
Research Journal of Biotechnology                                                                                                          Vol. 16 (3) March (2021)  
Res. J. Biotech 

153 

Studying regenerative competence of Satyrium 
nepalense D.Don through leaf segments in vitro 

Chauhan Shaveta1 and Sharma Sanjay2* 
1. Department of Botany, HRMMV College, Jalandhar-144008, Punjab, INDIA 

2. Department of Biotechnology, DAV College, Jalandhar-144008, Punjab, INDIA 

*sanjayjns@gmail.com 

 

Abstract          
Satyrium nepalense is an endangered terrestrial orchid 

extensively collected from wild for its use in conventional 
system of medicine which has led to deleterious affect on its 

size and prevalence in nature. The prospects of germinating 

seeds in vitro were assessed in immature seeds (4 weeks after 

pollination) and mature seeds from dehisced capsule 

(8weeks after pollination) on Mitra medium and its 
combination with or without activated charcoal and growth 

additives. Activated charcoal, however, proved obligatory 

for germination. 
 

The regeneration response of leaf segments (apical and 
basal) procured from 12 week old in vitro growing cultures, 

was tested in yeast extract (1gl-1) supplemented Mitra 

medium. The effect of plant growth regulators on culture 
initiation and development was also tested. The 

regeneration response was invariably observed in basal 

segment and the number of explants responding to 

regeneration along with their developmental pathway varied 

depending on the growth stimulus provided in the nutrient 
pool.  

 

Keywords: Satyrium nepalense, regeneration, protocorm 

like bodies, morphogenesis. 

 

Introduction 
Orchidaceae is one of the largest family among angiosperms 

with more than 25000 species. They exhibit a wide range of 

habit and are found growing in all types of habitats 

throughout the world except in Antarctica. They possess 

beautiful flowers with long shelf life which make them 

highly priced in cut flower industry. Beside this they are also 

known for their medicinal properties in traditional Indian 

medicine systems like Ayurveda (Ashtvarga),Unani and also 

in Chinese folklore medicines.They are used for enhancing 

immunity, building up of strength, stamina and help in 

rejuvenation due to which it is an important ingredient of 

Chyawanprash, an ayurvedic health supplement. They are 

indiscriminately and illegally collected from wild by local 

people and tribes. 

 

The tubers of terrestrial orchids are highly priced in 

international market. Dried tubers and powdered ones are 

used to form Salep which is used as a drink, tonic, 

aphrodiasic, dietary supplement and as a stabilizer in ice 

cream production12. The orchids exhibit great diversity in 

flower shapes by exhibiting various types of mimicry and 

modifications in floral parts to attract the pollinators. They 

produce large number of dust like microscopic and non 

endospermic seeds which require specific mycorrhizal 

endophyte for their germination due to which only less than 

1% of seeds are able to germinate in nature. The 

anthropogenic activities have not only affected their 

pollination biology but also make them the most vulnerable 

group of plants on earth. 

 

Orchids undergo distant hybridization in nature and they 

exhibit great deal of genetic diversity in their 

descendants.With the discovery of asymbiotic seed 

germination technique, not only the requirement of fungal 

partner for seed germination is bypassed but also has added 

new dimensions to the orchid propagation where we can not 

only use mature but also immature seeds for germination 

leading to significantly reduction in the time gap from 

germination to seedling development. Morel was the pioneer 

in demonstrating the possibility of using excised shoot-

meristem for regenerating complete plantlets of Cymbidium 

in vitro18 and Wimber gave the formulation for the same36. 

 

However, the use of excised shoot-tips in monopodial 

orchids is limited as their excision requires the sacrifice of 

the entire new-growth and/or the only growing point and 

endangers the survival of the mother plant. Since then, the 

regenerative competence of excised leaves, stems, roots, 

rhizomes, pseudobulbs, inflorescences etc. whose excision 

is not detrimental to the survival of the mother plant, has 

been positively tested in a large number of orchids19.  

 

Though tremendous development has been achieved in 

orchid micropropagation during last few decades, yet the 

utility of this technique is still limited due to various 

problems like very high phenolics exudation from explants, 

acclimatization of in vitro raised plants with high mortality 

rate during lab to land transfer, somaclonal variations etc. 

 

The genus Satyrium derived its name from Greek word 

Satyrion (satyr) referring to the aphrodiasic properties of its 

tubers32. Out of about 90 species of this terrestrial leafy erect 

genus with undivided tubers, only four species are found in 

Asia (India, Sri Lanka, Nepal, Bhutan and Myanmar) and 

nearly half are reported from Africa. Two species namely 

Satyrium ciliatum are restricted to few patches in 

Uttarakhand and Sikkim while S. nepalense is found 

growing in North-West Himalayas and Western Ghats in 

India. The twin spurred flowers are mostly pollinated by 

beetles, moths, butterflies and also by carrion flies. 

 

Satyrium nepalense is found growing on steep hill slopes or 

alpine grasslands in Himalayas at an altitude of 1500-3000m 
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or above flowering from July-September7.It is commonly 

known as Ban alu or “Salammisri” due to its oblong tuberous 

root resembling small size potatoes. It bears pinkish-white 

flowers, 8-16mm across with two spurs. The sweet tubers 

are used to obtain Salep or are cooked and consumed.The 

dried ones are sold as ‘Salammisri’ and regarded as a 

stimulant with aphrodiasic properties. They are also reported 

to be useful in the treatment of malarial fever and 

dysentery11. Its juice is applied externally on cuts and 

wounds22.  

 

The local people of Uttarakhand (Western Himalayas) have 

started using it in ayurvedic preparations as a substitute for 

another very rare orchid Eulophia dabia13. It is also used in 

treatment of chronic nephritis. The species is also found to 

possess antioxidative and antimicrobial properties against 

both gram+and gram-bacterias17,28. Tubers are extensively 

harvested for their use in folk medicines and Chinese 

traditional medicinal system which have dwindled their 

population in nature.It is included under Appendix II of the 

CITIES which strictly monitors and controls its trade from 

wild12.Our main objective was to develop a methodology for 

in vitro regeneration of this species. 

 

Material and Methods 
Presently the species was collected from Kasauli Hills and 

Tara Devi Hills (near Shimla) at an altitude of 1800-2500 m 

above sea level.As the species is a terrestrial orchid, the 

problem of phenolic exudates was very severe and to check 

this along with maintaining dark conditions the activated 

charcoal (AC) was invariably added to the medium.The 

mature seeds were a symbiotically germinated on Mitra (M) 

medium with AC under both illuminated and non 

illuminated conditions. Mitra medium supplemented with 

yeast extract (YE) was found optimum for seed germination, 

therefore it was further taken as basal medium for leaf 

regeneration. For checking their regeneration capabilities, 

the leaves of about 1 cm in length were selected and excised 

from 12 weeks old in vitro developed seedlings. 

 

The leaf explants were cut into two halves and were tested 

in YE (1g/l) supplemented M medium and its various 

combinations with growth adjuncts. The medium was 

sterilized in autoclave at 121 ºC at 1kg cm-2 for 20 minutes 

and the pH of medium was adjusted to 5.6 before 

autoclaving. The cultures were maintained at a temperature 

of 25±2ºC under 12/12-hr(day/night) photoperiod with light 

intensity of 30 µmol m-2 s-1. 

 

Frequent subculturing for 2-3 weeks further helps in 

checking phenolic exudate release from cut ends. Effects of 

different types of stimulus present in nutrient pool on leaf 

explants were recorded based on visual observations taken 

on daily basis and were quantified on the basis of 

percentages of cultures showing the response and the degree 

of response of culture. The rate of shoot/PLB multiplication 

rate was determined in terms of number of shoots (with 2-3 

leaves)/Protocorm Like Bodies (with established polarity) 

available at the end of each passage of specified time.  

 

The organogenetic differentiation under different treatments 

was also recorded as a function of time in culture. All the 

experiments were performed under sterile conditions and for 

each combination, 4 replicates were used and the experiment 

was repeated thrice. The data was analyzed statistically by 

using SPSS software and subjected to One-way Analysis of 

Variance (ANOVA) and significant differences were 

determined using Duncan’s multiple range test with 5% 

level of significance.  

 

Results and Discussion 
The results are summarized in table 1; Figures A-I. In basal 

medium(M+YE), explants without any signs of regeneration 

turned brown and perished within a week. BAP induced the 

regeneration response in 4.75±0.50 wks either via formation 

of PLBs (Fig. A) or callus in 75.50±1.73 per cent of explants 

.The callus was creamish-white and irregularly lobed (Fig. 

B) initially which developed chlorophyll and subsequently 

differentiated PLBs (Fig. C). The PLBs differentiated and 3 

regenerants were obtained with 2-3 leaves in 15wks which 

later developed roots in 17wks. 

 

Replacement of BAP with KN on the other hand elicited the 

response (74.50±0.58 per cent); the basal segment soon 

differentiated several meristemoids, each of which 

developed into proliferative PLBs in 2.25±0.50wks (Fig. D) 

and subsequently yielded 12 regenerants. Complete and 

healthy plantlets were obtained in 15 wks (Figs. E-G). Both 

IBA and NAA failed in inducing any regeneration response. 

 

Only auxin which proved stimulatory was IAA with 

24.50±0.58 per cent explants showing regeneration in 

medium supplemented with it (Fig. H-I). The response was 

weak and delayed with basal explants responding via shoot 

bud; plantlets were obtained in 24.75±0.96wks. Even auxin 

NAA in combination with cytokinin BAP proved inhibitory 

to regeneration response despite of repeated attempts. 

 

The ability of Cymbidium leaves to develop PLBs in vitro 

proved much more productive approach for orchids 

micropropagation in place of using apical shoot-meristem as 

explant36. Success of regeneration using leaf explants 

depends on many factors like composition of nutrient 

medium, type and concentration of the growth regulator 

used, auxin/cytokinin ratio, source and physiological age of 

the explant and the explant orientation in the culture vessel. 

The regeneration potential of the foliar explant has so far 

been tested in many orchid species and hybrids3,28,29. 

 

Presently the regeneration competence of 12 weeks old in 

vitro raised seedlings leaf about 1 cm in size segmented into 

apical and basal segments tested in YE (1gl-1) supplemented 

M and its various combinations with growth additives. 

Frequency and nature of regeneration response however, 

varied with medium composition.



Research Journal of Biotechnology                                                                                                          Vol. 16 (3) March (2021)  
Res. J. Biotech 

155 

Table 1 

Satyrium nepalense leaf segments regeneration response In vitro on YE supplemented M medium 
 

Additive(s) Percentage 

of explants 

responded 

Time taken 

for initiation 

of response 

(wks) 

No. of 

meristematic 

loci invoked 

per explant 

Pathway of 

regeneration 

followed 

No. of plantlets 

observed per 

explant after 

20wks of culture 

Remarks 

M+YE - - - - - No regeneration 

response 

M+YE+IAA 24.50±0.58a 8.50±0.00c 1 SP-Pl - Delayed response 

M+YE+ IBA - - 
 

- - - No regeneration 

response 

M+YE+NAA - - - - - No regeneration 

response 

M+YE+BAP 75.50±1.73b 4.75±0.50b 3 SP/Ca/PLB-Pl 3 Creamish-white 

irregularly lobed 

callus at basal end 

M+YE+KN 74.50±0.58b 2.25±0.50a 6 PLB-Pl 12 PLBs on basal 

segment 

MYE+BAP+

NAA 

- - - - - No regeneration 

response 

*Pl, Plantlet; PLB, Protocorm like Bodies; Ca, Callus; SP, Shoot primordia; wks, weeks 

Entries in column nos. 2 and 3 are mean’s: same alphabetical letter in the superscript denotes that the corresponding means are in 

the same group using Duncan’s multiple range test at 5% 

 

 
Fig. 1: Regeneration response of Satyrium nepalense, leaf explants in vitro (A) Shoot bud mediated regeneration from 

basal explant (M+YE+BAP), (B) Callus mediated regeneration (M+YE+BAP), (C) Creamish white irregularly lobed 

differentiating callus on the basal explant (M+YE+BAP), (D) PLB multiplication on basal explant (M+YE+KN), (E-

F) PLB mediated plantlet formation (M+YE+KN), (G) Complete plantlet (M+YE+KN), (H-I) Shoot bud mediated 

plantlet development on basal explant (M+YE+IAA) 



Research Journal of Biotechnology                                                                                                          Vol. 16 (3) March (2021)  
Res. J. Biotech 

156 

The young leaves proliferate along the surface whereas in 

mature and older ones, the response is restricted only to the 

basal regions34. The PLBs were found to develop through the 

repeated mitotic divisions of adventive meristematic cells.  

 

Similarly, in Acampe praemorsa21, Renanthera 

imschootiana26, Neofinetia falcata, Satyrium nepalense, 

Vanda cristata, Vanda testacea33, Ascocenda, Aranda8 and 

Cattleya4, regeneration response remained restricted to the 

leaf base in agreement with the earlier suggestion that in 

monocots it is generally the leaf base which is meristematic 

, and upon its isolation and culturing, it can differentiate into 

new plantlets38 .  

 

Literature studies indicate that orchid leaves regenerate 

either directly through shoot buds(Paphiopedilum 

philppinense5, Dendrobium hybrid35, Vanda coerulea27 and 

Renanthera imschootiana26) or indirectly via PLBs 

(Tolumnia6, Doritaenopsis hybrid23, Papillionanthe teres24, 

Saccolabium papillosum15, Vanda coerulea27, Spathoglottis 

plicata31, Liparis viridiflora, Pholidota chinensis37, 

Phalaenopsis hybrid25, Rhynchostylis retusa34 and 

Phalaenopsis2,30) and/or callus (Vanda coerulea14, 

Ascocenda35, Acampe rigida37, Aerides, Luisia33, 

Dendrobium16 and  Paphiopedilum1). 

 

The change in the basal medium and culture conditions may 

alter the pattern of organogenesis11. Presently PGRs were 

found to be effective in evoking the regenerative response in 

leaf explants. The response frequency and regeneration 

pathway however differed with the growth factor 

(KN/BAP/IAA) in the medium. The efficacy of PGRs in 

activating proliferative loci in foliar explants and regulating 

their subsequent development into plantlets is well-

documented2,33 and it was also apparent in the present 

cultures. Only the basal segments responded and that too 

along their adaxial surfaces. The explants followed varied 

regenerative pathways either directly form shoot buds or 

proliferate to form callus or PLBs, depending upon the 

medium composition and the quality of PGRs used.  

 

Cytokinins promote regeneration either through formation 

of PLBs and/or callus (BAP/KN). Effective use of 

cytokinins for regeneration in leaf explants has also been 

previously reported9. Presently, in Satyrium nepalense, KN 

proved better than BAP which is in line with similar earlier 

findings in Aerides maculosum20, Acampe praemorsa21, 

Acampe rigida, Liparis viridiflora and Pholidota 
chinensis37. Addition of IAA proved effective in inducing 

regeneration response while IBA, NAA proved ineffective. 

When NAA was combined with BAP, it even showed its 

inhibitory effect. Inhibitory role of NAA when used 

individually has been reported in Neofinetia falcata and 

Rhynchostylis retusa 33. 

 

Conclusion 
The present data together with that reported earlier suggest 

that manifestation of the inherent potential of orchid leaves 

to regenerate in vitro is directly related to the source, age, 

and genetic constitution of the mother explant along with the 

nutritional recipe employed. The ability of leaves to 

regenerate all over the surface or only in the apical or basal 

region varies with the species, the physiological age of the 

explant, orientation of the explant and the medium 

composition. A careful selection of the donor leaves and 

appropriate growth stimulus may provide an ideal method of 

orchid micropropagation.  

 

Though the protocol for micropropagation through seeds has 

been reported in this species previously10, yet regeneration 

through leaf explants has added more possibilities of 

conserving this valuable and threatened medicinal orchid 

and these findings will find its application in the field of 

medicinal plant conservation, rapid plant propagation to 

meet pharmaceutical industry demands and also in food 

supplement production.   
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