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I. Introduction 

Orchids have been attracting botanists, naturalists, and ecologists since time immemorial due to their incredible 

range of diversity in shape, size and colour of flowers. They are also sources of flavoring agents and medicines. 

Because of these qualities, these plants are over exploited. Now it is time to take special steps for conserving these 

sparse and scattered plants. Rarity of orchids is due to their complex growth habit such as dependence on 

mycorrhiza for seed germination, requirement of a biological agent for pollination, slow growth rate and a number 

of anthropogenic effects. 

The study area Similipal Biosphere Reserve (SBR), India is located between 21o 28’ to 22o 08’ North longitude 

and 86o 4’ to 86o 37’ East latitude. The SBR is divided into mainly three zones. The core zone of Similipal forest 

consists of 845 Km2, whereas the buffer zone is approximately 2174 Km2. The transitional zone that encircles 

buffer area by 10 Km is around 2559 Km2. So the whole forest is approximately 5578 Km2 in area. This forest 

consists of tropical to subtropical forests. The ground elevations vary from a minimum of 500-600 meter, from 

Mean Sea Level (MSL) of the outer area to 1000-1100 meter along the central area. Because of the medicinal 

value of these orchids, the local people always try to exploit these orchid plants (Acampe praemorsa, Cymbidium 

aloifolium and Vanda testacea) for their livelihood from Similipal Biosphere Reserve (SBR) region. Moreover, 

these plants have a very slow rate of vegetative propagation and less percentage of seeds germinate under natural 

condition. Nayak et al. established the in vitro propagation of C. aloifolium, however not suitable for 

reintroduction and conservation purpose1. Similarly, Nayak et al. also reported in vitro propagation of A. 

praemorsa not including the reintroduction programme2. Further, only application of Knudson’s C medium was 

tested on in vitro propagation of V. testacea3. There are few studies for in vitro propagation of these orchids 

particularly the effect of growth regulators has not been thoroughly characterized4,5. In this study different factor 

required for seed germination has been thoroughly analyzed. In vitro raised seedlings were reintroduced into the 

wild habitat of SBR for conservation. 

 

 

Abstract: Three orchid species,(Acampe praemorsa (Roxb.) Blatt. & McCann, Cymbidium aloifolium(L.) Sw. 

and Vanda testacea (Lindl.) Rchb. F.) were used as traditional medicine by the local people (Khadia & 

Mankidia tribe) of Similipal Biosphere Reserve to cure rheumatism & stomach pain. Capsules of these three 

wild orchids were collected from the buffer area of Similipal Biosphere reserve (SBR) and mass propagated 

in MS media through in vitro seed culture. It was observed that auxin was better than cytokinin for seed 

germination. Again among the auxins tested NAA found to be better than that of IAA. NAA 2.0mg/l showed 

best (A. praemorsa: 61.2±0.83; C. aloifolium: 52.8±0.83; V. testacea: 58.2±0.83) percentage of seed 

germination in the three orchid species. In combination 1.0mg/l NAA+ 1.0mg/l BAP gave the better response 

of seedling percentage from PLB (97.4±1.34, 81.3±1.2 & 93.6±1.34) and for the number of leaf initiation 

(4.6±0.51, 4.0±0.81 & 4.4±0.51) respectively. For the root initiation, the appropriate concentration was 2mg/l 

NAA with 0.5mg/l BAP in case of A. praemorsa (3.4±0.69) and V. testacea (3.3±0.48), but for C. aloifolium 

the highest number of roots (3.4±0.51) was observed in addition of 1.5mg/l NAA with 1.0mg/l BAP in MS 

medium. The most appropriate potting mixture for epiphytic orchids was determined as Charcoal pieces + 

Break pieces + Dry moss where 78%, 75% and 73% of seedlings of the three orchids (A. praemorsa, C. 

aloifolium and V. testacea) were survived respectfully.  
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II. Materials and methods 

Collection of capsule 

Capsule were collected at different stages of maturity such as immature (One month post fertilization), pre mature 

(Approximately 6 month post fertilization) and mature (Approximately 8 months post fertilization) of Acampe 

praemorsa, Cymbidium aloifolium and Vanda testacea were collected from SBR as well as from the plants (Plate 

1) maintained at the green house of P.G. Department of Botany, North Orissa University. Only healthy and intact 

capsules were collected. These were kept in sterile plastic boxes (Tarson, India) and stored at 4oC in refrigerator 

for further use.  

 

 
Preparation of culture media 

Murashige and Skoog6, Kundson C7and Mitra et al.8 nutrient media were used for the study. Different 

concentration and combinations of growth regulators (NAA: α-Napthalene acetic acid; IAA: Indole-3-acetic acid; 

BAP: N6-Benzyl amino purine) were supplemented to the MS medium (Tables 1, 2 & 3) as per the experimental 

design. The pH of the medium was adjusted at 5.8. All these media were autoclaved at 121oC and 15 lb pressure 

for 20 min. in an autoclave (Make - S.D Instrumentation, Kolkata). 

Surface sterilization of capsules  

The capsules were washed thoroughly under running tap water for 10-15 minutes to remove dirt particles. Then 

surface sterilization was done by two methods. In one experiment the capsule were treated with 2.0% (V/V) 

sodium hypochlorite for 5 minutes. In another experiment, each capsule was dipped in absolute alcohol for one 

minute and then burned for 10 second. The capsules were then washed thoroughly by sterile distilled water for 5-

6 times in both the experiments. All these steps were carried out inside laminar air flow cabinet (BDI, 165).  

Culture condition 

The petriplates, flasks, test tubes and culture bottles containing semi-solid media were kept on culture racks (Vista 

Bio-cell), maintained at 25±1oC, with 14h photoperiod of 35-50 µEm-2s-1 intensity light provided by cool white 

fluorescent tubes (Philips, India) and 60-70% relative humidity.  

Evaluation of results   

The results were evaluated in terms of percentage of seed germination (after 30 days of culture), number of leaves 

and roots per plant (after 150 days of culture) for each species. Percentage of seed germination was calculated 

(five replicates) with the help of a stereoscopic zoom microscope (Hund, Japan). A total of 10 seedlings (2 

seedlings per replicate) were evaluated to determine the number of leaves and roots. The data generated were 

analyzed statistically and standard deviation was calculated. For photography, Canon EOS 450 D, Japan was used.      

Hardening  

Seedlings of approximately 1 inch length with 3-5 fully expanded leaves and 2-5 roots were removed gently from 

the culture flasks and washed thoroughly to remove agar and were transferred to coconut shell pieces and kept 

inside paper glasses. These were then placed inside the plant growth chamber (Osworld, JRIC-11, India 

maintained at 25oC, 75% relative humidity, 14h photoperiod provided by cool white light of 2400 lux light 

intensity) for 15 days.  Different potting media viz. coconut shell pieces, brick pieces, charcoal and dry mosses 

a b c

d e f

Plate 1: a. Inflorescence of Acampe praemorsa; b. Capsule of A. praemorsa; c. Flower of Cymbidium

aloifolium; d. C. aloifolium Plant bearing Capsules; e. Inflorescence of Vanda testacea; f. V. testacea plant

bearingcapsules.
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were used.  Different combinations of these were used as mentioned in Table 4, as potting media and on each 

combination 20 healthy seedlings were transplanted. These acclimated plants were then transferred to the shade 

net house. This process was repeated for three times and data on mean number of survived plants on each potting 

media were recorded after 45 days of transfer. In one experiment the seedlings were directly tied to the tree trunk 

along with coconut fiber.  

Reintroduction into wild habitat 

For reintroduction of the three orchid species, 100 seven month old seedlings, from each species (after hardening), 

were transferred to the wild habitat in three different locations. Mostly, reintroductions were conducted close to 

the mother plant. The plantlets were tied to the plant trunks along with some mosses.   The reintroduction process 

was conducted mostly during rainy season. The growth patterns of reintroduced plants were monitored on every 

one month and survival percentage of the plants were recorded9. 

 

III. Results and discussion 

Propagation through in vitro culture of seeds 
It was observed that seeds of all three species took 7 to 8 months to mature. During the period the colour of the 

capsule turns brownish yellow from green. The seeds of immature capsules could not be separated from each other 

and it was not possible to dust them on culture media. However, the seed of mature capsules could be easily 

dusted. In many of the orchids, immature seeds are used for propagation. But in this study, seeds at different stages 

of maturity were used in order to know the age of seed ideal for seed germination. As a preliminary observation, 

the seeds of pre-mature and mature capsules germinated, whereas the seeds of immature capsules failed to 

germinate. In general, the mature seeds germinated better than premature seeds (data not provided). In Calanthetri 

carinata also reported similar observation10. However, in many terrestrial species of orchids, immature seeds 

germinated more rapidly in vitro than mature ones5,11,12. In all subsequent experiments, only mature seeds were 

used. 

Surface sterilization 
Both the methods of surface sterilization were found to be effective. After number of experiments, the most 

effective method of surface sterilization was determined, and followed in subsequent experiments. The method in 

which the capsules were first treated with absolute alcohol for one minute followed by burning the capsules and  

washed 5-6 times by sterile double distilled water was found to be more effective, easy and simple method. In 

general, intact orchid capsules were collected and surface sterilized. Seeds collected from the capsules were also 

surface sterilized using above sterilants, however, the process was more complicated than using intact capsules. 

Orchid seeds are very small in size and thus it was difficult to handle them. These seeds were dipped in 90% 

ethanol for 2min. and centrifuge in 5000 rpm, then washed in sterile distilled water for 3 times by subsequent 

centrifuge and air drying.  Therefore, ethanol dip and burning was a very simple method for capsule sterilization 

and further, it was requires less time to sterilize.  Moreover, this process was more effective particularly for the 

advanced mature capsules. It has also been reported that sodium hypochlorite solution can be absorbed by the 

dried capsule that opens fissures of the capsules. The high concentration of the sterilant ultimately inhibits the 

seed germination13. 

Effect of different nutrient media on seed germination  

The seeds of all the three orchid species were white in colour and cylindrical with tapering end at premature stage. 

But at maturity, seeds of A. praemorsa and V. testaceachanged to red colour. On the other hand, the colour of the 

seeds of C. aloifolium remained same white as that of the premature stage. The seeds showed their first response 

by swelling within two weeks of inoculation on both MS and Mitra media. In case of Kn C  medium, the response 

was slow and the time taken for seed germination was delayed for more than 15 days than the other media. Out 

of the three media, MS medium showed best response on percentage of seed germination compared to other two 

media (Fig. 1). Protocorm-like bodies (PLBs) development was also found to be best on MS medium of the three 

orchid species studied. On this medium within 27 to 34 days, healthy PLBs were observed (Fig. 2). Although 

healthy PLBs were formed on other media, the process took more days to develop.  Mitra medium also elicited 

good seed germination percentage (24-28%), however, MS medium was selected for all subsequent experiments 

because it has been successfully used for a number of orchids as well as being widely used for other plants. Basker 

and Narmatha Bai reported higher percentage of seed germination on MS medium in comparison to Kn C medium 

in their studies on Eria bambusifolia orchid14. Furthermore, Reddy et al. reported that the processes of 

germination, protocorm formation and subsequent growth and development of seedlings of different orchids were 

better on MS medium although the response varied with medium used for different orchids15. N.R. Nayak  studied 

the seed germination and seedling development of 10 different orchids using different nutrient media and found 

that MS medium was most suitable16.  Nagaraju and Parthasarathy also recorded similar observations in Phaius 

and Cattleya sp17. However, Hossain reported that Mitra medium responded better seed germination (70%) in 

case of Epidendrum ibaguense18. All the media employed in this study, differed from one another in their chemical 

compositions. MS medium was highly enriched with macro and microelements, and Mitra medium contained low 

amount of both macro and microelements but was enriched with different vitamins than MS. On the other hand, 
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Kn C medium contained comparatively low amount of both macro and micro-nutrients and lacked vitamins. That 

might be the reason, for the reduced percentage of seed germination in Kn C medium. However, in a recent study, 

Khampaet al. reported that Kn C medium responded well for seed germination in case of Grammatophylum 

speciosum19.     

Effect of growth regulators on seed germination  

To enhance the frequency of seed germination and seedling development, MS basal medium was supplemented 

with various concentrations of auxins (IAA & NAA) and cytokinin (BAP). 

Auxins 

Out of the two auxins tested NAA was found to more effective (Table 1). In all concentrations of NAA (0.5 -2.5 

mg/l), the seeds of A. praemorsa germinated within 24-30 days. At 0.5 mg/l NAA, only 32.8±2.16% of seeds 

germinated, which increased to 61.2±0.83% at 2.0 mg/l NAA (Table 1). With further increased concentration of 

NAA (2.5 mgl-1), the percentage of seed germination declined to 30.4±0.89. The number of days required for PLB 

formation for this species was also optimum (24.6±0.54) at the concentration of NAA 2.0 mg/l. Higher 

concentrations delayed PLB development. In case of C. aloifolium and V. testacea the percentage of seed 

germination was also found to be the highest at NAA 2.0 mg/l (Table 1). Kaur and Sarma reported similar kind 

of observations in Arundina graminifolia20. Basker and Narmatha Bai also reported that NAA 2.0 mg/l 

significantly enhanced the seed germination in Eria bambusifolia14. With the presence of different concentrations 

of IAA (0.5 - 2.5 mg/l), only 19-40% of seeds of A. praemorsa germinated (Table 1). Seed germination of C. 

aloifolium and V. testacea were found to be 37% and 44.2% respectively. Higher concentration of IAA inhibited 

the growth of PLBs and necrosed. From this study, it is clearly evident that in general NAA whenever added to 

MS medium, irrespective of the concentrations tested, enhanced seed germination as compared to the control.  

Cytokinin 

MS medium augmented with BAP enhanced the frequency of seed germination in all three orchid species as 

compared to the control. The optimum concentration of BAP was 1.0 mg/l for all three orchid species. The 

percentage of seed germination ranged from 24-43% in all the three species (Table 1), but the effect was lower as 

compared to that of NAA. However, the PLB development process (days taken for development) found to be best 

as compared to the auxin supplemented media as well as the control. The PLBs developed on the lower 

concentrations of BAP observed to be healthier as compared to control. As in case of auxin, the higher 

concentration (more than 2.0 mg/l) of cytokinin also inhibited the percentage of seed germination along with delay 

in PLB formation (Table 1). 

Table 1 Effect of growth regulators on seed germination and PLB formation 
MS + Plant 

growth 
regulators 

(PGRs) 

A. praemorsa C. aloifolium V. testacea 

% of 
germination 

Days taken for 
PLB formation 

% of 
germination 

Days taken for 
PLB formation 

% of 
germination 

Days taken for 
PLB formation 

Control 28.8±0.78 32.4±0.54 32.3±0.94 33.6±0.54 36.3±1.94 27.6±1.07 

IAA       

0.5 30.8±0.83 29.8±0.44 36.6±0.89 34.0±0.70 41.0±0.70 23.0±0.70 

1.0 40.0±0.70 29.6±0.89 37.0±1.0 35.8±0.44 44.2±0.83 24.0±1.0 

1.5 31.6±0.54 34.4±0.54 36.2±1.09 36.6±0.54 40.4±0.89 26.4±0.89 

2.0 20.8±0.44 37.2±0.44 33.8±1.30 33.8±0.83 36.2±1.09 27.0±0.0 

2.5 19.8±1.09 37.8±0.83 28.4±0.54 30.4±0.54 28.4±0.54 29.2±0.44 

NAA       

0.5 32.8±2.16 27.6±1.94 34.0±0.70 29.6±0.54 50.6±0.54 22.2±0.83 
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1.0 51.2±0.83 26.8±0.83 47.0±1.0 30.4±1.34 52.0±0.70 21.0±0.70 

1.5 56.6±1.14 26.2±1.09 49.2±0.83 32.2±1.30 54.0±0.70 22.2±0.83 

2.0 61.2±0.83 24.6±0.54 52.8±0.83 32.8±0.83 58.2±0.83 24.4±1.14 

2.5 30.4±0.89 29.4±0.54 34.2±0.83 32.6±0.54 31.2±1.48 27.0±0.70 

BAP       

0.5 29.0±0.70 30.4±0.54 28.4±0.54 33.8±0.44 33.2±0.83 21.8±1.30 

1.0 42.4±0.54 29.2±0.44 42.8±0.83 30.8±0.44 40.2±0.83 21.2±0.44 

1.5 41.2±0.83 28.0±1.0 34.6±0.54 30.2±0.44 39.2±1.30 21.2±0.44 

2.0 35.6±0.54 26.4±0.89 35.8±0.44 29.0±0.70 37.4±0.54 20.8±0.83 

2.5 24.2±0.83 31.4±0.89 26.8±0.83 31.6±0.54 28.8±0.83 21.0±0.0 

± indicates the standard deviation; five replicate plates were taken for % seed germination & days taken for PLB 

development. 

Effect of growth regulator on seedling development 

Auxins 

The PLBs produced on the MS medium successfully developed in to seedlings with well developed leaves and 

roots in all the three species studied. However, the frequency of conversion from PLB to shoot was found to be 

low on medium which was not supplemented with any growth regulators. The frequencies of conversion were 

only ranged between 10 to 13% (Table 2). It was clearly observed that most of the PLBs necrosed on the culture 

medium after 90 days of initiation of culture if the medium was not supplemented with growth regulators. With 

the supplementation of NAA and IAA, the conversion frequency increased; however, in none of the hormones it 

could be reached more than 50% (Table 2). The percentage of conversion was found to be low in A. praemorsa, 

where only 30.6% of the PLBs could be converted into seedlings with the supplementation of 1.5 mg/l IAA. The 

frequency of conversion was the highest in V. testaceaon 1.0 mg/l NAA, where 50.7% of the PLBs converted into 

seedlings. In C. aloifoliumonly 41.0% of the PLBs were converted into seedlings on 2.0 mg/l NAA (Plate 2). 

Number of leaves developed varied from 1-5 in each species with the application of IAA or NAA (Table 2) and 

it was higher than the control where only one leaf per plant could be produced. The effective concentrations of 

IAA varied from species to species. In case of A. praemorsa and V. testacea, 1.0 mg/l IAA produced 2.8±0.63 

and 2.9±0.56 number of leaves, respectively, whereas, in case of C. aloifolium IAA at 1.5 mg/l produced higher 

number of leaves (3.1±0.56). Addition of 1 mg/l NAA produced the highest number of leaves in A. praemorsa 

(3.7±0.82) and in V. testacea (3.8±0.78). But in C. aloifolium the highest number of leaf production (4.3±0.82) 

was observed with the addition of 1.5 mg/l NAA. N.R. Nayak reported that 2.0 mg/l NAA gave better result for 

the initiation of leaves in A. praemorsa and C. aloifolium16, 21. Moreover, Hossain reported that the ½ strength of 

Mitra medium containing 0.5 mg/l IAA responded better for seedling production in case of Epidendrum 

ibaguense18. From our observation as well from other studies it implied that growth regulators are required for the 

development of leaves, however the requirement of hormone (type and concentration) varied from species to 

species. Similar observation was also made22, 23. 

Numbers of root per shoot were recorded with supplementation of growth regulators (Table 2). The numbers of 

roots varied from 1-5 in case of NAA. The growth regulator IAA also developed good number of roots (in A. 

praemorsa, 2.4±0.51; in C. aloifolium, 3.1±0.87 and in V. testacea, 2.8±0.78) when 1.5 mg/l was added to MS 

medium. With addition of NAA 2.0 mg/l to MS medium resulted an average of 2.9±0.56; 3.0±0.66 in A. 

praemorsa and V. testacea respectively, whereas in C. aloifolium with 1.5mg/l developed roots (3.6±1.07) after 

150 days of culture. However, Nayak (1997) reported that 2 mg/ l of NAA and IAA gave four to five roots in case 

of A. praemorsa and C. aloifolium. Moreover, Basker and NarmathaBhi also reported 2.0 mg/l of IAA and NAA 

responded better for root initiation in Eria bambusifolia14.       

Cytokinin 

Supplementation of cytokinin to the basal MS medium also increased the conversion of PLBs into seedling as 

compared to the control. However, the result was almost similar to that of auxin supplemented medium (Table 2). 

But, BAP was found to respond better in regard to leaf development irrespective of the concentration used in this 

study. The best response of BAP was recorded at 1.5 mg/l in all the three species used in this study. At this 

concentration of BAP in MS medium, 4.4±0.51, 4.3±0.67 and 4.5±0.52 leaves were produced in A. praemorsa, 

C. aloifolium and V. testacea, respectively, within 150 days of culture. However, an interesting observation was 

noted. The leaves developed on BAP medium looked more green and healthy, but roots did not regenerated at any 

concentration of BAP. Similar results were also reported by different workers in different orchid species, i.e. in 

case of Dendrobium densiflorum24, Geodorum densiflorum25. 

Effect of NAA and BAP combination on seedling development 

To enhance the regeneration of leaves and roots, 16 different combinations of auxin and cytokinin were tested 

(Table 3). These NAA + BAP combinations in MS medium accelerated the regenerated and development of 

seedlings. The most optimum combination for maximum conversion was found to be at 1.0 mg/l BAP along with 

1.0 mg/l NAA in all the three species studied. In A. praemorsa, C. aloifolium and V. testacea the conversion of 
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PLBs into seedling were recorded as 97.4%, 81.3%, and 93.6% respectively. On these media the PLBs looked 

healthy and green that reduced significantly the process of necrosis.  Leaf and root formation was found not to be 

affected significantly in these combinations. Among the combinations tested, leaf development was found be the 

best on the medium where maximum PLBs were converted to seedling in all the three species. However, for root 

development 2.0 mg/l NAA along with 0.5 mg/l BAP was found to be optimum for A. praemorsa and V. testacea 

on which 3.4 and 3.3 roots were developed, respectively, within 150 days of culture. Whereas, in C. aloifolium 

the combination of 1.5 mg/l NAA and 1.0 mg/l BAP found to be optimum that produced 3.4 number of roots 

(Table 3). The earlier workers, Luo et al. (2008) and Saiprasad and Polisetty (2003) reported that combination of 

BAP and NAA could enhance the shooting of Dendrobium densiflorum and Dendrobium ‘sonia’. A.H Naing and 

his co workers reported that 0.5 mg/l NAA and 1.0 mg/l BAP combination showed maximum number of shoots 

in case of Coelogyne cristata28. 

Table 2 Effect of different growth regulators on seedling development from PLB 
MS + 

Plant 

growth 

Regulator 

(mg/l) 

A. praemorsa C. aloifolium V. testacea 

% of PLB 

converted 

to seedling 

No. of 

leaves 

per shoot 

No. of  

roots per 

shoot 

% of 

PLB 

converted 

to 

seedling 

No. of 

leaves 

per shoot 

No. of  

roots per 

shoot 

% of 

PLB 

converted 

to 

seedling 

No. of 

leaves 

per shoot 

No. of  

roots per 

shoot 

Control 10.0±1.0 1.1±0.60 1.1±0.31 10.4±0.54 1.2±0.42 1.3±0.48 13.2±0.44 1.0±0.47 0.8±0.63 

IAA          

0.5 15.2±0.44 2.5±0.52 2.0±0.47 23.8±0.57 2.5±0.70 2.3±0.48 21.6±0.41 2.4±0.51 1.9±0.31 

1.0 20.4±0.54 2.8±0.63 2.1±0.56 25.5±0.5 2.6±0.69 2.9±0.31 21.7±0.44 2.9±0.56 2.2±0.63 
1.5 30.6±0.54 2.2±0.42 2.4±0.51 27.7±0.67 3.1±0.56 3.1±0.87 25.5±0.5 2.3±0.48 2.8±0.78 

2.0 21.0±0.7 1.8±0.42 1.6±0.51 33.5±0.5 2.8±0.78 2.1±0.31 31.5±0.5 1.9±0.56 1.8±0.42 

2.5 13.2±0.44 1.5±0.52 1.3±0.48 26.4±0.54 1.7±0.48 1.7±0.67 20.4±0.54 1.6±0.51 1.2±0.42 

NAA          
0.5 23.4±0.54 3.0±0.66 2.3±0.48 21.7±0.67 3.3±0.67 2.5±0.52 20.9±0.54 2.9±0.73 2.4±0.51 

1.0 23.5±0.5 3.7±0.82 2.5±0.70 31.3±0.44 3.5±0.52 3.1±0.56 50.7±0.67 3.8±0.78 2.7±0.67 

1.5 27.4±0.54 3.2±0.63 2.6±0.51 35.5±0.5 4.3±0.82 3.6±1.07 47.8±0.83 3.3±0.67 2.6±0.51 
2.0 28.6±0.41 2.4±0.51 2.9±0.56 41.0±1.0 3.6±0.51 2.6±1.07 41.5±0.5 2.5±0.52 3.0±0.66 

2.5 20.8±0.57 1.7±0.67 2.3±0.67 34.7±0.67 2.5±0.52 2.0±0.81 24.6±0.54 1.7±0.48 2.1±0.73 

BAP          
0.5 23.7±0.57 3.5±0.70 0.0 28.8±0.57 3.0±0.66 0.0 17.3±0.67 3.7±0.82 0.0 

1.0 27.7±0.44 4.2±0.78 0.0 30.6±0.54 3.2±0.63 0.0 40.8±0.83 3.8±0.42 0.0 

1.5 18.7±0.67 4.4±0.51 0.0 32.0±0.7 4.3±0.67 0.0 47.6±0.54 4.5±0.52 0.0 
2.0 17.0±0.7 3.9±0.56 0.0 27.5±0.5 3.4±0.69 0.0 25.6±0.89 4.1±0.73 0.0 

2.5 16.4±0.41 2.7±0.48 0.0 24.8±0.83 2.3±0.48 0.0 24.9±0.74 2.7±0.48 0.0 

±: Indicates the standard deviation of the data; Five replicates used for % of PLB converted to seedling; Ten 

replicates used for leaves per shoot & roots per shoot; % of PLB converted to seedling were determined after 30 

days of seed germination and after 150 days for calculate number of leaves and roots 

 

a

f

b

ed

c

Plate 2: a. Seed germination of A. praemorsa; b. Seed germinate to give a false callus in case of V. testacea;

c. Seed develop its first leaf in case of V. testacea) (100x); d. In vitro seedling of A. praemorsa; e. In v itro

seedling of V. testacea; f. In vitro seedling of C. aloifolium..
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Table 3 Effect of NAA and BAP combination on seedling development from PLB 
MS + 

Plant growth 

Regulators 

(mg/l) 

 

A. praemorsa C. aloifolium V. testacea 

% of PLB 

converted 

to 

seedling 

No. of 

leaves 

per 

shoot 

No. of  

roots 

per 

shoot 

% of PLB 

converted 

to 

seedling 

No. of 

leaves 

per 

shoot 

No. of  

roots 

per 

shoot 

% of PLB 

converted 

to 

seedling 

No. of 

leaves 

per 

shoot 

No. of  

roots 

per 

shoot 

Control 10.0±1.0 1.1±0.60 1.1±0.31 10.4±0.54 1.2±0.42 1.3±0.48 13.2±0.44 1.0±0.47 0.8±0.63 

NAA BAP          

0.5 0.5 50.7±1.2 3.0±0.47 2.2±0.42 51.5±0.5 3.5±0.52 2.5±0.70 54.8±1.2 1.8±0.42 1.4±0.69 

0.5 1.0 52.0±1.87 3.9±0.56 1.7±0.48 54.1±0.89 3.4±0.84 2.4±0.51 66.7±1.09 2.4±0.51 0.0 

0.5 1.5 54.9±1.43 4.3±0.82 0.0 58.3±0.44 3.7±0.67 0.0 66.6±1.08 3.5±0.52 0.0 

0.5 2.0 26.7±0.83 4.1±0.56 0.0 47.5±1.32 3.5±0.70 0.0 51.1±0.74 2.5±0.52 0.0 

 

1.0 0.5 86.8±2.16 3.6±0.84 2.5±0.52 78.5±0.5 3.3±0.48 3.2±0.78 82.8±1.92 3.4±0.51 2.3±0.67 

1.0 1.0 97.4±1.34 4.6±0.51 2.4±0.69 81.3±1.2 4.0±0.81 2.0±0.81 93.6±1.34 4.4±0.51 1.7±0.48 

1.0 1.5 90.6±1.51 4.0±0.66 0.0 80.0±1.58 3.8±0.78 0.0 77.8±1.35 4.1±0.31 0.0 

1.0 2.0 76.1±0.74 3.3±0.82 0.0 45.1±1.24 2.3±0.67 0.0 65.3±1.39 2.6±0.51 0.0 
 

1.5 0.5 47.2±0.83 3.4±0.51 2.8±0.42 81.3±0.83 3.3±0.67 3.3±0.48 51.1±0.74 3.9±0.56 2.8±0.42 

1.5 1.0 47.1±0.65 3.4±0.69 2.1±0.73 84.5±0.5 3.3±0.82 3.4±0.51 64.2±0.83 3.7±0.67 2.3±0.94 

1.5 1.5 77.3±0.97 2.3±0.82 1.7±0.48 68.0±1.17 3.4±0.51 2.1±0.73 57.0±1.76 3.8±0.63 2.0±0.66 

1.5 2.0 75.8±0.57 2.6±0.84 0.0 56.8±1.09 3.2±0.78 0.0 47.0±1.22 2.1±0.87 0.0 

 
2.0 0.5 50.4±0.96 3.1±0.73 3.4±0.69 41.4±1.51 3.6±0.69 2.0±0.66 25.4±0.96 2.9±0.87 3.3±0.48 

2.0 1.0 60.4±0.96 4.1±0.73 2.9±0.31 50.2±2.16 3.3±0.48 1.9±0.31 27.0±0.79 3.3±0.67 2.9±0.31 

2.0 1.5 59.3±0.67 3.3±0.82 2.5±0.70 56.0±1.58 1.8±0.63 1.9±0.87 25.6±0.65 3.4±0.51 1.9±0.56 

2.0 2.0 35.8±0.57 2.8±0.63 0.0 36.7±0.57 2.1±0.56 0.0 28.3±0.97 3.5±0.70 1.9±0.31 

±: Indicates the standard deviation of the data; Five replicates used for % of PLB converted to seedling; Ten 

replicates used for leaves per shoot &roots per shoot;  % of PLB converted to seedling were determined after 30 

days of seed germination and after 150 days for calculate number of leaves and roots 

Hardening 
Survival of the seedlings was found to be higher when the seedlings were transferred to pots as compared to direct 

tying to the tree trunk (Table 4) in all the three species. On the tree trunk, only 20% of the seedlings survived 

whereas 48 to 78% of survival was observed in the different types of potting mixture. For A. praemorsa, most 

appropriate potting mixture for survival (78%) was observed in the combination of charcoal pieces + brick pieces 

+ Dry mosses (1:1:1) ratio. Higher percentage of survival (73%) was also observed in potting mixture of coconut 

shell pieces + Dry moss (1:1) ratio. When the seedlings were potted only on coconut shell pieces average survival 

was 68%. Similar kind of response were recorded on C. aloifolium as well as for V. testacea (Plate 3). The potting 

materials used for this study were widely used for growing orchids throughout the world. Deb and Imchen, studied 

a different hardening approach for epiphytic orchid9. They initially transferred the seedling to 1/10th of MS liquid 

medium and subsequently placed on pot containing charcoal chips, bricks and decayed wood pieces. Charcoal 

and moss mix potting media were found to be more suitable for epiphytic orchids. In our study we have also 

achieve appreciable percentage of survival for the three orchid species using such type of potting mixture. 

Table 4 Effect of various potting mixtures on hardening of in vitro raised plantlets 
Potting mixture Number of plants 

transferred 

*Survival percentage (%) 

Acampe praemorsa Cymbidium aloifolium Vanda 

testacea 

Coconut shell pieces 20 68±0.57 65±1.0 62±2.08 

Brick pieces 20 48±1.52 52±2.08 41±1.0 

Charcoal pieces 20 55±1.0 53±0.57 47±1.15 

Dry mosses 20 58±0.57 50±1.0 40±2.0 

Coconut shell pieces + Dry moss 20 73±0.57 67±1.15 70.0±1.0 

Brick pieces + Dry moss 20 55±1.73 47±2.08 48±1.52 

Charcoal pieces + Dry moss 20 70±0.0 57±1.15 67±0.57 

Charcoal pieces + Brick pieces  + Dry 

moss 

20 78±1.52 75±0 73±2.0 

Fixed to the tree trunk with jute fibre  20 20±2.64 23±2.51 25±1.73 

*Data in terms of mean ± SD value after 45 days (including in the plant growth chamber 15 days) from the date 

of transfer to the potting mixture 

Reintroduction 

In total, 75% of reintroduced plants survived in the wild habitat for all the three species studied. From the close 

observation of all the population reintroduced, the maximum mortalities were observed during the first month. 
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During the second month also, mortalities were recorded. From the third month the plants performed better and 

developed new leaves. Ramsay and Dixon thoroughly discussed that the preservation of natural habitat is of 

foremost importance to the conservation orchid populations29. Maunder also suggested that the reintroduction of 

plantlets or seedlings will be an important strategy for plant conservation and protected area management30. 

 
IV. Conclusion 

The populations of orchids are drastically reduced in the nature due to exploitation and anthropogenic pressure. 

Now it need to focous to conserve these rare groups of plants. Therefore, mass propagation and reintroduction of 

orchids is an alternative steps to conserve these orchids in nature.   
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