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Abstract The in vitro propagation of the commercially 

important Phalaeonopsis hybrid ‘Little gem’ was achieved 

by culturing the apical part and axillary buds excised from 

flower stalks. The explants were cultured on 5 different basal 

media: 3.0 g･L
-1

 Hyponex and 4.0 g･L
-1

 peptone (H3P4) and 

Murashige & Skoog (MS) media were shown to be suitable 

for shoot regeneration. The MS medium supplemented with 

5.0 mg･L
-1
 6-benzylaminopurine (BA) was found to be more 

efficient for shoot regeneration. However, the number of 

shoots induced by axillary buds was higher than that induced 

by the apical part. Incubation of the apical part under 

darkness for one week, as well as of the explants in the same 

medium with activated charcoal (AC) 0.5 g･L
-1

 promoted 

shoot regeneration and shoot growth; similar growth was not 

observed with axillary buds.

Keywords Activated charcoal, Dark treatment, Micropro-

pagation, Plant growth regulator

Introduction

Phalaenopsis, known as moth orchid, is considered as one of 

the most commercially important orchids due to its desirable 

horticultural traits such as diverse flower colors, shapes, fragrance, 

compactness, and attractive potted plant types. In addition, as 

Phalaenopsis is a monopodial orchid type, it has longer 

blossom (Paek et al., 2011). The desirable characters increase 

its demand, and nearly 5million plants were demanded in 

2012, and the market is expected to reach 10 million in 2016.l

In general, most of the commercially cultivated Phaleonopsis 

cultivars are produced from seeds; they are thus heterozygous 

as well as showing phenotypic instability such as variation of 

plant growth, flowering time, and flower characteristics, which 

are dealing with its low market quality. Although it can be 

traditionally propagated by the cutting, these methods make 

the rate of multiplication slow and arrest the growth of the 

mother plant, resulting in ineffective for large scale production. 

Hence, propagation through tissue culture has been desired 

for commercial production. 

  Protocols for in vitro propagation of Phalaenopsis have 

been developed using various explants such as protocorm-like 

bodies (PLBs) (Park et al. 1996), flower stalks with axillary buds 

(Park et al. 2002), shoot tip of flower stalks explants (Tokuhara 

and Mii, 1993), leaf segments (Park et al., 2002) and root tips 

(Ichihashi, 1997). However, due to technical difficulties and low 

multiplication rate those protocols have been inadequate for 

large scale production of the orchid. Particularly, some of these 

studies could not achieve conversion of protocorms to plantlets, 

and developed plants were also physiologically weak. Some 

authors have reported direct regeneration without undesirable 

callus formation shortens the time period needed for regeneration 

and reduces the possibility of the occurrence of somaclonal 

variation. However, this requires precise cultural conditions 

such as types of media composition (Naing et al. 2011), additive 

compound (Naing et al. 2010), and growth regulators (Chen et 

al., 2000; Chen and Chang, 2004). 

  In the present study, we investigated the effects of basal 

medium, plant growth regulator, dark treatment, and activated 

charcoal on shoot regeneration and plant growth from different 

explants of the Phalaenopsis hybrid ‘Little gem’ in order to 
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optimize an efficient and rapid propagation method for the 

orchid.

Materials and Methods

Plant material

The flower stalks at the first blossom stage with two to three 

open flowers, were used as explant source. The flower stalks 

were washed under running tap water, and were then 

sterilized with 70% ethanol for 10 s; followed by sterilizing 

them with 1 % NaOCl solution containing 2-3 drops Tween 

20. Apical parts and axillary buds were excised and used as 

explants.

Effects of basal media

To verify whether basal media affect in vitro regeneration, 

explants (apical parts and axillary buds) were cultured on the 

different basal media [3.0 g·L
-1
 Hyponex and 2.0 g·L

-1
 peptone  

(H3P2), 3.0 g·L
-1
 Hyponex and 4.0 g·L

-1
 peptone (H3P4), 

Murashige and Skoog (MS), half strength Murashige and 

Skoog (½MS), and Orchid mix. The culture were placed in a 

culture room with 25±2˚C, 16 h photoperiod, and cool white 

fluorescent lamps (50 µmol
-1
 m

-2
 s
-1
). After 8 weeks, the most 

appropriate media that gave optimal shoot regeneration (%) 

and number of shoot per explant were evaluated.

Effects of plant growth regulator 

From above experiment, H3P4 and MS medium were found to 

be the most appropriate ones. For shoot regeneration, the 

explants were cultured on the media supplemented with dif-

ferent concentrations of 6-benzylaminopurine (BA). After 8 

weeks of culture, optimal concentration of BA showing rea-

sonable shoot regeneration (%), plant growth, and number of 

shoots per explant were evaluated. The culture condition was 

identical to that of above experiment.

Effect of dark treatment

In above experiment, the explants cultured on the MS medium 

containing 5.0 mg·L
-1
 BA exhibited better shoot regeneration 

parameters than other treatments, thus the media composition 

was selected for determination of dark treatment on shoot 

regeneration. To do so, the same explants were cultured on the 

selected medium and placed under the dark condition for 

different periods. The culture plates that were placed under 

dark condition for designated periods were transferred to 

normal incubation described in above experiments. After 8 

weeks of culture including initial dark period, shoot re-

generation (%), shoot length, and number of shoots per 

explant were considered respectively.

Effect of activated charcoal

In order to examine the effect of activated charcoal, explants 

were cultured on the MS medium containing 5.0 mg·l
-1
 BA in 

combination with different concentrations of activated 

charcoal (AC). The culture plates were placed under the same 

condition. After 8 weeks, shoot regeneration (%), shoot length, 

and number of shoots per explant were considered respectively 

as done in dark treatment experiment.

Experimental design and statistical design

The experiments were conducted using a Randomized Complete 

Block Design (RCB), and, PH, percentage of sucrose, and agar 

used in the experiments was 5.5, 3.0% and 0.7% respectively. 

There were ten explants per treatment with three replications. 

Data were statistically analyzed using DMRT (P≤ 0.005).

Results 

Effect of basal media

When apical parts or axillary buds from the flower stalks were 

cultured on the different basal media (H3P2, H3P4, MS, ½MS, 

or Orchid mix), in vitro responses such as shoot regeneration 

percentage and number of shoots per explant were differently 

observed (Table 1). In both explants, in vitro responses were 

observed to be likely superior in H3P4 and MS to other media, 

in which axillary buds cultured on H3P2 medium did not respond 

at all, while apical parts gave shoot regeneration (25.9 %) and 

number of shoots per explant (1.4) in the same medium. On 

H3P2, ½MS, and Orchid mix, number of shoots induced by 

axillary bud was higher than that induced by apical parts. The 

similar responses were observed in H3P4 and MS media, in 

which number of shoots induced by axillary buds was 2.5 per 

explant and higher than that (1.5) induced by apical parts.

Effect of different concentrations of BA

According to the results of above experiment, H3P4 and MS 

were found to be suitable for shoot regeneration from the 

explants (apical parts and axillary buds). In this study, when 
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Table 1 Effects of different basal media on shoot regeneration from flower stalk of Phaleonopsis hybrid ‘Little gem’

Media

Flower stalk

Apical part Axillary bud

Regeneration (%) No. of shoots/explant Regeneration (%) No. of shoots/explant

H3P2 25.9b 1.4ab  0.0c 0.0c

H3P4 34.7a 1.5a 36.7a 2.5a

½MS  6.9c 1.0c 24.1b 2.3b

MS 34.5a 1.5a 34.5a 2.5a

Orchid mix 30.0ab 1.2bc 36.7a 2.3b

Means in the same column marked with same letter are not significantly different by DMRT.

Table 2 Effects of different concentrations of 6-benzylaminopurine (BA) on shoot regeneration from flower stalk of Phaleonopsis 

hybrid ‘Little gem’

Media BA (mg·L
-1

)
Apical part Axillary bud

Regeneration (%) No. of shoots/explant Regeneration (%) No. of shoots/explant

H3P4 0 26.7d 1.5b 36.7a 2.5a

 3.0 69.7a 1.5b 29.1b 2.1b

 5.0 51.9b 2.1a 25.9bc 2.1b

 7.0 43.8c 2.1a 21.9c 2.1b

      

MS 0 34.5c 1.5b 34.5b 2.5ab

 \3.0 83.3a 1.8ab 36.7b 2.5ab

 5.0 70.0b 2.1a 46.7a 2.9a

 7.0 65.6bc 2.1a 34.4b 2.1b

Means in the same column marked with same letter are not significantly different by DMRT.

Fig. 1 Effects of different concentrations of BA on shoot 

regeneration from flower stalk culture of Phalaenopsis hybrid 

‘Little gem’ (A: BA-free MS; B: 3.0 mg･l
-1

 BA; C: 5.0 mg･l
-1

BA; D: 7.0 mg･l
-1

 BA

different concentrations of BA were added to the media, it was 

found that in vitro responses distinctly depended on explant 

type, media, and BA concentrations. On H3P4 medium, addition 

of BA distinctly increased shoot regeneration percentage of 

apical explants, while its negative effects on shoot regeneration 

were noticed from axillary buds (Table 2). In this medium, the 

apical parts cultured with 3.0 mg·L
-1
 BA showed the highest 

regeneration percentage, but maximum number of shoots per 

explant (2.1) was observed from the explant cultured on 5.0 

mg·L
-1
 BA containing medium. In case of axillary bud, presence 

of BA linearly inhibited number shoot regeneration percentages, 

and number of shoots per explant was also lower than BA 

un-containing medium.

  On MS medium, presence of BA positively promoted shoot 

regeneration as well as number of shoots per explant for both 

explants. Culture of the apical explants on the medium con-

taining 3.0 mg·L
-1
 BA increased shoot regeneration from 34.5% 

to 83.3%. Similarly, regeneration percentage of axillary buds 

cultured on 5.0 mg
.
l
-1
 BA also reached to 46.7 from 34.5. In 

addition, shoot induced by 5.0 mg·L
-1
 BA showed to be 

healthier than those induced by others (Fig. 1). Moreover, 

maximum number of shoots per explant (2.1 from apical part 

and 2.9 from axillary bud) were obtained on the medium 

containing 5.0 mg·L
-1
 BA (Table 2). 
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Table 3 Effects of incubation in the dark, on shoot regeneration from flower stalk of Phaleonopsis hybrid ‘Little gem’

Time in darkness 

(week)

Apical part Axillary bud

Regeneration (%) No. of shoots/explant Regeneration (%) No. of shoots/explant

0 70.0b 2.1a 46.7a 2.9a

1 80.0a 2.3a 44.3ab 3.3a

2 58c 2.0a 34.6b 3.0a

4 50d 2.0a 33.7b 3.0a

Means in the same column marked with same letter are not significantly different by DMRT.

Table 4 Effects of activated charcoal (AC) on shoot regeneration from flower stalk of Phaleonopsishybrid ‘Littlegem’

AC (g·L
-1

)

Shoot tip Axillary bud

Regeneration

%

Shoot 

length

No. of 

shoots/explant

Regeneration

%

Shoot 

length

No. of 

buds/explant

0 70.0c 45.8b 2.1a 46.7a 31.7a 2.9a

0.5 90a 54.4a 1.8ab 18.7b 31.0a 2.9a

1.0 80b 54.2a 1.8ab 18.1b 31.0a 2.8a

2.0 80b 54.2a 1.8ab 17.4b 31.4a 2.3b

Means in the same column marked with same letter are not significantly different by DMRT.

Effect of dark treatment

Based on above experiment, the explants were cultured on the 

MS medium containing BA 5.0 mg·L
-1
 and incubated at dark 

condition for different periods. We found that dark treatments 

also affected the shoot regeneration of the explants, however, 

its effects differed from explant to explant as well as treating 

periods (Table 3). In case of apical parts, culture of the explants 

at dark condition for 1 week increased shoot regeneration 

percentage, but increase of dark period longer than 1 week 

linearly reduced the shoot regeneration percentages. In contrast 

to apical part, even the dark treatment (1week) seemed to 

inhibit shoot regeneration from axillary buds. Interestingly, 

numbers of shoots induced by these explants were not varied 

among the dark treatments.

Effect of activated charcoal

When activated charcoal was added to the same medium, 

regeneration percentage as well as shoot length of the apical 

parts were better than those on the medium without AC (Table 

4), However, presence of AC seemed to be slightly inhibiting 

number of shoots per explant. Unlike apical parts, the ap-

positive responses were observed in axillary buds, in which 

shoot regeneration and shoot length were found to be inhibited 

when concentration of AC was raised, however, there was no 

negative effect on number of shoots per explant (Table 4).

Discussion

The present study demonstrated effects of different factors 

(basal media, plant growth regulator, explants, dark period, 

and activated charcoal) on shoot regeneration of Phaleonopsis 

hybrid ‘Little gem’. Explants showed different responses 

when treated with different basal media, in which H3P4 and 

MS were found to be the most appropriate and had been also 

reported as this in previous studies of orchid mircropropagation 

(Chung et al 1985; Kosir et al. 2004). In this study, failure or 

less induction of shoots by ½MS and H3P2 would be due to 

less amount of micro elements or peptone contained in the 

media. In addition, we found necessity of synergetic affects of 

explant and basal medium because H3P2 medium could induce 

shoot from apical part while it could not do so in axillary buds. 

Likewise, ½MS could induce less percentage of shoot re-

generation from apical bud, but it could induce reasonable 

percentage from axillary buds. Tokuhara and Mii 1993) also 

claimed that ½MS failed to induce shoot from flower stalk of 

Phalaenopsis and Doritaenopsis

  When different concentrations of BA were added to the 

basal media (H3P4 and MS), it negatively affected shoot 

regeneration from axillary buds, but its stimulatory effect on 

shoot regeneration was observed in apical parts. Comparatively, 

in both explants, addition of BA to MS medium was better in 

shoot regeneration and number of shoots per expant than 

adding to H3P4 basal medium, It would be due to having less 

synergetic effect between BA and H3P4 medium as compared 
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to MS medium. In addition, concentration of BA responded 

shoot regeneration differently among the explants, it might be 

due to different level of endogenous hormones contained in 

the explants. However, BA 5.0 mg
.
l
-1
 was found to be suitable 

for both explants, whereas number of shoots induced by axillary 

bud was higher than that induced by apical part. Effect of BA 

alone on shoot regeneration from flower stalk had been reported 

by Chen and Piluek (1995), in which BA 40 μM could induce 

the number of shoots (6.0 per explant) from flower stalk of 

Phalaenopsis. 

  Influence of dark treatment in germination of orchid seeds 

had been reported in different species, in which its influences 

on seed germination varied depending on treatment periods 

and species (Arditti et al. 1981; Takahashi et al. 2000). Until 

now, however, its effect on shoot regeneration from flower 

stalk of Phaleonopsis has been limited. In this study, we 

found that dark treatment is likely to be important in shoot 

regeneration from the flower stalk, however, it is necessary to 

optimize the period giving optimal shoot regeneration; because 

the period shorter or longer than the optimal period seemed to 

be inhibiting percentage of shoot regeneration in this study.

  Addition of AC to the medium apical parts showed increased 

percentage of shoot regeneration, but its opposite effect was 

observed when treated to axillary buds. In term of number of 

shoots, it was not increased in most treatments or even inhibited 

at higher concentration. However, the shoots induced by apical 

buds showed better and faster growth than those on the medium 

without AC while the growth of shoots induced by axillary 

buds was not affected by AC concentration. In apical part, 0.5 

g·L
-1
 AC was found to be a critical concentration controlling 

shoot growth than all other treatments, where the shoots attained 

a maximum height of 5.4 cm within 8 weeks, while AC did not 

affect growth of induced by on axillary bud. Thus, it can be 

suggested that ability of AC to promote in vitro shoot growth 

or shoot regeneration depends on explant types. The advantages 

of AC on in vitro seedling growth had been reported by Naing 

et al (2010), in which they claimed that positive effect of AC 

on in vitro seedling growth could be due to reduction of light 

at the base of explants, which promotes favorable environmental 

condition, or absorption of inhibitory substances such as poly-

phenols, which can be harmful to plant growth and proliferation 

(Fridborg and Eriksson, 1975).

  In summary, MS medium containing 5.0 mg·L
-1
 BA has 

shown to be suitable for shoot regeneration from apical part 

and axillary bud derived from flower stalk of Phaleonopsis 

hybrid ‘Little gem’. In addition, incubation of the apical parts 

under dark condition for one week distinctly increased shoot 

regeneration percentage. Likewise, the explants cultured on 

the same medium containing 0.5 g·L
-1
 AC also promoted shoot 

regeneration and shoot growth. 

  In general, Phalaenopsis rarely produces offshoots in nature; 

in addition, vegetative propagation by stem cutting is also 

relatively low. Although shoot tip culture can be used as efficient 

technique for this kind of orchid, excision of the shoot tip 

damage the mother plants. Hence, utilization of flower stalk 

as explant sources would be a good choice for maintenance of 

the mother plants. Thus, protocol described herein could be 

useful for in vitro micropropagation and maintenance of this 

commercially important orchid.
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