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Abstract 

Acanthephippium bicolor Lindley is an endangered terrestrial orchid found in Eastern and Western Ghats of Tamil 

Nadu. Three fungal isolates were recovered from the roots of A.bicolor plants and were identified as Rhizoctonia solani, 

Fusarium oxysporum, and Fusarium solani. Seeds were sown on oat meal agar with fungal isolates after 3 weeks of preculture 

R.solani rupture the seed testa immediately, while F.oxysporum and F.solani takes 4 weeks.  Seed germination using symbiotic 

fungi initiated and sustained till the stage II of orchid seed germination except with F.solani.  The germinated seeds are ten times 

larger than normal seeds and these fungi isolates unfailingly stimulate the germination of these seeds but further development 

ceased.  
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Introduction 

Orchidaceae is one of the most diverse families 

of the flowering plants consisting of 35,000 species under 

880 genera (Chugh et al., 2009) occurring widely in the 

humid tropical forests of India, Sri Lanka, South Asia, 

South and Central America and Mexico.  Orchids belong to 

the highest level of organization and are distinguished by 

the complicated biology of reproduction with long 

developmental cycle (Vakhrameeva et al., 1991). They are 

highly valued ornamentally and therefore, are subjected to 

indiscriminate collection.  Acanthephippium is a terrestrial 

orchid genus with eleven species distributed throughout 

Asia to the Pacific (Sarat Misra, 2007).  Only three species 

namely, Acanthephippium bicolor, A.striatum and 

A.sylhetense are reported in India with A. bicolor being the 

sole representative of the genus in South India. A.bicolor is 

cited as endangered (IUCN Sri Lanka, 2007). In Eastern 

Ghats of Orissa, its status is given as vulnerable (Biskash, 

2005). Geographically, this species has disjunct distribution 

from Assam, Eastern Ghats of Orissa and Tamil Nadu; 

Western Ghats of Kerala and Tamil Nadu to Sri Lanka. In 

Tamil Nadu, it is found in Kolli hills at an altitude of 1200 

m on moist shola floor, Machur Shola of Pulney Hills, 

Shevaroy hills and Agasthiyarmalai. The plant is identified 

by its pseudobulbous stem, large elongated leaves and 

characteristic jug-shaped flowers (March-July), and pod 

initiation to seed dispersal (June-September) (Fig. 1a and 

b).  It is being used in folk medicine as antiseptic to treat 

wounds and urinary tract infections (Kala and 

Senthilkumar, 2010). Acanthephippium bicolor seeds attain 

maturity languidly with low germination rates and this, in 

tandem with indiscriminate collections for its medicinal 

uses are reasons for its paucity. The present study reports 

the symbiotic germination of A. bicolor. 

Materials and Methods 

Seed source and sterilization 

The mature undehisced pods of A.bicolor were 

collected from Kolli Hills and the pods were stored at 

23±2oC over calcium chloride desiccant for a week to 

reduce moisture content. After a week the pods were 
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thoroughly washed in running tap water with a drop of 

teepol for 30 min, and then the pods were transferred to 

laminar air flow chamber for surface sterilization. The pods 

were surface sterilized with 2% sodium hypochlorite 

solution for 2 min followed by washing twice in sterile 

distilled water, 0.1% mercuric chloride solution for 5 min 

and finally rinsed with sterile distilled water for 4-5 times.  

Then the pods were dipped in absolute alcohol and flamed 

2-3 times for few seconds each. After sterilization 

procedure, the pods were cut longitudinally into four pieces 

collected seeds stored in sterile vials for further use.  Prior 

to in vitro culture, mature seeds were enclosed in small 

bags of Whatmann No.1 paper and surface disinfection was 

carried out in 10% sodium hypochlorite containing 0.1% 

mercuric chloride for 10 min., then four separate rinses in 

sterile distilled water. 

Seed viability test 

The fresh seeds were staining with 1% 2,3,5 

triphenyl tetrazolium chloride (TTC) at pH 7.0.  The seeds 

were kept in the dark at room temperature overnight, 

followed by washing three times with distilled water.  Seed 

viability was observed and counted under light microscope.   

Fungal isolation and identification 

Acanthephippium bicolor plants were collected 

with representative root systems from Kolli hills and 

transported to the green house condition.  Initially the fresh 

and young roots (pale yellow, 3 cm in length) were selected 

and washed under running tap water with a drop of teepol 

for 10 min, to remove soil debris.  The root segments were 

further treated with 70% alcohol for 20 sec; 3% sodium 

hypochlorite for 1 min and 0.1% mercuric chloride for 2 

min finally they were rinsed five times in sterile distilled 

water. Then the roots were cut into transverse sections and 

observed for the presence of hyphal coils (pelotons) on a 

glass slide under a compound microscope in sterile 

environment.  Peloton containing root segment (0.5 mm in 

size) sections were placed on petridish containing sterilized 

Richards agar medium plates were incubated in darkness 

for  4  days  at 25oC.  After   incubation,   hyphal  tips  from  

 

actively growing isolates were subcultured on the same 

medium (RA) for pure isolation. The isolated fungal 

hyphae were mounted in a drop of lactophenol cotton blue 

dye on a glass slide and identified based on growth pattern, 

color and spore formation. 

Fig.1a and b) Acanthephippium bicolor habit with flower 

and pod; c) a seed; d) cross section of root with pelotons 

(p); e) mycorrhizal fungi from root sections in Richard’s 

agar medium; f) Rhizoctonia solani microscopic structure; 

g) germination stages achieved in symbiotic seed 

germination 

Symbiotic seed germination 

Surface sterilized seeds of A.bicolor were sown 

on modified oats agar medium (Masanori Tomita, 1995) 

used for symbiosis, pH of the medium was adjusted to 5.8 

with 1 N NaOH or 1 N HCL before autoclaving at 121 psi 

for 20 min. Afterwards seeds were cocultivated with 5 mm 

diameter block of fungal inoculums. The experiment was 

replicated five times and the control was devoid of fungal 

inoculums. All culture plates were sealed and incubated 

under 16 h photoperiod daylight fluorescent lamps (120 

µm) and 25±2oC for three months. 
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Table 1.  Symbiotic seed germination of A.bicolor after 15 weeks of culture 

 

 

 

 

Fungus 

 

 

 

Seed 

sown 

Stages of seed germination  

 

 

Color of the 

seeds after 

germination 

0 

Imbibed 

seed 

with 

testa 

1 

Enlarged 

seed 

without 

testa 

2 

Protocorm 

without 

shoot 

apex 

3 

Protocorm 

with 

pointed 

shoot apex 

4 

Protocorm 

with 

developing 

leaves 

5 

Seedling 

with one 

or more 

leaves 

and 

rhizoids 

6 

Seedling 

with 

evident 

shoot 

and root 

Control 315 - - - - - - - - 

Rhizoctonia 

solani 

330 243 

(73.63%) 

215 

(65.15%) 

187 

(56.66%) 

- - - 

 

- Light green 

Fusarium 

oxysporum 

332 208 

(62.65%) 

188 

(56.62%) 

160 

(48.19%) 

- - - - Light brown 

Fusarium 

solani 

320 120 

(37.50%) 

- - - - - - Brown 

Results 

The seeds of A.bicolor are dull white in color. 

The seed length and width with testa ranges from 3678-

4560 × 106-137µm, seed embryo ranges from 106-139 × 

106-137µm (Fig. 1c).  The seed viability was found 

56.67%. The cortical cells of the roots of A.bicolor were 

observed alive digested pelotons indicates the presence of 

orchid mycorrhizae. Various fungal isolates such as 

Rhizoctonia solani, Fusarium oxysporum, and Fusarium 

solani were isolated from the roots of A. bicolor on RA 

medium (Fig. 1e). Fungal isolates stimulate seed 

germination on in OMA medium. Seed testa was ruptured 

with in 3 weeks in R. solani treatment, where as 

F.oxysporum and F.solani took 4 weeks. The highest 

percentage of seed germination was observed in both 

R.solani and F.oxysporum (Table 1). After eight weeks of 

culture the enlarged seeds become light green in R.solani, 

brown in F.oxysporum. Overall, seed germination was 

initiated by symbiotic fungi and sustained till the stage II 

except with F.solani. The germinated seeds were ten times 

larger than control. 

Discussion 

Terrestrial orchids have become objects of 

concern to conservationists due to the plants high 

sensitivity to change in its environment and orchids have 

minute seeds with presumably several types of dormancy 

(Rasmussen, 1995; Baskin and Baskin, 1998). Their 

germination is difficult having specific requirements for 

nutrients (Arditti et al., 1982) and environmental conditions 

(Oliva and Arditti, 1985; Van Waes and Debergh, 1986).  

Triphenyl tetrazolium chloride (TTC) stain procedures have 

been used for testing viability in orchid seeds (Lakon, 

1949; Pritchard and Prendergast, 1990).  TTC method has 

been successfully used with epiphytic and tropical orchids 

and several terrestrial species (Lauzer et al., 1994; 

Shoushtari et al., 1994).  Rhizoctonia solani, an endophytic 

mycorrhizal fungi occurs frequently in the roots of many 

orchids, However researchers have demonstrate that in 

vitro seed germination in some orchid species could easily 

be carried out with specific orchid mycorrhizae i.e. 

Rhizoctonia fungal isolates (Zelmer and Currah, 1997).  

Fusarium sp. are common and occur in many plants and 

soil (Manoharachary et al., 2006). They are red pigment 

producers are highly competitive against pathogenic fungi 

(Garcia-Romera et al., 1998) and some produce growth 

promoting substances (Domsch et al.,1980). However, 

F.oxysporum has been isolated from a number of other 

terrestrial and epiphytic orchid taxa.  This is the first report 

of F.oxysporum stimulate A. bicolor seed germination gains 

significance because of the complex interactions involved 

in the host fungus combination. A delicate balance exists in 

the symbiotic association between orchids and fungi;   

certain orchids are more receptive than the others to a 

variety of endophytes and again, certain fungi are more 
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active than others in both the degree to which they 

stimulate symbiotic development and the range of hosts 

they infect (Hadley, 1970). Further, the tendency of certain 

fungi to pass in to post-symbiotic phase of parasitism is 

seen in some host fungus combination (Hadley, 1970; 

Shimura and Koda, 2005). Further investigations are 

necessary to understand host fungus interactions in this 

species which stops after initial seed germination and 

means to break this bottleneck for successful in vitro 

propagation of A. bicolor.  
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