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4. RESULTS

4.1 Morphological description of the plants used in the present study.

At the onset of the experimental studies all the twenty plants were studied 

morphologically. This was very important for proper identification of the plants used in the 

present study. Vegetative and the floral features of orchids have distinct morphological 

characters. These morphological characters become important in identification of the species. 

Hence, all the plants used in the present study have been described below along with their 
distribution, habitat and flowering time.

4.1.1 Bulbophyllum ornatissimum (Rchb.f.) J.J.Sm (Fig. 2-A)

Epiphytic in habitat, the species is distributed in Darjeeling and Sikkim at an 

altitude range of 500-600 m. The plant shows pseudobulbs 25mm long, ellipsoid and spaced 

20-25mm apart on creeping rhizomes; leaf 5.5-lOcm x 18-22 cm, oblong, sessile, fleshy; 

scape 7.5cm long, bearing a solitary flower at apex; flower 17.5-20cm long, yellowish-green 

with purple markings, the lip and paleae being deep purple, fetid smelling; dorsal sepal with 

paleae 15mm long; the lateral sepals 10-17.5cm long, with twisted filiform tips free at their 

apices; lips oblong, obtuse, edges upturned and enclosing three raised lines; column very 

broad at the middle and bearing hooded, decurved apical processes with dentate bases. Their 

flowering time is October-November.

4.1.2 Coelogyne corymbosa Lindl. (Fig. 2-B)

Beautiful species found in wet temperate evergreen forests as epiphytes on moss, 

laden trees with pseudobulbs embedded in the moss, distributed throughout Bhutan, Sikkim, 

Daijeeling, Meghalaya and Nepal at an elevation of 2000-2800m having pseudobulbs 

oblong, terete, crowded 2.5 - 4cm long, ovoid and bearing dark green oblong lance-shaped 

leaves 10-15cm long 2-3cm broad. Inflorescence raceme 2-4 flowered, pendulous, flowers 

large 6-7 cm across, pure white and fragrant. Lip white with two bright yellow ocellate



Bulhophyllum ornatissimum Coelogyne corymbosa

Coelogyne cristata Coelogyne elata

Fig. 2: Orchids
A: Bulhophyllum ornatissimum (Rchb.f.) J.J. Sm 
B: Coelogyne corymbosa Lindl.
C: Coelogyne cristata Lindl.
D: Coelogyne elata Lindley.



36

spots, anteriorly with 4 yellow blotches in the middle and surrounded by brown margins. 

The plants flower during Apri 1-May.

4.1.3 Coelogyne cristata Lindl. (Fig. 2-C)

It is a magnificent orchid, dwarf and evergreen in habit. It is found as epiphyte on trees 

and rocks in temperate forests forming large impressive masses. The plants are distributed 

over Bhutan, Uttar Pradesh, Himachal Pradesh, Sikkirn, Darjeeling Meghalaya and Nepal at 

an elevation of 1600-2600 m. Morphology shows pseudobulbs 5-7.5 cm long at distance of 

5-6 cm, arising from stout sheathed rhizomes. Leaves about 6 inches long, lance-shaped. 

The flowers, six or eight together, proceed from the base of the oblong angulated 

pseudobulbs in a drooping raceme, each flower being 3 or 4 inches across, with charmingly 

undulated lanceolate sepals and petals; the colour pure white, with a prominent blotch of 

yellow cristate keels. This plant, which is largely grown for cut flowers, is the finest of the 

genus and in fact one of the finest of all orchids of In this study flowering time was 
recorded from March-April in Darjeeling and Sikkim.

4.1.4 Coelogyne data Lindley (Fig. 2-D)

This species occurs as an epiphytic herb in the subtropical and temperate zones of 

central and east Nepal, India, Bhutan and North Myanmar at an elevation of 1400-2100 m. 

Description explains pseudobulbs are oblong-cylindric, polished, sheathed at the base, 7.5-

12.5 cm long, 2.5-5 cm in diameter, rising at distances of about 5 cm from a stout sheathed 

rhizome. Leaves in pairs, thinly coriaceous, 17,5-35 cm long, 3.5-7 cm broad, narrowly 

elliptic-oblong, acute, narrowed at the base to the long petiole; petiole 3.2-7.5 cm long. 

Inflorescence recemose from between the pair of leaves on the apex of pseudobulb, 

peduncle naked below, bearing many short imbricate sheaths, raceme 10-15 cm long, 

distichous, many flowered; floral bract sub-rhomboid, acute, conduplicate, slightly longer 

than the stalked ovary, caduceus. Flowers are 3.2-3.5 cm across, ochraceous white. Sepals 

are sub-equal, oblong, sub-acute, spreading. Petals are as long as the sepals but much 

narrower, sub-acute. Lip elongate, having a broad spot of yellow and pink on the lamellae 

on its mid-lobe, the lower part of the lamellae being yellow, the lower part oblong and with 

narrow entire side lobes, separated from the sub-orbicular med-lobe by an erose-edged
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sinus; mid-lobe irregularly erose, undulate, obtuse; the disc with two erose-crenulate 

lamellae from the base to near the apex. Column is white, winged in its upper half, the wing 
erose at the apex. The flowering time was noted is April- June in the present study area.

4.1.5 Coelogyne flavida Wall, Ex. Lindl. (Fig. 3-A)

This species are found on exposed rocks and trees often forming large masses in the 

Sub-tropical zone of Bhutan, Sikkim, Meghalaya, Arunachal Pradesh and Nepal at an 

elevation of 1500-1700 m. Morphological description shows that plant bears a height of 15- 

25 cm erect with conical, grooved pseudobulbs borne on sheathed rhizomes. Leaves 2, 10- 

20 cm X 2-3 cm. Flower spikes arising from the middle of the leaves and elongating every 

year and varying from 10-25 cm, 5-6 flowered. Flower 12mm across, bright uniform yellow. 

The flowering time of this species was seen from May- August.

4.1.6 Coelogyne nitida (Wall.) Lindley (Fig. 3-B)

It is an epiphytic herb on exposed rocks and trees, distributed in India, Nepal, Bhutan, 

Bangladesh, Myanmar, China (Yunnan), Thailand and Laos at 1300-2400m altitude. The 

plant shows pseudobulbs 3-10 cm long, 1.3 cm. in diameter, ovoid to conical, 1 - or 2- leaved 

at apex. Leaves 8-25 cm long, 2-6 cm broad, and narrowly elliptic-lanceolate, acute, 

narrowed to the channeled petiole. Inflorescence racemose from the base of the pseudobulb, 

3- to 6- flowered, proteranthous, erect or drooping, 18-20 cm long. Flowers are fragrant, 3.5 

- 4cm across and white. Sepals are narrowly oblong, subacute to obtuse. Petals narrowly 

oblong-lanceolate, subacute, lip oblong or almost ovate, constricted about the middle, upper 

surface of lip with two elongated blotches of yellow margined with red on its side lobes and 

two united orbicular spots at the base of the mid-lobe, with reddish oblique lines on the outer 

surface of the side lobes; side lobes oblong to rounded, incurved, the edges serrulate; mid

lobe rotund to oblong, blunt, entire or very slightly notched at the apex, the disc with two 

smooth ridges. Colunm found narrowly clavate with vertical yellowish-brown band in front. 

Flowering time was found to be from April -  June.
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4.1.7 Coelogyne ovalis Lind ley (Fig, 3-C)

Found as epiphytic in habitat distributed in India, Nepal, Bhutan, and China at an 

elevation of 1300-2100 m altitude. Plant shows pseudobulbs ovoid-fusiform to fijsiform, 3-8 

cm long, 1.2-1.5 cm broad, borne somewhat distant on a creeping rhizome, 2-leaved at apex. 

Leaves 9-15 cm long, 2.5-4 cm broad, narrowly elliptic, acute to acuminate, inflorescence 

racemose from between the pair of leaves on the apex of pseudobulb; 1-3 flowered, 12 cm 

long, subtended at base 3 sheaths; floral bracts coriaceous, ovate-lanceolate, convolute, 

caduceus. Flowers pale brown, 3-5.5 cm across. Sepals are ovate-lanceolate, acute, 

spreading. Petals are linear, acute, spreading or relaxed. Lip oblong, 3 lobed in middle; 

brown having blackish-brown markings and hairs; the side lobes narrow, recurved; the mid 

lobe broadly oblong, its edges and upper surface with stiff black hairs; the disc with two 

crisped lamellae fi'om base to apex. Column curved, broadly winged in its upper half, of 

light colour than the rest of the flower. The flowering time was observed in the month of 

September -  December.

4.1.8 Cymbidium elegans Lindley (Fig. 3-D)

A rare and curious species, endemic to Sikkim found on exposed rocks and trees as 

epiphytes as well as terrestrial, distributed in Daijeeling, Sikkim, Nepal, Bhutan, Khasia 

and Naga Hills at elevations of 1600-2000 m altitude. The pseudobulbs are 5-7cm long, with 

linear-ensiform, many leaves and producing many nodding racemes of cylindraceous, pale 

tawny-yellow flowers, which are spotted inside the lip with blood red and have the 

peculiarity of remaining half closed, labellum 3 lobed, lateral lobes narrow, rounded, erect, 

incurved; apical lobe small, orbicular-oblong, undulate, the margins incurve; disc between 

lateral lobes with 2 narrow parallel keels united at apex and with a large pubescent callus at 

base. It is worthy of cultivation on account of the distinct colour of its flowers. Flowering 

time was recorded in the month of October-November.



Coelogyne flavida Coelogyne nitida

Coelogyne ovalis Cymbidium elegans

Fig. 3: Orchids
A: Coelogyne flavida Wall.Ex.Lindl. 
B: Coelogyne nitida (Wall.) Lindley 
C: Coelogyne ovalis Lindley 
D: Coelogyne elegans Lindley
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4.1.9 Dendrobium chrysanthum Lindl. Ex Wall. (Fig. 4-A)

This orchid is epiphytic and lithophytic on trees and rocks in the subtropical and 

temperate zone of Bhutan, Sikkim, Darjeeling, Meghalaya to Arunachal Pradesh and Nepal 
at elevations of 1700-2000m. Pendulous deciduous stems with 60-120 cm long fleshy 

pseudobulbs with sheathing leaf bases, 3 to 4 long. Furnished with twisted ovate-lanceolate 

acuminate leaves 10-15 cm x 2.5 - 4 cm. Flowers are in clusters of 2-4 along the stem at the 

time of its growth; they are produced at different times of the year and grow in pairs or in 

clusters of three. The flowers are of an intense deep yellow fleshy with oblong sepals and 

obovate petals and a cucullate denticulate lip of the same colour, fimbriate at the margin and 

marked at the centre with a large double spot of purple-red. Flowering time was July to 
October.

4.1.10 Dendrobium crepidatum Lindl. (Fig. 4-B)

This species are epiphytic and lithophytic on trees and rocks, widely distributed from 

Bhutan, Sikkim, Darjeeling, Khasia Hills, Manipur, Bihar, Orissa and Nepal at an elevations 

of 1500-2100m. The pseudobulb stretches 15-45cm in length, with sheaths having distinct 

white stripes; leaves 5-7.5cm X 1.5-2.5 cm linear-lanceolate, acute; flowers borne on puiple 

pedicels, 2.5-3.5cm across, waxy; sepals oblong, obtuse; petals broadly-oblong, spreading, 

wavy; sepals and petals white tinged lilac; lip orbicular-oblong with convolute base, white 
with yellow base and tipped purple. Flowering time recorded as March-April

4.1.11 Dendrobium densijlorum Lindl. Ex Wall. (Fig. 4-C)

Flowering evergreen, epiphytic orchid found on trees of Schima wallichii and 

distributed in Bhutan, Sikkim, Daijeeling, Meghalaya, Arunachal Pradesh and Nepal at 
elevations of 800-1500m with erect and having 4 angled, clavate, 30-40 cm pseudobulbs 

that appears yellow- green and shiny. Leaves 3-5 clustered near the apex, 10-15 cm x. 2.5 -5 

cm oblong-lance-shaped, darker green in colour. The densely flowered inflorescence is 

produced in gracefiil arches from the bud eyes located between the leaves. The ovate
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spreading sepals and petals are rich bright yellow and the broad rhomboid serrulate retuse 

lip is of a deep orange colour. Flowers are golden yellow, 3.5-4 cm across and last for about 

a week. This species bears nearly one hundred flower spikes at one time. Flowering time 

recorded was April- May.

4.1.12 Dendrobium Jimbriatum Lindl. (Fig. 4-D)

Evergreen species found as epiphytes and lithophytes in the tropical and sub-tropical 

zone of Bhutan, Uttar Pradesh, Sikkim, Daijeeling, Meghalaya, Assam, Arunachal Pradesh 

and Nepal at elevations of 500-1000m. The plants are with stout terete erect stems 2 or 3 

feet long, producing its drooping racemes from near the apex of the last year’s stem; has 75- 

150 cm tall, cane type having erect pseudobulbs tapering towards the apex, and bearing 

several 10-15 cm x 15-28 mm oblong to lance-shaped leaves. 1-3 pendulous spikes arise 

from the apical part of pseudobulbs. Each spike bears 7-12 flowers, 5-7.5 cm across and 

pure orange-yellow in colour. The lip is also orange and beautifully fringed with lacerate 
fimbriae at the edges. Flowering time noted April -  May

4,1*13 Dendrobium iongicornUf Lindley (Fig. 5-A)

A distinct and pretty species found as epiphytes on trees in the areas of Sikkim, 

Daijeeling, Bhutan, Khasia and Naga Hills at elevations of 1500- 2500 m. The pseudobulbs 

are 15-30cm x 5-6mm covered with short black hairs; several lanceolate obliquely pointed 

apex unequally lobed leaves, and terminal long spurred flowers in 1 -3 racemes, solitaty or in 

fascicles, which are 2-2.5cm across, 4.5-5 cm long white except the dentate lip, which has a 

yellow centre, lip 3-lobed, lateral lobes rounded, nerved, emarginated at the apex; apical 

lobes small, orbicular-rhomboid with fimbriate margins; broad keel running from base and 

branching at the apex. It produces its blossoms from the top of the stem. Flowering time 
recorded is October-November.



Dendrobium chrysanthum Dendrobium crepidatum

Dendrobium densiflorum Dendrobium fimbriatum

Fig. 4: Orchids
A: Dendrobium chrysanthum Lindl.Ex.Wall 
B: Dendrobium crepidatum Lindl.
C: Dendrobium densiflorum Lindl.Ex.Wall 
D: Dendrobium fimbriatum  Lindl.
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4.1.14 Dendrobium nobUe Lindl. (Fig. 5-B)

A beautifiil evergreen species grows as epiphyte on rocks and trees in Bhutan, Sikkim, 

DaijeeHng, Meghalaya, Arunachal Pradesh and Nepal at an elevation of 1000- 1700 m. This 

plant grows to a height of 30-60 cm and has tufted yellow, erect pseudobulbs that are 

slightly compressed. Leaves are shiny, several, persistent, 8-12 cm X 2.5-3cm oblong, 

ovate-lanceolate, unequally lobed at the apex; the blossoms are rather large and very showy, 

with oval sepals and much broader undulated petals. Flowers arise in fascicles of 2-4 from 

the nodes of the pseudobulbs and measures 5-7cm across. The highly ornamental flowers are 

white merging to deep purple towards the tips of sepals, petals and lip. The lip is ovate, 

oblong, and shortly haiiy, with a very dark purple central blotch. Flowering time is April -  

May.

4.1.15 Dendrobium primulinum Lindl. (Fig. 5-C)

A deciduous species found as epiphytes on trees in the areas including Bhutan, 

Sikkim, Darjeeling, Meghalaya, Arunachal Pradesh and Nepal at an elevations of 800-1500 

m. The plant shows pendulous growth with the stems terete and clustered, furrowed, a foot 

or more in length, the young ones leafy at the top, the few leaves being oblong obtuse and 

obliquely emarginated; have rather stout, pendulous pseudobulbs 24-45 cm x 10-15 mm 

covered with white leiaf sheaths. Leaves are lance-shaped, deciduous, 10-12 cm x 2.5-3 cm. 

The flowers arise in bunches of 1-2 and are 5-7.5 cm across and fragrant. The sepals and 

petals are pale rose-purple with deeper colored veins, while the nearly orbicular lip is of pale 

primrose colour run by purple streaks. The flowering time noted in the month of March- 
April.

4.1.16 Pleione humilis (Smith) D.Don (Fig. 5-D)

A dwarf species of great beauty found on steep moss covered embankments, rocks and 
trees in Bhutan, Sikkim, Darjeeling, Meghalaya, Arunachal Pradesh and Nepal at elevations 

of 2000-2800 m. They have dark green flask-shaped pseudobulbs clothed with fibrous scales 

with 4-4.5 cm length, crowned with a lanceolate acuminate dark green solitary membranous



i !

5
Dendrobium longicornu Dendrobium nobile

Dendrobium primulinum 

Fig. 5: Orchids
A: Dendrobium longicornu Lindley 
B: Dendrobium nobile Lindl.
C: Dendrobium primulinum Lindl. 
D: Pleione humilis (Smith) D.Don

Pleione humilis
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narrowly-elliptic, plicate leaf measuring 7.5-12 cm. x 3-4 cm. Scape 1-2 flowered, 

appearing from base of the pseudobulb before the leaf. Flowers are 5-6 cm across, white 

with an elliptical funnel shaped lip. The lip has a central yellow disc carrying fimbriate 

keels, and mottled with brown spots and blotches, the sepals and petals are linear-lanceolate, 

emarginated and fimbriate in front is also bluish-white, traversed by six parallel fringed 

veins with alternating stripes of rich purplish-crimson. Flowers present in the month of 

February-March.

4.1,17 Pleione maculate (Lindl.) Lindl. (Fig. 6-A)

Dwarf epiphytic orchids growing on trees in the area of Bhutan, Sikkim, Daijeeling, 

Meghalaya and Eastern Nepal at elevations of 700-1500 m. The plant shows depressed 

pseudobulbs of 3-3.5 cm x 2-2.5 cm, tuberculate at the base, dark green glossy and bearing 

brown imbricating scales; the leaves produced before the flowers are lanceolate plicate, 6 

inches long; and the flowers are solitary, 5-7cm across, on short peduncles which spring 

from the base of the bulbs; the sepals and petals are narrow lanceolate, spreading white, the 

lip also white, oblong, the basal part incurved, marked with oblique purple lines the front 

lobe ovate, retuse, wavy, the disk yellow, with five elevated fringed veins having purple 

lines between, the margins wavy and boldly cross-barred with crimson-purple. Flowering 

time was noted in the month of October-November.

4.1.18 Pleionepraecox (Smith) D. Don (Fig. 6-B)

A most distinct and beautiful species found on steep moss covered embankments, rocks 

and trees as epiphytes in Sikkim, Darjeeling, Meghalaya, Arunachal Pradesh and Nepal at 

elevations of 1800-2300 m. The plants are with pale mottled brownish purple turbinate 

pseudobulbs 3-4.5cm x 2.5 -  3.5 cm green, mottled with purplish-brown, ending in a short 

conical point, sparsely covered by loose grayish-brown fibres, covered with a strong veining 

of loose network and surmounted by a solitary broadly lanceolate membranaceous plaited 

leaf which decays before the appearance of the scape; the later springs from the side of the
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pseudobulb and bears one showy flower, which is fully 3 inches across, and saccate at the 

base; the lanceolate sepals and the smaller petals are deep rose colour, and the lip, which is 

prominent and 2 inches long, is bluish-white, the basal part connivent over the column, the 

front portion beautifully fringe-toothed and the disk yellow furnished with five toothed 

keels or crests reaching nearly to the apex and a few yellow and rose-coloured spots. 

Flowering time was in the months of October -  November.

4.1.19 Rhynchostylis retusa BI. (Fig. 6-C)

A free-growing form and more robust in habit, short, stout, erect plant covered as 

epiphytic on trees in Sikkim, Darjeeling, Meghalaya and Nepal at elevations of 1000-1500 

m. The sheaths of old leaves bears 3-5 pairs of thick fleshy, strap like leaves crowded on the 

upper part of the stem. Leaves arching was 15-45 cm long x 2.5-3 cm striated, unequally 

bilobed at the apex. Inflorescence was arching, 25-45 cm long, densely flowered. Each 

flower measures 18-20 mm across, white or light purple-pink marked and spotted purple. 

Flowering time is in between July -  September.

4.1.20. Thunia alba Reichenbach fil. (Fig. 6-D)

This species covers steep moss embankments, rocks and trees in the Temperate 

zone distributed in the area of Bhutan, Sikkim, Daqeeling, Arunachal Pradesh and Nepal at 

elevations of 1500- 2100 m. The stems of this handsome species are terete, usually about 2 

feet high, clothed throughout with leaves, the lower ones, produced when the stem first 

begins to lengthen, broad, round, amplexicaul and scale like, the upper ones also stem- 

clasping, oblong-lanceolate acute, some 6 or 8 inches long, glaucous beneath, felling during 

the resting season so as the leave the slender terete stems naked; the flowers are produced on 

a short dense terminal nodding raceme just as growth is finished; the sepals and petals are 

pure white, oblong-lanceolate, acute and nearly equal; and the lip is oblong-cucullate, 

rounded at the apex, where it is denticulate, white, beautifully penciled over the disk and 

front portion with purple and lilac. Flowering period observed was from April-June.



Pleione maculata Pleione praecox

Rhynchostylis restusa Thunia alba

Fig. 6: Orchids
A: Pleione maculata (Lindl.) Lindl. 
B: Pleione praecox (Smith) D.Don 
C: Rhynchostylis restusa Bl.
D: Thunia alba Reichenbach fil.
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4.2 In vitro Seed culture, Micropropagation and observation.
The seeds of selected plants procured from the orchid growing nurseries and/or 

forest of the present study area. Then the seeds were used for seed culture studies. Once the 
seeds germinated in aseptic tissue culture media it was allowed to grow up to 5-7cms. 
Finally micropropagation was done with the explants cut from the plants grown in seed 
culture. Details of the seed culture technique and micropropagation have been discussed in 
the sections 3.2 and 3.3. The experimental details including results of seed culture and 
micropropagation of the different orchids have been mentioned below.
Observations: The first noticeable changes observed after inoculation was swelling and 
glistering of the embryos, the swelling of the embryo was followed by breaking up of the 
seed coat and formed rounded corm like bodies termed as Protocorm like bodies (PLBs). 
Normally, PLBs are covered with fine rhizoids and differentiation leads to the plantlets 
formation which can be observed in the following Fig. 7.

Fig. 7: A=Seed pod; B=Seeds; C=Spherule stage; D=PLBs, E= Growing plantlets.
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4.2.1 Studies on Bulbophyllum ornatissimum (Rchb.f.) J. J.Sm

The explant was seeds from a green pod collected from Rangpo, Sikkim. The seed pod 

(Fig. 8-A) was pale yellow in colour, 4.5 cm long and 1.6 cm wide. The explant was sterilized 

before inoculation. The process for surface sterilization of the explant, media preparation and 

inoculation technique have been discussed under in the sections 3.9, 3.10, and 3.11 of 

Materials and Methods. Three different basal media (Knudson “C”, Orchimax and Vacin & 

Went) were selected for seed culture. In each type of basal medium 20% coconut water and 

Igm/L yeast extract was used as additives. For the initiation of in vitro germination four 

different concentrations of NAA have been used as growth regulators. The results of the 

culture have been presented in Table-11. After 35 days of inoculation the seeds started 

swelling in case of charcoal added orchimax medium. The sign of germination was observed 

after 50 days when charcoal free orchimax media was used. The seeds of the charcoal added 

medium formed globular rounded protocorm like bodies (PLBs) (Fig, 8-B & C) after 51 days 

and after 70 days plantlets were formed (Fig.8-D&E). The plantlets were grown up to 5cm 

after 24 weeks.

When the seeds were allowed to germinate in Knudson C media the seeds swelled up 

after 45 days then turned to PLBs after 53 days and formed plantlets after 71 days.

In case of the third media (Vacin & Went) showed swelling of seeds after 65 days 

and after 80 days they formed the PLBs but ftirther growth was not seen as the plantlets 

became brown and could not survive even after sub-culturing.

Among the four concentrations of NAA supplemented in the above three different 
media 3mg/L concentration was found to be best.
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Table 11; Percent germination of seeds of Bulbophyllum ornatissimum in different 
culture medium

Basal media with 20% CW 
and 1 gm/L YE

Concentration of 
NAA (mg/L)

Percent
germinated

(with
charcoal)

Percent
germinated

(without
charcoal)

Knudson “C 0.5 20% 10%
1.0 30% 10%
2.0 50% 20%
3.0 75% 40%

Orchimax 0.5 25% 15%
1.0 50% 30%
2.0 80% 50%
3.0 99% 70%

Vacin & Went 0.5 10% 10%
1.0 25% 20%
2.0 45% 30%
3.0 45% 30%

NAA =a-Naphthalene acetic acid; YE= Yeast extract; CW= coconut water

Micropropagation was carried out in Orchimax medium (half strength) supplemented 

with 1 mg/L NAA and different concentrations of BAP and two different concentrations of 

coconut water. It was found that the quality and survivality of the regenerated plantlets 

(Fig.8-F&G) were best when 15% coconut water and 5mg/L BAP was supplemented. 

Details of the results after 13 weeks have been presented in Table -12.

Hardening process was started after separation of the plantlets from the flask; they 

were washed with luke warm water very gently and were planted in small pots (10 cm X 10 

cm in size) with intensive care. Pieces of rotten wood and brick chips along with sand 

covered with sphagnum moss were used as potting materials.



Fig.8: Different stages of seed culture and micropropagation of Bulbopyllum 
ornatissimum. A: Seed pod of B.ornatissimum\ B&C:PLBs of 
B.ornatissimum; D&E: Growing plantlets of B.ornatissimum’, F& G: 
Regenerated plantlets of B. ornatissimum
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Table 12: Percent regenerated plantlets of Bulbophyllum ornatissimum and their 
morphological observations:

Basal media
Hormone 

& Supplements
Percent

regenerated
plants

Observation 
after 36 weeks

Orchimax 
(half strength)

Img/LNAA 
+2mg/LBAP+l 5%CW 60%

The plantlets are thin 
and weak.

Orchimax 
(half strength)

1 mg/LNAA+ 
3mg/LBAP+7.5roCW 78%

Plantlets are short in 
height___________

Orchimax 
(half strength)

1 mg/LNAA+ 
3mg/LBAP+15%CW 80%

Plantlets are healthy.

Orchimax 
(half strength)

lmg/LNAA+
4mg/LBAP+7.5%CW 95%

Plantlets have increased 
in height up to 4 cm.

Orchimax 
(half strength)

1 mg/LNAA+ 
4mg/LBAP+15%CW 98%

Regenerated plantlets 
are of 4.5 cm high and 
1.2 cm in cross section.

Orchimax 
(half strength)

lmg/LNAA+
5mg/LBAP+7.5%CW 99%

Orchimax 
(half strength)

1 mg/LNAA+ 
5mg/LBAP+15%CW 99%

Plantlets could survive 
very easily after 
hardening.

NAA =a-Naphthalene acetic acid; CW= coconut water, BAP= 6 Benzyl amino purine. 

4,2.2 Coelogyne species:

The genus Coelogyne is a medicinally important orchid and some species shown to 

possess some medicinally important compounds (Majumder et al, 2002). Coelogyne 

comprises over 200 species distributed throughout Southeast Asia with main diversity in 

Himalayas. Most species are epiphytes and occur in primary forests. They have a fairly large 

number of medium sized to large flowers with delicate. colours and sweet scent Joseph 

Hooker collected orchids and other plants in 1848-1850, recorded that “On the ascent from 

Darjeeling the straight shafts of many of the timber trees are literally clothed with a 

continuous garment of white-flowered Coelogynes, which bloom in a profuse manner, 

whitening their trunks like snow.” These are also called as cool growing Coelogynes. In the 

present study, seven Coelogyne species were studied for seed culture and micropropagation. 

All the species are commercially important The seed culture followed by micropropagation 

will help in producing huge planting materials for the orchid industry in Darjeeling and 

Sikkim.
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4.2.2.1. Studies on Coelogyne corymbosa Lindl.

Coelogyne corymbosa, is the most common species of Darjeeling hills, during the 

flowering season it gives snowy appearance in the hill covering trunks of the trees. The 
undehised seed pod (Fig. 9-A) was collected from Darjeeling, brought in the laboratory, 

length and breadth was measured (average length-3.02 cm and average breadt-1.9 cm).

It was sterilized and seed culture was done taking three different basal media i.e., 

Orchimax, Murashige & Skoog and Vacin & Went, in which two different concentrations of 

NAA and three different percentages of coconut water were used as growth regulators. The 

details of observation have been given in the Table-13. The seeds (Fig. 9-B) or the embryo 

(Fig. 9-C) inoculated in Orchimax medium, swelled up after 25 days of inoculation and 

formed spherule stage (Fig. 9-D&E) after 40 days. They started forming plantlets (Fig.9- 

F&G) after 95 days. After attaining a height of 4-5 cm the plantlets were used for 

micropropagation to increase the number of plantlets.

Table 13: Different culture media and percent germination of seeds of Coelogyne 
corymbosa.

Basal media NAAmg/L + %ofCW Percent germination
0.5 + 10% 20%
0.5 + 15% 50%

Orchimax 0.5 + 20% 85%
1 +10% 90%
1 +15% 90%
1 +20% 95%

0.5 + 10% 40%
0.5 + 15% 40%

Murashige and 0.5 + 20% 70%
Skoog 1+10% 75%

1 + 15% 90%
1 +20% 90%

0.5 + 10% 20%
0.5 + 15% 20%

Vacin and Went 0.5 + 20% 20%
1 + 10% 30%
1 +15% 30%
1 +20% 40%

NAA =a-Naphthalene acetic acic ; CW= coconut water.
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4.2.2.2 Studies on CoelogJme cristata Lindl. 

The seed pod of C. cristata was collected from the botanical garden of Darjeeling, the 

length and breadth was measured as 3.9 em 1.9 em respectively. Seed pod (Fig. 10-A) was 

surface sterilized and inoculated in three different basal media Orchimax, Knudson"C" and 

Vacin &Went added with 1mg/L NAA and four different concentrations of coconut water. 

The sign of germination i.e., swelling of the seeds (Fig. 1 0-B &C), elongation of shoot 

(Fig. 1 0-D), and plantlet development up to 2.5cm height was first observed in the Orchimax 

medium, secondly in Knudson"C" medium and then in Vacin & Went medium (Table-15). 

Basal media added with 20% coconut water, 1mg/L NAA and 3mg/L BAP produced healthy 

plantlets (Fig. 10-E). The seeds germinated to a healthy plantlets was maximum (99%) in case 

of Orchimax medium. But healthy plantlet development was 60% in Knudson"C" medium 

and 10% in Vacin & Went medium. 

Micropropagation of these cultured plantlets was carried on in Orchimax (half 

strength) media with 20% coconut water and five different concentrations of BAP. The 

observations indicated that the micropropagated plantlets (Fig. 1 0-F & G), used for hardening 

was best grown in media combined with 20% CWand 5mg/L BAP (Table-16). 

Table 15: Seed culture of Coelogyne cristata in three different media with different 
concentrations of BAP and time required for swelling of embryo, formation 
of spherule stage, PLB & plantlet formation, and percent of germination 

Basal media Cone. Number of days taken for the initiation of 
with of Percent Swelling Spherule PLB Plantlet 

20%CW+ BAP germination of stage formation formation 
1mg/LNAA mg/L embryo 

Knudson "C" 0.5 10% 79 112 129 234 
1.0 15% 66 102 116 210 
2.0 42% 50 82 98 195 
3.0 60% 42 75 87 180 

Orchimax 0.5 25% 55 99 109 200 
1.0 55% 55 90 93 188 
2.0 82% 45 77 82 180 
3.0 99% 32 64 71 169 

Vacin & Went 0.5 0% 115 169 No growth No growth 
1.0 5% 112 166 No growth No growth 
2.0 10% 105 No growth No growth No growth 
3.0 10% 70 No growth No growth No growth 

NAA =a.-Naphthalene acetic acid; BAP= 6 Benzyl amino purine; CW= coconut water. 
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The seeds inoculated in Murashige & Skoog medium formed PLBs after 60 days of 

inoculation and further grew into healthy plantlets after 120 days. In third set of medium 

(Vacin & Went), the bursting out of the seed coat and forming PLBs took 85 days and further 

development to a plantlet took more than 20 weeks. 

Among the two concentrations of NAA and three percentages of coconut water, 

1 mg/L NAA and 15% CW was found to be the best supplement. 

Micropropagation was carried out taking the healthy plantlets of approximately Scm 

height in Murashige & Skoog (half strength) medium added with 1mg/L IAA plus four 

different concentrations of BAP and two different percentages of coconut water. The 

observations made to find the percentage of regeneration of plants and their weight after 20, 

28, 36 weeks have been shown in Table-14. It was found that when Smg/L BAP and 15% of 

CW was added in the basal medium all the plantlets regenerated grown healthy. The healthy 

plantlets could survive after hardening. 

Table 14: Percent regenerated plantlets after micropropagation of CoeloKJme corymbosa 

and fresh weight of plantlets after differ·ent periods of growth. 

Basal media (Y2MS) Percent Weight of the plantlets in 
+ 1mg/LIAA 

germination grams after 
+ 20 28 36 

Weeks Weeks Weeks 

BAP 2mg/L + 15%CW 15% 0.165 1.349 1.789 

BAP 3mg/L + 7.5%CW 20% 0.154 1.376 1.897 

BAP 3mg/L+ 15%CW 40% 0.176 1.685 1.923 

BAP 4mg/L + 7.5%CW 50% 0.188 1.710 2.087 

BAP 4mg/L + 15%CW 65% 1.243 2.835 3.510 

BAP 5mg/L + 7.5%CW 87% 1.267 2.853 3.615 

BAP 5mg!L+ 15%CW 91% 1.845 2.924 4.025 

MS = Murashige&Skoog; IAA= Indole acet1c ae1d; BAP= 6 Benzyl ammo 
purine; CW= Coconut water 



-
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Fig. 9: Different stages of seed culture and micropropagation of Coelogyne 
corymbosa. A: Seed pod of C  corymbosa; B&C: Seeds of 
C  corymbosa: D&E: Spherule stage of C  corymbosa; F&G; Plantles of 
C  corymbosa.
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Table-16: Percent of regenerated plantlets after micropropagation of C cristata

Basal media
Hormone 

& Supplements
Percent

regenerated
plantlets

Orchimax (Half strength) 1 mg/LNAA+1 mg/LB AP+20%CW 50%

Orchimax (Half strength) 1 mg/LNAA+2mg/LBAP+20%CW 66%

Orchimax (Half strength) lmg/LNAA+3mg/LBAP+20%CW 75%

Orchimax (Half strength) 1 mg/LNAA+4mg/LB AP+20%CW 95%

Orchimax (Half strength) 1 mg/LNAA+5mg/LB AP+20%CW 99%

NAA =a-Naphthalene acetic acid; BAP= 6 Benzyl amino purine; CW= coconut water 

4.2.2.3 Studies on Coelogyne elata Lindley.

The experimental material seed pod (Fig. 11 -A) was collected from Pedong, brought to 

the laboratory and the measurement recorded as length 2,5cm and breadth 1.3 cm. Three 

different basal media, Knudson”C”, Orchimax, and Murashige & Skoog along with the growth 

regulators, 15% coconut water, Img/L NAA and three different concentrations of BAP was 

used for the initiation of germination and fiirther development of healthy plantlets.

Germination ,of the seeds (Fig. 11-B) started with swelling and bursting of the seed coat 

i.e., the spherule stage (Fig. 11-C); however the number of days observed were different in 

three different media combined along with growth regulators, as shown in Table-17. In later 

stages of development they formed globular PLBs (Fig. 11 -D&E) which protruded the shoot 

system (Fig. ll-F&G) and fiirther grown into the healthy plantlets. The percent germination of 

seeds of C. elala (98%) was found to be best in Orchimax medium supplemented with Img/L 

NAA, 3mg/L BAP and 15%CW. However, in the same combination of growth regulators 80% 

seeds germinated in Knudson”C” medium but 86% seed germination was recorded in 

Murashige & Skoog medium.

Micropropagation of these cultured plantlets was carried on in Orchimax (half strength) 

media with 20% coconut water and five different concentrations of BAP. The details of 

observation indicated that the micropropagated plantlets (Fig. 11-H), used for hardening was 

best when grown in media combined with 20% CW plus 5mg/L BAP (Table-18).



Fig 11 : Different stages of seed culture and micropropagation of Coelogyne elata. 
A: Seed pod of C.elata; B: Seeds of C.elata; C: Spherule stage of C.elata; 
D,E,F,G: Protuding shoots from PLBs of C.elata; H: regenerated plantlets 
of C.elata.
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Table 17; Seed culture of Coelogyne elata in three difTerent media with different 
concentrations of BAP and time required for swelling of embryo, formation 
of spherule stage, PLB formation and plantlet formation, and percent of 
germ'ination.

Media
Combined adjuncts in 

the media
Percent

germina
“tion

Number of days taken for the initiation of
Swelling

of
embryo

Spherule
stage

PLB
fomiation

Plantlet
formation

Knudson

“C”

1 mg/L NAA+1 mg/L 
BAP+15%CW

50% 60 70 140 201

1 mg/L NAA+2mg/L 
BAP+15%CW

68% 55 70 115 193

1 mg/L NAA+3 mg/L 
BAP+15%CW

80% 50 66 99 177

Orchimax

1 mg/L NAA+1 mg/L 
BAP+15%CW

71% 46 65 100 189

Img/L NAA+2mg/L 
BAP+15%CW

84% 44 60 89 160

1 mg/L NAA+3 mg/L 
BAP+15%CW

98% 40 60 72 149

Murashige 
& Skoog

1 mg/L NAA+1 mg/L 
BAP+15%CW

52% 55 78 170 No
Growth

Img/L NAA+2mg/L 
BAP+15°/oCW

74% 59 78 135 220

1 mg/L NAA+3 mg/L 
BAP+15°/oCW

86% 50 76 120 197

NAA =a-Naphthalene acetic acid; BAP= 6 Benzyl amino purine; CW= Coconut water. 

Table-18: Percent of regenerated plantlets after micropropagation of C elaia

Basal media Hormone 
& Supplements

Percent regenerated 
plantlets

Orchimax (Half strength) Img/L NAA+lmg/L BAP+20%CW 50%

Orchimax (Half strength) Img/L NAA+2mg/L BAP+20%CW 66%

Orchimax (Half strength) Img/L NAA+3 mg/L BAP+20%CW 75%

Orchimax (Half strength) Img/L NAA+4mg/L BAP+20%CW 95%

Orchimax (Half strength) Img/L NAA+5mg/LBAP+20%CW 99%

NAA =a-Naphthalene acetic acid; B AP= 6 Benzyl amino purine; CW= coconut water



4.2.2A Studies on Coelogyneflavida Wall, Ex. Lindl.

The seed pod (Fig. 12-A) of C. flavida was collected from Kalimpong. The measurement 

of the pod was found as length 1.8cm and breadth 0.46 cm. For the experimental work, seed 

pod was surface sterilized and after opening it aseptically the seeds (Fig.l2-B) were taken out 
and dusted over the culture media in the culture tubes.

Three different basal media Orchimax, Knudson “C” and Vacin &Went added with two 

different concentrations of NAA and three different percentages of coconut water as growth 

regulators. The sign of germination was swelling of the embryo after 40days of inoculation in 

Orchimax media, and then they formed rounded PLBs after 58 days. Initiation of root hairs and 

shoot system (Fig.l2-C&D) was observed after 74 days and the plantlets achieved height of 

3cm after 148 days. The best combination of growth regulators with Orchimax media was 

found to be 1 mg/L NAA and 20% coconut water.

Although the seeds were germinated in all three different types of media, the percent 

germination of the seeds was different as evident from Table-19. The response of germination 

in case of Knudson”C” medium was positive. Bursting of the seed coat took 59 days, PLB 

formation took 87 days and plantlets formed after 175 days of inoculation. Germination was 

positive in case of Vacin & Went medium supplemented with the same growth regulators but 

PLBs formed after 95days. Although 50% of seeds germinated up to a plantlet after 190 days 

but they could not survive even after sub culturing.

Micropropagation of these in vitro cultured plantlets was carried on with Orchimax (half 

strength) medium supplemented with four concentrations of BAP and 10%, 15% and 0% (in 

absence of) coconut water. The result and percent response of regenerated plantlets (Fig. 12- 

E&F) and the best combination of growth regulators have been presented in Table-20. NAA 

(Img/L), 5mg/L BAP and 15% coconut water when supplemented in Orchimax media 98% 

plantlets regenerated with vigorous growth.

53
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Table 19: Percent germination of C flavida seeds in different media with growth 

regulators.

Basal media NAA(mg/L) + %ofCW Percent germination

Orchimax 0.5 +10% 70%
0.5 + 15% 70%
0.5 + 20% 70%
1 +10% 70%
1 +15% 90%
1 +20% 95%

Knudson”C ’ 0.5 + 10% 50%
0.5 + 15% 50%
0.5 + 20% 50%
1+10% 50%
1 +15% 80%
1 +20% 80%

Vacin & Went 0.5 + 10% 30%
0.5 + 15% 20%
0.5 + 20% 30%
1 + 10% 30%
1 +15% 50%
1 +20% 50%

NAA =a-Naphthalene acetic acid; CW= Coconut water.

Table 20: Percent regenerated plantlets with different concentrations of BAP of C. 
flavida

Basal Media % of CW. Percent regenerated plantlets with 
different concentrations of BAP (mg/L)

2(mg/L) 3(mg/L) 4(mg/L) 5 (mg/L)

Orchimax 0% 10% 19% 25% 39%

With Img/L 10% 30% 45% 60% 80%

NAA 15% 20% 40% 80% 98%

NAA =a-Naphthalene acetic acid; B AP= 6 Benzyl amino purine; CW— Coconut water.



Plate 12: Different stages of seed culture and micropropagation of Coelogyne 
flavida. A: Seed pod of C.flavida; B: Seeds of C.Jlavida; C&D: Plantlets 
development from PLBs of C.flavida; E&F: Regenerated plantlets of 
C.flavida.



55

4.2.2.S Studies on Coelogyne nitida (Wall.) Lindley:

The experimental material seed pod was collected from Jalapahar area of Darjeeling. 

The seed pod (Fig. 13-A) was inoculated in Basal media Knudson "C”, Orchimax and Vacin 
& Went, supplemented with different growth regulators i.e., Igm/L Yeast extract, 20% 

coconut water and four concentrations of NAA has been used for the initiation of germination 

and development of plantlets.

The first sign of germination was the swelling of the seeds (Fig.l3-B) after 23 days of 

inoculation in case of Orchimax medium with 3mg/L NAA, after 30 days the swollen seeds 

bursted into spherule stage, later after 45 days they elongated to form plantlets (Fig.l3-C) and 

consecutively after 68 days of inoculation rhizoids are coming out from the plantlets (Fig. 13- 

D). However with the same concentration of NAA, in Knudson “C” and Vacin & Went media 

the onset of germination took 28days and 38 days respectively. The number of days taken for 

the development of different stages in different media is given in Table-21. The highest 

percent of germination was 99% in Orchimax medium and at the same time period with same 

growth regulators it was 75% in Knudson”C” medium and 45% in Vacin & Went medium.

Micropropagation of C. mtida plantlet (Fig.l3-E&F) developed through seed culture 

was carried on in Orchimax medium (half strength) supplemented with only coconut water in 

absence of any hormone, without coconut water and only with 2mg/L NAA, and third sets 

with three different concentrations of NAA and three different percentages of coconut water. 

The best combination recorded for the vigorous regeneration of plantlets (Fig.l3-G&H) was 

2.5mg/L NAA with 25% coconut water. Results have been presented in Table-22. The 

process of hardening was followed in the similar way as discussed earlier. Plantlets after 

hardening were healthy.
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Table 21: //t vitro germination of seeds and formation of different developmental stages 
of C nitida

Basal media 
with 

20%CW + 
Igm/L YE

Cone.
of

NAA
mg/L

Percent
germination

Number of days taken:br the initiation of
Swelling

of
embryo

Spherule
stage

PLB
formation

Plantlet
formation

Knudson “C ’ 0.5 15% 41 55 71 135

1.0 20% 41 63 86 130

ZO , 50% 28 36 58 98

3.0 75% 28 34 50 76

Orchimax 0.5 15% 38 45 62 119

1.0 50% 34 60 75 112

2.0 80% 25 32 50 88

3.0 99% 23 30 45 68

Vacin & 
Went

0.5 10% 58 69 No growth No growth

1.0 20% n 55 72 92 No growth

2.0 40% 40 54 79 110

3.0 45% 38 49 65 98

NAA =a-NaphthaIene acetic acid; YE= Yeast extract; CW= coconut water
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Table 22: No. of days taken for micropropagation and percent regenerated platelets of 
C nitida.

Orchimax . 
(half strength) 

and growth 
regulators

No. of days 
taken for the 
development 
of a plantlet

Percent
regenerated
plantlets

Observations /Comments

+ 20% CW 55 40% Plantlets could not 
survive after 50 weeks.

+ 2mg/L NAA 65 20% Plantlets could not 
survive.

+ 20% CW 
+ 2mg/L NAA

59 . 100% Healthy plantlets.

+0.5mg/L NAA+ 
10% CW

210 20% Plantlets could not 
survive after 52 weeks.

+0.5mg/L NAA+ 
15% CW

190 60% Regenerated plantlets are 
very thin.

+0.5mg/L NAA+ 
25% CW

140 40% Plantlets are shorter but 
thicker.

+ Img/LNAA 
+ 10% CW

70 40% Plantlets could not 
survive.

+ Img/LNAA 
+ 15% CW

63 80% Less number of plantlets 
regenerated.

+ Img/LNAA 
+ 25% CW

45 100% Plantlets reached a 
height up to 1.5inches.

+ 2.5mg/L NAA+ 
10% CW

68 80% Plantlets are healthy but 
took time for hardening

+ 2.5mg/L NAA+ 
15%CW

50 100% Vigorous regenerated 
plantlets with a height up 
to 3inches.

+ 2.5mg/L NAA+ 
25% CW

40 100% Vigorous regenerated 
plantlets with a height up 
to 5inches.

NAA =a-Naphthalene acetic acid; CW= coconut water.



Plate 13: Different stages of seed culture and micropropagation of Coelogyne 
nitida. A: Seed pod of C.nitida; B: Seeds of C.nitida; C: Newly 
formed plantlets of C.nitida', D: Rhizoids from growing plantlets of
C.nitida; E&F:Development of the plantlets of C.nitida; 
G&H: Regenerated plantlets of C.nitida.
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4.2.2.6 Studies on Coelogyne ovatts Lindley

The seed pod of C. ovalis was collected from the forest area of Kalimpong. 

The seed pod (Fig.l4-A) was 2.07cm long and 0.9 cm broad. Basal media Orchimax along 

with three concentrations of NAA and 10-20% of coconut water was used for the initiation 

of germination. The first sign of germination was the swelling of the seeds (FIG.14-B&C) 

was evident after 35 days of inoculation in the culture media with 2mg/L NAA and 20% 

coconut water. After 46 days they formed globular protocom:^ like bodies (FIG.14-D), and 

after 52 days PLBs started producing the shoots (FIG.14-E&F) and after 84 days formed the 

healthy plantlets (FIG.14-G). The best combination of growth regulators found to be 2gm/L 

yeast extract, 2mg/L NAA, 20% CW. The incubation period for germination and for 

sequential developments has been recorded in Table-23. The healthy plantlets were taken for 

micropropagation in the Orchimax (half strength) media with ImgH  ̂NAA, 10-15% coconut 

water and four different concentrations of BAP (Table-24). The plantlets (Fig.l4-H,I&J) 

developed in orchimax media combined with Img/L NAA, 15% CW and 5mg/L BAP could 

produce healthy regenerated plantlets which survived well after hardening.

Table 23: No. of days taken for swelling of embryo, spherule stage, PLB formation and 
plantlet formation and percent germination of C ovalis seeds:

Orchimax 
With 

2gm/L YE

Days taken for the initiation of Percent
Germin

ationSwelling of 
embryo

Spherule
stage

PLB
formation

Plantlet
formation

0.5mg/L NAA+ 10% CW 54 71 90 No further 
growth

10%

0.5mg/LNAA+20%CW 49 68 74 120 30%

lmg/LNAA+10%CW 40 76 86 No further 
growth

15%

lmg/LNAA + 20%CW 35 48 63 92 50%

2mg/LNAA+10%CW ^ 28 39 47 88 65%

2mg/LNAA+20%CW 15 28 36 84 85%

NAA =a-Naphthalene acetic acid; CW= coconut water, YE = Yeast extract.
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Fig. 14 : Digfferent stages of seed culture and micropropagation of Coelogyne 
ovalis; A: Seed pod of C.ovalis; B & C swollen seed of C.ovalis; D: PLBs 
of C.ovalis; E & F Shoots coming from PLB of C.ovalis;G: development 
of plantlets of C.ovalis-, H,I &J: Regenerated plantlets of C.ovalis.
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Table 24: Percent germination of micropropagation of C ovalis in the orchimax (half 
strength) media

Basal media 
(half strength)

Concentration
ofBAP

%ofCW Percent
Regenerated

plantlets
Orchimax +lmg/L NAA 2mg/L 10 10%

Orchimax +lmg/LNAA 2mg/L 15 10%

Orchimax + 1 mg/L NAA 3mg/L 10 40%
Orchimax +lmg/L NAA 3 mg/L 15 40%
Orchimax + Img/L NAA 4mg/L 10 72%
Orchimax + 1 mg/L NAA 4mg/L 15 75%
Orchimax + 1 mg/L NAA 5mg/L 10 92%
Orchimax + Img/L NAA 5mg/L 15 98%
NAA =a-Naphthalene acetic acid; BAP= 6 Benzyl amino purine; CW= Coconut water.

4.2.3. Cymbidium elegans Lindley

Experimental capsule or the seed pod of C. elegans was collected from Batasia. The 

seed pod (Fig. 15-A) showed the length of 3.1cm and breadth of 1.8 cm. For the germination 

of the seeds (Fig. 15-B), basal media Orchimax along with 2gm/L yeast extract, 10%, 15% 

and 25% coconut water and three different concentrations of NAA has been used for the 

initiation of germination and for the development of plantlets.

After 30 days of inoculation the swelling of embryo was observed and immediately 

formed the spherule stage (Fig.l5-C) by bursting the seed coat. Globular protocorm like 

bodies (FIG.15-D) was found after 52 days of inoculation. The globular rounded stmctures 

produced the rhizoids (FIG.15-D). Development of shoots started from PLBs and after 120 

days and there were 3.5 centimeter high healthy plantlets (FIG.15-E&F). For the fastest 

response and healthy growth of the plantlets of C. elegans, the best combination of 

supplements were NAA (2.5mg/L), yeast extract (2gm/L) and 25% coconut water Table-25.

The regenerated plantlets were healthy and further micropropagated in Orchimax (half 

strength) media supplemented with Img/L NAA, 10-15% coconut water and four different 

concentrations of BAP. Results of the experiment have been presented in Table-26. It was
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found that Img/L NAA, 5mg/L BAP and 15% CW combined with Orchimax (half strength) 

medium produced healthy plantlets (FIG.15-G&H). The healthy plantlets were used for 
hardening experiment.

Table 25: In vitro germination of G elegans seeds and plantlet formation in different 
media.

Orchimax 

With 

2gm/L YE

Days taken for the initiation of
Percent 

Germination 
of seeds

Swelling 
of embryo

Spherule
stage

PLB
formation

Plantlet
formation

0.5mg/LNAA 
+10% CW

54 62 89 No growth 15%

0.5mg/LNAA 
+15% CW

54 62 89 200 30%

0.5mg/L NAA 
+ 25% CW

52 62 87 165 20%

1 mg/L NAA 
+10% CW

45 53 69 No growth 15%

Img/L NAA 
+ 15%CW

45 53 69 210 45%

1 mg/L NAA 
+ 25% CW

45 53 65 159 60%

2.5mg/LNAA 
+ 10% CW

32 ^ 45 56 143 75%

2.5mg/LNAA 
+ 15% CW

30 45 56 138 99%

2.5mg/LNAA 
+ 25% CW

30 45 52 120 99%

NAA =a-Naphthalene acetic acid; CW= coconut water; YE = Yeast extract



Fig. 15: Different stages of seed culture and micropropagation of Cymbidium 
elegans. A: Seed pod of C.elegans; B: Seeds of C.elegans\ C: Spherule 
stage of C.elegans; D: PLBs of C.elegans; E & F: Producing shoots from 
PLBs of C.elegans; G & H: Regeneratedplantlets of C.elegans.
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Table 26; Percent germination of C elegans in the orchimax (half sti ength) media with 
NAA, BAP and CW.

Basal media

Orchimax (half strength)+ Img/L NAA

Orchimax (half strength)+ Img/L NAA

Orchimax (half strength)+ Img/L NAA

Orchimax (half strength)+ Img/L NAA

Orchimax (half strength)+ Img/L NAA

Orchimax (half strength)+ ImgA  ̂NAA

Orchimax (half strength)+ Img/L NAA 5mg/L

Concentration
ofBAP

2mg/L

2mg/L

3mg/L

3mg/L

4mg/L

4mg/L

% of
CW

10

15

10

15

10

15

15

Percent
regenerated
plantlets

45%

60%

69%

75%

80%

99%

99%
NAA =a-Naphthalene acetic acid; CW= coconut water; BAP= 6 Benzyl animo purine

4.2.4 Dendrobiums

Dendrobiums are among the top in the commercial market due to its beautiful 

flowers. The genus Dendrobium consists of large number of species (about 1500) and forms 

one of the important groups of commercially valuable orchids with scientific importance. 

Dendrobium species have some medicinal uses also. The species of Dendrobium were in 
abundance in the forest area of Daijeeling and Kalimpong. In the present experiment, seven 

different species of Dendrobium have been taken into consideration as they are declming in 

nature drastically.

4.2.4.I. Dendrobium chrysanihum Lindl Ex Wall.

Capsule or the seed pod was collected from the forest of Kalimpong. It measured 

3.2 cm in length and 1.9 cm in breadth. For the germination of seed three different nutrient 

media, i.e., Knudson”C”, Murashige & Skoog and Vaccin & Went was used added with 

growth regulators. Each media was added with Img/L NAA and 15% coconut water. Four
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different concentrations of BAP were tested as for best growth of the plantlets. The results 

have been shown in Table-27. Among the three media taken, seeds (Fig,16-A) in 

Knudson”C” media showed the first sign of germination after 45 days, then they formed the 

PLBs (Fig. 16-B) after 70 days and finally after 102 days they tumed into healthy plantlets 
(Fig. 16-C&D). It was observed that 98% germination was possible in Knudson”C” media 

in combination with Img/L NAA, 15% coconut water and 3mg/L BAP.

When the same combination of growth regulators was added v^th Murashige & 

Skoog media, swelling of the seed coat occurred after 75 days, PLBs formed after after 98 

days and the plantlets formed after 138 days. It was observed that germination was 69% in 

comparison to 98% in Knudson”C” medium. However, in case of Vacin & Went media the 

response of germination was after 92 days and after 159 days it changed into round PLBs 

and 52% plantlets were formed after 192 days. Moreover the plantlets were not suitable for 

further micropropagation.

Micropropagation was carried out with the help of meristems and nodal buds from 

the plantlets grown up to a height of 5 cm. Knudson”C” (half strength) was added with some 

growth regulators for the regeneration of plantlets (Fig.l6-E&F). Six different 

concentrations of NAA, along with 3mg/L BAP and 20% coconut water were supplemented 

in the media. The results have been shown in the Table-28. BAP (3mg/L), 20% CW and 5 

mg/L NAA was the best combination to regenerate the plantlets up to 89% from the 

meristem and 65% from the nodal buds.
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Table 27: Percent of seed germination of Z). chrysanthum seeds:
Basal media with Concentration of BAP (mg/L) Percent germination of seeds

Knudson”C”
I5%CWandlgm/L

NAA

0.5 59%

1.0 65%

2.0 74%

3.0 98%

Murashige 
&Skoog 

15%CWand Igm/L 
NAA

0.5 50%

1.0 52%

2.0 60%

3.0 69%

Vacin 
&Went 

15% CW andlgm/L 
NAA

0.5 No growth

1.0 18%

2.0 35%

3.0 52%

NAA =a-Naphthalene acetic acid; CW= coconut water; B AP= 6Benzyl animo purine

Table 28: Percent of micropropagated plantlets from meristems and nodal buds of D. 
chrysanthum

Selected
explant

Basal
Media

Percent regenerated plantlets in 
different concentrations of NAA (mg/L)

0 . ^ 1 2 3 4 5
Meristem Knudson”C”(halfstrength) 

+3mg/LBAP +20% CW 65% 68% 70% 79% 81% 89%

Nodal
buds

Knudson”C”(half strength) 
+ 3mg/L BAP +20% CW 43% 48% 51% 59% 62% 65%

NAA =a-Naphthalene acetic acid; CW= coconut water; BAP= 6 Benzyl animo purine



Fig. 16: Different stages of seed culture and micropropagation o f Dendrobium 
chrysanthum. A: Seeds of D.chrysanthum; B: PLBs of D.chrysanthum; 
C&D: Growing plantlets of D.chrysanthum’, E&F: Regenerated plantlets 
o f D.chrysanthum.



4.2.4.2. Studies on Dendrobium crepidatum LindL

The experimental material is the green seed pod (Fig.l7-A) collected from Pedong, 

Kaimpong. It measured 2.01cm in length and 0.6 cm in breadth. For in vitro seed 

germination three different nutrient media, i.e., Knudson”C”, Murashige & Skoog and Vacin 

& Went was used in combination with some growth regulators such as Img/L NAA, 15% 

coconut water and either of four different concentrations of BAP. The percent germination 
was computed in Table-29.

After 52 days the seeds (Fig.l7-B) in Knudson”C” media swelled up and after 74 

days they formed the PLBs (Fig. 17- C). PLBs transformed into plantlets (Fig.l7-D) after 

105 days. Highest 98% germination was recorded in Knudson”C” media combined with 

Img/L NAA, 15% coconut water and 3mg/L BAP.

Maximum 75% germination was observed when Murashige & Skoog media 

supplemented with similar growth regulators and additives. Seed coat swelled after 65 days, 

PLBs formed after 81 days and finally the plantlets formed after 112 days. However, in case 

of Vacin & Went media the seed swelling, PLB formation and plantlet formation was found 

to occur after 75 days, 97 days and 135 days respectively. Plantlets were not suitable for 

micropropagation although 49% seeds found to germinate.

Micropropagation was carried out from plantlets grown up to the height of 5cm. 

Knudson”C” (half strength) was added with growth regulators Img/L NAA, five different 

concentrations of BAP and 15% coconut water for the regeneration of plantlets. The results 

of micropropagation have been incorporated in Table-30 (Fig.l7-E).
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Table 29; Record showing percent of seed germination of D, crepidatum seeds
Basal media 

with

Knudson”C”
+

15% CW
+

Igm/LNAA

Murashige
&Skoog

+
15% CW 

+
Igm/LNAA

Vacin
&Went

+
15% CW

+
Igm/LNAA

Concentration
ofBAP
mg/L

1.0
2.0
3.0
4.0
5.0
1.0
2.0
3.0
4.0
5.0
1.0

2.0
3.0

4.0
5.0

Percent 
germination 

of seeds
62%
62%
72%
75%
98%
49%
55%
55%
61%
75%

No growth
No growth

20%

31%
49%

NAA =a-Naphthalene acetic acid; CW= coconut water; 
BAP= 6Benzyl animo purine

Table 30: Showing the percent of micro propagated plantlets of D. crepidatum

Basal media
Concentration

ofBAP
Percent regenerated 

plantlets

Knudson”C”(half strength)+lmg/L NAA Img/L 75%

Knudson”C”(half strength)+ Img/L NAA 2mg/L 79%

Knudson”C”(half strength)+ Img/L NAA 3mg/L 84%

Knudson”C”(half strength)+ Img/L NAA 4mg/L 86%

Knudson”C”(half strength)+lmg/L NAA 5mg/L 99%

NAA =a-Naphthalene acetic acid; CW= coconut water; BA]P= Benzyl animo purine



Fig. 17: Different stages of seed culture and micropropagation of Dendrohium 
crepidatum. A: Seed pod of D. crepidatum; B: Seeds of D.crepidatum; 
C: PLBs of D.crepidatum; D: Growing plantlets of D.crepidatum; 
E: Regenerated plantlets of D.crepidatum.
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4.2A.3 Studies on Dendrobium densiflorum Lindl Ex wall.

Seed pod of this exotic species was collected from Batasia, Darjeeling. The seed pod 

(fig.l8-A) was quite big in size measuring 9cm length and 4cm breadth. For the seed 
germnation the Orchimax medium was chosen. Three different concentrations of BAP and 

five different conentrations of NAA with 20% coconut water was supplemented with the 

medium. Details of the experimental combinations have been presented in the Table-31. The 

seeds (Fig.l8-B) came out of its seed coat (Fig.I8-C) after 40 days of inoculation and after 

55 days globular PLBs formed. Development of shoot from PLBs took place after 98 days 

(Fig.l8-D&E), finally it grown into a plantlet (Fig.l8-F&G). The combination of 20% CW, 

3mg/L BAP and 4 mg/L NAA with orchimax medium was the best and it produced 92% 

seed germination. The result have been illustrated clearly in Table-31. Plantlets (Fig.l8-H). 

were very strong and numerous and they were taken for further micropropagaion in 

Orchimax (half strength) media supplemented with different concentrations of BAP. The 

results of micropropagation have been tabulated in Table-32. The best result of 

micropropagation was found in Orchimax (half strength) with 5mg/L BAP ,lmg/L NAA and 

20% CW. Maximum 97% plantlets (Fig. 18-1) were formed. The plantlets were taken to a 

glass house for hardening.

Table 31: Percent germination in D. densiflorum seeds in coconut water supplemented 

Orchimax medium in different concentrations of BAF and NAA.

Basal BAP Percent germination of seed in

Media mg/L different concentrations of NAA (mg/L)

0.5 1 2 3 4

Orchimax +20% CW 1.0. 55% 59% 62% 65% 65%

Orchimax+20% CW 2.0 71% 82% 82% 85% 85%

Orchimax+20% CW 3.0 85% 85% 87% 90% 92%

NAA =a-Naphtha ene acetic acid; CW= coconut water; B AP= Benzyl animo purine



Fig. 18 :Different stages of seed culture and micropropagatio of Dendrohium 
densiflorum\ A:Seed pod of D.densiflorum\ B: Seeds of 
D.densiflorum\C\ Sperule stage of D. densiflorum\ D & E: Shoot and 
root coming out of PLBs of D. densiflorum; F & G : Growing of PLBs 
into plantlets of D.densiflorunr, H: Developing plantlets of 
D. densiflorum\.\\ Regenerated plantlets of D. densiflorum.
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Table 32; Percent germination ofZ). densijlomm in the orchimax (half strength) media 
with NAA, BAP and CW.

Basal media Concen
tration
ofBAP

Percent
regenerated

plantlets
Orchimax (half strength)+I mg/LNAA+20% CW 2mg/L 41%

Orchimax (half strength)+lmg/L NAA+20%CW 2mg/L 52%

Orchimax (half strength)+Img/L NAA+20%CW 3mg/L 65%

Orchimax (half strength)+Img/L NAA+20%CW 3mg/L 73%

Orchimax (half strength)+ lmg/LNAA+20%CW 4mg/L 82%

Orchimax (half strength)^ Img/LNAA+20%CW 4mg/L 91%

Orchimax (half strength)+lmg/L NAA+20%CW 5mg/L 97%

NAA =a-Naphthalene acetic acid; CW= coconut water; BAP= 6 Elenzyl animo purine

4.2.4.4 Studies on Dendrobium Jimbriatum Lindl.

Capsule or the seed pod was collected from Pedong, Kalimpong. The germination 

of seed (Fig. 19-A) was tested in three different nutrient media, i.e., Knudson ‘C’, 

‘Murashige & Skoog’ and ‘Vacin & Went’ added with the growth regulators Img/L NAA, 

25% coconut water and four different concentrations of BAP. The results of the experiment 

have been noted in Table-33.
Among the three media tested Knudson ‘C’ medium showed the first sign of 

germination after 49 days. Spherule stage, PLBs (Fig. 19-B) and healthy plantlets (Fig.l9-C) 

were formed after 52, 71 and 121 days respectively. It was found that 98% seeds 

germinated in Knudson”C” medium in combination with Img/L NAA, 25% coconut water 

and 3mg/L BAP. In Murashige & Skoog media (with similar supplements) seeds swelled 

after 65 days, PLBs formed after 83 days and the plantlets formed after 143 days. Seed 

germination was 62%. However, in case of Vacin & Went media the response of 

germination, spherule formation and plantlet formation were respectively after 86, 112, and 

207 days. Only 32% plantlets were formed and that too were unsuitable for 

micropropagation.
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Micropropagation was carried out with meristems and nodal buds of the plantlets 

grown up to a height of 5 cm. Knudson”C” (half strength) was added with other growth 

regulators for the regeneration of plantlets. Six different concentrations of NAA, 3mg/L of 

BAP and 25% coconut water were added. The percent of regenerated plantlets (Fig.l9-D) 

through micropropagation was recorded in Table-34. From the results it was evident that 

3mg/L BAP, 25% CW and 5 mg/L NAA supplemented in Knudson”C” (half strength) 

medium gave best results. In the above mentioned medium 94% and 79% plantlets 

regenerated from the meristem and nodal bud explants respectively.

Table 33: Percent of seed germination of D. Jimbriatum seeds

Basal media 

With NAA and CW

Concentration of BAP 

mg/L

Percent germination 

ofseeds

Knudson”C”

+25% CW and Igm/L NAA

0.5 61%

1.0 62%

2.0 84%

3.0 98%

Murashige & Skoog 

+25% CW and Igm/L NAA

0.5 40%

1.0 43%

2.0 55%

3.0 62%

Vacin 8c Went 

+25% CW and 1 gm/L NAA

0.5 No growth

1.0 No growth

2.0 17%

3.0 32%

NAA =a-Naphthalene acetic acid; CW= coconut water; BAP= 6 Benzyl animo purine
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Table 34: Percent of micropropagated plantlets from meristems and nodal buds of D. 
fimbriatum 

Percent regenerated plantlets in 
Selected Basal different concentrations ofNAA (mg/L) 

explant Media 0.5 1 2 3 4 5 

Meristem Knudson"C"(half strength) 
+ 3mg/L BAP +25% CW 69% 69% 74% 75% 91% 94% 

Nodal Knudson"C" (half strength) 

buds + 3mg/L BAP +25% CW 42% 42% 42% 50% 60% 79% 

NAA =a.-Naphthalene acetic acid; CW= coconut water; BAP= 6 Benzyl animo purine 

4.2.4.5 Studies on Dendrobium longicornu Lindley 

The experimental material is the green seed pod (Fig. 20-A) collected from Takdah. It 

measured 2.03cm in length and 0.8 em in breadth. For the seed germination, Murashige & 

Skoog medium was used with growth regulators, 1mg/L NAA, 25% coconut water and four 

different concentrations ofBAP. The percent germination was recorded in Table-35. 

After 43 days the seeds (Fig. 20-B) in Knudson"C" media swelled up and then they 

formed the PLBs after 67 days. PLBs started producing shoots(Fig. 20-C & D) after 95 days 

and then turned into healthy plantlets (Fig. 20-E&F) media combined with 1mg/L NAA, 

25% coconut water and 3mg/L BAP showed 98% germination. 

Micropropagation was carried out in Murashige & Skoog (half strength) with the 

explants cut from the plantlets and grown through seed culture. The MS half strength was 

supplemented with growth regulators. Six different concentrations of NAA, 3mg/L of BAP 

and 25% coconut water were added. The percent of micropropagated plantlets (Fig. 20-

G&H) was recorded in Table-36. MS half strength in combination with 3mg/L BAP, 25% 

CW and 5 mg/L NAA was the best combination to regenerate the plantlets up to 88% from 

the meristem and 69% from the nodal buds. 
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Fig. 19: Different stages of seed culture and micropropagation of Dendrobium 
fimbriatum. A: Seeds of D.fimbnatum\ B: PLBs of D.fimbnatum\ 
C: Growing plantlets of D.fimbriatum; D: Regenerated plantlets of 
D.fimbriatum.
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Table 35: Percent seed germination ofX>. longicornu in MS medium + Img/L NAA+ 
25% CW supplemented with four different concentrations of BAP

Basal media BAP

mg/L

Percent 
germination 

of seeds
Murashige and Skoog+ Img/L NAA+ 25% CW 0.5 40%

Murashige and Skoog+ Img/L NAA+ 25% CW 1.0 68%

Murashige and Skoog+ Img/L NAA+ 25% CW 2.0 85%

Murashige and Skoog+ Img/L NAA+ 25% CW 3.0 98%

"̂ AA =a-NaphthaIene acetic acid; CW= coconut water; BAP= Benzyl animo purine

Table 36: Percent plantlets regenerated from ‘meristem explants’ and ‘nodal-bud 
explants’ in micropropagation ofD, longicornu.

Selected
explant

Basal
Media

Percent regenerated plantlets in 

different concentrations of NAA (mg/L'
0.5 1 2 3 4 5

Meristem Murashige & 
Skoog 

(half strength) 
+ 3mg/L BAP 

+25% CW

45% 45% 69% 75% 81% 88%

Nodal

buds

Murashige & 
Skoog 

(half strength) 
+ 3mg/L BAP 

+25% CW

39% 41% 59% 60% 66% 69%

NAA =a-Naphthalene acetic acid; CW= coconut water; BAP= 6 Benzyl animo purine

4.2.4.6 Studies on Dendrobium nobile Lindl.

This is the most common medicinal species of Darjeeling hills and the seed pods were 

collected from Takdah. The length of the seed pod was 9 cm and breadth 3cm. Three 

different nutrient media, i.e.. Orchid maintenance medium, Murashige & Skoog and Vacin 

& Went added with the growth regulators Img/L NAA, 25% coconut water and four



Fig. 20: Different stages of seed culture and micropropagation of Dendrobium 
longicornu; A: Seed pod of D. longicornw, B: Seeds of D. longicornu; 
C & D: Shoot & root coming from PLBs; E & F: PLBs developing into 
plantlets o f D .long icornu’, G & H :Regenerated p lantlets o f 
D. longicornu.
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different concentrations of BAP. Percent germination of seeds was calculated and was noted 

in Table-37.

After 48 days of seed inoculation, the first sign of germination was evident (Fig. 21- 

A) in Orchid maintenance medium. Sphemie stage (Fig. 21-B), PLBs (Fig. 21-C), and 
healthy plantlets (Fig. 21-D) were formed after 59 days, 81 days and 120 days respectively. 

It was observed that 85% germination could occur in Orchid maintenance medium 

combined with 4mg/L NAA and 25% coconut water.

The same combination of growth regulators when added with Murashige & Skoog 

medium it was noted that swelling of the seeds occurred after 59 days. Subsequent 

development of PLBs happened after 75 days and the plantlets formed after 133 days. Total 
seed germination was 63%. In case of Vacin & Went medium the response of germination, 

PLB formation and plantlet formation was recorded after 89 days, 102 days and 214 days 

respectively. Only 29% plantlets were formed but the plantlets were not suitable for ftirther 

mi croprop agation.

Micropropagation was carried out from the plantlets grown through seed culture 

(Fig. 21-E), in Orchid maintenance medium (half strength) combined with Img/L NAA, 

10% coconut water and five different concentrations of BAP. The best composition for the 

regeneration of the plantlets (Fig. 21 -F), was found to be 1 mg/L NAA, 10% CW and 5mg/L 

BAP where the 99% regenerated plantlets could survive very easily after hardening. The 

results have been tabulated in Table-38.
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Table 37: Percent of seed germination qTD. nobile

Basal media 
withNAA&CW

Concentration of BAP 
mg/L

Percent germination of seeds

OMM
+

Img/LNAA
+

10% cw

1.0 59%
2.0 71%
3.0 84%
4.0 85%

Murashige & Skoog 
+

Img/LNAA
+

25% CW

1.0 45%
2.0 47%
3.0 65%
4.0 63%

Vacin & Went 
+

Img/LNAA
+

25% CW

1.0 No growth
2.0 No growth
3.0 15%
4.0 29%

OMM=Orchid maintenance medium; NAA=a-Naphthalene acetic acid; CW= coconut 
water; BAP= 6 Benzyl animo purine 

Table 38; Percent of regenerated plantlets in Orchimax (half strength) media of

D. nobile

Basal media BAP
mg/L

Percent
germination

OMM (half strength)+lmg/LNAA+ 10%CW 1.0 60%

OMM (half strength)+l mg/LNAAH-10%CW 2.0 72%

OMM (half strength)+ lmg/LNAA+10%CW 3.0 88%

OMM (half strength)+Img/LNAA+ 10%CW 4.0 98%

OMM (half strength)+l mg/LNAA+10% CW 5.0 99%

OMM=Orchid maintenance medium; NAA=a-NaphthaIene acetic acid;
CW= coconut water; BAP= 6 Benzyl animo purine

4.2.4.7 Studies on Dendrobiumprimulinum Lindl.
The seed pod ofZ). primulinum was collected from Kalimpong, and the length 

of the pod (Fig. 22-A) was 3,5 cm long and breadth was 1.5cm. After surface sterilization, 

seed pod cut wide open and the seeds (Fig. 22-B) were inoculated in Orchid Maintenance 

medium supplemented with Img/L NAA, 20% coconut water and five different



Fig.21: Different stages of seed culture and micropropagation of Dendrobium 
nohile; A: Seed of D. nobile; B; Spherule stage of D. nobile; C: PLBs of 
D. nobile; D & E: PLBs producing plantlets of D.nobile; F:Regenerated 
plantlets ofD. nobile.
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concentrations of BAP, The best combination of growth regulators for the development of 

the plantlets from the seeds was Img/L NAA, 20% CW and 5mg/L BAP. The number of 

days taken to form the spherule stage (Fig.22-C), PLBs and plantlets (Fig.22-D) were 58 

days, 72 days and 132 days respectively and tabulated in TabIe-39. The germinated plantlets 
were healthy and vigorous. After attaining a height of 5.5 cm, plantlets (Fig.22-E) were cut 

and were used as explanls for micropropagation in Orchid maintenance medium (half 

strength) with/without BAP. Three different concentrations of BAP were used. In 

micropropagation 99% healthy plantlets were produced (Fig.22-F) when Orchid 

maintenance medium (half strength) was combined with 5mg/L BAP. The results of 

micropropagation were recorded in Table-40. Finally, the plantlets were transferred to the 

glass house for hardening.

Table 39: Percent germination of D. primulinum seeds

Basal media BAP (mg/L) Percent germination
OMM + Img/L NAA + 10%CW 1.0 75%
OMM+ 1 mg/L NAA + 10% CW 2.0 82%
OMM+ lmg/LNAA+ 10% CW 3.0 88%
OMM+ 1 mg/L NAA+ 10% CW 4.0 98%
OMM+ Img/L NAA+ 10% CW 5.0 99%

OMM=Orchid maintenance medium;NAA=a-Naphthalene acetic acid; 
CW= coconut water; BAP= 6 Benzyl animo purine

Table 40: Percent germination of micropropagation of Z). primulinum

Basal media BAP (mg/L) Percent germination
OMM (half strength) 0.0 79%

OMM (half strength) 1.0 86%

OMM (half strength) 3.0 89%

OMM (half strength) 5.0 99%

OMM=Orchid maintenance medium; 3AP= 6 Benzyl animo purine



Fig. 22: Different stages of seed culture and micropropagation of Dendrobium 
primulinum; A: Seed pod of D. phmulinum  B: Seeds of D. primulinum; 
C: Spherule stage of D.primulinum; D: PLBs with shoots of 
D. primulinum. E: Growing plantlets from PLBs of D. primulinum; 
F: Regenerated plantlets of D. primulinum.
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4.2.S.1 Studies on Pleione humilis (Smith) D.Don.

The seed pod was collected from Takdah. Length and breadth was measured as 1.9 cm 

and 0.6 cm respectively. After surface sterilization the seeds (Fig.23-A) were inoculated in 

Orchid maintenance medium supplemented with 20% coconut water, three different 

concentrations of NAA and four different concentrations of BAP. Developments like 

germination of seeds, formation of spherule stage (Fig. 23-B), and formation of plantlets 

(Fig. 23-C & D) were found to occur sequentially.

The percent germination recorded was 95% in media containing 4mg/L BAP and 

5mg/L NAA but it reduced to 70% when 4mg/L BAP combined with 3mg/L NAA. The 

germination rate further reduced to 50% when 4mg/L BAP with Img/L NAA was used. 

Results of the seed culture were recorded in Table-41.

Table 41: Percent germination oi Pleione humilis seeds

Basal medium NAA BAP
mg/L

Percent
germination

OMM+20% CW 1 mg/L 1 46%

OMM+20% CW 2 46%

OMM+20% CW 3 48%

OMM+20% CW 4 50%

OMM+20% CW 3 mg/L 1 59%

OMM+20% CW 2 62%

OMM+20% CW 3 62%

OMM+20% CW 4 70%

OMM+20% CW 5 mg/L 1 82%

OMM+20% CW 2 88%

OMM+20% CW 3 93%

OMM+20% CW 4 95%

OMM=Orchid maintenance medium ;NAA=a-Napht lalene acetic acid;
CW= coconut water; B AP= Benzyl animo purine
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Micropropagation was performed in Orchid maintenance medium (half strength) 

without BAP, and with three different concentrations of BAP. Although the 

micropropagation was successful in each set of media but 96% healthy plantlets regenerated 

(Fig. 23-E&F) when medium was combined with 5mg^ BAP. The results of the 

micropropagation were recorded in Table-42. The regenerated plantlets were then 

transferred carefully to the glass house for hardening as in other cases of the present study.

Table 42; Percent germination of micropropagation of Pleione humilis

Basal media

OMM (half strength)

OMM (half strength)

OMM (half strength)

OMM (half strength)

BAP mg/L Percent germination

0.0

1.0

3.0

5.0

82%

90%

91%

96%

OMM=Orchid maintenance medium; BAP= 6 Benzyl animo purine

4.2.S.2 Studies on Pleione maculate (Lindl) Lindl.

The seed pods (Fig. 24-A) were collected from Rangpo. The length and 

breadth of the seed pods were 1.4 cm and 0.3 cm respectively. After surface sterilization 

seeds (Fig. 24-B) were inoculated in three different media such as Orchid maintenance 

media, Murashige & Skoog and Vacin & Went, supplemented with 20% coconut water, 

2mg/L NAA and four different concentrations of BAP. The seeds were found to swollen 

after 49 days in OMM with 20% coconut water, 2mg/L NAA and 4mg/L BAP. Globular 

PLBs (Fig. 24-C) formed after 58 days and ultimately after 103 days plantlets developed 

(Fig. 24-D & E). The percent germination was recorded as 98% in Orchid maintenance 

medium containing 4mg/L BAP but same combination of growth regulators in Murashige & 
Skoog medium produced 75% of the plantlets. Only 45% seed germination was recorded in 

Vacin & Went medium (Table-43). The plantlets were very healthy and explants were cut 

from the plantlets raised through seed culture and was used for micropropagation studies. 

Orchid maintenance media (half strength) without any growth regulators was used for



Fig.23: Different stages of seed culture and micropropagation of Pleione humilis. 
A:Seeds of Rhumilis; B: Spherule stage of P.humilis; C& D: Developing 
plantletsof Rhumilis;E& ¥: Regeneratedplantletsof P. humilis.
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micropropagation. Finally the regenerated plantlets (Fig. 24-F&G) were transferred to a 

glasshouse for hardening.

Table 43: Percent germination of P. maculate seeds and time required for plantlet 

formation.

Basal media BAP
mg/L

No. of days taken for the 
development of a plantlet

Percent regenerated 
plantlets

OMM
+ 2mg/L NAA 
+ 20% CW

1.0 57 65%
2.0 57 65%
3.0 57 97%
4.0 49 98%

Murashige&Skoog 
+ 2mg/L NAA 
+ 20%CW

1.0 60 45%
2.0 60 55%
3.0 62 55%
4.0 72 75%

Vacin &Went 
+ 2mg/L NAA 
+ 20% CW

I.O No growth 0%
2.0 No growth 0%
3.0 131 10%
4.0 93 45%

OMM=Orchid maintenance medium;NAA=a-Naphthalene acetic acid; 
CW= coconut water; B AP= 6 Benzyl animo purine

4.2.S.2 Studies on Pleioneprecox (Smith) D.Don.
The seed pod (Fig.25-A) was collected from Batasia. After surface sterilization the 

seeds were inoculated in Orchid maintenance media, supplemented with 20% coconut water, 

2mg/L NAA and five different concentrations of BAP, In OMM with 20% coconut water, 

2mg/L NAA and 4mg/L BAP, the seeds (Fig.25-B) were found to swell after 52 days. The 

seeds tumed to globular PLBs (Fig.25-C&D) after 69 days. Shoots and rhizoids (Fig.25-E) 

developed after 102 days and finally plantlets formed (Fig.25-F), The percent germination 

was recorded as 96% in OMM medium containing 4mg/L BAP. Table-44 shows the results 

of seed culture. Micropropagation with Orchid maintenance media (half strength) without 
BAP and with three different concentrations of BAP was tested. Although the 

micropropagation was successful in each set of media but 98% healthy regenerated plantlets 

(Fig.25-G) were obtained in the media combined with 5mg/L BAP. Results (Table-45)



Fig. 24: Different stages of seed culture and micropropagation of Pleione 
maculata; A: Seed pod of P. maculata\ B: Seed of P. maculata C: PLBs 
of P. maculata; D & E : PLBs growing into plantlets of P. maculata; 
F & G: Regenerated plantlets of P. maculata.



Fig .25: Different stages of seed culture and micropropagation of Pleione 
praecox. A: Seed pod of P. praecox; B: Seeds of P. praecox,C & D: PLBs 
of P. praecox ;E & F: PLBs with rhizoids and shoot of P. praecox-, 
G: Regenerated plantlets off! praecox.
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reveal that 98% plantlets could be produced. Healthy plantlets were then transferred 
carefully to the glass house for hardening.

Table 44: Percent seed germination of P. precox
Basal medium BAP

mg/L
Percent

germination

OMM+20% CW + 2mg/L NAA 0.5 70%

OMM+20% CW +2mg/L NAA 1.0 78%

OMM+20% CW +2mg/L NAA 2.0 89%

OMM+20% CW +2mg/L NAA 3.0 89%

OMM+20% CW +2mg/L NAA 4.0 96%

OMM=Orchid maintenance medium;NAA=a-NaphthaIene acetic acid; 
CW= coconut water; BAP= 6 Benzyl animo purine 

Table 45: Percent regeneration of micropropagated plantlets of P. precox

Basal media BAP
mg/L

Percent
germination

OMM (half strength) 0.0 84%

OMM (halfstrength) 1.0 85%

OMM (half strength) 3.0 90%

OMM (half strength) 5.0 98%

OMM=Orchid maintenance medium; BAI -  6 Benzyl animo purine

4.2.6 Studies on Ryncostylis retusa Bl.

The seed pod of R  retusa was collected from the forest area of Pakyong. 

After surface sterilization the seed pod was cut aseptically and the seeds (Fig. 26-A) were 
inoculated in tiiree different media, Orchimax, Knudson ‘C’, and Vacin & Went The media 

was added with the growth regulators 10-20% coconut water and three different 

concentrations of NAA. The seeds started swelling after 21 days in Orchimax media, after 

49 days tumed into globular PLBs (Fig. 26-B) and after 126 days the seeds germinated into
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plantlet (Fig. 26-C&D), Orchimax media combined with 2mg/L NAA and 20% coconut 

water was found to be the best for seed germination in vitro. Results of the growth and 

plantlet formation have been described in Table-46. It was evident that Orchimax medium 

was best among the three different media tested. The healthy plantlets (Fig.26- E&F) when 
attained the height of 5.5 cm were taken for hardening.

Table 46: No. of days taken for swelling of embryo, sperule stage, PLB and plantlet 
formation and percent of germination of R. retusa in Orchimax, Knudson 
“C” and Vaein & Went medium.

Media Growth regulators Number of days for the formation of Percent
germin
ationSwelling

of
embryo

Spherule
stage

PLB
stage

Plantlets

Orchimax 0.5mg/L NAA +10%CW 28 63 84 229 50%

0.5mg/LNAA+20%CW 28 56 77 217 50%
1.0 mg/LNAA+10%CW 28 60 84 203 59%
1.0mg/LNAA+20%CW 28 56 82 210 60%
2.0mg/LNAA+10%CW 28 63 79 196 78%
2.0mg/L NAA +20%CW 21 35 49 126 92%

Knudson
“C”

0.5mg/LNAA+10%CW 63 87 94 269 55%
0.5mg/L NAA +20%CW 63 77 98 252 55%
1.0 mg/LNAA+10%CW 49 77 91 245 59%
1 .Omg/L NAA +20%CW 49 70 j 84 •245 61%
2.0mg/LNAA+10%CW 49 70 77 154 80%
2.0mg/L NAA +20%CW 49 63 66 140 82%

Vacin
&

Went

0.5mg/L NAA +10%CW No sign of germination
0.5mg/L NAA +20%CW No sign of germination

1.0 mg/LNAA+10%CW 63 84 No
growth

No
growth

0%

1.Omg/L NAA+20%CW 63 84 No
growth

No
growth

0%

2.0mg/L NAA +10%CW 49 91 126 No
growth

0%

2.0mg/LNAA+20%CW 42 91 119 280 25%

NAA =a-Naphthalene acetic acid; CW= coconut water;



Fig. 26: Different stages of seed culture and micropropagation of Rhynchostylis 
retusa; A: Seeds of R.retusa; B: PLBs of R.retusa\ C & D; PLBs 
producing plantlets of / ? . E& F: Regenerated plantlets of/?.
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4.2.7 Studies on Thunia alba Reichebach fll.
The seed pod (Fig. 27-A) of the plant was collected from the forest of 

Pakyong, Sikkim. After surface sterilization the seeds (Fig. 27-B) were inoculated in 
Murashige & Skoog media supplemented with the growth regulators and three different 

percentages (10%, 15%, 20%) of coconut water and three different concentrations of NAA. 

The seeds started swelling after 3 5 days in the media and the germinated seeds tumed into 

globular PLBs (Fig. 27-C) after 48 days. Plantlets from PLBs (Fig. 27-D) formed after 122 

days. Murashige and Skoog in combination with 5mg/L NAA and 20% coconut water were 

proved to be the best combination for germination. Results of the experiment have been 

presented in Table-47.

The healthy plantlets were used as explants for micropropagation which was 

performed in Murashige & Skoog (half strength) medium combined with Img/L NAA, 

different concentrations of BAP and coconut water. Plantlets were found to grow up to a 

height of 6.5 cm. The best combination of supplements was recorded to be Img/L NAA plus 

5mg/L BAP plus 15% coconut water. The percent of germination and plantlet development 

have been described in Table-48. Healthy plantlets (Fig. 27-E&F) were used for hardening 

in nature.

Table 47: Percent germination in Murashige & Skoog media of T.alba seeds

Basal media NAA
mg/L

Percent germination

Murashige&Skoog 
+ 10% CW

1.0 65%
3.0 65%
5.0 67%

Murashige&Skoog 
+ 15% CW

1.0 81%
3.0 81%
5.0 85%

Murashige&Skoog 
+ 20% CW

1.0 92%
3.0 92%
5.0 98%

NAA =a-Naphthalene acetic acid; CW= coconut water;
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Table 48; Showing the percentage of germination and remarks of T, alba regenerated 
plantlets

Basal media Percent of 
germination

Observation/
Comments

MS (half strength)+ Img/L NAA 
+2mg/L BAP+ 15% CW

65% Regenerated plantlets could 
not survive after 40 weeks 
of hardening.

MS (half strength)+ Img/L NAA 
+3mg/L BAP +7.5% CW

58% Plantlets survived only up to 
42 weeks after hardening.

MS (half strength)+ Img/L NAA 
+3mg/L BAP +15% CW

79% Regenerated plantlets are of 
short height and thin.

MS (half strength)+ Img/L NAA 
+4mg/L BAP +7.5% CW

79% Plantlets are shorter but 
healthy.

MS (half strength)+ Img/L NAA 
+4mg/LBAP+15%CW

85% Plantlet regeneration is very 
healthy.

MS (half strength)+ Img/L NAA 
+5mg/L BAP +7.5% CW

89%
Regenerated plantlets 
survived very well after 
hardening.

MS (half strength)+ Img/L NAA 
+5mg/L BAP +15% CW

95%

MS= Murashige&Skoog media; BAP=6 Benzyl amino purine; NAA =a-NaphthaIene acetic 
acid; CW= coconut water;



Fig. 27: Different stages of seed culture and micropropagation of Thunia alba\ 
A: Seed pod of Talba; B: Seeds of T.alba; C: PLBs of T.alba; D: PLBs 
producing plantlets o f T.alba; E & F: Regenerated plantlets of T.alba.


