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Abstract 
An attempt was made to in vitro seed germination and plantlet regeneration in Aerides 
ringens, a threatened, endemic and epiphytic orchid. Five basal media Knudson C (KC), 
Vacin and Went (VW), Burgeff’s (N3f), half strength MS, MS were examined for their 
effectiveness. Germination occurred in all the media. However, KC medium proved to be 
the best for seed germination (70.8%) and half strength MS was superior for the 
differentiation of protocorm like bodies (PLBs) into seedlings. The seeds were also 
cultured on various plant growth regulators (PGRs) to evaluate their effectiveness on 
seed germination and further differentiation. Among the PGRs tested, 0.57 µM IAA (IAA 
89.3%), 4.64 µM Kn (88.6%) and 2.21 µM BAP (90.7%) and 0.57 µM IAA + 0.55 µM BAP 
(96.5%) were stimulated the germination and further differentiation of PLBs into 
seedlings. The concentrations of 2.21 µM BAP and combination of 0.57 µM IAA + 0.55 
µM BAP stimulated the formation of MPLBs, which later differentiated into shoots and 
roots. Four potting substrates were evaluated for Ex vitro seedling survivability of which 
brick: charcoal: decaying litter: coconut husk (1 : 1 : 1 : 1) gave maximum survival rate 
(89.0%). 
 

Introduction 
Orchidaceae is one of the fascinating families among the angiosperms, because of their 
flower architecture. Orchids are natural, distinctive and highly advanced group of 
flowering plants with 20,000 - 30,000 species (Chugh et al. 2009). This family is 
recognized as an economically important commodity in the international floriculture 
industry both as cut flowers and potted plants (Arditti 1992). Among various species in 
the family, Aerides  genera,  commonly  called  as Cat’s  tail  orchid  is  one of  the popular 
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orchid  due  to  showy  fragrant  racemes with  colorful  flowers.  However,  many of  the 
orchids in the wild are experiencing steady diminution in number, becoming rare, 
because of environmental disruption, succession of natural habitats and over exploitation 
for ornamental purposes and reduction in the number of natural pollinators (Machaka   
et al. 2012). At present most of the wild orchids are listed in the International Union of 
Conservation of Nature and Natural resources (IUCN) Red Data Book. This family is also 
included in the Appendix-II of the Convention of International Trade in Endangered 
Species of Wild flora and fauna . Aerides ringens is a threatened, endemic and epiphytic 
orchid and it is fast depleting species in the Western Ghats of Karnataka, India. A. ringens 
is horticulturally important owing to the great specialization in structure, colour and 
longevity of flowers. Normally A. ringens reproduces vegetatively by producing off 
shoots, but this natural way of propagation is generally hampered by very slow division 
of off shoots. So the rate of production of young plants is time consuming. Hence for 
conservation and commercial cultivation of this species, an efficient In vitro propagation 
is necessary. Orchid seeds are microscopic produced profusely (2.0 - 3.0 million per 
capsule), but are non endospermic and contain almost no nutrients. In nature, for 
germination and early developmental stages they must be symbiotic with highly 
specialized fungi (Swarts and Dixon 2009), consequently < 5% of the seeds germinate in 
the wild habitats. 
 Now the asymbiotic seed germination technique is utilized for the production of 
many orchids and it is shown to be an efficient tool for the production of orchids for 
conservation and reintroduction into their natural habitats (Kauth et al. 2006, Stewart and 
Kane 2006). The main objective of the experiment on this species is to develop efficient 
mass propagation protocol, the most suitable media composition and supplements for 
seed germination,  regeneration through protocorm like bodies and consequently on the 
ex vitro acclimatization process. 
 

Materials and Methods 
Plants of Aerides ringens were collected from Anekadu of Coorg district in Karnataka, 
India during October-November, 2012 and grown in a greenhouse at the Plant Tissue 
Culture Laboratory, Department of PG Botany, Maharani’s Science College for Women, 
Mysore, Karnataka, India. Flowers were hand pollinated in order to get sufficient 
capsules. Capsules were harvested as they turned green to yellowish green (after five and 
a half months of pollination), were washed with detergent and soaked in 0.5% sodium 
hypochlorite for 10 min, rinsed thoroughly twice with sterile distilled water, dipped in 
70% (v/v) ethanol for 45 sec and flamed. The surface sterilized capsules were then cut 
opened using sterile surgical blade and seeds were removed. 
  The seeds were spread as thin films in test tubes containing 15 ml of five basal media 
viz., MS, Knudson C (KC 1946), Burgeff’s N3f (N3f 1936) and Vacin and Went (VW 1949) 
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and half strength MS, with addition of  2% sucrose, 0.8% TC® agar (Hi media, Mumbai, 
India), to assess their effect on seed germination. All the media were adjusted to pH 5.8 
using 1N NaOH before the addition of agar, then sterilized at 1.2 Kg cm-2 and 1210C for 
15 min. The culture tubes were incubated at 24 ± 20C under 12 hrs photoperiod provided 
by cool white fluorescent lamps of 60 µmol-2 s-1 light intensity and 70 - 75% relative 
humidity.  
 Different developmental stages of asymbiotically cultured Aerides ringens seeds and 
seedlings are as follows. 
 

Stage number Development of  orchid 

0 

I 

II 

 

III 

IV 

V 

Fertile seeds having hyaline embryo covered with testa/seed coat. 

Germinated seeds, embryo swollen but still covered with testa/ seed coat. 

Embryo greatly swollen forming sphere shaped protocorms with rhizoids 
without testa/seed coat. 

Protocorms  with shoot primordia/protomeristem with rhizoids. 

Protocorms with emergence of 1 - 2 leaves. 

Complete plantlets with shoot and roots. 
 

 After attaining the height of the plantlet within 4 - 5 cm, it were removed from the 
culture bottles and washed thoroughly with slow running tap water, to remove the 
adherent of the medium. Then they were transplanted to four different substrates - (a) 
pieces of brick: charcoal pieces: vermiculite (1 : 1 : 1), (b) pieces of brick: charcoal pieces: 
coconut husk (1 : 1 : 1), (c) pieces of brick: charcoal pieces: decaying litter: coconut husk (1 
: 1 : 1 : 1) and (d) pieces of brick: charcoal pieces: decaying litter: vermiculite (1 : 1 : 1 : 1) 
to evaluate their survivability. The cultures were maintained for 3 - 4 weeks at 12/12 hrs 
photoperiod with light provided at 40 µmolm-2s-1 intensity at 28 ± 20C temperature. The 
relative humidity was maintained at 90% for the first week and then gradually lowered 
to 40% after one week. Then the plantlets were sprayed with diluted 1/10 of MS without 
sucrose twice a week for one and a half months. 
  Percentage of germination in each stage was calculated for each treatment by 
dividing the number of germinated seeds in each stage by the total number of viable 
seeds in each sample. The mean values of the various treatments were subjected to 
ANOVA. The difference between the mean of each treatment was scored using Tukey 
test at p value < 0.05. 
 

Results and Discussion 
After 3 - 4 weeks of culture, the seeds started imbibing the nutrients, increased in size 
and reached (stage 1). The speed and extent of germination and protocorm formation 
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(stage 2) differs with the medium used. The highest percentages at stage 1 and 2 
development with respect to germination were observed on KC medium (70.8%). This 
was significantly higher than all other media treatments investigated. In this medium 
soon after passing stage 1, the stage 2 began to form after 4 weeks of culture. The PLBs 
were green and healthy. The fast imbibitions in the KC medium led into the rupture of 
testa and emergence of protocorms were high. It was observed that the KC basal medium 
was most suitable up to stage 2 development in this species. On the other hand, the seeds 
inoculated on to the VW medium recorded moderate 47.6% of germination, N3f medium 
showed 31.0% of germination, half strength MS medium showed 42.7% of germination 
and least germination of 17.3% was recorded on MS medium. On VW,  ½ MS, N3f and 
MS media, the formation of stage 1 and stage 2 development took more time and the 
percentage of seed germination was also less, compared to KC medium (Table 1). 
 

Table 1. Effect of different basal media on seed germination and seedling development of A. ringens. 
 

Developmental stages (in weeks) Basal 
media 

Germi- 
nation % I II III IV V 

Remarks 

MS  17.3 ± 0.73d 05 07 14 22 29 Very low germination frequency, 
achlorophyllous, protocorm differentiation 
most impaired. 

KC  70.8 ± 5.08a 03 04 07 16 20 High germination frequency, chlorophyll 
development and protocorm  
differentiation moderate. 

N3f  31.0 ± 3.46c  04 06 12 19 27 Low to moderate germination frequency 
and poor  protocorm formation 

VW 47.6 ± 1.43b  03 06 12 19 27 Moderate germination frequency   and poor 
protocorm formation 

½ MS 42.7 ± 5.04b     04    05  09   14   18 Moderate germination frequency  and  
protocorm differentiation very  high 

Values represent mean ± standard error; the same letters within a column are not significantly different based 
on ANOVA followed by Tukey’s test at p < 0.05. 

 Interestingly, there was a moderate germination percentage on half strength MS. It 
was observed that half strength MS was the most suitable, when the stage 2 developed 
on the KC medium were sub cultured on to   half strength MS medium, it stimulated the 
high frequency differentiation of these into stage 3, 4 and stage 5 in 9, 14 and 18 weeks of 
cultures respectively. These plantlets were of an average 2.0 - 2.5 cm in height, having 1 - 
2 roots. The differentiation of stage 2 into stage 3, 4 and stage 5 was superior in half 
strength MS compared with all other treatments. When subcultured on the KC medium, 
the differentiation of stage 2 into stage 3, 4 and stage 5 was recorded to be slow and took 
7, 16 and 20 weeks, respectively. The plantlets were having 1 - 2 roots and an average of 
1.0 - 1.5 cm in height. The differentiation of stage 2 was rather slow compared to half 
strength MS medium. However on VW and N3f media, the seed germination up to stage 
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2 was recorded moderate and differentiation to stage 3, 4 and stage 5 was slow and  took  
12, 19 and 27 weeks of cultures,  respectively. Most of the stage 2 PLBs etiolated, only a 
few differentiated into stage 3, 4 and stage 5, the plantlets were not so healthy. Rather in 
MS medium, the seed germination was very slow and only 17.3% of seeds reached stage 
2 in 7 weeks of culture. These PLBs were achlorophyllous and most of them failed to 
differentiate, subsequently turned brown and necrotic. But, a few of stage 2 developed 
chlorophyll and differentiated into stage 3, 4 and state 5 seedlings and took 14, 22 and 29 
weeks of culture respectively. But the seedlings developed were not healthy.  
 Based on present results, it was clear that the KC medium produced optimum seed 
germination in A. ringens as compared to VW, ½ MS, N3f and MS media. Hence KC 
medium was used for all further experiments. Significant differences among the different 
media were observed for development of A. ringens seeds. The highest frequency of 
germination at stage 2 of development was observed on KC medium. However the 
differentiation of this stage 2 into stage 3, 4 and stage 5 seedlings was superior on ½ MS 
medium. 
  Although, optimum seed germination was recorded on KC basal medium, then to 
increase the frequency of seed germination various PGRs were added. IAA, NAA, BAP 
and Kn at various concentrations individually and in combinations were fortified to see 
their effect on seed germination and further development. When the medium was 
supplemented with IAA at lower concentrations of 0.57 µM showed best response.  
89.3% seeds germinated and reached stage 2 in 4 weeks. Further these differentiated into 
stage 3, 4 and stage 5 in 6, 12 and 16 weeks of cultures, respectively. The seedlings were 
having 2 - 3 roots and an average of 2 - 3 cm in height. IAA in higher concentrations 
showed detrimental effect on germination. However, higher concentration of 5.71 µM 
stimulated the formation of larger sized roots (Fig. 2D). The hormone NAA  had  no 
effect on seed germination as compared to KC basal medium. There was a positive effect 
of Kn in the percentage of seed germination. The concentration of 4.64 µM increased the 
seed germination up to 88.6%. However the BAP at 2.21 µM concentration had 
tremendous effect on germination frequency (90.7%). It was the most effective PGR 
tested among IAA, NAA and Kn. The seeds imbibed water and nutrients quickly and 
formed into stage 2 in 4 weeks of culture (Fig. 1A). It not only triggered the germination 
percentage but also stimulated the conversion of stage 2 into stage 3, 4 and stage 5 very 
effectively with 6, 12 and 16 weeks of cultures  respectively (Tables 2 and 4). The 
seedlings were larger and healthy, having 2 - 3 roots and an average of 2.5 - 3.5 cms in 
height. 
 However, the combination of Auxins and Cytokinins also showed beneficial, neutral 
and detrimental effect on germination. The KC medium supplemented with IAA and Kn 
was less stimulative than media supplemented with IAA or Kn alone. The optimum 



54 Pyati 

germination was recorded on medium containing 0.57 µM IAA + 4.64 µM   Kn. In this 
combination study, 80.2%  of  seeds  germinated  and  reached  stage 2  in 5 weeks. These 
 

 
 

Fig. 1. Asymbiotic seed germination and seedling development of Aerides ringens. A. Formation of PLBs (stage 
2) after 4 weeks of culture on KC medium supplemented with 2.21 µM BAP. Scale bar = 0.5 mm.                 
B. Emergence of shoot primordia/promeristems (stage 3) after 6 weeks of culture on KC medium 
supplemented with 0.57 µM IAA + 0.55 µM BAP. Scale bar = 1 mm. C. Development of plantlets (stage 5) 
after 15 weeks of culture on KC medium supplemented with 0.57  µM IAA + 0.55 µM BAP. Scale bar = 1 
cm. D. Seelings acclimatized in greenhouse. Scale bar = 1 cm. 

 

then differentiated into stage 3, 4 and stage 5 in 7, 14 and 17 weeks respectively. When 
the IAA concentration was increased in combination with Kn there was a drastic 
decrease in the seed germination frequency. The effect of IAA and BAP interaction was 
stimulative when both were present in the medium. The seed germination was high 
(96.5%) in this combination compared to all other PGR treatments. The interaction 
between 0.57 µM IAA and 0.55 µM BAP concentration promoted the stage 2 formation in 
4 weeks, PLBs were larger in size compared to other treatments and also they 
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differentiated into stage 3 (Fig. 1B), 4 and 5 (Fig. 1C)  in 6, 11 and 15 weeks respectively 
(Table 3 and 4). The formation of stage 2 and differentiation of stage 3, 4 and stage 5 were 
superior in this combination studied. The seedlings were well grown and healthy, having 
2 - 3 roots and an average of 2.5 - 3.5 cm in height. In another experiment the KC medium 
added with NAA and Kn in different concentrations showed negative effect on 
germination. The ‘stage 0’ viable seeds cultured on this combination imbibed and 
reached stage 1 but most of them did  not reach the stage 2. Hence NAA and Kn 
combination showed negative effect on seed germination process. Present results showed 
that NAA and BAP combination had no effect on seed germination when compared to 
the KC basal medium. 
 
Table 2.  Single effect of plant growth regulators on in vitro response of A. ringens seeds in KC 

basal medium. 
 

IAA NAA Kn BAP Per cent of germination 
(after 7 weeks) 

Remarks 

0.57 0 0 0 89.3 ± 3.19*a MPLBs 
2.85 0 0 0 81.3 ± 1.77b  
5.71 0 0 0 52.0 ± 3.27d  
0 0.54 0 0 71.0 ± 3.28c  
0 2.69 0 0 70.8 ± 2.03c  
0 5.38 0 0 46.4 ± 3.74d  
0 0 0.46 0  67.1 ± 3.83c  
0 0 2.32 0  80.2 ± 3.54b  
0 0 4.64 0 88.6 ± 2.40*a  
0 0 0 0.55 86.7 ± 1.49a  
0 0 0 2.21 90.7 ± 1.84*a  
0 0 0 4.42 81.8 ± 3.85b  

 

*Optimum % of germination. Values represent mean ± standard error; the same letters within a 
column are not significantly different based on ANOVA followed by Tukey’s test at p < 0.05. 

 Yellowish green large sized PLBs were observed on the KC medium supplemented 
with 2.21 µM BAP (Fig. 2A ) and combination of 0.57 µM IAA with 0.55 µM BAP, after 6 
weeks of culture. These yellowish green large sized PLBs lost their shape in 3 - 4 weeks of 
culture and became irregular subsequently. They started to divide on KC medium 
supplemented with the above PGRs, and formed green clumps after 10 weeks of culture, 
having smaller 18 - 20 granules. These further differentiated into multiple protocorm like 
bodies (MPLBs) (Fig. 2B). These MPLBs further developed and differentiated into shoots 
after 14 weeks of culture in KC basal medium (Fig. 2C). The multiple shoots, sub-
culturing on the KC medium fortified with 5.71 µM IAA triggered the formation of roots 
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(Fig. 2D). Then, these plantlets which developed shoot and roots were successfully 
transferred to potting media. 
Table 3. In vitro response of A. ringens seeds on KC basal medium supplemented with plant 

growth regulators in combination (µM). 
 

IAA NAA Kn BAP Total % of germination 
after 7 weeks 

0.57 0 0.46 0   71.3 ± 2.50cd 
2.85 0 2.32 0 70.6 ± 3.62cd 
5.71 0 4.64 0 41.6 ± 2.90e 
0.57 0 4.64 0 80.2 ± 3.08*c 
5.71 0 0.46 0 50.3 ± 3.99e 
0 0.5 0.46 0 3.6 ± 0.21f 
0 2.69 2.32 0 4.0 ± 0.33f 
0 5.38 4.64 0 00 

0 0.54 4.64 0 00 
0 5.3 0.46 0 00 
0.57 0 0 0.55 96.5 ± 0.89*a    MPLBs 
     
2.85  0 0 2.21 80.2 ± 1.35c 
5.71 0 0 4.42 80.1 ± 2.14c  
0.57 0 0 4.42 87.0 ± 1.81b 
5.71 0 0 0.55 88.6 ± 2.24b 
0 0.54 0 0.55 70.3 ± 3.65cd 
0 2.69 0 2.21 71.0 ± 3.67cd 
0 5.38 0 4.42 69.2 ± 2.15d 
0 0.54 0 4.42 71.5 ± 1.50cd 
0 5.38 0 0.55 68.0 ± 2.16d 

 

*Optimum % of germination. Values represent mean ± standard error; the same letters within a 
column are not significantly different based on ANOVA followed by Tukey’s test at p < 0.05. 
 

 After 20 weeks, in vitro grown well developed plantlets of about 4 - 5 cm length, 
having 2 - 3 well developed roots were taken from the cultures. It was acclimatized on 
four different substrates (Table 5).  One of the substrates used is pieces of charcoal, brick 
pieces, decaying litter and coconut husk in the ratio of 1 : 1 : 1 : 1 which  gave maximum 
survival rate of 89.0%. During hardening, the transferred plantlets shed 1 - 2 leaves after 
3 weeks of transplantation and new leaves emerged after 1 - 2 weeks. This combination 
of potting medium provided enough moisture, aeration and nutrients for the luxuriant 
growth of shoot and roots. After 16 weeks of hardening they attained an average height 
of 6.8 cm (Fig. 1D). 
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Table  4. Optimum germination and protocorm differentiation of A. ringens on KC medium 
supplemented with plant growth regulators. 

 

PGR Developmental stages (in weeks) Remarks 
 

Germination 
percentage I II III IV V  

IAA (0.57 µM) 89.3±3.19a 3 4 6 12 16 MPLBs 
Kn (4.64 µM) 88.6 ± 2.40a 3 5 7 14 17  
BAP (2.21 µM) 90.7 ± 1.84a 3 4 6 12 16  
IAA+ Kn 
(0.57 µM + 4.64 µM) 

80.2 ± 3.08c 3 5 7 14 17  

IAA + BAP 
(0.57 µM + 0.55 µM) 

96.5 ± 0.89a 3 4 6 11 15  

 

Values represent mean ± standard error; the same letters within a column are not significantly 
different based on ANOVA followed by Tukey’s test at p < 0.05. 
 

 
 
Fig. 2. In vitro regeneration of Aerides ringens through multiple protocorm like bodies. A. Larger PLB developed 

after six weeks of culture on KC medium supplemented with 2.21 µM BAP. Scale bar = 1 mm.                              
B. Formation of MPLBs after 10 weeks of culture on KC medium supplemented with 0.57 µM IAA + 0.55 
µM BAP. Scale bar = 1 mm. C. Subsequent proliferation of MPLBs into shoots after 14 weeks of subculture 
in KC basal medium. Scale bar = 1 cm. D. Well developed plantlets after 20 weeks of culture on KC 
medium supplemented with 5.71  µM IAA. Scale bar 1 cm. 

 The nutritional requirement for orchid seed germination differs from species to 
species. There is no universal medium for all the orchid species (Arditti and Earnst 1984). 
The different media examined were MS, ½ MS, KC, N3f and VW. The seeds germinated 
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on all the nutrient media used in the study, but the percentage of germination and time 
varied on different media (Table 1). In all the nutrient basal media, the seeds imbibed, 
and enlarged in size. KC medium was best for germination up to stage 2 development. 
PLBs formation was significantly high and fastest with 70.8% of germination on KC 
medium. This was followed by 47.6% on VW, 42.7% on ½ MS, 31.0% on N3f and very low 
germination of 17.3% on MS media. The high percentage of germination on KC medium 
was due to the lower concentration of ions of macro and micro salts. The stage 2 
development was observed earliest and highest in KC medium after 4 weeks of culture. 
The high speed and more germination percentage of A. ringens on KC medium might 
have been influenced by the presence of less major and minor salts. The reduced 
concentrations of inorganic salts had beneficial effect on seed germination in many 
orchid species (Mitchell 1989, Anderson 1991). The similar beneficial effect of KC 
medium was also recorded on germination of many orchid species like, Paphiopedilum 
villosum (BoLong  et al. 2010), Vanda hybrid (Johnson and Kane 2007), Coelogyne nervosa 
(Shibu et al. 2012) and Calopogon tuberosus (Kauth et al. 2006). In contrast, the poor/no 
response of seed germination on KC medium was also reported by some workers in 
many orchids like Dendrobium longicornu and D. formosum (Dohling et al. 2008), Aerides 
crispum (Pyati and Murthy 1999), Dactylorhiza hatagirea (Warghat et al. 2014), Limodorum 
abortivum (Sgarbi et al. 2009) and Cymbidium bicolor (Mahendran et al. 2013). 
 

Table  5.  Acclimatization of Aerides ringens seedlings after 16 weeks of hardening in Green 
house  conditions. 

 

       Substrate used                                           Survival percentage        Height in cm 

1.  Brick: charcoal: vermiculite (1:1:1)           46 ± 2.34c                     4.8 
2.  Brick: charcoal: coconut husk (1:1:1)          61 ± 2.23b    4.9 
3.  Brick: charcoal: decaying litter: coconut husk (1 : 1 : 1 : 1)     89 ± 1.73a    6.8 
4.  Brick: charcoal: decaying litter: vermiculite (1 : 1 : 1 : 1)      68 ± 2.68b    5.0 

Values represent mean ± standard error; the same letters within a column are not significantly 
different based on ANOVA followed by Tukey’s test at p < 0.05. 
 

 The stimulative effect of the KC medium on germination frequency may be due to 
relatively high calcium concentration compared to other media. The calcium significantly 
influences plant growth and cell karyokinesis, this correlates the earlier work on 
Paphiopedilum species (BoLong et al. 2010). The VW, half strength MS and N3f media 
showed moderate germination because of the presence of low salt concentrations. 
However the germination percentage was documented to be very poor on MS because of 
excessively high concentrations of major and minor salts that inhibited germination in    
A. ringens, and this correlates the earlier work on various orchid species (Shibu et al. 
2012, Manrique and Gutierrez 2006). On the other hand the beneficial effect of MS was 
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also reported by many researchers on Coelogyne nervosa (Abraham et al. 2012), Coelogyne 
suaveolens (SungKumlong and Deb 2008) and Laelia speciosa (Diaz et al. 2009). 
 In the present experiment higher frequency of germination of stage 2 was observed 
in KC medium. However when this stage 2, was subcultured on half strength MS the 
differentiation into stage 3, 4 and 5 was high. It clarifies that optimum germination 
medium may not be the best medium for subsequent differentiation of PLBs into 
seedlings. It shows that the different stages of development require different nutritional 
supplements. Similar results were also reported for differential nutrition by later stages 
of germination and seedling growth in Bletia purpurea (Dutra et al. 2008), Calopogon 
tuberosus (Kauth et al. 2008) and Cephalanthera  falcata (Yamazaki and Miyoshi 2006). 
Further, future research should investigate such type of differential nutritional 
requirements for different stages of germination and subsequent development. 
 Plant growth regulators have profound effect on seed germination, formation of 
protocorms and differentiation into seedlings. To enhance the growth, the medium was 
supplemented with various PGRs. A. ringens seeds which were germinated on KC 
medium fortified with IAA alone at concentration of 0.57 µM showed positive effect on 
germination. It is in accordance with the earlier work on Orchis coriophora (Bektas et al. 
2013), but at its higher concentrations of 5.71 µM showed inhibitory effect on 
germination. However, when the plantlets of stage 4 were cultured on the higher 
concentrations of IAA it induced very good rooting system and this correlates with 
earlier work on Epidendrum ibaguense (Hossain 2008). The seeds cultured on KC medium 
supplemented with Kn at 4.64 µM showed stimulative effect on germination. It is in 
conformity with the earlier work on Comparettia falcata (Manrique et al. 2005). When 
NAA was added to the KC medium it had no effect on germination. The seeds 
germinated in normal way as compared to KC basal medium. Similar results were 
recorded earlier on Odontoglossum gloriosum (Manrique and Gutierrez 2006) where lower 
concentration of NAA did not show any positive effect on germination but higher 
concentration at 5.38 µM showed retardive effect. However the most stimulative effect 
was observed when the KC medium was supplemented with BAP. The concentration of 
2.21 µM stimulated the seeds to form stage 2 in 4 weeks. The protocorms were large and 
dark green.  Their proliferation into stage 3, 4 and 5 were faster and seedling growth was 
luxuriant when cultured on the same medium. BAP was the most potent stimulator of 
germination and proliferation studied among the PGRs in our experiment. Similar effect 
of BAP was also recorded in Dendrobium primulinum (Pant and Thapa 2012) and Eulophia 
nuda (Nanekar et al. 2014). 
  The combination of auxin with cytokinin showed positive, negative and neutral 
effects on seed germination process, but IAA and Kn combination was less stimulative in 
the germination frequency and there was a remarkable antagonism between IAA and Kn. 
The similar observation was made in Comparettia  falcata (Manrique et al. 2005). The 
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combination between NAA and Kn showed negative effect on germination. This 
combination inhibited the seed germination which became almost nil. However, the 
same combination stimulated the regeneration of plantlets from calli in Dendrobium cv. 
Serdang Beauty (Khosravi et al. 2008).  NAA in combination with BAP had no effect on 
seed germination and the results obtained in this combination were almost similar with 
that of KC basal medium. When the seeds of A. ringens  were cultured on 0.57 µM  IAA 
and 0.55 µM  BAP, it stimulated the seed germination frequency in which the stage 2 
developed in 4 weeks and these PLBs were dark green and larger in size. This PGR 
combination triggered the seed germination and seedling development as well and 
synergistic action of auxin-cytokinin combination was observed. Interestingly some of 
the larger PLBs divided and formed into MPLBs in this combination of PGR. On sub- 
culturing these MPLBs, on KC basal medium developed multiple shoots. These multiple 
shoots cultured on KC medium fortified with 5.71 µM IAA developed larger roots. 
 Most of the micropropagated plants did not survive, when transferred to ex vitro 
conditions because of less relative humidity and higher temperature in the environment. 
Hence 90% relative humidity was given initially for proper acclimatization, then it was 
gradually reduced to 40%. Most of the plantlets were replaced by new leaves after 3 
weeks of ex vitro transfer. Formation of new shoots during acclimatization of Calapogon 
tuberosus (Kauth et al. 2006) and Bletia purpurea (Dutra et al. 2008) has also been reported. 
For well acclimatization three factors-water holding capacity, porosity and drainage are 
very essential for healthy growth and development of in vitro grown seedlings of orchids. 
The substrate, pieces of charcoal, brick pieces, decaying litter and coconut husk in the 
ratio of 1 : 1 : 1 : 1 gave excellent survival results in which 89% of seedlings grown very 
well. 
 In the present study, an efficient protocol for rapid production of A. ringens  plants 
using seeds has been demonstrated. Maximum number of seeds reached stage 2 on KC 
medium and these subsequently differentiated into stage 3, 4 and 5 on half strength MS. 
It shows that optimum germination medium may not be the best medium for subsequent 
development. To enhance the percentage of seed germination various PGRs were also 
used. The most effective PGRs were BAP at 2.21 µM and combination of IAA 0.57 µM 
and BAP 0.55 µM, which gave excellent results and in these combinations MPLBs also 
developed. After 20 weeks, the in vitro grown plantlets were hardened under greenhouse 
conditions on different substrates, of which, brick: charcoal: decaying litter: coconut husk 
(1 : 1 : 1 : 1) gave maximum survival. Asymbiotic germination and successful Ex vitro 
establishment of plants are helpful to reintroduce these into their natural habitats or for 
ornamental purpose. 
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