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|. INTRODUCTION

India is called as the ‘Spice Bowl of the World’ for production of variety of spices with
superior quality. Growing spices for various purpose has been famous since the ancient
times. There are records about various spices and its properties in the ‘Vedas’ as early as
6000 BC. India is well known for the trade, since the period of exploration of sea routes,
because of its varieties of spices and superior quality, which attracted foreigners to India.

According to the Bureau of Indian Standards (BIS), 63 spices are grown in India.
India is the leading country in the world for production, consumption and export of spices.

Ginger is an important spice crop grown in India. It is herbaceous rhizomatous
perennial plant belonging to the family Zingiberaceae, under the natural order scitaminae. It is
a tropical plant believed to have originated in South East Asia probably India or China (Bailey,
1949 ; Parry, 1969). Ginger was introduced into Europe in the ninth century AD (Lawrence,
1984) and was brought to the Mediterranean region from India by traders during the 13"
century.

Ginger is commonly used all over the world and especially in China, where it forms an
essential ingredient in most of the dishes. It is used as spice and medicine. Apart from having
tangy flavour, it has appreciable quantities of proteins (2.3%), carbohydrates (12%), fats (1%),
minerals (1.2%), fibre (2.5%) and moisture (81%) of fresh rhizome (Swaminathan, 1974). It
also contains appreciable amount of vitamin A and small amount of vitamin B. Hence, this
crop finds a place in naturotherapy and herbal medicine prescription since vedic period.

Ginger is widely used in the preparation of soft drinks, beverages, such as ginger
beer, ginger tea, ginger wine, cordials, liquors, gingerale and in candies, pickles preserves
and baking products. Ginger forms a major ingredient in the traditional medicine of India.
Ginger oil is used in pharmaceutical preparation as a carminative and stimulant for alcoholic
gastritis etc.

Ginger is commercially cultivated in India, China, Taiwan, Philippines, Jamaica, Fiji,
Africa, Mexico, Japan and Indonesia. India is the largest producer of ginger in the world
accounting for 50 per cent of the world total production. In India, ginger is cultivated in an area
of 83,940 ha with annual production of 3.06 lakh tonnes (Anon., 2002). India is also largest
exporter of ginger, accounting to 6580 tonnes of dried ginger valued at Rs. 22.95 crores
(Anon., 2002).

In Karnataka, it is grown in an area of about 8,421 ha with an annual production of
62610 tonnes (Anon., 2001).

The method of propagation of ginger is through pieces of underground rhizomes. But,
this is slow process. Rhizome has dormancy period and only sproutes during the monsoon
that to only 5 to 6 plants can be obtained from one single rhizome in a year. So, rapid method
of multiplication is needed especially of newly developed high yielding varieties, which are
available in small quantities. But, through tissue culture, dormancy problem could be
overcome and it would be possible to cultivate the crop under favourable conditions.

Ginger cultivation is threatened by rhizome rot diseases caused by Pseudomonas
solanacearum and Phythium sp. These are spread through infected seed rhizome. The major
hindrance for crop improvement in ginger is due to lack of seed set. So, rapid multiplication of
diseases free propagules on a large scale is needed. It is possible only through in vitro
culture. It is estimated that 3 fold increase in the production of rhizomes could be possible by
effective control of diseases and pests (Hosoki and Sagawa, 1977). Tissue culture can be
used for embryo rescue and possible production of seeds in ginger.

Micropropagation provides a rapid, reliable system for the production of large
numbers of genetically uniform plantlets. It offers a method to increase valuable genotypes
rapidly and expedite the release of improved varieties. In addition, micropropagation ensures
mass production of elite clones from hybrid or specific parental lines. Micropropogation
ensures healthy seedlings with desirable characters.



Keeping these points in view, the present studies were conducted with the following
specific objectives.

1. To standardize the source of explants for micropropagation.

2. To standardize the sterilization procedure for different explants.
3. To standardize the growth regulators for shoot growth.

4. To standardize the growth regulators for root growth.
5

Identification of suitable hardening medium for micropropagation.



Il. REVIEW OF LITERATURE

Development of the plant tissue culture is historically linked to the discovery of the
cell and subsequent propounding of the cell theory. The concept of ‘Totipotency’ which is an
inherent part of the cell theory of Schleiden (1838) and Schwann (1839) is the basis for plant
tissue culture. In vitro technique dates back to 1902, when Haberlandt predicted the
totipotency of plant cells. Totipotency is the ability of a plant cell to develop into a complete
plant. Major breakthrough in plant tissue culture were achieved with the discovery of auxins
and cytokinins. The formulation of nutrient media i.e., Murashige and Skoog (1962), medium
is the most commonly used medium for culturing of large number of horticultural plants.

According to Murashige (1974) there are three possible methods available for
micropropagation.

1. Enhanced release of axillary buds
2. Production of advantageous shoots through organogenesis.
3. Somatic embryogenesis.

Callus mediated organogenesis and somatic embryogenesis are not recommended
for clonal propagation since there is a possibility of producing aberrants. In shoot tips and
axillary bud cultures, genetic fidelity is maintained to a large extent. In vitro somatic
embryogenesis is limited to a few species but still, acts as the most rapid method of plant
regeneration (Evans et al., 1981).

Currently, In vitro clonal propagation strategies have been developed for a number of
economically important plant species. More and more species are becoming amenable for
subject have been published by Murashige (1974, 1978), Hu and Wang (1983), Styler and
Chin (1983), Sharp et al. (1984) and Litz (1985).

The present experiment was conducted to find out the best surface sterilizer, growth
regulator, explant and hardening medium for In vitro multiplication of ginger. The relevant
literature pertaining to these aspects has been reviewed and presented below.

2.1 ESTABLISHMENT OF CULTURE

The objective is to successfully place an explant into aseptic culture by avoiding
contamination and then to provide an In vitro environments that promotes stable shoot
production. The important aspects of this are explant disinfection, explant selection and
culture medium (Hartmann et al., 1997).

2.1.1 Explant types

The use of tissue culture as a tool for plant propagation could be particularly relevant
for vegetatively propagated crop plants that resist conventional asexual propagation (Hackett,
1966) or when fast methods of mass propagation of single plant is required. The different
explants such as axillary bud, shoot tips, meristem tips, root tips are commonly used. In vitro
ginger multiplication, dormant buds on excised rhizomes can be forced to form shoots which
can be rooted. This method is rather slow, particularly for plant breeders, as on an average
only 20 plants can be produced per year from single, one year old plant (Leffring, 1971).

lllahi and Jabeen (1987) conducted an experiment in ginger using different explant
materials viz., young buds, stem cuttings taken from 3 month old plants, rhizome cutting with
shoot bud primerdia and juvenile shoots and observed efficient plant regeneration.

Cronauer and Krikorian (1984) studied rapid multiplication of banana and plantain by
In vitro shoot tip culture. Similarly, Swamy et al. (1983) reported that shoot tips isolated from
rhizomes of the banana cv. Robusta were suitable material for /n vitro plantlet production.

Haung (1995) observed that plants were regenerated from the shoot tips with 0.2 to
0.9 mm in length of ginger were best for In vitro propagation.



Rout and Das (1997) observed efficient plant regeneration in Zingiber officinale using
callus derived from shoot primordia and grown on MS media. Similarly, Choi (1991) reported
that callusing was best when base or middle portion, explants of ginger were cultured on
medium.

According to Olivier (1996) axillary buds were the best source of explants for the
successful clonal propagation of ginger. Clonal propagation of Zingiber officinale was made
easy with explant taken from sprouting buds (Balachandran et al., 1990). Doraiswamy et al.
(1983) reported that shoot tips isolated from the rhizomes of banana were found to be
suitable material for plantlet formation In vitro.

Nadagouda et al. (1978) observed that plants were regenerated from the young
vegetative buds excised from sprouting turmeric rhizomes. Similarly, Kuruvinshetti and lyer
(1981) reported that buds isolated from sprouting rhizomes of turmeric clone 15B were
suitable material for plant production.

Shetty et al. (1982) observed that sprouting buds of turmeric clone 15 B can give
good regeneration in In vitro. Kumar et al. (1985) the immature panicles of cardamom were
best source of explants for clonal propagation without the intervention of callus of embroids.
Leafy aerial Pseudostems and decapitated crown sections of ginger have been successfully
cultured In vitro on MS medium (lkeda and Tanabe, 1989).

2.1.2 Explant disinfection

In the process of sterilization living materials should not lose their biological activity,
but only bacterial or fungal contaminants should be eliminated. The commonly used sterilants
are bleach, ethanol, sodium hypochlorite, mercuric chloride. The type of sterilant used,
concentration and time depends on the nature of explant and species (Razdan, 1993).

Berger et al. (1994) developed disinfection protocol for rhizomes by alcohol treatment
of explants immediately after excision. The rhizomes were soaked in 1 per cent sodium
hypochlorite or saturated Ca hypochlorite or soaking in HgCl, resulted in 62 to 90 per cent
free from microorganisms.

Malmug et al. (1991) were able to establish contaminant free sprouting bud cultures
from ginger by washing the explants, tween 80 followed by a 10 min treatment in a sodium
hypochlorite solution (active chlorine — 0.5%).

Nadagouda et al. (1983) surface sterilized the sprouting buds of cardamom with 0.12
per cent (w/v) HgCl, solution for 15 min and then washed 4 to 5 times with sterile distilled
water reduces the degree of contamination.

Pillai and Kumar (1982) surface sterilized the shoot apex of ginger with 0.1 per cent
HgCl, solution and 90 per cent ethanol, washed with sterile distilled water for 3 to 4 times
could get effective sterilization. Double sterilization with NaOCI (3.5%) and tween 80 for 15
minutes and again for 5 minutes resulted in significantly lower contamination of 10 days old
suckers of banana variety ‘Williams’ (Hamill et al., 1993).

Vuylsteke and De Langhe (1985) surface sterilized 1 to 2 cm® of meristem tips of 11
banana cultivars by treating with ethanol (95%) for 15 seconds followed by a 15 minutes
treatment in a hypochlorite solution (1.5%) to obtain successful results.

Gupta (1986) observed that banana and plantain tissues have phenolic compounds
which oxidise rapidly and resulted in death of explants. To prevent phenolic oxidation he
suggested the use of filter sterilized ascorbic acid 2.5 mg per ml. Maximum number of healthy
and contaminant free cultures from buds of immature panicles of cardamom were obtained by
cleaning with 70 per cent alcohol followed by 10-15 minutes treatment in a 0.12 per cent
HgCl, solution (Kumar et al., 1985).

Sushma et al. (2005) developed disinfection protocol for Hedychium spicatum, a
aromatic plant. The explants were treated with tween 20 for 10 min followed by the treatment
with 1 per cent bavistin (BASF) for five minutes. Then surface sterilized with 0.1 per cent
(w/w) HgCl, for 3 minutes and then washed with sterile distilled water for 5 minutes.



Kobza and Vachunova (1991) reported that chlorinated lime at 10 per cent
concentration and HgCl, at 0.1 per cent for 10 minutes were the best sterilants for Dracena
explants.

Rahaman et al. (2004) reported that rhizome buds were treated with solution of
antiseptic [savlon 5% (v/v)] for 10 minutes. Then explants were washed with distilled water
and finally treated with HgCl, (0.1%) for 14 minutes gave good results.

Wondyfraw and Surawit (2004) reported that buds of Korarima were rinsed with 70
per cent ethanol for 1 min followed by 2 step surface sterilization using 20 and 10 per cent
hyter (6% v/v) sodium hypochlorite) mixed with 2 ml/l tween80 for 10 and 5 minutes, washed
with sterile DW resulted in lowest degree of contamination.

2.2 SHOOT MULTIPLICATION IN VITRO

For obtaining desired responses in tissue culture, the role of growth regulators and
their concentration will have to be carefully choosen. The most important development in the
tissue culture of the planter were made with the discovery of growth redulators, auxins,
gibberlins, cytokinins and abscicins and other organic compounds.

Wickson and Thimann (1958) discovered that cytokinins could release the lateral
buds from apical dominance. In the presence of cytokinins, the dormant buds of vegetative
apex are stimulated to grow and elongate. Skoog and Miller (1967) reported that the cell
division or cell differentiation was also associated with auxins and cytokinins.

Nasirujjaman et al. (2005) grew turmeric rhizome bud on Murashige and Skoog
medium containing different concentrations of BA and NAA. He observed the highest multiple
shoots on the medium with 4 mg BA/Il + 1 mg NAA/. Ali et al. (2004) cultured turmeric
emerging bud on Murashige and Skoog medium supplemented with BAP and kinetin. The
highest multiple shoots were observed in the presence of 1 mg BAP + 0.25 mg kin/I.

Keshavachandran and Khader (1989) grew turmeric bud (Curcuma longa) cultivars
CO-1 and BSR-1 on Murashige and Skoog medium supplemented with 1 mg kinetin/l, 1 mg
BA/I. He found that the average number of shoots produced per bud was 2.11 in BSR-1 and
2.5in CO-1.

Balchandran et al. (1990) reported that rhizome buds excised from Curcuma longa
was inoculated on Murashige and Skoog medium with different combinations of BA and
kinetin. For best shoot multiplication 3 mg BA/I was found to be good. Malmug et al. (1991)
reported that shoot proliferation of the regenerated shoots was induced with the addition of 1
mg NAA + 5 mg BA/I.

Palai et al. (1997) observed that when Zingiber officinale cultivers cultured on
Murashige and Skoog medium supplemented with increased concentration of BA from 6 to 8
mg/l, there was decreased multiplication of shoots.

Raju et al. (2005) reported that the best response of turmeric cultivars for shoot
multiplication was obtained on Murashige and Skoog medium supplemented with 4 mg/| BAP
and 1.5 mg/l NAA for Curcuma caesia (3.5 + 0.79 shoots/explant) and 1 mg/l BAP + 0.5 mg/I
NAA for Curcuma zedoaria (4.5 + 0.15 shoots/explant).

Inden et al. (1988) observed that shoot tip of ginger cultured on Murashige and Skoog
medium with 5 mg BA/I, 0.5 mg NAA/I. One shoot tip can produced more than 4 shoots within
9 weeks.

Faria and lllag (1995) studied the rapid propagation of Zingiber spectable In vitro.
Multiple shoots were induced from axillary buds were transferred to half strength Murashige
and Skoog medium containing 10 uMBA and 5 uM IAA. Shoot formation occurred when buds
were transferred to half strength of MS medium containing only 10 pM BA.

Pandey et al. (1997) observed that explant Pseudo stems of ginger cultured on
Murashige and Skoog medium with 5 mg/l BA + 0.5 mg/l NAA. The highest number of shoots
produced with an average of 5.33 shoots after 5 weeks of culturing.



Doreswamy et al. (1991) cultured the banana apical and lateral meristems of cultivars
Robusta and dwarf cavendish on Murashige and Skoog medium with adenine sulphate (2.05
uM), BA (22.2 uM) and IBA (29.6 uM) were found to be best for proliferation of multiple shoots
(6-8 shoots).

Nadagouda et al. (1983) cultured young sprouted buds of cardamom on MS medium
with kinetin. The highest number of shoots observed in presence of 2 mg/l BAP, 1 mg/I 1AA,
coconut water, biotin.

Dogra et al. (1994) achieved In vitro propagation of Zingiber officinale using rhizome
buds. The buds produced multiple shoots when cultured on MS medium with 2.5 mg/I BA and
0.5 mg/l NAA.

Choi and Kim (1991a) showed that the addition of 0.5 mg per L NAA + 5.0 mg/l BA to
the nutrient medium was best for regeneration.

Bhartendu et al. (1989) reported the multiple shoot formation on a identified MS
medium with 2 mg/l BAP. But, the best results were obtained when bud cultured on liquid
medium results 10 fold multiplication in 90 days.

Sanghamitra (2000) reported that plant regeneration was achieved from sprouted
shoots of Curcuma aromatica on Murashige and Skoog’s medium supplemented with BA
alone (1-7 mg/l) or combination of BA (1-5 mg/l) and kinetin (0.5 — 1 mg/l). A concentration of
5 mg/l BA was best for shoot multiplication.

Hazare et al. (2005) studied the In vitro propagation of two turmeric cultivars by using
rhizome bud as explants, with using different levels of BAP or in combination with kinetin.
They found that 2 mg BAP + 2 mg kin per L was best for shoot multiplication.

2.3 IN VITRO ROOTING

Poonsapaya et al. (1993) observed that shoots rooted best when transferred to
medium supplemented with 10 per cent activated charcoal with 0.5 mg/l NAA in Zingiber
cassumunar Roxb.

Dogra et al. (1994) observed that the greatest number of roots were formed on MS
medium supplemented with 1 mg/l NAA. Faria and lllag (1995) obtained optimum /In vitro
rooting from excised buds of ginger on MS medium fertified with 5 mg/l NAA or IAA.

Dipti et al. (2005) studied the In vitro multiplication and rooting of shoots in turmeric.
She found the maximum rooting to multiple shoots were observed on half strength MS
medium with 0.5 mg/l NAA.

Meenakshi et al. (2001) observed that the highest rooting was stimulated by
subculturing the proliferated shoots on half strength MS media with 0.3 mg/l NAA during
micropropagation of turmeric.

Sit and Tiwari (1998) reported that shootlets of turmeric were rooted on half strength
MS medium with IBA at 0.0 to 0.5 mg/l and they were concluded that rooting did not occur in
the absence of IBA and the number of roots per rootlet was proportional to IBA concentration.

Raju et al. (2005) studied the two species of curcuma (C. caesia and C. zedoaria)
using rhizome bud explant. The best response for root multiplication was obtained on MS
basal medium supplemented with 0.5 mg/I IAA. A maximum of 9.2 + 0.15 and 8.9 + 0.09 roots
per explant were obtained for Curcuma caesia and Curcuma zedoraria respectively.

Mante and Tepper (1982) reported that shootlets of banana were rooted on MS
medium with NAA (0.1 — 1.0 mg/l) or IBA (2 — 10 mg/l). Similarly, Rahaman et al. (2004)
observed that rooting of shoots in turmeric was obtained on 2 MS medium with 0.1 — 1 mg/I
IBA.

Choi (1991) reported that callusing was best when base or middle portion explants of
ginger were cultured on medium containing 0.5 ppm NAA, while shoot and root formation
were best on medium containing 0.1 to 1 ppm NAA + 1.0 ppm BA.



2.4 HARDENING

One of the major obstacles in the application of tissue culture methods for plant
propagation has been the difficulty in successful transfer of plantlets from the laboratory to the
field (Wardle et al, 1983). The reasons for such a difficulty appear to be related to the
dramatic change in the environmental conditions. The environment of the culture vessel is
one of low light intensity, with very high humidity (generally 100%) and poor root growth, while
the greenhouse and/or field conditions are typified by very high light intensity, low humidity
and microflora (Desjardins et al., 1987). Several workers have developed protocols to
overcome some of these constraints. These reasons for such a difficulty appear to be related
to the dramatic change in the environmental conditions.

Rooted plantlets of ginger were successfully transferred to a mixture of peat : sponge
rock : vermiculite (2:1:1) in the greenhouse and eventually to full sun in the nursery (Hosoki
and Sagawa, 1977).

Ali et al. (2004) successfully transferred turmeric plantlets to the greenhouse in pots
containing soil with equal amount of sand + clay + compost. Plants were successfully
established in field with 100 per cent survival rate.

Gonzalez and Mogollon (2004) tested sand, soil, saw dust, coconut and other
components separately and in combinations for suitability as growth substrates and plants
transplanted to media. The most suitable substrate found was coconut + saw dust (1.1)
followed by sand + coconut + saw dust (1:1:1).

Salvi et al. (2000) observed complete plants of turmeric were transferred to sterilized
soil in paper cups for 3 to 4 weeks and then to the field, where 95 per cent of plants survived
to maturity. In vitro rooted ginger plants were transplanted into humus soil : kitchen garden
soil (3:1) under 24 to 28, 70 to 80 per cent relative humidity in which more than 90 per cent
survival rate was recorded (Congfa et al., 2001).

Samsudeen et al. (2004) were found that 85 per cent success when plant
transplanted in potting mixture of garden soil, sand and vermiculite in equal proportions and
kept in humid chamber initially for 22 to 30 days.

Martyr (1981) observed that cuttings uptake more water from peat : perlite (1:1, v/v)
than from either peat : grit (1:1, v/v) or from peat alone. Water uptake by cuttings was not
directly related to the water content of the medium per unit volume, which was greatest in the
peat. This higher rate of uptake was reflected in the quicker rooting at the cuttings in the peat
: perlite. Greenhouse acclimatization of plantlets was achieved in a 1:1 peat : perlite (volume
basis) substrate by Conti et al. (1991).



l1l. MATERIAL AND METHODS

The present investigations on “Micropropagation of ginger (Zingiber officinale Rosc.)”
was carried out in the tissue culture laboratory of the Department of Horticulture, University of
Agricultural Sciences, Dharwad during the year 2004-06. The details of materials used and
methods followed are presented below.

3.1  PLANT MATERIAL

Ginger (Zingiber offinale Rosc.) cultivar ‘Bidar’ local was taken for investigation.
Rhizomes were kept in sand for sprouting. The stored sprouted rhizomes were used to get
the explants.

3.2 EXPLANTS AND THEIR PREPARATION

3.2.1 Shoot tip
Shoot tip explants of 2-3 cm size were excised from the mother rhizome.

3.2.2 Axillary bud

Well developed axillary buds of size 1-2 cm were separated from the rhizome and
their outer sheath were removed.
3.3.3 Root tips

Root tips of size 0.5-1 cm were separated from the mother rhizomes.

3.3 MEDIA

Murashige and Skoog (1962) basal medium was used for all the experiments. MS
media were prepared from stocks solution (Appendix-1). Modification to the medium was done
by adding growth regulators and other organic additives.

3.3.1 Preparation of stocks

Murashige and Skoog (MS) medium was commonly used for all the experiments. The
stock solutions (10x) were prepared as given below with double distilled water, poured into
well stoppered bottle and were stored in refrigerator at 4°C.

Stock A: Macro nutrients — 1000 ml (10x)
Stock B: Micro nutrients — 1000 ml (10x)
Stock C: Vitamin — 100 ml (50x)

3.3.2 Preparation of growth regulator stocks

Stock solutions of kinetin (KIN) and 6-benzylamino purine (BAP) were prepared by
dissolving them first in few drops of TN NaOH and the volume was made upto the required
concentration with double distilled water.

3.3.3 Preparation and sterilization of media

The stock solutions were mixed in required proportion along with growth regulators
and sucrose. The volume was made up by adding double distilled water. The pH of the
medium was adjusted between 5.6-5.8 by using either 0.1 N HCI or NaOH with the help of a
digital pH meter. The volume was finally adjusted and required amount of agar and
streptomycin was weighed and added into the medium. Agar in the medium was completely
melted by gentle heating upto 90°C and 15-20 ml of medium was poured into 25 x 150 mm
pre sterilized glass culture tubes and plugged with non absorbent cotton wrapped in cheese
cloth.

The media was autoclaved at 121°C at 15 Ibs/square inch pressure for 20 minutes
and then allowed to cool to room temperature and stored in culture rooms until further use.

3.4 CULTURE ESTABLISHMENT

3.4.1 Surface sterilization of explants

Shoot tips, axillary buds, root tips were first washed in water with few drops of
detergent (Teepol) and rinsed with distilled water 2 to 3 times and again they were immersed
with Bavistin for 25 min and then rinsed with DW for 2-3 times. The final surface sterilization
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was done with 0.1 per cent HgCl, for 12 min and then washed with distilled water for 3-4
times in the laminar air flow cabinet.

3.4.2 Inoculation

Sterilized explants were inoculated in test tubes containing the medial. The cut ends
of explants were kept in such a way so as to have maximum contact with the medium.

3.4.3 Transfer area and maintenance of aseptic conditions

All the aseptic manipulations such as surface disinfection of explants, preparation and
inoculation of explants and subsequent sub-culturing were carried out in the laminar air flow
cabinet. The working table of laminar air flow cabinet and spirit lamp were sterilized by
swabbing with absolute alcohol. All the required materials like media, spirit lamp, lighter, glass
ware etc. were transferred on to the clean laminar air flow. The UV light was switched on for
half on hour to achieve aseptic environment inside the cabinet where all manipulations were
conducted.

3.4.4 Sub culture

Microshoots formed in the test tubes were taken out 5-6 weeks after inoculation. The
shoots were separated by dissecting them in the sterile environment of laminar air flow
cabinet with sterile dissecting needle and forceps. They were placed in the test tubes
containing fresh media.

3.4.5 Rooting

The microshoots which were more than 2-3 cm in height were taken out and were
placed in the tubes containing media with different concentrations of IBA and NAA for rooting.

3.5 HARDENING OF IN VITRO PLANTLETS

Young rooted plantlets were taken out of the test tubes, washed with distilled water
and planted in net pots containing different hardening media. These plants were maintained in
a prototype polytunnel. The plants were watered twice in a day initially, then once in a day
after 8-10 days. Later they were transferred to green house after 15 days for further
acclimatization.

3.5.1 Hardening media

1. Peat
2. Vermiculite
3. Sand

The media were first autoclaved at 121 °C for 20 minutes to make it sterile. They
were filled into small plastic containers with holes at the bottom to ensure the drainage of
excess water.

3.6 EXPREIMENTAL DETAILS

3.6.1 Experiment — | : Standardize the source of explants to micropropagation
Test 't test

Replications 17

Number of explants used/treatment : 10

Treatment details

T; — Shoot tip

T, — Axillary bud

T3 — Root tips

3.6.2 Experiment — Il : Standardize the sterilization procedure for different
explants

Design :CRD

Replications 5

Number of explants used/treatment : 10



Treatment details

T — Sodium hypochlorite (0.5%) 10 min
T, — Sodium hypochlorite (0.5%) 15 min
T3 —HgCl, (0.1%) 10 min

T4 —HgCl, (0.1%) 12 min

T5 — HgCl (0.1%) 15 min

3.6.3 Experiment — Il : Standardize the growth regulator for shoot (growth)
multiplication

Design :CRD

Replications :3

Number of explants used/treatment : 10
Treatment details

T, —MS

T, — MS + BAP 0.5 mg/l
T3 — MS + BAP 1.0 mg/l
T4—MS + BAP 1.5 mg/I
Ts — MS + BAP 2.0 mg/I
Te—MS + KIN 0.5 mg/l
T, —MS + KIN 1.0 mg/I
Tg —MS + KIN 1.5 mg/l
Tg— MS + KIN 2.0 mg/I

3.6.4 Experiment — |V : Standardize the growth regulator for root growth

Design :CRD
Replications :3
Explants used/treatments 210
Treatment details

T, -MS

T, —MS + IBA 0.5 mg/I
T3 —MS + IBA 1.0 mg/I
T4—MS + IBA 1.5 mg/I
Ts —MS + IBA 2.0 mg/I
Te —MS + NAA 0.5 mg/l
Tz —MS + NAA 1.0 mg/l
Ts—MS + NAA 1.5 mg/l
Te—MS + NAA 2.0 mg/l

3.6.5 Experiment — V : |dentification of suitable hardening medium

Design :CRD
Replications :6
Both explants used/treatment : 10
Ty — Peat

T, — Vermiculite
Ts— Sand



Shoot tip

Axillary bud

Root tip

Plate 4. Explants inoculated



3.7 COLLECTION OF DATA

3.7.1 Explants free from contamination

After inoculation of explants in test tubes, it was ensured to free from fungus,
bacteria, browning etc.

3.7.2 Number of days taken for sprouting

The number of days taken to show initial differentiation of shoot from the date of
inoculation of different explants was recorded and was expressed as mean number of days.

3.7.3 Per cent survival of explants

The number of explants survived and total number of explants inoculated were
recorded and was converted into per cent.

3.7.4 Number of shoots produced per explants

While subculturing multiple shoots were separated, counted from explants and
expressed as shoot per explant.

3.7.5 Number of days taken for initiation of shoots

Number of days taken to show initial differentiation of shoot after 45 days of
inoculation was recorded.

3.7.6 Mean length of shoots

The shoot length was measured from base to the tip of the plantlet at the time of sub-
culture and the average length was expressed in centimeters.

3.7.7 Number of days taken for initiation of roots
The number of days taken for initiation of roots, after inoculation was recorded.
3.7.8 Mean number of roots

The number of roots formed per microshoot were recorded and average was worked
out.

3.7.9 Root length

From each shoot the length of longest roots was measured from the collar region to
the highest root tip as a root length and expressed in cm

3.7.10 Per cent survival of plantlets

The number of plantlets survived out of total plantlets subjected to hardening was
counted at different intervals and the percentage calculated.

3.8 STATISTICAL ANALYSIS OF DATA

The experimental data relating to contamination percentage, per cent survival of
plantlets was transformed to arcsine values and analyzed under CRD. The data were
subjected to analysis of variance test (ANOVA) as suggested by Panse and Sukhatmi (1967).
Critical difference values were tabulated at one per cent probability where ever ‘F’ test found
significant. The experimental data relating to explant type were analyzed under ‘t’ test.



V. EXPERIMENTAL RESULTS

The results obtained in the present investigation on “micropropagation of Zingiber
officinale Rosc. are presented under the following headings.

4.1 Standardization of the source of explants for micropropogation
4.2 Standardization of the sterilization procedure for different explants
4.3 Standardization of the growth regulators for shoot growth

4.4 Standardization of the growth regulators for root growth

4.5 Identification of suitable hardening medium for micropropagation

4.1 STANDARDIZATION OF THE SOURCE OF EXPLANTS
FOR MICROPROPOGATION

4.1.1 Number of days taken for sprouting

The minimum time for sprouting was taken by shoot tip explant (5 days) to show
primordial emergence followed by axillary bud (6 days) are presented in Table 1.

4.1.2 Per cent survival of explants

There was no significant difference between the treatments for per cent survival of
explants.

4.1.3 Mean number of shoot produced per explants

Significant difference existed among the different types of explants for number of
shoots formed.

The shoot tip explant produced the highest number of shoots (2), after the primordial
emergence, followed by axillary bud explant which showed (1.5) number of shoots after
sprouting.

4.2 STANDARDIZATION OF THE STERILIZATION
PROCEDURE FOR DIFFERENT EXPLANTS

The explants of shoot tip and axillary bud treated with mercuric chloride and sodium
hypochlorite for varying periods of time at different concentrations in order to establish
maximum contaminant free cultures the results are presented in Table 2.

The highest percentage (90%) of healthy and contaminant free explants were
established when they were exposed to 0.1 per cent mercuric chloride for a duration of twelve
minutes. This was followed by establishment of 70 per cent of the explants when treated with
the same surface sterilant for ten minutes. The least number of contaminant free cultures
(37%) was obtained when 0.5 per cent sodium hypochlorite was used for ten minutes. When
they were exposed to 0.1 per cent HgCl, for 15 minutes only 24 per cent contaminant free
cultures obtained but, 33 per cent explants were died.

4.3 STANDARDIZATION OF THE GROWTH REGULATORS
FOR SHOOT GROWTH

4.3.1 Number of days taken for initiation

There was significant difference with respect to time taken for initiation of shoots. The
shoot initiation was early in BAP than KIN supplemented media.

Time taken for the shoot initiation was minimum (8.8 days) in 2 mg/l BAP, while it was
maximum (11.1 days) in 0.5 mg/l KIN in shoot tip explant, followed by minimum (10 days) in 2
mg/l BAP, while maximum (11.6 days) was in 1.0 mg/l KIN axillary bud (Table 3 and 4).

4.3.2 Number of shoots produced per explant

There was significant difference between axillary bud and shoot tip explants with
respect to the number of shoots produced. The maximum number of shoots were produced in
shoot tip.



Shoot tip Axillary bud

Plate 6. Hardening material

Plate 6. Hardening material



Table 1 : Influence of explant type on growth of in vitro shoots in ginger

No. of No. of
Sl. Explant type days taken SEE\;i\C/::Inéf shoots
No. P yp for exolants produced/
sprouting P explant
1 Shoot tip 5.0 81 (64.16) 2.0
2 | Axillary bud 6.0 78 (62.03) 1.5
T test S NS S

Figures in parenthesis indicate arcsine transformed values
S — Significant NS — Non-significant

In shoot tip maximum number of shoots (5.1 shoots/explant) were produced in media
supplemented with 2 mg/l BAP and minimum (1.1 shoots/explant) number of shoots were
produced in 0.5 mg/l KIN supplemented medium (Table 3 and Plate 7).

In axillary bud explants maximum shorts (4 shoots/explant) were produced in media
supplemented with 2 mg/l BAP and minimum (1.3 shoots/explant) number of shoots were
produced in 1.5 mg/l KIN, supplemented medium (Table 4). Wherein single shoot production
was observed in control (Plate 8).

4.3.3 Mean length of shoots

Shoots in media with BAP showed increased shoot length compared to KIN. The
maximum (4.5 cm) and minimum (1.6 cm) shoot length were observed in control and 2.0 mg/I
KIN supplemented media respectively. Increase in the cytokinin concentration in media
decreased the shoot length.

4.4 STANDARDIZATION OF THE GROWTH REGULATORS
FOR ROOT GROWTH

4.4.1 Number of days for initiation of roots

There was significant difference with respect to initiation of root primordia among the
auxins used. Root initiation was early in IBA than NAA supplemented shoots. In shoot tip
explant, time taken for root initiation was minimum (7 days) in 1 mg/I IBA treated shoots, while
it was maximum (8.3 days) in 0.5 mg/| NAA (Table 5). In axillary bud explant, root initiation
was minimum (7 days) in 0.5 mg/l IBA treated shoots, while it was maximum (8.5 days) in 2.0
mg/I NAA (Table 6). The shoots in control took 7/8 days for the emergence of root primordia.

4.4.2 Mean number of roots

Significant differences were noticed among the different treatments with respect to
number of roots.

Among the treatments, the maximum number of roots were observed in shoot
cultured on 1 mg/l NAA supplemented media (7) and it was minimum (3.0) in control in shoot
tip. Results pertaining to this are presented in Table 5 and Plate 10. Followed by maximum
number of roots were observed in 0.5 mg/l IBA (6.2) and minimum (2.5) in control in axillary
bud explants. The number of roots per shoot were more in IBA than NAA (Table 5 and 6).

4.4.3 Mean length (cm)

Maximum root growth (3.3 cm) was recorded in control and minimum root growth (1.5
cm) was recorded in 0.5 mg/I NAA in shoot tip followed by maximum root growth (3.0 cm) was




Table 2 : Effect of surface disinfectants on per cent contamination and number of
healthy cultured established in ginger explants

No. of No. of No. of
Sl Treatments I_Exposu_re explants explantg healthy
No. time (min) inoculated contami cultures
nated established
1 Sodium hypochlorite 10 30 19 11 (37)
(0.5%) (63)
2 | Sodium hypochlorite 15 30 12 18 (60)
(0.5%) (40)
3 | HgCl;(0.1%) 10 30 9 (30) 21
(70)
4 | HgCl,(0.1%) 12 30 3 27
(10) (90)
5 | HgCl,(0.1%) 15 30 9 14
(24) (43)
S.Em+ - - 0.4 0.7
CD at 1% - - 1.4 2.5

Values in the parenthesis indicate percentage

recorded in control and minimum (1.3 cm) was recorded in 1.0 mg/l NAA in axillary bud
explant.

4.5 |IDENTIFICATION OF SUITABLE HARDENING MEDIUM
FOR MICROPROPAGATED GINGER PLANTLETS

4.4 .1 Survival percentage of plantlets

The data regarding the survival percentage of plantlets during hardening at different
intervals are presented in the Table 7.

Significant differences were noticed for survival percentage of plantlets after 15 and
30 days after transferring to hardening media. The maximum survival was noticed on peat
medium with 80 per cent at 15 and 30 days after transfer on to hardening medium. However,
the lowest survival was on a sand showing 65 and 50 per cent at 15 and 30 days after
transfer to hardening medium respectively.

4.5.2 Height of the plantlets

Significant differences were observed among the treatments. The maximum height
was recorded in peat (5 cm) which was significantly superior to all other treatments. This was
followed by vermiculite (4.1 cm) results are presented in Table 8.




1.5 mg/l BAP 2.0 mg/l BAP

1.0 mg/l KIN 1.5 mg/l KIN 20 mgA KN

Plate 7. Multiple shoot production on MS medium with different levels of cytokinins

Plate 8. Single shoot formed on medium without growth regulators



Table 3 : Growth parameters of shoots as influenced by cytokinins in ginger (shoot tip)

No. of Mean
,\?(I)' Treatment (mg/l) d%XSSLa;)etn s%%o?; length of
. T shoots (cm)
initiation

1 MS - 1.0 4.8
2 MS + 0.5 BAP 10.2 2.0 4.0
3 |MS+1.0BAP 9.8 3.6 3.6
4 MS + 1.5 BAP 9.2 4.4 3.2
5 MS + 2.0 BAP 8.8 5.1 3.1
6 | MS+0.5KIN 1.1 1.1 2.8
7 MS + 1.0 KIN 10.8 2.1 2.6
8 MS + 1.5 KIN 10.0 3.8 2.0
9 MS + 2.0 KIN 9.0 4.5 1.6
S.Em+ 0.02 0.01 0.18
CDat 1% 0.08 0.04 0.72

4.5.3 Number of leaves per plant

Highest number of leaves was recorded in peat (4.0) and minimum (3.0) leaves were
observed in sand.




Table 4 : Growth parameters of shoots as influenced by growth regulators in ginger

(axillary bud)

No. of Mean
,\?CI)' Treatment (mg/l) d%sstha;(;n s,,\:]%o?; length of
' T shoots (cm)
initiation

1 MS - 1.0 4.1
2 MS + 0.5 BAP 11.3 1.8 3.8
3 MS + 1.0 BAP 11.0 2.3 3.2
4 MS + 1.5 BAP 10.5 3.0 2.5
5 MS + 2.0 BAP 10.0 4.0 2.1
6 MS + 0.5 KIN 12.0 2.1 2.7
7 MS + 1.0 KIN 11.6 1.9 2.3
8 MS + 1.5 KIN 11.2 1.3 2.0
9 MS + 2.0 KIN 11.0 3.0 1.8
S.Em+ 0.03 0.17 0.15
CDat1% 0.09 0.68 0.60




Table 5 : Effect of auxins on in vitro production of roots of ginger (shoot tip explant)

No. of
S| eamenmgy | @ien | dverege | Roetiengh
initiation

1 MS 7.5 3.0 3.3
2 MS + 0.5 IBA 7.6 6.0 1.3
3 |MS+1.01BA 7.0 7.0 1.5
4 MS + 1.5 IBA 7.9 6.5 1.8
5 MS + 2.0 IBA 8.0 5.8 2.3
6 | MS + 0.5NAA 8.3 5.0 1.8
7 MS + 1.0 NAA 7.5 4.3 2.0
8 MS + 1.5 NAA 7.4 3.8 2.5
9 MS + 2.0 NAA 8.5 3.2 2.8

S.Em+ 0.01 0.27 0.12

CD at 1% 0.04 1.08 0.48




Table 6 : Effect of auxins on in vitro production of roots of ginger (axillary bud)

No. of
S| eamenmgy | @ien | dverege | Roetiengh
initiation
1 MS 8.0 2.5 3.0
2 MS + 0.5 IBA 7.0 6.2 1.7
3 |MS+1.01BA 7.1 5.3 2.0
4 MS + 1.5 IBA 7.5 4.9 2.1
5 MS + 2.0 IBA 7.7 4.5 2.4
6 | MS + 0.5NAA 8.0 52 1.2
7 MS + 1.0 NAA 8.1 4.1 1.3
8 MS + 1.5 NAA 8.2 3.8 1.5
9 MS + 2.0 NAA 8.5 3.2 2.2
S.Em+ 0.10 0.21 0.11
CDat 1% 0.40 0.84 0.44




1 mg/l IBA

1.5 ma/l IBA

2 mg/l IBA

Plate 9. Roots formed on medium
Without growth regulators

1.5 mg/l NAA

2 mg/l NAA

Plate 10. Roots induced in vitro on MS medium with different quxins



Table 7: Effect of media on survival percentage of plantlets during hardening in ginger

S| Survival
N o‘ Medium
) 15 DAT 30 DAT
1 Peat 80 80
(63.4) (63.4)
2 Vermiculite 75 75
(60.0) (60.0)
3 Sand 65 50
(563.7) (45.0)
S.Em+ 0.9 0.8
CD at 1% 3.2 2.9

DAT — Days after transfer to hardening media
Figures in parenthesis indicate arcsine transformed values

Table 8: Effect of media on growth of ginger plantlets during hardening

o Medium Plant height (cm) | \° ‘;‘]5{;‘"95/
1 Peat 5.0 4.0
2 Vermiculite 4.1 3.5
3 Sand 3.5 3.0
S.Em+ 0.15 0.20
CDat 1% 0.50 0.70




Vermiculite Sand

Plate 11. Establishment of plantlets on different hardening media

Plate 12. Secondary hardened plant



V. DISCUSSION

The present investigation was undertaken to standardize the protocols for culture
establishment, multiple shoot production, in vitro rooting and also suitable hardening media
for micropropagated plantlets of ginger were assessed.

5.1 CULTURE ESTABLISHMENT

The function of culture establishment is to disinfect the explant, establish of explant in
culture media and stabilize the culture media and the explant for multiple shoot production
(Mc Cown, 1986).

5.1.1 Standardization of the source of explants for micropropogation

The type of organs or explants chosen affect the successful establishment of the
cultures and their subsequent growth. Not all the tissues or organs of a plant are equally
capable of exhibiting morphogenesis (Hartmann et al., 1997).

In the present study, to identify a suitable explant for in vitro propogation of ginger
different explants were tried. Among the various explants, shoot tips gave the quickest
response for initial growth and the highest number of multiple shoots. On the other hand,
axillary bud took more time for the regeneration of shoots. This difference in response, among
the different explants might be due to difference in physiological state of the explants
(Sreelatha et al., 1998). This may also be due to the fact that, the shoot tip has meristematic
region where cell division and differentiation occurs (Hartmann et al., 1997).

Murashige (1974) made a similar observation and reported that shoot tips are highly
regenerative. The highest number of multiple shoots were produced by shoot tip explant. This
may be due to excised apex when placed on the medium with high inorganic nutrient salt,
further development of the terminal meristem is inhibited and this primordial axillary buds are
forced into growth, resulting in the rapid proliferation into more number of short shoots
(Hackett and Anderson, 1967).

In the present study, the shoot tip gave maximum multiple shoots and survival
percentage which is in line with the findings of Malmug et al. (1991), Mukund (1998),
Balakrishnamurthy and Rangaswamy (1992) in banana.

Root tip from rhizome was unable to establish in vitro.

5.1.2 Standardization of the sterilization procedure for different explants

In vitro propogation involves culturing explants under aseptic conditions in which
surface sterilization or disinfection is one of the important prerequisites for successful
micropropagation. Removing contaminants from the surface of the organ/explant is of prime
concern (Hartmann et al., 1997). The contamination of explants may be due to fungi, bacteria,
moulds, yeasts etc., present on the surface or lodged in the cracks, scales etc. General
disinfection procedures have been given by various workers for plant tissues (Doods and
Robert, 1982). Disinfection requires the use of chemicals that are toxic to microorganisms but
non-toxic to plant materials. Tissue culture became possible with the use of convenient and
effective disinfectants such as ethanol, sodium hypochlorite, mercuric chloride, calcium
hypochlorite and others (Krikorian, 1982).

The current investigation on effect of surface sterilants on reducing contamination
rate and per cent of healthy cultured plants. It showed that HgCl, is better sterilant than
NaOCI in reducing contamination rate. This is because the most useful radical in HgCl, is
probably the chlorite, commonly present as bichloride of mercury. Mercuric chloride is
extremely poisonous due to high bleaching action of two chloride atoms and also mercuric
ions which combines strongly with protein causing death of organism (Pauling, 1955). Even
though NaOCI consists of chlorine atom, its bleaching and disinfectant action is due to the
slow decomposition of the salt to produce oxygen (Secrist and Powers, 1966).

The highest numbers of aseptic culture was obtained with HgCl, at 0.1 per cent for 12
minutes. Different authors have reported, differential response from rhizomatous crop, to get
contaminant free cultures using different durations.

Raju et al. (2005) got the results using 0.1 per cent HgCl, for 15 minutes and
Rahman et al. (2004) used 0.1 per cent HgCl, for 14 minutes to establish aseptic cultures in



turmeric. These findings are in conformity with the results obtained by Nadagouda et al.
(1983) in cardamom and De Lange et al. (1987) obtained similar in ginger.

The higher concentration of HgCl, at 0.1 per cent for 15 minutes, observed more
contamination and also death of the explants. This is due to the high bleaching activity of
chlorine which killed the cells.

The lowest aseptic cultures were obtained with NaOCI 0.5 per cent. This is because
of reduced effectiveness of chemicals at lower concentrations.

Optimal concentration of chemical and duration of chemical in the present
investigation was HgCl, at 0.1 per cent for 12 minutes with respect to low contamination rate.

5.1.3 Standardization of the growth regulators for shoot growth

The results revealed that, the multiple shoot formation was more in BAP compared to
KIN. This was in confirmation with the results of Wong (1986) and Zamora et al. (1986) who
observed that BA is the cytokinin of choice for induction of shoot bud proliferation in vitro and
BA has been found to be superior to kinetin in banana.

In the present study, the less number of days for initiation and the highest number of
multiple shoots were observed in 2 mg/l BAP supplemented media. This was in confirmation
with the results of Dipti et al. (2005), who reported that the highest number of multiple shoots
in media supplemented with 2 mg/l BAP in shoot tip and 3 mg/l BAP in rhizome bud in
turmeric, proved its superiority over KIN and NAA by producing more number of multiple
shoots. BAP at 3 mg/l was most beneficial for proliferation in turmeric (Balachandran et al.,
1990). Similarly Winnar and Winnar (1981) reported that BAP 1 mg/l was most useful for
development of multiple shoots. These findings are in conformity with the Keshavachandran
and Khader (1989) and Shetty et al. (1982).

In control which had only a single shoot and mean length of shoot was maximum
which may be because of apical dominance.

The results of the study revealed that the number of shoots increased and the mean
length of shoots decreased as the concentration of cytokinins increased.

Media with the highest cytokinin concentration showed the maximum number of
multiple shoots and lowest length of shoots. This may be due to the fact that suppression of
apical dominance leads to the production of more number of multiple shoots and reduced
shoot length.

5.1.4 Standardization of the growth regulators for root growth
Rooting of micro shoots require addition of auxins to the medium.

In the present investigation both NAA and IBA have been used for rooting. IBA
induced early rooting compared to NAA.

The maximum number of roots were observed in media with 1 mg/l IBA. This was in
confirmation with the results of Sit and Tiwari (1998) who found rooting of turmeric was best
on 0.5 mg/l IBA. They concluded that rooting did not occur in the absence of IBA. Number of
roots per shoot let was proportional to IBA concentration. Rahman (2004) also observed that
IBA at 0.2 mg/l resulted in maximum number of roots. Further, the next best treatment in the
present study was 1.5 mg/I IBA followed by 0.5 mg/I IBA.

But contradictory results were obtained by Meenakshi et al. (2001), who reported that
maximum rooting observed in NAA 0.3 mg/I with maximum root length. These results were in
accordance with the findings of Dogra et al. (1994) in ginger and Raju et al. (2005) in
turmeric.

However, the maximum root length was observed in control.

5.1.5 Identification of suitable hardening medium for better establishment

The in vitro grown plantlets were used for hardening on three different media viz.,
peat, vermiculite and sand. The highest survival percentage and better vigour of the plantlets
was observed in peat medium followed by vermiculite and sand. This may be due to the
optimum conditions like good aeration, higher water holding capacity and nutrients present in
the medium which have boosted the growth of ginger plantlets. Hence, peat media was found
to be most suitable for plant growth compared to vermiculite and sand. Similar results were
also observed by Inden et al. (1988) in ginger.



It can be concluded that the peat is the best medium for production of in vitro plantlets
of ginger.
Protocol for micropropagation of ginger

Based on the results, a protocol for micropropagation of ginger is given below.

Shoot tips of 2-3 cm should be isolated

2. The isolated explants are to be treated with a fungicide (Bavistin) for 25 minutes and
then washed with distilled water. They are to be treated with 0.1 per cent HgCl, for 12
minutes and then washed 3-4 times with sterile distilled water in laminar air flow
cabinet.

3. After sterilization, explants need to be cultured on MS medium for 1 month.

4. These shoots may be cultured on basal medium with 2 mg/l BAP for shoot
multiplication.

5. After 2-3 subcultures micro shoots may be placed on MS medium containing 1 mg/I
IBA for rooting.

6. These rooted plantlets can be hardened on peat media for 30 days in green house.

FUTURE LINE OF WORK

1. Induction of somoclonal variation for development of new varieties
2. In vitro microrhizome production
3. Somatic embryogenesis



VI. SUMMARY

The present study on micropropagation of Zingiber officinale Rosc. was conducted in
the tissue culture laboratory in the Department of Horticulture, University of Agricultural
Sciences, Dharwad during 2004-06.

Ginger is an important spice crop grown in India. It is herbaceous rhizomatous
perennial plant. The method of propagation is through sections of underground rhizomes.
However, it has a dormancy period and sproutes only during the monsoon that to only 5 to 6
plants can be obtained from one single rhizome per year. To overcome this, micropropagation
may plays a important role in rapid mass propagation of ginger. Plants produced through
micropropagation are true to type and are free from diseases. The present investigations
were carried out to standardize surface sterilization of explants, suitable explant type for
culture establishment, growth regulators for shoot multiplication and rooting and to evaluate
suitable hardening media.

Of the various concentrations of HgCl, and NaOCI tried for surface disinfection.
Among that the different concentration of HgCl, tried at 0.1 per cent emerged as the best
treatment.

Different types of the explants viz., shoot tip, axillary bud, root tip were tried. It was
observed that shoot tip gave the best results and emerged as suitable explant for ginger
culture establishment.

Among different concentrations of cytokinins viz., BAP and kinetin. 2.0 mg/| BAP gave
the highest number of multiple shoots.

Among different auxins tried at different concentrations for rooting of microshoots, MS
medium with 1 mg/l IBA gave the highest number of roots.

Three different media viz., peat, vermiculite and sand were tried for hardening of
plantlets. Peat gave the maximum survival percentage with better plant growth resulting as a
suitable medium for hardening.
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Appendix — | : Composition of Media

Constituents (mg/l) MS
Macro nutrients
KNOj3 1900
NH4sNO3 1650
Ca (NOg) 4H.0 -
CaCl,.4H,0 440
MgS04.7H,0 370
KH2PO4 170
(NH)2SO4 -
KCI -
NaH2PO4.H.O -
NaSO4 -
Micro nutrients
MnSQO4.4H.0 22.3
ZnS04.7H,0 8.6
H3BO3 6.2
Kl 0.83
CuS04.5H,0 0.025
NaxNO4.2H,0 0.25
CoCl, 0.025
FeS0,4.7H,0O 27.8
NaEDTA 37.3

Murashige and Skoog (1962)



Appendix — Il : Composition of Media

Constituents (mg/l) MS
Vitamins
Inositol 100
Nicotinic acid 0.5
Pyridoxine Hcl 0.5
Thiamine Hcl 0.1
Glycine 2.0
Carbon source
Sucrose 2%
Agar 0.8%




Appendix — lll : Abbreviations used in the text end their expansion

BAP
NAA
IBA
KIN
°C
cm
g
mg
mg/|
MS
%
pH
DW

6-benzyl amino purine
Naphthalene acetic acid
Indole-3-butyric acid
Kinetin

Degree Celsius
Centimeter

Gram

Milligram (s)

Milligrams per liter
Murashige and Skoog
Per cent

Hydrogen ion concentration

Distilled water
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ABSTRACT

An investigation on micropropagation of zinger (Zingiber officinale Rosc.) was carried
out during 2004-06 at the Tissue Culture Laboratory of Department of Horticulture, College of
Agriculture, University of Agricultural Sciences, Dharwad.

In the present investigation five sub experiments were carried out by following CRD
design and ‘t’ test in order to find out best surface sterilizer, explant, shooting media, rooting
media and hardening material.

Regarding the suitability of explants, shoot tip was the best for culture establishment
by producing more number of adventitious shoots in a shorter period of time i.e., early
emergence of primordial than the axillary bud.

The study on surface sterilization revealed that explants treated with 0.1 per cent
mercuric chloride for 12 minutes, showed the highest aseptic culture establishment. Among
the two different explants viz., shoot tips axillary buds treated, shoot tips gave maximum
survival percentage and healthy culture establishment.

Early response for sprouting and better culture establishment of shoot tip were
observed on Murashige and Skoog (MS medium). Among the cytokinins, BAP and kinetin at
different concentrations, 2.0 mg/l BAP. Produced more number of multiple shoots. Media with
the highest cytokinin concentration showed the maximum number of multiple shoots and
lowest length of shoots. On cytokinin free medium single shoot with maximum length were
produced.

Among the auxins used in the rooting experiment the maximum number of roots, with
less number of day taken for initiation were observed on 1 mg/l IBA supplemented medium.
NAA was found less effective than IBA. On auxin free medium maximum root length was
produced. Peat medium gave highest survival percentage at 15 and 30 days after transfer to
hardening media and better vigour of the plantlets were observed in peat media, followed by
vermiculture and sand media.



