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Abstract 
A rapid and an efficient protocol for germination of immature seeds of Vanda 
tessellata, PLBs development and plant regeneration system have been 
developed. The results indicate that immature capsules performed better in 
terms of germination (100.0%) and development of PLBs (90.0%). Around 45 - 60 
days old PLBs were transferred to half strength of MS supplemented with 
different concentrations of auxins and cytokinins. The highest weight of PLBs 
(5.53 g), the best plant regeneration (16.50) and shoot length (3.25 cm) were 
recorded when the medium was supplemented with BAP (1.0 mg/l) and NAA 
(1.5 mg/l). The highest number (5.0) and length (3.22 cm) of roots, the maximum 
number of plantlets (3.75) were obtained in the medium supplemented with 1.5 
mg/l BAP and 1.0 mg/l IAA. The maximum numbers of leaves (3.33) were 
recorded in the medium fortified with 1.5 mg/l BAP + 1.00 mg/l IAA; the highest 
length of leaves (2.59 cm) was observed in the medium combining with of BAP 
and IAA (2.0 mg/l).  Well shooted - and rooted plants were acclimated in pots 
that contained two types of compost. Here, type-II showed better performance 
on plant development.  
 

Introduction  
Vanda tessellata (Roxb.) Hook. Ex. G. is an epiphytic endangered medicinal and 
floricultural  important  orchid  in  Bangladesh.  It  is also a threatened medicinal  
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plant belonging to Orchidaceae.  It contains 800 genera and between 25,000 and 
30,000 species spread all over the world (Singh et al. 2007, Chugh et al. 2009, 
Nongdam and Chongtham 2011). The plant contains an alkaloid, a glucoside, 
tannins, β-sitosterol, γ-sitosterol and a long chain aliphatic compound, fatty oils, 
resins and colouring matters. The roots of Vanda tessellata are antipyretic; useful 
in dyspepsia, bronchitis, inflammations, piles and hiccup and contain tetracosyl 
ferrulate and β-sitosterol-D-glucoside (Ghani et al. 1990). A novel aphrodisiac 
compound isolated from the flowers of Vanda tessellata (Roxb.), which activates 
neuronal and endothelial, but not inducible (Subramaniam et al. 2013). The agro-
climatic conditions of Bangladesh are congenial for natural orchid vegetation in 
different regions especially in Chittagong Hills tracks, Rangamati, Sylhet and 
Sundarbans. There are about 115 different varieties of orchids are available in 
Bangladesh (Bhadra et al. 2002). Some species are endangered threatened with 
extinction and uncontrolled collection and habitat destruction have led also to 
drastic reduction in the number of orchids in the Indian subcontinent (Pradhan 
1985, Kalimuthu 2007). Since 1970’s, different biotechnological approaches e.g. in 
vitro micropropagation, genetic transformation, cryopreservation and hybridiza-
tion techniques are widely used for orchid improvement (Antony et al. 2014). 
Those techniques are essential tools to meet the commercial demand and 
conservation of wild, rare and useful orchid species in the world. Pierik (1987) 
reported that an orchid plant produces 1,300 to 4 million seeds per capsule and 
only 0.2 - 0.3% germinate in nature (Singh 1992). Orchid seeds are very small and 
do not have a sufficient reserve food material to support the growth of embryos 
during germination.  They depend on some external source for nutrients to help 
their undifferentiated embryos develop into a protocorm. The present work has 
been undertaken to study the effects of various media for seed germination, 
development of protocorm like bodies, their regeneration, mass multiplication of 
this species. 
 

Materials and Methods  
The immature capsules of Vanda tessellata used as seed source were collected 
from Rajshahi, Bangladesh. At first, the capsules were washed by running tap 
water and surface sterilized by detergent. Then capsules were treated with 0.2% 
(w/v) HgCl2 solution for 10 min and finally dipped in 70% ethanol for 10 - 12 sec. 
Then they were washed with sterile distilled water and sterilized capsules were 
cut longitudinally by a sterile surgical blade (Fig. 1a). Around 200 mg seeds were 
cultured per vessel (Fig. 1b).  Various media viz. MS, B5 (Gamborg et al. 1968) 
and PM (PhytamaxTM, Sigma, USA) were used in this study. The basal media (MS 
and B5) amended with 3% (w/v) sucrose and the PM was amended with 2% 
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(w/v) sucrose. The pH for all media was adjusted at 5.6 - 5.8. Inoculated vessels 
were maintained in the culture room under a period of 16 hrs light and 8 hrs 
dark at 25 ± 2°C. After two weeks of inoculation, a few seeds were taken out and 
dispersed in one drop of water on a glass slide and examined under a light 
microscope (Fig. 1c, d). Germination percentages were calculated employing the 
following formula: 

No. of seeds showing swelling of the embryo × 100 
 

No. of total seeds 
 Once the spherules were formed, developmental stages of the protocorms 
were recorded every week up to 8 - 10 weeks. Then PLBs were transferred to  
½MS supplemented with different concentration of auxins and cytokinins. 
Furthermore, regenerated plants were transplanted and grown outside the 
environment for ex vitro establishment; complete plantlets were recorded within 
60 - 70 days of culture initiation. The well rooted plants were removed from the 
culture bottles and hardened successfully in clean plastic pots of 8.0 cm diameter 
containing different mixtures of compost viz., (i) brick and charcoal pieces (1 : 1), 
(ii) brick, charcoal and decaying litter (1 : 1 : 1), (iii) brick, charcoal, decaying 
litter and sawdust (1 : 1 : 1 : 1), (iv) brick, charcoal, decaying litter  and coconut 
husk (1 : 1 : 1 : 1). All substrates were covered with a layer of 10.0 g sphagnum 
moss. The plantlets were watered in alternate evening and fed with MS nutrient 
salt solutions (diluted 10 times) fortnightly for about a month and eventually 
established under natural condition following the protocols of Das et al. (2007). 
On the basis of seed germination and its developmental stages, PLBs formation, 
regeneration, shoot and root developments were recorded. Each value represents 
an average of 10 replicates. Data were subjected to analysis of variance (ANOVA) 
and means were separated by DMRT. 
 

Results and Discussion 
Orchid seeds do not possess endosperm and that limits their germination in 
nature. Usually orchid seeds germinate in symbiotic association with some 
species - specific mycorrhiza, which supply food to the germinating 
undifferentiated orchid embryos (Rahman et al. 2009). In the present study, 
immature green pods were considered and four types of basal media (MS, ½MS, 
PM and B5) without PGRs were used to assess their effect on seed germination 
and PLBs formation. Among the basal media tested, MS was the most effective 
for germination and protocorms development (Table 1). The Highest percentage 
of seed germination was recorded in MS (100.0%) followed by half strength of 
MS (90.0%), PM (60%) and B5 (45.0%). It was observed that the germinated seeds  
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Table 1. Effects of various media and different strength of growth regulators on seed 
germination and PLBs development in V. tessellata. 

 

Seed germination PLBs development Media Amount of 
seeds per 

culture vessel 
Days % of  

germination 
Days % of 

protocorms 
MS 200 mg 30 - 35 100.0 35 - 40 90.0 
*½ MS 200 ,, 34 - 40 90.0 40 - 50 75.0 
PM 200 ,, 50 - 55 60.0 60 - 65 50.0 
B5 200 ,, 45 - 50 45.0 50 - 55 30.0 

*half strength of MS. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (a - f): Seed germination of Vanda tessellata. a. Longitudinal dissection of immature 
capsule. b. Inoculated seeds into MS. c. Early stage of seed germination shown under 
light microscope (10 × 10). d. Single seed after one week of culture initiation that 
showing swelling of embryo. e. Parenchymatous cell mass coming out by rupturing 
test. f. A protocom with leaf primordia.  

 

increased in size and highest protocorms (90.0%) was recorded in MS (Fig. 1f, 
Table 1). After 25 days the protocorms were sub-cultured in the same medium. It 
was observed that in every stage of sub-culture the protocorms grew vigorously 
and number increased but their individual growth and development was not so 
satisfactory (Fig. 2b). In order to induce rapid growth and elongation, the 
protocorms were sub-cultured on half strength of MS supplemented with 
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different concentrations of BAP, Kn, NAA and IAA. To promote the normal 
growth of the seedlings, the combination of NAA and BAP was better than other 
combinations of auxin and cytokinin (Table 2, Fig. 2c, d). Significant variation in 
weight of PLBs was recorded with various combinations of plant growth 
regulators  of  BAP + Kn,  BAP + NAA  and  BAP + IAA.  In case of BAP + Kn, the 
 

Table 2. Effect of growth regulators on the development of PLBs of V. tessellata at 60 
days after inoculation in ½ MS. 

 

PGRs Concentration 
(mg/l) 

Wt. of  
PLBs (g)  

Regenerated 
plantlets 

Length  
of shoot (cm) 

 0.5 + 0.5 2.56b  11.33ab 1.17b 

BAP + Kn 1.0 + 1.5 3.72a 12.33a 2.39a 

 1.5 + 1.0 4.01a 12.67a 1.14b 

 2.0 + 2.0 4.08a 10.33b 1.36b 

 0.5 + 0.5 3.74c 12.6b 1.63b 

BAP + NAA 1.0 + 1.5 5.53a 16.50a 3.25a 

 1.5 + 1.0 4.94b 13.88b 2.00b 

 2.0 + 2.0 5.38a 12.75b 2.20b 

 0.5 + 0.5 2.78a 11.43b 1.75a 

BAP + IAA 1.0 + 1.5 3.33ab 13.14a 2.27a 

 1.5 + 1.0 3.68b 13.00a 2.10a 

 2.0 + 2.0 4.10c  11.71ab 2.10a 

Means in a column with the different letters (superscripts) are significantly different 
according to DMRT at p < 0.05 levels. 
 

highest weight (4.08 g) of PLBs found in BAP (2.0 mg/l) + Kn (2.0 mg/l)  and 
lowest (2.56 g) from 0.5 mg/l BAP + 0.5 mg/l  Kn. In case of BAP + NAA, the 
highest weight (5.53 g) of PLBs was obtained from 1.0 mg/l BAP +1.5 mg/l NAA 
and lowest (3.74 g) from 0.5 mg/l BAP + 0.5 mg/l NAA. In the combination of BAP 
+ IAA the highest weight (4.10 g) of PLBs was obtained from 2.0 mg/l BAP + 2.0 
mg/l IAA and lowest (2.78 g) from 0.5 mg/l BAP + 0.5 mg/l IAA. Among all 
combinations of growth regulators, the highest weight of PLBs (5.53 g) recorded 
from 1.0 mg/l BAP + 1.5 mg/l NAA.  Results indicated that out of all combina-
tions 1.0 mg/l BAP + 1.5 mg/l NAA showed suitable results on proliferation of 
PLBs. This results are in agreement with the findings of Khatun et al. (2010) 
where they reported that 1.0 mg/l BAP + IBA is the best for PLB’s proliferation. In 
case of protocorms development,  the  highest  number  of  regenerated  plantlets 
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Fig. 2(a-f): Protocorm development and mass multiplication of Vanda tessellata.  

a. Proliferation of protocorm after 5 - 6 weeks. b-c. Secondary protocorms derived 
from primary PLBs. d. Plantlets development from PLBs. e. Well rooted plants; f. 
Plants transferred to pot after 90 days.  

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Effect of different concentrations of BAP + Kn (M1), BAP + NAA (M2) and BAP + 

IAA (M3) on the basis of well rooted plantlets. 
 

(16.50) was obtained in the medium fortified with 1.0 mg/l BAP + 1.5 mg/l NAA 
followed by BAP + NAA (13.88) at a concentration of (1.5 + 1.0) mg/l (Table 2). 
On the other hand, the lowest number (10.33) of regenerated plantlets was 
obtained in the medium supplemented with 2.0 mg/l BAP + 2.0 mg/l Kn.  Such 
results are in agreement with the findings of Khatun et al. (2010) where they 
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reported the highest number of regenerated plantlets was found in 0.5 mg/l IAA 
+ 1.0 mg/l IBA. The combined effect at different combinations and concentrations 
of growth regulators on shoot height showed a significant difference. The highest 
shoot height (3.25 cm) was obtained in the medium fortified with 1.0 mg/l BAP 
+1.5 mg/l  NAA followed by 1.0 mg/l BAP + 1.5 mg/l Kn (Table 2). Similar type of 
observation was made by Prasad et al. (2001). They found that the highest mean 
shoot height was obtained on MS supplemented with 1.0 mg/l each of BAP + 
NAA. 
 
 
 
 
 
 
 
 
 
 
Fig.  4. Number of roots per plants using different concentrations of BAP + Kn (M1). BAP + 

NAA (M2) and BAP + IAA (M3) in half strength of MS. 

  

 

 

 

 

 
 

 
Fig.  5. Development of roots using various concentrations of BAP + Kn (M1), BAP + NAA 

(M2) and BAP+ IAA (M3) in half strength of MS.  

 The number of leaves per plantlet showed a significant variation at various 
combinations of growth regulators. The highest number (3.33) of leaves  was 
observed in the combination of 1.5  mg/l BAP + 1.0  mg/l IAA and the lowest 
(1.25) number in the medium  with 0.5 mg/l BAP + 0.5 mg/l Kn (Fig. 6). Similarly, 
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the highest length of leaves (2.59 cm) was obtained in the medium fortified with 
2.0 mg/l each of BAP + IAA and the lowest (0.96 cm) was recorded on 0.5 mg/l 

BAP + 0.5 mg/l Kn (Fig. 7). A significant difference found on number of rooted 
plantlets among the combined effect of different combination and concentration 
 

Table 3. Establishment of plants after 90 days in pots. 
 

Category Composition of 
substratum 

No. of 
plants 

Survival 
rate (%) 

Plant ht. 
(cm) 

Brick + charcoal (1 : 1) + moss (10.0 gm/pot) 50 50.0 2.6 
I Brick + charcoal + decaying litter (1 : 1 : 1) + 

moss (10.0 gm/pot) 
40 70.0 4.5 

Brick + charcoal + decaying litter + saw  
dust   (1 : 1 : 1 : 1 ) + moss (10.0 gm/pot) 

50 52.0 3.2 

Brick + charcoal + decaying litter + coconut 
husk (1 : 1 : 1 : 1 ) + moss (10.0 gm/pot) 

45 80.0 5.2 II 

Brick + charcoal + decaying litter + cow dung 
(1 : 1 : 1 : 1) + moss (10.0 gm/pot) 

40 60.0 3.5 

 Each pot diameter was 8.0 cm.  

 

 

 

 

 

 

 

 

 
 
Fig. 6. Leaves per plant using various concentrations of BAP + Kn (M1), BAP + NAA (M2) 

and BAP + IAA (M3) in half strength of MS.  

of PGRs. The highest number (3.75) of rooted plantlets was observed in the 
medium supplemented with 1.5 mg/l BAP + 1.0 mg/l IAA and the lowest (0.67) 
was recorded in the medium fortified with 2.0 mg/l BAP + 2.0 mg/l Kn (Fig. 3). 
On the other hand, the highest number of roots (5.00) was obtained in  the 
medium supplemented with 1.5 mg/l BAP + 1.0 mg/l IAA and the highest length 
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(3.22) of root was found in the medium fortified with 1.5 mg/l BAP + 1.0 mg/l 
IAA (Figs. 4, 5). Bektas et al. (2013) reported that 0.25 mg/l 6-BA is suitable for 
promoting shoot lengths and their number and lengths of roots. On the contrary, 
Erisen et al. (2011) reported that TDZ was the most effective plant growth 
regulator for in vitro shoot formation. The findings from the present study 
suggest that the combination of BAP + NAA is the best for protocorm 
regeneration and for shoot elongation as well as mass multiplication. They 
reported that individually NAA had no effect but the combination of BAP + 
NAA produced maximum effect on development and differentiation of PLBs in 
Cymbidium. It might be due to their effect on physiological processes or 
interaction between the two hormones. On the other hand, the combined effect of 
BAP + IAA is found suitable for root development (Fig. 2e). The different 
composts used for hardening of in vitro grown plantlets of V. tessellata were 
found to be satisfactory for the survival and normal growth of the plantlets. 
However, the  highest percentage of  surviving plants (80.0) with maximum 
height (5.2 cm) of V. tessellata hardened plants was obtained on a substratum 
containing in type II: brick , charcoal, decaying litter, coconut husk (1 : 1 : 1 : 1) 
with a layer of  moss  (Table 3,  Fig. 2f).   The  layer  of  moss  on top proved to be 

 

 

 

 

 

 

 
 

 

 

Fig.  7. Evaluation of length of leaves (cm) by the effect of different concentrations of BAP 
+ Kn (M1), BAP + NAA (M2) and BAP + IAA (M3) in half strength of MS.  

beneficial for higher retention of the  moisture content. Feeding the plantlets with 
a dilute solution of MS was found beneficial to the developing hardened 
plantlets of V. tessellata. This protocol of protocorm regeneration, shoot formation 
and ex vitro establishment of V. tessellata can be effectively used for its mass 
multiplication on a commercial scale ensuring its conservation. 
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 In conclusion, the above findings showed that MS is the best for seed 
germination and protocorm formation. Similarly MS supplemented with BAP 
(1.0 mg/l) and NAA (1.5 mg/l) was found to be the most suitable for PLBs 
development and plantlet formation. On the other hand, the combined effect of 
BAP and IAA was the suitable hormonal combination for root development. 
Thus, the results clearly demonstrated that the above culture condition was the 
most effective for mass multiplication of Vanda tessellata and this protocol will be 
useful to commercial growers for mass multiplication.  
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