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Abstract 
 

Under this study an efficient protocol on mass propagation of Cymbidium finlaysonianum an epiphytic Malaysian wild 
orchid has been established using axenic culture. To obtain an axenic seed culture, it is important to perform an adequate a 
disinfection procedure in tissue culture. Four nutrient media viz. MS, ½MS, KC and VW were evaluated on In vitro seed 
germination with callus initiation. The maximum seed germination with callus initiation (100%) was recorded in MS basal 
medium with a short span of time (40 days after culture). After 45 days of callus initiation the effect of eight different 
treatments (T1-T8) on callus size and nature were also studied. The experiment revealed that in T3 (MS + 2.0 mgl-1 BAP + 
0.5 mgl-1 NAA) was found to be the best for callus development (1.98 cm length and 1.01 cm breadth). The effect of 
different concentration of BAP was evaluated on protocorm formation and its proliferation. Maximum number (7.75) and 
percentage (81.40) of PLBs was recorded in MS medium supplemented with 1.5 mgl-1 BAP. Very good PLBs development 
was recorded also in MS + BAP 1.0 mgl-1 + NAA 0.5 mgl-1. The highest elongation of shoot (3.80 cm) was observed in MS 
+ 1.0 mgl-1 BAP + 0.50 mgl-1 NAA. For root induction 1.0 mgl-1 NAA has proven to the best in ½MS medium. The In vitro 
developed seedlings were finally transferred to pots by successive phases of acclimatization.  

 
Key words: Axenic culture; Cymbidium finlaysonianum; Protocorm like bodies (PLBs); Mass propagation, Media. 
 
Introduction  
 

Orchid family Orchidaceae is a morphologically 
diverse and widespread family and contains about 1,250 
species of monocots and it is second largest family of 
flowering plants (Siripipatthana et al., 2014). Orchids are 
one of the most striking decorative plants all over the 
world. The great majority are to be found in the tropics, 
mostly in Asia, South America and Central America 
(Chowdhery, 2001). Many of them have floricultural 
importance because of their beautiful flowers and persist 
for a long time. In recent years many of the commercially 
important orchids are artificially grown for its high price 
in the national and international markets. However, 
almost 7% of total flowering plant species which 
represent one of the most expensive ornamental known 
today and dominate the international cut flower market 
(Rahman et al., 2005). It is not only important for 
floricultural value but also some of them are used as 
medicine and food (Bose & Bhattacharjee, 1980; 
Bhattacharjee et al., 2015). They have rich contents of 
alkaloids, glycerides and other useful phytochemicals 
(Gutierrez, 2010; Pant, 2011).  

The genus Cymbidium known as boat orchid, 
comprises approximately 52 species native to regions of 
Asia ranging from the northwestern Himalayas to Japan, 
Indochina and Malaysia to northern and eastern Australia 
and has been one of the most commercially successful 
orchid as well as cut flowers around the world (Puy & 
Cribb, 2007). It is quite diversified ecologically and they 
exhibit terrestrial, epiphytic and lithophytic life-forms. 
Cymbidium macrorhizon lacks foliage leaves and has a 
strongly mycoparasitic nature (Yukawa & Stern, 2002). 
However, as horticultural importance many Cymbidium 
species are in danger of extinction because of the 

extensive disturbance of their natural habitat and 
indiscriminate harvesting of naturally growing plants. 
Therefore, it is extremely important to conserve the 
germplasms of these orchids. Cymbidium finlaysonianum 
Lindl is a sympodial and pseudobulb orchid has long 
pendulous spikes carrying small yellow and red fragrant 
flowers (Opchat, 2000). Distributed in Vietnam, 
Cambodia, Thailand, Sumatra, Java and Borneo, The 
Philippines and Sulawesi; in Malaya found throughout the 
country in the lowland, as an epiphyte in rather exposed 
places, but especially near the sea and most abundantly in 
the north, where it sometimes grow into very long masses 
(Davis & Steiner, 1952). Due to lack of proper cultivation 
practices, destruction of plant habitats and illegal and 
indiscriminate collection of orchids from natural habitats, 
many medicinal plants are severely threatened (Devendra 
et al., 2011). Cymbidium finlaysonianum Lindl is a 
commercially important orchid (Davis & Steiner, 1952) 
and is one that rapidly disappearing and is now listed as 
vulnerable to extinction (Vaddhanaphuti & Seidenfaden, 
2005). Owing to its commercial value in the floricultural 
industry, natural populations are under threat from over-
exploitation. Mass propagation provides an alternative 
means of satisfying the demand. For successful 
micropropagation an axenic culture is required, otherwise 
serious losses happen due to deficiency in the growth or 
death of the tissue explants might occur (Curvetto et al., 
2006). To obtain an axenic culture, it is important to have 
an adequate a disinfection procedure (Snow, 1985). 
Conventional propagation is slow and sometimes it is 
very difficult, suggesting In vitro methods for mass 
multiplication may be more appropriate. With the aim of 
developing a low cost protocol to mass micropropagation 
of Cymbidium finlaysonianum using In vitro axenic seed 
culture has been successfully established.  
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Materials and Methods 
 
Plant materials: Seeds of Cymbidium finlaysonianum 
were collected from naturally pollinated plants growing in 
natural habitat from University Sains Malaysia (USM) 
campus, Penang, Malaysia. Immature pods of Cymbidium 
finlaysonianum were used as explants for the present 
study (Fig. 1a).  
 
Sterilization: The seed pod was washed with running tap 
water along with detergent and Tween 20. Then pods were 
surface sterilized sequentially with 70% ethyl alcohol for 1 
minute, 10% clorex (sodium hypochlorite) solution for 10 
minutes and finally rinsed thoroughly 5-6 times with sterile 
distilled water. Sterilized capsules were cut longitudinally 
by a sterile surgical blade (Fig. 1b). Around 200 mg seeds 
were inoculated per culture vessel. 
 
Media, axenic culture of seed germination and 
protocorm development: Four (04) nutrient media viz. 
MS and ½MS (Murashige & Skoog, 1962), KC 
(Knudson, 1946), VW (Vacin & Went, 1949) were 
evaluated to compare their effectiveness on seed 
germination and initial callus induction efficiency. As 
carbon sources 3% sucrose and solidifying agent 0.8% 
agar was used for all media. The pH of all media was 
adjusted 5.6 - 5.8 prior to autoclaving at 121ºC with 15 
psi for 15 minutes. The cultures were maintained at 
25±2ºC. Seed germination and callus initiation were 

recorded after five days of interval. The initiated callus 
were inoculated for better proliferation and development 
in MS media with 9 different concentration and 
combination of auxin and cytokinin viz. Cont. = without 
PGRs; T1 = BAP (1.0 mgl-1) + NAA (0.5 mgl-1), T2 = 
BAP (1.5 mgl-1) + NAA (0.5 mgl-1),T3 = BAP (2.0 mgl-1) 
+ NAA (0.5 mgl-1), T4 = BAP (2.5 mgl-1) + NAA (0.5 
mgl-1), T5 = BAP (1.0 mgl-1) + NAA (1.0 mgl-1), T6 = 
BAP (1.5 mgl-1) + NAA (1.0 mgl-1), T7 = BAP (2.0 mgl-1) 
+ NAA (1.0 mgl-1), T8 = BAP (2.5 mgl-1) + NAA (1.0 
mgl-1). Data were recorded on the basis of spread, nature 
and colour of callus after 45 days of inoculation. The calli 
were transferred to MS media containing six (0.0, 0.5, 
1.0, 1.5, 2.0 and 2.5 mgl-1) different concentrations of 
BAP for protocorm formation. Developmental stages of 
PLBs were recorded and cultured them in MS medium 
containing 13 different treatments viz. Cont. = without 
PGRs; T1 = BAP (0.5 mgl-1), T2 = BAP (1.0 mgl-1), T3 = 
BAP (1.5 mgl-1), T4 = BAP (2.0 mgl-1), T5 = BAP (0.5 
mgl-1) + NAA (0.5 mgl-1), T6 = BAP (1.0 mgl-1) + NAA 
(0.5 mgl-1), T7 = BAP (1.5 mgl-1) + NAA (0.5 mgl-1), T8 = 
BAP (2.0 mgl-1) + NAA (0.5 mgl-1), T9 = BAP (0.5 mgl-1) 
+ NAA (1.0 mgl-1), T10 = BAP (1.0 mgl-1) + NAA (1.0 
mgl-1), T11 = BAP (1.5 mgl-1) + NAA (1.0 mgl-1), T12 = 
BAP (2.0 mgl-1) + NAA (1.0 mgl-1). Developmental 
stages of PLBs (i.e. percentage of protocorms with 
vegetative apex, plantlets with 2-3 leaves and 1-2 roots) 
were recorded in every 30 days of culture initiation.  

 

 
 

Fig. 1. Axenic seed germination and protocorm development of C. finlaysonianum; a) Seed pod of C. finlaysonianum, b) Dissection of 
seed pod, c) Green spots indicates germination initiation with callus, d) Mass development of PLBs, e) Protocorm with vegetative 
apex, f) 2-3 leaves stage of protocorms, g) Root and shoots initiation from PLBs, h) Well developed plants and i) Acclimatized plants 
transferred in pot. 
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Shoot elongation: Individual shoots were sub-cultured on 
MS basal medium supplemented with BAP, NAA and 
Kinetin alone or in combination for elongation. After 30 
days of incubation data were recorded on the basis of 
shoot length.  
 
Rooting and acclimatization: When the individual shoot 
reached 3-4 cm height was transferred into rooting 
medium. For efficient root induction three plant growth 
regulators viz. NAA, IAA and IBA (0.5, 1.0, 1.5 and 2.0 
mgl-1) were used in ½MS medium. In vitro rooted plantlets 
were taken out of the culture vessels and transferred to 
outside the culture room following successive phases of 
acclimatization. The plantlets were watered alternately in 
the every 2nd days and fed with MS nutrient solutions 
(diluted 10 times) fortnightly for about a month and 
eventually established under natural condition following 
the standard protocols of Das et al. (2007). 
 
Experimental design and statistical analysis: 
Experiments were designed following complete 
randomize design (CRD). For each experiment five 
replicates and for rooting 20 replicates were considered. 
The effects of different culture conditions on germination 
of seeds, callus & protocorm size, PLBs developmental  
stages, shoot and root elongation in the In vitro 

experiments were tested applying DMRT- Duncan’s 
multiple range test (P = 0.05) in one way analysis of 
variance (ANOVA). The statistical analyses were 
performed using the programme package using SPSS 
(ver. 16, SPSS Inc., USA).  
 
Results  
 
Seed culture and callus development: We established 
the axenic culture of Cymbidium finlaysonianum from 
seed using four basal media viz. MS, ½MS, KC and VW. 
In most of the tested media, within 6 to 8 weeks all the 
culture vessels showed light green indicating the 
completion of germination process and initiation of callus 
(Fig. 1c). The highest percentage of seed germination 
with callus induction (100%) was observed in MS 
medium with the shortest span of time (40 DAC) (Table 
1). The maximum proliferation of callus (1.98 cm length 
and 1.01 cm breadth) was obtained in MS medium 
fortified with 2.0 mgl-1 BAP and 0.5 mgl-1 NAA (T3) 
which produced a compact dark greenish callus mass 
followed by the combination of 2.5 mgl-1 BAP and 0.5 
mgl-1 NAA (1.70 cm length and 0.74 cm breadth) (Fig. 
1d). The minimum proliferation of callus (0.70 cm length 
and 0.30 cm breadth) was obtained in Control without 
plant growth regulators in MS medium (Table 2).  

 
Table 1. Effect of different media on In vitro seed germination with callus induction of Cymbidium 

finlaysonianum at different days after culture. 
Seed germination with callus induction (%) 

DAC Media 
25 30 35 40 45 50 55 

MS 35 50 80 100 100 100 100 
½MS 15 35 55 80 90 100 100 
VW 30 45 75 85 100 100 100 
KC - 20 30 55 80 90 100 

MS (Murashige & Skoog, 1962), VW (Vacin & Went, 1949), KC (Knudson, 1946). Days after culture (DAC) 
 

Table 2. Effect of plant growth regulators (PGRs) on size and nature of callus after  
45 days of culture initiation on MS medium. 

PGRs (mgl-1) Size of callus (cm) Nature of the callus 
Treatments 

BAP NAA Length 
M ± S.E 

Breadth 
M ± S.E Texture Colour 

Control 0.0 0.0 0.70 ± 0.02a 0.30 ± 0.02a CP GR 
T1 1.0 0.5 1.10 ± 0.07bc 0.50 ± 0.03b CP GR 
T2 1.5 0.5 1.50 ± 0.07d 0.76 ± 0.05c CP GR 
T3 2.0 0.5 1.98± 0.06f 1.01 ± 0.03d CP DGR 
T4 2.5 0.5 1.70± 0.07e 0.74 ± 0.04c CP DGR 
T5 1.0 1.0 1.25 ± 0.08c 0.53 ± 0.02b CP DGR 
T6 1.5 1.0 1.18± 0.07bc 0.55 ± 0.03b FB DGR 
T7 2.0 1.0 1.14 ± 0.04bc 0.50 ± 0.02b FB DGR 
T8 2.5 1.0 1.08 ± 0.02b 0.49± 0.03b FB DGR 

Cont. = without PGRs ; T1 = BAP (1.0 mgl-1) + NAA (0.5 mgl-1), T2 = BAP (1.5 mgl-1) + NAA (0.5 mgl-1), T3 = BAP (2.0 mgl-1) + 
NAA (0.5 mgl-1), T4 = BAP (2.5 mgl-1) + NAA (0.5 mgl-1), T5 = BAP (1.0 mgl-1) + NAA (1.0 mgl-1), T6 = BAP (1.5 mgl-1) + NAA 
(1.0 mgl-1), T7 = BAP (2.0 mgl-1) + NAA (1.0 mgl-1), T8 = BAP (2.5 mgl-1) + NAA (1.0 mgl-1). M = Mean, S.R = Standard error, 
CP = Compact; FB = Friable; GR = Green; DGR = Dark Green. Values in a column with similar superscripts are not significantly 
different at p≤0.05 levels 
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Protocorm multiplication and development: The effect 
of various concentrations of BAP was observed on the 
basis of number of protocorms per vessel, proliferation of 
protocorms and nature (Fig. 1c-e). The observation was 
recorded after 30 and 45 days of culture initiation. The 
result reveals that after 45 days of inoculation the highest 
number of protocorms per culture vessel was highest 
(7.75) in MS medium fortified with 1.5 mgl-1 BAP (Table 
3). On the other hand, the proliferation of protocorm was 
maximum (length 1.20 cm and breadth 0.64 cm after 30 
days of culture) in BAP 1.5 mgl-1. At the same 
concentration of BAP, the protocorms showed the highest 
swelling (1.90 cm length and 1.01 cm breadth) after 45 
days of culture followed by 1.0 mgl-1 BAP. The 
protocorms are compact and green in BAP 1.5 mgl-1. 
After 9 weeks of culture initiation the highest percentage 
of PLB’s formation (81.40 %) was recorded in T3 (Table 
4) which is fortified with MS + BAP (1.5 mgl-1). 

Shoot elongation and Root development from 
seedlings: The effect of different combination and 
concentrations of PGRs with MS medium on elongation 
of individual shoots were evaluated. Incubation period of 
30 days showed that 1.0 mgl-1 BAP and 0.5 mgl-1 NAA 
was responded better with a shoot length of 3.80 cm 
(Table 5). The elongated seedlings produced weak root 
system on the germination and elongation media. In order 
to induce strong and stout root system the elongated 
seedlings of 2-3 cm length were transferred to rooting 
media. The efficiency of the rooting media was evaluated 
based on the increase in length and number of roots 
developed per seedling. Highest root development was 
observed both in number (2.60) and length (2.58 cm) in 
½MS fortified with 1.0 mgl-1 NAA (Figs. 2 & 3). In vitro 
regenerated rooted plantlets were successfully 
acclimatized in the pot in shed house conditions (Fig. 1i). 

 
Table 3. Effect of different concentration of BAP on number, spread and nature of protocorms on MS medium (M ± S.E). 

Proliferation of protocorms  (cm) Nature of  protocorms 
Days (DAC) 

PGRs 
 

Number of protocorms 
per vessel 

30 30 45 45 Texure Colour 
BAP (mgl-1) 30 45 Length Breadth Length Breadth 30 45 30 45 

0.0 3.00±0.22a 3.90±0.24a 0.90±0.03a 0.45±0.02a 1.02±0.02a 0.55±0.02a CP CP GR GR 
0.5 4.98±0.15b 5.50±0.22b 0.93±0.02ab 0.51±0.02b 1.15±0.01ab 0.68±0.01b FB FB GR GR 
1.0 6.30±0.10c 7.50±0.27c 1.02±0.06b 0.59±0.01d 1.60±0.07c 0.82±0.02c FB FB GR GR 
1.5 6.83±0.23c 7.75±0.37c 1.20±0.03c 0.64±0.01e 1.90±0.07d 1.01±0.02d CP CP GR GR 
2.0 5.05±0.28b 5.65±0.40b 0.98±0.04ab 0.55±0.01c 1.28±0.06b 0.70±0.02b FB FB GR GR 
2.5 4.45±0.23b 4.80±0.49ab 0.89±0.01a 0.52±0.01b 1.05±0.07a 0.66±0.02b FB FB GR GR 

DAC = Days after culture; CP = Compact; FB = Friable; GR = Green. M = Mean, S.R = Standard error, Values in a column with 
similar superscripts are not significantly different at p ≤ 0.05 levels 

 
Table 4. Effects of PGRs on the protocorm like bodies (PLBs) formation and developments of  

Cymbidium finlaysonianum after nine weeks of culture initiation. 
Stages of PLBs development (% of response) 

PGRs (mgl-1) PLBs formation 
(%) VAS LS RS 

Treatment 
(T) 

BAP NAA M ± S.E M ± S.E M ± S.E M ± S.E 
Cont. 0.0 0.0 58.20 ± 0.86c 60.40 ± 0.68c 52.00 ± 0.71b 42.00 ± 0.55b 

T1 0.5 0.0 68.60 ± 0.93f 64.60 ± 0.51d 55.60 ± 0.51cd 45.20 ± 0.58c 

T2 1.0 0.0 72.80 ± 0.73g 65.00 ± 0.71d 56.00 ± 0.55c 45.60 ± 0.51cd 

T3 1.5 0.0 81.40 ± 0.51h 70.20 ± 0.80f 60.00 ± 0.84fg 55.20 ± 0.86g 

T4 2.0 0.0 62.20 ± 0.58d 55.20 ± 0.86b 45.40 ± 0.81a 35.00 ± 0.45a 

T5 0.5 0.5 53.40 ± 0.93ab 68.40 ± 0.68ef 61.40 ± 0.93g 52.00 ± 0.95f 

T6 1.0 0.5 64.40 ± 0.51e 73.60 ± 0.81g 64.60 ± 0.51h 59.00 ± 0.89h 

T7 1.5 0.5 61.80 ± 0.58d 67.20 ± 0.58e 58.00 ± 0.89ef 56.40 ± 0.68g 
T8 2.0 0.5 57.20 ± 0.97c 65.00 ± 0.84d 57.60 ± 0.93de 48.00 ± 0.71e 

T9 0.5 1.0 52.40 ± 0.81a 64.20 ± 0.66d 56.20 ± 0.58cde 46.20 ± 0.37de 

T10 1.0 1.0 56.20 ± 0.73bc 61.40 ± 0.93c 55.00 ± 0.71c 44.60 ± 0.51c 

T11 1.5 1.0 54.60 ± 0.60b 56.20 ± 0.73b 50.60 ± 0.93b 41.00 ± 0.45b 

T12 2.0 1.0 51.80 ± 0.37a 51.00 ± 0.32a 44.00 ± 0.71a 35.20 ± 0.66a 

Cont. =  without PGRs; T1 = BAP (0.5 mgl-1), T2 = BAP (1.0 mgl-1), T3 = BAP (1.5 mgl-1), T4 = BAP (2.0 mgl-1), T5 = BAP (0.5 
mgl-1) + NAA (0.5 mgl-1), T6 = BAP (1.0 mgl-1) + NAA (0.5 mgl-1), T7 = BAP (1.5 mgl-1) + NAA (0.5 mgl-1), T8 = BAP (2.0 mgl-1) + 
NAA (0.5 mgl-1), T9 = BAP (0.5 mgl-1) + NAA (1.0 mgl-1), T10 = BAP (1.0 mgl-1) + NAA (1.0 mgl-1), T11 = BAP (1.5 mgl-1) + NAA 
(1.0 mgl-1) and  T12 = BAP (2.0 mgl-1) + NAA (1.0 mgl-1). M = Mean, S.E = Standard error, VAS =Vegetative apex stage; LS = 2–3 
Leaves stage; RS = 1–2 Roots stage. Values in a column with similar superscripts are not significantly different at p≤ 0.05 levels 
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Table 5. Effect of different concentrations and combinations of PGRs with MS medium on  
the elongation of individual shoot. 

PGRs (mgl-1) Initial length (cm) 
Mean 

Length (cm) of shoot after 30 days 
of culture (Mean) 

Increased length (cm) 
(M ± S.E) 

BAP    

0.50 3.00 4.05 1.05± 0.22cd 
1.00 3.10 5.78 2.68± 0.09bc 
1.50 3.00 4.50 1.50± 0.22cd 
2.00 3.20 4.19 0.99± 0.15d 

BAP + NAA    

0.50  + 0.25 2.80 4.80 2.00 ± 0.27bc 

1.00 + 0.50 3.10 4.90 3.80 ± 0.37a 

1.50  + 0.75 3.00 5.26 2.26 ± 0.39bc 

2.00  + 1.00 2.90 4.45 1.55 ± 0.20cd 
KIN    

0.50 2.85 3.89 1.04 ± 0.22cd 

1.00 3.10 5.38 2.28 ± 0.18bc 

1.50 2.90 4.92 2.02± 0.32bc 

2.00 2.80 3.55 0.75 ± 0.07d 

KIN + NAA    

0.50  + 0.25 3.30 5.17 1.87 ± 0.09bcd 

1.0 0 + 0.50 3.10 5.92 2.82 ± 0.33bc 

1.50  + 0.75 2.90 4.00 2.10 ±  0.31bc 

2.00  + 1.00 3.00 4.30 1.30 ± 0.15cd 

PGRs = Plant growth regulators (PGRs), values represent mean ± S.E (standard error). Values in a column with similar superscripts 
are not significantly different at p≤0.05 levels 

 

 
 
Fig. 2. Effects of different auxins on root development with 
½MS medium.  

 
 
Fig. 3. Effects of different auxins with ½MS on number of root 
per plant. 

 
Discussion 
 

Our results showed that various additives and 
medium components affected germination, callus 
induction, protocorm development, shoot elongation and 
root formation in C. finlaysonianum. In the experiment, 
axenic seed culture was successfully established, which 
is similar to the previous report in Spathoglottis plicata 
(Sebastinraj & Muhirkuzhali, 2014), Esmeralda clarkei 
(Paudel & Pant, 2013) and Arundina graminifolia 
(Bhadra & Bhowmik, 2005). Arditti & Ernst et al. 
(1984) reported that orchid seeds have neither 

endosperm nor cotyledons in the embryo as primary 
storage materials. Thus, nutrients in the culture medium 
are required for orchid seed germination. In our study, 
all media were devoid of synthesis plant growth 
regulators (PGRs). Thus, organic additives had a 
profound effect on the subsequent germination and 
callus development. This could be due to the presence of 
sufficient endogenous growth regulators required for the 
initial stages of germination. Similar results were also 
found in Dendrobium tosaense that seed germination 
without plant growth regulators in medium (Lo et al., 
2004). The In vitro cultured seeds developed into 
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protocorms within 6-7 weeks of culture in BAP (1.5 
mgl-1) containing in MS medium and differentiated into 
shoots after 9 weeks. The previous studies on seed 
germination of Aerides odorata (Pant & Gurung 2005); 
Cymbidium sp., Dendrobium noblile; Cymbidium 
findlaysonianum (Tawaro et al., 2008); Epidendrum 
ibaguense (Hossain, 2008); Phaius tancarvilleae (Pant 
et al., 2011), Dendrobium cv. Banyat pink (Salam et al., 
2013) and Vanda tessellata (Bhattacharjee & Islam, 
2014) were showed similarity with our finding. We 
found that 1.0 mgl-1 BAP and 0.5 mgl-1 NAA was best 
for shoot elongation. Furthermore, alteration in media 
composition (Malik & Saxena 1992; Shiva et al. 1994), 
substitution of plant growth regulators had a significant 
effect on shoot elongation are reported by Mohamed et 
al. (1991) and Nagi et al. (1997). Finally In vitro 
regenerated well rooted plants were successfully 
acclimatized and transferred them to field conditions. 
The importance of the acclimatization process has been 
highlighted in a number of reviews about orchid growth 
(Lauzer et al., 2007; Hossain et al., 2010; Rittirat et al., 
2011; Panwar et al., 2012; Paudel & Pant, 2013 and 
Shibu et al., 2014). It is expected that this system would 
be further established as an efficient mutation and ploidy 
level enhancement scheme for this orchid species for its 
further improvement. 
 
Conclusion 
 

For rapid production of Cymbidium finlaysonianum 
from using axenic seed culture protocol has been 
standardized. The results obtained in the experiment 
indicated that the exogenous plant growth regulators are 
important for callus induction in orchids. The 
concentration of 1.5 mgl-1 BAP is the optimum for 
effective protocorm development in C. finlaysonianum. 
Plantlets could be hardened under shade house 
conditions on coconut peat. Using this protocol, it is 
possible to produce viable, uniform and healthy plants 
that can be used for large scale cultivation which could 
significantly contribute to meeting the commercial 
demand for this beautiful orchid. Furthermore, the 
protocol may facilitate conservation of this orchid from 
extinction in the natural and also proven to be valuable 
for polyploidy and mutation breeding of the desired 
characters of C. finlaysonianum. 
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