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PREFACE 

Indian sub-continent is well represented by orchid flora which constitute an 

integral part of country's wonderful natural heritage. The orchid wealth of Indian 

region, especially the sub-Himalayan belt, is gradually dwindling. Barring a few, 

most orchid species are in danger of extinction due to large scale commercial collection 

and habitat destruction as well. Besides conventional ex situ and in situ conservation 

approaches, the potential of recent biotechnological methods needs to be fully 

exploited. 

Tissue culture is the foundation on which all biotechnology rests and it is the 

best known method for propagation of rare and endangered plant species in general 

and orchids in particular. In the present dissertation, methods have been developed 

·· and standardized for in vitro mass propagation of a few critically endangered orchids 

of North Eastern Himalayas. 

Although the present work is an unified attempt on in vitro germination of 

seeds and induction and nutrition of PLB/callus and plant regeneration of three orchids, 

for the sake of convenience the project report is divided into five self-contained 

chapters under three general parts. The first part containing two chapters has been in 

vitro germination and growth of seeds, while the part two consisting of a lone 

chapter is devoted to development of 11 rapid mass propagation protocol for the 

endangered orchids concerned. The third and last part of the thesis, namely, 

"Hardening and artificial seed technology" has been elaborated in chapter four 

and five respectively. 

First chapter deals with 'Effect of media and organic additives on initiation 

of germination and growth of seeds under in vitro conditions inArundina (Blume), 

Dendrobium (Swartz) and Geodortmz (Jackson),' wherein, a systematic and 

extensive investigation has been undertaken to find out suitable media for initiation 

of seed germination and growth, development and regeneration of PLBs/ calluses in 

· Arwzdina graminifolia, Dendrobium mosclwtum and Geodorum densiflorum. 

During the last few years tissue culture techniques have been extensively 

exploited for rapid and large scale propagation of orchids. For successful realization 

of the potentials of these techniques it needs a systematic and critical examination of 
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the role of growth regulators on seed germination and seedling development of orchids. 

Second chapter deals with ' Effect of growth regulators on seed germination; 

growth, development and regeneration of PLBs/ callus in the representatives of 

these genera. 

Plant tissue culture, the most commercially successful area of plant 

biotechnology, has introduced an exciting new phase iii.to plant propagation and 

breeding. Orchid is the first horticultural plant cloned by tissue cultural methods on a 

commercial scale. Third chapter deals with 'Stem-disc culture··· development of a 

rapid mass propagation protocol for Arwzdina, Dendrobium and Geodorum', 

wherein, success was attained in the development of a rapid regeneration method 

using thin sections of stems from in vitro grown plants of Arundina graminifolia, 

and Geodorum densiflorum. 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. 

Orchids are healthy competitors in the international cut flower market. The 

small proportion ( <5%) of the total international cut flower trade currently occupied 

· by orchid highlights their potential to take even the greater share of the market. There 

is an active market for micropropagated orchid plantlets which are produced at a rate 

of 11 million units per year. 

Recent advances in plant tissue culture techniques have revolutionised the plant 

tissue culture industry in general and orchid industry in particular. But constraints of 

labour and other expenses like nutrient medium, hardening and delivery of in vitro 

raised plants are yet to overcome. Fourth chapter entitled 'Hardening of in vitro 

regenerated plantlets in Arwzdina and Geodorum' was undertaken to find out a 

suitable process for hardening the in vitro raised plantlets of Arundina graminifolia 

and Geodorum densiflorwn by using the conventional method as well as by artificial 

seed technology (Chapter 5). The investigation has been successful in development 

of a suitable method for acclimatization and field transfer of the in vitro raised plantlets 

in two critically endangered orchids of North Eastern llimalayas. 

ll 
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The artificial seed technology is an exciting and rapidly growing area of research 

in plant cell and tissue culture. Production of artificial seeds has unravelled new 

vistas in plant biotechnology. The commercial application of plant tissue culture 

technology has been successfully demonstrated. However, constraints of high labour 

and other expenses like hardening and delivery of tissue cultured plants remain to be 

overcome. In this context artificial seed technology assumes greater importance 

because of low cost and high volume propagation system. 

Fifth and last chapter of the project deals with 'Artificial Seed Technology-

development of a protocol inArundina and Geodorum --two critically endangered 

terrestrial orchids', wherein, successful production and regeneration of artificial 

seeds have been possible by encapsulating the PLBs of A. graminifolia and G. 

densiflorum, a pair of terrestrial endangered orchids of North Eastern Himalayas 

with a view to conservation of them. Many facets of artificial seed production by 

encapsulating PLBs have been extensively investigated with an ultimate view to 

conservation of the two orchids. 

The development of a protocol for the two endangered North Eastern Himalayan 

orchids may be an useful addition to the in vivo germination and regeneration of 

plantlets for storage and transportation of precious and costly orchid hybrids and for 

conservation of elite and endangered orchid germ plasm: The judicious and intelligent 

coupling of artificial seed technology with that of microcomputer in achieving 

automated encapsulation would tremendously increase the efficiency of encapsulation 

and production of artificial seeds and revolutionize the current concept of commercial 

micropropagation in the next rnillenium. 
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1.1 INTRODUCTION 

Orchids, the doyen among the ornamentals, are one of the few flowering plants 

of commercial value to be propagated in vitro through seed and tissue culture. Indian 

sub-continent is well represented by orchid flora which constitute au integral part of 

country's wonderful natural heritage. In many valuable orchids like Cymbidium, 

vegetative propagation by bulb is a slow process and require an average of ten years to 

obtain mature plants. Moreover, in a large number of orchids propagation is made by 

seeds. Orchid seeds are unique in many ways. Being very small, they are produced in 

very large numbers in each capsule. One of the important characteristics of all orchid 

seeds is the lack of endosperm in their embryo. However, some stored energy is present 

in the form of fat droplets and starch granules (ilurgeff 1936). The embryos have no root 

initial and require fungal association for germination in nature. Because of so many 

peculiarities, orchid seeds provide an ideal material for investigating germination and 

subsequent stages of development of an undifferntiated embryo. 

At the turn of this century, it was established that the germination of orchid seeds in 

nature requires the assistance of certain fungi (Bernard 1904) popularly known as 

mycorrhiza. Noel Bernard (1909) successfully isolated some·fungi and used them in 

the symbiotic germination of orchid seeds (Breedy 1991). Later, Hans Burgeff ( 1959 ) 

established the role of mycorrhizal fungi in orchid se~d germination. Physiological aspects 

of seed germination and subject of mycorrhizal association was reviewed in details by 

Ardilli (I 967). It has been noted that due to the lack of proper mycorrhizal association 

the germination pcn;entagc of orchid seeds in nature has been very low. Moreover, a 

slight change in soil pH or any disturbance in physiological condition may lead to total 

destruction of whole seed population sown in a nursery bed. 

The asymbiotic germination of orchid seeds remained an engima for a long time. 

The breakthrough was made by Prof. Lewis Knudson (1922), who by studying the orchid 

seeds established that they could be germinated on a simple nutrient medium containing 

inorganic salts, agar and sugar and concluded that the fungus association is not essential 

for asymbiotic germination. Following this discovery, different groups of workers started 

growing orchids in nutrient media in tubes and flasks. After Knudson, to date nearly 

I 973 hybrids and 167 species have been successfully germinated on fungus free nutrient 

media (Singh 1993 ). 
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Now a days most of the orchids are propagated through seed culture rather than 

tissue culture. In addition, Knudson's findings gave rise to wide spread research with 

nutrient medium including mineral salt concentrations, carbohydrates, vitamins, plant 

hormones, ·various growth substances and the whole melange of other organic 

additives (Arditti 1970). Various workers have demonstrated germination of orchid 

seeds to obtain seedlings under in vitro conditions for production of precious orchids 

having trade and commercial potentialities. Papers have been published on in vitro 

germination of seeds and development of protocorm like bodies (PLBs) and seedlings 

of some orchids like Cymbidium, Cypripedium, Dendrobium, Phalaenopsis, Vanilla, 

Rhyncostylis, Blettia, Calanthe, Arundina, Acampe, Geodorum etc. (Arekal and 

Karanath 1978, Bhowmick et al 1989, Bopiah and Jorapur 1986, Byoung, Chun 

and Kichan 1989, Duan and Hu 1987, Ernst 1967 and 74, Foneshbeck 1972 a and b, 

Funk and Brodelivs 1990, Grip 1966, Harvais 1973 and 82, Israe11963, Ito 1955, 

Kanjilal, Datta and De Sarker 1998, Kanjilal et a/1998, Kusumoto 1969, Martinez 

et a/1989, Miyoshi and Mii 1988, Murulidhar and Mehta 1986, Prasad and Mitra 

1975, Sec)ova and Buyun 1987, Shimasaki and Uemoto 1987, Wang and Wang 1989). 

Effect of various complex organic growth additives on in vitro seed germination, 

PLB formation and seedling growth has been explored by several workers. The most . 

commonly used organic additives in orchid seed culture are Urea (Curtis 1947b, 

Mograu 1949, Raghaban 1964 ), Caesin hydrolysate (Chennaveeraiah and Patill975, 

Prasad and Mitra 1975, Viz et al 1981 ), Peptone (Mathews and Rao 1980, Morel 

1974, Withner 1953), Yeast extract (Curtis 1947b, Plamce 1978, Prasad and Mitra 

1975, Mathews and Rao 1980), Banana extract (Kusumoto 1969, Kanjilal, et a/1998) 

and Coconut milk (Chang and Chua 1980, Ernst 1967, Kanjilal, Datta and De Sarker 

1998). 

Following the development of tissue culture techniques of other plants, Morel 

tried to culture the Cymbidium shoot tips in Knudson III C agar medium (Morel 

1960, 63and 64 ) and noted all the sequential stages of development of embryo to a 

new plant. Morel's discovery of clonal propagation created intense interest among 

the orchid growers and had a tremendous impact on the orchid industry. With further 

Tcfincment in tissue culture techniques various methods have been discovered by 
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different groups using different explants and different media (Goh 1989, Sagawa 

1989, Arditti and Ernst 1993 ). Following these techniques of mass propagation, the 

commercial growers have produced countless 'mericlones' (Biveins and Hacket 1969, 

Champagnat et al 1966,68, Thompson I 971, Ueda and Torikata 1972,). However, 

such studies on orchids have been performed with the objective of micropropagation 

and that too only on some precious orchids. Only few of these studies examined the 
' 

effects of media and various organic additives on seed germination and development 

ofprotocorm. 

Development of efficient protocols for initiation of germination and growth of 

PLBs is a must for successful application of tissue culture techniques in any' 

fundamental and applied problems of Plant Sciences. Tissue culture and 

micropropagation techniques in various laboratories have demonstrated that these 

techniques allow to produce greater number of plants in a given time which cannot 

be achieved by normal methods of propagation (Peirik 1993). However, the extensive 

literature giving detailed information of various plant tissues cultured under in vitro 

conditions contain inadequaie data on the medium composition and culture conditions 

necessary for growth of orchid materials (Evans et al I 982). Meagre information is 

available on seed germination and seedling growth of Anmdina graminifolia and 

Dendrobium mosclzatum. However, information in this direction in Geodorum 

densiflorum is entirely lacking. 

Arwzdina graminifolia (Don) Hochr., Geodorum densif/orum (Lam) Schltr. and 

Dendrobium mosclzatum (Buch.-Ham.) Swartz are three orchids of North Eastern 

Himalaya, first two of which are terrestrial while last one is epiphytic. These orchids 

were once very common in this part of India. Over- exploitation as indiscriminate 

collection by the commercial orchid growers and expansion of cultivated lands have 

threatened their existence and now they are on the verge of extinction. The present 

work was undertaken with a view to find out suitable media for in vitro seed 

germination, development and growth of PLBs with the ultimate objective of 

micropropagation and conservation of these critically endangered orchid taxa. 

3 
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1.2 MATERIALS AND METHODS 

The present investigation deals with three endangered orchid taxa, namely, 

Arundina graminifolia (Don) Roehr., Dendrobium moschatum (Buch.-Ham.) 

Swartz. and Geodorum densiflorum (Lam) Sehltr. of North Eastern Himalayan 

region. A. graminifolia and G. densiflorum are terrestrial in habit and D. 

moschatum is epiphytic. All these plants were collected in wild condition from 
I 

various districts of North Bengal and grown in the experimental garden of the 

Department of Botany, University of North Bengal, West Bengal. The taxonomic 

characters of .these orchids are given below. Voucher specimens of 

A.grominifolia, D. moschatum and G. densiflorum have been deposited in the 

Herbarium, Department of Botany, N.B.U., Rajarammohanpur, West Bengal with 

proper catalogue number. 

Taxonomic Characterization:- The broad systematic position of the three taxa 

selected for investigation and belonging to the family Orchidaceae is 

diagrammatically represented on the following page . 

Arwulina graminifolia (Don) llochr.: Arwzdina (Blume) is a small genus with 

two known species (Bose and Bhattacharya 1980). It is widely distributed in the 

region extending from Southern China and Himalaya, throughout Malaysia, 

Indonesia, Srilanka, Burma and Philippines. In the North Eastern Himalayan 

region A. graminifolia (Plate I) is found to grow in wild condition. In south 

India the genus is uncommon and is found only, in two localities, namely -

Ponmudi at an elevation of 900 m along the banks of a stream and in Peermade 

·at an elevation of 1500 m (Abraham and Vatsala, 1981). Plants are terrestrial, 1-

3 m high , grow well in well-drained soil condition 1-1.5 m across. The name 

'Arwzdina' is derived from the reed like structure of the plant. Leaves pale green, 

glaucous, 5-8 em long, 2cm wide. Flowering throughout the year under North 

Bengal climate. 

Flowers in unbranched terminal racemes, open only one at a time. Flowers 

3.5-4 em across, 4.5 em long. Sepals light-magenta in colour, hook shaped, similar, 

3.5 em long, I em wide, the laterals connate below. Petals broader, 
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Diagramatic representation of the systematic position of the 
orchids investigated 

Family --- Orchidaceae 

Sub-family 

Epidendroideae 

1. 
Tribe 

Arethuseae 

Sub1be 

BleJinae 

Cymbidieae 

suJtribc 

Dendrlbiinae 

Arundina graminifolia Dendrobium mosclzatum 

5 

Vandoideae 

Jibe 
Cymbidieae 

SubLibc 

C 'd'' yrtopo unae 

Geodorum densiflorum 



3.5 em lo ng, 2 em wide, light magenta in colour, deeper than sepals . Lip trumpet 

s haped , enclos ing the column, the top half flaring, rhomboid when spread out. 

Tip tlccp ly bilobetl, marg in c rcnu la te , very tleep purple in the throa t, lighter 

towards margin with a white mark in between. Column 2 em long, Pollinia 8, 

lenticular in two rows of 4 each. Chromosome number n=20, 2 n=40 ( Sharma 

and and Chatterj ee 1966, Lee, 1986 a nd Kanji la l, Datta and De S arker 1998). 

Status : E ndanger ed 

Geodorum densiflorum (L a m ) Sehltr: Geodorum (Jackson) is a s mall terrestrial 

genus o f' about I 0 s pecies (Bose and Bh att acharya 19HO) , native of Eastern Jndia , 

Uurma, Papua, Au stralia and Malaysia . These rarely cultivated orchids, bear 

delightfully fragrant and attractive fl owers. G. densiflo rum (Plate 2 ) was 

collected from the distri c ts of North & South Dinajpur of West Bengal. In South 

India Geodorum is wide ly di s tributed througho ut the low elevations of Western 

Ghats. Flowering time is rainy season (between J uly- Augus t) . 

Plants tuberous, terrestrial, and appearing above gro und only during rainy 

season. Plant grows we ll in sandy loam u nder diffused light. Tubers g lobular, 

3-3 .5 em across . Vegetative and fl o ral shoots separate , the former appearing a 

l ittl e earlie r than the latte r. Pl a nts 20-30 e rn ta ll. Leaves 15-20 ern long , 10-12 

e m wide, coriaceous, lig ht gree n. 

Inflorescence ax is with 3-4 shea ths, shorter than vegetat ive shoot but 

exte nding upto 30 e m by the time the las t fower poens , decurved at the top 

point, s low ly strai ghtenin g as the fl owers open. Inflorescence raceme, dense 

fl owered . Brac ts g reen 1 em long. Flowers 2 e m across, sepals and petals similar, 

pale white in colour. Lip obscure ly trilobed, s idelobes erect o n either side of the 

column, central lobe bilobed, with a s hall ow sinus in between. Lip fleshy, pink 

with purple s tri a tions o n the ins ide and with a central patch of yellow. Column 

s ho rt, produced into a s hor t foo t. Po llini a two, ob lo ng, caudicle s hort. 

C hro mosome numbe r n=26, 2 n=52 (Vatsa la 1964 ). 

S tatus : Presently rare, e nd a n gered 

G 





Dendrobium moschatum: Dendrobium Swartz (nom. cons.) is one of the largest 

diverse genera of orchids, very popular among the orchidists throughout the world, 

for magnificient flowers of great delicacy and beauty. The genus has supplied the 

second largest number of species in the orchidaceae family, and comprises about 

1600 species distributed in India, Burma, Malayasia, Australia, New Zealand, China 

and Japan (Bose and Bhattacharya 1980). More than 150 species of Dendrobium are 

recorded in India and they are distributed in Assam, Meghalaya, Arunachal Pradesh, 

Naga Hills, Tropical valey of Sikkim, Teesta Valey, Darjeeling, Bihar, Sundarban, 

Kumaun, Garhwal, Dehradun, Mussourie, Kerala, Western Ghat etc. 

Stems of D. moschatum (Plate 3) are thickest at the middle, attenuated towards 

base and apex. Leaves narrow, oblong, acute, leatpery, 12.5 em long and 4 em 

broad. Inflorescence pendent from the top part of the pseudobulbs, to 30 em long, 

about 12 flowered. Flowers to 8 em across, ochraceous, scented, creamy- buff flushed 

with rose; sepals with redish tips and redish or orange veins, elliptic oblong; petals 

broader, mentum stout. Lip forming a globular or pear shaped pouch, pale yellow. 

Flowering time May- July. 

Status: Rare and endangered. 
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1.2. Culture l\tledia 

T he c ulture medi a compos iti on formulated ~y E. Yacin. and F. W. Went 

( 1949) and L. Knudson (l946) were s uitably modi f ied a nd used fo r seed 

germina ti on a nd s ubseq ue nt growth o f PLI3 s. The original formul a ti on by Yacin 

and Went (1949) and Knudson ( 1946) along with modified media are described 

in the Table(l.2. l ). 

Preparation of Culture .Medium 

The s tock solution concentrations required for m odified Vacin and Went 

(VW ) medium were made as indicated in the Table 1.2.2. T he macro e lement 

s tock solutio ns were prepared a t 10 x of the final concentrations and micro 

element s tock solutions were prepared a t 100 x o f the fi nal concentrations . All 

the s tock so lutio ns were kept under deep freezer i .e. 0° to 4°C. The modified 

VW medium contains fe rric ci trate (C
6
H

5
0 7 Fe, SH

2
0 ) ins tead of fe rric tartarate 

of the o rig ina l medium . For making 1000 ml of culture medium, 100 ml solution 

from each of s ix mac ro c lemen ts s tock so lutions and 10 ml from micro clement 

stock so lutio n were take n. The vo lume was then made up to 900 ml by adding 

double di still ed wate r. The p i I o f the c u lture medium was adjusted to 5.0- 5.2. 

20 gms of sucrose (BDH) was then added and by adding sterili zed double disti lled 

wa te r the vo lume was made 1000 ml . 8 to 10 gms o f aga r (Difco) was then 

added s low ly to the gently bo iling and s tirring solution. When the agar was 

full y di ssolved 15 ml and 25 ml of medium was poured in each cu lture tubes and 

100 ml conical flasks (Boros il ) respecti ve ly. The co tton plugged tu bes and flu sks 

were autoclaved a t 11 0 kPa for 20 min at 120°C. 

The s tock solut ion concentrati ons required for preparation of modified 

Knud son C (K nC) mcd iunl were Jll:tde as indi cated in Table ( 1.2.2). In this 

modified medium, unlike the o riginal KnC ( 1946) , the micro element manganese 

sulpha te was omitte d, ins tead of whic h boric acid (1-1 3803 ) , mo ly bdic acid 

(Mo0
3
), cupric sulphate (CuS04 .5 H 20) and z inc sulphate (ZnS0 4.7 H 20) were 
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Table 1.2.1 Nutrient composition ofVacin and Went (VW; 1949) and Knudson C (KnC; 
1946) and their modifications as made in the present investigation. 

Constituents vw vw KnC KnC 
(mgt·') (modified mgl·1 ) (mgt·') (modified mgt·') 

MACRO ELEMENTS 

Tri calcium phosphate 200 200 

( Ca3(P04) 2 ) 

Potassium nitrate 525 525 

(KN0
3
) 

Calcium nitrate 

(Ca N03) 2 • 4H,O 1000 1000 

Potassium phosophate 250 250 250 250 

(KH,PO.J 

Magnesium sulphate 250 250 250 250 

(MgS04• 7H20) 

Ammonium sulphate 500 500 500 500 

(NH,)
2
S04) 

Ferrous sulphate 25 25 

(FeSO 4• 7H,O) 
) 

Ferric citrate 30 

(C6H,07Fe. 5H20) 

Ferric tartarate 28 

(C,H.O, Fe,) 

MICRO ELEMENTS 

M:u1g:u1csc suiJdlatc 7.5 7.5 7.5 

(MnSO,. 4H,0) 

Boric acid 0.056 

(H
3
B0

3
) 

Molybdic acid 0.016 

.. (MoO,) 

Cupric sulphate 0.040 

(CuSO.J 

Zinc Sulphate 0.331 

(ZnSO,) 

Agar 8-10 gm t·' 8-10 gmt·' 8-10 gm t· 1 8-10 gm I·' 

Sucrose 20 gm I·' 20 gmt·' 20 gm J·' 20 gm J·' 
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Table 1.2.2 Composition of stock solutions and amount of macro and micro elements 
to be taken for one litre of modified VW and KnC medium. 

.. Constituents Stock solution (gm 1"1) Volume of stock solution 
per litre of culture medium VW KnC 

MACRO ELEMENTS X 10 

Tricalcium phosphate 2.0 

Potassium nitrate 5.25 

Calciut\\ t\ilratc 

Potassium phosphate 2.50 

Magnesium sulphate 2.50 

Ammonium sulphate 5.00 

Ferrous sulphate 

Ferric citrate 0.30 

MICRO ELEMENTS X 100 

Manganese sulphate 

Doric acid 

Molybdic acid 

Cupric sulphate 

Zinc sulphate 

Agar 

Sucrose 

0 .75 

No stock 

No stock 

10. 

10.0 

2.50 

2.50 

5.00 

0.25 

0.0056 

0.0016 

0.0040 

0.0331 

No stock 

No stock 

, 100 ml 

I 00 ml 

lOU m1 

100 ml 

100 ml 

100 ml 

100 ml 

100 ml 

10 m1 

10 ml 

10 ml 

10 ml 

10 ml 

20 gm 

8-10 gm 
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added. To make 1000 ml of culture solution, 100 ml solution from each of the 

five macro element stock solutions and 10 ml from each of the four micro element 

stock solutions were taken and the volume was made upto 900 ml by adding 

sterilized double distilled water. The pH of the solution was adjusted at 5.2-5.4. 

20 gm of sucrose was then added and mixed properly by hand shaking and the 

volume was made upto 1000 ml by adding double distilled water. 8-10 gm of 

agar (Difco) was then slowly added to the nearly boiling solution. When the 

agar was fully dissolved 15 ml and 25 ml of nutrient solution was distributed to 

culture tubes and 100 ml conical flusks (Borosil) respectively. All the tubes and 

flasks were cotton plugged and autoclaved at I 10 kPa for 20 min at 120°C. 

Organic additives 

Different organic additives like coconut milk (CM) tomato juice (TJ) banana 

extract (BE) and peptone(PEP) were tested to observe their effects on seed 

germination and seedling growth. 

Coconut milk 

Green coconuts were brought from the local market. A hole was drilled 

through one of the germinating pores. The liquid was collected, filtered, boiled 

for 10 min and stored in a refrigerator and used as and when required. Storage 

did nut exceed more than a month. 

Tomato juice 

Ripe tomato fruit were bought from the market and juice was extracted 

with the help of a juicer. It was them filtered and used fresh. 

Banana Extract 

Ripe bananas of local variety •.vere purchased and the pulp was crushed in 

a blender and used fresh. 

Peptone 

Peptone was measured and directly used in the media. 

Growth Regulators 

Hormones used were prepared fresh. For preparing 10 ml of 

Auxin(IAA,NAA etc.) solutions, 5 mg of each of the Auxins(Sigma) was 

11 
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dissolved in I ml of 90% ethanol in a clean autoclaved test tube (Borosil) and 

the volume was made upto 10 ml by adding sterilized double distilled water. For 

preparing 10 ml of Cytokinin solution, 5 mg of Cytokinin (Sigma) was dissolved 

in 1 ml of l(N) HC! and finally the volume was made upto 10 ml by adding 

sterilized double distilled water and kept in a refrigerator at 0°C. 

Explant Sources 

8-12 week old mature green and undehised capsules collected from 

respective plants were used as explant source for in vitro seed germination. Seeds 

from these capsules were inoculated in both culture tubes and conical flusks 

containing nutrient media. The whole inoculation process was performed under 

aseptic condition in a laminar air flow cabinet with observation of appropriate 

sterilization of capsule surface. 

Surface Sterilization 

The collected capsules were first washed with tepa! (BDH) under running 

tap water. Then they were washed at least thrice with double distilled water. 

The washed capsules were immersed in absolute ethanol for !min followed by 

rinsing in double distilled water. The capsules were then treated with 2-3% 

sodium hypochlorite (NaOCl) for 15 min and washed 5-6 times with sterilized 

double distilled water. 

Inoculation and Culture condition 

Surface strerilized capsules were dried with sterilized blotting paper and 

were taken on a sterilized petridish. The capsules were then incisied 

longitudinally with a sharp, sterile surgical blade. Seeds thus exposed were 

inoculated aseptically and carefully into culture tubes and conical flusks 

containing medium. A small and uniform quantity of inoculum had been used 

for initiation of germination and growth. 

The scalpels, forceps and other appliances used in this process were 

autoclaved at 110 kPa for 20 min at !20°C and also sterilized by dipping in 

rectified sprit and flaming prior to every usc. The cultures were maintained at a 

regulated trcmpaturc of 25 :1: 2°C under 16 hr photoperiod from cool white 

lights giving 1000 lux at culture level. The humidity was maintained at 70:!: 5% 

12 



relative humidity. Observations were made at regular intervals . 

Morphological observations of the seeds prior to and during germination 

for early detection of response in the media were made under stereo binocular 

microscope . Free hand drawing of different stages ofdeveloprnent from seed to 

plantlet were done.(Figs 1,2 and 3) 

Calculation of Germination Percentage 

Following inoculation culture tubes containing inoculated seeds were 

·· observed under a stereo binocular microscope. Swelling of the embryonic tissue 

was taken as first visible symptom. When the embryonic tissues carne out by 

bursting the testa of the seeds, they were considered as germinated. By this 

time most of the embryonic tissues had light green colour. Germination percentage 

was calculated by direct observation. using the formula: 

Seeds germinated xlOO 
Total number of seeds I tube 

13 
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1.3 OBSERVATIONS 

1.3.1 Induction of in vitro germination and growth of seeds; and growth, 

development and regeneration of PLBs in Arundina graminifolia, Dendrobium 

moschatum and Geodorum densijlorwrz . 

Induction of germination and growth of seeds were observed in A. g raminifolia, 

D. mosclzatum and G. densiflorum. The optimum response for A. graminifolia was 

noted in modified VW medium. For the other two investigated genera nodified KnC 

medium was found suitable. The first visible change in all the studied taxa was 

swelling of embryo followed by its emergence by bursting the seed coat. 

In A. graminifolia seed germination was first observed after 20 days and 24 

days in VW and KnC medium respectively. The germination percentage was always 

higher in VW medium than in KnC medium. 68% and 61% germination was noted in 

modified VW and KnC medium respectively (Table I .3.1 ). The time requirement for 

germination in VW medium was also less than that in modified KnC medium. Swelling 

of embryos was the first visible change and it was noticed after second week following 

inoculation. However, germination was first noticed at the beginning of the third 

week when the embryonic mass came out by burs.ting the seed coat. Initially, the 

embryos were pale yellow in colour but turned green within 4-5 days following · 

germination. The growth of the PLBs were noticed after one week following 

germination. At this stage the embryonic mass increased in size, became globular in 

·· shape, accumulated abandant chloroplast turning green in colour. These green pin 

head like. bodies are called protocorm like bodies or PLBs (Plate 4). In the next stage 

of development a pro!I!eristematic zone appeared which ultimately developed into a 

pair of two unequal leaves (Plate 4 ). Simultaneously, at the proximal end of the PLBs 

numerous, unicelluar, tubular, rhizoid like structures were noticed. By the end of 6th 

week following inoculation plantlets with 3-4 leaves and 2-3 roots were developed 

(Plate 4 ). Most of the PLBs directly developed into plantlets. Diagramatic stages of 

development from seeds to plantlets have been shown in Fig. I. However, few of 

them developed into callus. The pen.;entage of callusing is less than one and hence 

negligible. The calluses were green in colour and did not show any differentiation 

upto 6th week. 

14 
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Fig. 1 Arundina graminifolia, line drawings showing sequencia! stages of embryo development. 
1. embryo enclosed within the seedcoat; 2. swelling of embryo; 3. embryonic mass came out by 
rupturing the seedcoat; 4. PLB with rhizoids; 5. Formation of embryonic leaves 6. Root development. 
7 & 8. Complete seedling 



Table 1.3. 1 Effect of media on seed germination in A. graminifolia, D. moschatum and 
G.densijlorum. Data collected after 6 weeks following germination. All treatments had 5 
replicates and repeated thrice 

Medium 

vw 

KnC 

J\g 

Time requirement for 
germination± Se 

Dill Gtl 

Percentage of germination ±SE 

J\g Om Gtl 

20 ± 1.73 24 ± 2.00 45 ±0.90 68 ± l.09 53± 2.89 32±1.00 

24 ± 0.70 2 1 ± 1.36 36 ± 0 .60 6 1 ± 0.20 61 ± 1.60 47 ±0.36 

Ag, Dm and Gd represents Arundina graminifolia, Dendrobium moschatum and 
Geodorum densijlorum respectively. 

I4t>1Gu 

l 4 MAR 2al2 ••• • 
15 



'• 

The first visible change in D. mosclwtum was noted after 24 and 21 days in 

modified VW and KnC medium respectively. The seed germination. percentage was 

always higher in modified KnC medium. Initiation of germination was considered 

when the swelled embryonic tissues came out by rupturing the seed coat as pale 

yellow structures (Plate 5). By second week following germination these structures 

turned green by accumulating chloroplasts. 53% and 61% seed germination was 

recorded in modified VW and KnC media respectively(Table 1.3.1). The stages of 

development (Fig. 2) of PLBs were almost similar to that of A. graminifolia. The 

promeristematic region developed by the end of third week following germination 

and finally developed as the first pair of photosynthetic leaves. By 60th day following 

germination plantlcts with 2-3 leaves and 1-2 roots were observed (Plate 5). 

The onset of germination in G. densiflorum was noted after 45 days and 36 

days in Modified VW and KnC media respectively. Germination percentage was 

quite low in both the media. However, modified KnC medium was found to be more 

suitable for seed germination of G. densiflorum as higher germination percentage 

was always recorded in this medium. Moreover, the time requirement for germination 

was less in comparison to that in VW medium (Table 1.3.1). 47% and 32% germination 

. was noted in modified KnC and VW media respectively (Table 1.3.1). On germination, 

the embryonic mass carne out by rupturing the seed coat longitudinally or by bursting 

at any one of the poles. The embryonic mass was creamy white in colour and did not 

show any growth up to second week following seed germination. At the end of second 

week these structures increased in size and turned green (Plate 6). The growth of the 

PLBs were slow and the developmental stages were completely different from that 

of A. graminifolia. Instead of developing into PLBs these embryonic masses produced 

callus. Calluses were hard, compact and of variying colour. Although most of the 

calluses were green but some were pale yellow in colour (Plate 6). By 6th week 

following germination tuft of unicellular structures were found to cover the whole 

surface of the callus. Although at this stage of development some irregular outgrowths 

were observed but there was no sign of differentiation upto 90 days. The secjuentiai 

developmental stages have been shown in Fig. 3. 
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Fig.2 Dendrobium moschatum , line drawings showing sequencia! stages of embryo development. 
1. embryo enclosed within the seedcoat; 2&3 swelling of seedcoat; 4. embryonic mass came out by 
rupturing the seedcoat; .5 . PLB with rhizoids; 6. formation of embryonic leaves and roots; 
7&8. complete seedling. 
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Fig. 3 Geodorum densijlorum, line drawings showing sequencia! stages of embryo development. 
1. embryo enclosed within the seedcoat; 2. swelling of seedcoat; 3. embryonic mass came out by 
rupturing the seedcoat; 4. callus with shoot initial; 5. shoot regenaration from caiJus; 6. complete 
plantlet. 



1.3.2 Effects of organic additives on seed germination and growth and 

development of PLBs in Arundina graminifolia, Dendrobium moschatum and 

Geodorum densijlorum . 

The effects of different organic additives on seed germination and growth and 

development of PLBs have been observed. In A. graminifolia high percentage of 

germination was observed both in modified VW and KnC media. But VW medium 

was found more suitable because in this medium germination percentage was always 

higher in comparison to KnC medium. The growth of PLBs too were better in VW 

medium. Addition of CM resulted in a sharp and significant increase in germination 

percentage in A. graminifolia. 84% and 78% germination was recorded in VW and 

KnC medium respectively when the media was supplemented with 15% CM (Table 

1.3.2). Moreover, addition of CM resulted in a significant decrease in time requirement 

for germination. Seeds were germinated after 16 days and 19 days respectively when 

inoculated in CM supplemented VW and KnC media.However, germination 

percentage decreased with further increase in CM concentration (Table 1.3.2). 

Optimum growth of PLBs were noted in CM enriched media. (Table 1.3.3) growth 

of PLBs increased TJ and BE on the other hand was found inhibitory ·seed 

germination and growth and development of the PLBs as well. Germination of seeds 

were recorded after 26-29 days in TJ supplemented media. Only 45% - 48% 

germination was recorded. when TJ was added with the media (Tablel.3.2). Time 

requirement for germination was further increased with the addition of BE to the 

media. Seed germination was recorded after 6 weeks when BE was added to both 

the media. The germination percentage too was significantly lower than in control 

(no organic additive; only modified VW and KnC media). 39%-46% and 34%-39% 

germination was noted in BE supplemented modified VW and KnC media respectively 

(Table 1.3.2). The growth and development of PLBs were retarded when BE or TJ 

were added to the medium. The PLBs were pale green in colour and ·growth of 

PLBs were poor as evidenced by their weight and number of leaves and roots 

(Tablel.3.3). 

The seeds of D. mosclwttlllt germinated after 24 and 21 days in VW and KnC 

media respectively. Percentage of germination was always higher in KnC medium 

than in VW medium and therefore the former was more suitable than the latter. 

Percentage of seed germination and growth and development of PLBs were variously 

affected when different organic additives were used with both the media . 
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Table I .3 .2 Effect of various concentrations of different organic additives on in vitro seed 

germination of A. graminifolia. All data were taken after 6 weeks following germination. 

Each treatment contains 5 replicates and repeated thrice. 

5 28" ± 1.20 31" ± 1.46 45"'± 1.50 47" ± 1.46 

10 26' ± 1.30 29 ± 1.50 . 48"'± 1.77 43"' ± 1.84 

TJ 15 29"± 1.40 33"± 1.18 46'"± 1.70 46"' ±1.60 

20 29"'± 0.31 30"±1.96 48" ± 1.80 45"'± 1.26 

5 44"±2.16 36"'± I .20 39"'±1.40 39"'± 1.30 

10 42'± I .50 36"'±0.54 -43"± 1.80 32"'± 0.95 

BE 15 42" ±1.00 39"±1.64 46"'±0.83 36"'±1.30 

20 44"'± 2.00 42'"±1.44 38'"±1.02 34"±1.14 

0.1 24 ± 1.17 26 ± 2.26 63 ± 2.80 54± 2.90 

PEP 0.2 21 ± 0.73 25 ± 0.40 66' ± 3.90 59"± 3.00 

0.3 25 ± 0.40 21 ± 1.70 49" ± 2.45 50'± 1.00 

0.4 24 ± 1.90 20 ± 2.13 40"'± 1.76 42" ± .90 

Values followed by asterisks in each organic additive treatment within the same column are 
significantly di!Tercnt from the control (no organic additive; only VW or KnC medium) using 
Students t-test at *5% level;** I% level and ***0.1% level. The words CM, TJ and BE 
and PEP represents coconut milk, tomato juice, banana extract and peptone respectively. 
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Table 1.3.3 Effect of coconut milk (CM), Tomato juice (TJ), banana extract (BE) and 
peptone (PEP) on growtb and development ofPLBs inA. graminifolia. Data presented in 
the table were taken after 8 weeks following germination. The initial weight ofPLBs was 4.8 
mg. 

'Ircntmcnt Concentration Characteristics of I'LUs Colour Development 

Wt. of Leaf Root 
PLBs no Size no Size 
mg (llllll) (llllll) 

5% 32 4 6 Green ' Good 

CM 10% 36 4 9 I 2 Deep Green Good 

15% 47 6 13 2 3.5 Deep Green Best 

20% 29 3 8 Pale green Poor 

5% 20 4 6 Pale green Poor 

TJ 10% 17 3 7 3 Pale green· Poor 

15% 19 4 7 Pale green Inhibitory 

20% 15 2 6 1 1.5 Yellowish 
green Inhibitory 

5% 18 3 7 Pale green Inhibitory 
10% 23 4 6 2 Yellowish 

BE green Inhibitory 
15% 20 2 6 Pale green Inhibitory 
20 17 3 7 pale green Inhib.itory 

I gm I-1 30 4 9 I 2.5 Green Moderate 
PEP 2 gm 1- 1 32 4 10 2 3 Green Good 

3 gm J-1 21 2 6 Pale Green Poor 
4gm I-' 16 2 7 Pale green Inhibitory 
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Table 1.3.4 Effects of various concentrations of different organic additives on in vitro seed 

germination of D. moschatwn. All data were taken after 6 weeks following germination. 

Each treatment had 5 replicates and repeated thrice. 

Organic Concentration Days required for Percentage of 
Additive (%; v/vfor germination± SE germination± SE 

CM,TJ&BE vw KnC vw KnC 
and w/v for PEP) 

0 26 ± 1.00 21 ± 0.70 53± 2.50 61 ± 1.26 

5 26± 0.80 I 8 ± 1.26 59'± 0.80 66"± 2.70 

CM 10 20'± 0.74 I 6"±0.30 GO'"± 0.90 70"'±2.70 

15 19" ±1.40 18'± 0.80 63" ± 2.00 74"'± 2.75 

20 21 ± 1.00 20 ± 1.00 50± 1.90 57± 1.90 

5 24 ± l.QO 21 ± 1.30 57± 1.20 59± .60 

TJ 10 22 ± 0.90 18' ± 0.90 56±1.10 54±3.00 

IS 22± 0.50 19± 1.00. 53± 0.70 58± 0.80 

20 21 ± 0.90 21 ± 1.20 53± 0.60 53± 4.10 

5 '28 ± 0.60 19 ± 0.90 51"± 1.90 49"' ± 2.00 

BE 10 25 ± 0.86 19 ± 0.40 46"'±3.40 50"±2.14 

15 23 :1: 0. <JO 24:1:2.00 48 • ~: 3.00 47"'± 2.40 

20 23 ± 1.50 22 ± 1.40 49' ± 1.00 50"± 1.75 

0.1 24 ± 1.17 26±2.26 58 ±2.80 62±2.78 

PEP 0.2 21±0.73 25 ± 0.40 60' ± 3.90 65" ± 2.00 

0.3 25 ± 0.40 21 ± 1.70 51"± 2.45 56'± 1.90 

0.4 24 ± 1.90 20 ± 2.13 43"' ± 1.76 50"± 1.80 

'• 

Values followed by asterisks in each organic additive treatment within the same column are 
significantly different from the control (no organic additive; only VW or KnCmedium) using 
Students t-test at *5% level;** l% level and*** 0. l% )eve!. CM, TJ and BE and PEP 
stands for coconut milk, tomato juice, banana extract and peptone respectively. 
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Table 1.3 .5 Effects of Coconut milk (CM), Tomato juice (TJ), Banana extract (BE) and 
Peptone (PEP) on growth and development ofPLBs in D. moschatum Data presented in the 
table were taken after 8 weeks following germination. 

Treatment 

CM 

TJ 

BE 

PEP 

Concentration 

5% 

10% 

15% 

20% 

5% 

10% 

15% 

20% 

5% 
10% 
15% 
20 

1 gm J·' 
2gm J·' 
3gm I·' 
4gm J·' 

Wt.of 
PLDs 
mg 

24 

27 

34 

29 

23 

20 

26 

29 

14. 
18 
18 
17 

23 
27 
32 
20 

Characteristics ofPLBs 

Leaf Root 
no Size no Size 

(mm) (mm) 

2 6 2 3 

4 8 2 

5 10 2 3 

2 6 1 3.5 

2 3 

2 4 

Colour Development 

Pale Green, 

Green 

Deep Green 

Pale green 

Green 

Green 

Green 

Poor 

Good 

Best 

Poor 

2 

3 

4 

2 

7 

9 

9 

8 3 1.5 Green 

Poor 

Good 

Good 

Good 

2 8 Pale green Very Poor 
2 6 Yellowish Inhibitory 
2 5 I 2.5 Pale green. Inhibitory 
2 9 2 3 Pale green Poor 

2 8 3 1.5 Green Good 
4 11 3 3 Green Good 
4 10 3 2.8 Green Best 
2 7 1 1.7 Pale green Inhibitory 

CM, TJ, BE, and PEP stands for coconut milk, tomato juice, banana extract and peptone 
respectively. 
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Table 1.3 6. Effects of various concentrations of different organic additives on in vitro seed 

germination of G. densijlorum. All data were taken after 6 weeks following germination. 

Each treatments had 5 replicates and repeated thrice. 

Organic Concentration Days required for Percentage of 
Additive (%;v/vfor germination± SE gennination± SE 

CM,TJ&BE vw KnC vw KnC 
and w/v for PEP) 

0 48± 0.80 32 ± 0.54 38 ±0.60 47 ± 1.00 

5 44 ± 1.37 44 ± 1.80 44' ±1.37 47 ± 2.07 

CM 10 46 ± 1.90 44 ± 1.58 45' ±1.20 48'± 1.45 

15 47'±2.10 42±1.09 40± 0.63 51"± 1.50 

20 45 ± 1.67 40 ±1.41 40 ± 1.00 46±2.21 

5 46 ± 1.92 44 ± 1.90 47 ± 1.58 39 ± 1.80 

10 42± 0.94 48'± 1.60 45'± 1.51 44 ± 1.78 

TJ 15 44±2.00 48' ± 0.94 45'± 1.18 46 ± 1.50 

20 48 ± 1.70 46± 0.80 44 ± 2.10 44 ± 1.10 

5 44 ± 1.70 45 ± 1.48 41 ± 0.70 38"'± 0.89 

10 46 ± 1.75 47 ± 1.09 36' ± 1.00 41"± 1.00 

BE 15 48 ± 1.30 47 ± 0.88 36" ± 0.60 43"± 0.68 

20 43 ± 1.30 45 ± 0.80 43± 1.58 40'± 0.54 

0.1 38' ± 1.73 32" ±0.90 56'± 1.78 64'"± 1.50 

0.2 34"± 1.50 30'"± 0.54 59"± 3.86 67'"± 2.46 

PEP 0.3 41 ± 1.34 38' ± 1.09 49 ± 1.80 50± 2.00 

0.4 39± 0.80 38' ± 0.90 36'"± 1.00 33'"± 1.20 

Values followed by asterisks in each organic additive treatment within the same column are 
significantly different from the control (no organic additive; only VW or KnC medium) using 
Students t-testat *5% level;** 1% level and**'" 0.1% level. ThewordsCM, TJ, BE and 
PEP represents coconut milk, tomato juice, banana extract and peptone respectively. 
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Table 1.3. 7 Effects of different organic additives on growth and development of PLBs in 
G. densijlorum. Data presented in the table were taken after 8 weeks following gennination. 

Treatment Concentration Characteristics of Callus 
Initial Wt" Wt after• Wt after• Colour of Regeneration% 
or callus 4 weeks 8 weeks callus Root Shoot 

( gm) (gm) ( gm) 

'• 
5% 0.0044 0.0060 0.012 Light green 

I 

CM 10% 0.0044 0.0081 0.014 Light Green 

15% 0.0044 0.0094 0.021 Green 

20% 0.0044 0.0086 0.017 Light green 

-, 

5% 0.0044 0.0058 0.013 Light Green 

TJ 10% 0.0044 0.0076 0.019 Light Green 

15% 0.0044 0.0089 0.017 Creamy white --

20% 0.0044 0.0067 0.013 Light Yellow --

5% 0.0044 0.0071 0.012 Creamy White --

BE 10% 0.0044 0.0083 O.ol5 light green 

15% 0.0044 0.0079 0.011 Pale green 

20% 0.0044 0.0068 0.014 Pale green 

I gm I-1 0.0044 0.012 0.026 Green 

PEP 2 gm [·1 0.0044 0.017 0.037 Deep green --

3 gm 1·1 0.0044 0.010 0:026 Green 

4 gm [·1 0.0044 0.0054 0.0091 Pale green 

* mean of 5 samples. CM, TJ, BE and PEP represents coconut milk, tomato juice, -banana 

extract and peptone respectively. 
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CM (15%) resulted in a significant increase in seed germination percentage. 74% 

and 63% germination was recorded when seeds were inoculated in 15% CM 

supplemented KnC and VW media respectively (1.3.4). The growth of PLBs were 

optimum and the number and size of leaves and roots too. were higher in CM 

supplemented media. Moreover, the fresh weight of the PLBs were significantly higher 

than rest of the organic additive treated PLBs (Table1.3.5). 

No significant change in germination per cent age was noted when TJ was added 

to both the media. But BE was found inhibitory for seed germination as well as for 

the growth and development of PLBs. The germination percentage was significantly 

lower than control and the groth of PLBs were inhibited. PLBs were pale yellow in 

·, colour and number of roots and leaves were less than that of control (Table1.3.5). 

.. 

Although peptone at 2 gmt' concentration slightly promoted seed germination higher 

concentrations than that was found inhibitory. However, peptone had no effect on 

growth and development of PLBs. 

The onset of germination in G. densiflorum was recorded after 48 days and 32 days 

in modified VW and KnC media respectively (Tablel.3.6). CM slightly promoted 

seed germination percentage. It had no effect on growth and development of the 

embryonic mass which instead of developing into PLBs produced callus. BE and TJ 

on the other hand had no effect on seed germination (Table1.3.6) . 

A sharp and significant increase in seed germination percentage was recorded when 

peptone was added to the media. 59% and 67% germination was observed when 2 

gm I·' peptone was supplemented with VW and KnC media respectively. Decrease in 

germination percentage was noted with further increase in peptone concentration. 

Optimum callus growth was observed when peptone (2 gm I·') was added to modified 

KnC medium. But higher concentrations of peptone were found to inhibit the growth 

and development of callus (Table 1.3 .7). However, no regeneration was found at any 

concentration of any organic additive used in the present study. 
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1.4 DISCUSSION 

This part of the work deals with initiation of seed germination and gtrowth, 

development and regeneration of PLBs of three endangered orchid taxa of North 

Eastern Himalaya. Because of the minuiteness, fragility, undifferentiation and a 

number of other peculiar features associated with the structure of orchid seeds and 

inherent problems in its in vivo germination, it has been thought worthwhile to 

investigate the germination of orchid seeds u·nder in vitro conditions in different media. 

Information is inadequate with respect to nutritional requirements imd growth and 

development of PLBs in Anmdina and Dendrobium. Information in this direction in 

Geodorum is entirely Jacking. 

-~ A systematic and extensive investigation has been undertaken to find out suitable 

media for germination, growth and development of PLBs in Arundina graminifolia, 

Dendrobium moschatum and Geodo;um densiflorum . A perusal of data presented 

in table 1.3.1 reveals a differential response of different materials in different media. 

Seeds of A. graminifolia germinated after 18-20 days in modified VW medium. 

Germination was delayed by a week when seeds were inoculated in KnC medium. 

68% and 61% germination was recorded in modified VW and KnC media respectively. 

It has been reported earlier that seeds of A. graminifo/ia did not germinate in KnC 

medium (Mitra 1971 ). However, the persent findings do not support the earlier report. 

In D. mosclzatum seed germination was first observed after 24 days and 21 days in 

modified VW and KnC media respectively. The germination percentage was always 

higher in KnC medium than that in VW medium. 53% and 61% seed germination 

was recorded in modified VW and and KnC media respectively. However, both inA. 

graminifolia and D. moschatum the germination percentage was almost similar in 

both the media used in the present investigation. The similarity in germination 

percentage may be due to the fact that both the media contain almost identical q~antities 

of most of the macro elements. The two media, however, differ in the additional 

presence of Ca
3
PO .(200 mgl·') and KN0

3 
(525 mgl·') in modified VW medium and 

Ca (N0
3

)
2 

(1000 mgl·') in modified KnC medium (Mitra 1971, Kanjilal, Datta and 

De Sarker 1998). 

Onset of seed germination in G. densijlorum was first noticed after 30 days in 
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modified KnC medium which is further delayed by nearly three weeks when 

inoculated in modified VW medium. The germination percentage was noted as 47 

and 38 in modified KnC medium and VW medium respectively. 

Production of seedling from orchid seeds involved three sequential stages, 

namely, germination of seeds, formation of PLBs and regeneration of PLBs into 

plantlets. Various changes associated with the development ofPLBs and regeneration 

of plantlets from seeds have been studied in detailes in all the th~ee orchid taxa. 

Morphogenetic changes are largly similar in A. graminifolia and D. moschatum where 

the seeds after germination produce PLI3s which directly differentiate into plantlets. 

However, several major changes in morphogenetic response was observed in 

G. densiflorum. Instead of producing PLBs, the seeds following germination 

... developed into callus. The callus was pale green to deep green in colour, compact 

and hard. 

The incidence of callus developmemt in orchid seed culture is a common 

phenomenon and has been observed by various workers (Burgeff 1936, Curtis and 

Nichols 1948, Champagnat et al 1968, Gilliand 1958, Goh 1970, Mitra 1976 and 86, 

Rao and Avadhani 1964, Viz 1981 ). Most of the investigators are of the opinion that 

such callus development is due to the immature and undifferentiated condition of the 

seeds. But, in the present investigation it has been observed that both mature and 

immature seeds on germination in basal modified YW and KnC media developed 

into callus. The present investigation on Geodorum densiflorum, however, does not 

fully support the contention of immaturity and undifferentiation of the seeds as the 

only factors responsible for callusing. In the present investigation emergence of green 

mass of tissues were considered as the manifestation of germination. These green 

pin head like structures either directly differentiated into plantlets or developed into 

callus. 

The present investigation also deals with the effects of various complex organic 

additives like CM, TJ, BE, and Peptone on seed germination and growth, development 

and regeneration of PLBs in A. graminifolia, G. densiflorum and D. moschatum. 

CM has been found to promote the seed germination in A. graminifolia and D. 

mosclwtum. Sharp and significant increase in germination percentage was observed 

when 15% CM was added to both the nutrient media tried in the present investigation. 
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84% and 78% germination was achieved when seeds of A. graminifolia were 

inoculated in CM supplemented VW and KnC media respectively. Time requirement 

for germination was less in CM supplemented media. The growth and development 

of PLBs were better when CM was added to the media. The size and number of 

leaves and roots were optimum. TJ and BE on the other hand were found inhibitory 

to seed germination in A. graminifolia. Seed germination was delayed by nearly 4 

weeks when seeds were inoculated in BE or TJ supplemented media. The germination 

percentage too was significantly lower in comparison to control (no <;>rganic additive; 

only basal, modified VW I KnC media). Sharp and significant increase in germination 

percentage in D. mosclwtum was noted when seeds were inoculated in CM 

supplemented VW or KnC media. 63% and 74% germination was noted in CM 

supplemented VW and KnC media respectively. The growth and development of 

PLBs were also optimum. TJ at any concentration had no effect on seed germination. 

But, BE was found inhibitory both for-seed germination and seedling growth. CM 

has been successfully used by many workers in germination and growth of orchids 

(Cheng and Chua 1980, Hegarty 1955, Krishnamohan and Jorapur 1986, Nimoto 

ans Sagawa 196 1). It has been observed by some workers that CM inhibits the seed 

germination in some species of Dendrobium ( Kotomori and Murashige 1965). In -

the present investigation it has been noted that CM at 15% concentration promotes 

seed germination in at least D. moschatum. In the earlier studies it had been observed 

that tomato juice promoted the germination and growth of Cattleya seedlings (Arditti 

1966 c,d). But in the present study the noted inhibitory effect of tomato juice on 

seed germination of A. graminifolia contradicts the earlier observations. 

In G. densiflorum, CM resulted in a slight increase in the seed germination 

percentage. However, it had no effect on seedling development. BE and TJ had no 

effect on seed germination and growth and development of PLBs of G. densiflorum . 

. Significant increase in germination percentage was obtained when peptone was added 

to the media. 67% and 59% germination was recorded in KnC and VW media 

respectively when 2 gml·' peptone was added to the media. However, higher 

concentrations of peptone was found inhibitory. In the earlier studies it has been 

reported that peptone promotes seed germination and seedling growth in some orchids 

(Curtis l974b, Withner 1953). The present finding on G. densiflorum find support in 

the earlier reports. 
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1.5 SUMMARY 

Three endangered orchid taxa have been included in this part of the work. The 

study was undertaken with a view to find out suitable nutrient m<:dia for initiation of 

germination and growth, development and regeneration of PLBs in Arundina 

graminifolia, Geodorum densiflorum and Dendrobiummoscl!atum. Effects of various 

·· · complex organic additives on seed germination and growth and development of PLBs 

were also studied in details in the present scheme of work. 

Intensive systematic study revealed a differential response of the three orchid 

taxa investigated in different media. Optimum germination percentage and better 

growth and development of PLBs of A. graminifolia was obtained in modified VW 

medium while modified KnC medium was found more suitable for G. densiflorum 

and D. mosclzatwn. First.visible sign of induction of germination inA. graminifolia 

was noted after 18-20 days in VW medium and after 24 days in KnC medium. 

Addition of CM resulted in a sharp and significant increase in seed germination 

percentage in A. graminifolia. 84% and 79% germination was recorded when 15% 

CM (v/v) was added to VW and KnC media respectively. TJ and BE delayed 

germination in A. graminifolia. The germination percentage too was significantly 

lower in comparison to control. Optimum growth and development of PLBs were 

also achieved in CM supplemented media. The seeds afler germination produced 

green pin head like bodies (PLBs) most of which directly developed into planllets. 

Within 6-8 weeks following germination well developed plantlets with 5-6 leaves 

and 2-3 roots were obtained. 

The onset of germination in G. densiflorum was recorded after 30 days in 

modified KnC medium. Germination was delayed by nearly thrre weeks when the 

seeds were inoculated in modified VW medium. The germination percentage was 

quite low in both the media. Only 47% and 32% germination was obt~ined when 

seeds of G. densiflorum was inoculated in modified VW and KnC media respectively. 

Peptone supplemented medium resulted in a sharp and significant increase in seed 

germination. 59% and 74% seed germination was recorded when peptone (2 gm 1·') 

was added to VW and KnC media respectively. Better growth and development of 

callus was observed in peptone enriched KnC medium. Higher concentrations of 

peptone than 2 gm 1·• was found inhibitory both for seed germination as well as for 
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callus development. Though CM slightly promoted seed germination but had no 

effect on callus growth and development. TJ and BE, however, had no effect on seed 

germination or grwoth and development of callus. 

Seed germination in D. moschatum was recorded after 21 days in modified 

KnC medium and delayed by a week in VW medium. KnC medium was found 

suitable for seed germination of D. moschatum as the germination percentage was 

always higher in it. 68% and 61% germination was recorded in modified KnC and 

VW media respectively. Significant increase in germination percentage was noted 

when seeds were inoculated in CM (15%; v/v)supplemented media." Moreover, 

growth and development of PLBs were optimum in CM enriched medium. 78% and 

69% seeds were germinated in CM enriched KnC and VW media respectively. TJ 

··-... had no effect on seed germination and seedling growth; and BE was found to inhibit 

the seed germination of D. moschatum. 

Sequential developmental phases from seed to plantlet have been studied in 

details in all the three taxa. Largely similar morphogenetic changes were noted inA. 

graminifolia and D. moschatum. Seeds after germination produces yellowish 

embryonic mass which turns green within a week. These green pin head like 

structures, called PLBs directly differentiate into plantlets. Within 6 -10 weeks 

following germination well developed plantlets were obtained. 

The developmental stages of G. densiflorum was different from that of A. 

graminifloia and D. mosclzatum. Instead of producing PLBs the seeds after 

germination developed into callus. The callus was hard, compact, yellowish to deep 

green in colour and of various textures. Optimum callus growth was obtained in 

peptone enriched KnC medium. However, the callus did not differentiate untill they 

were subcultured in proper auxin- cytokinin supplemented medium. 

The results obtained in the present study clearly showed that the nutritional 

requirment was different in three orchid taxons. CM (15%) enriched VW media 

was found most suitable for germination of seeds and grath, development 

andre generation of PLBs of Arundina graminifolia, while CM enriched KnC medium 

was found to yield optimum result in Dendrobium moschatum.However, better seed 

germination and optimum callus growth of Geodorum densiflorum was noted in 

peptone enriched modified KnC medium. 
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EFFECT OF GROWTH REGULATORS ON SEED GERMINATION; 
GROWTH, DEVELOPMENT AND REGENERATION OF PLBs in 

Arundina, Dendrobium AND Geodorum 



2.1 INTRODUCTION 

The vast majority of orchids are propagated by seeds rather than by vegetative 

methods (Mitra 1971). The seeds of orchids which are produced in large numbers in 

each capsule, are highly fragile structures and posseses virtually no endosperm and 

no food materials as most other seeds contain. Though the orchids produce many 

seeds, they require mycorrhizal association for germination (Arditti 1967). However, 

only less than 5% seeds germinate in nature (Rao 1977, Sharma and Tandon 1986). 
' On the other hand the conventional methods of vegetative propagation is a time 

consuming and tedious process (Sagawa and Kunisaki 1984). Moreover, seeds sown 

in the nursery beds not only require long period for germination, but also slight 

change in soil pH or other physical conditions destroy the whole population (N orthen 

1962). Due to so many peculiar factors associated with the structure of orchid seeds 

and the requirement of fungal associa~ion for germination under in vivo condition, 

seed germination of orchids had been an engima for a long time. 

The subject of mycorrhizal association and effect of several other factors like 

photoperiod, intensity and quality of light, temperature and pH on seed germination 

has been reviewed in details by Arditti ( 1967). Knudson for the first time showed 

that orchid seed germination is possible in simple nutrient medium and without any 

fungal association and studied various aspects of in vitro germination of orchid seeds 

( Knudson 1922, 1924, 1925 and 1930). Following Knudson's discovery the 

propagation of orchids through in vitro germination of seeds has been emphasized 

by several groups ( Arditti 1967, Arditti et a/1981, Arditti et a/1982, Clement 1973, 

Clement and Ellyard 1979, Clement 1981, Curtis 1943, Ernst 1975, Knudson 

1946, 1951; Mitra 1971, Soutamere 1964,1974 andl981). These investigations stressed 

the importance of nutrient media and several other factors associated with orchid 

seed germination. 

Different media and their modifications in respect of macro- and micro nutrients 

( Arditti et al 1981, Henrich et al 1981, Ziegler et al 1967, ), amino acids (Curtis 

1947, Foneshbech 1972, Ra'ghavan and Torrey 1964, Sporell948, Spore! and Curtis 

1948, ), vitamins (Mead and Bullard 1973 and 1979, Noggle and Wynd 1943) and 

·· carbohydrates (Ernst 1967, Foneshbech 1972) have been used. 
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These early works have emphasized the importance of vitamins, amino acids and 

other growth factors for germination of orchid seeds and the development of PLBs 

to plantlets. Moreover, these investigations clearly established the fact that the physico 

- chemical requirement of orchid seed germination and seedling growth vary 

considerably from species to species. 

To promote the seed germination and growth of PLBs I callus various plant 

growth regulators like IAA, IBA, NAA, BAP, GA3, Kn have been tested (Hadley 

and Harvais 1968, Hadley 1970, Goh 1970, Pierik and Steegmans 1972, Sharma 

and Tandon 1986 Straus and Resinger 1976, ). Experiments with auxins, cytokinins 

and gibberellins on orchid seed germination as. well as seedling growth gave 

inconsistent and therefore inconclusive results (Arditti 1979): This may be due to the 

physiological reasons or the doses of hormones used. A perusal of earlier literature 

revealed that IAA, IBA, NAA enhance seed germination and seedling growth in a 

large number of orchid species (Singh, 1991 ). Upto 80% seed germination was 

reported in Cymbidiummastersii when lower concentrations ofiAA were used (Mitra 

1986). Lower concentrations of NAA promoted seed germinationm in some orchids 

(Mathews and Rao 1980, Viz et al 1981). Inhibitory effects of these auxins were 

reported in a few other cases (Arditti 1979, Singh 1986). Cytokinins were known to 

have different effects on different species. Cytokinin alone or in combination with 

auxins promotes seed germination in a number of orchids (Mitrta, 1986). BAP, 

2,4-D, and NAA had rarely been used in seed germination of orchids (Singh, 1991). 

During the last few years tissue culture techniques have been extensively 

exploited for rapid and l.arge scale propagation of orchids ( Nayek et al 1997, Park et 

al 1996, Prakash et all995 ) and huge literature have been accumulated. But only a 

few of them critrically examined the role of growth regulators on seed germination 

and seedling development of orchids. Meagre information is available in this regard 

in Arundina graminifolia and Dendrobium moschatum. Moreover, so far no 

information at all is available on seed germination or the role of growth regulators on 

seed germination and growth of PLB I callus in Geodorum densijlorum. Due to lack 

of information in this regard in orchids in general and the taxa undertaken in the 

present study in particular, the present investigation was directed at elucidating the 

effects of different growth regulators on seed germination and growth, development 

of PLBs I callus and their regeneration. 
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2.2 MATERIALS AND METHODS 

8-12 week old mature, green and undehisced capsules con~aining 

undifferentiated embryonic masses were used as explant material for observation of 

seed germination, while PLBs/calluses were used as explant source for observation 

of their growth and development. Surface sterilization of capsules were done following 

the same method as described in Chapter I. PLBs/PLB callus masses were collected 

aseptically from the culture tubes and used directly without sterilization. 

Preparation of culture media 

Modified VW and KnC media were used in the present study. The composition 

of the media and the preparation was same as shown in Table 1.2.2 of Chapter I. 

Preparation of organic additives 

Four organic additives, namely, Coconut Milk, Tomato Juice, Banana Extract 

and Peptone were mainly usd for the present study. This preparation has already 

been described in Chapter I. 5, 10, 15 and 20% of CM,TJ and BE and 1 gm, 2 gm, 3 

gm and 4 gms of Peptone were used with the medium to observe their effects on seed 

germination. 

Preparation of growth regulators 

Various growth regulators like Indole acetic acid (IAA), o; Napthalene acetic 

acid (NAA) 6 Benzyl amino purine (BAP) and Kinetin (Kn) was added with the 

medium individually and in combination as well. The m:ethod forpreparation.of stock 

solution was same as described in Chapter I. 

Inoculation, Culture conditions and Growth measurements 

The inoculation procedure and culture conditions were same as described in 

details in Chapter I. The PLBs and calluses were weighed by an electric single pan 

balance in aseptic condition. Initial weight was recorded at the time of inoculation. 

Fial weight was taken after 8 weeks. Weighing was done at a regular interval of two 

weeks. Growth index is expressed as the ratio of increase in fresh weight of the PLB 

or callus to the initial fresh weight of the callus. Each treatment had 5 replicates and 

repeated thrice. 
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2.3 OBSERVATIONS 

2.3.1. Effects of auxins and cytokinins on seed germination of 
Arundina, Dendrobium and Geodorum 

Various concentrations of different growth regulators like IAA, NAA, BAP 

and Kn were added to the organic additive enriched VW and KnC medium to observe 

their effects on seed germination of three orchid taxa, namely, Arundina graminifolia, 

Dendrobium moschatum and Geodorum densijlorum. Varying effects' were noted. 
I, 

The germination percentage was calculated by using. the formula shown in Section 

1.2 of Chapter I. The results obtained in the present study have been summarised, 

tabulated and presented in Tables 2.3.1, 2.3.2 and 2.3.3. The salient features are as 

follows. 

In Arundina graminifolia, lowe_r concentrations of both the auxins i.e. IAA 

and NAA were found to promote seed germination when added to CM ( 15%,v/v) 

supplemented VW medium. Slight increase in germination percentage was noted 

when 0.5 mg 1·1 IAA was combined with CM enriched VW medium. But significant 

increase in seed germination was omly noted when 1 mg 1'1 IAA was mixed with the 

medium. The germination percentage was as high as 86 (Table 2.3.1) wh'en 1 mg 1·1 

was added to CM enriched modified VW medium. However, 2 mg 1·1 IAA resulted 

in a significant decrease in time requirement for germination without any further 

increase in germination percentage. Higher concentrations of lAA ( 3 mg 1·1 and 4 

mg I·') resulted in a significant decrease in seed germination percentage thus being . ' 

inhibitory to the process. 

NAA at 1mg 1·' concentration resulted in a sharp and significant increase in 

seed germination percentage inA.graminifolia (Plate 7). 92% seed germination was 

recorded when the said concentration of NAA(1mg I·') was added to CM (15%) 

modified VW medium (Table 2.3.1). However, like IAA higher concentrations of 

NAA to were found to inhibit seed germination as it resulted in a gradual decrease in 

germination percentage with increase in concentration. Only 51 and 46 percentage 

seeds were germinated respectively when 3 mgJ·' and 4 mg r-• NAA was added with 

the medium (Table 2.3.1). 
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Table 2.3 .1 Effect of growth regulators on seed germination of A. graminifolia. 
Data were taken after 6 weeks following germination. Each treatment had 5 replicates 
and repeated thrice. 

Treatment Concentration 
mgl·l 

Control (VW + CM) 00 

0.5 

1.0 

IAA 2.0 

3.0 

4.0 

0.5 

1.0 

NAA 2.0 

3.0 

4.0 

. 0.5 

1.0 

BAP 2.0 

3.0 

4.0 

0.5 

1.0 

Kn 2.0 

3.0 

4.0 

Days required 
for germination± SE 

16:!: 0.90 

16 ± 0.60 

17:!: 1.00 

13' ± 0.30 

16±0.70 

18 ± 0 .20 

19 ± 0.30 

17± 0.50 

21 ± 1.09 

19±0.70 

17± 0.20 

46"'± 1.00 

48"'± 0.20 

43" ± 0.30 

43"'± 0.50 

46'"± 0.90 

39" ± 0.40 

39" ± 1.50 

36"'± 0.70 

41'"± 1.07 

36"± 0.80 

Percentage of 
Germination:!: SE 

80 :!: 3.00 

82 ±2.00 

86":!: 3.00 

80 ± 3.00 

64"'± 4.08 

52"'± 0.70 

79± 1.00 

92"'± 2.00 

87"± 1.00 

51"'± 5.00 

46"' ± 3.00 

26"' ± 1.50 

30" ± 3.00 

30"' ± 4.00 

19"'± 2.50 

21"'± 2.00 

22'"± 1.00 

28"'± 3.60 

34"'± 2.00 

31"'± 1.09 

19'"± 3.00 

Values followed by asterisks in each organic additive treatment within the same column are 
significantly different from the control (no growth regulators) using Students t-test at '5% 
level; "1% level and"' 0.1% level. 
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BAP and Kn at any concentration on the other hand was not only found to 

significantly decrease the percentage of seed germination, but also delayed it by 3- 4 

weeks in A. graminifolia when added to CM supplemented modified VW medium. 

Seeds were germinated after 36- 4 8 days in BAP or Kn supplemented medium . 

Moreover, germination percentage was very low when these two growth regulators 

were added to the medium. Only 19-34 percent seeds were germinated in BAP I Kn 

supplemented medium which is significantly lower in comparison, to control. 

Effects of growth regulators on seed germination of D. moschatum was 

recorded and shown in Table 2.3.2 . Optimum germination was recorded when lower 

concentrations of IAA I NAA were added to the ,medium (Plate 8) . IAA at 2 mg 1·• 

concentration resulted in a sharp and significant increase in germination over control. 

. 81% seed germination was noted when 2 mg 1·1 IAA was added to CM (15%) 

supplemented modified KnC medium. Further increase in IAA concentration 

decreased the germination percentage (Table 2.3.2). However, an increase in 

germination was recorded when 1mg 1·1 NAA was supplemented with CM enriched 

modified KnC medium. The germinmation percentage at this concentration ofNAA 

was as high as 84. Higher concentrations of NAA than 2 mg 1·1 was found to have 

inhibitory effect on germination. 

DAP had a very lilllc effect on seed germination of D. mosclzatum. Slight 

increase in seed germination was noted at lower concentrations (0.5 mg 1'1). Kinetin 

at any concentration was found to decrease the seed germination percentage which 

was significantly lower than control (Table 2.3.2). 

Table 2.3.3 reveals that in G. densiflorum, IAA had almost no effect on seed 

germination. Slight increase in germination percentage was noted at lower 

concentrations ofiAA. NAA on the other hand was found very effectivein increasing 

the percentage of seed germination of G. densiflorum. High germination percentage 

was recorded when lmg t·' NAA was added with Peptone (2gm J·') supplemented 

KnCmedium. 
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Table 2.3 .2 Effect of growth regulators on seed germimition of D. moschatum All 
data were taken after 6 weeks following germination. Each treatment had 5 replicates 
and repeated thrice · · 

Treatment 

Control 

Concentration 
mgl·l 

00 

(KnC+CM 15%) 

0.5 

1.0 

IAA 2.0 

3.0 

4.0 

0.5 

1.0 

NAA 2.0 

3.0 

4.0 

0.5 

1.0 

BAP 2.0 

3.0 

4.0 

0.5 

1.0 

Kn 2.0 

3.0 

4.0 

Days required 
for germination± SE 

22± 0.50 

21 ± 0.60 

21 ± 0.30 

19 ± 0.50 

19 ± 0.90 

20± 1.20 

22± 1.00 

18 ± 0.40 

18 ± 0.20 

23 ± 1.70 

21 ± 1.00 

21 ± 0.50 

21 ± 1.00 

23 ± 0.80 

21± 0.50 

24± 0.20 

24±0.30 

19 ± 0.90 

21 ± 0.70 

24± 0.20 

23 ± 0.40 

Percentage of 
Germination± SE 

72 ± 3.00 

72 ± 2.60 

75'± 3.00 

81'"± 3.51 

69 ± 1.09 

49"'± 2.70 

75"± 2.50 

84"'± 2.00 

79" ± 1.00 

63' ± 1.70 

52"'± 3.00 

73 ± 2.00 

71±2.80' 

64' ± 3.00 

68' ± 2.00 

57"'± 5.80 

58"'± 3.73 

58"'± 1.00 

56"± 0.90 

59'± 1.00 

50"'± 2.64 

Values loll owed by asterisks in each organic additive treatment within the same collllllll are 
significantly different from l11e control(no growtluegulators) using Students t-testat '5%level; 
" l% level and"' 0.1% level. 
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Table 2.3 .3 Effect of growth regulators on seed germination of G. densijlorum 
All data were taken after 6 weeks following germination. Each treatment had 5 
replicates and repeated at least thrice. · 

Treatment 

Control 

Concentration 
(mg l"'l 

00 

(KnC +PEP 2 gm I·') 
0.5 

1.0 

IAA 2.0 

3.0 

4.0 

0.5 

1.0 

NAA 2.0 

3.0 

4.0 

0.5 

1.0 

BAP 2.0 

3.0 

4.0 

0.5 

1.0 

Kn 2.0 

3.0 

4.0 

Days required 
for germination± SE 

37 ± 0.50 

36± 0.70 

38 ± 1.00 

38 ± 0.40 

37± 0.90 

40 ± 1.00 

32 ± 1.50 

32± 1.00 

35 ± 0.90 

38 ± 1.00 

34± 0.70 

42 ± 0.30 

36± 0.70 

38 ±0.70 

34± 1.00 

39± 0.20 

39± 0.60 

42± 0.90 

42 ± 0.40 

46± 0.90 

46 ± 0.20 

Percentage of 
Germination± SE 

63 ± 1.90 

65 ± 2.00 

67' ± 3.00 

67' ± 2.00 

50"± 3.00 

42'" ± 2.20 

70" ± 2.50 

75'"± 4.00 

72"± 2.00 

56'± 2.00 

41'"± 0.90 

62± 2.00 

64±2.60 

69"± 3.00 

72'"± 2.50 

58'± 2.00 

64±3.00 

60 ± 3.50 

65 ±4.00 

59± 3.00 

56'± 4.80 

Values followed by asterisks in each organic additive treatment within the same column arc 
significantly different from tl1e control (growfu regulators) using Students t-test at '5% level;" 
I% level and"' 0.1% level. 
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However, higher concentrations of NAA yielded sharp decrease in germination 

percentage (Table 2.3.3) and was thus found inhibitory. 

· BAP at 3 mg 1·1 concentration resulted in a sharp and significant increase in 

germination percentage. 72% seed germination was recorded when 3 mg 1·1 BAP 

was added with Peptone supplemented KnC medium. However, Kn had no effect on 

seed germination of G. densijlorum . 
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2.3.2 Effects of auxins and cytokinins on growth, development and regeneration 

ofPLBs/calluses inA. graminifolia, D.mosclzatum and G. densiflorum 

To asses their effect on growth, development and regeneration of PLBs, 

different concentrations of various growth regulators like IAA, NAA, BAP and Kn 

were added to organic additive enriched VW and KnC media. Data obtained in the 

present study clearly showed the differential response of different growth regulators 

on the growth and development of PLBs in the three investigated taxa. Growth index 
I 

was measured as the ratio of increase in fresh weight of the PLBs I calluses to the 

initial weight of the PLBs I calluses. In each calculation an average of 5 samples 

were taken. 

Effects of various growth regulators on growth, development and regeneration 

of PLBs in A. graminifolia were recorded and presented in Table 2.3.4. The results 

presented in the table clearly showed that lower concentrations of IAA and NAA 

was very effective in promoting the growth of PLBs in A. graminifolia (Plate 7). 

Sharp increase in fresh weight ofPLBs were obtained when 1 mg ]·1 IAA was added 

to CM enriched VW medium. The growth index too was very high. Number of leaves 

and roots were optimum at the said concentration ofiAA(Plate 7). However, higher 

concentrations of IAA than 2 mgt·' was found inhibitory as it resulted in a significant 

dec~ease in fresh weight and growth index than control. The PLBs were deep green 

in colour. Enlargement 'of PLBs were initiated at the end of first week following 

inoculation which is followed by direct regeneration of almost all the PLBs into 

plantlets. Further increase in fresh weight of PLBs in A, graminifolia was noted 

when 1 mg I·' NAA was added to the media. Nearly tenfold increase in fresh weight 

ofPLBs was achieved when I mg I·' NAA (Table 2.3.4) was added to CM enriched 

VW medium. The number and development of leaves and roots were optimum at 

this concentration of NAA. But the growth and development of PLBs were retarded 

when higher concentrations (3mg I·' or 4 mgt·') ofNAA was added. BAP and Kn at 

any concentration, on the other hand inhibit the growth and development of PLBs of 

A. graminifolia. The increase in fresh weight of PLBs and the growth index was 

significantly low in comparison to control. Only three to fourfold increase in fresh 

weight of PLBs was achieved in 8 weeks which is significantly less than control. 
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Table 2.3.4 Effect of growth regulators on growth, development and regeneration of 
PLBs in A.graminifolia All data were collected after 8 weeks following gerinination. 

Treatment Concentration Weight' (Wt) of PLBS GrowU1 index Seedling characteristics 

mg 1-1 Initial Wt WL after 8 week Leaf Root 

(mg) (mg) no Size no size 
(mm) (mm) 

0.00 5.20 32 ± 1.09 5.15 3- 4 6 2 2-3 

0.5 5.20 39" ± 0.90 6.50 4 8 2 2 
' 

1.0 5.20 53"."± 0.56 9.19 6 16 4 6 

IAA 2.0 5.20 37" "± 0.90 6.11 4 12 3 2 

3.0 5.20 26". ± 0.26 4.00 2 5 1 2 

4.0. 5.20 20". "± 0.37 2.84 2 4 6 

0.5 5.20 43". ± 0.40 7.26 4 12 3 5 

1.0 5.20 59"."± 0.73 10.34 6 16 5 4 

NAA 2.0 5.20 46"" ± 0.30 7.84 6 II 3 6 

3.0 5.20 32 ± 0.21 5.15 4 II 

4;0 5.2 17". "±0.90 2.26 2 5 1 1.5 

0.5 5.20 25" "± 0.87 3.80 2 9 

1.0 5.20 21". ± 0.90 3.03 4 I I 

BAP 2.0 5.20 19". "±1.00 2.65 2 9 

3.0 5.20 20". "± 0 .76 2.84 4 10 1 

4.0 5.20 17". "± 0.20 2.26 2 6 

0.5 5.20 27 ± 0.46 4.19 2 6 . 1 1.5 

1.0 5.20 20· • ± o.67 2.84 2 7 

Kn 2.0 5.20 18". "± 0.50 2.46 2 9 I 3 

3.0 5.20 19". "±1.00 2.65 4 7 3 2 

4.0 5.20 19". "± 0.69 2.65 2 10 

Values followed by asterisks in each organic additive treatment within the same column are . 
significantly different from the control (no growth regulators) using Students t-testat "5% 
level; " 1% level and ••• 0.1% level. 

# Mean of 5 samples 
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Table 2.3.5 Effect of growth regulators on growth, development and regeneration of 
PLBS on D. moschatum. All data were collected after 8 weeks following germination. 

Treatment Concentration Weight'(Wt) of PLBS Seedling characteristics 
mgl·' Initial Wt of Wt after 8 week Growth Leaf Root 

PLBs (mg) index no Size no size 
(mg) (mm) (mm) 

0.00 4.60 24 ±0.34 4.21 2 7 1 3 

0.5 4.60 28 ± 0.56 5.08 2 6 2 2 

1.0 4.60 36 ""± 0.90 6.82 2 8' 2 1.5 

IAA 2.0 4.60 41 ... ± 0.32 7.91 4 12 3 2 

3.0 4.60 26 "± 1.40 4.65 2 5 1 2 

4.0 4.60 20 ... ±1.00 3.34 2 6 

0.5 4.60 31 .. ± 1.20 5.73 3 8 1 2 

1.0 4.60 48 ... ± 0.89 9.43 6 14 4 2.5 

NAA 2.0 4.60 34 "± 0.90 6.39 4 8 3 2 

3.0 4.60 28 .. ±0.40 5.08 4 8 2 2 

4.0 4.60 17 ... ± 0.43 2.69 2 5 1 1.5 

0.5 4.60 25± 0.20 4.21 4 7 2 3 

1.0 4.60 29 "± 0.74 5.30 4 11 3 3 

BAP 2.0 4.60 34 ... ± 0.90 6.39 5 17 4 2.5 

3.0 4.60 32 ... ± 0.52 5.95 6 15 4 2 

4.0 4.60 28 ± 1.06 5.08 4 11 .. 2 2 

0.5 4.60 24 ± 0.40 4.21 2 9 I 1.5 

1.0 4.60 28. ±1.20 5.08 3 7 I 2 

Kn 2.0 4.60 31 .. ± 1.00 5.73 4 10 2 2 

3.0 4,60 26 ± 0.36 4.65 2 7 1 I 

4.0 4.60 14 ... ±0.70 1.80 2 8 

Values followed by asterisks in each organic additive treatment within the same column are 
significantly different from the control (no growth regulators) using Students t-test at '5% 
level; •• 1% level and ... 0.1% level. 
# MeanofS samples 
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The PLBs were pale green in colour and number of roots and leaves were less than 

control. (Plate 7) However, the PLBs directly regenerated into plantlets. 

Lower concentrations of both IAA and NAA promoted the growth and 

development of PLBs in D. moschatum. Nearly tenfold increase in fresh weight in 

PLBs were achieved when 2 mg 1·1 IAA was added to CM (15%) enriched KnC 

medium. 1 mgl·1 IAA too was very effective for the growth and development of 

PLBs in D. moschatum (Plate 8). Optimum number of leaves were formed when 

IAA was added. But the number of root was less. The PLBs started to increase in 

size at the middle or end of second week and directly differentiated into plantlets. 

Higher concentrations of IAA than 2 mgl·1 was found to be inhibitory for the growth 

·--, and development of PLBs in, D. moschatum. NAA had similar effect on PLB 

development of D. mosclzatum. Significant increase in fresh weight of PLBs and in 

growth index was recorded when 1 mg J·' NAA was added to the medium. The 

PLBs were deep green in colour (Plate 8) and number and development of roots 

were optimum (Table 2.3.5). 

BAP at 2 mgl·1 concentration was found to promote the growth ofPLBs. Though 

the increase in fresh weight was not so sharp as observed in case of IAA or NAA, 

better regeneration was noted at this concentration of BAP. Higher concentrations 

than 3 mg ]·1 was inhibitory and resulted in a sharp decrease in fresh weight of PLBs 

(Table 2.3.5). Kn, however, had no effect on seedling development" of D. moschatum. 

Effects of various growth regulators (either individually or in combinations) on 

growth, development and regeneration of callus in G. densiflorum was investigated 

and shown in the tables 2.3.6 and 2.3.7. The results clearly showed that IAA had a 

very little effect on growth and development of callus in G. densiflorum. No significant 

increase or decrease in fresh weight was noted when the calluses were inoculated in 

medium containing IAA. Lower concentration of NAA was found to promote the 

growth of callus. Nearly eightfold increase in fresh weight was recorded when 

1 mgl·' NAA was added in Peptone (2 gml-1) enriched KnC medium. The percentage 

of callus frorming shoots was significantly high in it (Table 2.3.6). Higher 

concentrations of BAP like 2 mgJ·'or 3 mgJ·I were very effective in promoting the 

growth as well as the regeneration of callus in G. densiflorum. 
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Table 2.3.6 Effect of growth regulators on growth, development and regeneration of 
callus in G. densiflorum. Data were collected after4 and 8 weeks following inoculation. 

Treatment Concentration Weight (Wt) of Callus 
(mg I·') · Initial Wt.# Wt aflcr# Growth % of callus forming 

of callu!l 8 wcckJ lntlc:a: shoots 
( gm) ( gm) 

Control 0.0 0.0048 0.018± 0.43 2.75 6 

(KnC +PEP 2 gm I"') 0.5 0.0048 0.020± 0.20 4.00 6 

1.0 0.0048 0.019± 0.80 2.90 14 

IAA 2.0 0.0048 0.017±1.00 2.52 9 

3.0 0.0048 0.011 ± 0.20 1.29 17 

4.0 0.0048 0.009± 0.67 0.87 

0.5 0.0048 0.034 ""'± 0.30 5.40 37 

1.0 0.0048 0.038'"± 0.66 . 6.91 44 

NAA 2.0 0.0048 0.024'± 0.90 4.00 26 

3.0 0.0048 0.019 ± 0.16 2.95 17 

4.0 0.0048 0.014 ± 0.43 1.91 

0.5 0.0048 0.025"± 0.37 4.20 21 

1.0 0.0048 0.033'"±0.90 5.87 39 

BAP 2.0 0.0048 0.047'"± 0.10 8.79 47 

3.0 0.0048 0.053'"± 0.76 10.04 42 

4.0 0.0048 0.027' ± 0.33 4.62 40 

0.5 0.0048 0.014± 0.39 1.91 

1.0 0.0048 0.014 ± 0.60 1.91 12 

Kn 2.0 0.0048 0.016± 1.00 2.33 6 

3.0 0.0048 0.012"'± 0.80 1.50 

4.0 0.0048 0.009'"± 0.47 0.87 

Values followed by asterisks in each organic additive treatment within the same column are 
significantly different from the control (growtl1 regulators) using Students t-test at '5% level; 
" 1% level and'" 0.1% level. 

#Mean of 5 san1ples. 
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Table 2.3.7 Effect of various combinations of BAP and NAA on growth, development 
and regeneration of callus in G. densiflorum. 

Hormone Concentration 
(mgJ-') 

BAP NAA 

0.0 0.0 

0.5 0.5 

1.0 0.5 

2.0 0.5 

3.0 0.5 

0.5 1.0 

1.0 1.0 

2.0 1.0 

3.0 1.0 

0.5 2.0 

1.0 2.0 

2.0 2.0 

3.0 2.0 

0.5 3.0 

1.0 3.0 

2.0 3.0 

3.0 3.0 

Weight(Wt) 
of callus 

Growth 
index 

Initial Wt.' Wt' after 
8 weeks 

(gm) (gm) 

0.0048 0.037± 0.76 6.70 

0.0048 0.047"± 0.33 8.79 

0.0048 0.050"± 0.20 9.41 

0.0048 0.057"'± 0.65 10.87 

0.0048 0.057'" ± 0.50 9.41 

0.0048 0.058"'± 0.43 11.08 

0.0048 0.059"'±.080 11.29 

0.0048 0.064"'±1.06 12.33 

0.0048 0.041 ±0.87 7.54 

0.0048 0.042'± 0.10 7.75 

0.0048 0.057'"± 0.73 10.87 

0.0048 0.049"± 0.60 9.20 

0.0048 0.042 ±0.80 7.75 

0.0048 0.030 '± 1.00 5.25 

0.0048 0.02!"'± 0.67 3.37 

0.0048 O.Dl8'"± 0.54 2.75 

0.0048 0.013"'±0.30 1.70 

%of callus 
forming shoots 

28.0 

47.0 

63.0 

72.0 

59.0 

52.0 

58.0 

63.0 

49.0 

50.0 

52.0 

46.0 

49.0 

32.0 

26.0 

21.0 

17.0 

Values followed by asterisks in each organic additive treatment within the same column are 
significantly different from the control (no growth regulators) using Students t-test at '5% 
level; "1% level and"' 0.1% level. 
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Significant and manyfold increase in fresh weight of callus was achieved and 

47 percent calluses were found to develop shoot when 2 mg 1-1 or 3 mg 1"1 BAP was 

added to peptone supplemented KnC medium. The calluses were green, hard and 

compact in nature (Plate 9). Higher concentrations of BAP than 3 mg 1-1 retarded the 

growth of callus and thus inhibitory for the process. However, the regeneration 

percentage expressed as the percentage of callus forming shoot, was not satisfactory 

when BAP or NAA was used individually. Kn had no effect either on growth or 
I 

regeneration of callus in G. densiflorum. 

Various combinations of BAP and NAA was tested to obtain better growth and 

regeneration of callus. Optimum development and regeneration (Plate 10) was 

achieved when 2 mg 1-1 BAP and 1 mg 1-1 NAA was added together with peptone 2 

gm 1-1 supplemented moified KnC medium. The growth index obtained in the said 

combination was very high (Table 2.3.7) and 72% calluses were found to regenerate. 

But when higher concentrations of BAP was combined with higher concentrations 

of NAA, growth of callus was inhibited (Table 2.3.7). 
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2.4 DISCUSSION 

The present investi gation deals with the effects of various growth regulators on 

seed germination; growth, development and regeneration of PLBs in three critically 

endangered orchids of North Eastern HitTialayas, namely, Arundina graminifolia, 

D endrobium mosclzatum and Geodorum densiflorum. Though during the last three 

decades ti ss ue culture techniques have been extensively exploited for 

micropropagation of orchids (Prakash et a/ 1995, Park et al 1996), and huge literature 

has been accumulated, few of the m were directed to find out the proper nutritional 

and hormonal requirement for optimum germination, better growth and development 

and regeneration. Meagre information is available in thi s regard in A. graminifolia 

and D. 111osclwtwtl while s uch information is completely lacking in G. densijlorum. 

Due to either lack of or inadequacy of information in this regard in the three investigated 

orchid taxa, the present work was directed to find out suitable growth regulators for 

seed germination; better growth, development and regeneration of PLBs/ calluses in 

the orchids concerned. 

A detai led and sys tematic investigation has been done to elucidate the effects 

of various growth regulators on seed germination; growth, development and 

regenerat ion of PLBs/ calluses in A. graminifolia, D. moschatum and G. densiflorum. 

It has been observed that plant growth regulators elicit different responses in seed 

gcnnination and growth, deve lopment and regeneratio n of PLUs and calluses 

depending on the natu re of growth regulators and their concentrations used. Lower 

concentrations of IAA and NAA promoted the seed germination and growth and 

development of PLBs in A. gramimfolia and D. moschatum. 86% seed germination 

was recorded in A. grami111jolia when 1 mgJ·' IAA was added to CM enriched VW 

media. Further increase in germination was achieved when IAA was replaced by 

NAA. 92% seeds were germinated when the seeds were inoculated in medium 

containing NAA. However higher concentrations of both IAA and NAA were found 

inhibitory to seed germination. IAA and NAA had almost similar effects on seed 

germin ati o n of D. m oschatu111. 8 1% and 84 % germination was recorded in 

D. moschatum when 2mg J·' IAA and I mg 1·1 NAA was added respectively to CM 

supplemented KnC medium. 
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However, higher concentrations of IAA and NAA had been inhibitory to seed 

germination in D. mosclzatum. That IAA promotes seed germination in many orchids 

was reported earlier by several workers (Arditti 1967, Blowers 1958, Ernst 1967, 

Ichihasi and Kako 1973, Kano 1968, Mathews and Rao 1980, Mitra 1975, Straus 

and Resinger 1976). The results obtained in the present study inA. graminifolia and 

G. densiflorum find support in these earlier reports. Although inhibitory effects of 

IAA and NAA on seed germination were reported in a few orchids (Hadley and 

Harvais 1968, Hadley 1970), findings of the present investigation in A. graminifolia 

and D. moschatum do not support that. 

BAP and Kn at any concentration was proved inhibitory to seed germination in 

.. , A. graminifolia. Significant decrease in seed germination percentage was noted when 

BAP or Kn was added to the medium. But in D. moschatum, BAP slightly promoted 

the seed germination. However, Kn had inhibitory effect on seed germination of D. 

mosclzatum. The inhibitory effect of Kn on seed germination was earlier reported in 

·a few orchids like Dendrobiurlf and Laeliocattleya by Kano (1965) which finds 

support in the present investigation. 

Apart from promoting seed germination, both IAA and NAA had been very 

effective for growth and development of PLBs in A graminifolia and D. moschatum. 

Sharp and significant increase in fresh weight of PLI3s and higher growth indexes 

were obtained when IAA and NAA were used as growth regulators. A perusal of 

earlier literature reveals that IAA and NAA promoted seedling growth in a number 

of orchids (Boesmann 1962, Blowers 1968, Hayes 1969, Israel 1963, Mayer and 

Pelloux 1948). The results of the present investigation in A. graminifolia and D. 

moschatum find support in these earlier reports. BAP was found inhibitory for 

A. graminifolia but promoted seedling development and optimum root and leaf 

development in D. moschatum. 

Plant growth regulators used either individually or in combination elicit different 

results in seed germination and growth, development and regeneration of callus in G. 

densijlorum. IAA had no effect on seed germination or on seedling growth. NAA 

and BAP when used individually with Peptone enriched KnC medium promoted 

seed germination in G. densijlorum. 
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They were also very effective in growth and development of callus. Both BAP and 

NAA resulted in a sharp increase in fresh weight of callus when used individually. 

But, none of them alone could yield optimum regeneration, expressed as percentage 

of callus producing shoots. Optimum callus growth and regeneration was achieved 

when BAP and NAA was used in combination. Sharp and manifold increase in fresh 

weight of PLB and higher regeneration percentage was achieved when 2 mg 1-1 

BAP and I mg J· 1 NAA was added to peptone enriched modified KnC medium. The 

interacting effect of auxin- cytokinin is well known in orchids (Hadley and Harvais 

1968, Harvais 1982, Pierik and Steegmans 1972, Rao 1977). The present study in G. 

densiflorum confirms the earlier reports. Moreover, it has lead to the introduction of 

current idea that reactions between auxin and cytokinin provide better mechanism 

for regulation of all types of morphogenetic phenomena observed in in vitro raised 

plants. In A. graminifolia and D. moschatum where CM was very effective in seed 

germination, IAA or NAA alone was very effective in both seed germination and 

growth and regeneration of PLBs. This may be due to the fact that CM might have 

acted as a source of cytokinin which ultimately lead to a proper auxin-cytokinin 

interaction and promoted better growth and regeneration: However, Kn was found 

inhibitory to seed germination for all the three taxa included in the present investigation. 

Experiments with auxins and cytokinins either individually or in combination 

on orchid seed germination and seedling growth have given inconsistent and therefore 

inconclusive results (Arditti 1979). In the present study it has been observed that 

plant growth regulators markedly influenced seed germination and subsequent stages 

of growth and regeneration. This can be used for micropropagation of endangered 

orchids whose existence are threatened due to various reasons. 
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2.5 SUMMARY 

This part of the present study deals with the effects of various growth regulators 

on seed germination and growth, development and regeneration of PLBs/calluses of 

three critically endangered orchids of North Eastern Himalayas, namely, Arundina 

graminifolia, Dendrobium moschatum and Geodorum densijlorum. Extensive and 

systematic investigation revealed a differential response of the growth regulators on 

different taxa. 

Optimum seed germination and better growth of PLBs were obtained in 

A. graminifolia when the seeds were inoculated in medium containing lower 

concentrations of IAA or NAA. 86% seed germination was recorded when 1 mgt·' 

IAA was added to CM (15%) enriched VW medium. Further increase in germination 

percentage was achieved when IAA was replaced by NAA. 92% seed germination 

was recorded when 1 mgt·' was added to the CM supplemented VW medium. Higher 

concentrations of both were inhibitory to both seed germination and growth ofPLBs. 

BAP and Kn at any concentration proved inhibitory to seed germination and growth 

of PLBs in A. graminifolia. Sharp decrease in germination percentage and fresh 

weight of PLBs was recorded when BAP or Kn was added to the medium. 

IAA and NAA had similar effects on seed germination and seedling growth of 

D. mosc/wtum when used with CM supplemented KnC medium. Both promoted 

seed germination and seedling growth in D. mosc/zatum. 81% seed germination was 

recorded when 2 mgt·' IAA was added to the medium. The growth index too was 

found very high when the said concentration of IAA was added. NAA .at lmgt·1 

resulted in a significant increase in seed germination. The fresh weight of PLBs 

increased significantly when 1 mgt·' NAA was added to the medium. Higher 

concentrations of both the auxins were inhibitoy to seed germination and seedling 

growth as significant decrease in both germination percentage as we!l as the fresh 

weight of PLBs were noted at those concentrations. BAP slightly promoted seed 

germination in D. mosclwtum ami was found very effective for the growth and 

regeneration of PLBs. However, Kn was inhibitory to both seed germination and 

seedling growth of D. mosclzatum. 
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In G. densiflorum, IAA had no effect on seed germination and growth of callus. 

NAA on the other hand promoted seed germination. Significant increase in seed 

germination was recorded when 1 mgl-1 was added to Peptone supplemented KnC 

medium. Moreover, NAA was found very effective for callus growth. BAP too was 

very effective for seed germination and seedling growth of G. densiflorum. Shoot 

formation from callus was increased when BAP was added to the medium. However, 

Kn was found inhibitory to seed germination as well as for the growth of callus. 

Although both BAP and NAA alone was effective in promoting seed germination 

and growth of callus, the regeneration percentage (expressed as percentage of callus 

forming shoot) was not optimum. But BAP-NAA combination resulted in a sharp 

increase in fresh weight of callus and in regeneration percentage. 72% regeneration 

was recorded when 2 mgl·' BAP and 1 mgl·' NAA was added to Peptone supplemented 

KnCmedium. 

It has been observed that IAA promoted seed germination in A. graminifolia 

and in D. moschatum but had no effect on G. densiflorum. NAA was effective for 

both seed germination and growth, development of PLBs I calluses in all the three 

studied genera. BAP was very effective in seed germination and subsequent growth 

of PLBs /callus in /J. mosclwt11111 and G. densif/orum. However, it was found 

inhibitory for A. graminifolia. Kn was inhibitory to seed germination and seedling 

growth of all the three orchids investigated. 

It can be concluded that the growth regulators markedly influence seed 

germination and subsequent growth of PLB and callus of orchids. The subtle 

interraction of auxins and cytokinins could be beneficially utilized for 

micropropagation of orchids. This would be helpful in managing the existing orchid 

populations and reestablishing some of those whose existence have been threatened. 
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Development of a rapid mass propagation protocol in 
certain critically endangered orchids of 

North Eastern Himalaya 
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Stem-disc culture - development of a rapid 
mass propagation protocol for 

Arundina, Oendrobium and Geodorum 



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. 
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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. 
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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. 
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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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Hardening and Artificial Seed Technology 



Hardening of in vitro regenerated plantlets in 
Arundina and 6eodorum 
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4.1 INTRODUCTION 

Orchids are healthy competitors in the international cut flower market (Hew 

and Clifford 1993, Hew 1994). The small proportion (<5%) of the total international 

cut flower trade currently occupied by orchid highlights their potential to take over 

even greater share of the market (Hew 1994). The development of Knudson's 

asymbiotic method has vastly improved the germination of orchid seeds. Following 

Knudson's discovery to date improved tissue cultural techniques using different plant 

parts like root, shoot, leaves, inflorescence have been adopted making orchid 

cultivation faster and easier (Arditti and Ernst 1993). There is an active market for 

micropropagated orchid plantlets which are produced at a rate of 11 million units per 

year (Jones and Sluis 1991). But due to some factors like slow growth of orchid 

plantlets coupled with lower multiplication rate, vitrification, poor rooting, high 

mortality of plantlets during acclimatization and high cost of explant establishment 

pose substantial limitation for successful micropropagation of orchids (Kozai 1991). 

However, acclimatization and field transfer of in vitro grown plantlets is perhaps the 

most difficult step in plant tissue culture. Transferring of plantlets from culture vessel 

to potting mix requires very careful and step wise procedure. Moreover, it is difficult 

because the in vitro grown plantlets are deficient in photosynthetic efficiency and 

mechanism to control water loss (Dhawan 1993). As the culture media is enriched in 

sucrose and other essential nutrients, the plantlets though appear green do not have 

photosynthesizing efficiency and due to high humidity inside the culture vessel (close 

to 95%), the plantlets lack the protective wax layer. The stomatal opening and closing 

mechanism is not proper in the in vitro raised plants (Dhawan 1993). The roots are 

mostly non-functional as the whole body surface can absorb nutrients easily from the 

medium (Pierik 1993). Therefore, if the plantlets are directly transferred to potting 

mix, they will immediately show wilting symptom and ultimately die. A careful 

acclimatization is thus very important for proper hardening and field transfer of in 

vitro grown plantlets. 

Recent advances in plant tissue culture techniques have.revolutionised the tissue 

culture industry in general and orchid industry in particular. But constraints of high 

labour and other expenses like nutrient medium, hardening and delivery of in vitro 

raised plants are yet to overcome (Rao el a/1996). 
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In this context artificial seed technology assumes greater importance because of its 

low cost and high volume propagation system. The discovery of artificial seed 

technology has opened new vistas in plant biotechnology. It has been demonstrated 

that the artificial seeds, prepared by encapsulating the somatic embryos or vegetath:e 

propagules or PLBs (in orchids) can withstand external strains and stresses and thus 

can be used as an universal delivery system (Datta, Kanjilal and De Sarker 1999, 

Redenbaugh et al 1988) . Researches in various laboratories have revealed that if 

_the plant propagules or the PLBs or somatic embryos are encapsulated by 

incorporating fungicide, bactericide and food preservative, they could be a useful 

delivery system for tissue cultured plants by eliminating the tissue hardening steps 

by directly sowing them in soil ( Bapat and Rao 1988, Bapat et al1987, Redenbaugh 

1988, Fizi et al 1994). Althogh some successful attempts have_been made in this 

direction by using the artificial seed technology but it is still at its developmental 

phases. Hence, the present study was undertaken to find out a suitable process for 

hardening the in vitro raised plantlets of Arundina graminifolia, and Geodorum 

densiflorum by using the conventional method as well as by artificial seed technology. 
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4.2 MATERIALS AND METHODS 

Selection and preparation of plantlets prior to their transfer to pots 

15-16 week old plantlets of A. graminifolia and G. densiflorum obtained through 

in vitro seed culture were used as ready source of material for the present study. 

Healthy plantlets having a height of 1-8 ern with 5-6 well developed leaves 

and 3-4 roots were deflasked and washed very carefully with double distilled water. 

Upmost care was taken during washing so that no agar or media should remain 

attached with the plantlets. After that they were treated with fungicide captan 

(4 rngJ·') and kept on a sterile pctridish. 

Preparation of community pots 

Earthen pots measuring 2" diameter X 1.5'' height were brought from local 

market. The pots were filled with a mixture of charcoal, small brick peices, garden 

.. , soil and sand at a ratio of l: 1: l: l. The potting media used in this experiment consisted 

of locally available materials. 

Transfer of plantlets to community pots 

After filling up the pots with potting medium the plantlets were very carefully 

transfercd and planted in the earthen pots in groups. Half strength basal VW and 

KnC media were used in A. graminifolia and G. densiflorum respectively. The pots 

were then covered with inverted beakers. Distilled water was regularly sprayed in 

the beakers to keep high humidity around the plantlets. The pots were kept at culture 

room condition i.e at 25 ± 2°C under 16 hr photoperiod for at least 3 weeks. After 

that the pots were transferred to green house and the beakers were removed. In the 

green house the pots with plants were kept for another 2 weeks under natural 

photoperiod and humidity, Finally after 2 weeks the plantlets were transferred to 

large earthen pots filled with garden soil: sand (I: 1 ). Watering was done at regular 

intervals. 
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4.3 OBSERVATIONS 

Plantlets of various sizes on transfer to community pot did not show induction 

of growth upto the end of second week. During this period high humidity was 

maintained to prevent the plantlets from dessication. Survival percentage of the plantlets 

greatly depends on the size of the plantlets selected for acclimatization. Larger the 

size of the plantlets, greater the survival percentage. The effect of the size of plantlets 

on survival percentage during acclimatization and hardening was recorded, 

summarised and shown in Tables 4.3.1 and 4.3.2. Most of the plantlets died when 

1-3 em long plantlets were transferred to pots from culture vessels resulting in a very 

low survival percentage. Gradual increase in size resulted in increase in survival 

percentage and it was significantly higher when 5-8 em long plantlets were transferred. 

Only 8% and 12% plantlets survived in A. graminifolia and G. densijlorum 

respectively when 1-3 em long plantlets were transferred to the potting mix. The 

survival percentge gradually increases with the increase in plantlet size (Table 4.3.1 

and 4.3.2). 54% and 62% plantlets were successfully hardened in A. graminifolia 

and G. densijlorum respectively when 5-8 em long plantlets with 6-8leaves and 3-4 

roots were transferred to the community pots (Plate 14). 

Plan !lets on transfer to soil did"not show any growth upto the end of second 

week. Most of the in vitro grown roots were found damaged. New roots appeared at 

the end of third week or at the middle of fourth week which is followed by the 

development young leaves in both the investigated genera. It has been observed that 

the growth of the plantlets were better if they were supplied with half strength of 

their respective liquid basal media initially after transfer . After the appearence of 

new leaves the pots containing plantlets were transferred to the green house for further 

growth. When the plan !lets were large enough, they were transferred to the garden.It 

was noted that if the plantlets were transferred in group rather than singly, the survival 

percentage and the growth of the plantlets were better in both the studied genera . 
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It has been noted that if the plantlets, immediately after transfer to community 

pots, are subjected to a sharp and sudden decrease in humidy, they died immidiately 

due to dessication. However, gradual decrease in humidity resulted in a better survial 

percentage of the plantlets. Only 4-6 o/o plantlets survived if the plantlets are subjected 

to a sudden and sharp decrease in humidity percentage. It has been noted that plantlets, 

transferred in groups always have a better chance of survival than those transferred 

singly. 
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Table 4.3.1 Effect of the size of plantlets on survival percentage of seedlings in A. 
graminifolia during hardening. Each treatment had 5 replicates and repeated thrice. 

Size of No. of plants No. of plants Percentage of plants 
plants (em) given survived* transferred to field* 

1-3 50 4.00± .30 8.00 ± 1.09 

3-5 50. 19 .00 ± .94 38.00 ±2.00 

5-8 50 27.00 ± 1.33 54.00 ± 1.78 

* Values are mean of 5 samples 

Table 4.3.2 Effect of the size of plantlets on survival percentage of seedlings in G. 
densiflorum during hardening. 

Size of No. of plants No. of plants Percentage of plants 

plants (em) given survived* transferred to field* 

1-3 50 6.00 ± .46 12.00±2.00 

3-5 50 22.00 ± 1.26 44.00± .70 

5-8 50 31.00 ±2.89 62.00± 1.58 

* Values are mean of 5 samples 
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Table 4.3.3 Effect ofhumidity on acclimatization and hardening inA. graminifolia and G. 
densijlorum. Each treatment had 5 replicates and repeated thrice. 

Initial humidity% Humidity% %of plant survived 
(at the time of transfer) after 1 week A. graminifolia G.densiflorum 

95 95 54± 2.91 60 ± 1.64 

95 90 52± 1.70 54"± 2.00 

95 85 46"'±3.90 50"'±1.00 

95 80 42 '"±3.00 36'"±1.00 

95 70 26"'±0.90 22"'±2.79 

95 .60 08'"±0.30 11'"±2.36 

95 50 02'"±1.54 03'"±0.80 

Values followed by asterisks in each treatment within the same column are significantly different 
from control (95% humidity after one week), using Student's t- Test at *5% level, ... I% level 
and ** * 0.1% level. 
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4.4 DISCUSSION 

This part of the investigation deals with the development of a suitable method 

for acclimatization and field transfer of the in vitro raised plantlets in two critically 

endangered orchids of North eastern Himalayas, namely Arundina graminifolia and 

Geodorum densiflorum. Although various methods have been developed for 

micropropagation of orchids since past few years, the problems of high labour and 

hardening arc yet to overcome (Rao et al 1996). Due to the lack·of information in 

this regard, the present study was directed to find out a suitable method for hardening. 

It has been reported earlier that the in vitro raised plants are difficult to acclimatize 

because these are deficient in photosynthetic efficiency, proper mechanism to control 

water loss (Dhawan 1993). Moreover, the root regeneration in vitro appeared to be 

vulnerable as they are weak and often die in soil. (Pi erik I 993) 

The results obtained in the present study clearly showed that the survial 

percentage of the plantlets greatly depends on the size of the plantlets selected. 

Moreover, it has been noted that plantlets transferred in group survived better, a point 

finds support in earlier report (Singh 1993). However, high mortality rate may be 

due to the inefficiency of the leaves to start photosynthesis. Moreover, the in vitro 

grown roots were dried when they were transferred to soil and growth of the plantlets 

only started with the development of new roots. This inactivity of roots induce high 

rate of transpiration and ultimately results in the loss of many plantlets (Pierik 1993). 

The effect of humidity on acclimatization has been investigated in both the 

taxa. It has been noted that if the transferred plantlets are subjected to sudden change 

in humidity, the plantlcts died iuuncdiately resulting in a sharp decrcas.c in survival 

percentage. But gradual decrease in the same yielded better result. If after transfer· 

the humidity is decreased gradually, a better result was obtained. This may be due to 

the fact that the gradual decrease in humidity may result in a better cuticular wax 

formation and hence less cuticular transpiration (Pi erik 1987) 

Due to the very special environment in vitro it is very difficult to produce plants 

which are well adapted to living outside the test tube (Pierik 1993). The method, 

described in this chapter Will help to harden the i11 vitro raised plantlets better and 

with increased viability rate. 
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4.5 SUMMARY 

This part of the present investigation deals with the acclimatization and field 

transfer of the in vitro raised plantlets of Arundina graminifolia and Geodorum 

densiflorum, the two critically endangered orchid taxa of North Eastern Himalayan 

region. 

In vitro grown plantlets of various sizes were selected as a ready source of 

material. They were very carefully washed with sterilized double distilled water and 

treated with 4% Caplan solution. Finally the plantlets were transferred to community 

pots having a size of 2" in diametre and 1.5" in height. The community pots were 

filled with a mixture of charcoal, small brick pieces, garden soil and sand at a ratio of 

l: l: l: l. After transferring the plantlets, the community pots were kept at culture room 

condition for at least two weeks. High humidity (around 95%) was maintained around 

the plants by covering them with inverted beakers. Distilled water was sprayed at 

regular intervals to maintain the humidity . 

Plantlets on transfer to community pots did not show any growth upto second 

week following transfer. Most of the in vitro grown roots were died during this period. 

New roots appeared at the begining of the third week which is followed by the 

development of new leaves. The survival percentage of the plantlets greatly depends 

on the size of the plantlets selected for acclimatization. Larger the size of the plantlets, 

higher the survival percentage. Very low survival percentage was recorded when l-

3 em long plantlets were transferred. Gradual increase in survial percentage was 

oberved with increase in plantlet size. After the emergence of new roots and leaves 

the plantlets were transferred to green house and kept there for further two to three 

weeks after which they were finally transferred to the field. 

Effect of humidity on survival percentage of the plantlets was also recorded. It 

has been observed that if the plantlets were subjected to sudden change in humidity, 

they died immediately resulting in a sharp decrease in the survival percentage of the 

plantlets. only 4-6% survival percentage was recorded when plantlets were subjected 

to sharp decrease in humidity. However, in the contrary, if there is a gradual decrease 

in humidity, they showed optimum survival percentage. 
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· 5.1 INTRODUCTION 

The artificial seed technology is an exciting and rapidly growing area of 

research in plant cell and tissue culture. Production of artificial seeds has 

unravelled new vistas in plant biotechnology. The commercial application of 

plant tissue culture technology has been successfully demonstrated. However, 

constraints of high labour and other expenses like hardening and delivery of 

tissue cultured plants remains to be overcome. In this context artificial seed 

technology assumes greater importance because of low cost and high volume 

propagation system (Rao, Ganapati, Bapat and Suprasanna, 1997). The idea of 

artificial seeds was first conceived by T. Murashige (USA) in 1978 and researches 

in this area has been initiated during the last decade. It had been considered that 

the induction of somatic and I or pollen embryogenesis (SPE) which genetically 

differs from zygotic embryogenesis, is the first step and prerequisite for the 

production of artificial seeds. 

The discovery of somatic embryogenesis (SE) and formation of pollen 

embryos from anther culture provide a new way for in vitro plant propagation. 

The successful induction of somatic embryogenesis has been reported in a number 

of plants species like cereals, millets, vegetables and other commercially 

important plants like coffee, tobacco, cotto11 and soybean (Datta 1987, Datta 

and Potrykus 1988, Datta and Wenzel 1987and 1988, Guha and Mahcshwari 1964, 

Guha Mukherjee 1973, Jensen 1968, Kao 1981, Mcwillium, Smith and Street 

1974, Morrison and Evans 1988, Rainert 1968, Sunderland 1971, Sunderland 

1974, Suprasanna et a/1995, Xu and Sunderland 1981,). Generally, synthetic 

seeds are prepared by encasing the somatic embryos within a suitable gel matrix. 

However, due to certain inherent problems the production rate of uniform and 

high quality embryoids is much low as a result of which preparation of efficient 

and quality seeds has not been successful excepting in a few plants like carrot, 

alfalfa, mulberry, ground nut, sandal wood, banana, cardamon, eucalyptus, barley 

and rice (Bapat and Rao 1987, 1988 andl990, Datta and Potrykus 1989, Ganapati 

et al 1992 and 1994, Huang and Cheng 1990, Kao 1981, Kitto and Janick 

1985, Machi 1992, Rao et al 1993, Redenbaugh et a/1986, Suprasanna et al 

1994, Wadhwa, Verma and Singh 1989). 
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Recent advances in this area have revealed that besides SE axillary buds, 

adventitious buds, shoot tips and other tissues have also been used for 

encapsulation (Bapat and Rao 1988 and 1990, Ganapati et al 1990 and 1994, 

Redenbaugh 1993, ). Encapsulation of these vegetative propagules as well as 

the other tissues has become popular with the investigators as a simple way of 

handling cells and tissues and protecting them against strains and strong external 

gradients and as an efficient and novel delivery system (Datta and Potrykus 1989, 

Datta, Kanjilal and De Sarkcr 1999, Redenbaugh et a/1992, Singh 1991). The 

main advantage of the usc of vegetative propagules is that it may act as a direct 

way to field transfer of tissue cultured plants by eliminating the tissue hardening 

steps. Use of these organs and tissues for encapsulation is more important for 

those plants like orchids where somatic embryogenesis is yet to be induced 

successfully. 

During the last decade the encapsulation methodology has been met with 

success in a few plants (Redenbaugh el a/1986), most of which are non- orchid 

angiosperms. Orchids, the most precious and costly ornamentals· are one of the 

few flowering plants to be propagated in vitro through seed germination and 

tissue culture. 

Orchid seeds are unique in many respects. They are extremely small in 

size and produced in high numbers, lacking well organised embryo and have 

scanty I non functional or no endosperm at all and no root initials. Moreover, 

they need specific mycorrhizal asociation for natural germination. 

The most sensational development in orchid tissue culture has been the 

usc of Cymbidium shoot mcristem by Morel (1960), which revolutionised the 

orchid industry and triggered global expansion of using tissue culture for rapid 

propagation of other ornamentals as well. This has been of special importance 

for orchids as their genotypes are highly heterozygous and vegetative propagation 

is an extremely slow process. 

Till date, the production of synthetic or artificial seeds by encapsulating 

SE has not been amenable to use in case of orchids which without producing 

SE, gives rise to protocorm like bodies (PLBs) in culture offering a highly 

potential method for clonal propagation. The dust like seeds on inoculation on 

. nutrient media produce yellow pin head like bodies which on further growth 

turn green. These green pin head like structures arc called PLBs. 
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These PLBs are very fragile and need continuous supply of nutrients for 

complete differentiation, thus making handling and transportation difficult and 

expensive (Withner 1942). On appropriate balancing of auxin-cytokinine ratio, 

regeneration of plantlets from PLBs occur. The number of PLBs can be greatly 

increased in geometric progression by cutting and subculturing them repeatedly. 

Uniformly grown PLBs were encapsulated in the present study for production 

of artificial seeds. 

Various stages of encapsulation has been studied in details by Redenbaugh 

ct al (Redenbaugh eta/ 1988). One of the most important steps is the selection 

of suitable encapsulating agent. A number of such agents like agar, agarose, 

alginate, carragenan, gelrite and polyacrylamide have been used for encapsulation 

(Kitto and Janick, 1985). Recently nitrocellulose and ethylocellulose have also 

been used for encapsulation (Wadhwa, Verma and Singh 1989). However, the 

present investigations on Arundina graminifolia (Don) Hochr. and Geodorum 

densiflorum (Lam) Schltr. as well as those on a few other angiosperms suggest 

that the most suitable encapsulating agent for orchid PLBs has been sodium 

alginate due to its solubility iii room temperature and formation of completely 

permeable gel with calcium chloride (CaC1
2

• 2 H
2
0). Uptill now, synthetic seed 

production by encapsulation has been successful in a few orchids such as 

Dendrobium wardialllllll, 1'/zaius tankervillae Spathoglottis plicata 

etc.(Malemngabaet a/1996, Nayak et a/1998, Sharma Tandon and Kumar 1992, 

Singh 1991). The present investigation on synthetic seed production in two 

terrestrial and endangereq orchid species namely, Arundina graminifolia and 

Geodorum densiflorum will be further addition to synthetic produced in orchids. 

Further developmental ph'ases in artificial seed technology has been 

germination of encapsulated entities followed by growth and differentiation. The 

primary !loa! of artificial seed system is the recovery of whole plant under in 

vitro and green house I field conditions. The conversion frequency under the 

above conditions widely varies from plant to plant. Though the frequency of 

plantlet regeneration from artificial seeds is reportedly high under in vitro 

condition, meagre records are available on in vivo conversiopn of artificial seeds 

under natural or green house condition .. In sandal wood and alfalfa the conversion 

frequency varies from 17-50% (Fizi et al 1989 and 1992, Francis, Bapat and 

Rao 1992). 
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Orchids are yet to be explored for achieving optimal in vivo regeneration. The 

present attempt in this· direction in orchids A. graminifolia and G. densiflorum is 

the first success story of developing a protocol for direct transfer of encapsulated 

seeds from laboratory to land thus eliminating the transplantation and tissue 

hardening steps. The advantage of this technology includes rapid and large scale 

multiplication, minimal labour and low cost of propagation. With the provision 

of supplementing the the encapsulating matrix by growth regulators, pesticides, 

antifungal and antibacterial agents, tailored field specific plantable units for 

desired crops /ornamentals can be obtained. Besides, artificial seeds would be 

useful material for production of desired elite genotypes as well as conservation 

of threatened germ plasm. 

85 



'• 

'• 

5.2 MATERIALS AND METHODS 

Plant material 

Two taxa included in the present investigation are Arundina graminifolia, 

and Geodorum densiflorum . Collection of plant meterials and their maintenance 

have been described in Chapter I. 

Seed germination and PLB production 

All the technical steps including collection of capsules from experimental 

garden upto the. formation of PLB remained same as has been described in 

Chapter I. 

Preparation of sodium alginate solution 

3.0 gm of sodium alginate (Si~ma- AR Grade) was taken and mixed with 

100 ml of liquid, modified VW medium (mentioned in Tablel.2.2) by hand 

shaking. The alginate- nutrient gel thus prepared was labelled as Na- alginate

VW solution and used fresh. 

Similarly, 3.0 gm of sodium alginate was mixed with 100 ml of Jiqucd 

modified KnC medium, labelled (mentioned in Table 1.2.2) as Na- alginatc

KnC solution and used fresh. 

Preparation'SO mM calcium chloride (CaCI
2
.2Hp) solution 

2.205 gm of Cacl2, 2H
2
0 was weighed and dissolved in 300 ml of double 

distilled water. The solution was autoclaved, cooled and stored under 

refrigeration. 

Preparation of PLBs prior to encapsulation 

Preparation of artificial seeds by encapsulation in Na- alginate gel 

PLBs measuring 2- 4 mm in length were taken out from the culture tubes 

and kept on a sterile petri dish. Clumps of PLBs were separeted by using sterilized 

forceps. Callus tissues appearing ncar the base of PLB were removed. PLBs 

were washed in liquid VW (for A. graminifolia) and KnC (for G. densiflorum). 
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The PLBs were then mixed with their respective alginate solution and 

dropped individually on the autoclaved 100 mM CaC12 solution. Calcium alginate 

beads were formed around PLBs within 10-15 min at 27°C on a rotary shaker 

moving at 80 rpm. 

Encapsulated PLBs were taken out by decanting off the· CaC1
2 

solution 

and washed twice with sterilized distilled water to remove excess CaCl
2 

solution. 

The encapsulated PLBs were then surface dried with the help of a sterilized 

blotting paper. Some freshly encapsulated PLBs of each of two taxa were 

inoculated in their respective suitable media. Amount of organic additives and 

growth regulators were same as used during seed germination. 150 encapsulated 

PLBs of each taxon were kept on a sterile petridish, sealed with parafilm and 

stored at 4°C in a deep freeze . These were taken out at regular intervals of 30 

days and inoculated to observe their viability and regeneration capacity. Non

encapsulated PLBs were also kept at 4oc in a sealed sterile petridish. Some 

encapsulated PLBs were kept at room temperature (25±2°C). Observations were 

made at regular intervals. The whole process is depicted in the following flow 

chart. 

Preparation of artificial seeds for i11 vivo germination 

Incorporation of Fungicide and NaHC0
3 

in nutrient- medium gel 

Fungicide Bavastin was incorporated in the nutrient gel at a concentration 

of 4 mgl· 1 by mixing it with alginate nutrient solution. Sodium bicarbonate was 

used as food preservative and incorporated in the same way. The PLBs were 

washed with sterilized double distilled water and surface dried with sterile filter 

paper and kept in a petridish. 

Preparation of soil 

Sand and garden soil were taken and mixed at a ratio of 1:1. The mixed 

soil was then autoclaved and kept in petrideshes. 
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Flow chart showing the important steps involved in artificial seed preparation. 

I PLBs were collected and separated 

I Washed in liquid VW/ KnC medium 

Mixed with 3.5% sodium alginate solution 

Dropped individually in autoclaved 50 mM solution of CaCI
2 

I 
Shaken on a rotary shaker moving at 80 -100 rpm 

I Extra CaCI, solution decanted off I 

I 
I Washed thrice in sterilised distilled water l 

I 
Surface dried with sterilized filter paper 

Immediately inoculated on medium 
for regeneration studies 
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Flow chart showing the incorporation of fungicide bavastin and food 
preservative(NaHC0

3
) in medium- alginate gel. 

' 

I Na- alginate Solution I 

Incorporation of bavastin and sodium bicarbonate in medium- alginate gel 

I PLBs mixed with medium -alginate gel containing bavastin and NaHCO, I 

I Dropped on autoclaved 50 mM CaC12 solution I 

Washed thrice with double distilled water and surface dried 

Placed on sand soil mixture in petridishes 
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Transfer of artificial seeds to sand - soil mixture 

25 encapsulated PLBs were placed on each petridish, filled with autoclaved 

sand soil mixture. Distilled water was sprayed on the soil sand mixture and on 

theinner surface of the petrideshes. The Petri dishes were covered with the ii'd to 

maintain the requird humidity and kept in the labroratory at 25 ± 2°C for 16 hr 

photoperiod from cool white light from fluorescent tubes giving 1000 lux at 

culture level. For the first 7-10 days sterilized distilled water was sprayed at 

regular intervals to keep the soil moist. After 10 days the lid of petridishes were 
' 

removed and tap water was sprayed in the soil instead of distilled water. 
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5.3 OBSERVATION 

Freshly encapsulated PLBs of A.graminifolia (Plate 15) showed induction 

of growth after 10-12 days following inoculation on modified VW medium 

supplemented with coconut milk(CM 15% v/v). The time requirement for 

G. densiflorum PLBs (Plate 16) to show growth symptom was 15-21 days when 

inoculated on KnC medium supplemented with CM(15%), peptone (lgml-1), 

BAP (2 mgJ·1) and NAA (lmg J·'). In both the cases the PLBs first inereaseed in 

size and started to regenerate within the alginate coat. High percentage of in 

vitro regeneration was recorded in both the cases. 94% and 88% germination 

and regeneration was noted in A. graminifolia and G. densiflorum respectively 

---, (Tables 5.3.1 and 5.3.2). The PLBs on growth and regeneration emerge through 

the matrix by rupturing the alginate coat and establish contact with the 

medium. These PLBs were then subcultured to their respective media and within 

10-12 weeks well developed plantlets of A. graminifolia and G. densiflorum 

were obtained (Plate 15 and 16). As the PLBs of A. graminifolia and G. 

densiflorum were randomly selected for encapsulation , the time requirement 

for the PLBs to emerge through the matrix had been variable. 

Regeneration percentage of stored encapsulated PLBs at different 

temperature and for different periods was recorded and shown in Tables 5.3.1 

and 5.3.2 . It has been noted that the germination and regeneration percentage 

of A. graminifolia and G. densiflorum was almost arround 94 and 88 respectively 

upto 120 days and then decreased gradually with further increase in storage 

period. However, a sharp decrease was noted after 150 days and afterwards. 

After 180 days, the germination and regeneration percentage was recorded as 

68 and 71 in A. garminifolia and G. densiflorum respectively. 

Encapsulated PLBs stored at room temperature (25 ±: 2°C) always showed 

a lower percentage of viability and regeneration in comparison to those stored 

at low temperature (4°C). After 120 days only 49 and 44 percent artificial seeds 

were germinated in A. graminifo/ia and G. densiflorum respectively when stored 

at room temperature (Tables 5.3.1 and 5.3.2). However, after 180 days only 

18% and 20% germination was achieved in A. graminifolia and G. densiflorum. 

Non- encapsulated PLBs stored both at 4°C and at room temperature showed 

no viability or regeneration after 30 days and died within a week following inoculation. 
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Table 5.3.1 Viability frequencies of the encapsulated PLBs of A. graminifolia at different 
temperature for different periods. Values are mean of25 encapsulated PLBs in 10 replicates. 

Types of Storage Storage Regeneration 
Seeds Temperature (0C) Time (Days) Percentage ± SE 

Encapsulated No storage No storage 94.0 ± 3.00 

.. 4 30 93.0 ± 1.00 

.. RT 30 80.0"±0.90 

.. 4 60 92.0 ±0.60 

.. RT 60 71.0'''±0.50 

.. 4 90 90.0' ± 1.00 

.. RT 90 62.0'"± 0.90 

.. 4 120 93.0 ± 0.70 

.. RT 120 49.0'"±0 .30 

.. 4 !50 84.0 "± 1.70 

.. RT !50 37.0"' ± 0.90 

.. 4 180 68.0"'± 1.00 

.. RT 180 18.0'" ± 0.70 
Non- encapsulated 4 30 00.0 

.. RT 30 00.0 

Germination percentage of artificial seeds followed by asterisks in each treatment within 
the same column are significantly different from control (artificial seeds without storage), 
using Student's t-test at* 5% level,** I% level and*** 0.1% level. RT represents room 
temperature (25 ± 2°C). 
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Table 5.3.2 Viability frequencies of the encapsulated PLBs of G. densiflorum at different 
temperature for different periods. Values are mean of25 encapsulated PLBs in 10 replicates. 

Types of Storage Storage Regeneration 
Seeds Temperature (0C) Time(Days) Percentage ± SE 

Encapsulated No storage No storage 88.0 ± 1.05 

" 
4 30 87 .0**±0.80 

" 
RT 30 72.0'"±0.70 

" 
4 60 86.0' ±1.00 

" 
RT 60 64.5"± 1.28 

" 
4 90 87.0' ± 1.00 

" 
RT 90 58.0"'±0.90 

" 
4 120 86.0' ± 1.15 

" 
RT 120 44.0'"± 1.96 

" 
4 150 78.0"± 0.36 

" RT ISO 36.0'"± 1.66 

" 
4 180 71'"± 0.80 

" RT 180 20.0'" ± 1.04 
Non- encapsulated 4 30 00.0 

" RT 30 00.0 

Germination percentage of artificial seeds followed by asterisks in each treatment within 
the same column are significantly different from control (artificial seeds without storage), 
using Student's t-test at* 5% level,** 1% level and*** 0.1% level. RT represents room 
temperature (25 ± 2°C) 
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Table 5.3.3 Effects of different concentrations of sodium bi carbonate on in vivo 
germination of A. graminifolia and G. densijlorum. Each set consists of25 encapsulated 
PLBs and had 10 replicates. 

Concentration of Concentration of 
sodium bi carbonate(mg J·1) bavastin (mg J·1) 

0 4 

5 4 

10 4 

15 4 

20 4 

25 4 

30 4 

40 4 

Regeneration Percentage± SE 
A. graminifolia G. densijlorum 

10.00 ± 0.70 6.00 ±0.30 

16.00' ±1.00 12.00' ±1.08 

18.00'± 0.40 20.00"±1.70 

26.00"± 0.90 24.00"±1.28 

41.00"' ± 1.00 28.00"±1.00 

34.00 "±0.20 22.00'±0.60 

28.00' ± 0.80 20.0"± 0.70 

20.00'± 0.40 18.00' ± 0.80 

Germination percentage followed by asterisks in each treatment within the same column 
are significantly different from control ( artificial seeds without sodium bicarbonate), 
using Student's t-test at * .5% level, ** I% level and ***0.1% level. 
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The encapsulated PLBs containing fun.gicide and food preservative (sodium 

bicarbonate) ~hen transferred directly to soil did not show any contamination upto 

8-10 weeks. It was observed that higher concentrations of bavastin than 

4 mg 1' I retards the growth of the PLBs within the alginate coat and lower 

concentrations than the ·same was not enough to check contamination. 4mg 1·1 

bavastin was proved optimum and hence used in all the cases. With the varying 

concentrations of sodium bicarbonate used, the op\imum frequency of germination 

was noted in 20 mgl·' in both the cases (Table 5.3.3). The encapsulatedi?LBs without 

any sodium bicarbonate did not show any gcmrination or regeneration and the PLBs 

die~ due to dessication of alginate matrix. Gradual decrease in sodium bicarbonate 

level from optimum concentration results in a decrease in germination percentage. 

An increase by 5mgl·1 from 15mg-20mg triggered a significant increase in the in 

vivo germination/regeneration frequency (Table 5.3.3). At 20mgl·1 concentration of 

sodium bicarbonate, 41% and 28% germination was recorded inA. graminijloia and 

G. densijlorum respectively. At lower concentrations of sodium bicarbonate although 

some percentage of germination was noted but the, continued growth ofPLBs ultiJ?ately 

ceased due to dessication of the alginate IP.atrix. Germination manifested as _growth 

and differentiationof PLBs, was followed by ultimate emergence through the matrix. 

After emergence the PLBs established contact with the soil. Finally these started to 

grow on soil. At this stage the lids of the petridishes were removed and the emerged 

plantlets were allowed to grow in the culture room for further two weeks following 

which they·were transferred into pots containing a mixture ofbrik chips, coal chips, 

sand and garden soil at a ratio ofl: 1: 1: I. 
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5.4 DISCUSSION 

The present investigation deals with the production and regeneration of 

artificial seeds by encapsulating the PLBs of A. graminifolia and G. densiflorum, 

a pair of terrestrial and endangered orchids of North Eastern Himalayas. The 

successful production of artificial seeds and their in vitro and in vivo regeneration 

in these two orchids may be considered as a first attemP,t with a view to 

conservation of endangered orchids. Production of encapsulated PLBs and their 

in vitro regeneration has been reported in a few orchid species ( Malemngaba, 

et al1996, Sharma, Tandon and Kumarl992, Singh 1991). 

The advent of artificial seed technology has revolutionised tissue culture 

production of ornamentals in general and orchids in particular. It has unravelled 

new vistas in plant biotechnology researches. Besides rapid and mass propagation 

of plants, it has added new dimensions to handling and transplantation, 

conservation and preservation of desirable and elite genotypes (Datta and 

Potrykus 1989, Singh 1991). Artificial seed technology has become very popular 

to the investigators as a low cost high volume propagation system and as a novel 

delivery system. 

Many facets of artificial seed production by encapsulating PLBs have been 

extensively studied in two North Eastern Himalayan orchids namely, Arundina 

graminifolia and Geodorum densiflorum with an ultimate view to conservation 

of them. The primary goal of artificial seed technology is the recovery of whole 

plants from artificial seeds under in vitro and in field conditions. A very high 

percentage of in vitro germination and regeneration have been noted in both the 

taxa. Preservation of artificial seeds at 4•C reveals retention of high viability 

frequency even upto 120 days. High viability percentage of stored artificial seeds 

at 4°C in comparison to room temperature indicates the efficiency of low 

temperature for storage of encapsulated seeds. The retention of such a high 

percentage of viability may be due to the availability of nutrients within the gel 

matrix. Room temperature has been found unsuitable for storage of artificial 

seeds which finds support in earlier report ( Malemngaba et al 1996). 
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Apart from supplying nutrients, the gel matrix also provides protection to the 

young fragile PLBs against mechanical injuries, dessiccation and strong external 

strains and stresses. However, after 120 days a gradual decrease in viability was 

noted which is followed by a sharp decrease after 150 days in both the taxa. 

Shortage of nutrients may be one of the possible reason for such decline inviability 

frequency 

Germination of artificial seeds under natural condition is another important 

aspect of artificial seed technology because it will help to minimise the cost by 

eliminating repeated subculturing steps for regeneration and tissue hardening 

steps. Scanty informations are available on successful regeneration of plants 

under in vivo conditions ( Fernendez, Bapat and Rao 1992, Fuji et al 1989, 

1992, Ganpathi et al 1992 and I 994, Redenbaugh 1991,). However, in the present 

investigation an encouragingly high percentage of (28-41%) germination under 

natural condition has been achieved foiJowing supplementation of the 

encapsulation matrix with suitable food preservative and fungicide.It was 

interesting to note that besides preventing dessication the food preservative 

sodium bicarbonate alone was effective in checking contamination. However, 

in long run the presence of a fungicide was essential to resist contamination. 

The development of a protocol for the two endangered North Eastern 

Himalayan orchids may be an useful addition to the in vivo germination and 

regeneration of plantlets for storage and transportation of precious and costly 

orchid hybrids and for conservation of elite and endangered orchid germ plasm. 

The judicious and intelligent coupling of artificial seed technology with 

that of microco~puter in achieving automated encapsulation would tremendously 

increase the efficiency of encapsulation and production of artificial seeds and 

revolutionize the current concept of commercial micropropagation in the next 

millenium. 
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5.5 SUMMARY 

Two endangered orchids of North Eastern Himalayan region, namely, 

Arundina graminifolia and Geodorum densiflorum have been used in the present 

part of work. The objectives of the present study have been to develop a suitable 

protocol for preparation of artificial seeds by encapsulating the PLBs of the 

mentioned orchids and their germination and regeneration under in vitro and 
I 

soil conditions. 

A systematic investigation was undertaken for the preparation of artificial 

seeds by encapsulating the PLBs in sodium alginate gel and their germination 

under different conditions. PLBs of Arundina graminifolia and Geodorum 

densiflorum were obtained by germinating the seeds in modified VW and KnC 

medium respectively. The amount of organic additives and concentrations of 

growth regulators were same ·as used during seed germination and described in 

Chapter I. 25 - 30 day old PLBs were selected for encapsulation. The PLBs 

were washed with double distilled water. 3% sodium alginate solution was 

prepared by dissolving it separately in liquid VW and KnC media. PLBs were 

mixed with nutrient-alginate gel and dropped singly on an autoclaved 50 mM 

solution of calcium chloride (CaCI,. 2 H20). Calcium alginate beads were formed 

around the PLBs within 10-15 minuites on a rotary shaker moving at 80 rpm. 

Encapsulated PLBs or artificial seeds were taken out and washed with double 

distilled water to remove excess CaCl,. 50 freshly encapsulated PLBs of each 

of Arundina graminifolia and Geodorrmz densiflorum were inoculated on 

modified VW and KnC medium with same concentrations of organic additives 

and growth regulators as used during seed germination. 150 encapsulated PLBs 

·of each studied genera were kept on sterile petri dishes sealed with parafilm and 

stored at 4°C. Some encapsulated PLBs were kept on sterile petridishes and 

stored at room temperature (25 ± 2°C). Non- encapsulated PLBs were also stored at 

both4°C and at room temperature. Fungicide bavastin and various concentrations 

of sodium bicarbonate was incorporated into the gel matrix for in vivo germination 

of encapsulated seeds. 
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High percentage of in vitro germination of artificial seeds were noted in 

both the cases. 94 and 88 percent germination were observed in Arundina 

graminifolia and Geodoru11.1 densiflorum respectively. On germination the PLBs 

emerge out through the encapsulating matrix and establish contact with the 

medium and within 10-12 weeks following inoculation well developed plantlets 

were obtained. Regeneration percentage of stored encapsulated PLBs at different 

temperature for different periods were recorded. It has been observed that upto 

120 days the germination percentage was very being around 94 and 86 percent 

in Arundina graminifolia and Geodorum densiflorum respectively. However, 

further increase in storage period resulted in gradual decrease in germination 

percentage and a sharp and significant decrease was noted after 150 days and 

afterwards. Encapsulated PLBs· stored at room temperature showed 

comparatively low percentage of viability. This indicates low temperature is more 

suitable for storage of artificial seeds. Non-encapsulated PLBs stored both at 

4°C and at room temperature did not show any germination after 30 days and 

died within a week following inoculation. 

The encapsulated PLBs containing fungicides and different concentrations 

of sodium bicarbonate· did not show any contamination upto ten weeks following 

their inoculation in soil. With varying concentrations of sodium bicarbonate used, 

optimum germination perc!!ntage was noted in 20 mgl-1 concentration in both 

the cases. 41% and 28% germination was noted in Arundina graminifolia and 
'· 

Geodorum densiflorum respectively. The encapsulated PLBs without any sodium 

bicarbonate did not show any germination. An increase by 5 mg in sodium 

bicarbonate concentration from 15-20 mg triggered a significant increase in 

germination percentage. Although a low percentage of germination was noted 

in lower concentrations of sodium bicarbonate, the continued growth of PLBs 

ceased due to dessication. Though sodium bicarbonate alone can check the 

contamination the presence o.f a fungicide was required in long run. 

The present investigation clearly suggests the efficiency and suitability of 

the developed protocol. The advent of artificial seed technology has revolutionised 
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the tissue culture industry. The present investigation on two endangered orchids 

will add a new dimension towards this direction.The developed method, has 

been proved useful in encapsulating the PLBs, which serves as a means of 

conserving tissue and transporting it to different places as well. Moreover, with 

this technology it will be possible to eliminate the most difficult steps of 

hardening. 
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