mg l−1 NAA together with 0.5 mg l−1 BA along with 1.0 mg l−1 AC resulted in 
the highest increase in root number (6.73) (Fig. 3A). High root number was also observed using 
1.0 mg l−1 NAA together with 1.0 mg l−1 BA along with 0.5 mg l−1 AC. The difference between 
these two media was not significant. The highest reduction in root production was found in 
medium containing 0.5 mg l−1 BA without NAA.

Fig. 3. Rooting and transplanting of Phalaenopsis schilleriana ‘Karen Rockwell’. A) Rooting plantlet 
on medium enriched with 1.5 mg l−1 NAA together with 0.5 mg l−1 BA along with 1.0 mg l−1 AC; B) 
Plantlets transplanted to trays filled out with a mixture of LECA (Light Expanded Clay Aggregate), peat 
moss, coco peat, charcoal soil, coco chips and perlite (A: scale bar = 5 mm; B: scale bar = 20 mm).

Callus induction and plantlets viability
The treatments containing 1.0 mg l−1 NAA together with 0.5 and 1.5 mg l−1 caused an 

increase in the number of callus per explant (more than 8), compared with the control (2.6). 
Explants cultured on medium supplemented with 3.0 mg l−1 NAA together with 0.5 mg l−1 BA 
along with 1.0 mg l−1 AC showed high callus number. Plantlets obtained from six treatments 
resulted in the 100% viability. Plantlets produced in medium without NAA, BA and AC showed 
least viability (70%) (Tables 1-3). 

Ex vitro establishment of plantlets
Well-developed plantlets were transferred to plastic pots for ex vitro establishment 

and acclimatization (Fig. 3B). A 100% establishment rate was obtained and plantlets were 
morphologically identical to the mother plants.

DISCUSSION
Our findings demonstrated that the spontaneous use of an auxin and a cytokinin is 

important in the shoot and root production in Phalaenopsis schilleriana ‘Karen Rockwell’. The 
PGR-free culture medium resulted in low survival of plantlets and low shoot multiplication and 
root induction rates. Reports of many researchers showed better results when they were used an 
auxin and a cytokinin, in combination (Panwar et al., 2012; Zakizadeh et al., 2019; Mohammadi 
et al., 2019; Asa and Kaviani, 2020). Bhattacharyya et al. (2016) revealed that when the explants 
were grown in medium containing cytokinin and auxin, a higher rate of response frequency of 
shoot buds and PLBs was observed in all PGRs combinations. A combination of 1.0 mg l−1 KIN 
and 1.0 mg l−1 IBA was found to be suitable for regeneration of most measured characteristics 
especially leaf and root number in Phalaenopsis amabilis (L.) Blume var. Jawa. Also, the 
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maximum number of plantlet was obtained on medium supplemented with 1.0 mg l−1 KIN and 
0.5 mg l−1 IBA (Asa and Kaviani, 2020). In our study, the percentage of the explant response 
to leaf, root and callus formation was generally enhanced through the use of 0.5-1.5 mg l−1 of 
both NAA and BA. BA treatment was significantly better for shoot induction compared with 
NAA. On the other hand, NAA treatment was significantly better for root induction compared 
with BA. Although, the differences between NAA and BA were insignificant. Contrary to our 
finding, BA individually was better than in combination with NAA for shoot production of 
orchid Oncidium (Kalimuthu et al., 2007). BA is known to promote seedling leaf formation 
in some Paphiopedilum species (Chen et al., 2015). BA is the cytokinin most commonly used 
in plant tissue culture, and it is also efficient in promoting shoot development (Zanello et al., 
2022). The ratio of auxin and cytokinin for PLB, shoot and root formation depends upon the 
species studied. Similar findings were reported on Phalaenopsis and other orchid’s species 
(Baker et al., 2014; Zakizadeh et al., 2019; Lo et al., 2022; Zargar et al., 2023; Kiaheirati et 
al., 2024). Study on orchid Dendrobium nobile demonstrated that when explants were cultured 
in medium enriched with BAP solely, PLBs was formed but direct shoot formation was not 
observed (Bhattacharyya et al., 2016). The presence of cytokinins alone promoted optimal shoot 
proliferation from protocorm explants in some orchids like Dendrobium nobile and C. aloifolium 
(Nayak et al., 1997b), C. ensifolium (Chang and Chang, 1998), Rhynchostylis gigantea (van Le 
et al., 1999), D. nobile and C. aloifolium (Nayak et al., 2002), and Dendrobium (Ferreira et al., 
2006). The effect of NAA and BA at different concentrations on the induction of PLBs, leaf, 
root and callus was assessed on Phalaenopsis (Bali Lashaki et al., 2014). 

The most commonly used auxins in orchid culture media are indole-3-acetic acid (IAA), 
NAA, IBA, and 2,4-D. On the other hand, Kin, BA, BAP, TDZ, and zeatin (Zt) are the most 
commonly used cytokinins in orchid culture media (Yam and Arditi, 2018). Some orchid tissue 
culture studies found that auxins alone or in combination with cytokinins increased overall 
shoot growth (Parvathy, 2022). Some researchers have recognized that the effect of a single 
PGR alone on shoot multiplication is better than the effect of that in combination with another 
PGRs in orchids (Martin and Madassery, 2006; Zhao et al., 2007; Mahendran and Narmatha 
Bai, 2009; Luo et al., 2009; Panwar et al., 2012; Parthibhan et al., 2015). These findings are in 
contrast with our findings, because maximum shoot number was produced in media fortified 
with NAA in combination with BA. Study of Hossain et al. (2010) on Cymbidium giganteum 
and Bali Lashaki et al. (2014) on Phalaenopsis amabilis var. ‘Manila’ revealed that multiple 
shoot formation were induced on medium supplemented with different concentrations and 
combinations of BAP together with NAA, and BA together with NAA, respectively. 

The present study showed that BA in combination with NAA induced better rooting. 
Some reports showed that cytokinins would be associated with a subsequent inhibition of in 
vitro rooting (Podwyszynska, 2003). However, many researches has shown that BA-derived 
shoots resulted in better rooting compared with shoots derived from BA-free culture medium 
(Iiyama and Cardoso, 2021; Zanello et al., 2022). Our study also showed that NAA was suitable 
for root length and number. Similar to our finding, in Vanda coerulea Griff ex. Lindl. (Blue 
Vanda), NAA was found to be the most effective for production of maximum numbers of PLBs, 
shoots and roots which simultaneously differentiated in the same medium (Roy et al., 2011). 
NAA was found more effective than IBA for micropropagation of Orchis catasetum (Baker et 
al., 2014). Kiaheirati et al. (2024) demonstrated that the longest roots in Phalaenopsis circus 
were induced using both NAA and Kin in combination. The best root induction in Phalaenopsis 
amabilis cv. Cool ‘Breeze’ was achieved with 1.0 mg l−1 IAA (Bali Lashaki et al., 2014). Baker 
et al. (2014) showed that a combination of 0.5 mg l−1 BA and 0.5 mg l−1 NAA induced the 
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largest number of root and the highest length of root in orchid Catasetum. These researchers 
also showed that a combination of 1.0 mg l−1 BA and 0.5 mg l−1 NAA was a suitable treatment 
for induction of root number and root length. 

Callus was produced at the base of shoots of Eulophia nuda cultured on medium 
supplemented with higher concentration of BA, while lesser number of shoots were produced 
on medium with lower BA concentration (Panwar et al., 2012). In the present study, induction of 
callus was occured in some treatments. This is in contradict with the findings for Paphiopedilum 
spp. (Guo et al., 2024; Kiaheirati et al., 2024). Similarity, calluses have been successfully 
induced from the seeds or protocorms of some species of Paphiopedilum (Zeng et al., 2013; 
Guo et al., 2024). 

The better development and proliferation of shoots and induction of roots in culture 
media containing AC may be related to the effect of AC as an anti-browning agent. Browning 
is one of the major problems affecting in vitro cultivation of Phalaenopsis and some other 
orchids. This problem is frequently associated with high content of phenolics and increases in 
polyphenol oxidase activity (Xu and Li, 2006; Zanello et al., 2022). The high rate of explants 
browning, and its association with phenolic oxidation, has been previously reported in the genus 
Phalaenopsis and is caused by physical damage to tissues, with phenolic oxidation being toxic 
to plant tissues and in some cases leading to plant death (Minamiguchi and Machado Neto, 
2007; Zanello et al., 2022). 

The in vitro rooted plantlets were successfully acclimatized in the greenhouse through 
their cultivation in pots containing a mixture of LECA (Light Expanded Clay Aggregate), peat 
moss, coco peat, charcoal soil, coco chips and perlite in the proportion of 15:10:20:5:30:20%. 
Similar results were reported on Phalaenopsis circus (Kiaheirati et al., 2024). Coconut 
powder, sphagnum, and vermiculite, also cocochips and sphagnum moss were also applied for 
acclimatization of Phalaenopsis plantlets (Venturieri and Arbieto, 2011; Asa and Kaviani, 2020; 
Zanello et al., 2022). The successful use of clay, sand, vermicompost (1:1:1), moss and charcoal 
(1:1), charcoal and brick pieces (1:1), sand, vermiculite and chopped dry leaves (1:1:1), moss, 
peat and perlite (3:1:1); vermiculite, bark, soil (1:2:2), sphagnum and coconut fibres (1:1), and 
peat and perlite (1:1) was reported in some other orchid species (Panwar et al., 2012; Teixeira 
da Silva et al., 2017; Lo et al., 2022; Zargar et al., 2023). The highest water-holding capacity 
was pointed out as the main difference between various substrates (Venturieri and Arbieto, 
2011).

CONCLUSION
In conclusion, our investigation into the tissue culture of Phalaenopsis schilleriana 

‘Karen Rockwell’ under varying exogenous NAA and BA treatments has presented an efficient 
and reliable procedure. The treatments containing 1.0 mg l−1 NAA together with 1.5 mg l−1 BA, 
and 1.5 mg l−1 NAA together with 0.5 mg l−1 BA, both along with 1.0 mg l−1 AC induced the 
highest number of leaves and roots, respectively. These findings have significant implications 
for optimizing P. schilleriana ‘Karen Rockwell’ micropropagation protocols. 

ACKNOWLEDGEMENT
We are grateful to the Islamic Azad University, Nur Branch and Nur Growth and 

Technology Center.

In Vitro Propagation is an Optimal Method for the Production of Orchid Phalaenopsis .../ Valizadeh et al.,

Journal of Ornamental Plants, Volume 14, Number 3: 197-210, September 2024206



Literature Cited
Asa, M. and Kaviani, B. 2020. In vitro propagation of orchid Phalaenopsis amabilis (L.) 

Blume var. Jawa. Iranian Journal of Plant Physiology, 11 (1): 3457–3123. https://doi.
org/10.30495/ijpp.2020.672571

Baker, A., Kaviani, B., Nematzadeh, Gh. and Negahdar, N. 2014. Micropropagation of Orchis 
catasetum – A rare and endangered orchid. Acta Scientiarum Poloronum Hortorum 
Cultus, 13 (2): 197–205.

Bali Lashaki, K., Naderi, R., Kalantari, S. and Soorni, A. 2014. Micropropagation of 
Phalaenopsis amabilis cv. ̒ Cool Breeze’ with using of flower stalk nodes and leaves of 
sterile obtained from node cultures. International Journal of Farming Allied Science, 
3: 823–829. https://doi.org/10.13140/2.1.1226.2086

Bhattacharyya, P., Kumaria, S. and Tandon, P. 2016. High frequency regeneration protocol for 
Dendrobium nobile: A model tissue culture approach for propagation of medicinally 
important orchid species. South African Journal of Botany, 104: 232–243. https://doi.
org/10.1016/j.sajb.2015.11.013

Cardoso, J.C., Zanello, C.A. and Chen, J.-T. 2020. An overview of orchid protocorm-like bodies: 
Mass propagation, biotechnology, molecular aspects, and breeding. International 
Journal of Molecular Science, 21: 985. https://doi.org/10.3390/ijms21030985

Chang, C. and Chang, W.C. 1998. Plant regeneration from callus culture of Cymbidium 
ensuifolium var. Misericors. Plant Cell Reports, 17: 251–255. https://doi.org/10.1007/
s002990050387

Chen, Y., Goodale, U.M., Fan, X.L. and Gao, J.Y. 2015. Asymbiotic seed germination and 
in vitro seedling development of Paphiopedilum spicerianum: An orchid with an 
extremely small population in China. Global Ecology Conservation, 3: 367–378. 
https://doi.org/10.1016/j.gecco.2015.01.002

Chen, J. C., Tong, C. G., Lin, H. Y. and Fang, S. C. 2019. Phalaenopsis LEAFY COTYLEDON1-
induced somatic embryonic structures are morphologically distinct from protocorm-like 
bodies. Frontiers in Plant Science, 10: 1594. https://doi.org/10.3389/fpls.2019.01594

Christenhusz, M.J.M. and Byng, J.W. 2016. The number of known plants species in the 
world and its anual increase. Phytotaxa, 261: 201–217. https://doi.org/10.11646/
phytotaxa.261.3.1

Chugh, S., Guha, S. and Usha Rao, I. 2009. Micropropagation of orchids: A review on the 
potential of different explants. Scientia Horticulturae, 122: 507–520. https://doi.
org/10.1016/j.scienta.2009.07.016

Cui, H.Y., Murthy, H.N., Moh, S.H., Cui, Y., Lee, E.J. and Paek, K.Y. 2014. Protocorm culture of 
Dendrobium candidum in balloon type bubble bioreactors. Biochemical Engineering 
Journal, 88: 26–29. https://doi.org/10.1016/j.bej.2014.04.003

Ferreira, W.D.M., Kerbauy, G.B. and Costa, P.D. 2006. Micropropagation and genetic stability 
of a Dendrobium hybrid (Orchidaceae). In Vitro Cellular Developmental Biology – 
Plant, 42: 568–571. https://doi.org/10.1079/IVP2006820

Guo, B., Chen, H., Yin, Y., Wang, W. and Zeng, S. 2024. Tissue culture via protocorm-like 
bodies in an orchids hybrids Paphiopedilum SCBG Huihuang 90. Plants, 13: 197. 
https://doi.org/10.3390/plants13020197

Hossain, M.M., Sharma, M., Teixeira da Silva, J.A. and Pathak, P. 2010. Seed germination and 
tissue culture of Cymbidium giganteum Wall. ex Lindl. Scientia Horticulturae, 123: 
479–487. https://doi.org/10.1016/j.scienta.2009.10.009

Iiyama, C.M. and Cardoso, J.C. 2021. Micropropagation of Melaleuca alternifolia by shoot 

In Vitro Propagation is an Optimal Method for the Production of Orchid Phalaenopsis .../ Valizadeh et al.,

207Journal of Ornamental Plants, Volume 14, Number 3: 197-210, September 2024



proliferation from apical segments. Trees, 35: 1497–1509. https://doi.org/10.1007/
s00468-021-02131-w

Kalimuthu, K., Senthilkumar, R. and Vijayakumar, S. 2007. In vitro micropropagation of orchid, 
Oncidium sp. (Dancing Dolls). African Journal of Biotechnology, 6: 1171–1174.

Kaviani, B., Negahdar, N., Baker, A. and Mosafer, N. 2017. In vitro micropropagation of an 
endangered orchid species (Orchis catasetum) through protocorms: The effect of plant 
growth regulators and iron nano-chelate. Plant Research Journal, 30 (1): 215–225 (In 
Persian with English Abstract). https://dorl.net/dor/20.1001.1.23832592.1396.30.1.12
.1

Khatun, K., Nath, U.K. and Rahman, M.S. 2020. Tissue culture of Phalaenopsis: Present 
status and future prospects. Journal of Advances Biotechnology and Experimental 
Therapeutics, 3 (3): 273–285. https://doi.org/10.5455/jabet.2020.d135

Khoddamzadeh, A.A., Sinniah, U.R., Lynch, P., Kadir, M.A., Kadzimin, S.B. and Mahmood, 
M. 2011. Cryopreservation of protocorm-like bodies (PLBs) of Phalaenopsis bellina 
(Rchb. f.) Christenson by encapsulation-dehydration. Plant Cell, Tissue and Organ 
Culture, 107: 471–481. https://doi.org/10.1007/s11240-011-9997-4

Kiaheirati, H., Hashemabadi, D. and Kaviani, B. 2024. In vitro propagation of the orchid 
Phalaenopsis circus via organogenesis and somatic embryogenesis using protocorm 
and thin cell layer explants. Italian Botanist, In Press, https://doi.org/10.3897/
italianbotanist.@@.123376

Lee, Y., Hsu, S. and Yeung, E.C. 2013. Orchid protocorm-like bodies are somatic embryos. 
American Journal of Botany, 100: 2121–2131. https://doi.org/10.3732/ajb.1300193

Lo, K. C., Gansau, J.A., Shih, C. H. and Kao, C. Y. 2022. Shoot development through modified 
transverse thin cell layer (tTCL) culture of Phalaenopsis hybrid protocorms. 
Horticulturae, 8: 206. https://doi.org/10.3390/horticulturae8030206

Luo, J.P., Wawrosch, V. and Kopp, B. 2009. Enhanced micropropagation of Dendrobium 
huoshanense C.Z. Tang et S.J. Cheng through protocorm-like bodies: The effects of 
cytokinins, carbohydrate sources and cold pretreatment. Scientia Horticulturae, 123: 
258–262. https://doi.org/10.1016/j.scienta.2009.08.008

Mahendran, G. 2014. An efficient in vitro propagation, antioxidant and antimicrobial activities 
of Aphyllorchis montana (Reichenb.f.). Journal of Ornamental Plants, 4 (4): 1–16. 
https://doi.org/10.1080/11263504.2015.1008597

Mahendran, G. and Narmatha Bai, V. 2009. Mass propagation of Satyrium nepalense D. 
Don.—A medicinal orchid via seed culture. Scientia Horticulturae, 119: 203–207. 
https://doi.org/10.1016/j.scienta.2008.07.029

Martin, K.P. and Madassery, J.P. 2006. Rapid in vitro propagation of Dendrobium hybrids 
through direct shoot formation from foliar explants and protocorm-like bodies. Scientia 
Horticulturae, 108: 95–99. https://doi.org/10.1016/j.scienta.2005.10.006

Minamiguchi, J. and Machado Neto, N.B. 2007. Embriogênese somática direta em folhas de 
Phalaenopsis: Orchidaceae. Colloquium Agrariae, 3: 7–13. https://doi.org/10.5747/
ca.2007.v03.n1.a22

Mohammadi, M., Kaviani, B. and Sedaghathoor, Sh. 2019. Micropropagation of two near 
threatened orchid. Part 2: Phalaenopsis amabilis Blume var. Grandiflora. Advances in 
Horticultural Science, 33 (4): 485–493. https://doi.org/10.13128/ahsc8115

Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and bioassays 
with tobacco tissue cultures. Physiology Plant, 15: 473–479. https://doi.
org/10.1111/j.1399-3054.1962.tb08052.x

In Vitro Propagation is an Optimal Method for the Production of Orchid Phalaenopsis .../ Valizadeh et al.,

Journal of Ornamental Plants, Volume 14, Number 3: 197-210, September 2024208



Murthy, H.N., Paek, K.Y. and Park, S.Y. 2018. Micropropagation of orchids by using bioreactor 
technology. In: Lee, Y.I. and Yeung, E.C-T (eds.), Orchid propagation: From 
Laboratories to Greenhouses—Methods and Protocols, Springer Protocols Handbooks, 
https://doi.org/10.1007/978-1-4939-7771-09

Nayak, N.R., Rath, S.P. and Patnaik, S. 1997b. In vitro propagation of three epiphytic orchids, 
Cymbidium aloifolium (L.) Sw., Dendrobium aphyllum (Roxb.) Fisch. and Dendrobium 
moschatum (Buch. Ham.) Sw. through thidiazuron-induced high frequency shoot 
proliferation. Scientia Horticulturae, 71: 243–250. https://doi.org/10.1016/S0304-
4238(97)00075-7

Nayak, N.R., Sahoo, S., Patnaik, S. and Rath, S.P. 2002. Establishment of thin cross section 
(TCS) culture method for rapid micropropagation of Cymbidium aloifolium (L.) Sw. 
and Dendrobium nobile Lindl. (Orchidaceae). Scientia Horticulturae, 94: 107–116. 
https://doi.org/10.1016/S0304-4238(01)00372-7

Paek, K.Y., Hahn, E.J. and Park, S.Y. 2011. Micropropagation of Phalaenopsis orchids via 
protocorms and protocorm-like bodies. In: Plant Embryo Culture; Thorpe, T., Yeung, 
E., Eds.; Humana Press: Totowa, NJ, USA, 2011; pp. 293–306.

Panwar, D., Ram, K. and Shekhawat, H.N. 2012. In vitro propagation of Eulophia nuda Lindl., 
an endangered orchid. Scientia Horticulturae, 139: 46–52. https://doi.org/10.1016/j.
scienta.2012.01.011

Park, S. Y., Huh, Y.S. and Paek, K.Y. 2018. Common protocols in orchid micropropagation. pp. 
179-194. In: Lee, Y. I., & Yeung, E. C. T. (eds.), Orchid propagation: From laboratories 
to greenhouses—methods and protocols. Springer Protocols Handbooks, https://doi.
org/10.1007/978-1-4939-7771-0_8

Park, S.Y., Murthy, H.N. and Paek, K.Y. 2002. Rapid propagation of Phalaenopsis from floral 
stalk derived leaves. In Vitro Cellular Developmental Biology – Plant, 38: 168–172. 
https://doi.org/10.1079/IVP2001274

Parthibhan, S., Rao, M.V. and Kumar, T.S. 2015. In vitro regeneration from protocorms in 
Dendrobium aqueum Lindley–An imperiled orchid. Journal of Genetic Engineering 
and Biotechnology, 13: 227–233. https://doi.org/10.1016/j.jgeb.2015.07.001

Parvathy, S. 2022. Standardization of tissue culture techniques in Phalaenopsis orchids. Journal 
of Plant Biochemistry and Physiology, 10 (3): 1000289. https://doi.org/10.35248/2329-
9029.22.10.289

Podwyszynska, M. 2003. Rooting of micropropagated shoots. In: Encyclopedia of rose science, 
Andrew, V.R., Ed.; Elsevier, Amsterdam, The Netherlands, pp. 66–76.

Roy, A.R., Patel, R.S., Patel, V.V., Sajeev, S. and Deka, B.C. 2011. Asymbiotic seed germination, 
mass propagation and seedling development of Vanda coerulea Griff ex.Lindl. (Blue 
Vanda): An in vitro protocol for an endangered orchid. Scientia Horticulturae, 128: 
325–331. https://doi.org/10.1016/j.scienta.2011.01.023

Shimura, H. and Koda, Y. 2004. Micropropagation of Cypripedium macranthos var. Rebunerse 
through protocorm-like bodies derived from mature seed. Plant Cell, Tissue and Organ 
Culture, 78: 273–276. https://doi.org/10.1023/B:TICU.0000025641.49000.b5

Teixeira da Silva, J.A., Hossain, M.M., Sharma, M., Dobránszki, J., Cardoso, J.C. and Zeng, S. 
2017. Acclimatization of in vitro-derived Dendrobium. Horticultural Plant Journal, 3 
(3): 110–124. https://dx.doi.org/10/1016/j.hpj.2017.07.009

van Le, B., Hang Phuong, N.T., Anh Hong, L.T. and Tran Thanh van, K. 1999. High frequency 
shoot regeneration from Rhynchostylis gigantea (Orchidaceae) using thin cell layers. 
Plant Growth Regulators, 28: 179–185. https://doi.org/10.1023/A:1006210100775

In Vitro Propagation is an Optimal Method for the Production of Orchid Phalaenopsis .../ Valizadeh et al.,

209Journal of Ornamental Plants, Volume 14, Number 3: 197-210, September 2024



Venturieri, G.A. and Arbieto, E.A.M. 2011. Ex-vitro establishment of Phalaenopsis amabilis 
seedlings in different substrates. Acta Scientiarum, 33: 495–501. https://doi.
org/10.4025/actasciagron.v33i3.3950 

Winkelmann, T., Thomas, G. and Priel, W. 2006. Commercial in vitro plant production in 
Germany in 1985–2004. Plant Cell, Tissue and Organ Culture, 85: 319–327. https://
doi.org/10.1007/s11240-006-9125-z

Xu, C.J. and Li, L. 2006. Changes of total phenol content and the activities of PPO, POD and 
PAL during the browning in Phalaenopsis explant in vitro. Acta Horticulturae Sinica, 
33: 671–674.

Yam, T.W. and Arditti, J. 2018. Orchid micropropagation: An overview of approaches 
and methodologies. In: Lee YI, Yeung ECT (eds.). Orchid Propagation: From 
Laboratories to Greenhouses—Methods and Protocols, Springer Protocols Handbooks.

Zahara, M. 2017. A review: Micropropagation of Phalaenopsis sp. from leaf and flower stalk 
explants. Journal Natural, 17 (2): 91–95. https://doi.org/10.24815/jn.v0i0.8130

Zakizadeh, S., Kaviani, B. and Hashemabadi, D. 2019. Micropropagation of two near threatened 
orchid. Part 1: Catasetum pileatum cv. Alba. Advances in Horticultural Science 33 (4): 
475–483. https://doi.org/10.13128/ahsc-8112

Zanello, C.A., Duarte, W.N., Gomes, D.M. and Cardoso, J.C. 2022. Micropropagation from 
inflorescence nodal segments of Phalaenopsis and acclimatization of plantlets using 
different substrates. Horticulturae, 8: 340. https://doi.org/10.3390/horticulturae8040340

Zargar Azad, M., Kaviani, B. and Sedaghathoor, Sh. 2023. In vitro propagation of Cephalanthera 
rubra (L.) Rich., an endangered orchid, using 2,4-D, NAA and BA. Journal of 
Ornamental Plants, 13: 145–153. https://doi.org/10.24815/jn.v0i0.8130

Zeng, S., Wang, J., Wu, K., Teixeira da Silva, J.A.T., Zhang, J. and Duan, J. 2013. In vitro 
propagation of Paphiopedilum hangianum Perner & Gruss. Scientia Horticulturae, 
151: 147–156. https://doi.org/10.1016/j.scienta.2012.10.032

Zeng, S., Wua, K., Teixeira da Silva, J.A., Zhanga, J., Chena, Z., Xiaa, N. and Duan, J. 
2012. Asymbiotic seed germination, seedling development and reintroduction of 
Paphiopedilum wardii Sumerh., an endangered terrestrial orchid. Scientia Horticulturae, 
138: 198–209. https://doi.org/10.1016/j.scienta.2012.02.026

Zhao, P., Wang, W., Feng, S.F., Wu, F., Yang, J.Q. and Wang, W.J. 2007. High-frequency shoot 
regeneration through transverse thin cell layer culture in Dendrobium candidum Wall 
ex Lind. Plant Cell, Tissue and Organ Culture, 90: 131–139. https://doi.org/10.1007/
s11240-006-9181-4

In Vitro Propagation is an Optimal Method for the Production of Orchid Phalaenopsis .../ Valizadeh et al.,

Journal of Ornamental Plants, Volume 14, Number 3: 197-210, September 2024210

How to cite this article:

Valizadeh, A., Mahmoudi, J., Mohammadi, M. and Kaviani, B. (2024). In Vitro Propagation 
is an Optimal Method for the Production of Orchid Phalaenopsis schilleriana ‘Karen  Rock-
well’. Journal of Ornamental Plants, 14(3), 197-210.

https://sanad.iau.ir/en/Journal/jornamental/Article/1120510


