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3.1 INTRODUCTION 

Since the orchids arc highly heterozygous in nature, their seed progeny is not 

true-to-type . Asexual reproduction on the other hand gives rise to plants which are 

genetically identical to the parent plants and thus facilitates perpetuation of unique 

characters of the cultivars. M~ltiplication of genetically identical copies of plant is 

called clonal propagation. In nature clonal propagation occurs by apomixis and/or 

vegetative reproduction. But as apomixis is only restricted to a few plants and 
' I 

' vegetative reproduction in orchid is an extremely slow process, tissue culture 

techniques are becoming increasingly popular as an alternative method for vegetative 

reproduction. The most significant advantage of in vitro clonal propagation 

(micropropagation) over conventional methods is that in a relatively short time and 

space large number of plants can be produced from a single individual. For the orchids, 

it is the only commercially viable method for mass propagation. 

Plant tissue culture, the most commercially successful area of plant 

biotechnology, has introduced an exciting new phase into plant propagation and 

. breeding. Orchids are the first horticultural plants cloned by tissue cultural methods 

on a·commercial scale (Griesbach 1986). The most sensational development in the 

clonal propagation of orchids has been the use of Cymbidium apical shoot meristem 

by Morel in 1960 which revolutionised the orchid industry and triggered global 

expansion of using tissue culture for rapid propagation of other ornamentals as well. 

Morel ( 1964) estimated that it was possible to obtain more than four million plantlets 

in a year from a single explant. After Morel, a number of researchers have reviewed 

the strategic approaches that may be used in the development of reliable orchid 

regeneration systems ( Arditti and Ernst 1993, Goh I 989, Sagawa 1989). Among 

the different procedures available, shoot tip and axillary bud culture are widely used 

(Goh et al 1995). Under appropriate conditions, both shoot tips and axillary buds 

produce PLBs which subsequently developed into plantlets (Gob 1970 and 1973; 

Goh et al1995, Hasegawa and Masanory 1987, Intuwong and Sagawa 1974, Kim 

et al 1983, Shimashaki and Shun pel I 987). In culture, shoot tip of many important 

orchids develop PLBs slowly (Arditti and Ernst 1993). Regeneration potential of 

alternative plant parts other than shoot tips and axillary buds like root tip ( Beechey 

1970, Chaturvedi and Sharma 1986, Churchill, Ball and Arditti 1972, Jan Eelizabeth 

and Rosimontero 1989, Kerbuay,GB 1984 a, b and1991, Sanchez Marcelai 1988, 
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Sood and Viz 1986, Stewart and Button 1978, Yam and Weatherhead 1991), leaf 

tip (Arditti 1977, Viz, Sood and Plaha 1986, Yam and Weatherhead 1991), stem 

(Sagawa 1961, Sagawa and Sehgal 1967, Scully 1965 and 1966, Singh and Sagawa 

1972), flower stalk (Intuwong, Kunisaki and Sagawa 1972, Intuwong and Sagawa 

1973, Goh and Wong 1990, Shimasaki and Uemoto 1991 Singh and Prakash 1985, 

Tanaka and Sakanishi 1978, ) and node ( Moich, Ball and Arditti 1974, Tsi, Smith 

and Hackel 197l,Yam and Weatherhead 1990) have been exploited. But the 

production of PLBs from these organs is not desirably fast. Moreover, the clonal 

propagation from shoot meristem and other meristematic parts has been proved 

disadvantageous particularly for the endangered orchid taxons because continuous 

excision of meristematic regions may threaten the existence of the mother plant. So 

emphasis has now been shifted towards faster methods by exploring alternative 

ex plants whereby the mother plant can be saved. 

Agitated liquid culture method is one of the most popular methods for rapid 

micropropagation. It has recently been discovered that if meristems are cultured in 

liquid medium in a rotary shaker, the number of PLBs can be greatly increased 

(Stewart 1989). Liquid culture has several advantages over conventional semisolid 

culture. It provides better aeration and optimal culture conditions for proper growth 

and salt uptake (Singh and Prakash 1985). Moreover, number ofPLB production has 

been always much higher in lillUid culture than in semisolid culture and time 

·· · requirement for PLB production was relatively short. Studies on rapid regeneration 

has been very scanty in view of success reports in few orchid taxa when compared to 

the large size of the orchid family (Goh eta! 1995, Park eta! 1996,). At present there 

is no report on micro propagation of orchids by using in vitro grown plant parts as 

explant source. Because of the lacunae existing in this direction, development of 

protocols for rapid regeneration is of considerable practical importance . . 
The present investigation deals with the development of a rapid regeneration 

method using thin sections of stems from in vitro grown plants of Arundina 

graminifolia, Dendrobium moschatum and Geodomm densijlorum . These orchids 

were once very common in the forests of North Eastern Himalayas but commercial 

exploitation and expansion of cultivated lands have threatened their existence. 

52 



'• 

After the historic report of Morel, extensive works have been done and a vast literature 

have been accumulated in this area. However, information in this regard in Arundina 

graminifolia, Dendrobium mosclzatum and Geodorum densiflorum is entirely lacking. 

Hence the present work was undertaken with a view to find out a suitable protocol 

for rapid regeneration of these endangered orchids. 
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3.2 MATERIALS AND METHODS 

Plant Materials 

Plant lets obtained through i11 vitro seed germination as mentioned in Chapter I 

were used as ready source of ex plants for A. graminifolia and D. mo~c/zatum. In case 

of G. densiflorum unorganised PLB masses obtained through in vitro seed germination 

as well as regenerated plantlets were used as explant source. 

Preparation of Explants 

In vitro grown plantlets measuring 3- 4 em and unorganized PLB masses (in 

case of G densifloum) were taken out aseptically from the conical flasks or culture 

tubes where they were growing. Sections measuring 1-1.5 rum were made by 

transverse sectioning of stems with the help of a sharp sterilized blade and kept in a 

sterilized petridish for inoculation. However, when unorganized PLB masses were 

used, hard green globular masses were cut into pieces measuring 1.5-2 mm. The 

whole procedure was carried out in a laminar air flow cabinet. 

· Preparation of liquid media 

The stock solution concentrations required for preparation of modified liquid 

VW and KnC media were same as described in chapter I and indicated in Table 1.2.2 

For preparing 1000 ml of culture medium 100 ml from each of macro element and 10 

ml from each of micro element stock solutions were taken and the volume was made 

up to 900 ml. The pH of the media were adjusted to 5.0- 5.2 and 5.2-5.4 for VW and 

KnC media respectively. 20 gm sucrose was then added with the media and mixed 

properly by hand shaking ami the volume was made 1000 ml by adding double 

distilled water. 20-25 ml of culture solution was then distributed to 100 ml conical 

flasks. The cotton plugged flasks were then autoclaved at 110 kPa for 15 min at 120 

oc. 
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Inoculation and culture conditions 

Sections of stems or globular PLB masses were inoculated aseptically in the 

conical flasks containing culture solution. The flasks were then placed on a shaker 

moving at 80 - 100 rpm. All cultures were incubated at 25 ± 2°C under 16 hr 

photoperiod (in a 24 hr cycle) from cool white fluorescent tubes giving 1000 lux at 

culture level. The humidity was maintained at 70 ± 5% relative humidity. Observations 

were made at regular intervals. A comparative analysis of PLB production in liquid 

and semisolid culture was done. PLBs were subcultured on liquid medium for further 

multiplication. Finally the clumped PLBs were separated and transferred to semisolid 

media for further growth and regeneration. 
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3.3 OBSERVATIONS 

Stem discs of all the three investigated genera when cultured in their respective 

liquid and semisolid media (modified VW for A. graminifolia and modified KnC for 

D. mosclzatum and G. densiflorum), expanded within 2-3 weeks. Expansion of the 

explants were the first visible change in all the cases. The stem discs of A. graminifolia 

···and D. mosclzatum expanded during the beginning and end of th~ second week 

respectively. But, in G. densif/orum the expansion started during the begining or 

middle of the third week. PLB formation was initiated just after expansion. Survival 

percentage and PLB formation per explant was noted. 3.8, 2.4 and 1.8 PLBs were 

found to develop from a single explant of A. graminifolia, D.moschatum and G. 

densiflorum respectively when cultured in liquid medium. In semisolid medium the 

PLB formation from each explant of A. graminifolia, D. mosclzatum and G. 

densijlorum was 2.6, 1.8 ami 1.2 respectively. 

Various concentrations of CM was used with all the media to study their effects 

on survival percentage of the explants and production of PLB. Concentration 

dependent increase in survival percentage and PLB production per explant were 

observed in A. graminifolia and D. moschatum. In A. graminifolia significant 

increase in survival percentage and nearly five fold increase in PLIJ production over 

control was noted when CM supplementation was 15% with modified liquid and 

semisolid VW medium. 10.0 and 6.8 PLBs were formed in liquid and semisolid media 

respectively (Table3.3.1). In D.mosc/zatum, addition of 15% CM with modified 

liquid and semisolid KnC medium resulted in a significant increase in survival 

percentage of the explants (Table 3.3.3). Though I'Ll3 production was found higher 

in comparison to control but it was not as high as was recorded in A. graminifolia. 

However CM at any concentration had no effect on survival percentage or PLB 

formation in G. densiflorum (Table 3.3.6.) 

Different concentrations of various growth regulators were tried with the media 

and differential response was noted on PLB production. Significant increase in PLB 

formation was noted in A. graminifolia when 0.5 mgt·' NAA was added to CM 

(15%) enriched modified VW medium. 18.0 and 13.4 PLBs were produced 
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Table 3.3.1 Effects of Coconut milk(CM) on survival percentage and PLB formation 
in A.graminifolia. Data were taken after 6 weeks following inoculation. All treatments 

had 5 replicates and repeated thrice. 

Medium Percentage Survival Percentage ± SE PLB formation/ Explant ±SE 

ofCM Liquid Semisolid Liquid Semisolid 

vw 0 50± 3.8 47 ± 3.2 3.8 ± 0.60 2.6 ± 0.20 

vw 5 63" ± 5.0 54"± 5.3 5.0 ± 0.30 3.0 ±0.50 

vw 10 80'"± 4.8 80"'± 3.0 7.6"± 0.50 5.6' ± 0.70 

vw 15 92'" ± 4.0 85"'±3.6 10.0"'±0.20 6.8"'±0.50 

vw 20 58± 2.09 50± 2.0 5.0' ± 0.30 4.0" ± 0.70 

Values followed by asterisks in each treatment within the same column are significantly 
different from control (no CM; only VW), using Student's t-test at '5% level; ''1% level 
and "'0 .I% level. 
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Table 3.3. 2 Effects of different concentrations of growth regulators on PLB formation 
in A. graminifolia. Data were taken after 6 weeks following inoculation. All treatments 
had 5 replicates and repeated thrice. 

Hormone Concentration Percent of explant PLB formation 
(mg I·') survived± SE per explant± SE 

Liquid Semisolid Liquid Semisolid 

0 85 ± 3.0 84 ± 2.86 11.0 ± 0.90 6.4 ± 0.40 

0.5 87 ± 4.8 83 ± 3.0 14.0' ±0.70 7.6 ± 0.40 

lA A 1.0 88 ± 2.6 80 ± 3.0 16.0'"±0.70 9.6"±1.00 

2.0 74' ± 3.5 66" ± 2.7 12.4 ± 1.50 7.8'± 0.50 

3.0 76" ± 2.5 78' ± 2.0 6.0'"±0.80 4.0' ± 1.00 

0.5 90' ± 4.0 86 ± 3.0 18.0'"±0.20 13.4'"±0.30 

NAA 1.0 85 ± 2.9 83 ± 2.5 14.4"±0.80 12.0"± 0.40 

2.0 78" ± 1.30 69'"± 1.0 10.0 ±0.50 11.0'±0.70 

3.0 69" ± 2.5 62'"± 4.0 4.0" ±0.70 5.2 ± 0.20 

0.5 86 ± 2.8 80 ± 3.0 3.4"' ±0.50 4.0" ±0.80 

BAP 1.0 82 ± 2.0 80 ± 5.0 4.0'" ± 0.40 3.2"'±0.50 

2.0 70" ± 3.0 74' ± 3.5 3.6"' ±0.40 3.0"±0.30 

3.0 64'" ± 3.0 70" ± 2..0 3.4··· ±0.20 3.0'"±0.10 

0.5 66'"± 2.6 53'" ± 2.8 3.0'"±1.0 3.0'"± 0.70 

··'Kn 1.0 58'"± 3.0 56'"± 3.6 4.0"±0.20 3.0'"±0.10 

2.0 60" ± 5.8 56"'± 3.0 4.6"'±0.90 3.0" ± 0.70 

3.0 63"'± 4.0 60'"± 2.0 3.0'" ±0.70 2.0'"± 0.30 

Values followed by asterisks in each treatment within the same column arc significantly 
different from control (VW + CM 15%), using Student's !-test at '5% level; "1% level and 
'" 0.1% level. IAA, NAA, BAP and Kn represent Indole acetic acid, a Naphthalene acetic 
acid, 6 Benzyl amino purine and Kinetin respectively. 
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in liquid and semisolid medium respectively (Table3.3.2). IAA too at 1mg 1·1 

concentration resulted in a significant increase in PLB production. 16.0 PLBs were 

produced from a single explant when the said concentration ofiAA was mixed with 

CM enriched modified, liquid VW medium. However, higher concentrations of both 

IAA and NAA resulted in a significant decrease in PLB production. BAP and Kn at 

any concentrations was found inhibitory as the rate of PLB production was much 

low in comparison to the control (Table 3.3.2). PLBs were formed in cluster (Plate 

11) and separated and subcultured in semisolid medium for further multiplication 

and within 6-8 weeks following inoculation well developed plantlets were obtained 

(Plate 11). 

In D. moschatwn significant increase in PLB production was observed when 

IAA (2 mgl· 1) was used with CM supplemented KnC medium. 6.4 and 4.8 PLBs 

were formed in liquid and semisolid medium respectively when the said concentration 

ofiAA was added to the media (Table 3.3.4). 2,4-D at 1mg 1·' concentration showed 

a twofold increase in PLB production. 7.6 PLBs were produced from a single explant 

of D. moschatum when cultured in liquid medium. But the same concentration of 

2,4-D yields only 4.6 PLBs in semisolid culture (Table 3.3.4). Higher concentrations 

of 2,4-D were found inhibitory to PLB production and lead to callusing. NAA and 

BAP when used independently had very little or no effect on PLB production in D. 

moschatum. But their combination yielded a sixfold increase in PLB production over 

control. When BAP (3 mgl- 1
) and NAA (2 mgl- 1) were supplemented with modified 

KnC medium, 13.5 and 8.2 PLBs were produced in liquid and semisolid media 

respectively (Table 3.3.5). Kn however had no effect on PLB production on D. 

mosclzatum. The PLBs were formed in cluster (Plate 12) and was deep green in 

colour. Clustered PLBs were separated (Plate 12) and subcultured in semisolid KnC 

medium for further multipicatiop and growth. Well developed healthy plantlets (Plate 

12) were obtained within 10-12 weeks following subculture. 

Effects of v;trious growth regulators on PLB production in G.densijlorum was 

investigated and and the results are presented in tabulated form. No significant increase 

in PLB formation was noted when auxins like IAA and NAA were used. Higher 

concentrations of IAA was found to induce callusing (Table 3.3.7). 
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Table 3.3.3 Effects of coconut milk(CM) on survival percentage and PLB formation 
inD.mosclzatum. Data were taken after 6 weeks following inoculation. All treatments 

had 5 replicates and repeated thrice. 

Medium Percentage Survival Percentage± SE PLB formation/ Explant ±SE 

ofCM Liquid Semisolid Liquid Semisolid 

KnC 0 59± 2.62 56± 2.4 2.0 ± 0.40 1.6 ± 0.30 

KnC 5 60 ± 2.30 55± 2.0 2.8 ± 0.30 1.8 ± 0.20 

KnC 10 73 •• ± 1.44 69···±1.20 3.2 •• ±0.20 2.6 ±0.18 

KnC 15 86···±2.12 81···±4.15 3.6 •• ±0.24 3.o···±o.2o 

KnC 20 66 ± 4.00 64 ±3.37 2.8±0.16 1.6 ± 0.24 

Values followed by asterisks in each treatment within the same column are significantly 
different from control (no CM; onlyKnC), us in g S tuuent 's H esl at ·s% leve l; ··1% level 

and ···o . I% level. 
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Table 3.3.5 Effects of NAA- BAP combination on PLB formation in D. moschatum. · 

All data were taken 6 weeks following inoculation. All treatments had 5 replicates 

and repeated thrice. 

Hormone concentration Percent of explant PLB formation 
( mg J·') survived ± SE per explant± SE 

NAA BAP Liquid Semisolid Liquid Semisolid 

' 
'• 

0.0 0.0 80 ±2.75 81 ± 3.0 3.2 ±0.40 2.8 ±0.30 

0.5 0.5 78 ± 2.40 73 ±2.34 4.0''± 0.70 3.4''± 0.60 

0.5 1.0 87"" ±2.90 86''±1.04 3.8 ±0.60 4.0' ±0.10 

0.5 2.0 80 ± 3.19 83 ±2.67 4.6'"±0.10 4.2'''±0.30 

0.5 3.0 89'' ± 1.81 86±2.09 5.4'''±0.90 4.6'''±0.60 

~ 

1.0 0.5 90'''±1.60 87± 0.84 3.4 ±0.50 2.8 ± 0.37 

1.0 1.0 92''± 1.26 89 ± 1.50 5.0'''±1.04 4.2 .. '±0.60 

1.0 2.0 88'±2.16 79 ± 2.88 5.8'''±0.83 4.6'''±0.20 

1.0 3.0 91'' ± 1.30 84' ± 3.50 6.6'''± 0.92 5.2'''±0.40 

2.0 0.5 87'± 2.56 89'' ±3.27 3.0 ± 0.40 3.0 ±0.70 

2.0 1.0 91"'± 3.00 86"±1.72 7.0'"±0.70 5.8 .. '±0.50 

2.0 2.0 86' ± 1.82 79± 2.38 9.2 ± 0.48 6.8 ± 0.80 

2.0 3.0 92"'±4.51 88"'±3.00 13.6± 0.30 8.4' .. ± 0.80 

3.0 0.5 79 ± 3.90 RJ' ±2.19 4.6'± 0.60 3.R':t0.37 

3.0 1.0 80± 4.00 77 ± 1.80 3.6 ± 0.40 4.0'± 0.70 

3.0 2.0 79 ± 1.51 80 ±2.06 5.0' .. ±1.08 5.4 ± 0.80 

3.0 3.0 75 ± 2.58 77 ± 3.57 2.4 ± 0.53 1.8' ± 0.60 

Values followed by asterisks in each treatment within the same column are significantly 
different from control (KnC only), using Student's !-test at '5% level; "1% level and 
'" 0.1% level. NAA and BAP represents a Naphthalene acetic acid, and 6, Benzyl amino 
purine respectively. CD stands for callus development. 
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Table 3.3.6 Effects of coconut milk(CM) on survival percentage and PLB formation 
in G. densijlorum. Data were taken after 6 weeks following inoculation. All treatments 

had 5 replicates and repeated thrice. 

Medium Percentage Survival Percentage :t SE PLB formation/ Explant :tSE 

ofCM Liquid Semisolid Liquid Semisolid 

KnC 0 42 ± 2.67 37 ± 3.2 2.0 ± 0.70 1.6 ± 0.90 

KnC 5 44 ± 2.0 35 ± 3.46 1.6 ± 0.30 1.6 ± 0.50 

KnC 10 50''± 2.33 43' ± 1.86 2.6'± 0.50 2.0 ± 0.70 

KnC 15 52'± 1.0 46 ± 3.5 2.4± .20 2.0± 0.50 

KnC 20 48" ± 4.2 44' ± 2.66 2.0 ± .30 1.0'±0.70 

Values followed by asterisks in each treatment within the same column are significantly 
different from control (no CM; only KnC), using Student's Hest at '5% level; "I% level 
and "'0 .I% level. 
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Table3.3.'fEffects of different concentrations of hormones on PLB formation of G. 
densijlorum. Data were taken after 6 weeks following inoculation. All treatments 
had 5 replicates and repeated thrice. 

1 

Hormone Concentration Percent of explant PLB formation 
(mg 1'1) survived ± SE per explant± SE 

Liquid Semisolid Liquid Semisolid 

Control 00 66 ± 1.0 62 ± 3.0 1.8 ± 0.30 1.2 ± 0.20 

0.5 70''±2.0 68''' ±2.5 3.0'± 0.50 3.2''± 0.20 

IAA 1.0 73'''±2.0 70'' ± 3.0 3.6'''± 0.70 2.2''± 0.43 

2.0 67 ± !.8 69'''± 3.0 3.4''' ±1.00 2.6' ± 0.30 

3.0 64 ± 3.8 48'''±3.0 2.4 ± 2.70 CD 

0.5 n·· ± 2.6 76''' ± 2.5 4.6'''± 0.50 3.2''' ± 0.40 

NAA !.0 68 ± 3.2 55± 3.8 3.4'' ± 0.20 2.8'' ± 0.50 

2.0 69'' ± 2.5 62 ± 1.0 3.0'''± 0.80 3.4''' ±0.20 

3.0 68 ± 2.0 64 ± 3.0 2.6 ± 0.40 2.0 ± 0.60 

0.5 70' ± 4.0 68'''± 2.0 2.6 ± 0.30 2.0 ±0.70 

BAP 1.0 73'''±3.0 67 ± 1.0 3.4'' ± 0.6 0 3.0'''±0.50 

2.0 76'''±4.7 71'''±3.0 4.o··· ± o.6o 3.2'''±!.00 

3.0 71 ± 2.0 73 ± 5.0 5.8··· ± 0.10 4.0'''±0.60 

0.5 67 ± 2.5 70'''± 1.00 CD CD 

KN 1.0 72:!: 2.8 71'''±3.7 CD CD 

2.0 69 ± 3.0 64 ± 3.0 2.4 ± 0.50 2.0 ± 0.90 
3.0 67 ± 2.0 65 ± 3.0 2.8 ± 1.0 2.0 ± 0.30 

Values followed by asterisks in each treatment within the same column are significantly 
different from control (KnC + CM 15% ), using Student's t-test at '5% level; ''I% level and 
••• 0.1% level. IAA, NAA, BAP and KN represents Indole acetic acid, et Napthalene acetic 
acid, 6, benzyl amino purine and Kinetin respectively. CD is the abbreviation for callus 
development. 
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Table 3.3.8 Effects of NAA- BAP combination on PLB formation in G. densiflorum. 

All data were taken 6 weeks following inoculation. All treatments had 5 replicates 

and repeated thrice. 

Hormone concentration Percent of explant PLB formation 
( mg I·') survi vcd ± SE per explant± SE 

NAA BAP Liquid Semisolid Liquid Semisolid 

0.0 0.0 64 ± 3.00 60 ± 3.80 2.4 ±0.30 1.8 ± 0.80 

0.5 0.5 71" ±2.70 69'''±2.00 3.4"'±0.75 ' 3.2'''±0.60 

0.5 1.0 73'"±1.00 75'" ±1.87 3.8' ±0.40 3.0± 0.10 

0.5 2.0 77 ± 3.54 71 ± 1.63 5.0"'±0.10 4.6"'±.030 

0.5 3.0 79 ± 2.00 81 ± 1.14 11.2"'±0.90 7.8"'±.050 
., 

1.0 0.5 77"'±4.05 68'"±4.00 2.8 ± 0.35 3.0'' ± 0.30 

1.0 1.0 71' ± 2.07 72'"±1.73 4.0" ± 0.30 4.2"'± 0.40 

1.0 2.0 73'"±3.56 69" ± 2.00 4.8"±0.40 4.0"'± 0.50 

•,' 1.0 3.0 76'"±1.00 69'"±2.63 7.2'"±0.10 5.8'"± 0.20 

2.0 0.5 67 ± 4.80 61 ± 4.00 3.4"±0.70 3.0"'±0.60 

2.0 1.0 69 ± 5.40 64 ± 2.00 2.8:!: 0.70 4.0"±0.40 

2.0 2.0 58± 3.00 61 ± 2.65 4.0"±0.30 3.0'" ±1.00 

2.0 3.0 58± 2.39 56'"±1.94 5.2'"±0.40 4.0'"±0.80 

3.0 0.5 51'"±1.00 46"'±1.09 CD CD 

3.0 1.0 53'"±4.50 49'"±2.87 CD CD 

3.0 2.0 50"'±3.00 52'"±3.40 2.6 ± 0.90 2.0 ± 0.60 

3.0 3.0 56"± 2.00 50'"± 3.86 3.0:!: 0.40 2.4 ± 0.20 

Values followed by asterisks in each treatment within the same column are significantly 
different from control (KnC only), using Student's t-test at '5% level; "1% level and "' 
.r% level. NAA and BAP represents a Naphthalene acetic acid, and 6, Benzyl amino 
purine respectively. Cd is the abbreviation for callus development. 
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4.6 and 3.2 PLBs were produced in liquid and semisolid culture respectively when 

0.5 mg J·' NAA was used with modified KnC medium (Table 3.3.7) BAP at 3mgJ·' 

concentration results in a nearly twofold increase in PLB formation over control. 

5.8 PLBs were formed when 3mg J·' BAP was used individually with the modified 

liquid KnC medium (Table 3.3.7). Survival percentage of the PLBs were optimum 

when the said concentration of BAp was supplemented to both liquid and semisolid 

KnC medium. Significant and sharp increase in PLB production was found ..yhen a 

BAP- NAA combination was used with liquid and semisolid, modified KnC medium. 

11.2 and 7.8 PLBs were formed in liquid and semisolid culture respectively when 

BAP (3mgJ·') was supplemented with NAA (0.5mg1·'). However, further increase in 

NAA concentration resulted in a gradual decrease in PLB production. The PLBs 

were green and produced in cluster (Plate 13). The clustered PLBs were separated 

(Plate 13) and subcultured in semisolid medium for further multiplication and growth. 

Healthy plantlets with 3-5 leaves were rcgencrated.{Plale 13) within 10-12 weeks 

following subculture. Kn when used at lower concentrations induced callusing. 

However, higher concentrations resulted in PLB formation in G. densiflorum . 
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3.4 DISCUSSION 

Th!! present study deals with the development of a suitable protocol for rapid 

regeneration of three endangered orchid taxa of North Eastern Himalaya, namely, 

A. graminifolia, D. mosclzawm and G. densiflorum. Results obtained in the present 

study clearly indicate the efficiency of the developed protocol as an in vitro technique 

of rapid micropropagation for the mentioned orchids. Recently, it has been discovered 

that, if meristems are cultured in liquid medium in a rotary shaker, the number of 

PLB production can be greatly increased (Stewart 1989). The present investigation 

also substantiates it. It further reveals that PLB production per explant was always 

··' higher in liquid medium than in semisolid medium. So, liquid culture is by far more 

suitable for rapid micropropagation of the three studied taxa. With this newly 

developed technique manifold increase in PLB production is possible within a shorter 

period of time. , 

CM (15%) has been found to increase the survival percentage and and PLB 

production in A. graminifolia and D. mosclzatum. This observation finds support in 

earlier reports (Goh et al 1995). However, CM has no effect on PLB formation in 

G. densiflorum. A sharp and significant increase in PLB production was noted in 

A. graminifolia when CM (15%) was supplemented with modified liquid and semisolid 

VW medium. In D. mosclzatum addition of 15% CM resulted in a significant increase 

. in survivalpercentage of ex plants. Though a little increase in PLB formation was 

observed, it was not as high as noted inA. graminifolia. Such substantial increase in 

survival percentage and PLB formation following the addition ofCM points towards 

the involvement of nutritional and/or hormonal factors. As CM is a complex organic 

additive and it contains many nutritional and hormonal substances, it is difficult to 

make any conclusive comment for such high survival percentage or high rate of PLB 

production. However, this may be due to the presence of cytokinins and sugars in 

CM (Goh et al 1995). 

Effect of different growth regulators on PLB formation was r~corded both in 

liquid and semisolid medium. Increase in PLB production in A. graminifolia was 

noted when NAA (0.5 mgl·') was added to CM (15%) supplemented modified liquid 

and semisolid VW medium. IAA too was found very effective in PLB production in 

A. graminifolia. 

67 



.. 

BAP and Kn were found to retard PLB formation inA. graminfolia. The rate ofPLB 

production was significantly lower in comparison to control when BAP or Kn was 

added to CM supplemented liquid or semisolid VW medium. 

Significant increase in PLB production was noted in D. moschatum when 

IAA (2mgl·1) or 2,4-D (lmgl·1) was used with CM (15%) supplemented modified 

KnC medium. NAA and BAP had very little or no effect on PLB production when 

used individually. But a significant and manifold increase in PLB production was 

noted in D. mosclwtum when a BAP-NAA combination (BAP 3mgl·1 and NAA 

2 mgl·1
) was added with the medium. Similar effect of BAP-NAA combination was 

recorded in G. densiflorum when 3mgl·1 BAP and 0.5mgl·1 NAA was added to 

modified liquid and semisolid KnC medium. It was interesting to note that BAP or 

NAA had almost no effect on PLB production when used individually, but their 

combination yielded the best result. 

An important finding of the present investigation has been the high frequency 

of PLB production from thin sections of stem which points out that morphogenetically 

competent cells were not limiting in the tip portions of plant. It has been shown 

earlier that PLB production was higher in thin sections of stems in comparison to 

shoot tips ( Goh eta/ 1995). The reasons for such results may be due to the fact that 

upon excission cells are released from correlative control and under appropriate culture 

conditions they express their own morphogenetic potential as observed in the thin 

section stem disc culture. 

In the present study it has been observed that PLB production was always 

higher in agitated liquid culture than in semisolid culture. The reasons for such finding 

indicate that liquid media provide better aeration and optimum conditions for 

respiration and salt uptake. Moreover, in liquid media the proliferring tissues having 

increased surface area enables more uptake of nutrients resulting in better growth 

and differentiation (Singh and Prakash 1985). Other advantages of liquid cultures 

arc the simplicity of preparation, medium exchange and possibility of mass production 

of PLBs because of an easy scale-up compared to the conventional PLB production 

methods (Park eta! I 996). 
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With the development of tissue culture techniques emphasis has now been shifted 

towards exploring the alternative plant parts. Few works have been done on PLB 

production in liquid medium (Park et al, 1996). But no work has been done by using 

the in vitro grown plant parts as explant sources. 

This has two advantages-- one is the easy availability of explant source without 

damaging the mother plant and secondly the aseptic availability of ex plants which 

would help to minimise contamination. The agitated liquid culture merhod has already 

been shown advantageous for rapid micropropagation. The present study will add a 

new dimension towards this direction. The thin section liquid culture method described 

in the text is thus a highly efficient protocol for rapid micropropagation method for 

A. graminifolia, D. moschatum and G. densijlorum . 
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3.5 SUMMARY 

This part of the work deals with the development of a protocol for rapid 

micropropagation in three endangered orchids of North Eastern Himalaya, namely, 

Arundina graminifolia, Dendrobium mosclwtum and Geodorum densiflorum. The 

developed protocol is an efficient technique for rapid rnicropropagation by using the thin 

sections of in vitro grown plant parts as explant sources. Our study clearly reveals that 

following this procedure, manifold increase in PLB production could be achieved at least 

in the investigated orchid taxon. 

Seeds of all three studied orchids were germinated following the media and procedure 

already described in Chapter I. Well grown (6-8 week old) plantlets were aseptically 

taken out of conical flasks and the roots and leaves were removed. Thin sections measuring 

1-1.5 mm were prepared by transverse ~ectioning of the stems of the in vitro raised 

plantlets with the help of a sharp sterilized surgical blade. These thin sections were 

inoculated in modified VW and KnC media enriched with organic additives and hormones. 

The first visible change in all the cases were the expansion of the ex plants which is 

followed by PLB production. The survival percentage of the explants and the number of 

PLB production from each explant was noted and shown in Tables 3.3. 1, 3.3.2, 3.3.3, 

3.3.4 3.3.5, 3.3.6 ,3.3.7 and 3.3.8. 

Thin sections ofA. graminifolia when cultured in basal modified liquid and semisolid 

VW medium produce 3.8 and 2.6 PLBs from each explant respectively. Addition ofCM 

(15%;v/v) has been found to increase the survival percentage and the PLB production. 

10.0 and 6.8 PLBs were produced from a single explant when the said concentration of 

CM was supplemented with liquid and semisolid VW media respectively. The survival 

percentage was as high as 92. Further increase in PLB( 18 PLBs per explant) production 

was noted when 0.5 mg I-1 NAA was added to CM supplemented VW medium. IAA too 

has been found to promote the PLB production but it was not as high as NAA. 16.0 

PLBs were produced from a single explant when IAA 1 mg I- 1 was added to CM 

supplemented liquid VW medium. Higher concentrations of both IAA and NAA resulted 

in a significant decrease in PLB production. BAP and Kn were found inhibitory at any 

concentrations having a sharp fall in the rate of PLB production . 
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In D. moschatum 59% explants survived and 2.0 PLBs were formed from a 

single explant when cultured in liquid KnC medium. Addition of CM has been found to 

increase the survival percentage of the explants and the rate ofPLB production. 86% and 

81% explants were survived in liquid and semisolid KnC medium respectively when 

CM 15% (v/v) was added. 3.6 and 3.0 PLBs were produced from a single explant when 

cultured in CM supplemented liquid and semisolid KnC medium respectively. Addition 

of auxins like IAA and 2,4-D resulted in a further increase in PLB production when 

added individually to the CM supplemented KnC medium. 7.6 and 4.8 PLBs were formed 

from a single explant when I mg J·' 2,4-D was added to liquid and semisolid KnC medium. 

Higher concentrations of 2,4-D promoted callus development. BAP and NAA when 

used individually had very little or no effect on PLB production. However, their 

combination resulted in a sharp and significant increase in PLB formation. 13.6 and 8.4 

PLBs were produced from each explant when 3 mg J·' BAP and 2 mg 1·1 NAA was 

added to CM supplemented KnC medium. 

Survival percentage of ex plants and PLB formation per explant was recorded in 

G. densijlorum. 66% and 62% ex plants survived when they were cultured in liquid and 
' semisolid KnC medium respectively. The rate of PLB formation was qiute low when the 

explants were cultured in basal KnC medium. CM at any concentration had no effect on 

l'LI3 production and survival percentage. Diffcrcut concentrations of various growth 

regulators were tested and differential response were noted. NAA at lower concentrations 

(0.5 mgJ·1) resulted in a slight increase in PLB production. 4.6 and 3.2 PLBs were produced 

form each explant when cultured in 0.5 mgJ·' NAA supplemented liquid and semisolid 

KnC medium. Lower concentrations of IAA too was found enhance the rate of PLB 

production. But higher concentrations of IAA induced callusing. Increase in PLB 

production was also no~ed when BAP (3 mg 1·1) was added to the medium. Best result 

was obtained when a BAP- NAA combination was used with the media. 11.2 and 7.8 

PLI3s were formed in liquid and semisolid KnC medium respectively when 3 mg 1·' BAP 

and 0.5 mgJ·' NAA were added to the modified KnC medium. 

In the-present investigation it has been observed that the PLB production was always 

higher in agitated liquid medium than in semisolid medium. So, liquid medium is more 

suitable for rapid regeneration of the studied orchids. 

71 



··., 

The most significant advantage of this technique over conventional methods is that 

in a relatively short time and space large number of plantlets can be produced from a 

single explant. Another important advantage of this technique is the aseptic availability 

of the explants which would help to minimise the rate of contamination. 
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