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INTRODUCTION

Trichopus zeylanicus Gaertn. is a rare, herbaceous, perennial and 

rhizomatous wild plant belonging to family Trichopodaceae. The plant is of limited 

geographical distribution and is found on damp forest floors at elevations upto 

1100 m in the Travancore and Tinnevelly hills of the Western Ghats in South India, 

Sree Lanka and Malay Peninsula (Wills, 1973; Krishnan et al., 1995).

The forest dwelling local Kani tribe call this plant Arogyappacha 

meaning inducer of health. Earlier workers named the plant as Kerala ginseng due to 

its medicinal properties being similar to that of ginseng.

The plant is endowed with unique medicinal properties. The fresh 

kernels of tender fruits arc eaten by tribals to get instant energy, stamina and vitality 

(Pushpangadan et a l., 1988). It is also claimed by the tribals that a regular intake of 

the kernels and certain other preparations made of the leaf, stem and rhizomes of T. 

zeylanicus would enable one to enjoy youthful health, vitality, resistance from 

diseases and longevity. The seeds are particularly rich in saponins and is reported to 

be a safe antistress, antifatigue, apetite promoting and restorative herbal tonic. 

Adaptogenic activity or antistress properties of seeds of Trichopus has been 

experimentally proved by Sharma et al. (1989) in rats and mice.

Due to the ethno-medicinal importance and potential, there is need to 

conserve and propagate this herb on a large scale. The rapid pace of deforestation 

activities in the Western Ghats region in recent years has depleted the wild stands 

and hampered the natural regeneration potential of Trichopus zeylanicus. Poor seed



set, slow maturation of seeds lasting 4-5 months, loss of seeds due to rodents and 

inundation also limits natural regeneration (Krishna**’? al., 1995).

Plant tissue culture is useful for conservation and rapid propagation of 

rare and endangered medicinal plants (Arora and Bhojwani, 1989; Sudha and Seeni, 

1994). Standardisation of suitable in vitro techniques for rapid multiplication of this 

plant for the production of large amount of planting material is hence important and 

was thus undertaken in Trichopus zeylanicus with the following objectives.

1. To standardise the method of in vitro seed germination.

2. To standardise the method of rapid multiplication through enhanced release of 

axillary buds, organogenesis and somatic embryogenesis.

3. To standardise the rooting and hardening of plantlets derived in vitro.
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REVIEW OF LITERATURE

Trichopus zeylanicus Gaertn. is a rare, herbaceous, perennial and 

rhizomatous wild plant growing in the Agasthyar hill forests of Kerala. The forest 

dwelling local Kani tribe call the plant ‘Arogyappacha’ meaning inducer of 

health/elixir of life and use it as a health tonic. It was also called as the Kerala 

ginseng by previous workers (Pushpungadan et a l., 1988). Kernels of tender fruits 

are eaten by the tribal people to get instant energy, stamina and vitality. It is also 

claimed by the tribals that a regular intake of the kernels and certain other prepara

tions made of the leaf, stem and rhizomes of T. zeylanicus would enable one to 

enjoy youthful health, vitality, resistance from diseases and longevity. The seeds are 

particularly rich in saponins.

T. zeylanicus is an endemic of limited geographical distribution. The 

rapid pace of deforestation activities in the Western ghat region in recent years has 

depleted the wild stands and hampered the natural regeneration potential of T. 

zeylanicus. Due (o ils ellino medicinal importance and potential, there is need to 

conserve and propagate this herb on a large scale (Krishnan et al., 1995). Plant 

tissue culture is useful for conservation and rapid propagation of rare and 

endangered medicinal plants (Arora and Bojwani, 1989; Sudha and Seeni, 1994). 

The only report available on rapid propagation of Trichopus is by Krishnan et al. in 

1995 who attempted rapid propagation through shoot tip culture and this enabled an 

estimated harvest of 7848 buds from a single shoot tip in 28 months. Literature 

available on the use of tissue culture technique for propagation of other medicinal 

plants is furnished in this chapter.



1.1 In vitro culture

The concept of totepotency inherited in the cell theory of&hleiden (1838) 

and Schwann (1839), is the foundation for plant tissue culture.

llaherlandt (1902) for the first time isolated, lully differentiated cells in a 

nutrient medium containing glucose, peptone and Knop’s salt solution and 

developed the concept of in vitro culture. Pioneering investigators in the field of 

plant tissue culture include White (1943), Gautheret (1939), Miller et al. (1956), 

Reinert (1959), Steward et al. (1958), Bergmann (1960), Vasil and Hildebrandt 

(1965) etc.

Success achieved in tissue culture would be regarded as incomplete 

without understanding the role of plant growth regulators. Skoog and Miller (1957) 

proposed the concept of hormonal control of organ formation. They showed that 

root and bud formation were conditioned by a balance between auxin and cytokinin 

and that organ formation could be regulated by changing the relative concentration 

of these substances in the media.

Completely delined nutrient medium was first developed by Murashige 

and Skoog (1962).

Several aspects of plant tissue culture are being applied in agriculture. 

The best commercial application of tissue culture technique has been in the produc

tion of true to type plants at a very rapid rate compared to conventional method 

(Levy, 1981). Plants produced by tissue culture methods are reported to grow faster 

and mature earlier than seed propagated plants (Vasil and Vasil, 1980).



According to Murashige (1974), there are three possible routes available 

for in vitro propagule multiplication namely,

i) enhanced release of axillary buds

ii) production of adventitious shoots through organogenesis

iii) somatic cmbryogenesis.

Morel (1960) reported the application of shoot apex culture for rapid 

clonal multiplication of plants for the first time.

Shoot tip culture ensures genetic uniformity while somatic cmbryogenesis 

through a callus phase may be useful for recovery of useful variant lines. Somatic 

embryogenesis though limited to a few plant species is the most rapid mode of plant 

regeneration (Evans et al., 1981).

1.2 Factors influencing success o f in vitro  propagation

1.2.1 Explant source

Genotype as well as the degree of tissue differentiation can influence the 

ability of plant tissues to undergo morphogenesis. Takayama and Misawa (1979) 

examined the ability of different explants of Lilium aurantutn and /,. xpecisoum to 

pioducc bulbs m viin>. Fitly pci cent til die peduncle explains, /.’> per cent ol petal 

explants and 95 per cent of the bulb scale explants produced bulbs. Leaf explants 

and explants lfom stamens and anthers did not even survive the culture conditions 

while the explants from bulbs showed 1 0 0  per cent success.

For in vitro propagation of Hypoxis rooperi in which normal vegetative 

propagation is not feasible and seeds of which show dormancy, wounded young



flower parts (perianth, stamens and styles) were used as explants to induce callus 

mediated organogenesis (Page and Staden, 1986).

Mathur and Ahuja (1991) reported that in Valeriana wallichi, the petiole 

explants after removing leaf lamina did not produce any callus, but when a portion 

of the leaf lamina remained attached to the petiole explant, roots were produced 

from the cut end even on the basal medium.

fo r propagation of Withania soninifera by organogenesis, various ex

plains like g.eiininaling seeds, hypocnlyl, mature seeds ole. weie. used. Adventitious 

multiple shoots were induced in germinating seeds and intact seedlings (Kulkarni et 

al., 1995).

In Chlorophytum borivilianum, where natural regeneration through tubers 

and seeds is very poor, use of young shoot bases as explants proved to be the ideal 

explant for in vitro clonal multiplication. A four fold rate of multiplication has been 

achieved during every subculture (Purohit and Dave, 1995). Propagation of 

Trichopus zeylanicus was achieved by culturing shoot tips (0.3-0.5 cm) of 2 month 

old seedlings by Krishnan et al. (1995).

Adventitious bud formation was obtained from stem internodal explants 

of Ephedra fragilis as reported by O’Dowd and Richardson (1993).

Ovules collected 90-120 days after pollination was the best explant for 

organogenetic differentiation in Aegle mamialos as reported by Hossain et al. 

(1994).



Morphogenetic cultures from single pollen grains of llyosciamus niger 

cultured in liquid medium was reported by Raghavan and Nagami (1983).

Donato and Perucco (1986) found that when half seeds of Asparagus 

officinalis with or without embryo at different stage of maturity were cultured in 

vitro, callus formation was greatest from immature (gelatinous), endosperm in the 

presence of embryo.

Explants taken from newly originated organe are most likely to be

capable of direct organogenesis. Pierik (1969) and Pierik and Steegman (1975)

found that the rhizogenetic potential of Rhododendron stem segments decreased with 

the age of the shoot from which they were obtained. In the experiments of 

Takayama and Misawa (1982), most segments derived from young leaves of Begonia 

produced buds and roots, where as those derived from mature leaves usually dried. 

Callus derived from seedling and inflorescence explants of many Cymbopogon 

species had a higher morphogenic capacity than that arising from seeds, culm, root 

or rhizomes (Jagdish Chandra and Sreenath, 1987).

The youngest and less differentiated tissues are found in plant meristems

and the culture of these tissues have been successful in a wide range of species

(Hughes, 1981). During the maturation process of tissue several physiological 

changes occur which may influence the in vitro behaviour of the explants (David, 

1982).

Hossain et al. (1994) reported that in Aegle marmelos shoot differentia

tion efficiency varied remarkably when cotyledons from seedlings of different ages



were cultured. Lixplants from 10 day old seedlings showed maximum regeneration of 

90 per cent.

Genotype of the explant choosen for propagation is also another 

important factor in the success of tissue culture. Within a species, some genotypes 

respond easily, while others fail. Genotype specific effects have been reported in 

Anthurium (Pierik and Steegman, 1976), Gladiolus (Hussey, 1977) and in Geranium 

(Pillai and Hildebrandt, 1968).

Bhat et al. (1995) investigated the morphogenetic potential of root, leaf 

node and internode explants of Piper longum, Piper nigrum and Piper hetle and 

found that the highest number of shoot buds was produced on root explants followed 

by node, internode and leaf explants. Piper longum showed the highest regeneration 

response followed by Piper hetle and Piper nigrum.

A comparative study of plant regeneration efficiency of two Digitalis 

species was done by Onisei et al., 1992. Culture response by the two species was 

similar but D. purpurea explants exhibited a stronger organogenetic capacity and 

survival of regenerated plants exceeded 95 per cent.

Tissues taken from field grown plants are not equally amenable to tissue 

culture conditions throughout the year. Also there is difference in the in vitro 

response ol explains (aken from field and I hose from plants grown under controlled 

conditions. Maliarcikova (1981) found that for taking explants in strawberry, August 

was more suitable than July or September. Vegetative buds of Commiphora wightii 

were available on the trees only from March to October and those materials collected 

during April-June gave a good response whereas sprouting was reduced for the 

explant collected during September-October as reported by Barve and Mehta (1993).



Anu (1993) reported that months from January to April was the best 

period for culture establishment of Gymnema sylvestre. Similar influence of season 

on establishment of explants is reported in Cardamon (Reghunath, 1989), Banana 

(Bhaskar, 1991) and Holostemma (John, 1996).

1.1.2 Surface sterilization

The explants collected from the field harbour numerous microorganisms 

which when inoculated onto the nutrient medium contaminate the entire in vitro 

system. Hence surface sterilization is resorted prior to inoculation of explants. The 

aim of surface sterilization is to remove all the microorganisms present on the cx- 

plant, with a minimum damage to the plant or part to be cultured. Explants for 

surface sterilization are usually cut into a size larger than that of the final and after 

sterilization they are trimmed to smaller size and transferred to the medium (Hussey, 

1979).

Sodium hypochlorite (0.5 to 2 per cent w/v), calcium hypochlorite (5 to 

10 per cent w/v) and mercuric chloride (0.05 to 0.1 w/v) are the most commonly 

used surface sterilants. Since the sterilants are toxic to plant cells, it is necessary to 

wash the tissue twice or thrice with sterile distilled water to ensure removal of the 

chemical (Hu and Wang, 1983). Sommer and C.'aldas (1981) reported that for softer 

tissues, dilution to a lower strength may be needed. Alcohol alone or with other 

surface sterilants has also been used for disinfection (Bonga, 1982).

Eungicides and antibiotics are also used cither as surface sterilants or as 

media additives. However, most of the systemic fungicides and some of the 

antibiotics inhibit growth of the plant cultures. Several workers have reported the



use of various fungicides in cultures for reducing fungal contamination (Brown et 

al., 1982;Stheilds et al., 1984) Dodds and Roberts(1985) suggested to avoid the use 

of antibiotics for sterilization since they or their degradation products may be 

metabolized by plant tissue with unpredictable results.

Krishnan and Seeni (1994) reported that, for surface sterilization of shoot 

cuttings of Woodfordia fruticosa, washing the excised shoot tips first in 1 per cent 

Labolcne detergent for 5-6 minutes and in running lap water for 10 minutes followed 

by surface sterilization by passage through 0.1 per cent mercuric chloride for 5

minutes and washing 6 - 8  times in sterile distilled water was effective.

In Adhatoda beddomei, Sudha and Seeni (1994) reported that a treatment 

with 1 per cent Labolene for 6 - 8  minutes followed by tap water washing and treat

ment with 0.1 per cent HgCl2  for 15 minutes could produce contamination free 

cultures.

In Piper longum, Bhat et al. (1992) reported that washing in water for 5-

10 minutes followed by treatment with 0.1 per cent HgCl2  for 20 minutes was an

effective sterilization method.

Teepol detergent wash for 15 minutes at slow speed on magnetic stirrer 

and washing in running tap water for 2  h followed by surface disinfestation with 0 . 1  

per cent HgCl2  for 10 minutes and rinsing several times with sterile distilled water 

was effective for surface sterilization of Gentiana kurroo as reported by Sharma et 

al. (1993).

Combination of ethyl alcohol and HgCl2  was also effective as reported in 

Duboisia myoporoides (Kukreja et al., 1986), Coscinum fenestratum  (Nair et al.,

1992) and Vetiveria zizanioides (Keshavachandran and Abdul Khader, 1993).



Mathur (1993) reported that in Nardastachys jalamansi, 2 per. cent 

sodium hypochlorite treatment for 7 minutes was effective.

Surface sterilization by immersing in 70 per cent ethyl alcohol for 30 

seconds followed by a rinse in sterile distilled water, 1 0  minutes in a 1 0  per cent 

solution of commercial sodium hypochlorite and 2  rinses of sterile water was effec

tive for Trillum sp. (Pence And Sdtitajp, 1393)

Kavitha and Raju (1995) have reported in Aristolochia indica that 

chlorine water with a few drops of Triton-x-100 treatment for 15 minutes was very 

effective.

1.2.3 Basal media

Selection of culture medium depends upon the plant species and purpose 

of cell, tissue or organ culture resorted to. A wide variety of media have been 

reported to be used. The earliest and widely used basal media were Whites (1943) 

and Heller’s (1953). Since 1960, most researchers have been using MS (Murashige 

and Skoog, 1962) medium, B5 (Ciamborg cl a l., 1968) or SH (Schenk and 

Hildebrandt, 1972) medium. MS medium is characterised by high concentration of 

mineral salLs, so some workers found it beneficial to reduce its strength by half 

(Skirvin, 1980, Griffis et al., 1981). After 1986, the most popular media are WPM 

(Lloyd and McCown, 1980) and DCR (Gupta and Durzan, 1985) especially for 

woody plants. The B5 medium has been used for cell and protoplast culture 

(Gamborg and Shyluk, 1981). Another basal medium N6  (Chu, 1978) was specially 

developed for cereal anther culture.



Murashigc and Skoog (1962) medium is die most commonly used media 

for in vitro propagation of many endangered medicinal plants like Dioscorea sp ., 

Smilax oldhami, Panax ginseng, Chlorophytum horivilianum, Curculigo orcheodes, 

Rauwolfia caffra etc. Rapid propagation of Solanum xanthocarpum was achieved by 

Rao and Narayanaswamy (1968) in While’s medium.

Nitsch medium along with 15 per cent coconut water (Sopory and 

Maheswari, 1976) was found to be effective in Datura innoxia. Spontaneous somatic 

embryogenesis and plant regeneration of Peucedanum palustre was achieved in 

medium (Vuorela et al., 1993).

Ilahi and Akram (1987) reported that buds of Rauwolfia serpentina 

developed new leaves when cultured on Abou-Mandour’s (AM) and MS media.

Sudha and Seeni (1994) obtained axillary bud release in Adhatoda 

beddomei when inoculated on SH (Schenk and Hildebrandt, 1972) medium. 

Krishnan et al. (1995) obtained plantlet regeneration of Trichopus zeylanicus in 

Woody plant medium.

1.2.4 Growth regulators

The growth and morphogenesis in vitro are regulated by the interaction 

and balance between the growth regulators supplied in the medium and the growth 

substance produced endogenously by cultured cells. Selection and addition of growth 

regulators at the optimum level is one of the crucial factors for a successful plant 

tissue culture (Krikorian, 1982). Commonly used growth regulators in tissue culture 

include auxins, cytokinins, gibberellins, ethylene and abscissins. BAP has been the 

most effective cytokinin for meristem, shoot tip and bud cultures followed by KIN



(Mmnshigc, 1974). Cytokinin has been utilised l<> overcome (he apical dominance of 

shoot to enhance the branching of lateral buds from leal axils (Murashigc, 1974). Lo 

et al. (1980) reported that a high content of cytokinin was deleterous to the initiation 

and elongation of roofs of both monocotyledons and dicotyledons. For axillary bud 

proliferation, exogenous auxin was not always needed. Although exogenous auxins 

do not promote axillary shoot proliferation, culture growth has been improved by 

their presence (Wang and Hu, 1980).

In general, monocotyledonous species do not show a pronounced 

response to cytokinins and require high concentration of potent auxins such as 2,4-D 

to achieve changes in the development of cultured tissues (Harms, 1982).

One of the possible role of auxin at the elongation stage is to nullify the 

suppressive effect of high cytokinin concentration, thereby restoring normal shoot 

growth (Lundergan and Janick, 1980).

Hempel (1979) concluded that in majority of cases, callus growth was 

supported by auxin. Hasegawa (1980) also reported that high concentration of auxin 

may not only inhibit axillary bud break, but also induce callus formation.

Method lor in vitro cloning of Valeriana wallichi DC was described by 

Viola and Fritz (1991). Best proliferation results were obtained on MS medium 

containing BA (5 mg 1"^), while KIN, 2iP, zeatin and PBA were less effective.

Best growth regulator combination for induction of nodular tissue in 

Smilax oldhami culture was 0.4 mg NAA and 0.3 mg BA I' 1 in liquid MS medium 

and NAA and BA each at 0.5-2.0 mg H  in solid MS medium as reported by Kuroda 

and Kawamura (1994). Maximum shoot cluster induction was achieved when media



was supplemented with 0.5 mg BA alone and NAA had no effect on shoot cluster 

formation.

Axillary bud explants of Kaempferia galanga have the potential to induce 

multiple shoots as well as roots in the same medium containing two cytokinins viz., 

BA and KIN (Vincent et al., 1992).

Although cytokinin alone was effective in inducing adventitious buds, 

significant difference was observed on the effectiveness of various cytokinins. The 

number of shoots formed from embryo explants and their subsequent development 

was affected by the concentration and duration of exposure to BA (Lu et al., 1991).

Shoots of Adhatoda beddomei produced in (he presence of BAP and 

NAA had shorter internodes (Sudha and Seeni, 1994), as also reported in Cephalis 

ipecacaunha (Ideda et a l., 1988).

In Commiphora wightii, a higher frequency of shoot formation with 

multiple shoots was obtained when KIN and BA were used together than when either 

of the cytokinins was used separately and thus had a synergistic effect on the number 

of shoots per explant and almost additive effect on the frequency of bud burst (Barve 

and Mehta, 1993).

Murashige (1974) observed that a variety of auxins including IAA, 

NAA, IBA and 2,4-D could be used either alone or in combination for growth of 

cultured cells, but among these auxins, IAA was the weakest, but showed minimum 

harmful effect on explant tissue. 2,4-D was the most potent and it stimulated callus 

cultures.



Callus from root of Panax ginseng was induced and maintained on MS 

medium containing 2,4-D at 1 ppm and KIN 0.1 ppm which on transfer to medium 

without 2,4-D developed many nodules,shoot differentiation and plantlet formation 

was promoted in medium containing KIN at 1 ppm (Furoya et a l., 1986).

Bhat et al. (1992) have reported in Piper longum that a medium contain

ing 2,4-D gave soft watery callus while that containing BA gave nodular white callus 

with green margins.

Effect of a range of growth regulator on callus production in various 

species of Ephedra was investigated by O’Dowd et al. (1993). All species produced 

callus on modified MS medium supplemented with 0.25 fim  KIN and 5 fim 2,4-D or 

NAA. Neither IAA nor IBA induced significant callus formation, but the latter 

maintained growth of established callus cultures in several species.

Germinated seedlings of Artemisia pallens gave 3 types of callus on MS 

medium supplemented with different plant growth hormones. Medium containing 

BA and 2,4-D stimulated unorganised callus. BA and IAA medium gave scmi- 

organiscd callus interspersed with shoot buds and medium with BA, NAA and IAA 

developed complete shodt cultures (Benjamin et a l. , 1990).

Effect of different concentration of NAA in combination with BA on the 

induction of callus from leaf explants of Rauwolfia caffra on MS medium was 

investigated by Upadhyay et al. (1992). Best response for callus induction and 

growth was obtained on medium containing 2 mg NAA + 2 mg BA T 1.



A proper balance between the kind and concentration of plant growth 

regulators at different stages of embryoid development, from the induction of 

somatic cells into an embryogenic pathway to the maturation of a somatic embryo is 

required (Rangaswamy, 1986). In general, auxins are known to stimulate the 

induction of einbryogenically competent tissue (hujimura and Komamine, 1980) and 

initiation of early stages of embryogenesis (Ammirato and Steward, 1971). 

Cytokinins, on the other hand are required for growth and maturation of 

differentiated embryoids (Kavathekar et a l., 1978; Krikorian and Kaun, 1981). 

Studies on Nardostachys jatamansi by Mathur (1993) lias proved this. Auxin alone 

or a high auxin cylokinin ratio was responsible for continued unorganised callus 

proliferation accompanied by rhizogenesis while high levels of cytokinin alone 

produced dark green nodular structures on the callus surface with meristematic zones 

in them but failed to develop further when transferred to the same medium but a 

combination of auxin and cytokinin (NAA-KIN) proved effective in differentiation 

of somatic embryos, thus conforming to the findings of earlier workers.

Combination and levels of exogenous hormones were found to control 

the mode of embryogenesis in lieesia  refracta (Wang et a l., 1989). On medium 

with IAA and BA some of the epidermal cells began to exhibit the features of 

embryogenic cells. These cells produced embryoids and developed into plantlets 

through embiyogenesis. In medium containing IAA, BA and NAA, pale yellow 

transluscent nodular callus appeared which on transfer to medium with IAA and BA 

formed embryoids which further developed into plantlets.

Ammirato (1983) has reported that the callus growth was induced in an 

auxin enriched medium and somatic embryogenesis could occur only upon transfer



of callus to a medium free of auxin. The presence of auxin in the induction medium 

seems essential for the tissue to develop embryo in the embryo development 

medium.

1.2.5 Carbon source

Sucrose is the most commonly used carbon energy source for plant tissue 

culture. Most of the workers have used 20-30 g T* sucrose in the medium. Glucose 

and fructose may be substituted in some cases, but most other sugars are reported to 

be less effective (George and Sherrington, 1984). Takayama and Misawa (1979) 

reported that organogenesis in Lileaceae was inhibited at high sucrose levels and 

sucrose at 90 g I- * increased root dry weight.

Favourable effect of maltose on embryo formation of Diglalis lanata was 

reported by Reinbothe et al. (1990). In asparagus, shoot growth was promoted at 

high sucrose levels (2, 3, 5 and 7% sucrose) and high sucrose levels upto 9 per cent 

produced the best rooting of 95 per cent in the shortest time (Desjardine and 

Tiessen, 1985).

1.2.6 Other organic compounds

Conger (1981) reported the role of complex organic compounds for 

successful growth of tissues and organs. These include casein hydrolysate, coconut 

water, yeast, malt extract and fruit and vegetable juice. Role of these complex 

compounds are usually unpredictible and repeatability is also very poor, therefore, it 

has been recommended to avoid their use as tar as possible (Gamborg and Shyluk, 

1981).



Coconut water was reported to he promoting growth and ditferentitation 

in Datura embryos (Van Overbeek et al., 1941). The discovery by Pollard et al. 

(1961) that myo-inositol was present in coconut water and had growth promoting 

activity, led to the inclusion of inositol in plant tissue culture media. Illahi and 

Akram (1987) reported that addition of 100 ml T* coconut milk along with biotin, 

NAA, BAP and sodium di-ethyl-dithio carbonate to the medium enhanced root 

formation in Rauwolfia serpentina bud cultures. In the same crop, shoot regeneration 

from roots was induced in media with 10 per cent coconut milk and 5 mg 1'  ̂ biotin 

(Akram et al., 1993). Measurement of freshmass of axenic seedlings of Drosera 

spathulata cultured on MS medium with 5 per cent coconut milk, 5 per cent grape- 

wine exudate and 5 per cent carrot extract revealed that the freshmass was highest on 

media supplemented with carrot extract (Blehova et al., 1992).

In cases where nutritional requirements have not been established, 

mixtures of amino acids such as casein hydrolysate may be added between 0 . 5  and

0.1 per cent (Huang and Murashige, 1977). In Eucalyptus camaludensis, addition of 

casein hydrolysate was found to be superior to other growth regulators (Kumar, 

1993).

Adenine sulfate when added to the medium, often can enhance growth 

and shoot formation (Skoog and Tsui, 1948). Jain and Chaturvedi (1985) reported 

that rhizome tissue explants of Costus speciosus callused within 30 days of incuba

tion in a modified Schenk and Hildebrandt medium supplemented with 10 mg 

adenine sulfate, 0.25 mg BA, 0.5 mg IAA and 100 mg malt extract per litre.

In Asparagus cooperi, shoot regeneration from callus required BA, 

L-arginine, adenine and a low level of NAA in the media (Ghosh and Sen, 1992).



Embryoid formation from callus of Panax quinquefolius was highest 

when cultured on media containing 2,4-D, 500 mg E* lactoalbumin hydrolysate and 

3 per cent sucrose (Yan and Lu, 1987).

In Tylophora indica, Sharma and Chandel (1992) have reported that 

addition of ascorbic acid to the hormone supplemented medium was essential for 

initial bud break and further shoot multiplication.

The addition of phloroglucinol to the medium promoted culture growth 

in Cinchona iedgeriana (Hunter, 1979) and in Theohroma cacao (Mallika et a l.,

1992).

Addition of activated charcoal to plant tissue culture media may have 

either beneficial or harmful effects. Activated charcoal frequently promotes the in 

vitro growth and organogenesis of plant tissues by the absorption of compounds 

from the culture medium and/or from the container atmosphere (Druart and Wulf,

1993). Stimulation of growth, rooting, organogenesis and embryogenesis in a wide 

variety of species and tissues including onion (Eridborg and Eriksson, 1975), carrot 

(Eridborg et al., 1978), Artemesia montana (Conchou et al., 1992) etc. have been 

reported.

Activated charcoal has been found to bind hormones and other 

metabolites (Weatherhead et al., 1978). Activated charcoal added to liquid medium 

at concentrations ranging from 0.1 per cent to 5 per cent reduced IAA and IBA 

concentration by more than 97 per cent (Scott and Ellen, 1990).



Add it ion  o f  act ivated  c l iuu.oul  (o the m e d i u m  loi  shoot  mult ip l icat ion o l

Artemesia montana promoted shoot development luil inhibited shoot initiation 

(Conchou et a l., 1992).

Sucrose hydrolysis which normally reaches 10 per cent during auto- 

claving increases to 95 per cent in the presence of 1 per cent activated charcoal. This 

gives rise to the acidification of the solution due to a specific reaction of the formed 

fructose. Changing the available carbon source from the initial sucrose to a mixture 

of fructose, glucose and sucrose, causes a osmolarity increase, a drop in the agar 

gelling and the formation of furfural derivatives which are the indirect consequences 

of sucrose hydrolysis affecting tissue culture media (Druart and Wulf, 1993).

1.2.7 Culture conditions

Thff physical form of the medium, whether liquid or semisolid, medium 

pH, other environmental factors like light, temperature, relative humidity and season 

of culture etc play an important role in in vitro growth and differentiation.

Light requirement for differentiation involve a combination of several 

components, namely intensity, quality and duration (Murashige, 1974). According to 

Murashige (1977), the optimum day light period required is 16 hours for a wide 

range of plants. Yeoman (1986) reported that the environmental temperature of the 

species in the original habitat should be taken into consideration during in vitro 

culture also. However most of the in vitro cultures arc grown successfully at 

temperatures around 25 I 2°C.

For induction of multiple shoots in Smilax, a temperature of 25°C with a 

16 h photoperiod was effective (Kuroda and Kawamura, 1994). Maintenance of



cultures iu a 10 li lighl/ 8  It dark cycle was reported by Mumlaz et al. (1990) in
\

Catharunthus roseus.

Calli of Drosera spathulata cultured in dark and light were found to 

behave differently (Blehova et al., 1992). In calli cultured in the dark, roots 

differentiated before shoots. The reverse occured in calli cultured under long day 

conditions.

When Digitalis ohscura hypocotyl sections were cultured under both 

light and dark conditions for embryoid production. Arrilaga et al. (1986) found that 

light accelerated embryogenesis and also increased the number of embryoids formed.

Hu and Wang (1983) reported that air humidity is not often controlled 

and when it is controlled, 70 per cent has been found to be the most frequent setting. 

Relative humidity is an important factor in hardening and planting out of in vitro 

raised cultures.

1.3 Rooting of in vitro shoots

In vitro produced shoots can be rooted either through in vitro methods 

itself or through ex vitro methods. There are three phases involved in rhizogenesis, 

namely induction, initiation and elongation.

Generally auxins favour rhizogenesis. Among the different auxins, NAA 

has been the most effective one for root induction (Ancora et al., 1981). The 

concentration of hormone required is often critical to provide sufficient stimulus to 

initiate roots while preventing the excessive formation of callus (Yeoman, 1986). 

Root elongation has been found to be very sensitive to auxin concentration. High



concentration ol auxin inhibited root elongation ( t lnmman, 1977). I lie use ol NAA 

produced short thick roots in liquorice (Shall and Dalai, 1980). In Duhoisa 

myoporoides, NAA was necessary lor rooting ol shoots (Kukreja et o l. , 1986) while 

IAA or IBA could not substitute NAA.

Rhizogenesis in Plumbago rosea (Sathcesh Kuinar and Bhavanandan, 

1989) and in Chlorophytum borivilianum (Purohit and Dave, 1995) was achieved by 

adding 1BA to the culture medium.

Sometimes a combination of growth regulators may give better response 

(Gupta et al., 1980; Mathew and Hariharan, 1990). Slabbert et al. (1990) found that 

highest percentage of rooting of Asparagus shoots was obtained by using MS 

medium supplemented with 0.1 mg NAA, 0.1 mg KIN and 1.25 mg ancymidol. 

Mumtaz et al. (1990) reported the use of GA3  and BAP in rooting medium of 

Catharanlhus roseus.

Usually a medium with low salt concentration promotes rooting (Hu and 

Wang, 1983). Abundant rooting was observed when the salt concentration in the 

medium was reduced to half, one third or one fourth of the standard strength (Lane, 

1979; Skirvin and Chu, 1979). For rooting stage, sugar content of the medium is 

also lowered in most of the cases (Roy et al., 1990). Watanabe et al. (1991) 

reported that white root formation in asparagus cultures was reduced with increasing 

sugar levels. Lowering of N content in the culture media promoted root formation in 

Digitalis purpurea (Rucker, 1982).

Activated charcoal has a profound influence on rooting of shoots in vitro. 

Activated charcoal may absorb toxic substances in the medium thereby improving



root regeneration and development (Jaiswal and Amin, 1987). it may also absorb
t

residual cytokinin from the shoot and it also shades in vitro roots liom light, which 

in high intensity may inhibit root growth (Hu and Wang, 1983). Root formation of 

Artemesia annua shoots produced in vitro was positively affected by addition of 2 g 

activated charcoal per litre of the rooting medium (Mathe and Lasloliy, 1992).

Concentration of agar used for rooting varies from 0 (liquid media) to

0.9 per cent. Liquid medium facilitates free diffusion of toxic plant wastes and when 

used with filter paper bridge system provides excellent aeration for root development 

(Hu and Wang, 1983).

1.4 Hardening and planting out

Acclimatization is important in the case of micropropagated plants 

because in vitro plant matured is not adopted for ex vitro conditions. Langford and 

Wainwright (1987) observed that physiologically, the leaves grown in vitro are 

incapable of significant photosynthesis. The stomata are unable to close and as 

cuticular wax on the leaf surface is minimal are unable to control water loss. 

Improper development of vascular connections between the shoot and the roots may 

also cause poor establishment of the plantlets.

Light, temperature and relative humidity are the three major factors to be 

controlled during acclimatization. Hu and Wang (1983) suggested a period of 

humidity acclimatization for newly transferred plantlets. Three methods of 

controlling relative humidity arc the polyelhcne lent, misting and logging. In 

polyethene tent, as the aerial weaning environment is closed, it is possible to take 

advantage of the C0 2  enrichment during hardening (Lakso et al., 1986).



Standardisation of rhizosphere environment is also necessary for getting 

belter growth of plants (Zimmerman and Fordham, 1985). Transfer of in vitro raised 

plantlets of Nepenthes khasiani to a potting mixture containing sand, top soil and 

cattle manure (1:1:1) in 5 x 5 cm carthern nursery pots together with providing a 

suitable environment led to the survival of 90-95 per cent of the plants. The potted 

plants were kept in a 9 cm diameter polypropylene dish with a thin film of water, 

received diffused sunlight from the sides and were under sprinkled irrigation (Latha 

and Seeni, 1994).

In Adhatoda heddomei, Sudha and Seeni (1994) observed that more than 

70 per cent of the 120 plants transferred directly to the nursery were lost within 5-8 

days. The plants hardened for at least 4 weeks in the humidity chamber showed 95 

per cent establishment in pots.

Nutrition of the micropropagules during rooting and hardening has been 

shown to be species dependent and Scott (1987) has shown that inclusion of 

fertilizers during hardening can be detrimental for Kalmia, improve plant quality of 

Rhododendron and is essential for quality Magnolia. Mathur et al. (1988) initially 

irrigated in vitro derived Java citronella plantlets with Hoagland and Arnon (1950) 

nutrient solution for one week. Keshavachandran (1991) obtained cent per cent 

establishment of vetiver plants with the application of half strength MS nutrients as 

well as NPK fertilizer solution (10:5:10 g 1'^) at weekly intervals. However, better 

vigour of the plantlets was observed by application of the latter solution.

Success of acclimatization depends upon not only the post transfer 

condition but also the pre-transfer culture conditions (Zbty 1986).



Hardening treatment for effective planting out of in vitro plantlets of 

vetiver was standardised by Keshavachandran (1993). Immersing the roots of the 

plantlets in sterile water for 1 2  h followed by transfer into pots and keeping this in 

mist chamber or coating the leaves with paraffin oil and keeping in the mist chamber 

recorded the highest percentage of establishment as well as the greatest length and 

area of longer leaves, the largest diameter of the bush and the highest number of 

tillers/ plant.

In Pelargonium graveolens, Satyakala et al. (1995) reported that the 

rooted plants should be transferred to xh  strength MS mineral solution for about a 

week and then planted in autoclaved soilrite and kept in a growth chamber at 80 per 

cent relative humidity at 25 C. Alter 25 days, the hardened plants were gradually 

transferred to pots.

In vitro produced plantlets of Tylophora showed 90-100 per cent survival 

in soilrite. After 6 - 8  weeks they could be successfully transferred to the field as 

reported by Sharma and Chandel (1992).

HI feet ol containers on survival was studied by Prabha (1993) on tissue 

cultured pineapple plantlets. Plantlets grown in plastic pots showed maximum vigour 

followed by those in mud pots and polybags.
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MATERIALS AND METHODS

The present study on standardisation of in vitro propagation technique in 

Trichopus zeylanicus Gaertn. was carried out in the Tissue Culture Laboratory of the 

Department of Plantation Crops and Spices, College of Horticulture, Vellanikkara, 

Thrissur, during 1995 to 1997.

3.1 Materials

The major and minor elements required for the preparation of media 

were of analytical grade and procured from M/s British Drug House (BDH) 

Laboratories, Sisco Research Laboratories (SRL) and Merck. The amino acids, 

vitamins and plant growth regulators were obtained from M/s Merck, SRL and 

Sigma chemicals, USA.

3.1.1 Glassware

Borosilicate glassware of Coming/Borosil brand were used for the study. 

The glassware were cleaned initially by soaking in potassium dichromate solution for 

1 2  h followed by thoroughly washing with jets of tap water in order to completely 

remove all traces of dichromate solution. They were then soaked in detergent 

solution (Teepol 0.1%) overnight, thoroughly washed with tap water and rinsed 

twice with double distilled water. The glassware were then dried in hot air oven at
o

100 C for 24 h. They were then stored in cupboards away from contaminants and 

dust until use.



.1.1.2 (. 'uliiuc media

3.1.2.1 Composition ol' media

Murashige and Skoog (MS) medium (1962), Schenk and Hildehrandt 

(SII) medium,(1972), medium (Gamborg et al. 1968) and Woody Plant medium 

(WPM) (Llyod and McCown,1980) were used for the study. The nutrient media 

included inorganic salts, vitamins, growth regulators, organic supplements and a 

carbon source. The composition of different basal media tried are given in 

Appendix I.

3.1.2.2 Preparation of media

The stock solutions for macro and micro nutrients, vitamins, iron-EDTA 

and growth regulators were prepared with sterile distilled water.

To prepare one litre of medium, the required quantity of each stock 

solution was added into a glass beaker. A known quantity of double distilled water 

was added into the beaker and the required quantity of sucrose was weighed, added 

as solids and dissolved fully. The pH of the solution was adjusted using an electronic 

pH meter to 5.5-5 . 8  as required using 0.1 N NaOH and 0.1 N HC1. The volume 

was made up to one litre. Agar (0.75%) was weighed out, added to the medium and 

melted by keeping the solution in a water bath maintained at 90-95°C. The medium 

was distributed to test tubes (150 mm x 25 mm) at the rate of 15 ml each or to 

100 ml Erlenmeyer flasks at the rate of 25 ml each. The test tubes or flasks were 

plugged with non-absorbent cotton and autoclaved at 121° C and 15 PS1 (1.06 kg 

cm 2) for 20 min (Dodds and Roberts, 1982). The medium was allowed to cool to 

room temperature and stored in the culture room until use.



1.1. i (.alirwtil ic^ulaUu.s

Auxins (2,4-D, NAA, 1BA, 1AA) and cytokinins (BA, 2iP, KIN) and a 

new steroid growth substance, brassinolide were incorporated in the media at various 

stages of cultures for direct and indirect morphogenesis, bud and shoot formation 

from floral buds, rooting etc.

GA3  was added to the media for seed germination and shoot elongation. 

Addition of GA 3  to the media was done by filter sterilization. For this the micro

filter was first cleaned and washed thoroughly with distilled water. It was then 

sterilized in an autoclave and dried in the hot air oven. Inside the laminar air flow 

cabinet, the required quantity of GA3  was pipetted and added to the sterilised and 

melted medium after filtering through microfilter.

3.1.4 Organic supplements

Adenine sulfate, coconut water, casein hydrolysate and yeast extract 

were tried for their effect on shoot bud multiplication and shoot elongation.

3.1.5 Carbon source

Sucrose was used as the main source of carbon for the study and was 

added to the medium at the rate of 3 per cent for all media except for B5  in which 2 

per cent sucrose was used.

3.1.6 Transfer area and aseptic manipulations

All the aseptic manipulations such as surface sterilisation of explants, 

preparation and inoculation of explants and subsequent subcuituring were carried out

r ' 3



Plate 1 . Stock plants of Trichopus zeylanicus





under the hood of a clean laminar air How cabinet. The working table of the laminar 

airflow cabinet was first surface sterilized with absolute alcohol and then by putting 

on the UV light for 30 min. The petri dishes as well as the instruments used for

inoculation were first steam sterilised in an autoclave at 15 PSI at 121 C for 30 min

and then flame sterilised before each inoculation. The hands were also scrubbed with 

alcohol before each inoculation.

3.1.7 Culture room

The cultures were incubated at 27 C in an air conditioned culture room 

with a 16 h photoperiod of around 2 0 0 0  lux supplied by cool, day light fluorescent 

tubes. Cultures were also incubated under dark to study the effect of light and dark 

conditions on culture establishment and growth, callus development, callus 

regeneration etc.

3.1.8 Source of explant

The explants were taken from stock plants maintained in the glass house. 

The stock plants were obtained from Regional Research Institute of the Central 

Council for Research on Ayurveda and Sidha at Poojapura and from Tropical 

Botanical Garden and Research Institute, Palode. The plants brought were planted in 

pots containing potting mixture ( 1 : 1 : 1  sand, soil and farmyard manure) and kept in 

the glass house giving daily irrigation and frequent fertilisation (Plate 1). Plants 

were frequently sprayed with systemic fungicide Bavistin 50 WP (Carbendazim) 0.3 

per cent and contact fungicide Fytolan (copper oxychloride) at 0 . 1  per cent 

concentration. Whenever insect attack (mainly mealy bugs and scales) was noticed, 

the plants were sprayed with Dimecron (0.05%). Rodents were also found to



damage die plants by cutting the entire plant at sod .surface. Poison hailing with 

Rohan was adopted to control the rats.

3.2 Methods

3 .’.I I’icpanitioii ol explain

Mature dark green shoots, semimature purplish green shoots, tender 

purple shoots with unopened but, developed leaves, as well as very small basal 

shoots with the bract were taken for the study. Shoots were fust washed thoroughly

with distilled water to remove soil from the base of the shoots. Then they were

immersed in Teepol solution for five minutes. After washing off the Teepol solution 

with distilled water, the explants were subjected to surface sterilization treatments. 

Explants used include leaf segments with midrib, petiole segments, root segments 

and floral buds.

3.2.2 Standardisation of surface sterilization

l he explants were subjected to various surface sterilants at different 

concentrations for different durations as given below:

1. Mercuric chloride 0.05 per cent for 2, 5 and 10 min

2. Mercuric chloride 0.1 per cent for 2, 5 and 10 min

3. Chlorine water tor 2, 5 and 10 min

The observations on percentage of cultures contaminated, dried and 

explant survival were recorded three weeks after inoculation.

3.2.2.1 Effect of season on explant survival

The explants were collected round the year during different seasons and



oil lined aller suilace sterilization using 0.1 pci cent mercuric chloride. The 

difference in contamination as affected by season was studied. Observations on 

percentage contamination, survival and establishment were recorded.

3.3 Routes of micro propagation attempted

For in vitro multiplication of Trichopus, different routes of micro- 

propugatiou such as enhanced release of axillary buds and direct and indirect 

oiganogencsis/embryogenesis were tried. In vitro seed germination was also 

attempted.

3.3.1 In vitro seed germination

Mature, haul and black coloured capsules were collected from glass 

house grown stock plants. The capsules were washed in running tap water to remove 

adhering soil and then immersed in Teepol solution for 5 minutes. They were again 

washed with distilled water and subjected to surface sterilisation treatments. The 

sterilized capsules were washed in four to five changes of sterile, distilled water and 

dried on sterile filter paper. Seeds were extracted from the capsules after drying and 

inoculated.

To enhance germination of seeds, soaking of capsules and seeds in sterile 

water, inoculation in different media and incubation under light and dark were tried. 

Seeds were transferred to fresh media at monthly intervals.

Observations on percentage germination of seeds and average time taken 

for germination were recorded.



Media tried lor seed germination are

1. </2 MS

2. y% MS + GA 2 mg I' 1

3.3.2 Axillary bud release

3.3.2.1 Culture establishment

The following growth regulator combinations were tried in five different 

basal media for enhanced release of axillary buds:

i) Media

MS, WPM, SH, B5  and lh  MS

ii) Growth regulators

1. BA 0.5, 1.0, 2.5 and 5.0 mg I' 1

2. KIN 0.5, 1.0, 2.5 and 5.0 mg T l 

l .’ i l ’ 0  '>. I .<), X.'. 't anil VO mg I *

4. MS + NAA 0.5 mg P* + BA 0.5, 1.0, 2.5 and 5.0 mg P*

5. MS + IAA 0.5 mg P 1 + BA 0.5, 1.0, 2.5 and 5.0 mg I' 1

6 . MS + NAA 0.5 mg P 1 + 2iP 0.5, 1.0, 2.5 and 5.0 mg I" 1

7. MS + IAA 0.5 mg P 1 + 2iP 0.5, 1.0, 2.5 and 5.0 mg P 1

8 . MS, WPM, SH, Bg and Vi MS without growth regulators

The cultures were inoculated both under light and dark. The buds that 

survived and started to develop were subcultured into new media.

Observations were recorded with respect to culture establishment, 

number of days for bud burst, number of buds or shoots (if any).



3.3.2.2 Proliferation and elongation

3.3.2.2.1 Effect of media and BA

l or multiple bud/slioot production, the buds after establishment were 

transferred to the following media combinations:

1. MS + BA 0.5, 1.0, 2.5 and 5.0 mg T*

2. WPM +  BA 0.5, 1.0, 2.5 and 5.0 mg I' 1

3. SH + BA 0.5, 1.0, 2.5 and 5.0 mg I" 1

4. SH f GA 2.0 and 5.0 mg I' 1

The buds were subcultured to the same media at one month interval for

further proliferation as the growth and multiplication of buds was slow.

The number of shoots and buds developed and the length of shoots were

recorded.

3.3.2.2.2 Effect of additives

fo r proliferation and elongation of buds and shoots, the following 

additives were incorporated in SH medium along with BA at four concentrations

0.5. 1.0, 2.5 and 5.0 mg H .

1. Adenine sulfate 50 and 100 mg T*

2. Casein hydrolysate 100 and 500 mg H

3. Yeast extract 100 and 500 mg T^

4. Coconut water 10 per cent and 20 per cent



I lie number ol shoots and buds developed and the length ol shoots were

recorded.

3.3.3 Indirect morphogenesis

3.3.3.1 Induction of callus

3.3.3.1.1 Standardisation of explant and surface sterilization

Explants used such as leaf bits with midrib, leaf base and petioles were 

used for callus induction, the explants were washed in water to which few drops of 

Teepol was added and then washed with distilled water. Various surface sterilization 

treatments were tried as in the case of buds. After surface sterilization the leaves and 

petioles were dried on sterile filter paper and cut into pieces of 0.5-0.75 cm2 and

0.5.1.0 cm respectively.

3.3.3.1.2 Standardisation of media and growth regulators

The following media and growth regulators were tried for callus

induction.

i) Media

MS, SH, WPM and xh  MS

ii) Growth regulators

1. 2,4-D 0.5, 1.0, 2.5 and 5.0 mg f 1

2. NAA 0.5, 1.0, 2.5 and 5.0 mg f 1

3. 2,4-D + BA (0.5+0.5, 1.0+1.0, 2 .5+2.5  and 5 .0+ 5 .0  mg I '1)

4. NAA + BA (0 .5+0.5 , 1.0+1.0, 2 .5+2 .5  and 5 .0+ 5 .0  mg H

5. 2,4-D + BA + KIN (0 .5+ 0 .5+ 0 .5 , 2 .5+2 .5  + 2.5, 5 .0 + 5 .0 + 5 .0  mg f 1)



Cultures were incubated both under light and dark conditions. 

Observations like percentage of cultures initialing callus, number of days taken for 

callus initiation, callus index and morphology of callus were recorded. Callus index 

(Cl) was worked out as Cl =  P x G, where P is the percentage of callus initiation 

and G is the growth score. Scoring was based on the spread of the calli and a 

maximum score of four was given for those that have occupied the whole surface of 

the media within four months in culture tubes (Transfer of callus to new media was 

done at 20-25 days interval).

3.3.3.2 Callus proliferation and regeneration (embryogenesis/organogenesis)

Subculturing of developing callus was done at 20-25 days interval for 

proliferation of callus.

3.3.3.2.1 Organogenesis

Uniform Gits of ralti wore snbeultnred into media containing different 

growth regulators to initiate organoids. Following were the growth regulators tried. 

All the treatments were tried in MS medium.

1. BA 0.5, 2.5 and 5.0 mg P*

2. KIN 0.5, 2.5 and 5.0 m g r 1

3. 2iP 0.5, 2.5 and 5.0 mg P 1

4. BA 0.5 mg P 1 -I NAA 0.1 mg P 1

5. BA 0.5 mg P 1 + IAA 0.1 mg P l

6 . BA 0.5 m g ! '1 + 1 BA 0.1 mg P 1

7. BA 0.5 mg P 1 +  Brassinolide 0.001, 0.0005 and 0.0001 mg P 1

8 . MS without growth regulators



Observations on percentage organogenesis and days lor bud development 

from callus were recorded. Number of buds, shoots and shoot length after two 

months were also recorded. Subculturing to the same media was done at an interval 

o f  25  days .  S h o o t s  wi th w e l l  d e v e l o p e d  leaves  w e r e  rooted in vino

3.3.3.2.2 Embryogenesis

Calli bits were subcultured into the following media for embryogenesis

studies:

1. MS I 2,4-D 0.5 and 1 mg 1*

2. MS +  BA 2.5 mg I' 1

3. MS + BA 2.5 mg H  + coconut water 10 per cent

Observations on the number of embryoids produced and stage of embryo

were studied. Developing embryos were transferred to basal MS medium for 

germination.

3.3.3.3 Induction of rooting

The regenerated shoots with lully developed leaves were [nit in different 

rooting treatments cither singly or as a clump.

The percentage of root initiation, days to root initiation, number and 

length of roots were recorded for the different cultures subjected to different 

treatments. Medium tried was V2 MS. The treatments were as follows:

1. NAA + IBA (0 .5+0.5 , 1 .0+1.0, 1 .0+0.5, 0.5 + 1 .0  mg I '1)

2. IBA 1.0 mg I' 1



3. IBA + NAA + brassinolide (0.5+0.5+0.0005, 0 .5+0.5+0.001 mg 1~*) .

4. Brassinolide (0.0005, 0.001 mg H )  transferred to IBA 1 mg T 1 after 1 week

5. ' / 2 MS

3.3.3.4 Hardening

Rooted plantlets were either taken of the media, washed with sterile 

water to remove media adhering to the plant parts, dipped in Fytolan 0.1 per cent 

for 5 minutes and then transferred to sterile mud pots or transferred from rooting 

media to basal medium ('/> MS) with 1.5 per cent sucrose, kept under increased light 

intensity for two weeks and then transferred to mud pots after again dipping in 

Fytolan as done earlier. The potted plants were kept in the hardening unit where the 

plants were sprayed with water at 20 min interval. MS solution (l/10th strength) 

was applied to the surviving plants at biweekly interval.

3.4 Statistical analysis

The data generated from the various experiments were subjected to

statistical analysis as per Pansc and Sukhalmc (1985). The experiments were of

completely randomised design and factorial design. The results were analysed by 

analysis of variance technique. Logit, yfx  and Vx+V-z transformation were made 

wherever necessary before analysis.





RESULTS

The results of the studies on standardisation of in vitro propagation 

techniques in Trichopus zeylanicus Gaeitn. conducted during 1995-97 at the Plant 

Tissue Culture Laboratory of the Department of Plantation Crops and Spices, 

College of Horticulture, Vellanikkara are presented in this chapter.

4.1 Standardisation of surface sterilization of explants

4.1.1 Standardisation of surface sterilization of shoot buds

The results of the trial for surface sterilization of shoot buds are 

presented in Table la. No contamination was observed in cultures receiving 

treatments T7  (chlorine water 2 min), Tg (chlorine water 5 min) and Tq (chlorine 

water 1 0  min), but establishment and growth of cultures in these treatments were 

very poor (24% in cultures receiving T 7  and 0% with Tg and Tq). As a result of 

these treatments, most of the cultures dried up. Establishment was maximum 

(87.5%) in cultures receiving T5  treatment (mercuric chloride 0.1% 5 min). 

Cultures contaminated (12.5%) and dried (0%) were also less in this treatment and 

T5  was on par with Tg (mercuric chloride 0.1% 10 min). Explants when cultured (in 

appropriate media), without any sterilization treatment resulted in cent per cent 

contamination.

As the duration of exposure to mercuric chloride increased, the percent

age of cultures that dried up also increased (10% in Tg treatment).



Table la. Effect o f  surface sterilants on the establishment o f  buds
ol Incho/His zcyhttin ns

Treat
ment
No.

TreaUnents Observations**

Sterilant Concent
ration

(%)

Duration
(mts)

Fungal
contami

nation
(%)

Bacterial
contami

nation
(%)

Contami
nation

(%)

Cultures 
bleached/ 
dried (%)

Establ
ishment

(%)

1 Mercuric
chloride

0.05 2 33.33
(-0.693)*

33.33
(-0.693)

66.66
(0.693)

0
(-3.135)

33.33
(-0.693)

2 Mercuric
chloride

0.05 5 18.33
(-1.498)

36.37
(-0.549)

54.99
(0.203)

0
(-3.036)

45.00
(-0.203)

3 Mercuric
chloride

0.05 10 0
(-3.296)

28.58
(-0.916)

28.58
(-0.747)

7.145
(-2.544)

64.29
(0.602)

4 Mercuric
chloride

0.1 2 11.11
(-2.08)

22.22
(-1.253)

38.33
(-0.693)

0
(-3.571)

66.66
(0.693)

5 Mercuric
chloride

0.1 5 12.5
(-1.940)

0
(-3.43)

12.5
(-1686)

0
(-3.432)

87.5
(1.946)

6 Mercuric
chloride

0.1 10 0
(-2.944)

10.0
(-2.165)

10.0
(-1.648)

10.0
(-2.165)

80.0 
(1.386)

7 Chlorine
water

- 2 0
(-3.135)

0
(-3.135)

0
(-2.397)

74.99
(1.151)

25.0 
(-1 152)

8 Chlorine
water

- 5 0
(-3.375)

0
(-3.375)

0
(-2.647)

100.00
(3.366)

0
(-3.375)

9 Chlorine
water

- 10 0
(-3.135)

0
(-3.135)

0
(-23.97)

100.00
(3.135)

0
(-3.135)

10 Control 
(No sterilant)

66.66 33.33 100 0 0

Cl)
Semi

0.126
0.04

0.789
0.25

0.6 
0.19

1.167
0.37

0.599
0.19

* Values in paranthesis represent logit transformed ones 
** Observations recorded three weeks after inoculation



4 . 1.2 Sui face  s teri l i zat ion o l  leal  and p e t io le  bits

Results of the work on surface sterilization of leaves and petioles are 

summarised in Table lb. Of the various surface sterilization treatments tried, 

contamination was minimum (0 %) in the case of cultures receiving'!^ (mercuric 

chloride 0.1% 5 min), (mercuric chloride 0.1% 10 min) and T7  (chlorine water 

2 min) and these were on par with Tg (chlorine water 5 min) and T9  (chlorine water 

10 min). Percentage of cultures bleached and dried was high (62.5 to 80.36%) in 

cultures treated with chlorine water for different durations.

Establishment was maximum (86.61%) for cultures receiving T5  

(mercuric chloride 0.1 % 5 min) as in the case of shoot buds.

All the treatments tried for buds, leaves and petiole bits were tried for 

very tender basal shoots and roots taken from potted plants in glass house. None of 

such shoots and roots survived. They were either contaminated or dried up.

4 . 1 .3 Surface sterilization of seeds and capsules

Data on the effect of surface sterilization of capsules are presented in 

Table 1c. Among the different treatments tried, T5  (mercuric chloride 0.1% 5 min) 

and T^ (mercuric chloride 0 . 1 % 1 0  min) gave maximum establishment ( 1 0 0 %) of 

seeds. Contamination was nil for these two treatments. Inoculation without 

sterilization resulted in complete contamination. As the concentration of sterilant and 

duration of treatment increased there was decrease in the percentage of contamina

tion.



Tabic lb KfTecI of surface sterilants on tlie establishment of leaf and petiole segments
of I. zeylanicus

Treat- Treatments Observations**
m ail
No. Stcrilant Concent

ration
(%)

Duration
(mts)

Fungal
contami

nation
<%)

Bacterial
contami

nation
(%)

Contami
nation

(%)

Cultures 
bleached/ 
dried (%)

Establ
ishment

(%)

i Mercuric
chloride

0.05 2 12.5
(-1.946)*

18.75
(-1.522)

31.25
(-0.805)

6.25
(-2.689)

62.5
(0.549)

2 Mercuric
chloride

0,05 5 13.4
(-1.869)

6.25
(-2.689)

19.65
(-1.445)

13.4
(-1.869)

66.96
(-0.714)

3 Mcrciruc
chloride

0.05 10 0
(-3.364)

19.65
(-1.445)

19.65
(-1.445)

0
(-3.364)

80.36
(1.445)

4 Mcrciruc
chloride

0.1 2 21.43
(-1.354)

0
(-3.296)

21.43
(-1.354)

0
(-3.296)

78.57
(1.354)

5 Mercuric
chloride

0.1 5 0
(-3.364)

0
(-3.364)

0
(-3.364)

13.4
(-1.869)

86.61
(1.869)

6 Mercuric
chloride

0.1 10 0
(3.432)

0
(-3.432)

0
(-3.432)

25.0
(-1.099)

75.0
(1.099)

7 Chlorine
water

- 2 0
(-3.432)

0
(-3.432)

0
(-3.432)

62.5
(0.511)

37.5
(-0.511)

8 Chlorine
water

- 5 6.25
(-2.689)

0
(-3.364)

6.25
(-2.621)

80.36 
(1.445)

13.4
(-1.869)

9 Chlorine
water

- 10 6.25
(-2.689)

0
(-3.432)

6.25
(-2.689)

62.5
(0.511)

31.25
(-0.805)

10 Control 
(No stcrilant)

53.57
(0.144)

46.43
(-0.144)

100
(3.366)

0
(-3.364)

0
(-3.364)

CD
Scm±

1.167
0.37

0.946
0.3

1.23
0.39

0.82
0.26

0.883
■0.28

* Values in paranthesis represent logit transformed ones 
** Observations recorded three weeks after inoculation



Table lc. Effect o f  surface sterilants on the establishment o f seeds
o f T. zeylanicus

T reat-
ment
No.

Treatments Observations* *

Sterlant Concent
ration

(%)

Duration
(mts)

Fungal
contami

nation
(%)

Bacterial
contami

nation
(%)

Contami
nation

(%)

Establish
ment (%)

1 Mercuric
chloride

0.05 2 45.00
(-0.203)*

32.50
(-0.752)

77.50
(1.242)

22.50
(-1.242)

2 Mcicm ic, 
chlonde

o os s 10 00 
(-2.047)

ss oo 
(0.203)

OS 00 
(0.093)

(5 00 
(-0.693)

3 Mercuric
chloride

0.05 10 7.14
(-2.565)

10.75
(-2.178)

17 86 
(-1.545)

82.14
(1.545)

4 Mercuric
chloride

0.1 2 0
(-2.555)

25.00
(-1.099)

25.00
(-1.099)

75.00
(1.099)

5 Mercuric
chloride

0.1 5 0
(-3.137)

0
(-3.137)

0
(-3.137)

100.00
(3.135)

6 Mercuric
chloride

0.1 10 0
(-2.708)

0
(-2.708)

0
(-2.708)

100.00
(2.708)

7 Control 
(No sterilant)

65.00
(0.626)

35.00
(-0.626)

100.00
(3.664)

0
(-3.664)

CD
SEm±

0.84
0.28

0.99
0.33

1.14
0.38

0.84
0.28

* Values in paranthesis represent logit transformed ones 
** Observations recorded three weeks after inoculation



Percentage establishment of cultures was maximum (87.5% and 8 6 .6 % 

lor shoot buds and leaf and petiole bits, respectively) when treated with mercuric 

chloride 0.1 per cent for 5 min. Percentage of cultures dried increased with 

increasing duration of mercuric chloride treatment. Treatment of shoot buds, leaf 

and petiole bits with chlorine water resulted in drying up of cultures (62.5%-100%). 

Mercuric chloride 0.1 per cent for 5 min and 10 min resulted in maximum percent

age ( 1 0 0 %) of survival of seeds.

4.1.4 Seasonal variation in contamination of shoot buds

The data on the seasonal influence on culture establishment of buds are 

presented in Table 2a. Sterilization treatment with 0.1 per cent mercuric chloride for 

5 min was repeated at monthly interval. Survival of shoot buds was highest during 

January to April with maximum in April (95%) followed by January (90%). 

Survival was lower during the months from June to September with minimum 

during September (35%) (Fig.l).

4.1.5 Seasonal variation in contamination of leaves and petioles

Data on seasonal variation in contamination of leaves and petioles are 

given in Table 2b. As in the case of shoot buds, leaves and petioles were treated 

with mercuric chloride 0.1 per cent for 5 min and inoculated in suitable media. 

Maximum survival was found during February (90%) followed by January 

(8 8 .8 8 %). During the dry months, contamination was less compared to the rainy 

season.

Survival of explants was maximum during January to April in the case of 

shoot buds, leaves and petioles. Highest survival of shoot buds (95%) was observed



Table 2a. lillcct o f  season on establishment ofbutls o f  T. zcykuncus

Treat- Month Contami- Fungal Bacteria) Cultures Establish-
ment
No.

nation
(%)

contami
nation

(%)

contami
nation

(%)

dried
(%)

ment
(%)

1 January 5.00
(-2.45)

5.00
(-2.93)

0
(-3.66)

5.00
(-2.93)

90.00
(2.20)

2 February 10.00
(-1.95)

10.00
(-2.20)

0
(-3.66)

5.00
(-2.93)

85.00
(1.79)

3 March 15.00
(-1.67)

10.00
(-2.20)

5.00
(-2.93)

0
(-3.66)

85.00
(1.79)

4 April 5.00
(-2.45)

5.00
(-2.93)

0
(-3.66)

0
(-3.66)

95.00
(2.93)

5 May 10.00
(-1.95)

10.00
(-2.20)

0
(-3.66)

10.00
(-2.20)

80.00
(1.39)

6 June 30.00
(-0.92)

15.00
(-1.79)

15.00
(-1.79)

10.00
(-2.20)

60.00
(0.41)

7 July 80.00
(-0.90)

15.00
(-1.79)

15.00
(-1.79)

10.00
(-2.20)

60.00
(0.41)

8 August 45.00
(-0.20)

25.00
(-1.12)

20.00
(-1.39)

10.00
(-2.20)

45.00
(-0.20)

9 September 65.00
(0.63)

40.00
(-0.41)

25.00 
(-1 12)

0
(-3.66)

35.00
(-0.63)

10 October 15.00
(-1.67)

5.00
(-2.93)

10.00
(-2.20)

5.00
(-2.93)

80.00
(152)

11 November 35.00
(-0.63)

10.00
(-2.20)

25.00
(-1.12)

0
(-3.66)

65.00
(0.63)

12 December 30.00
(-0.90)

15.00
(-1.80)

15.00
(-1.79)

0
(-3.66)

70.00
(0.90)

CD 111 1.33 0.96 1.14 1.26
Sein± 0.36 0.43 0.31 0.37 0.41

* Val ues  in parenthes i s  l epresent  logit t i ans t bi i ned o ne s
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Fig.1. Effect of season on establishment of buds of
Trichopus zeylan icus



Table 2b. Effect o f  season on establishment o f  leaf and petiole bits o f zeylanicus

Treat
ment
No

Month Contami
nation

(%)

Tungal
contami
nation

(%)

Bacterial
contami
nation

(%)

Cultures
dried
<%)

Establish
ment
<%)

1 January 11.11
(-2.33)*

5.55
(-2.82)

5.55
(-3.56)

0
(-3.56)

88.88
(2.08)

2 February 10.00
(-1.95)

0
(-3.66)

10.00
(-2.20)

0
(-3.66)

90.00
(2.20)

3 March 8.33
(-1.95)

0
(-2.45)

8.33
(-2.46)

7.15
(-2.46)

84.52
(1.70)

4 April 14.30
(-1.52)

7.15
(-2.54)

7.15
(-2.54)

0
(-3.30)

85.71
(1.80)

5 May 22.26
(-1.15)

22.26
(-1.25)

0
(-3.97)

7.42
(-2.53)

70.33
(0.86)

6 June 29.17
(-0.90)

17.36
(-1.60)

11.81 
(-2.01)

1 1.81 
(-2.01)

59.03
(0.37)

7 July 38.18
(-0.48)

24.09
(-1.18)

14.09 
(-1 85)

19.09
(-145)

42.73
(-0.29)

8 August 29.16
(-0.90)

22.21
(-1.25)

5.55
(-2.82)

16.67
(-1.67)

55.55
(0.24)

9 September 55.55
(0.22)

38.89
(-0.46)

16.67 
(-1 67)

0
(-3.56)

44.44
(-0.22)

10 October 30.00
(-0.85)

10.00
(-2.20)

20.00
(-1.39)

0
(-3.66)

70.00
(0.85)

11 November 24.09
(-1.18)

14.55
(-1.84)

9.55
(-2.25)

0
(-3.71)

75.91
(1.18)

12 December 23.22
(-1.22)

7.15
(-2.54)

14.29
(-T79)

0
(-3.30)

77.00
(1.35)

CD 0.86 1.33 1.29 0.71 0.65
KEm i 0 28 0/13 O 42 o 0.21

* Values in pai unthesis represent logit transformed val ues



during April and that ol leal and petiole hits (90% survival) dining February. 

During the rainy season from June to September, contamination percentage was 

found to increase.

4.2 In vitro seed germination

Results of in vitro seed germination trial are presented in l'able 3a 

and 3b. Percentage germination of seeds was maximum (87.5) in Tj (1/2 MS) and 

T2  (1/2 MS -F GA 2.0 mg). Soaking of seeds in water was not found to increase 

germination of seeds and it increased the contamination of seeds. Only 62.5 per cent 

of the surviving seeds germinated. Incubation under dark also showed lower 

germination per cent (62.5%). However, soaking of seeds decreased the days for 

germination of seeds and minimum number of days for germination (96.8 days) was

observed in T 4  (soaking seeds for one hour in water and incubation in 1/2 MS)

(Plates 2a, 2b and 2c).

4 .3  Axillary bud release

4.3.1 Establishment of shoot buds

4 .3 .1 .1 Effect of explant maturity on establishment and growth of shoot buds

The data on the effect of explant and its maturity on culture 

establishment and growth are presented in Table 4. Parts of tender, pink purple 

coloured shoots showed maximum establishment percentage (Plate 3). As the 

uialurily of shoots increased, establishment of cultures decreased and most of the 

cultures dried within 2-3 weeks after culturing whereas tender explants showed signs 

of growth.



Table 3a. Effect o f  GA, incubation under dark and seed soaking on percentage
germination in T. zeylanicus

Treatment
No.

Treatments Concentration
(mg I ')

% germination

1 */2 MS + GA 2 87.5

2 '/2 MS 87.5

3 Vi MS 3 soaking seeds in water for 
30 mts

02.5

4 Vz MS + soaking seeds in water for 
1 hr

62.5

5 Vz MS, incubation under dark 62.5

•

fable 3b. Effect of GA, incubation under dark and seed soaking
germination in T. zeylanicus

on days for

Treatment
No.

Treatments Concentration 
(mg I 1)

Days for 
germination

1 '/, MS I GA 2 175.00
(13.22)*

2 l/2MS 146.00
(12.06)

3 Vz MS ) 30 mis soaking seeds in 
water

131.40
(11.46)

4 ' / 2  MS + soaking seeds for 1 hr 
in water

96.80
(9.72)

5 Vz MS, incubation under dark 119.40
(10.85)

CD
SEmi

1.47
0.5

* Values in paranthesis represent logit transformed values



Plate 2a. Mature seeds ol T. zeylanicus 

Plate 2b. Stages of in vitro seed germination 

Plate 2c. In vitro seedling of 7’. zeylanicus
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I'ablc 4. Lll'ect o f  explant maturity on establishment and growth o f  cultures

Ti a il
ment 
No.

F.xplant Maturity stage Rstnl bail
ment 
(%)

Cultures 
showing 
callus 
initiation/ 
bud burst 

(%)

Contami
nation

(%)

Dried
(%)

1 Leaf bits 'fender 70.00
(0.896)

60.00
(0.405)

7.50
(-2.571)

32.50
(-0.896)

2 Leafbase Tender 96.59
(3.345)

40.18
(-0.399)

19.65
(-1.445)

40.18
(-0.399)

3 Petiole Tender 95.34
(3.018)

58.33
(0.346)

25.00
(-1.152)

16.66
(-1.610)

4 Bud Tender 70.00
(0.896)

70.00
(0.896)

15.00
(-2.022)

15.00
(-2.022)

5 Leaf Semi mature 0
(-3.157)

0
(-3.137)

33.33
(-0.693)

66.66
(0.693)

6 Leafbase Semi mature 21.43
(-1.354)

0
(-3.296)

21.43
(-1.354)

78.57
(1.354)

7 Petiole Semi mature 0
(-3.296)

0
(-3.296)

0
(-3.296)

100.00
(3.296)

8 Bud Semi mature 12.50
(-2.165)

12.50
(2.165)

27.50
(-1.386)

60.00
(0.405)

9 Leaf Mature 0
(-3.434)

0
(-3.434)

0
(-3.434)

100.00
(3.434)

10 Leafbase Mature 0
(-3.135)

0
(-3.135)

16.66
(-1.610)

83.33
(1.609)

11 Petiole Mature 0
(-2.944)

0
(-2.944)

0
(-2.944)

100.00
(2.944)

12 Bud Mature 0
(-3.296)

0
(-3.296)

21.43
(-1.354)

78.57
(1.354)

CD
Scm i

0.80 
0 ?.o

0.77
0 75

1.17 
0 tK

1.08
0,15
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lender shoots/ilower buds were most responsive compared to semi- 

mature and mature buds. Seventy per cent of tender buds showed establishment and 

bud development whereas mature buds did not establish at all.

Shoot buds from tender, purple coloured shoots with unopened leaves 

were observed to give maximum establishment and growth (70%) whereas buds 

taken from seniimature and mature shoots gave only much low percentage 

establishment (12.5 and 0%).

4.3.1.2 Effect of light

Shoot buds were cultured under both light and dark. Establishment 

percentage was lower under dark compared to that under light ( fable 5a and 5b). 

Buds cultured in MS + BA 0.5 mg H  to 5.0 mg H  under light resulted in 50 to 

83.33 per cent establishment whereas under dark the percentage establishment was 

only 10 to 45.45 per cent (Plates 4a, 4b). For buds cultured in MS + 2iP and MS + 

KIN and incubated under dark, the establishment per cent was only 0 to 8.3 and 0 to 

6 . 6 6  per cent, respectively.

As llio establishment per cent was observed to be low under dark, for 

luriher experiments, shoot buds were incubated under light.

4.3.1.3 Effect of media and growth regulators

The data on percentage establishment of buds in different basal media 

supplemented with cytokinins and auxins are presented in fable 5b. Better 

establishment of buds was observed in all the media when supplemented with BA 

(50-100%) compared to KIN (0-71.43%) and 2iP (0-66.66%). Establishment was



Tabic 5a. Effect o f  the cytokinins on establishment o f  buds o f  I. zeylanicus under dark

Treatment
No.

Media and growth 
regulator

Concentration 
(mg f ’)

Establishment
(%)

1 MS + BA 0.5 45.45

2 MS + BA 1.0 16.66

3 MS + BA 2.5 10.00

4 MS + BA 5.0 10.00

5 MS + KIN 0.5 0.00

6 MS + KIN 1.0 8.30

7 MS + KIN 2.5 0.00

8 MS + KIN 5.0 0.00

9 MS + 2iP 0.5 0.00

10 MS + 2iP 1.0 0.00

11 MS + 2iP 2.5 . 0 . 0 0

12 MS + 2iP 5.0 6.66



Table 5b. Effect of growth regulators on establishment of buds of / . zeylanicus

Treatment
No

Media Growth
regulators

Concentration 
(mg 1 ')

Establishment
(%)

1 2 3 4 5

1 MS BA 0.5 83.33

2 MS BA 1 . 0 83.33

3 MS BA 2.5 64.71

4 MS BA 5.0 50.00

5 WPM BA 0.5 87.50

6 WPM BA 1 . 0 87.50

7 WPM BA 2.5 6 6 . 6 6

8 WPM BA 5.0 6 6 . 6 6

9 Sll BA 0.5 1 0 0 . 0 0

1 0 SH BA 1 . 0 90.90

1 1 SH BA 2.5 81.81

1 2 SH BA 5.0 83.33

13 B5 BA 0.5 72.22

14 B5 BA 1 . 0 6 6 . 6 6

15 B5 BA 2.5 6 6 . 6 6

16 B5 BA 5.0 61.54

17 '/2 MS BA 0.5 62.50
18 */2 MS BA 0.5 62.50
19 ' / 2  MS BA 1 . 0 60.00
19 ‘/2MS BA 2.5 75.00
2 0 Vi MS BA 5.0 50.00
2 1 MS KIN 0.5 0

2 2 MS KIN 1 . 0 50.00
23 MS KIN 2.5 60.00
24 MS KIN 5.0 71.43

Could.



«

Table 5h ('oiilimicil

1 2 3 -1 5

25 WPM KIN 0.5 0

26 WPM KIN 1.0 16.66

27 WPM KIN 2.5 20.00

28 WPM KIN 5.0 50.00

29 SH KIN 0.5 14.29

30 SH KIN 1.0 18.29

31 SH KIN 2.5 20.00

32 SH KIN 5.0 41.67

33 1/2 MS KIN 0.5 0

34 '/2 MS KIN 1.0 0

35 MS KIN 2.5 11.11
36 '/j MS KIN 5.00 15.38
37 B5 KIN 0 5 0

38 B5 KIN 1.0 0
39 B5 KIN 2.5 10.00

40 B5 KIN 5 0 8.33

41 MS 2iP 0.5 40.00
42 MS 2iP 1.0 40.00

43 MS 2iP 2.5 50.00
44 MS 2iP 5.0 30.00
45 WPM 2iP 0 5 33.33
46 WPM 2iP 1.0 36.36
47 WPM 2iP 2.5 33.33
48 WPM 2iP 5.0 66.66
49 SH 2iP 0.5 50.00
50 SH 2iP 1.0 40.00
51 SH 2iP 2.5 20.00
52 SH 2iP 5.0 16.66

Could.



Tabic 5b. Continued

1 2 3 4 5

5.1 >/2 MS 2iP 0.5
V

0

54 '/2 MS 2iP 1.0 0

55 y2 m s 2iP 2.5 16.66

56 •/2m s 2iP 5.0 8.33

57 MS BA 0.5 33.33
NAA 0.5

58 MS BA 1.0 50.00
NAA 0.5

59 MS BA 2.5 80.00
NAA 0.5

60 MS BA 5.0 28.57
NAA 0.5

61 MS BA 0.5 50.00
IAA 0.5

62 MS BA 1.0 33.33
IAA 0.5

63 MS BA 2.5 20.00
IAA 0.5

64 MS BA 5.0 11.11
IAA 0.5

65 MS 2iP 0.5 33.33
N A A 0.5

66 MS 2iP 1.0 41.67
N A A 0.5

67 MS 2iP 2.5 20.00
NAA 0.5

68 MS 2iP 5.0 15.38
NAA 0.5

Contd.



Table 51) Continued

1 2  3 4 5

69 MS 2iP 0.5 0
IAA 0.5

7 0  M S  2i P 1.0 0
IAA 0.5

71 MS 2iP 2 5 16.66
IAA 0.5

72 MS 2iP 5.0 14.29
IAA 0.5

73 MS - - 0

74 WPM - - 0

75 SH 0

76 '/2 MS - 0

77 B5 - 0



Plate 4a. Establishment o f  buds in MS 1 BA 0.5

Plate 4b. Stage ol bud development from node





high ;it lower concentration of BA (0.5-1.0 mg I *). Maximum percentage of 

establishment (100%) was observed in T9  (SH I BA 0.5 mg f *) followed by T jq  

(SH l BA 1.0 mg 1"*) (90.9). Also, shoots cultured in SH medium along with BA 

were found to remain greener and healthier for longer duration.

4.3.1.3.1 Effect of BA

The data on the effect of BA on establishment of buds in five different 

basal media are presented in fable 5b and 5c.

The number of days for the first bud to burst was minimum (11.8) in MS 

medium followed by SH medium (14.7). In and 1/2 MS, the number of days for 

bud burst was more (23 and 28 days respectively).

Number of days for bud burst was minimum when BA was used at lower 

concentrations (0.5 - 2.5 mg 1'*). Minimum number of days for bud burst (6.33) 

was observed in T | (MS medium, supplemented with BA 0.5 mg H )  followed by 

12 (1 1 7 ) (MS + BA 1.0 mg f* )  which was on par with T^ (MS + BA 2.5 

mg I '1), T4  (MS + BA 5.0 mg f 1), T5  (WPM + BA 0.5 mg f 1, Tg (SH + BA

0.5 mg I '1), T 1 0  (SH + BA 1.0 mg f 1) and T u  (SH I BA 5.0 mg I '1).

Maximum number of buds (4.0) was observed in T9  (SH +  BA 0.5 mg I '1) 

followed by Tg (WPM + BA 1.0 mg H )  (2.67). This was on par with T$ (WPM 

+ BA 0.5 mg f 1) (2.5) (Fig.2).

Buds formed in SH medium supplemented with BA 0.5 mg f^  was

louud fo be stout, short and creamy white where as buds cultured in WPM and MS

medium were slender and elongated.



I able 5c. Ell'cct o f  BA on establishment o f  shoot buds o f  !■ zeylanicus

T reatment 
No.

Media

Treatment

Growth
regulator

Concent
ration 

(mg r 1)

Days to bud 
release

No. of buds

1 2 3 4 5 6

1 MS BA 0.5 6.33 1.33
(2.46) (1.14)

2 MS BA 1.0 11.17 1.00
(3.21) (1.00)

3 MS BA 2.5 14.50 1.67
(3.79) (1.24)

4 MS BA 5.0 15.50 1.33
(3.84) (1.12)

5 WPM BA 0.5 13.33 2.50
(3.61) (1.54)

6 WPM BA 1.0 22.50 2.67
(4.72) (1-57)

7 WPM BA 2.5 18.00 1.17
(4.22) (1.07)

8 WPM BA 5.0 22.67 1.17
(4.73) (1.07)

9 SH BA 0.5 12.50 4.00
(3.51) (191)

10 SH BA 1.0 14.33 2.00
(3.71) (1.37)

11 Sll BA 2.5 1 1.17 1.83
(3.27) (131)

12 SI I BA 5.0 20.83 1.83
(4.54) (1.35)

Contd



Table Sc Continued

1 2 3 4 5 ' 6

13 B5 , BA 0.5 20.00 1,17 •
(4.47)* (1.07)

14 135 BA 1.0 22.33 1.50
(4.68) (1.21)

15 B5 BA 2.5 25.33 1.00
(5.02) (1.00)

16 B5 BA 5.0 25.67 1.00
(5.05) (1.00)

17 ’/2MS BA 0.5 21.67 1.33
(4.64) (1.14)

18 '/2 MS BA 1.0 26.67 1.83
(5.14) (131)

16 'b MS BA 2.5 36.00 1.17
(5.99) (1.07)

20 '/2MS BA 5.0 31.00 1.00
(5.54) (1.00)

CD 0.702 0.340
SEm-fc 0.253 0.121

* Values in paranthesis represent Vx translbrmecl ones
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Fig.2. Effect of BA on establishment of shoot buds of 
T. zeylanicus
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4.3. E J .2 Ivllect ol KIN

The data on the effect of KIN on establishment of shoot buds are 

summarised in Table 5b and 5d. At low concentrations of KIN (0.5 mg 1“^), culture 

establishment was nil in all the three media tried. Minimum number of days for bud 

burst (10) was observed in T<> (WPM + 2.5 mg T * KIN) which was on par with T4  

(WPM + 1.0 mg f 1 KIN). Number of buds per tube was less compared to BA and 

maximum number of buds (2) was observed in T3  (MS T KIN 5.0 mg 1'^) and this 

was on par with Tg (SH + KIN 2.5 mg I"*).

4.3.1.3.3 Effect of 2iP

The data on the effect of 2iP on bud establishment are presented in Table 

5b and 5e. Number of days for establishment was minimum at the lowest 

concentrations tried (0.5 - 2.5 mg T* 2iP) in all the three media, with minimum 

number of days (8 ) being observed in Tj (MS 1 2iP 0.5 mg E*). Maximum 

number of buds (2) developed in T3  (MS T 2iP 2.5) which was on par with T4  (MS 

+ 2iP 5.0). The buds formed in these treatments were slender and elongated. 

However, percentage establishment was low comparable to that of media containing 

BA. Better establishment and bud formation was observed in MS medium compared 

to WPM and SH medium.

4.3.1.3.4 Effect of combination of cytokinins along with auxins

l he data on establishment of buds in media containing cytokinins along 

with auxins are presented in fable 5b and 5f. Percentage establishment of cultures in 

media supplemented with BA at varying concentrations along with low concentration 

of auxins (NAA and IAA 0.5 mg E*) was lower than that in media containing BA



Table 5d. Effect o f  KIN on establishment o f  buds o f  T. zeylanicus

Treatment
No.

Media Concentration 
of KIN (mg I"1)

Days to bud 
release

No. of buds

1 MS 1 . 0 18.67 1 . 0 0

(4.26) ( 1 .0 0 )

2 MS 2.5 2 0 . 0 0 1 . 0 0

(4.44) ( 1 .0 0 )

3 MS 5.0 18.00 2 . 0 0

(4.23) (1.36)

4 WPM 1 . 0 1 2 . 0 0 1 . 0 0

(3.46) ( 1 .0 0 )

5 WPM 2.5 1 0 . 0 0 1 . 0 0

(3.15) ( 1 .0 0 )

6 WPM 5.0 12.33 1.33
(3.49) ( 1 . 1 2 )

7 SH 1 . 0 16.80 1 . 2 0

(4.08) (1.08)

8 SH 2.5 25.00 1.50
(5.00) ( 1 .2 1 )

9 SH 5.0 22.50 1 . 0 0

(4.73) (I .0 0 )

* Values in paranthesis represent Vx transformed ones
** KIN at 0.5 mg f 1 concentration was tried but did not show response
*** As the treatment had unequal number of replication CD is not shown



Table 5e. Effect of 2ip on establishment of buds of T. zeylanicus

Treatment
No.

Media Concentration 
of 2 iP (mg I'1)

Days to bud 
release

No. of buds

1 MS 0.5 8 . 0 0 1 . 0 0

(2.81) ( 1 .0 0 )

2 MS 1 . 0 21.33 1.33
(4.53) (1.14)

3 MS 2.5 27.67 2 . 0 0

(5.19) (1.38)

4 MS 5.0 31.67 1.67
(5.62) (1.28)

5 WPM 0.5 16.33 1 . 0 0

(4.02) ( 1 .0 0 )

6 WPM 1 . 0 1 2 . 0 0 1 . 0 0

(3.41) ( 1 .0 0 )

7 WPM 2.5 15.00 1.17
(3.85) (1.07)

8 WPM 5.0 26.00 1 . 0 0

(5.10) ( 1 .0 0 )

9 SH 0.5 17.83 1 . 0 0

(4.21) ( 1 .0 0 )

1 0 SH 1 . 0 27.00 1 . 0 0

(5.19) ( 1 .0 0 )

1 1 SH 2.5 25.00 1 . 0 0

(4.95) ( 1 .0 0 )

1 2 SI1 5.0 27.00 1 . 0 0

(5.20) ( 1 .0 0 )

* Values in paranthesis represent Vx translonned ones 
** CD not shown because treatments had unequal replications



Tabic 5f. L-llcct o f  combination o f  eytokinins with auxinson establishment o f  buds o f i.
zeylanicus

lienlmeul Media (.iiowlh Concenlialion Days lot bud No. of buds
No. regulator (mg r ) burst

1 MS BA + NAA 0.5 + 0.5 44.50
(6.63)

1.00
(1.00)

2 MS BA + NAA 1.0+0.5 23.60
(4.81)

1.20
(1.08)

3 MS BA + NAA 2.5+  0.5 16.00
(3.98)

1.17
(1.07)

4 MS BA + NAA 5.0+ 0.5 33.50
(5.48)

1.50
(1.21)

5 MS BA + IAA 0.5 + 0.5 19.20
(4.26)

1.20
(1.08)

6 MS BA + IAA 1.0+ 0.5 9.00
(3.00)

1.00
(1.00)

7 MS BA + IAA 2.5+  0.5 15.00
(3.87)

2.50
(1.57)

8 MS BA + IAA 5.0+ 0.5 21.00
(4.58)

1.50
(1.21)

9 MS 2iP + NAA 0.5+ 0.5 22.00
(4.69)

1.25
(1.10)

10 MS 2iP i NAA 1.0 f  0.5 25.40
(5.04)

1.00
(1.00)

1 1 MS 2iP -i NAA 2 5 + 0.5 28.00
(5.29)

1.50
(121)

12 MS 2iP t NAA 5.0 I 0.5 27.00
(5.19)

1.00
(1.00)

13 MS 2iP I IAA 2.5 I 0.5 68.00
(8.25)

2.00
(1.40)

14 MS 2iP + IAA 5.0+ 0.5 91.00 2.50
(1.5/)



alone. However, combinations of BA with NAA in MS medium resulted in better 

establishment (28-80%) compared to BA with IAA (11-50%), 2iP along with IAA 

and NAA (0-41%), KIN and 2iP in the same medium.

Days for establishment and first bud to burst was minimum for (1.0 

BA I 0.5 IAA). Considering the number of buds and days for establishment, Ty 

(BA 2.5 1 IAA 0.5) was found to be the best treatment (15 days for establishment 

with an average of 2.5 buds). 2iP at 2.5 to 5.0 mg H  concentration when added to 

the media along with IAA resulted in more number of buds (2 and 2.5 respectively 

for 2.5 and 5.0 mg 1'* 2iP) but required maximum number of days for bud burst ( 6 8  

and 91 days respectively).

Nodal explants cultured in different basal media showed no signs of 

establishment and bud burst. They remained healthy for one to two weeks and later 

dried up.

In a few of the cultures, first few buds developed into flowers, but later 

on, whitish, green coloured shoot buds developed from the base of flower buds. 

Culturing of nodes with buds protruding out led invariably to the development of 

flower buds. Inoculation of nodes without buds protruding out resulted mostly in the 

development ol cream or white coloured buds which developed into shoots with a 

few buds developing into flowers (Plates 5a, 51)).

Thus it can be seen that establishment of buds under light was higher 

upto 100 per cent whereas under dark it was lower (less than 50%). Establishment of 

buds was maximum (100%) in SH medium supplemented with BA 0.5 compared to 

KIN, 2iP and combination of BA with auxins, establishment of buds was better in



Plate 5a. M ower buds developing from node

Plate 5b. Shoot buds and shoot development from the base ol llowci buds
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media supplemented with BA (50-100% establishment). Number of days lor bud 

burst was minimum (6.33) in MS medium supplemented with 0.5 mg H  BA. The 

number of buds were maximum (4) in SH medium supplemented with 0.5 mg I-* 

BA. KIN at 0.5 mg I- *'did not show response with respect to the establishment of 

buds.

4.3.2 Proliferation and elongation of buds and shoots

4.3.2.1 Standardisation of media and growth regulators

The results of the experiment on the effect of different concentrations of 

BA in three different media on the proliferation of shoot buds are presented in Table 

6 a and 6 b. The number of buds developed, increased with increasing the concentra

tions of BA in the medium. Maximum number of buds (12.5) were observed in 

WPM with BA 5.0 mg 1"*. This was on par with SH medium containing BA at the 

same level (11.33). At lower concentrations of BA, eventhough the number of buds 

were lower, the number of shoots developed were found to be higher (3 and 4.67 in 

SH medium supplemented with BA 0.5 and 1.0 mg H  respectively). The length of 

shoots was also observed to be more (1.58-1.17 cm) at lower concentrations of BA 

(0.5 to 1.0 mg I '1). The highest number of shoots (4.67) was observed in SH 

medium containing 1.0 mg I' 1 BA with an average shoot length of 1.25 cm. 

Maximum shoot length (1.58 cm) was observed in SH medium containing 0.5 

mg I- 1  BA. Treatments Tj (SH +  0.5 mg I" 1 BA), T2  (SH + 1.0 mg I' 1 BA), T5  

(WPM + 0.5 mg I- 1  BA), T6  (WPM + 1.0 mg I' 1 BA), T 9  (MS +  0.5 mg I" 1 BA) 

and T jo  (MS + BA 2.5) were comparable with respect to the number of shoots and 

length of shoots (Fig.3 ).



Table 6 a. Effect of media and BA on proliferation of buds of T. zeylanicus

Treatment
No.

Media Growth regulator Concentration 
(mg l'1)

No. of buds/tube

1 SH BA 0.5 3.00
(1.858)

2 Sll BA 1 . 0 2.83
(1.816)

3 SH BA 2.5 4.00
(2.105)

4 SH BA 5.0 11.33
(3.419)

5 WPM BA 0.5 4.33
(2.134)

6 WPM BA 1 . 0 4.17
(2.086)

7 WPM BA 2.5 4.33
(2.178)

8 WPM BA 5.0 12.50
(3.591)

9 MS BA 0.5 2 . 0 0

(1.559)

1 0 MS BA 1 . 0 2.50
(1.625)

1 1 MS BA 2.5 5.67
(2.430)

1 2 MS BA 5.0 8.17
(2.908)

CD
SEm±

0.51
0.18

* Values in paranthesis represent Vx I Vi transformed values



Table 6b. Effect of media and BA on development and elongation of shoots of
T. zeylanictis

Treatment
No.

Media Growth
regulator

Concentration 
(mg I'1)

No. o f shoots/ 
tube

Average length 
of shoots (cm)

1 SH BA 0.5 3.00
(1.794)

1.58
(1.438)

2 SJI BA 1 . 0 4.67
(2.170)

1.25
(1.319)

3 SH BA 2.5 0.67
(1.025)

0.67
(1.029)

4 SH BA 5.0 0.50
(0.939)

0.33
(0.880)

5 WPM BA 0.5 2.33
(1.642)

1.50
(1.407)

6 WPM BA 1 . 0 3.00
(1.775)

1.42
(1.379)

7 WI’M BA 2.5 1 0 0  

(1.17!)
0  81 

(1115)

8 WPM BA 5.0 0.33
(0.880)

0.33
(0.880)

9 MS BA 0.5 3.33
(1.937)

1.25
(1.319)

1 0 MS BA 1 . 0 2.50
(1.654)

1.17
(1.288)

1 1 MS BA 2.5 0.67
(1.025)

0.50
(0.966)

CD
SEm±

0.57
0 . 2 0

0.255
0.09

* Values in paranthesis represent Vx + V2 transformed ones
** In MS medium BA 5 mg I'1 was also tried but no shoot development was observed



.3. E ffect o f m edia and BA on p ro lie ra tio n  o f buds of
T. zey lan icu s

i_J nu m b er o f b u d s  Q  n u m b e r o f s h o o ts  X  length of s h o o ts

1 .8

Treatments



4.3.2.2 Idled of additives

The dala on the elieel of additives on piolilcinlion ol buds and shoot 

development aie summarised in Table 6 e and Od. Out of the lour additives used at 

two concentrations each along with BA, adenine suit ale was found to give maximum 

results, that too at lower concentrations of BA (0.5-2.5 mg 1"*) (Plate 6 ). Maximum 

number of buds (36.33) were observed in 1 ' 2  (SH 4- BA 1.0 mg T* 4- adenine 

sulfate 50 mg 1“*) followed by T | (SH 4- BA 0.5 mg H  4 100 mg H )  (21.5).

This was comparable with 13  (BA 2.5 mg 1"* 4 adenine sulfate 50 mg I- *) (20.67), 

'I4  (BA 5.0 4 adenine sulfate 50 mg 1^) (16.17) and T y  (BA 2.5 4 adenine sulfate 

100 mg I"1) (16.33).

T h e  highest  nu mber  ol' sh o o t s  ( 1 3 . 5 )  w a s  o b s e t v e d  m  I'< ( IIA 0 . 5  m g  I * 

4- adenine sulfate 100 mg 1“*). Treatments T j to T 4  (BA 0.5-5.0 mg 1'* 4- 

adenine sulfate 50 mg 1'*) and T y  (BA 2.5 4- adenine sulfate 100 mg T^) were on 

par with T 5  with respect to the number of shoots. However, length of shoots was 

maximum (2.7) in T |g  (BA 2.5 4- coconut water 20%) which was on par with T5  

(BA 0.5 4- adenine sulfate 100 mg 1"*) (2.38) and T j (BA 0.5 4- adenine sulfate 50 

mg I '1) (2.08) (Fig.4).

Minimum number of buds (3.67) was observed in cultures receiving T 2 y 

(BA 2.5 4- coconut water 10%), T j 3  (BA 0.5 4- yeast extract 500 mg I '1), T jq  (BA

0.5 I CH 2.5), T 2 4  (BA 5.0 mg I' 1 4- CW 20%) and T 2 8  (BA 1.0 + CW 10%), 

were comparable with respect to the number of buds formed.

The number of buds induced, shoots arising and the length of the shoots 

were found to be more when adenine sulfate was used along with BA than when BA



lab le  (><• ril'cc.l id 'B A  and dilVerenl additive ; on pndd'eiation <>l bud'; ol
I. z c y U m u  us

I n a l  hea lincn l No ol shoot
mt'Ul         buds
No Media ( iro w lh  Concent- Add itive  ConccnC

rcgulator ration ration
(mg I 1) (mg I'1)

1 2  3 4  5 0 7

1 SI I I t A 0. 5 A d en in e  su lla te  50  2 1 . 5 0
( 4 .4 8 )

2 SH  B A  1.0 A d en in e  su lfate  50  3 6 .3 3
( 5 .9 8 )

3 S H  B A  2 .5  A d en in e  sulfate  5 0  2 0 .6 7
( 4 .5 3 )

4 SH  B A  5 0  A den ine  sulfate 50  16 17
<5 o.j)

5 S l l  B A  0 .5  A den ine  su lla te  100 6 .6 7
(2 65 )

6  S H  B A  1.0 A d en in e  sulfate  100 15 .00
( 3 .8 2 )

7 S H  B A  2 .5  A d en in e  sulfate  100  16.33
(4.02)

8 S H  B A  5 .0  A d en in e  su lfate  100 7 .83
( 2 .8 0 )

9  SH  B A  0 .5  Y e a s t  extract 100  5 . 17

( 2 .3 3 )

10 SH  B A  1.0 Y east extract 100 8 .0 0
( 2 .8 0 )

11 SH  B A  2 .5  Y east  extract 100 4 .6 7

( 2 .2 4 )

( ' m i l d



Table Oc. Continued

1 2 3 4 5 6 7 •

1 2 SH BA 5.0 Y east extract 1 0 0 4.83
(2.27)

13 SH BA 0.5 Yeast extract 500 4.33
(2.16)

14 SH BA 1 . 0 Yeast extract 500 4.50
(2 .2 0 )

15 SH BA 2.5 Yeast extract 500 4.67
(2 .2 2 )

16 SH BA 5.0 Yeast extract 500 2 . 0 0

(1.56)

17 SH BA 0.5 Casein hydrolysate 1 0 0 5.83
(2.48)

IK Sit BA 1 . 0 C asein hydrolysa lc 1 0 0 10.33
(3.98)

19 SH BA 2.5 Casein hydrolysate 1 0 0 4.50
(2 .2 1 )

2 0 SH BA 5.0 Casein hydrolysate 1 0 0 4.66
(2 . 1 1 )

2 1 SH BA 0.5 Casein hydrolysate 500 10.17
(3.04)

2 2 SH BA 1 . 0 Casein hydrolysate 500 12.50
(3.67)

23 SH BA . 2.5 Casein hydrolysate 500 6.67
(2.63)

24 SH BA 5.0 Casein hydrolysate 500 4.17
(199)

Contd.



Table Oo. Continued

1 2 3 4 5 6 7 ‘

25 SH BA 0.5 Coconut water 1 0 % 6.17
(2.56)

26 SH BA 1 . 0 Coconut water 1 0 % 6.83
(2.69)

27 SH BA 2.5 Coconut water 1 0 % 3.67
(2 .0 2 )

28 SH BA 5.0 Coconut water 1 0 % 4.33
(2.15)

29 SH BA 0.5 Coconut water 2 0 % 9.50
(2.07)

30 SH BA 1 . 0 Coconut water 2 0 % 7.33
(2.69)

31 SH BA 2.5 Coconut water 2 0 % 10.33
(3.18)

32 SH BA 5.0 Coconut water 2 0 % 10.67
(3.29)

CD
SEm±

0.91
0.33

* Values in paranthesis represent Vx + V2 transformed values



Table 6 d. Effect of BA and different additives on shoot development on elongation of
T. zeylanicus

Treat
ment
No. Media Growth

regulator

Treatment

Concent- Additive Concent
ration ration 
(mg I'1) (mg I'1)

No of 
shoots

Length of 
shoots 

(cm)

1 2 3 4 5 6 7 8

1 SI I BA 0.5 Adenine sulfate 50 11 50 
(3.29)

2.08
(1.60)

2 SH BA 1 . 0 Adenine sulfate 50 11.17
(3.50

1.50
(1.41)

3 SH BA 2.5 Adenine sulfate 50 3.50
( 1 .8 6 )

1.27
(1.32)

4 SH BA 5.0 Adenine sulfate 50 0.67
(1.03)

0.53
(0.98)

s S l l BA 0  s Adenin e  snlli i le t o o 1 t s o  
(3.05)

?. 58  
(1.69)

6 SH BA 1 . 0 Adenine sulfate 1 0 0 12.83
(3.57)

1.33
(1.34)

7 SH BA 2.5 Adenine sulfate 1 0 0 1 0 . 0 0

(3.15)
1.37

(1.35)

8 SH BA 5.0 Adenine sulfate 1 0 0 1.83
(1.47)

1 . 0 0

(123)

9 SH BA 0.5 Yeast extract 1 0 0 3.17
(1.81)

1.05
(1.24)

1 0 SH BA 1 . 0 Yeast extract 1 0 0 4.00
(195)

1.03
(1.24)

1 1 SH BA 2.5 Yeast extract 1 0 0 1.50
(139)

1 . 0 0

(1-23)

1 2 SH BA 5.0 Yeast extract 1 0 0 2.50
(1.69)

1 . 0 0

(1.23)

Contd.



Tabic 6d. Continued

1 2 3 4 5 6 7 8

IV SI I UA o,S CilHcinr
hydrolysale

1 0 0 2  oo 
(1 37)

0,-53
(0.98)

13 SM 13A 1 . 0 Caseine
hydrolysate

1 0 0 8.67
(2.85)

1.18
(1.27)

14 SH BA 0.5 Coconut water 1 0 % 0.67
(1.03)

0.67
(1.03)

15 SH BA 0.5 Coconut water 2 0 % 5.00
(2.28)

1.47
(1.39)

17 SH BA 1 . 0 Coconut water 2 0 % 2.33
(1.57)

1.25
(1.31)

18 SH BA 2.5 Coconut water 2 0 % 7.00
(2.64)

2.70
(1.77)

19 SH BA 5.0 Coconut water 2 0 % 7.17
(2.70)

1.63
(1.48)

CD
SEm±

0.87
0.31

0 . 2 2

0.08

* Values in paranthesis represent Vx+ '/ 2 transformed ones



Plate 6 .
Proliferation of buds and shoot development in SH +  BA 0.5 mg I' 1  adenine sulfate 100 mg I'*
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was used alone. Number of buds induced, shoots arising and length of the shoots 

were 21.5, 11.5, 2.08 em and 3, 3, 1.58 cm for SH 1 BA 0.5 4 adenine sulfate 50 

mg I' 1 and SH + BA 0.5, respectively.

Yeast extract and casein hydrolysate at higher concentrations (500 

mg I '1) were not found to promote shoot development. Callus development at the 

base of the bud clump was also noticed in cultures developing in media containing 

casein hydrolysate.

Established buds were transferred to media containing GA at two levels

2.0 mg f* and 5.0 mg 1*. But proliferation and elongation of buds were not 

observed with these treatments. Developing buds were also transferred to MS and 

SH media without any growth regulators but the buds remained as such and did not 

show any further proliferation and later on dried up.

From the above experiments it can be seen that SH and WPM showed 

comparable results in terms of the number of buds developed when BA 0.5-5.0 

mg I' 1 was added to the media (2.83-11.33 and 4.17-12.5 buds in SH and WPM 

respectively) However, the number of shoots was more in SH medium (4.67) 

computed to WI'M (3.00 at BA 1.0 mg 1'*).

Addition of organic supplements along with BA, especially adenine 

sulfate resulted in better proliferation compared to BA alone. Maximum number of 

buds (36.33) was observed in SH medium supplemented with BA 1.0 mg F* and 

adenine sulfate 50 mg I '1. Number of shoots (13.5) and length of shoots (2.38) was 

maximum when adenine sulfate 100 mg F 1 was used along with BA 0.5 mg I"1. At 

higher concentration of yeast extract (500 mg I '1) and casein hydrolysate (500 

mg 1 *) shoot development was nil.



4 .4  Indirect morphogenesis

4.4.1 Induction of callus

The data on the experiments on induction of callus in Trichopus 

zeylanicus are presented in Table 7a, 7b and 7c.

4.4.1.1 Effect of explant and explant maturity on callus induction

Leaf bits with mid rib, leaf base and petiole bits were used as explants 

for callus induction. Callus initiation was observed in 40-60 per cent of tender 

explants whereas with the semimature and mature explants, callus initiation was nil. 

Of the different explants tried, callus formation was maximum in the case of leaf 

bits with mid rib portion (60%) which was on par with that of petioles (58.33%). 

Only 40 per cent of leaf bases showed callus initiation (Plates 7a, 7b).

4.4.1.2 Effect of media and growth regulators

Percentage of cultures showing callus induction was very low (0- 

33.33%) when 2,4-D and NAA alone were added to the media irrespective of the 

media used. At 2,4-D 5.0 mg 33.33 per cent of the cultures were found to 

initiate callus in WPM. Callus formed was white or cream in colour and hard in 

media supplemented with 2,4-D but the callus growth was very poor and dried on 

subsequent subculluring. Response to 2,4-D, eventhough low, was observed in MS 

and WPM. 0 25 per cent cultures initiated callus in MS I 2,4-D and 16.66-33.33 

per cent in WPM supplemented with 2,4-D. In 1/2 MS and Sll media containing

2,4-D, purple leaf bits turned green and showed some enlargement, without any 

callus initiation.



Table 7a I 'libel o f  auxins and cytokinins on callus induction o f  / ’ zeylanicus

Treatment
No.

Media Growth
regulator

C oncent- 
lation 

(mg f 1)

% culture 
initiating 

callus

Nat me of callus

1 2 3 4 5 5

1 MS 2,4-D 0.5 0 . 0 0

2 MS 2,4-D 1 . 0 14.29 White, powdery

3 MS 2,4-D 2.5 8.33 White, powdery

4 MS 2,4-D 5.0 25.00 White, hard, granular

5 MS NAA 0.5 12.50 Creamy white, cream roots 
developed

6 MS NAA 1 . 0 8.33 Creamy white, cream roots 
developed

7 MS NAA 2.5 0 . 0 0

8 MS NAA 5.0 0 . 0 0

9 WPM 2,4-D 0.5 16.66 Cream hard callus, granular

1 0 WPM 2,4-D 1 . 0 2 0 . 0 0 Cream hard callus, granular

1 1 WPM 2,4-D 2.5 33.33 Whitish cream callus

1 2 WPM 2,4-D 5.0 33.33 Whitish cream callus

13 WPM NAA 0.5 12.50 Whitish cream callus; slender 
roots developed

14 WPM NAA 1 . 0 2 0 . 0 0 Whitish cream callus; slender 
roots developed

15 WPM NAA 2.5 2 0 . 0 0 Whitish cream callus; slender 
roots developed

16 WPM NAA 5.0 25.00 Whitish cream callus; slender 
roots developed

Contd,



Table 7a. Continued

1 2 3 4 5 6

17 MS BA+2,4-D 0.5+0.5 30.77 Creamy yellow, granular, * 
hard callus

18 MS BA+2,4-D 1 .0 + 1 . 0 63.16 Creamy yellow, granular, 
hard callus

19 MS BAH-2,4-D 2 .5+2.5 72.22 Creamy yellow and white, 
granular

2 0 MS BA+2,4-D 5.0+5.0 54.17 Yellow, granular, hard

2 1 MS BA+NAA 0.5+0.5 75.00 Creamy and white hard 
nodular callus

2 2 MS BA+NAA 1 .0 + 1 . 0 58.57 Creamy and white hard 
nodular callus

23 MS BA+NAA 0.5+0.5 35.72 Cream nodular callus

24 MS BA+NAA 5.0+5.0 33.33 Creamy yellow callus

25 MS BA+K1N 
+ 2,4-D

0.5+0.5 
+0.5

41.66 Cream, hard callus

26 MS BA+KIN 
+ 2,4-D

5.0+5.0 
+5.0

55.00 Cream, hard callus

27 WPM BA+2,4-D 0.5+0.5 15.38 Yellowish cream granular 
callus

28 WPM BA+2,4-D 1 .0 + 1 . 0 80.00 Yellowish cream granular 
callus

29 WPM BA+2,4-D 2 .5+2.5 60.00 Yellowish cream granular 
callus

30 WPM BA+2,4-D 5.0+5.0 25.00 Yellow, granular hard callus

31 WPM BA+NAA 0.5+0.5 57.14 Creamy white hard nodular 
callus

Contd.



I able 7i» Conlmucd

1 2 3 4 5 6

32 WPM BA I NAA 1 . 0  HO 75.00 Yellowish cicam granular 
callus

33 WPM B A i N A A 2 .5+2.5 6 6 . 6 6 Creamy yellow granular hard 
callus

34 WPM BA+NAA 5.0+5.0 30.80 Creamy yellow granular hard 
callus

33 WPM B A i K I N  

1 2,4-H
0 5+0.5 
+0.5

50.00 Cream granular hard callus

36 WPM BA+KIN 
+ 2,4-D

5.0+5.0 
+5.0

6 6 . 6 6 Cream granular hard callus

37 SH BA+2,4-D 0.5+0.5 30.77 Cream hard callus

38 SH BA+2,4-D 1 .0 + 1 . 0 53.85 Cream hard callus

39 SH BA+2,4-D 2 .5+2.5 44.44 Cream granular hard callus

40 SH BA+2,4-D 5.0+5.0 30.00 Cream granular hard callus

41 SH BA+NAA 0.5+0.5 40.00 Yellow nodular hard callus

42 SH BA+NAA 1 .0 + 1 . 0 50.00 Yellow nodular hard callus

43 SH BA+NAA 2 .5+2.5 57.14 Yellow granular hard callus

44 SH BA+NAA 5.0+5.0 6 6 . 6 6 Yellow granular hard callus

45 SH BA+KIN 
+ 2,4-D

0.5+0.5 
+0.5

30.00 Cream granular hard callus

46 SH BA+KIN 
+ 2,4-D

5.0+5.0 
+5.0

44.44 Cream granular hard callus

47 */2 m s 2,4-D+BA 0.5+0.5 40.00 Creamy white granular hard 
callus

48 •/2 MS 2,4-D t BA 1 .0 1 -1 . 0 40.00 Creamy white granular hard 
callus

Contd.



Table 7a. Continued

1 2 3 4 5 6

49 '/2MS 2,4-D+BA 2 .5+2.5 57.14 Cream granular hard callus

50 '/2 MS 2,4-D+BA 5.0+5.0 50.00 Yellowish cream granular 
hard callus

51 '/2MS BA+NAA 0.5+0.5 75.00 White and cream granular and 
nodular callus

52 V2 MS BA+NAA 1 .0 + 1 . 0 67.14 White and cream granular and 
nodular callus

53 ' / 2 MS BA+NAA 2 .5+2.5 67.14 White and cream granular and 
nodular callus

54 '/2 MS BA+NAA 5.0+5.0 50.00 Creamy yellow, hard granular 
callus

55 ' / 2 MS BA+KIN
2,4-D

0.5+0.5 
+0.5

44.44 Creamy yellow, hard granular 
callus

56 ' / 2 MS BA+KIN
2,4-D

5.0+5.0 
+5.0

54.54 Creamy yellow, hard granular 
callus

* 2,4-D and NAA were also tried in Vz MS and SH but there was no response
** MS, WPM, SH and Vz MS without any growth regulator did not show response



Table 7b. HIVeet o f  combination o f  auxins and cylokinins on callus induction and
grow th o f  T. zeyhm icus

Treatment
No.

Media Growth
regulator

Concentration 
(mg I'1)

Days lor 
callus 

induction

Callus index*

1 2 3 4 5 6

1 MS BA+2,4-D 0.5+0.5 36.00
(5.998)

37.75
(6.14)

2 MS BA I 2,4-D 1 . 0 1  1 . 0 41.00
(6.49)

99.71
(9.01)

3 MS BA+2,4-D 2 .5+2.5 57.75
(7.57)

126.35
( 1 1 .0 1 )

4 MS BA+2,4-D 5.0+5.0 49.00
(6.98)

243.75
(15.50)

5 MS BA+NAA 0.5+0.5 51.25
(7.14)

150.00
(11.90)

6 MS BA+NAA 1 .0 + 1 . 0 52.25
(2.23)

1 1 0 . 0 0

(10.45)

7 MS BAH NAA 2 .5+2.5 44.50
(6 .6 6 )

147.74
(12.05)

H MS BA INAA 5.015.0 4 1 00 
(6.39)

150,00
(12.16)

9 MS BA+K1N
+2,4-D

0.5+0.5 
+0.5

52.00
(7.09)

83.16
(9.07)

1 0 MS BA+KIN
+2,4-D

5.0+5.0 
+5.0

73.50
(8.50)

55.50
(7.41)

1 1 WPM BA+2,4-D 0.5+0.5 72.50
(8.50)

57.14
(7.56)

1 2 WPM BA+2,4-D 1 .0 + 1 . 0 52.00
(7.09)

160.00
(12.65)

Contd.



I'ablc 7b Continued

1 2 3 4 5 6

1.1 VVI’M BAi 2,4-D 2.512.5 51.50 166.66
(7.14) (12.91)

14 WPM BAi 2,4-D 5.015.0 55.00 47.92
(7.37) (6.91)

I S WPM UM NAA 0  510 5 51 25 199.99
(7.14) (14.11)

16 WPM BA+NAA 1 .0 + 1 . 0 43.00 225.00
(6.54) (15.00)

17 WPM BA+NAA 2 .5+2.5 54.75 1 0 0 . 0 0

(7.40) (9.86)

18 WPM BA+NAA 5.0+5.0 56.75 114.06
(7.52) (10.64)

19 WPM BA i KIN 0.5+0.5 75.50 135.00
) 2,4-D +0.5 (8 .66) (11.57)

2 0 WPM BA+KIN 5.0+5.0 53.25 155.36
+2,4-D +5.0 (7.29) (12.31)

2 1 SH BA+2,4-D 0.5+0.5 72.00 64.68
(8.48) (7.92)

2 2 SH BA+2,4-D 1 .0 + 1 . 0 60.75 96.28
(7.78) (9.76)

23 SH BA+2,4-D 2 .5+2.5 54.75 33.33
(7.40) (6.70)

24 SH BA+2,4-D 5.0+5.0 56.75 46.33
(7.52) (6.80)

25 SH BA+NAA 0.5+0.5 69.75 82.50
(8.35) (8 .86)

Contd.



Table 7b. Continued

1 3 4 5 6
»

26 SH BA+NAA 1 .0 + 1 . 0 49.00 1 2 0 . 0 0

(7.00) ( 1 0 .8 8 )

27 SH BA+NAA 2 .5+2.5 51.50 547.43
(7.17) (6 .8 6 )

28 Sll BAINAA 5.015.0 67.50 60,00
(8 .2 1 ) (7.73)

29 SH BA+KIN 0.5+0.5 69.00 1 0 0 . 0 0

+2,4-D +0.5 (8.30) (9.66)

30 SH BA+KIN 5.0+5.0 71.25 91.67
+2,4-D +5.0 (8.40) (9.44)

31 ’/a MS BA+2,4-D 0.5+0.5 48.50 66.52
(6.96) (8.14)

32 15 MS BA I-2,4-D 1 . 0 1  1 . 0 51.00 46.00
(7.14) (6.77)

33 ’/a MS BA+2,4-D 2 .5+2.5 50.75 53.66
(7.12) (7.31)

34 '/a MS BA+2,4-D 5.0+5.0 54.00 72.00
(7.35) (8.34)

35 l/ 2 MS BA+NAA 0.5+0.5 43.50 137.44
(6.57) (11.47)

36 '/a MS BA+NAA l.O+l.O 46.00 1 0 0 . 0 0

(6.78) (9.73)

37 '/a MS BA+NAA 2 .5+2.5 47.50 85.71
(6.89) (8.94)

38 '/a MS BA+NAA 5.0+5.0 59.74 71.43
(7.73) (8.34)

Contd.



Table 7b. Continued

1 2 3 4 5 6

to 1 .• MS HA I KIN I) 5 10 5 5 t .50 50.00
I 2,4-D +0.5 (7.30) (6.97)

40 'AMS BA+KIN 5.0+5.0 54.25 47.92
I 2,4-D +5.0 (7.33) (6.91)

CD 0.82 2 . 2 2

SEm± 0.30 0.81

* Callus index was calculated 4 months after initial culture of explant 
** Values in paranthesis represent Vx transformed ones



Table 7c. R fleet o f  different concentrations o f  auxins and cytokinins on callus induction
o f /'. zeylanicus under dark

T r e a t 
ment
No.

Treatment D a y s  to
initiate
callus

Callus
index*

M o r p h o lo g y  o f  callus

M e d ia  I 
g r o w t h  
regulator

C o n c e n t 
ration  
( m g  I 1)

1 M S  i It A i 
2 , 4 - D

0 . 5 + 0 . 5 4 0 . 0 0
( 6 . 3 2 3 )

7 5 . 0 0
( 8 3 . 5 3 6 )

Whit e  and pale cream

2 M S + B A +
2 , 4 - D

1 .0 + 1. 0 4 3 . 5 0
( 6 . 5 9 4 )

113 .6 3  
( 1 0 . 6 0 6 )

Granular hard callus

1 M S  i B A  i 
2 , 4 - D

2 5 12.5 5 8 .0 0
( 7 . 6 0 9 )

150 0 0  
( 2 . 1 8 5 )

Granular hard callus

4 M S + B A +
2 , 4 - D

5 . 0 + 5 . 0 5 2 . 0 0
( 7 . 2 0 6 )

2 0 0 . 0 0
( 1 4 . 0 7 1 )

Granular hard callus

5 M S  1 B A  t 
N A A

0 . 5 + 0 . 5 4 8 . 5 0
( 6 . 9 6 4 )

125 .0 0  
(1 1 .124)

Pale,  cream,  nodular hard 
callus

6 M S ! B A  I 
N A A

1 0 + 1 . 0 5 0 . 0 0
( 7 . 0 6 8 )

1 6 6 .6 6  
( 1 2  8 4 4 )

Pale,  cream, nodular hard 
callus

7 M S + B A +
N A A

2 . 5 + 2 . 5 4 8 . 5 0
( 6 . 9 6 0 )

100 .0 0
( 1 0 . 0 0 0 )

Pale, cream,  nodular hard 
callus

8 M S + B A +
N A A

5 . 0 + 5 . 0 4 9 . 5 0
( 7 . 0 3 5 )

8 3 . 3 6
( 9 . 0 8 2 )

Pale,  cream,  nodular  hard 
callus

9 M S + B A +  
K I N  +  
2 , 4 - D

0 . 5 + 0 . 5  
+ 0 . 5

5 0 . 5 0
( 7 . 1 0 4 )

8 3 . 3 6
( 9 . 0 8 2 )

Pale,  cream,  nodular  hard 
callus

10 M S  i B A  i 
KIN i
2 , 4 - D

2 . 5 + 2 . 5  
+ 2. 5

5 2 . 0 0  
(7.21  1)

5 5 . 0 0
( 8 . 5 3 6 )

Pale, cream, nodular  hard 
callus

11 M S + B A +
K I N +
2 , 4 - D

5 . 0 + 5 . 0  
+ 5 . 0

7 3 . 0 0
( 8 . 5 2 8 )

5 0 . 0 0
( 7 . 0 7 1 )

Pale,  cream, nodular  hard 
callus

C D  
S t a n '

0 .7 5
0 . 2 4

3 .45
1.11

* ( 'al ius  index  w a s  calculated  four  m o n th s  after initial culture
** Va lues  in paranthcsis represent six t ransformed o n e s



Plate 7a. Enlargement and greening of tender leaf

Plate 7b. Callus initiation at cut edges of petiole

segments in media
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Similar response was observed in media supplemented with NAA also. 

When NAA was supplemented in dillerent media, creamy white to ereamish 

coloured hard and granular callus developed. Percentage of cultures initiating callus 

and callus growth was low (0-12.5% in MS + NAA and 12.5-25% in WPM 4- 

NAA). However, cultures in which callus initiation occurred, thin, slender, cream 

coloured roots started developing within a month after callus initiation (Plate 8 ). 

Callus initiation was maximum (25%) in WPM at 5.0 mg NAA.

Callus initiation was higher in cultures receiving combinations of auxins
\

with cytokinins irrespective of the media used. Maximum callus initiation (85%) 

was observed in T2g (WPM I 1.0 rng H  BA 1 1.0 mg H  2,4-D) followed by 

T3 2  (WPM 4- 1.0 mg I- 1  BA 4- 1.0 mg l" 1 NAA), T5 1  (1/2 MS + 0.5 mg I' 1 BA 

4 0.5 mg I" 1 NAA) and T 2 \ (MS + 0.5 mg T 1 BA 4 0.5 mg T 1 BA) (75%). At 

low to medium concentrations (0.5-2.5 mg I '1) of BA, along with 2,4-D and NAA, 

maximum callus initiation (15.38-80%) was observed in all the media tried. Addi

tion of KIN along with BA and 2,4-D was found to show similar or better response 

with respect to percentage of cultures initiating callus. In MS medium, percentage of 

cultures initiating callus was 30.7 and 54.17 when BA 0.5 4- 2,4-D 0.5 mg H  and 

BA 5.0 4 2,4-D 5.0 mg P 1 where added, whereas for BA 0.5 4 2,4-D 0.5 4 - KIN

0.5 mg 1  ̂ and BA 5.0 4- 2,4-D 5.0 4- KIN 5.0 mg 1~̂ , it was 41.66 and 55 per 

cent respectively.

Callus initiation was very slow and took a minimum of 36 days in Tj 

(MS 4- BA 0.5 4- 2,4-D 0.5). Treatment Tj was on par with T2  (MS 4 - BA 1.0 4- 

2,4-D), T? (MS 4 BA 2.5 + NAA 2.5), Tg (MS 4 BA 5.0 4 NAA 5.0), T 1 5



Plate . Root initiation from callus in media supplemented with NAA





(WPM f BA 0.5 +  NAA 0.5), 1'31 (1/2 MS + BA 0.5 + 2,4-D 0.5) and T 3 2  (1/2 

MS + BA 1.0 + 2,4-D 1.0). Maximum number of days for initiation of callus 

(75.5 days) was observed in T j 9  (WPM + BA 0.5 f  KIN 0.5 + 2,4-D 0.5).

Since callus growth was slow, subculturing to same media was done at 

an interval of 25-30 days. Nature of callus was different in cultures receiving 

different growth regulators (granular, hard in medium supplemented with BA, 2,4-D 

and nodular in media with BA and NAA) and at different concentrations (nodular 

callus at low 0.5-1.0 mg 1^ of BA and NAA and granular at 2.5-5.0 mg 1"̂  BA +

2.5-5.0 mg P 1 NAA) irrespective of the media (Plates 9a, 9b). When BA and NAA 

at lower concentrations were added to different media, the callus formed was 

nodular and m subsequent subcultures to the same media, buds started developing.

Direct organogenesis was observed in 1/2 MS medium supplemented 

with BA 0.5 mg H  -I- NAA 0.5 mg 1"* on the cut edges of leaf explants in 50-60 

per cent of cultures along with callus formation on the other side of the same leaf bit 

(Plate 10).

Callus index was maximum (243.75) in T 4  (MS + BA 5.0 + 2,4-D 

5.0). This was on par with T j^  (WPM -I- BA 0.5 + NAA 0.5) and T5  (WPM + 

BA 0.5 +  NAA 0.5). Treatments T 1 2  (WPM -1- BA 1.0 + 2,4-D 1.0), T ] 3  (WPM 

+ 2.5 BA +  2.5 2,4-D), T I 9  (WPM + BA 0.5 + KIN 0.5 +  2,4-D 0.5), T2 0  

(WPM 1- KIN 5.0 +  BA 5.0 -t- 2,4-D 5.0), T3  (MS i  BA 2.5 I- 2,4-D 2.5), T5  

(MS + 0.5 BA I- 0.5 NAA), T? (MS +  BA 2.5 -I NAA 2.5), Tg (MS + BA 5.0 

+ NAA 5.0) and T3 3  (1/2 MS + BA 0.5 + NAA 0.5) had comparable and 

moderate callus growth. Minimum callus index (37.75) was observed in T j (MS + 

BA 0.5 + 2,4-D 0.5).



Plate 9a.  Prol i ferat ion o f  ca l lus  in med ia  su p p le m e n te d  with 2,4-14 and BA

Plate 9b. Proliferation of callus in media supplemented with NAA and B
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Cultures incubated under light and dark showed only slight variations in 

callus initiation and development. In MS I BA I 2,4-D number of days for callus 

initiation was more under dark and took minimum 40 days for callus initiation 

whereas it was 36 days under light. Callus index was higher (243) under light 

compared to that under dark (200) at the highest concentration (5.0 mg 1'*) of BA 

and 2,4-D used, whereas at lower concentrations of BA + 2,4-D (0.5-2.5) callus 

index was higher under dark (75-150).

Minimum callus index (50-83.36) was observed when KIN was added 

along with BA and 2,4-D. T jj  (MS + BA 5.0 +  KIN 5.0 + 2,4-D 5.0) took 

maximum number of days (73) for initiation of callus under dark. Callus developed 

under dark had lighter colour compared to that induced under light .

Proliferation of callus in liquid medium was also tried but due to the 

hard nature of callus, suspension cultures were not formed.

Thus from this experiment it can be seen that initiation of callus was low 

(0-33.33%) when 2,4-D and NAA alone were added to the media. In combination of 

NAA and 2,4-D with BA and KIN, induction of callus was higher. Percentage of 

cultures showing callus initiation was maximum (80%) in WPM supplemented with 

BA 1.0 mg P 1 and 2,4-D 1.0 mg Days for initiation of callus was minimum 

(36) in MS m ed iu m  su p p lem en ted  with 0.5 m g  I * BA and 0.5 m g  H  2,4-D but 

with low callus index (37.75). Callus index was maximum (243.75) in MS medium 

supplemented with 5.0 mg I' 1 BA and 2,4 I).

4 .4 .1 .3  Effect o f  light



4.4.2.1 Induction of organogenesis

The results of the attempts to induce regeneration through organogenesis 

are summerised in fable 8 a and 8 b. Among the different treatments tried, maximum 

regeneration (100%) was observed in MS medium supplemented with BA 0.5 mg 1'  ̂

followed by KIN 2.5 mg l~* (85%). The number of buds (10.25) and shoots (16.5) 

formed was also observed to be high in BA 0.5 mg I"*. Days for initiation of buds 

(46.5) was also comparable with that of KIN 2.5 mg f  * (42.00). However the 

length of shoots was observed to be less (1.5 cm) and the shoots formed were 

slender and unhealthy whereas at 2.5 mg concentration of KIN, the shoots 

formed were healthy and longer (3.25 cm). Number of buds (8.75), shoots (10.25) 

and days for bud initiation (42.00) in Tg (MS + KIN 2.5) were also comparable 

with T j (MS f BA 0.5) (Plates 11a, l ib ,  1 lc and lid ) . At higher concentrations (5 

mg H )  of BA eventhough buds developed (4.25), they did not develop into shoots.

Among the other cytokinins tried, 2iP was not effective in inducing 

indirect organogenesis in Trichopus zeylanicus. Eventhough greening of callus in 42- 

50 per cent of cultures and development of a few buds (3.5, 1.75 and 5 in 0.5, 2.5 

and 5.0 mg 1~* 2iP respectively) were observed, shoot development was nil in all 

these treatments.

Combinations of BA with NAA showed moderate response with respect 

to percentage of regeneration (70%), number of buds (7.5), number of shoots (3.5) 

and shoot length (2.53) (Plate 1 la). Days taken for regeneration was observed to be 

more (60.5) with IBA in combination with BA as also the least number of shoots 

(0 ).

4 .4.2  Regeneration



Table Ha lilfeet o f  growth regulalois on regeneration o f  shoots from callus o f  i.
zeylanicus

Treatment Treatment
No. -------------------------- -..............

Media and growth regulator Concentration Regeneration
(mg r  ) (%)

1 MS + BA 0.5 1 0 0 . 0 0

2 MS + BA 2.5 70.00

3 MS + BA 5.0 50.00

4 MS + KIN 0.5 50.00

5 MS + KIN 2.5 85.00

6 MS + KIN 5.0 80.00

7 MS + 2iP 0.5 42.86

8 MS + 2iP 2.5 50.00

9 MS i 2iP 5.0 42.86

1 0 MS + BA + NAA 0.5+  0 . 1 70.00

1 1 MS + BA + IAA 0.5 + 0.1 63.63

1 2 MS + BA + IBA 0.5 + 0.1 45.45

13 MS + BA + Brassanolide 0.5 + 0.001 75.00

14 MS + BA + Brassanolide 0.5 + 0.0005 75.00

15 MS + BA + Brassanolide 0.5 + 0.0001 70.00

16 MS 60.00



Table 8b. Lll'ect ol'grow th regulators on regeneration o f  shoots from callus o f  T.
zeylanicus

Treat
ment
No.

Treatment

Media + growth 
regulator

Concent
ration
(rng f1)

Days for 
bud
initiation

No. of 
buds

No. of 
shoots

Length of 
shoots (cm)

1 2 3 4 5 6 7

1 MS+BA 0.5 46.50 10.25 16.50 1.50
(6.85) (3.18) (3.81) (1.39)

2 MS+BA 2.5 56.25 9.75 2.50 1.38
(7.46) (3.02) ( 1 .6 8 ) (1.37)

3 MS I BA 5.0 61.75 4.25 0 . 0 0 0 . 0 0

(7.89) (2 . 1 1 ) (0.71) (0.71)

4 MS+KIN 0.5 57.50 4.75 1.75 2.13
(7.60) (2 .2 0 ) (1.48) (1.61)

5 MS+KIN 2.5 42.00 8.75 10.25 3.25
(6.49) (2.98) (3.20) (1.89)

6 MS+KIN 5.0 60.00 10.75 1.50 1 . 0 0

(7.77) (3.33) (1.40) (1.23)

7 MS+2iP 0.5 39.75 3.50 0 . 0 0 0 . 0 0

(6.34) (1.98) (0.71) (0.71)

8 MS 1 2il‘ 2.5 55.55 1.75 0 . 0 0 0 . 0 0

(7.48) (1.48) (0.71) (0.71)

9 MS+2iP 5.0 65.25 1.75 0 . 0 0 0 . 0 0

(8 . 1 0 ) (1.48) (0.71) (0.71)

1 0 MS+BA+NAA 0.5+0.1 32.00 7.50 3.50 2.53
(5.69) (2.82) ( 1 .8 6 ) (1.65)

1 1 MS+BA+IAA 0.5+0.1 50.50 2.25 1 . 0 0 0.875
(7.13) (1.65) (1.14) ( 1 . 1 0 )

r  ontrt



Table 8b Coiitinued

1 2 3 4 5 6 7'

12 M S i B A H B A 0 . 5 + 0 . 1 6 0 . 5 0 4 . 5 0 0 . 0 0 0 . 0 0
( 7 .7 5 ) ( 2  2 2 ) ( 0  71 ) ( 0 . 7 1 )

13 M S + B A i 0 .5 + 0 .0 0 1 3 0 . 0 0 3 .7 5 1.50 0 . 5 0
Brass inol ide ( 5 . 5 2 ) ( l . l>4) ( 1 . 3 6 ) ( 0 . 9 7 )

14 M S + B A + 0 . 5 + 0 . 0 0 0 5 2 8 . 0 0 5 . 5 0 2 . 5 0 1.13
Brass inol ide ( 5 . 3 2 ) ( 2 . 4 3 ) ( 1 . 5 3 ) ( 1 . 2 3 )

15 M S + B A + 0 . 5 + 0 . 0 0 0 0 1 2 7 . 2 5 6 . 5 0 6 . 5 0 2 .1 3
Brass inol ide ( 5 . 2 5 ) ( 2 . 5 7 ) ( 2 . 4 1 ) ( 1 . 5 5 )

16 M S 2 7 . 7 5 6 . 5 0 3 . 0 0 0 .6 3
( 5 . 3 1 ) ( 2 . 5 7 ) ( 1 . 6 1 ) ( 1 . 0 1 )

C D 0 . 8 2 0 . 8 8 1.08 0 .4 5
S l i m  r 0 . 2 9 0.31 0 . 3 8 0 . 1 6

* Valu es  in paranthesis  represent  Vx+ ’/2  t ransformed o n e s



Plate 1 1

Plate 11b.

a. Shoot bud differentiation from callus in MS T KIN 2.5 mg 1'*

Shoot and root development from callus in MS + KIN 2.5 mg I" 1





Plate I Ic. Shoot developm ent from  callus in MS +  KIN 2 .5  mg I

Plate I Id. Shoot development from callus in MS + BA 0 . 5  mg j-l
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Plate I le. Shoot development from callus in MS 
NAA 0.1 mg I 1

BA 0.5 mg I' 1 I
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Addition of biassiuolide along with IJA was lound to t>c ellective in 

reducing the number of days for bud initiation (27 30 days). However, the number 

of buds and shoots were lower compared to BA alone. Number of buds (6.5), shoots 

(0 .5 ) and length of shoots (2.13 cin) were higher when brassinolidc was used at the 

lowest concentration (0 . 0 0 0 1  mg T^).

Regeneration of shoots from callus was thus observed to be maximum 

(100%) in MS medium supplemented with BA 0.5 mg I- * followed by KIN 2.5 

mg H  (85%). However, healthy and longer (3.25 cm)shoots were formed in MS 

medium supplemented with KIN. In media supplemented with BA along with 

brassinolide, days for bud development from callus was less with minimum number 

of days (27.25) in MS + BA 0.5 +  brassinolide 0.0001 mg

4.4.2.2 induction of embryogenesis

The results of the attempts to induce regeneration through embryogenesis 

are summerised in Table 9. Callus obtained in MS medium supplemented ;With BA

5.0 and 2,4-1) 5.0 was used for further study. In Tj (MS I 2,4-1) 0.5 mg I '1) and 

T2  (MS -f 2,4-D 1.0 mg H )  no response was observed. Slight green and white 

colour development was observed on yellowish cream coloured callus but no 

embryoid formation occurred. In T3  and T4 , embryoid development was observed. 

Minimum days for embryoid formation (58 days) was observed inT4  (MS + BA 2.5 

+ coconut water 10%) with numerous globular embryoids developing. In T3  also a 

similar response was observed. In T3  (MS 1 BA 2.5), the number of embryoids 

developed were less ( 1 0 ) whereas in T4 , numerous embryoids were found



Treat- Media in which explants Subculture media No. o f Days for 
ment were raised originally embryoids embryo
No. ------------------------------  ---------------------------- produced production

Growth Concent- Growth Conccnt- 
regulator ration regulator ration

(mg r 1) (mg I'1)

1 MS + 2,4-D 5.0 MS + 2,4-D 0.5 Nil

2 MS + 2,4-D 5.0 MS + 2,4-D 0.5

3 MS + 2,4-D 5.0 MS + BA 2.5 10 (globular) 73

4 M S  l 2 , 4 - D  5 .0  M S  t B A  l 2 .5  l N u m e r o u s  58
c o c o n u t  10%
water

Table 9. Effect o f  grow th regulators on induction o f  embryoids in T. zeylanicus



developing. The globular stage embryoids were transferred to basal MS medium in 

which they germinated (Plates 12a, 12b and 12c).

4.4.3.1 Induction of rooting

Shoots obtained by both axillary bud release and indirect organogenesis 

were cultured in different media for obtaining rooting of shoots (Plates 13a, 13b and 

13c).

Data relating to the experiments on induction of rooting are presented in 

Table 10a, 10b and 10c. Of the different concentrations of growth regulators tried, 

Tg (1/2 MS f  brassinolidc 0.001, transferred to 1.0 IBA 1 week later) proved far 

superior (85.7%) with respect to rooting of shoots. This was followed by Tg (1/2 

MS t  brassinolide 0.0005, transferred to IBA 1 week later) with an average of 

67.14 per cent and T<> (1/2 MS T IBA 1.0 mg 1~') with 60 per cent rooting. 

Minimum rooting (12.5%) was observed in 1'2 and T-j (1/2 MS + NAA 1.0 + IBA 

1.0, 1/2 MS + NAA 1.0 + IBA 0.5) (Fig.5).

Minimum number of days for root initiation (45.67) and maximum 

length of roots (0.92 cm) were observed in Tg (1/2 MS I brassinolide 0.001 mg F* 

transferred to IBA 1.0 mg F*). lhis was on par with Tg (1/2 MS I brassinolide 

0.0005 to IBA 1.0 mg P*)- However, the number of roots was less compared to T^ 

(IBA 1.0 mg F 1) in which the number of roots was 10. Days for root initiation in 

T^ (49.00) was on par with Tg (47.67) and Tg (45.67).

Root initiation was earlier and better in liquid medium compared to solid 

medium. More number (3.5) of longer (1.5 cm) roots were formed in minimum 

number of days (17.0) when liquid medium was used.



Plate 12a. Ihnbryoid development and germination

Plate 12b. hmbiyoids detached troni callus and dispersed in medium

Plate 12c. Germinating embryo showing root and shoot initiation





Plate 13a. Shoot cluster kept for rooting

Plate 13b. In vitro root formation from single shoot

Plate 13c. In vitro root initiation in shoot cluster
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Table 10a. Effect o f  grow th regulators on in vilor root grow th o f  T. zeylanicus

Trcat iuenl  N o  Media  and g r o w l h  regtdnlois  f ' o i iee i i t in l ion  % root ing
("ig I ')

1 ' / 2 MS + NAA + IB A ’ 0 .5+  0.5 37.50

2 Vi MS + NAA + IBA 1 .0 + 1 . 0 12.50

3 Vi MS + NAA + IBA 1.0+ 0.5 12.50

4 Vi MS + NAA + IBA 0.5 + 1.0 2 0 . 0 0

5 Vi MS + IBA 1 . 0 60.00

6 Vi MS + NAA + IBA + 
Brassinolide

0.5+  0.5 + 
0.0005

2 0 . 0 0

7 . V4 MS + NAA + IBA + 
Brassinolide

0.5 + 0.5 + 0.001 16.67

8 Vi MS + Brassinolide 
(transferred to IBA 

1 week later)

0.0005 + 1.0 67.14

9 Vi MS + Brassinolide 
(transferred to IBA 

1 week later)

0 . 0 0 1  + 1 . 0 85.70

10 Vi MS 0 . 0 0



Table I Ob. Lll'ect o f  grow th regulators on in vilro root growth in T. zeylanicus

T reatnient
No.

Media and growth 
regulator

Concentration
(mg I'1)

No. of 
roots

Length of 
roots(cm)

Days to 
root

1 ‘/a MS + NAA + 1BA 0.5 -1 0.5 4.33
(1.99)

0.67
(0.85)

114.00
(10.62)

2 V2 MS + NAA + IBA 1 .0 + 1 . 0 2 . 0 0

(1.41)
0.63

(0.79)
94.00
(9.70)

3 V2  MS + NAA + IBA 1.0+ 0.5 3.00
(162)

0.67
(0.81)

95.50
(9.77)

4 V2 MS + NAA + IBA 0.5 + 1.0 3.00
(1.62)

0.63
(0.79)

8 8 . 0 0

(9.38)

s MS 1 IBA 1 0 1 0  0 0  

(.M3)
0  7 S 

(0.80)
49 00 
(7.00)

6 I/ 2 MS + IBA + NAA 
+ Brassinotide

0.5 +0.5 + 
0.0005

1.50
( 1 2 1 )

0.75
(0 .8 6 )

68.33
(8.26)

7 V2 MS + IBA + NAA 
+ Brassinotide

0.5 + 0.5 + 
0 . 0 0 1

1 . 0 0

( 1 .0 0 )
0.50

(0.71)
53.00
(7.27)

8 V2 MS + Brassinolide 
(transferred to IBA 
1 week later)

0.0005
1 . 0

3.00
(1.72)

0.83
(0.91)

47.67
(6.90)

9 V2 MS + Brassinolide 
(transferred to IBA 
1 week later)

0 . 0 0 1

1 . 0

2.67
(1.63)

0.92
(0.96)

45.67
(6.76)

* Values in paranthesis represent Vx+’Z2 transformed ones
** The treatments had unequal replication. So CD and Sem not shown above.



Treatment Media and growth Concentration No. of Length of Days to 
No. regulators mg I' 1 roots roots root

cm

Table 10c. Effect o f  nature o f media on in vitro  root growth o f T. zeylanicus

1 Vz MS liquid +  brassinoloide 0.001 3.50 1.50 17.00
(Transferred to IB A 1 week 1.0
later)

2 xh  MS solid +  brassinoloide 0.001 2.67 0.92 45.67
(Transferred to IB A 1 week 1.0
later)

Shoots were also transferred to basal lh  MS medium without any growth 

regulators. But no positive response with respect to rooting was observed. However, 

shoot clumps with an average shoot length of 0.5-1.5 cm were found to put forth 

new healthy normal shoots of 2-3 cm or more in length in this medium.

4.4.4 Hardening of plantlets

Rooted plantlets were transferred to pots containing sterilized sand and 

were transferred to hardening units. Only 10 per cent of the plants survived when 

plantlets were transferred from rooting media directly to pots. When the rooted 

plantlets were transferred first to 1/2 MS media containing reduced sucrose (1.5%), 

kept under increased light intensity lor two weeks and thereafter transferred to pots 

and kept in the hardening unit, the survival was found to be better (33.33%) (Plates 

14a, 14b and 14c).

Table 11. Effect of pretreatments on survival of in vitro raised plantlets of
T. zeylanicus

Treatment Treatment Survival
No.

1 Rooted plants directly to pots in hardening and 10

2 Rooted plants to media with reduced sucrose and higher light 33.33 
intensity followed by transfer to hardening unit



Ro
ot

in
g 

p
er

ce
n

ta
g

e

Fig.5. Effect of growth regulators on in vitro root growth of
T.zeylanicus
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Plate 14a. Pre-treatments of plantlets in xh  MS (liquid) with reduced sucrose 

Plate 14b. Rooted plantlets ready for planting out 

Plate 14c. Hardened plantlet
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DISCUSSION

The present study on standardisation of in vitro techniques for rapid 

multiplication of Trichopus zeylanicus Gaertn was carried out at the Plant Tissue 

Culture Laboratory of the Department of Plantation Crops and Spices, College of 

Horticulture, Vellanikkara from 1995 to 1997.

Trichopus zeylanicus Gaertn is a medicinal plant belonging to the family 

Trichopodaceae, the fruits of which is reported to be a safe antistress, antifatigue, 

apetite promoting and restorative health tonic. The availability of planting material is 

a major problem in the domestication of this crop. Standardisation of suitable in 

vitro technique for rapid multiplication of this plant would help in the production of 

large number of plants.

The use of tissue culture techniques for clonal propagation has become

( l i e  m o ' . l  w i d e l y  t r . c d  n p p l u  . i l i o n  o l  ( i s s u e  ( i i l l m c  f c c h n o l o p y  m  I l o i  I k  i i l l i i l c  i n

recent years (Thorpe, 1990). Clonal plants could be produced at a very rapid rate 

compared to conventional methods by adopting micropropagation techniques 

(Chaturvcdi and Sharma, 1988). Micropropagation can be achieved by enhancing 

axillary bud breaking, production of adventitious buds directly or indirectly through 

a callus phase or by somatic embryogenesis directly or indirectly (Murashige, 1974). 

The present studies were carried out to standardise rapid multiplication methods 

using in vitro techniques in Trichopus zeylanicus Gaertn. The results obtained in the 

studies are discussed in this chapter.



The explants collected from the field harbour a variety ol' micro 

organisms which have to be removed before inoculation on to the culture medium. 

Though general standardisation procedures have been outlined by various workers 

(Dodds and Roberts, 1982; George and Sherrington, 1984), specific sterilization 

procedures have be to evolved based on the tissues being handled. Hence, in the 

present study, the sterilization procedure with respect to the concentration and dura

tion of exposure was standardised.

Among the various surface sterilization treatments tried, mercuric 

chloride 0.1 per cent for 5 minutes was found to be the best for both shoot buds and 

leaves and petioles giving 87.5 per cent and 8 6 . 6  per cent establishment 

respectively. In the case of seeds, mercuric chloride 0.1 per cent for 5 minutes and 

10 minutes were equally effective. Chlorine water treatment for durations of two to 

ten minutes eventhough reduced the contamination percentage, most of the leaves 

and petiole explants were found to be bleached. Establishment of shoot buds was 

also very low when chlorine water treatment was given.

Mercuric chloride has been effectively used as a surface sterilant for 

various medicinal plants. Krishnan and Seeni (1994) reported that washing the 

excised shoot lips liis l in one pci eenl l.ab o lrn c  d r lc i j ’cnt io i *> O nunulcs mid in 

running tap water for 1 0  minutes followed by surface sterilization by passage 

through 0.1 per cent mercuric chloride for 5 minutes and again washing 6 - 8  times in 

sterile distilled water was effective for surface sterilization of Woodfordia fruticosa. 

In Adhatoda beddomei Sudha and Seeni (1994) reported that treatment with one per 

cent Labolene for 6 - 8  minutes followed by tap water washing and treatment with 0.1 

per ccnl m en in i< chloride lo r IS m innlcs could p ioduec contam ination  lic e  cu llu ics .

;>. 1 Standardisation ol suriacc sterilisation oi explains



The results obtained in the present study agree with these reports in respect of the 

effectiveness of mercuric chloride as a surface stcrilant. Chlorine water has been 

successfully used as a surface sterilant in crops like Aristolochia indica where 

treatment for 15 minutes was effective (Kavitha and Raju, 1995). In the present 

study, use of chlorine water resulted in a large number of cultures getting bleached. 

Bleaching of cultures by treatment with chlorine water has been reported in 

Holostemma (John, 1996).

The percentage contamination of the explants collected during different 

months showed variation. Survival of shoot buds was highest during January to 

April with maximum survival in April, For leaves and petiole, maximum survival 

was observed during February. Survival of explants was low during June to 

September. Explants collected during the drier months showed comparatively lower 

contamination. Vegetative buds of Commiphora wif>htii collected during April-June 

gave a good response whereas sprouting was reduced for explants collected during 

September-October as reported by Barve and Mehta (1993). Anu (1993) reported 

that the months from January to April was the best period for culture establishment 

of Gymnema sylvestre. Similar influence of season on establishment of explants is 

reported in cardamom (Reghunath, 1989) and Holostemma (John, 1996).

5 .2  In vitro seed germination

In nature, seed set in Trichopus is poor and maturation of seeds is slow, 

lasting four to five months. Due to the sweet nature of seeds, they are often 

damaged by rodents (Krishnan et al., 1995). Hence, in vitro germination of seeds 

was tried in Trichopus. In the present study, maximum percentage germination was 

observed in Vi MS and xh  MS + GA under light, but the number of days taken for 

germination was lower when incubated under the dark. Soaking, of seeds in walcr or



iii 100 ppm CJA3  was attempted in Tam a ginseing lo enhance seed germination as 

reported by Sruamsiri el al. (1995). Krishnan el al. (1995) reported germination of 

seeds of Trichopus under dark to get axenic seedlings. In the case of Capsella sp. 

light was found to have no effect on germination of seeds (Yang and Kin, 1993).

5.3 Culture establishment

5.3.1 Effect of explant and explant maturity

Shoot buds taken from young, tender, purple coloured shoots were found 

to be the most responsive with respect to establishment and growth whereas buds 

from mature shoots did not establish at all. During the maturation process of tissues, 

several physiological changes occur which may influence the in vitro behaviour of 

explants (David, 1982). Juvenile tissues have a higher degree of morphogcnic 

competence than older tissues. The youngest and less differentiated tissues are found 

in plant meristems and the culture of these tissues have been successful in a wide 

range of species (Hughes, 1981).

5.3.2 Effect of media and growth regulators

Maximum percentage of establishment of buds was observed in SH 

medium supplemented with BA. Shoots cultured in SH medium along with BA was 

found to remain greener and healthier for longer duration. Number of buds formed 

was also higher in SH medium containing BA at lowest concentration tried (0.5 

mg 1"^). Number of days for bud burst was minimum and maximum number of buds 

was obtained at 0.5 to 1.0 mg H  BA. Also, better establishment of buds was 

observed when the media was supplemented with BA compared to 2iP and KIN. SH 

medium have been reported to be used in plants like adhatoda, costus etc.
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Clonal propagation of Adhatoda heddomei was achieved through .callus 

free axillary mcristcrn proliferation from stem node explants of field grown plants 

cultured in SH medium supplemented with BA 3.0 mg T^, 2iP 0.5 mg 1"̂  and IAA

1.0 mg I" 1 (Sudlia and Seeni, 1994). in Cost us speciosus, multiple shoots were 

obtained on SH medium supplemented with KIN 0.1 mg H  and IBA 0.1 mg H  (Pal 

and Roy, 1991). Best proliferation results in Valeriana wallichi Dc was obtained on 

MS medium containing 5.0 mg I"* BA while KIN, 2iP and zeatin were less effective 

(Viola and Fritz, 1991). BAP was found to be superior to other growth regulators 

for shoot differentiation from root segments of Aegle marmelos and incorporation of 

auxins in the combination of BA and KIN stimulate shoot number and their growth 

(Bhati el al., 1992). Krishnan et al. (1995) reported that in Trichopus zeylanicus 

maximum number of shoot buds was obtained with 2.0 mg 1'* BAP. The caulogenic 

response declined as the concentration of BAP increased and at 10 mg 1~* shoot bud 

formation was completely inhibited. The results in the present study agree with the 

above said reports in respect of the effect of BA. BA in combination with auxins has 

been reported to have better results compared to BA alone in medicinal plants like 

Piper Ion gum (Bhat et al., 1992), Kielmeyera coriacea (Arella and Puito, 1993), 

( usliis (Pul Roy, 1991) He I tut in 'I'tit hopus, addition nl auxiir. iilong with HA 

was not found to have a better effect.

5.3.3 Fflcct of light

In Trichopus establishment of cultures was poor under dark and exposure 

to light was found necessary for good growth of buds. Similar results were obtained 

in Passiflora edulis by Dornellas and Vieira (1994). In Passijlora all the explants 

except cotyledonary explants needed exposure to light for shoot regeneration.



5.4  r.rolifcra»:,v)ii

5.4.1 Standardisation of media and growth regulators

In the present study, it was seen that as the concentration ol BA in the 

media increased, the number of buds also increased. SH and WPM showed similar 

response with respect to the number of buds developed at highest concentration (5.0 

mg r 1) of BA tried. However, the number of shoots and shoot length was maximum 

in SH medium supplemented with 0.5 to 1.0 mg P^ BA. Multiple shoots in large 

numbers could be obtained from excised hypocotyls of young Eucalyptus seedlings 

in media containing B a alone as reported by Subbaiah and Minocha (1990). Shoot 

multiplication of Gentium kurro was achieved on MS medium containing 8-9 /xm 

BA and 1.1 /im NAA (Sharma et al., 1993). Most suitable media for shoot forma

tion in Symphytum species was MS with 0.3 mg P* BA (Harris et al., 1989).

5.4.2 H fleet of organic supplements

Addition of organic compounds as supplements to BA was found to be 

more effective for enhanced production of multiple buds and shoots. Of the 

different additives tried, adenine sulfate (50 to 100 mg P 1) used with lower 

concent rations (0.5 to 1.0 mg 1 *) of BA gave much better results compared to other 

additives as well as BA alone. In media supplemented with yeast extract and casein 

hydrolysate at higher concentrations (500 mg P 1), no shoot formation was observed. 

Addition of GA also did not give any positive results. Favourable effect of adenine 

sulfate has been reported by earlier workers. Skoog and Tsui (1948) have reported 

that adenine sulfate when added to the medium, often enhance growth and shoot 

formation. Multiple shoot induction in Dioscorea floribunda was reported by Sinha 

and Chaturvedi (1979) in a medium supplemented with BAP, adenine sulfate and

i C'C -



NAA. In Aspargus cooperi, shoot regeneration from callus required BA, L-arginine, 

adenine and a low level of NAA in the medium (Ghosh and Sen, 1992). Maximum 

number of multiple shoots in Asparagus cooperi was obtained from shoot tip ex

plants in medium containing 2.0 mg BA, 80 mg adenine sulfate and 0.2 mg NAA 

(Ghosh and Sen, 1994). Beneficial effect of additives such as coconut water and 

casein hydrolysate have been reported in many medicinal plants. But in the present 

study, of the different additives tried, adenine sulphate was found to be the most 

beneficial.

5.5 Callus initiation and proliferation

In the present study, callus induction was obtained with different auxins 

and cytokinins. When 2,4-D and NAA alone were added to the media, callus 

initiation was observed to be low. Callus initiation and proliferation was higher in 

cultures receiving combinations of auxins (NAA and 2,4-D) with cytokinins (BA) 

irrespective of the media used. Combinations of cytokinins with auxins on callus 

initiation and proliferation have been reported in many medicinal plants. Best 

response for callus induction and growth in Rauwolfia caffra was obtained in media 

containing 2.0 mg NAA and 2.0 mg BA f l (IJpadhyay cl a l., 1992). C'alius cultures 

of Kaempferia galanga was initiated on MS medium supplemented with 2,4-D and 

BA as reported by Vincent et al. (1992). In Aristolochia bracteolata, callusing was 

observed on culturing young leaves and nodes on MS medium containing 

combinations of KIN and NAA. Similar results of callusing in combinations of 

auxins and cytokinins have been reported in Eucommia ulmoides (Wang et al., 

1994), Hemidesmus indicus (Sarsan et al., 1994), Costus sperocisus (Jain and Cha- 

turvedi, 1985), Panax ginseng (Furaya et al., 1986) etc.
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Tcndci leal ami petiole pieces were louud to icspond bcltci compared to 

mature and semimature ones in terms of callus initiation and development. Explants 

taken from newly originated organs are most likely to be capable of organogensis.

Callus derived from seedlings and inflorescence explants of various 

Cymbopogon species had a higher morphogenetic capacity than that arising from 

seeds, culms, roots or rhizomes (Jagaddishchandra and Sreenath, 1987). In the 

experiments of Takayama and Misawa (1982), most segments derived from young 

leaves of Begonia produced buds and roots whereas those derived from mature 

leaves normally dried. Nature of callus was different in combination of BA with 

NAA and BA with 2,4-D. In media cotaining BA and 2,4-D and 2,4-D alone, 

granular hard callus was obtained whereas in media containing BA and NAA at 

lower concentrations (0.5 and 1.0 mg I"*) nodular callus was obtained. Differences 

in the morphology of callus depending on the concentration and kind of growth 

regulators added have been reported by many workers. In Eucommia ulmoides, two 

types of calli, one which was white and non-embryogenic, and the other yellow- 

green coloured and embryogenic were obtained in media supplemented with high 

concentrations of BA along with NAA and low concentrations of BA along with 

N A A  respectively (Wang el a l., 1904). Blial el al (1992) has reported in Piper 

longuni that a medium containing 2,4-D gave soft, watery callus while that 

containing BA gave nodular white callus with green margins.

5.6 Callus regeneration

5.6.1 Organogenesis

In the present study, maximum regeneration of shoots from callus was 

obtained when callus was transferred to media containing BA but healthier, longer 

shoots w rie  lormcd in media continuing K IN . Ill merlin supplemented with



brassinolide along with BA, days for regeneration was less. Regeneration was also 

obtained in MS medium without growth regulator, but the percentage regeneration 

was lower. The results of the present study is in conformity with results obtained in 

other medicinal plants in which subculturing of callus to media containing cytokinins 

or combination of cytokinins with auxins resulted in shoot regeneration. In 

Panax ginseng, shoot differentiation and plantlet formation from callus were pro

moted on media containing KIN (Donato and Perucco, 1986). Regeneration of plants 

from leaf callus of Plumbago rosea was obtained in medium containing BA alone 

(Salheesh Kumar and Bhavanandan, 1989). Shoot development from callus 

regenerated roots of Nardostachys jatamansi was achieved in medium containing 

2.0-6.0 mg T 1 KIN (Mathur, 1993).

5.6.2 Embryogenesis

Among the different routes of micropropagation, somatic embryogenesis 

is the most rapid mode of regeneration. In the present study, development of 

embryoids was observed in media containing BA and BA + coconut water. In media 

containing low concentration of 2,4-D, embryogenesis was not observed. 

Developing embryoids on transfer to basal (MS) medium germinated. Chuang and 

Chang (1987) have reported the occurrence of spontaneous embryoid formation in 

medium containing 0.1-0.5 mg I" 1 2,4-D. But in the present study, 2,4-D at low 

concentration had no positive effect on embryoid development. Callus transferred 

from the medium containing IAA, BA and NAA to that containing 2.0 mg IAA and

3.0 mg BA embryoids were formed in Freesia refracta which further developed into 

plantlets (Wang et al., 1989). In Aconitum heterophyllum, somatic embryos 

appeared after transfer of callus obtained in 2,4-D or NAA to medium containing 

BAP 1.0 mg 1  ̂ and NAA 0.1 mg H  (Giri et al., 1993). In the present study,



embryoid formation occurred in MS media containing BA alone, but number of 

embryoids formed was more in media containing coconut water in addition to BA. 

Germination of embryoids in hormone free basal medium as in the present study 

have been reported in a number of medicinal plants like Peucedanum palustre 

(Vuorela et a l., 1993), Oplopanax elatus (Kim et al., 1991), Rauwolfia caffra 

(Upadhyay et al., 1992) etc.

5.7 Induction of rooting

In the present study, maximum rooting and minimum days for rotoing 

could be obtained when shoots were cultured in '/?. MS I brassinolide for one week 

and later translered to IBA 1.0 mg H . The number of roots were maximum in IBA 

1.0 mg I '1. Minimum rooting was seen in combinations of IBA with NAA. In 

Madhuca longifolia excised shoots were rooted on xh  MS with IBA 1.0 mg H  (Rout 

and Das, 1993). Gelled MS medium containing 10 mg 1"* IBA was optimum for 

rooting of shoots in Gomphrena officinalis (Mercier et al., 1992). Rooting was 

generally accelerated in stationary liquid medium containing 0.2 mg IBA or IAA 

in Adhatoda beddomii (Sudha and Seeni, 1994).

In mai/.c, brassinolide induced significant stimulation of root growth, but 

auxin was reported to inhibit this action (Cerena et al., 1983, Cerena et al., 1984, 

Romani et al., 1981). Growth in azuki bean epicotyls were affected by both 

brassinolide and auxin (Cerena et al., 1983). Yopp et al. (1981) pointed out that 

strong synergism existed between auxin and brassinolide and this synergism occurs 

only when tissues are first treated first with brassinolide and then with auxin (IAA). 

The results of the present study on rooting confirms these reports.



Hardening is important in the case ol in vitro plants as they are not 

adapted to ex vitro conditions. Light temperature and relative humidity have to be 

controlled during acclimatization for better survival of plants. In the present study, 

better survival of plants was obtained when rooted plantlets were transferred to xh  

MS solution for two weeks and thereafter transferred to the hardening unit where the 

plants were frequently sprayed with water. In Pelargonium graveolens, Satyakala et 

al. (1995) reported that transfer of rooted plants to V2 MS solution for one week 

and then planted in autoclaved soilrite and kept in a growth chamber at 80 per cent 

relative humidity at 25°C gave better success.

5.H llaiilcutiig
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SUMMARY

Studies were conducted on standardisation of in vitro techniques for rapid 

multiplication of Trichopus zeylanicus Gaertn.at Plant Tissue Culture Laboratory of 

the Department of Plantation Crops and Spices, College of Horticulture, 

Vellanikkara. The salient findings of the study are summarised in this chapter.

1. Among the different surface sterilization treatments tried, the best treatment 

found was with 0.1 per cent mercuric chloride for 5 minutes in the case of 

shoot buds as well as leaf and petiole bits.

2. Chlorine water treatment resulted in bleaching of a high percentage of cultures.

3. For seeds, treatment with mercuric chloride 0.1 per cent for 5 minutes or 10 

minutes was found to be equally effective.

4. Of the different sterilization treatments tried for very small basal shoots and 

root explants, none were found effective for producing contamination free 

cultures.

5. Lxplants collected during the months of January to April gave lower contamina

tion and maximum survival.

6 . Percentage germination of seeds was higher in lh  MS and xk  MS +  GA 

incubated under light, where as soaking in water and incubation under dark 

gave lower percentage of germination.



7. Days for seed germination was lowest when the seeds were soaked in water for 

one hour before inoculation.

8. Buds from young, tender, purple coloured shoots showed maximum 

establishment and growth compared to buds from mature shoots for which the 

establishment percentage was nil.

9. Establishment percentage of buds was maximum in all the media tried when 

supplemented with BA as the cytokinin. Establishment was lower when, KIN, 

2iP or combination of BA and 2iP with auxins were added to the medium.

10. Maximum number of buds was obtained when BA was used at lower concentra

tions. The highest number of buds was obtained in SH medium supplemented 

with BA and minimum number of days for bud burst was observed in MS 

medium.

11. The number of days for bud burst were more and number of buds were low in 

media supplemented with KIN, 2iP and BA and 2iP in combination with 

auxins.

12. Establishment of buds was favoured by light and under dark establishment of 

buds was low.

13. Proliferation of buds was higher at higher concentration of BA (5 mg H )  in SH 

and WPM.

14. The number of shoots developed and length of shoots were found to be higher 

in SH medium supplemented with BA 0.5 and 1 mg I- *.



15. Among the different additives tried lor increasing the proliferation of buds and 

development of shoots, adenine sulfate proved to be the best at lower 

concentrations of BA.

16. Yeast extract and casein hydrolysate at high concentration did not promote 

shoot growth.

17. Tender leaf and petiole explants were found to respond better than mature 

explants.

18. Callus initiation with the addition of NAA and 2,4-D into the media was 

noticed only in MS and WPM.

19. Rhizogenesis from callus was observed in media containing NAA.

20. Percentage of cultures initiating callus and higher callus index was observed in 

combinations of NAA and 2,4-D with BA.

21 ( itIlu.s index  was  m a x i m u m  iii M S  m e d i u m  su p p le m e n te d  with ItA and 2 , 4 - D .

Minimum days for callus initiation was observed in the same medium with 

lower concentrations of growth regulators.

22. Nature of callus differed in media containing 2,4-D and BA and NAA and BA.

23. Cultures incubated under dark and light did not show much variation with 

respect to callus index and days to initiate callus.

24. Direct organogenesis was observed in xh  MS supplemented with BA and NAA.

25. Organogenesis from callus was found to be maximum in media containing BA.



26. Healthy and longer shoots were obtained in media containing KIN.

27. Number of days for shoot regeneration was less in media containing 

brassinolide along with BA and in basal MS medium.

28. Somatic embryogenesis was observed in media containing BA and BA + 

coconut water, and embryoid germination was obtained in MS basal medium.

29. Maximum rooting of shoots was obtained by culturing shoots in media 

containing brassinolide for one week and there alter transfer to '/? MS contain

ing IBA. Number of roots were more in media containing IBA. Also, rooting 

was found to be earlier in liquid medium.

30. Better survival of in vitro raised plantlets was obtained when rooted plantlets 

were kept in Vi MS with reduced sucrose and increasedlight intensity in the 

culture room for two weeks followed by transfer to the hardening unit.





REFERENCES

Akram, R., Nazir, K. and Afridi, K. 1993. Shoot regeneration in Rauwolfia root 
callus. Hamdard Med. 36(3):34-40

Ammirato, P.V. 1983. Embryogenesis. In: Handbook o f Plant Cell Culture, Vol.I, 
Techniques fo r  propagation and breeding, (ed. Evans, D.A., Sharp, 
W .R., Ammirato, P.V. and Yamada, Y.). Macmillan, New York, p.82- 
123

Ammirato, P.V. and Steward, F.C. 1971. Some effects of environment on the 
development of embryos from cultured free cells. Bot. Gaz.. 132:149- 
158

Ancora, G., Belli-Domini, M.L. and Cuozzo, L. 1981. Globe artichoke plants 
obtained from shoot apices through rapid in vitro micropropagation. Sci. 
Hort. 14:207-213

Anu, K.I. 1993. Standardisation of in vitro propagation techniques in Gymnema 
slyvestre R.Br. M.Sc.(Hort.) thesis, Kerala Agricultural University, 
Vcllnnikkarn

Arrillaga, 1., Brisa, M.C. and Segura, J. 1986. Somatic embryogenesis and plant 
regeneration from hypocotyl cultures of Digitalis obscura L. J. PI. 
■Physiol. 124(5) :425-430

Arella, E.F. and Puito, J.E.B.P. 1993. In vitro propagation of Kielmeyera coriacea.
1. Effects of various concentrations and combinations of BAP and NAA 
on shoot multiplication. Pesquisa Agrope Cuaria Basileira 28(l):25-31

Arora, R. and Bhojwani, S.S. 1989. PI. Cell Rep. 8:44-47

Barve, D.M. and Mehta, A.R. 1993. Clonal propagation of mature elite trees of 
Commiphora wightii. PI. Cell 7iss. Org. Cult. 35:237-244

Benjamin, B.D., Sipahimalini, A.J. and Aeble, M.R. 1990. Tissue culture of 
Artemisia pollens: Organogenesis and Terpenoid production. PI. Cell 
Tiss. Org. Cult. 22(3): 179-182



i i

Bcrgmann, L. 1960. Growth and division of single cells of higher plants in vitro. J. 
Gen. Physiol. 43:841-851

Bhaskar,  J. 1991.  Mamlardisa l ion  o f / / /  vitro  propagat ion  te chn iqu es  in hana/ia.  
M . S . t l l o r t . )  d ie s i s ,  Kerala Agricultural  U n iv e r s i ty ,  Vel lanikkara

Bhat, S.R., Kackar, A. and Chandel, K.P.S. 1992. Plant regeneration from callus 
cultures of Piper longum L. by organogenesis. PI. Cell Rep. 11:525-528

Bhat, S.R., Chandel, K.P.S. and Malik, S.K. 1995. Plant regeneration from various 
explants of cultivated piper species. PI. Cell Rep. 14(6):398-402

Bhati, R., Shekhawat, N.S. and Arya, H. C. 1992. in vitro regeneration of plantlets 
from root segments of Aegle marmelos. Indian J. Exp. Biol. 30(8):844- 
845

* Blehova, A,, Exlelsky, K. and Bobak, M. 1992. Cultivation of organ and callus 
cultures of Drosera spathulata Labill ‘in vitro’ conditions. Acta fa c  
renum Nat. Uni. Camenianeae Physiol. Plantarum. 28 .8-102

Bonga, J.M. 1982. Tissue culture techniques. In: Tissue Culture in Forestry, (ed. 
Bonga, J.M. and Durzan, D.J.). Martinus, Nijhoff, Boston, p.4-35

Brown, D.M., Groom, C.L., Cyitanik, M., Brown, M., Cooper, J.L. and Arditti, 
J. 1982. Effects of fungicides and bacteriocides on orchid seed germina
tion and shoot tip cultures in vitro. PI. Cell I'iss. Org. Cul. 1:165-180

Cerena, R., Columbo, R. and Lado, P. 1983. Physiol veg. 21:875

k Cerena, R., Lado, P., Abastassia, M., Ciuffreda, P. and Allevi, P. 1984. Z. pflan- 
zenphysiol 114:221 -225

Chaturvedi, H.C. and Sharma, M. 1988. Successful exploitation of tissue culture for 
rapid clonal multiplication. In: Proc. National Seminar on Plant Tissue 
Culture March 2-4, 1983 at C .P.C .R .I., Kasargode. (ed. Tata, S.N.) 
Publications and Informations Division, ICAR, New Delhi, 17



i i i

Chu, E.C. 1978. I lie N/} medium and its applications to anther culture of cereal 
crops. Proc. Syrnp. PI. Tiss. Cult. Science Press, Peking p. 45-50 .

Chuang, M J. and Chang, W.C. 1987. Embryoid formation and plant regeneration 
in callus cultures derived from vegetative tissues of Dysosma pleiantha 
(Hance). Woodson. J. PI. Physiol. 128(3):279-283

Conchou, O., Nichlerlein, K. and Vomel, A. 1992. Shoot tip culture of Arnica 
montuna for micropropagation. Planta Med. 158(1 ):73-76

Conger, B.V. 1981. Cloning Agricultural Plants viz. in vitro techniques. CRC 
Press ,  F lorida . p. I 7 4

David, A. 1982. In vitro propagation of Gymnosperms. In: Tissue Culture in 
Forestry, (ed. Bong, J.M. and Durzan, D.J.). Martinus Nijholf, Boston, 
pp.72

Desjardine, Y. and Tiessen, H. 1985. The effect of sucrose concentration and 
ancymidol on the rooting of asparagus in vitro. In Proceedings o f the 6th 
International Asparagus Symposium, (ed. Lougheed, E.C., Tiessen, H.) 
Guelph, Canada, p-384

Dodds, J.H. and Roberts, L.W. 1985. Experiments in Plant Tissue Culture. Cam
bridge University Press, London, p.28

* Donato, M. DE. and Perucco, E. 1986. Inducing callus and organogenesis in 
endosperm of Asparagus officinalis cultured in vitro. Annali della 
Facolta di scienze Agrarie della Universita degli studi di Torimo 13:117- 
127

Domellas, M.C. and Vieira, M.L.C. 1994. Tissue culture studies on species of 
Passiflora. PI. Cell. Tiss. Org. Cult. 36:211-217

Druart, P. and De Wulf, O. 1993. Activated charcoal catalysis sucrose hydrolysis 
during autoclaving. Pi. Cell. Tiss. Org. Cult. 32(1):97-100

Evans, D.A., Sharp, W.R. and Flinck, C.E. 1981. Growth and behaviour of cell 
cultures. Embryogenesis and organogenesis. In: Plant Tissue Culture : 
Methods and Applications in Agriculture, (ed. Thorpe, T.A.). Academic 
Press, New york. pp.45-114



i v

Fridborg, G. and Eriksson, T. 1975. Effects of activated charcoal on growth and 
morphogenesis in cell cultures. Physiol. Plant. 34:306

Fridborg, G., Pederson, M ., Landstorm, L.L. and Eriksson, T. 1978. The effect of 
activated charcoal on tissue cultures: Absorption of metabolites inhibiting 
morphogenesis. Physiol. Plant. 43:104-106

Fujimura, T. and Komamine, A. 1980. Mode of action of 2,4-D and Zeatin on 
somatic embryogenesis in a carrot cell suspension culture. Z. pflan- 
zenphysiol. 99:1-8

Furoya, T., Yoshikawa, T., Ushiyama, K. and Oda, H. Formation of plantlets from 
callus cultures of ginsing {Panax ginseng) 1986. Experientia 42(2): 193- 
194

Gamborg, O .L., Miller, R.A. and Ojima, K. 1968. Nutrient requirements of 
suspension cultures of soyabean root cells. Exp. Res. 50:151-158

Gamborg, O.L. and Shyluk, J.P. 1981. Nutrition, media and characteristics of plant 
ceil and tissue cultures. In: Plant Tissue Culture : Methods and Applica
tions in Agriculture. (rd  Ihoipc, I , A ), A c a d e m ic  piess. N e w  Yolk, 
p.2 1 24

Gautheret, R J . 1939. Une Voie nouvelle in bidogie ve’, ge’table: la culture des 
tissues. Gallimard, Pris, p. 123-146

George, E.F. and Sherrington, P.D. 1984. Plant Propagation by Tissue Culture. 
Exegetics Limited, Basingstoke.

Ghosh, B. and Sen, S. 1992. Stable regeneration in Asparagus cooperi Baker as 
controlled by different factors. PI. Sci. 82:119-124

Ghosh, B. and Sen, S. 1994. Micropropagation of Asparagus cooperi as affected 
by growth regulators Biologia plantarum 36(4):527-534

Giri, A., Ahuja, P.S. and Ajaykumar, P.V. 1993. Somatic embryogenesis is and 
plant regeneration from callus cultures of Aconitum heterophyllum PI. 
Cell. Tiss. Org. Cult. 32(2):213-218



V

Griffis, J.L. Jr., Sheehan, T.J. and Dennis, B. 1981. Excised floral tissues of 
coconut palm (Cocos mucifera L.) cultured in vitro Hort. Sci. 16:460

Gupta, P.K. and Durzan, D.Z. 1985. Shoot multiplication from mature trees of 
Douglas fir (Psuedotsuga menziesii) and sugar pine (Pinus lambertima). 
PL Cell. Rep. 4:177-179

Gupta, P.K., Nadgir, A .L., Mascarenhas, A.F. and Jagannathan, V. 1980. Tissue 
culture of forest trees. Clonal multiplication of Tectonia grandis L. 
(Teak), by tissue culture. PL Sci. Lett. 17:259-268

* Haberlandt, G. 1902. Cultur versuche mit isolaierten pfronzenzollen sitz-Ber. Mal- 
Hat. Kl. kas Akad Wiss Wien. 111:69-92

Harms, C.T. 1982. Maize and cereal protoplasts-facts and perspectives. In: Maize 
fo r  Biological Research (ed. Sheridan, W .F.), University of North 
Dakota Press, Grand Forks, ND, USA, p .373-448

Harris, P.J.C ., Gnove, C.G. and Havard, A.J. 1989. In vitro Horde. 40(4):275-281

Hasegawa, P.M. 1980. Factors affecting shoot and root initiation from cultured rose 
shoot tips. J. Am. Soc. Hort. Sci. 105:216-220

Heller, R. 1953. Racherches sur la nutrition minerals de tissue vegetataux cultivar in 
vitro. Ann. Sci. Nat. Bot. Vog. 14:1-223

Hempel, N. 1979. Application of growth regulators for in vitro propagation of 
ornamental plants. Acta Hort. 91:247-250

Hoagland, D.R. and Arnon, D.I. 1950. The water culture method for growing 
plants without soil. Calif. Agr. Exp. Sta. Circ., 347

Hossain, M., Islam, R., Karim, M .R., Rahman, S.M. and Joarder, O.I. 1994.
Production of plantlets from Aegle marmelos nucellar callus. Pl. Cell. 
Rep. 13:570-573



V i

Hu, C.Y. and Wang, P.J. 1983. Meristem, Shoot tip and bud cultures. In: Hand
book o f plant cell culture. Vol. I. Techniques for Propagation and Breed
ing. (ed. Evans. D.A., Sharp, W.R., Amniirato, P.V. and Yamada, Y.). 
Macmillan Publishing Co., New York, p .177-227

Huang, L.C. and Murashige, T. 1977. Plant tissue culture media. Major constitu
ents, their preparation and some application. Tissue Culture Assoc. 
Mannual. 3:539-548

Hughes, K.W. 1981. Ornamental species. In: Cloning Agriculture Plants via. in 
vitro Techniques, (ed. Canger, B.V.). CRC Press Inc., Florida, p .6-33

Hunter, C.s. 1979. In vitro culture of Cinchona ledgeriana L. J. Hort. Sci. 
54(2): 111-114

Hussey, G. 1977. In vitro propagation of gladiolus by precocious axillary shoot 
formation. Sci. Hort. 6:287-296

Hussey, G. 1979. Tissue culture and its application to plant propagation. Plantsman 
1:133-145

Ideda, K., Teshmia, D., Aoyama, T ., Satake, M. and Shinomura, K. 1988. PI. 
Cell Rep. 7:285-291

llahi, 1. and Akram, M. 1987. In vitro propagation of Rauvolfia serpentina plants 
through lateral bud culture. Pak. J. Agric. Res. 8(2):204-210

Jagadishchandra, K.S. and Sreenath, H.L. 1987. In vitro culture of rhizome in 
Cymhopogon Spreng and Veteveria Bory. In: Proc. Symp. Plant Cell and 
Tissue Culture o f  Economically Important Plants, (ed. Reddy, G.M.). 
Hyderabad, p. 199-207

Jain, M. and Chaturvedi, H.C. 1985. Caulogenesis in rhizome callus of Costus 
speciosus. Planta Med. 5:462-463

Jaiswal, V.S. and Amin, M.N. 1987. In vitro propagation of guava from shoot 
cultures of mature trees. J. PI. Physiol. 130:7-12



v i i

John, S.A. 1990. Standardisation ol in vitro techniques for rapid multiplication of 
Holostemma annulare K. Schum. M.Sc. (Hort.) thesis, Kerala Agricul
tural University, Vellanikkara.

Kavathekar, A.K., Ganapathy, P.S. and Johri, B.M. 1978. In vitro response of 
embryoids of Eschschoizia. Biol. Plant. 20:98-106

Kavitha, R. and Raju, C.R. 1995. Clonal propagation of Aristolochia indica Linn.
by multiple shooting. Proc. o f Seventh Kerala Science Congress, January 
1995, Pal< al. pp.382

Keshavachandran, R. 1991. In vitro propagation studies in vetiver ( Vetiveria 
zizanioides (L.) Nash) and Cashew (Anacardium occidentale L.) Ph.D. 
thesis submitted to Tamil Nadu Agricultural University, Coimbatore.

Keshavachandran, R. and Abdul Khader, Md. 1993. Regeneration of plantlets 
through somatic embryogenesis in an aromatic grass (Vetiveria 
zizanioides). Abstracts o f  the Golden Jubilee Symposium. Bangalore, 
p. 250

Kim, Y.H., Soh, W.Y. and Chang, T.Y. 1991. Somatic embryogenesis from in
florescences derived callus of Oplopanax clatus : Res. Rep. Rural Adm. 
Biotechnol. 33(3): 1 - 6

Krikorian, A.D. 1982. Cloning higher plants from ascplically cultured tissues and 
cells. Biol. Rev. 57:151-218

Krikorian, A.D. and Kaun, R.P, 1981. Plantlet production from morphogenetically 
competent cell suspensions of day lily. Ann. Bot. 47:679-686

Krishnan, P.N. and Seeni, S. 1994. Rapid micropropagation of Woodfordia 
fruticosa (L.) kurz (Lythraceae), a rare medicinal plant. PI. Cell. Rep. 
14:55-58

Krishnan, P.N ., Sudha, C.G. and Seeni, S. 1995. Rapid propagation through shoot 
tip culture of Trichopus zeylanicus Gaertn., Aroce ethnomedicinal plant. 
PL Cell. Rep. 14:708-711



v i  i i

Kukreja, A.K., Mutliur, A.K. and Ahuja, P.S. 1986. Morphogenetic potential of 
foliar explants in Duboisia myoporoides R. Br. (Solanaceae). PL Cell 
Rep. 27-30

Kulkarni, A., Thangane, S.R. and Krishnamurthy, K.V. 1995. Organogenetic
studies in Withania somnifera (L) Dunal. Symp. Recent Advances Bio-
techno! Application PL Tiss. Cell, ('nit, 72. 74 lime, 1995, C T iit l ,
Mysore.

Kumar, R.R. 1993.Hormonal interactions on callus induction and regeneration from 
Eucalyptus camaludensis Dehn. leaf explants. Ind. Bot. Contactor. 
10(1): 13-17

* Kuroda, S. and Kawamura, H. 1994. In vitro propagation of Smilax oldhami miq.
through consecutive shoot cluster culture. Bulletin of shikoku National 
Agricultural experiment Station. 58:69-83

Lakso, A .N., Reisch, R .I., Moftensen, J. and Roberts, M.N. 1986. Carbondioxide 
enrichment for stimulation of growth of in vitro propagated grape vines 
after transfer from culture. J. Am. Soc. Hort. Sci. I l l  :636-638

Lane, W.D. 1979. The influence of growth regulators on root and shoot initiation 
from flash meristem tips and hypocotyls in vitro Physiol. Plant. 45:260- 
264

Langford, P.J. and Wainwright, H. 1987. Effects of sucrose concentration of 
photosynthetic ability of rose shoots in vitro. Ann. Bot. 60:633-640

Latha, P.G. and Seeni, S. 1994. Multiplicaion of the endangered Indian pitcher 
plant {Nepenthes khasiana) through enhanced axillary branching in vitro 
PI. Cell Tiss. Org. Cult. 38(l):69-72

Levy, L.W. 1981. A large scale application of tissue culture. The mass propagation 
of pyrethrum clones in Ecaudor. Environ. Exp. Bot. 2 1 :389-395

Lloyd, B. and McCown, B. 1980. Commercially feasible micropropagation of 
Mountain Laurel. Kalmia. latifolia by use of shoot tip culture. Proc. Int. 
Plant Prop. Soc. 30:421-427



ix

Lo, O.F., Chen, C.J. and Ross, J.G. 1980. Vegetative propagation of Temperate foliage 
grasses through callus culture. Crop Sci. 20:363-367

Lundcrgan, C.A. and janick, J. 1980. Regulation of apple shoot proliferation anti growth 
in vitro Hort. Res. 21 (1): 19-24

*Maliarcikova, V. 1981. Production of strawberry plants by meristem culture. Vedecke 
Pnce Vyskumncho Vstavu. Ovocnych a Okrasnych Drevin v. Boiniciah 3: 109- 
115

M allika, V.K., Shankar, A.M., Sindhu, K., Rekha, C., Vijayakumar, N.K. and Nair, R.V.
1992. Plantlet regeneration in vitrofrom nodal segments o f cacao (Theobroma 
cacao) and field planting. J. Pin. Crops 20(2): 112-114

Mathc, A., and Lasloffy, K. 1992. Data to the in vitro morphogenesis of Artemesia annua 
L. Acta Hort. 300:293-299

Mathew, M.K. and Hariharan, M. 1990. Micropropagation of cloves (Syzygimn 
aromaticum L. Merr. and perry.) J. Plantation Crops 20:308-309

Mathur, J. 1993. Somatic embryogensis from callus cultures of Nardostachys jatamasi. Pi 
Cell Tiss. Org. Cult. 33: 163-169

Mathur, A.K., Ahuja,P.S.,Pandey,B.,Kukreja, A.K. andMandal,S. 1988. Screening and 
evaluation of somaclonal variations for quantitative and qualitative traits in an 
aromatic grass, Cymbopogan winterianus jowitt. PL Breeding. 101:321 -334

Mathur, J. and Ahuja, P.S. 1991. Plant regeneration from callus cultures of Valeriana 
Wallichii. PI. Cell. Rep. 9:523-526

Mercier, II., Vieira , C.W., Figueiredo and Rcibeiro, R.C.l. 1992. Tissue culture and plant 
propagation of Gomphrena officinalis a Brazilian medicinal plant. PL Cell 
Tiss. Org. Cult. 28(3):249-254



X

Miller, C.D., Okuinara, F.S., Saltzer Von, M.H. and Strong, F.M. J956. Isolation 
structure and synthesis of kinetin, a substance promoting cell division. J. 
Am. Chcm. Soc. 78:1375-1380

Morel, G. 1960. Clonal propagation of orchids by meristem culture. Cymbidium 
Soc. News. 20(7):3-ll

Mumtaz, N., Choudhary, Q.F. and Quraishi, A. 1990. Tissue culture studies of 
Catharanthus roseus. J. Agric. 6(5):467-470

Murashige, T. 1974. Plant propagation through tissue culture. Ann. Rev. Plant. 
Physiol. 25:135-166

Murashige, T. 1977. Clonal crops through tissue culture. In: Plant Tissue Culture 
and its Biotechnological Applications, (ed. Barz, W ., Reinhard, E. and 
Zenk, M.H.). Springer - verlag, Berlin and New York. pp.392-403

Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Plant. 15:473-497

Nair, A .J., Sudhakaran, P.R., Rao, J.M. and Ramakrishna, S.V. 1992. Berberine 
synthesis by callus and cell suspension cultures of Coscinium fenes- 
tratum. PI. Cell. Tiss. Org. Cult. 29:7-10

O’Dowd, N.A., Me Cauley, P.O., Rubardson, D.H.S. and Wilson, G. 1993. Callus 
production, suspension culture and alkaloid yields of Ephedra. PI. Cell 
Tiss. Org. Cult. 34(2): 149-155

O’Dowd, N.a. and Richardson, D.H.S. 1993. In vitro organogenesis of Ephedra. 
Phytomorphology 43( 1 /2): 19-24

* Onisei, T., Amaritei, D. and Toth, E. 1992. A comparitive study of plant regenera
tion efficiency of two Digitalis spceis. Meddeling vande Facultect 
Landbouwwetens chappen. 57(l):45-49

Page, Y.M. and Staden, J.V. 1986. In vitro propagation of Hypopus rooperi from 
flower buds. South African Journal o f Botany. 52(3):261-264



x i

Pal, A. and Roy, A. 1991. Embryo culture of Costus peciosus to regenerate variable 
diosgenin yielding clones. PI. Cell Rep. 10:565-568

Panse, V.G. and Sukhatme, P.V. 1985. Statistical Methods for Agricultural 
Workers. 4th Ed. I.C .A .R., New Delhi, p. 131-143

Pence, V.C. and Soukup,v< Cm Factors affecting the initiation of mini rhizomes 
from Trillium erectum and T. grandiflorum tissue in vitro. PI. Cell Tiss. 
Org. Cult. 35(3):229-236

Pierik, R.L.M. 1969. Neth. J. agric. Sci. 17:203-208

Pierik, R.L.M. and Steegman, H.H.M. 1975. Analysis of adventitious root forma
tion in isolated stem explants of Rhododendron. Sci. flort. 3:1-4

Pierik, R.L.M. and Steegman, H.H.M . 1976. Vegetative propagation of Anthurium 
schezerianum shoot through callus cultures. Sci. Hort. 4:291

Pillai, S.K. and Hildebrandt, A.C. 1968. In vitro differentiation of geranium (Pel- 
largonium hortovum) plants from apical meristems. Phyton. 25:81-82

Pollard, J.K., Shantz, E.M. and Iteward, F.C. 1961. Hexitols in coconut milk : 
their role in nature of dividing cells. PI. Physiol. 36(7):27-31

Prabha, J. 1993. In vitro multiplication and standardisation of hardening techniques 
in pineapple (Ananas comosus L. Merr.) M.Sc. (Hort.) thesis, Kerala 
Agricultural University, Vellanikkara.

Purohit, S.D. and Dave, A. 1995. Micropropagation, acclimatization and field 
evaluation of a rare Indian medicinal herb safed musli (Chlorophytum 
borivilianum) Symp. Recent Advances Biotechnol. Application PI. Tiss. 
Cell Cult. 22-24 June, 1995. CFTRI, Mysore.

Pushpangadan, P., Rajasekharan, S., Ratheesh Kumar, P.K ., Jawahar, B.S., 
Velayudhan Nair, V., Lakshmi, N. and Sarada Amma, L. 1988. Aro- 
gyappacha (Trichopus zeylanicus Gaertn) The Ginseng of Kani Tribes of 
Agasthyar Hills (Kerala for ever green Health and vitality). Ancient 
Science o f Life 7(1): 13-16



x i i

Raghavan, V. and Nagami, R. 1983. Morphogenesis of pollen callus cultures of 
Hyoscyamus niger. Am. J. Bot. 70(4):524-531

Raniaswamy, N.S. 1986. Somatic embryogenesis in angiosperm cell tissue and 
organ cultures. Proc. Indian Acad. Sci. (PI. Sci.) 96:247-271

Rao, P.S. and Narayanaswamy, S. 1968. Planta 2(3):372-375

Reghunath, B.R. 1989. In vitro studies on the propagation of cardamom (Elettaria 
cardamomum Maton). Ph.D thesis, Kerala Agricultural University, 
Vellanikkara.

Reinbothe, C., Diethrich, B. and Luckner, M. 1990. Regeneration of plants from 
somatic embryos ofDigitalis lanata. J. PI. Physiol. 137(2):224-228

* Reinert, J. 1959. Uber die kontroller der Morphogenese and die Induktion von 
Advientive embryogen and gewe bukulturen aus karotten. Planta 
15(3):318-333

Romani, G., Marie, M .T., Bonetti, A., Cerana, R., Rado, P. and Marre, E. 1983. 
Physiol Plant 59:528

Rout, G.R. and Das, P. 1993. Micropropagation of Madhuca longifolia (koeing) 
Mac Bride var. lalifolia Roxb. PI. Cell Rep 12(9):513-516

Roy, S.K., Rahman, S.L. and Majumdar, R. 1990. In vitro propagation of jack fruit 
(Artocarpus heterophyllus Lam.). H. Hort. Sci. 65(3):355-358

Rucker, W. 1982. Combined influence of indole acetic acid, gibberelic acid and 
benzyl aminopurine on callus and organ differentiation in Digitalis 
purpurea leaf explants. Z. pflanzenphysiol. 107(2): 141-151

Sarasam, V., Soniya, E.V. and Nair, G.M. Regeneration of Indian sarasaparella, 
Hemidesmus indicus R. Br. through organogenesis and somatic embryo
genesis. 1994. Indian J. Exp. Biol. 32(4):284-287

Sateeshkumar, K. and Bhavanandan, K. 1989. Regeneration of plants from Leaf 
callus of Plumbago rosea Linn. Indian ./. Exp. Biol. 27(4):368-369



x i i i

Sathyakala, G., Rao, M.M. and Lakshmisita, G. 1995. In vitro micropropagation of 
scented geranium {Pelargonium graveolens L. Her. ex. Act. Syn. P. 
roseum wild). Curr. Sci. 68(7):762-765

Schenk, R.V. and Hildebrandt, A.C. 1972. Medium and techniques for induction 
and growth of monocotyledonous and dicotyledonous plant cell cultures. 
Can. J. Bot. 50:199-204

Schleiden, M.J. 1838. Beitrage zur Phytogenesis Muller Arch. Anat. Physiol. Wiss. 
Med. pp. 137-176

Schwann, T. 1839. ‘Mikroskopische Unter suchungen Uber die Ubere-instimmung 
in dev strukker und dem wachstume dev Tiere’ and pfanzen’ ostu- 
walds klassiker der exakelen wissen schaften, No. 176, Engelmann, 
Leipzing, p. 1910

Scott, M.A. 1987. Weaning of cultured plants. In: Micropropagation in Horticul
ture: Practice and Commercial Problems. Proc. Inst. Hort. Symp. Uni. 
Nottingham, (ed. Alderson, P.G. and Dulforce, W .M.) p. 173-182

Scott, J.N. and Ellen, G.S. 1990. Stability of IAA and IBA in nutrient medium to 
several tissue culture procedures. Hort. Sci. 25(7):800-802

Shall, R.R. and Dalai, K.C. 1980. In vitro multiplication of Glycyniuza. Curr. Sci. 
49(2):69-71

Sharma, A.K., Pushpangadan, P., Chopra, C .L., Rajasekharan, S. and Sardamma, 
L. 1989. Adaplogenic activity of seeds of Trichopus zeylanicus Gaertn, 
the ginseng of Kerala. Ancient science o f  life. 8:13-16

Sharma, N. and Chandel, K.P.S. 1992. Effects of ascorbic acid on axillary shoot 
induction in Tylophora Indica (Burm. f.) Merrill. PI. Cell Tiss. Org. 
Cult. 29:109-113

Sharma, N., Chandel, K.P.S. and Paul, A. 1993. In vitro propagation of Gentiana 
kurroo - an indigenous threatened plant of medicinal importance. PI. Cell 
Tiss. Org. Cult. 34(3):307-309



Shields, R., Robinson, S.J. and Anslow, P.A. 1984. Use of fungicides in plant 
tissue culture. Pl. Cell Rep. 3:33-36

Sinha, M. and Chaturvedi, H.C. 1979. Rapid clonal propagation of Dioscorea 
floribunda by in vitro culture of excised leaves. Curr. Sci. 48:176-177

Skirvin, R.M. 1980. Cloning Agricultural Plants via in wfrotechnique. In: Fruit 
Crops (ed. Corger, B.V.). CRS Press, Florida, p.51-139

Skirvin, R.M. and Chu, M.C. 1979. In vitro propagation of ‘Forever yours’ rose. 
Hort. Sci. 14:608-610

Skoog, F. and Miller, C.O. 1957. Chemical regulation of growth and organ forma
tion in plant tissues cultured in vitro. The Biological Action ofGrowth 
Substance. Symp. Soc. Exp. Biol. 11:118-131

Skoog, F. and Tsui, C. 1948. Chemical control of growth and bud formation in 
tobacco stem segments and callus cultured in vitro. Am. J. Bot. 35:782

Slabbert, M .M ., Lindeque, J.M. and Ferrerud, D.I. 1990. Rapid in vitro multipli
cation of Asparagus. South African Journal of Botany. 56(3):33J-335

Sommer, H.E. and Caldas, L.S. 1981. In vitro methods applied to forest trees. In: 
Plant Tissue Culture. Methods and Application in Agriculture, (ed. 
Thorpe, T.A.). Academic Press, New York, p.349-358

Sopory, S.K. and Mahcswari, S.C. 1976. DEvelopmcnt of pollen embryoids in 
anther culture of Datura innoxiay. I. General observations and effects of 
physical factors. J. Exp. Bot. 27:49-57

*Sruamsiri, P., Chaimongkol, C., Nilsamranchi, S., Ogaki, K., Sugino, M. and- 
Tsutsui, H. 1995. Studies on cultivation of Panax ginseng in Thailand. 
Effect of stratification and GAt on seed germinations. Memoirs o f the 
Faculty o f Agriculture o f  Kinki University. 28:45-50

Steward, F.C ., Mapes, O.M. and Moars, K. 1958. Growth and organised develop
ment of cultured cells. Organization in culture growth from freely 
suspended cells. Am. J. Bot. 145:705-708



X V

Subbaiah, M.M. and Minocha, S.C. 1990. Shoot regeneration from stem and leaf 
callus of Eucalyptus terreticornis. PL Cell Rep. 1990.9:370-373

Sudha, C.G. and Seeni, S. 1994. In vitro multiplication and field establishment of 
Adhatoda beddomei C.B. Clarke, A rare medicinal plant. PI. Cell. Rep. 
13:203-207

Takayama, S. and Misawa, M. 1979. Differentiation in Lilium bulb scales grown in 
vitro - effect of various cult ire conditions. Physiol. Plant. 46:184-190

Takayama, S. and Misawa, M. 1982. factors affecting differentiation and growth in 
vitro, and a mass propagation scheme for Begonia. Sci. Hort. 16:65-75

* Thimman, K.V. 1977. Hormone Action in the Whole Life o f  Plant. University of 
Massachusetts Press, Amherst.

Thorpe, T.A. 1990. The current status of plant tissue culture, Plant Tissue Culture - 
Applications and Limitations (ed. Bhojwani, S.). Elsevier Science 
Publishing Company. Inc. p. 1-33

Upadhyay, N., Makoveychuk, A .Y., Nikolaeva, L.A. and Batygina, T.B. 1992.
Organogenesis and somatic embryogenesis in leaf callus cultures of 
Rauwoljia cqffra Sond. J. P., Physiol. 140(2):218-222

Van Overbeek, J., Conklin, M. and Blackeslee, A. 1941. Factors in coconut milk 
essential for growth and development of very young Datura embryos. 
Sci. 94:350

Vasil, V. and Hildebrandt, A.C. 1965. Differentiation of tobacco plants from single 
isolated cells of microculture. Sci. 150:889-892

Vasil, I.K. and Vasil, V. 1980. Clonal propagation. Int. Rev. Cytol. Suppl. 11:145- 
173

Vincent, K.A., Mathew, K.M. and Hariharan, M. 1992. Micropropagation of 
Kaempferia galanga L. a medicinal plant. PI. Cell Tiss. Org. Cult. 
28:229-230



x v i

Viola, V. and Fritz, D. 1991. In vitro propagation of valeriana wallichi D.C. in 
various media Garten bauwis senschqft 56(l):21-25

Vuorela, P., Oksman Caldentey, K.M ., Lipponen, J. and Hiltunen, R. 1993.
Spontaneous somatic embryogenesis and plant regeneration from root 
cultures of Peucedanum palustre PL Cell Rep. 12(7 8):453-456

Wang, J.F ., Sun, R.F. and Zhang, L.Y. 1989. The effect of culture conditions on 
organogenesis in Petunia in vitro. Acta Hortic. Sinicia. 16(3):227-231

Wang, L.I., Huang, B., He, M. and Hao, S. 1989. Somatic embryogenesis and its 
hormonal regulation in tissue cultures of Freesia refracta. Ann. Bot. 
65(3):271-276

Wang, P.J. and Hu, C.Y. 1980. Regeneration of virus-free plants through in vitro 
culture, ed fiechter Advances in Biochemical Engineering vol. 18, 
Springer-Verlag, New York, 1st Ed. p .61-99

Wang, X.S., Hu, B.B. and Zhan, Q. 1994. Callus induction and plant regeneration 
of Eucommia ulmoides. Journal o f North West Forestry College 9(4): 32- 
35

Watanabe, S., Iniakawa, S. and Yakuwa, T. 1991. Condiions of rooting from shoot 
apices for mass propagation in asparagus. Journal o f the Faculty o f 
Agriculture Hokkaido University 64(4):292-303

* Weatherhead, M.A., Burdon, J. and Henshaw, G.G. 1978. Some effects of 
activated charcoal as an additive to plant tissue culture media. Z. pflan- 
zenphysiol. 89:141

White, P.R. 1943. Nutrient deficiency studies and improved inorganic nutrient for 
cultivation of excised tomato roots. Growth. 7:53-65

Wills, T.C. 1973. A Dictionary o f the flowering plants and ferns. The syndics of the 
Cambridge University Press, p. 1171

Yan, X.W. and Lu, W.X. 1987. Studies on somatic embryogenesis of Panax quin- 
quefolius and regeneration of its plantlets in vitro. Plant Physiology 
Communications. 1:24-27



x v i i

Yang, J.J. and Kin, Y.S. 1993. Seed germination of Korean wild medicinal plants;
Capsella bursa-pastoris, Persicaria perfoliata and Commelina coromu- 
nis. Journal o f  the Korean Society fo r  Horticultural Science 34(5) :315- 
319

Yeoman, M.M. 1986. Plant cell culture technology. Blackwell Scientific Publica
tions, Melbourne, p.Id

Yopp, J.H ., Mandhava, N.B. and Sasse, J.M. 1981. Physiol Plant. 53:445

Zimmerman, R.H. and Fordham, I. 1985. Simplified method for rooting apple 
cultivars in vitro. J. Am. Soc. Hort. Sci. 110:34-38

Zhiv, M. 1986. In vitro hardening and acclimatization of tissue culture plants. In: 
Winther, L.A. and Alderson, P.G. (Eds.). Plant Tissue Culture and its 
Agricultural Application, Butterworths, London, p. 187-196

* Originals not seen



APPCNUIX-1
Composition of various basal media tried for in vitro culture of 'Trichopus zcykmivns

Ingredients mg 1 ‘ MS mg/l b 5 SH WPM

KN0 3 1900 2500 2500 -

NH4 NO, 1650 - - 400

CaCl7 .2H20 440 150 2 0 0 2 2

MgS0.,.7II?0 370 250 400 1850

KM2 P 0 4 170 - - 340

(NH4 )2 S 0 4 - 134 - -

NaH2 P 0 4 .2H20 - 150 300 -

Ca(NO<)/ 41120 - - - 556

MnS04 .4H20 22.30 1 0 1 0 . 0 22.3

ZnSO4 .7H20 8.60 2 . 0 1 . 0 8.60

H3 BO3 6 . 2 0 3.0 5.0 6 . 2 0

KI 0.83 0.75 1 . 0 -

CuS0 4 .5H20 0.025 0.025 0 . 2 0.25

Na?M04 .2H20 0.25 0.025 0 . 1 0.25

Ca( I ) 611,0 0.025 0.25 0 . 1 -

FeS04 .6H20 27.80 - 15.0 27.80

Na2 EDTA.2H20 37.30 0.28 1 0 37.30

Myo Inositol 1 0 0 1 0 0 1 0 0 0 1 0 0

Thiamine-HCl 0 . 1 1 0 . 0 5.0 1 . 0

Nicotinic acid 0.5 1 . 0 0 5.0 0.5

Pyridoxine-HCl 0.5 1 . 0 0 5.0 0.5

Glycine 2 . 0 - - 2 . 0

Surcrose 30,000 2 0 , 0 0 0 30,000 30,000



A P P i ' N D l X - i l
Abstract o f  analysis o ''variance for the elTect o f  different treatments

V ?
No.

Character Tree tment
DF

Treatment
MS

Error
DF

Error 1 
MS

Levd of 
signifi
cance

i 2 3 4 5 6 7

ii

j

a)

Surface sterilization

lilicet of surface sterilanls on 
establishment of shoot buds

Fungal contamination (%) 9 805.38 1 0 0.57 0.05
b) Bacterial conlaminsUion {%) 9 3595.00 1 0 i 3,48 0.05
c) Total contamination (%) 9 1897.88 10 16.29 0.05
d) Cultures bleached (%) 9 3831.14 10 30.93 0.05
e) Establishment (%) 9 2077.06 10 29.11 0.05

2

a)

Eft'ect of surface sterilanls on 
establishment of leaf and petiole bits

Fungal contamination (%) 9 478.25 10 21.72 0.05
b) Bacterial contamination (%) 9 390.61 10 20.51 0.05
c) Total contamination (%) 9 1582.90 10 37.89 0.05
d) Cultures bleached (%) 9 1727.64 10 10.47 0.05
c) Establishment (%) 9 1815.64 10 59.31 0.05

3

a)

Ell'ect of surface sterilanls 
on sterilization of seeds

Fungal contamination (%) 6 1151.84 7 28.09 0.05
b) Bacteria! contamination (%) 6 694.98 7 53.93 0.05
c) Total contamination (%) 6 2931.00 7 89.63 0.05
d) Hstablislirnent (%) 6 2816.78 7 69.71 0.05

4

a)

Seasonal variation in contamination 
of shcotbuds

Fuiigal contamination (%) 11 189.84 12 23.69 0.05
b) Bacterial contamination (%) 11 150.26 12 23.18 0.05
c) Total contamination (%) 11 574.62 12 71.88 0.05
d) Culture dried (%) 11 22.79 12 7.03 0.05
e) Establishment (%) 11 946.85 12 89.84 0.05

Contd.



Appendix-II

5 Seasonal variation in contamination 
of leaf and petiole bits

a) Fungal contamination (%) 11 219.49 12 82.46 0.05
b) Bacterial contamination (%) 11 55.98 12 22.87 0.05
c) Total contamination (%) 11 314.28 12 27.76 0.05
d) Cultures dried (%) 11 70.68 12 9.64 0.05
c) Establishment (%) 11 553.88 12 38.56 0.05

6 Effect of light, soaking in water
and GA on seed germination

a) Days for seed germination 4 4285.46 20 560.86 0.05

7 Effect of explant and explant
maturity on growth of cultures

a) Establishment (%) 11 3115.05 12 34.54 0.05
b) Cultures showing callus 1 1 1605.88 12 22.14 0.05

initiation/bud development (%)
c) Contamination (%) 11 178.99 12 51.06 0.05
d) Cultures dried (%) 11 1867.452 12 51.52 0.05

8 Effect of BA on establishment of buds

a) Days for establishment 12 1297.68 100 108.14 0.05
b) Number of buds 12 2.03 100 0.89 0.05

9 Effect of KIN on establishment of buds

a) Days for establishment 8 67.79 28 19.36 0.05
b) Number of buds 8 0.58 28 0.45 0.05

10 Effect of 2ip on establishment of buds

a) Days for establishment 11 246.31 45 25.99 0.05
b) Number of buds 11 0.55 45 0.15 0.05

8 Effect of combination of cytokinins with auxins on establishment

a) Days for establishment 13 1211.98 35 79.82 0.05
b) Number of buds 13 0.55 35 0.18 0.05

Contd.



Appendix-11. Continued

1 2 3 4 5 6 7

li Effect of BA on proliferation of buds •

a) Number of buds 11 71.68 60 5.31 0.05
b) Number of shoots 10 12.5 55 3.22 0.05
c) Length of shoots (cm) 10 1.32 55 0.23 0.05

12 Effect of additives on proliferation of
and elongation of shoots

a) Number of buds 31 301.63 160 34.39 0.05
b) Number of shoots 18 113.17 95 16.60 0.05
c) Length of shoots (cm) 18 1.98 95 0.28 0.05

Id l ilfect of growth regulators on callus induction

a) Days for callus initiation 27 281.31 120 80.42 0.05
b) Callus index 27 7841.25 120 1197.18 0.05

14 Effect of growth regulators on callus
initiation under dark

a) Days for callus initiation 10 145.28 1 1 28.77 0.05
b) Callus index 10 4141.63 11 1192.3 0,05

15 Effect of growth regulators on
callus regeneration

a) Days for bud formation 15 769.96 48 70.37 0.05
b) Number of buds 15 35.37 48 12.24 0.05
c) Number of shoots 15 80.66 48 18.01 0.05
d) Length of shoots 15 4.18 48 0.74 0.05

16 Effect of growth regulators on induction of roots

a) Number of roots 8 18.72 15 4.26 0.05
b) Length of roots 8 0.039 15 0.032 0.05
c) Days for root initiation 8 1797.10 15 119.23 0.05



APPENDIX-III
Meteorological parameters of the experimental site at the College of Horticulture, 

Vellanikkara, for the period from January, 1996 to December 1996

Month Mean
maximum

temperature
(°C)

Mean
minimum

temperature
(°C)

Mean
relative
humidity

(%)

Rainfall
(mm)

Number of 
rainy days

Mean
sunshine

(h)

January 33.1 22.4 53 0 0 9.4

February 34.7 23.4 53 0 0 9.9

March 36.4 24.3 60 0 0 9.3

April 34.6 25.0 73 152.0 7 8.3

May 32.8 25.2 77 95.6 4 7.7

June 30.5 23.8 85 400.3 16 4.7

July 28.8 23.1 90 588.7 25 2.7

August 29.1 23.6 87 310.0 20 3.7

September 29.2 23.7 84 391.6 17 4.3

October 30.1 22.9 82 219.8 12 6.0

November 31.5 23.6 72 23.1 2 . 7.1

December 30.5 21.8 68 60.8 2 6.8
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ABSTRACT

Studies were conducted on standardisation of in vitro techniques for rapid 

multiplication of Trichopus zeylanicus Gaertn at the Plant Tissue Culture Laboratory 

of the Department of Plantation Crops and Spices, College of Horticulture, 

Vellanikkara during 1995-1997.

Surface sterilization was standardised for different explants. Treatment 

with 0.1 per cent mercuric choloride for 5 min was found to be the best for all the 

explants. Explains collected during January to April showed lower contamination 

and maximum survival.

Soaking seeds in water for one hour was found to reduce the number of 

days for germination but lower germination percentage.

Young, purple shoots were observed to show maximum establishment 

and growth. Establishment percentage and maximum number of buds was observed 

to be highest in SH media supplemented with BA compared to 2iP and KIN. 

Also exposure to light was favourable for better establishment of buds.

Proliferation rate was higher at higher concentration of BA but shoot 

development was better at lower concentration of 13A. Addition of adenine sulfate 

increased the proliferation rate of buds and development of shoots but supplements 

like yeast extract and casein hydrolysatc were not effective in promoting shoot 

grow th .



'l’cndcr leaf and petiole explants were (bund to respond better, than 

mature explants and percentage of callus initiation and callus index was higher in 

combinations of NAA and 2,4-D with BA. Direct organogenesis was observed in lA 

MS supplemented with BA and NAA. Regeneration of healthy and longer shoots 

were obtained in MS medium supplemented with KIN.

Somatic embryogenesis was observed in media containing BA and BA + 

coconut water, and embryoid germination was obtained in MS medium.

Maximum rooting was obtained by culturing shoots in media containing 

brassinolide for one week and thereafter transfer to IBA. Earlier rooting was 

obtained in liquid medium.

K eep in g  in  V2 M S  w ith  red u ced  su cro se  and  in crea sed  lig h t in ten sity  in  

the cu ltu re  ro o m  for tw o  w e e k s  b e fo r e  tran sfer to  h ard en in g  unit resu lted  in better  

su rv iva l o f  plant lets.
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