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Abstract 
 
Leaf explants of Phalaenopsis amabilis var. formosa formed clusters of somatic embryos directly from epidermal cells 
without an intervening callus within 20 - 30 d when cultured on 1/2-strength modified Murashige and Skoog medium 
supplemented with 0.1, 1 and 3 mg dm-3 TDZ. Repetitive production of embryos involved secondary embryogenesis 
could be obtained by culturing segments of embryogenic masses on TDZ-containing media. Plantlet conversion from 
embryos was successfully achieved on regulator-free growth medium. 
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Introduction 
 
Phalaenopsis (Orchidaceae), commonly known as moth 
orchids are distributed throughout Southeast Asia with a 
few species extending from Taiwan, Sikkhim to Australia 
and the Pacific (Teob 1989). Phalaenopsis has highly 
economical value in flower markets in the world. 
Therefore, lots of in vitro culture protocols have been 
developed in this genus (Tanaka et al. 1975, Arditti and 
Ernst 1993, Tokuhara and Masahiro 1993, Ernst 1994, 
Chen and Piluek 1995, Duan et al. 1996, Ishii et al. 1998, 

Islam and Ichihashi 1999, Chen et al. 2000, Young et al. 
2000, Tokuhara and Mii 2001, Park et al. 2002). 
However, only two among them described somatic 
embryogenesis (Ishii et al. 1998, Tokuhara and Mii 
2001). In this communication, we describe a simple and 
suitable protocol for induction of direct somatic 
embryogenesis and secondary somatic embryogenesis in 
Phalaenopsis.  

 
 
Materials and methods 
 
Plants and culture conditions: Green capsules were 
collected from pot plants of Phalaenopsis amabilis 
Shimadzu var. formosa after self-pollination for three 
months. The capsules were immersed in 70 % alcohol for 
30 s, and followed by agitation for 15 min in a solution of 
2 % sodium hypochlorite and 0.05 % Tween (1:1 v/v). 
Seeds from these capsules were sown on modified 
Murashige and Skoog (1962; MS) basal medium 
containing halh-strength macro- and micro-elements  
 

supplemented with [mg dm-3]: myo-inositol (100), niacin 
(0.5), pyridoxine HCl (0.5), thiamine HCl (0.1), glycine 
(2.0), peptone (1 000), NaH2PO4 (170), sucrose (20 000), 
and Gelrite (2 200). Plant growth regulators were added 
prior to autoclaving. The pH of the media was adjusted to 
5.2 with 1 M KOH or HCl prior to autoclaving for 15 min 
at 121 °C. Leaf explants were incubated in 90 × 15 mm 
Petri dishes under a 16-h photoperiod at irradiance of  
28 - 36 µmol m-2 s-1 (daylight fluorescent tubes  
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FL-30D/29, 40 W, China Electric Co., Taipei, Taiwan) 
and temperature of 26 ± 1 °C. The subculture period was 
2 months. After 180 d of culture, these seeds developed 
into plants with 3 - 5 leaves and 2 - 4 roots. These 
seedlings were used as donor plants.  
 
Induction of direct embryo formation from leaf 
explants: Leaf tip segments (about 1 cm in length) taken 
from the donor plants were used to test the effects of 
naphthaleneacetic acid (NAA; 0, 0.1, 1 mg dm-3) and 
thidiazuron (TDZ; 0, 0.1, 1, 3 mg dm-3) on direct somatic 
embryogenesis. Eight replicates (dishes) each with four 
leaf explants were used for each treatment. The 
percentage of explants forming somatic embryos was 
recorded. The number of embryos formed from each 
responding explant was counted under a stereo-
microscope (SZH, Olympus, Tokyo, Japan) at the proto-
corm stage (45 d of culture). Treatment means were 
compared by following Duncan's Multiple Range Test 
(Duncan 1955). 

Induction of embryo formation from leaf-derived 
nodular masses and secondary embryogenesis: Pieces 
of nodular masses (about 0.1 g) were used as explants to 
test the effect of TDZ (0, 0.01, 0.1, 1, 3 mg dm-3) on 
secondary somatic embryogenesis. Eight replicates 
(tubes) each with one explant were used for each 
treatment.  The proliferation rate of nodular masses was 
measured as final fresh mass divided by initial fresh 
mass. The number of embryos formed from each 
responding explant was counted at the protocorm stage 
(45 d of culture).  
 
Histology of direct somatic embryogenesis from leaf 
explants: Tissues for histological observations were 
fixed in FAA (95 % ethyl alcohol + glacial acetic acid + 
formaldehyde + water, 10:1:2:7), dehydrated in a tertiary-
butyl-alcohol series, embedded in paraffin wax, sectioned 
at 10 µm thickness and stained with 0.5 % safranin-O and 
0.1 % fast green (Jensen 1962). 

 
 
Results and discussion 
 
Direct somatic embryogenesis from leaf explants: 
When 1 cm long leaf explants were cultured on hormone-
free medium or media supplemented with NAA at  
0.1 and 1 mg dm-3, the explants tend to be necrotic and no 
embryos were found (Table 1). In the presence of TDZ, 
somatic embryos were directly formed from the surface 
of leaf explants after 20 d of culture (Fig. 1A). After 
another 10 d of culture on the same TDZ-containing 
media, the embryos enlarged and more embryos were 
formed (Fig. 1B). The whole cultures were then  
 
Table 1. Effects of NAA and TDZ on direct embryo formation 
from leaf explants of Phalaenopsis amabilis. The frequency of 
embryo-forming explants and the mean number of embryos per 
explant were scored after 45 d of culture. Means of 32 replicates 
(explants) with the same letters are not significantly different at 
P ≤ 0.05 (Duncan 1955). 
 

NAA TDZ Embryogenesis Number of embryos
[mg dm-3] [mg dm-3] [%] [explant-1] 

0 0   0.0g   0.0g 
0 0.1 62.5c   6.6d 
0 1.0 71.9ab   7.5cd 
0 3.0 93.8a 19.4a 
0.1 0   0.0g   0.0g 
0.1 0.1 25.0ef   1.3fg 
0.1 1.0 43.8d   3.5e 
0.1 3.0 87.5a 13.3b 
1.0 0   0.0g   0.0g 
1.0 0.1 12.5fg   0.7fg 
1.0 1.0 37.5de   2.4ef 
1.0 3.0 81.3ab   9.1c 

transferred into light (16-h photoperiod). The embryos 
turned green and developed into protocorms for about 
2 weeks of culture (Fig. 1C). TDZ at 0.1, 1 and 3 mg dm-3 
induced 62.5, 71.9 and 93.8 % of leaf explants to formed 
mean numbers of 6.6, 7.5 and 19.4 embryos per explant, 
respectively (Table 1). However, NAA retarded direct 
embryo formation from leaf cultures (Table 1). In 
Oncidium (Orchidaceae), TDZ was also effective in 
inducing direct somatic embryogenesis from leaf explants 
(Chen et al. 1999, Chen and Chang 2001).  
 
Histology of direct somatic embryogenesis: Initially, 
the small and densely stained meristematic cells (most of 
them were less than 20 - 30 µm in diameter) were 
originated from the epidermal cell layers (Fig. 2A). 
Generally, the somatic embryos (SEs) developed after 
several layers of meristematic cells were formed (Fig. 2B). 
Developing embryos were composed of small embryonic 
cells, and these cells also had densely stained cytoplasm 
(Fig. 2C). The both adaxial sides and abaxial sides of leaf 
explants developed meristematic cells, and these 
meristematic cells further proliferated and became 
nodular masses containing embryogenic cells (Fig. 2E). 
Subsequently, these embryogenic masses developed 
somatic embryos from their outer cell layers (Fig. 2F). 
 
Repetitive production of leaf-derived embryos and 
secondary embryogenesis: Excised leaf-derived 
embryogenic masses were used to test the effect of TDZ 
on somatic embryogenesis and secondary embryogenesis 
(Table 2). In light, the masses turned brown and became 
necrotic after 45 d of culture on the hormone-free medium. 
In the presence of TDZ (0.01, 0.1, 1 and 3 mg dm-3), 
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somatic embryos were induced from the leaf-derived 
masses after one month of culture (Table 2, Fig. 1D). The 
embryos developed into protocorms and some of them 
formed secondary embryos on the same TDZ-containing 
media (Fig. 1E). The numbers of embryos could be 

repetitive increased by subdivision of the embryo 
clusters. TDZ at 3 mg dm-3 resulted in a best response on 
the proliferation rate of fresh mass (5.4) and the mean 
number of embryos per explant (13.8) (Table 2, Fig. 1D). 

 

 
 
Fig. 1. Plant regeneration through direct somatic embryogenesis from leaf explants of Phalaenopsis amabilis: A - somatic embryos 
formed from a leaf explant after 20 d of culture (bar = 700 µm); B - leaf-derived embryos enlarged and elongated after 30 d of culture 
(bar = 750 µm); C - the embryos turned green under light and developed into young somatic protocorm after 45 d of culture  
(bar = 850 µm); D - somatic embryos formed from subculture leaf-derived nodular masses (bar = 950 µm); E - the embryos 
developed shoots and some formed secondary embryos (bar = 1.2 mm); F - leaf-derived embryos formed shoots (bar = 2 mm);  
G - a plantlet converted from the leaf-derived embryos (bar = 7.2 mm). 
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Fig. 2. Histology of direct somatic embryogenesis from leaf explants of Phalaenopsis amabilis: A - small and densely stained 
meristematic cells were originated from the epidermal layer of a leaf explant (bar = 200 µm); B - a somatic embryo (SE) contained 
small embryonic cells was form from the epidermal layer of a leaf explant (bar = 150 µm); C - several bulges of meristematic cells 
and a SE from from epidermal cell layers of a leaf explant (bar = 600 µm); D - small and densely stained cells were originated from 
both of the adaxial side (Ad) and the abaxial side (Ab) of a leaf explant (bar = 450 µm); E - bulges of meristematic cells on the leaf 
explant (bar = 450 µm); F - somatic embryos formed from meristematic cells (bar = 150 µm). 
 
 
Table 2. Effect of TDZ on embryo formation from leaf-derived 
embryogenic masses of Phalaenopsis amabilis. Data were 
scored after 45 d in culture for the proliferation rate (final fresh 
mass divided by initial fresh mass) and the mean number of 
embryos. Means of 8 replicates are not significantly different at 
P ≤ 0.05 (Duncan 1955). 
 

TDZ [mg dm-3] Proliferation rate Number of embryos 
[explant-1] 

0 necrosis - 
0.01 1.9 c   3.1c 
0.10 2.2 c   3.9c 
1.00 3.1 b 10.8 
3.00 5.4 a 13.8 

 
Plant regeneration: Whole leaf cultures with 

embryos/protocorms were transferred onto hormone-free 
medium and kept under a 16-h photoperiod. Under this 
condition, protocorms continued developing and further 
formed shoot (Fig. 1F). Plantlets were obtained after 6 - 8 
weeks of culture (Fig. 1G). After subculturing every 6 
weeks for three times, the plantlets developed 5 - 6 leaves 
and 3 - 4 roots. These plants were potted in sphagnum 
moss for acclimatization in greenhouse. After 6 months, 
the plants performed normal and the survival rate was 
100 %. There were no obvious differences in morphology 
between TDZ-induced and TDZ + NAA-induced plants. 
 
Conclusion: To our knowledge, this is the first paper 
describing plant regeneration through direct somatic 
embryogenesis and secondary somatic embryogenesis in 
Phalaenopsis orchids. Lots of somatic embryos could be 
obtained in a short period of time using this protocol.  
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