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ABSTRACT

ost-reduction and simplfication of conventional tissue culture procedures

were applied for the micropropagation of Kaempferia galanga. It was
demonstrated that routine plant tissue culture procedures can be carried out
by undergraduates with very little training.

A simple sterile hood was used in this study instead of a laminar flow bench
and a pressure cooker instead of the autoclave. Laboratory grade chemicals
and tap water were used for preparation of tissue culture media. Plantlets could
be raised in low-cost polypropylene bags modified in shape and sue using a
heat sealer. Liquid medium was found to be adequate for culturing multiple
shoots, Incubation of cultures was also carried out at room temperature using
sunlight as the only light source. Plantlets were rooted in the multiplication
media itself and transferred to soil after a few days of hardening.

All the modified procedures were successfully carried out by an undergraduate
technician after about two months of training. Ten selected undergraduate
trainees were also given a one-week training course at the end of the project
period to disseminate the techniquesdeveloped in the project.



INTRODUCTION

Biotechnology is in general perceived as a sophisticated area of scientific
research. For the same reason, its commercial applications have re-
mained restricted to capital intensive large-scale entrepreneurship. Plant
tissue culture or its application to plant propagation - micropropagation is
no exception.

Since the advent of micropropagation technology in the 1960s after G. Morel
developed the techniques of mericloningin orchids (Morel, 1964). an industry
has emerged throughout the world. A large number of crop plants, ornamen-
tal plants and forest trees are being successfully micropropagated on a
commercial scale. In the past two decades several corporate firms in India
have also entered this area. Although plants like banana, orchids and
anthuriums are sold within the country, most of the propagation work is
undertaken on contract for the international market. Many laboratories take
advantage of the relatively cheaper labour charges available in the country.

The conventional micropropagation laboratory is typically a capital intensive
and sophisticated facility. These laboratories have rigorous procedures for
maintenance of sterility. The use of high purity chemicals, expensive equip-
ments and specialized labware is the rule. Technically skilled and trained
personnel are utilized which makes the technology labour intensive. This
adherence to conventional procedures is in some measure justified when
critical scientific experiments are being conducted to standardize tissue
culture techniques. In the area of large-scale commercial micropropagation
also, with its attendant risks of loss ofvaluable cultures through contamina-
tion, such precautions are justified.

However, in the context of cost reduction in micropropagation especially on
a smaller scale, some degree of relaxation in the stringency is acceptable and
may even be desirable for economic reasons. Deviation from the established
tenets of research in biotechnology has not been entirely lacking. These have,
however, not been given serious deliberation in mainstream scientific fora.
The example of Venkatapathy Reddiar. a farmer who developed a simple
micropropagation method for Crossandra infundibuliformis without any for-
mal training in science (Anonymous. 1994)implies that the technology can
be brought out of the confines of the research laboratory and practiced by
individuals, Similarly, compelled mostly out of economic necessity, scientists
at the Institute of Plant Research and Biotechnology at Villa Clara in Cuba



have developed several non-conventional measures in the micropropagation
laboratory (Baeza-Lopez, 1995). Cultures of several species are being grown
using sunlight available through the large floor-to- ceiling glass windows. In
Australia a commercial firm is reported to grow all cultures in a shaded
polythene greenhouse (Hartney and Svensson. 1992). An extreme and non-
conventional expedient was adopted by Raju (1994)who simply hung sealed
culture bottles on string under the branches of a tree. It is however, more
common to find the 'small-scale’ micropropagator operating with an invest-
ment of more than Rupees one million. The difference from the large biotech-
nology companies is only in scale of operation rather than any reduction in
level of sophistication.

One reason for the inclination towards sophistication is that micropropaga-
tion has been the offshoot of academic research in plant morphogenesis
where emphasis was given to precise control of the chemical and physical
environment in which plant cell. tissues and organs are grown. Research
efforts on the factors influencing the cost of micropropagation have therefore
not received enough attention. It has been estimated that a 50% reduction
in cost of micropropagated plants would increase the market demand by 10
times (Kozai, 1991).

FACTORS INFLUENCING MICROPROPAGATION COSTS

Capital costs

a. Infrastructure

Conventional tissue culturc facilities includes airconditioned culture and
inoculation rooms. laboratory area for glassware cleaning, autoclaving, stor-
age of chemicals and for media preparation. To ensure high levels of cleanli-
ness, culturc rooms require to be isolated and with suitable wall and floor
material. Electrical wiring, water supply etc. are usually required to be
specifically done to cater to rhe differentequipment used.

b. Equipments

Equipments commonly used include steam autoclave. laminar flow benches,
hot air ovens. electronic analytical balances. pH meter, dissection micro-
scopes and water distillation stills. Besides contributing to the capital cost of
establishing a laboratory. the equipments also incur a recurring expenditure
for maintenance. Most ol the above equipmcnts are available in India in a
broad range of prices.



Recurring costs

a. Energy

The energy requirements of a typical tissue culture facility are large due to
the electricity used to operate airconditioners. autoclave, laminar flow
benches, hot air ovens and culture room lights.

b. Consumables

Chemicals used for preparation of the culture media are normally of Analyti-
cal Reagent (AR)Grade. This quality of chemicals are of very high purity and
are expensive when compared with other grades like Laboratory Reagents
(LR). Plant growth regulators, agar-agar, cotton wool, Analytical grade filter
paper and surgicals are some of the other consumables used in the tissue
culture laboratory. Absolute alcohol or rectified spirit. the procurement of
which requires special permits, is commonly used for swabbing surfaces of
tables and shelves and for surface sterilisation of explants and occasionally
for spirit lamps used for flaming equipment and glassware. LPG is used
commonly forburners for melting media or for flame sterilisation of surgicals.

. Culture vessels

Test tubes and conical flasks are the most commonly used culture containers
in the research laboratory. These are made of expensive borosilicate glass.
Culture vessels made of polypropylene or polycarbonate are also expensive
compared to soda glass containers which is the choice of commercial micro-
propagation units. Non-adsorbent cotton plugs are the most commonly used
closures for test tubes and flasks. Polypropylene or metal lids are used for
glass bottles.

d. Labour

The single largest component in cost of micropropagation is the labour costs.
This is especially high in the larger laboratories if Ph.Ds and other highly
qualified persons are employed. Technicians are required to be trained
particularly in carrying out the sterile procedures and preparation of media.
Other labour requirements include washing and sterilisation of glassware
and preparation of culture media and transfer and maintenance of plantlets

to soil.



SCOPE OF THIS STUDY

Each of the factors mentioned above offers the possibility of being simplified
or made more cost effective. The initial development of a micropropagation
method for any plant species mostly involves empirical experimentation and
defining the physical and chemical requirements for optimal results becomes
a necessity. Thereafter by working down from such a standardised protocol
of micropropagation a much simpler and cost-effective method can be
achieved. Practical and economical considerations take precedence over
accuracy and precision when cost reduction and simplification of large- scale
micropropagation are the objectives.

Suchan effort at simplification will focus attention on each of the factors that
influence in vitro culture. For example, an understanding of the level of
impurities in the cheaper alternatives to media constituents or the quality of
tap water used may be neccessary before adopting the alteration in routine
procedures. The use of daylight as the source of light for cultures will
encourage studies on the effect of the spectral quality of artificial light on the
development of plants in vitro.

In the context of commercialisation, the deployment of simple and cost
effective techniques will make micropropagation within reach of smaller
entrepreneurs. In view of the increasing number of educated unemployed
people. including women, in the state, the micropropagation technology if
made accessible is expected to contribute to the promotion of the horticul-
ture/floriculture industry.

OBJECTIVE OF THIS STUDY

This study was therefore aimed at addressing the issue of sophistication in
infrastructure and techniques and cost of production as a limiting factor in
the wider commercial application of micropropagation technology. Special
emphasis was given to the potential for adoption of the technology by the
small-scale entrepreneurs or at a household level by persons without much
formal training in biology.

The specific objectives of this study were to test some of the simple methods
and cheaper alternatives in carrying out micropropagation of a herbaceous
medicinal plant viz.Kaempferia galanga. The strategy adopted was to simplify
the techniques starting from the conventional protocol which was available.
The criterion for simplicity was the amenability of the techniques in the hands



of an undergraduate technician after a short training of 34 weeks. Several
cost reduction measures were tested for their efficacy. Towards the end of the
study period when most of the modifications in techniques had been stand-
ardized, a training course was organised to disseminate the knowledge
accrued in the project.



MATERIALS AND METHODS

PLANT MATERIAL

he plants of Kaempferia galanga used for this study were grown in the

medicinal plant garden of KFRI, Peechi. Rhizomes were dug out in

February and stored in polythene bags after washing away the soil. Rhizome
buds were excised and used as explants for culture whenever required.

STANDARD MICROPROPAGATION PROCEDURE

The procedure for in vitro culture of rhizome explants and induction of
multiple shoots and piantlets of Kaempferia galanga were standardised
earlier (Muralidharan. 1995: 1997). Modifications in the conventional in vitro
culture technique were adopted in this study as described below.

Surface sterilization

Rhizome buds of about 1-2cmwere cleaned and washed in tap water to which
a few drops of a laboratory detergent (Labolene. Glaxo Ltd.) was added.
followed by 3-4 washes with water. Under sterile conditions they were
transferred to a autoclaved bottle and treated with 0.1% HgCl, (w/v) for 10
minutes followed by 3-4 washes with sterile water.

Culture media

All culture media were based on the Murashige and Skoog's (1962) (MS)
medium (Table 1). Other additives like sucrose. plant growth regulators were
added as required for the different experiments. Stock solutions of various
concentrations were prepared and stored in the refrigerator and the required
aliquots added and made up with water to formulate different culture media.
pH of the media was adjusted using 1 N or 0.1 N HC1 or NaOH and using an
electronic pH meter or pH paper strips.



Table 1. Composition of Culture Media

A. Basal Medium

(MS*)

No. Chemical Concentration in mg/I
1. KNOQO3 1900.00
2, NH4NOg3 1650.00
3. CaClz. 2 H20 440.00
4. MgsS04. 7 H20 370.00
5. KH2PO4 170.00
6. MnS04, 4 H20 22.30
7. ZnS04. 7 H20 8.60

Microelements
8. HsBO3 6.20
9. KI 0.83
10. CuS04.5 H20 0.02
11. Na2Mo0Q4.2 H20 0.25
12, CoCl2.6 Ha0 0.02
13. FeS0O4. 7 H20 27.80
14, NazEDTA.2 HeO 37.30
Organic Additives
15. Myo inositol 100.00
16. Thiamine HCI 0.10
17. Nicotinic acid 0.50
18. [ | 0.50

*Mineral salts and vitamins of Murashige and Skoog's Medium(1962)

B. Modifications In Basal Medium (MS) (Low-cost options)

a.MS-1- MS without Organic Additives

b. MS-2 - M S without Organic Additives or Microelements

C. Bud Sprouting Medium * : Basal Medium + BAF (3mg/1) * Sucrose 226

D. Shoot Multiplication Medium* :Basal medium + BAP(1-3mg/1) +

Sucrose 220

*Agar-Agar(Hi-Media Ltd.) added at 0.5% (w/v) for solid media. Sucrose replaced by
grocery sugar or deleted in some of the experiments.




Establishment of cultures

Surface sterilised explants were inoculated under sterile conditions provided
by a laminar flow bench or sterile hood (described under 2.4.2.) on appropri-
ate pre-sterilised solid or liquid culture media in test tubes and kept in the
culture room or under the different conditions to be tested.

Maintenance of cultures

Established shoot culturcs were maintained by subculture to fresh media
every 4-6 weeks. Shoots were trimmed by cutting leaves about 3 cm from the
base and removing the roots.

LOW-COST OPTIONS USED IN THIS STUDY

Equipment

Sterilization of glassware and culture media was carried out using a large
pressure cooker (Make: Prestige. 22 Litrcs capacity) and an LPG burner.

Sterile hood

As an alternative to the conventional Laminar Flow Bench (LAF),a simple

and inexpensive sterile hood or sterile chamber was fabricated (Fig. 1).
Galvaniscd iron sheet and glass was used to construct the hood.

The dimensions of the hood were 60 cm (L)X 45 cm (w) x 35cm (H). The top
of the hood had a glass window sloping towards the front so as to permit view
of the working area inside. Provision was given in Lhe form of openings for
hands as well as lor glassware and cultures. The sterile hood was fabricated
with the bottom left open since it was intended to be used on a clean table
top. The design also facilitated easier introduction of articles into the hood
prior to beginning work.

Chemicals

Laboratory Reagent (LR) grade chemicals were used wherever possible as an
alternative to Analytical Reagent (AR) Grade chemicals that is used conven-
tionally for micropropagation. Plant growth regulators and organic additives
including vitamins were available only in AR grade. Tap water was tested
instead of the double glass distilled water used conventionally for preparation
of culture media. Sucrose (LR Grade)was added as the carbon source in all



media except where the effect of grocery sugar was being tested and in
experiments where shoots were grown in the absence of carbon source.

Culture containers

The following alternatives to the test tube and conical flasks were used as
culture containers in this study.

i. Polypropylene (PP)culture containers (Phytaconfrom Sigma, USA) with
wide mouths and snap-on lids.

ii. Soda glass bottles with PP or stainless steel lids.

iii. Thin walled PP bags of size 22 x 28 cm procured from whole-sale
dealers.

Modifications to the PP bags were carried out with a heat sealer to alter the
size and shape or to strengthen the bottom seal whenever found necessary.
To prevent the sides from sticking together, a piece of paper was inserted into
the bag before autoclaving. Thiswas removed when media was dispensed into
the bags. Autoclaved liquid media was dispensed into the sterile PP bags by
using a sterile glass funnel with a long stem.

During autoclaving and during culture the mouth of the bags were closed by
folding it down twice and keeping the fold in place with paper clips (Fig. 2L
Care was taken to open the mouth of the bags only partially while dispensing
media or during subcultures so as to avoid contamination.

Laboratory facilities

As an alternative to airconditioned culture rooms with artificial (fluorescent)
lights, maintenance of cultures under ambient conditions were tested. A part
of the laboratory room with windows facing north was used for maintenance
of the cultures(Fig.3). Shelves were fixed inside the window to accommodate
the cultures and covers of polyethylene were provided to prevent dust settling
on the vessels.

LABOUR

A lady undergraduate Project Assistant was appointed in the project. She
had some experience of working in a clinical laboratory and was therefore



familiar with handling labware. Procedures described in the study were
carried out by the Project Assistant after a short training of 3-4weeks.

TRANSFER TO SOIL AND HARDENING

Plantlets were removed from the culture container and washed in running
tap water to remove traces of media before planting. A mixture of soil with
vermiculite (1:1)in plastic disposable cupswas used for transfer of plantlets.
The cups were covered with polythene bags to maintain high humidity for 2-3
weeks until plantlets were hardened. Hardened plants were planted in soil
after 8- 10 weeks of growth in cups.

TRAINING COURSE

A one week training course was conducted with ten candidates selected from
about 50 applicants from Trichur District. The applications were called for
through announcements in newspapers and radio. Selection of participants
were done based on a write-up submitted with the applications wherein they
gave their reason for the interest in the training course in tissue culture. None
of the participants were having educational qualifications higher than Pre-
degree. All participants were engaged in full or part-time agricultural activity
at their own farms or households.

The training consisted of lectures in Malayalam as well as practical classes.
Trainees were given an introduction to various in vitro techniques and
relevant information on plant structure, nutrition, sexual and clonal propa-
gation. Emphasis was given to the importance of sterile techniques. A
handbook in Malayalam on low-cost tissue culture (Appendix 1)was prepared
and given to the trainees.

All participants individually carried out the procedures involved in initiating
cultures from rhizome buds of Kaempferia galanga.Since the duration of the
training was short, procedures like subculture of shoots and transfer of
plantlets to soil, were carried out using older cultures.

Since the participants showed interest in micropropagation of orchids,
banana and anthuriums. the details of media and the different culture
techniques for these plants were also discussed.
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RESULTS AND DISCUSSION

Sjccessful micropropagation of Kaempferia galangawas demonstrated
sing a combination of the simple and low-cost alternatives in equipment
and techniques adopted. The different procedures were also successfully
carried out by the technician, after a few weeks of training.

MICROPROPAGATION

Microbial contamination

About 40% of the cultures were lost due to fungal contamination within 10
days of inoculation of rhizome buds. Higher rates of contamination was
obtained in the first few attempts by the technician. A progressive decline in
contamination was possible when more care was taken in carrying out the
sterilization procedure.

During subculture of shoot cultures. contamination was encountered only
occasionally (<5%) when bottles ortest tubeswere used for culture. When PP

bags were used for culture the rates were higher (30%)initially. A higher
contamination rate for the PP bags is expected due to i. the difficulty in
carrying out the manipulations smoothly because of the collapsible nature
of the bags and ii. the method of sealing the bags. viz. by folding rather than
heat-sealing. Contamination rates could be brought down to the expected
level (<5%)when care was taken and the technician gained some experience.

Other chemical sterilants commonly used are calcium or sodium hypo-
chlorite. Since freshly made calcium or sodium hypochlorite is not readily
available. mercuric chloride was preferred although it is less safe to use and

dispose.

Establishment of shoot cultures

Sprouting of rhizome buds began in a week and shoot formation occured in
3-4 weeks. Sprouting occured in 60%o0f the explants on solid media. In liquid
media sprouting was less than 10%.Multiple shoot formation took place in
about 6 weeks during which the explants were subcultured once without
excision into fresh media.
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Since the effectiveness of BAP on bud sprouting and shoot multiplication in
K galangaand other species of Zingeberaceae, has already been established
by several reports (Vincent. et al, 1992: Muralidharan. 1997) no other
hormone was tested in the present study. BAP also is the least expensive of
the commonly used cytokinins.

Shoot cultures were subcultured on to fresh media after 6-8 weeks of growth,
Explants consisted of at least one shoot and often two to three developing
shootinitials. On high BAP (3 mg/l) containing media, 5-6 multiples per shoot
was obtained.

Transfer of shoots to low cytokinin media (1 mg/l BAP)resulted in lower
multiplication rates (2-3 shoots per culture) but better development and
elongation of the shoots. The multiplication occurring on the low cytokinin
may also be due to the elongation of meristems that were induced during the
earlier culture in the high cytokinin media.

Shoot growth and multiplication were found to be equally good in cultures
grown on solid and liquid (unagitated) media. Micropropagation of
Kaempferia spp. have been reported previously only on solid media and no
mention has been made of the use of liquid media at any stage of culture
(Vincent et al.. 1992). The use of liquid media for micropropagation has
several advantages. Besides the saving in the cost of the solidifying agent.
shoots or plantlets growing on liquid media are easier to handle during
subcultures and transfer to soil. Traces of agar remaining on the roots grown
in solid media, will encourage microbial infection and mortality of the
plantlcts. Shoot cultures in liquid media have been employed successfully for
several plant species (George, 1993)and normally such cultures are agitated
on rotary shakers to aerate the media. In the present study shoot cultures
did not need shaking probably because tissues were not completely sub-
merged. Since shakers are expensive and energy intensive to operate, culture
procedures involving shaking is a disadvantage.

Omission of vitamins and organic constituents from the basal media (MS-11
or microelements (MS-2)did not appear to have any effect on the shoot
multiplication rates or shoot growth. Although organic additives form a
constituent of most plant tissue culture media. it is believed that this is not
a limiting factor since green tissues are partly autotrophic and can produce
the essential vitamins. Cultures in media prepared in tap water also appeared
to be normal. Tap water will contain most of the microelements in significant
guantities but the actual concentration will vary with location and has to be
tested critically before culture media are routinely prepared with it. Similarly.
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the presence of other elements in high levels may have an undesirable effect
on the cultures.

Plantlet formation

Rooting occured in all the shoots on the multiplication media and hence no
separate in vitro rooting step was required. Other workers have used a
seperate rooting step on a auxin containing media (Agretious et al, 1996:
Mustafa and Hariharan. 1997: Vincent et al., 1992). Since no specific
advantage was reported in plants rooted in vitro. the drawback in the method
isthat the additional culture stage only increases the costof plant production.

Kaempferia plantlets were very easily transferred to soil and established
without much hardening except for maintenance of humidity for 2-3 days

using a polythene bag as cover.

Shootcultures in the elongation phase could be maintained on a sucrose free
medium until transferto soil. It requires further studies to determine whether
the plants had become partly autotrophic at this stage. The advantage of
having a sugar free medium is that the chances of microbial contamination
of shoots are greatly reduced both in culture as well as immediately after
transfer to soil.

CULTURE CONTAINERS

The disadvantage in the use of test tubes is that in the later stages of cultures
transfers will be impeded by the small diameter of the vessel. Conical flasks,
also made of borosilicate, is the commonly used container when larger
volumes are required. The narrow neck of such flasks also makes it extremely
difficult to carry out transfers. Being expensive makes it unsuited for large
scale micropropagation. Cotton plugs used as closures for test tubes and
flasks are reusable for a few times if they have not been in contact with media.
In long term cultures cotton plugs accumulate dust and spores which will
trickle down into the vessel and pose a risk of contamination.

Disposable containerswidely used in the western countries are usually those
made of heat labile plastics e.g. polystyrene or PVC. Sterilization at factory is
therefore done by gamma irradiation. For commercial applications, dispos-
able vessels are expensive. especially when labour for cleaning and autoclav-
ing are not very expensive as in India. The problems of effective disposal is
also a disadvantage with disposable plasticware.
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Sodaglass bottles are the commonly used culture vessels in most commercial
micropropagation labs. When used with metal or polypropylene lids the vessel
can be stenlised by autoclaving. Although soda glass bottles do not have the
chemical inertness of borosilicate glassware. no adverse effects on culture
arenormally observed. Any influenceon the composition ofthe culture media
may be evident only after they have been used for 12-18 months. Procedures
for restoring soda glass bottles to the original conditions have also been
suggested (George. 1993).

Clear PP culture bags are commercially available (Sunbags. Sigma Ltd.. USA)
but with greater wall thickness. PP bags used in this study were made of
thinner material and werc much cheaper.

Use of tight closurcs. especially metal or plastic lids, effects the air exchange
between the vessel and atmosphere. Culture containers like Phytacon and
Sunbags are also available with an embedded membrane filter to facilitate
gaseous exchange. In the present study the method used to close the PP bags
without sealing, permitted sufficient gaseous exchange to take place.

EQUIPMENT

The use of a sterile hood was found satisfacton, for carrying nutall the culture
manipulations involved in this studv. However. compared to a laminar flow
bench the hoods have confined space and restrict the hand movement of the
operator. The use of PP bags for culture is particularly rendered more difficult.
It required repeated practice to reduce contamination rates in the bags.

Such sterile hoods or chambers iverc in routine use for tissue culture work
about 20-25 years ago before the use of laminar flow benches became
common. Sterile chambers could be Fabricated out of glass. wood. aluminum.
steel or plastic. Glass aquarium tanks can easily be modified to make a simple
sterile chamber. Joints in such chambers could be sealed with silicone
sealant. Sterility is maintained by wiping the inner surfaces with spirit or
chlorinewater and the use of UV lamps and hence the material chosen should
not be affected by their use. Some laboratories employ a glove box with plastic
or rubber sleeves for the operators hands to further minimize contamination
but this makes the transler ofobjcctsin and out of the chamber more difficult.

WATER QUALITY

Shoot multiplication rates and normal growth was maintained in Kaempferia
when glass distilled water was replaced with tap water in preparation of
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media. Since operating a glass distillation still is highly energy intensive,
significant savings in cost of production will result with the use of tap water.

However it has to be anticipated that the quality of tap water will vary with
the location and the efficiency of the water treatment system. Dissolved
impurities and suspended matter and varying levels of chlorine are to be
expected in the tap water. Hence boiling and filtering of the tap water is
suggested if required or single distilled or deionised water or stored rain water
used instead if easily available. Raju (1994)describes a simple device to obtain
distilled water using a pressure cooker. A glass condenser attached to the
outlet of the cooker is used to condense the steam to produce water of single
distilled quality. He also recommends the use of commercial 'battery water’
as a convenient source of distilled water.

CULTURE MANIPULATIONS

A rosette type of growth habit of Kaempferia is typical of plants in the family
Zingeberaceac and several other monocots. In culture the shoots consist of
elongated leaves and an extremely condensed stem which in turn produced
shoot clusters during the multiplication stage. Multiplication occured by
proliferation of axillary meristems in the condensed stem. Hence division of
cultures during subculturcs required only separation at the base. This was
facilitated in Kaempferia since the shoot clusters fragmented easily without
the need to excision with scalpels. The need to make several excisions at
specific positions on the shoots (especially of dicots) during subculture, is
one of the factors that makes micropropagation highly labour intensive.

On the other hand in Kaemferia. it is the relatively large size of leaves in
comparison to the highly condensed stem which caused difficulty during
subculturcs. Leaves atthe end of theusual passage filled up the culture vessel
space and the large sizes made it cstrcmely cumbersome to maintain sterility
during transfers. Trimming of the leaves from 2-4 cm to isolate the shoot
bases facilitate separation of single shoots from the clusters and totransfer
to fresh media. In plant sprcies especially dicots with a elongated stem and
relatively smaller leaf area such a problem is rarely encountered.

CULTURE UNDER AMBIENT CONDITIONS

Shoot cultures in the multiplication and elongation stages grown under
ambient conditions showed no notable differences when compared to those
in the culture room, This has earlier been substantiated in the case of four
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species of Zingeberaceae including K. galanga(Muralidharan. 1997). Shoot
cultures and plantlets grown in daylight had a deeper green colour than those
grown under fluorescent illumination. Hayashi and Kozai (1987) reported
that carnation shoots developed into rooted plants faster under solar radia-
tion, than under artificial illumination. The acclimatization unit used by them
had the humidity and light accurately controlled.

Some disparity in culture response and in quality of plantlets produced can
be expected when culture conditions especially illumination and temperature
fluctuate with the time of the year. Holdgate and Aynsley (1977)report that
variation in plant quality can be expected when temperatures fluctuate.
However such a variation has not been observed in the Kaempferia plantlets
(Muralidharan. 19971. However it has to be determined in each case, if a
particular plant species is amenable to culture under ambient conditions.

OTHER LOW-COST ALTERNATIVES

Other cheaper alternatives which were found feasible but not routinely used
for this study, include the use of indicator solutions or pH paper stripsinstead
of the pH meter for pH measurcmcnt and the use of an ordinary double pan
laboratory balance forweighing of chemicals. The small micropropagation lab
with only an occasional need for media preparation could use these equip-
ment without compromising greatly on accuracy.

The availability of commercial ready-made culture media would be of great
advantage for small scale operators by saving on capital costs of some of the
laboratory equipment required for media preparation. Currently these are
available only in a small range and are expensive.

TECHNICAL EXPERTISE

The Project Assistant appointed lor the study had no experience related to
plant tissue culture. She had however worked in a clinical laboratory of a
hospital as a technician and was familiar with cleaning of glassware.

Among the different aspects the most difficult to impart to the technician was
how the different techniques influcnccd the rate of contamination of cultures.
Only with an experience of several months. an acceptable level of sterility
could be achieved when the sterile hood and PP bags were used. It also
required some effort to familiarise the technician with the calculations
involved in preparation of culture media using stock solutions.
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A great advantage that developing countries like India has today is the
availability of relatively cheap technically skilled labour. In contrast, in the
developed countries the high cost of labour has even been a reason for
research into automation and use of robotics in micropropagation.

This study indicates that it is feasible to impart sufficient skills to an
apprentice in a few months to permit him/her to carry out all the stages of
micropropagation based on a standard protocol.

TRAINING COURSE

In spite of selcction based on evaluation of the write-up submitted with the
applications, it was found that some of the trainees had only a superficial
interest and aptitude in the course. It was apparent that some of the trainees
expected a simple rechniquc which could immediately be put to practice like
conventional plant propagation: Some of ihcm assumed that any of the
vegetable crops could be micropropagated. Most trainees were disappointed
that plants o fcommercial porcntial like orchids, anthurium or banana were
not included in the course.

The short duration of rhc training course was a drawback because the
trainees could not observe the results of the procedures carried out by them
during thr iraining. One possibility of overcoming this could be to have a
course split into two or three installments and spread over a period of three
to four months with a break of fewweeks in between. It should also be feasible
for trainees to repeat the different procedures several times during the course
S0 as to have a thorough understanding.

Many of ihc trainees experienced some difficulty with the calculations
involved in preparation of culture media using stock solutions. Hence to avoid
errors it will be useful for beginners to have a chart prepared of standardized
stock solution concentrations and volumes lo be added for specific media.
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CONCLUSIONS

e techniques of cost-reduction and simplification that has been at-
tempted in the study has been successfull in the micropropagation of K.
galanga. It has also been demonstrated that routine plant tissue culture
procedures can be carried out by persons without any great emphasis on the
theoretical basis of the techniques.

For setting up a less expensive micropropagation facility the following facili-
ties and procedures are suggested for the beginner.

a. The use of a simple locally fabricated sterile hood made of galvanised
iron sheer and glass for aseptic work.

b. Cost savings could be effected by avoiding horosilicate glassware as
culture containers. Glass jam bottles with metal caps can be used when
only a small number is needed. At appropriate culture stages
polypropylene bags could be used for shoot cultures.

c. Liquid media is to be used whereever found feasible instead of agar
solidified media.

d. Windows receiving sufficient sunlight throughout the day or a room
with provision for sufficient light through the ceiling could be converted
to a culturc incubarion area.

e. Laboratory, grade mineral salts and grocery sugar may be used instead
of AR Grade chemicals lor preparation of media.

f.  Filtered tap water may be used for preparation of culture media after
adequate tests.

g. The use of a chart of standardised stock solution concentrations and
volumes to be added. is reccommended for the beginner until he/she is
more conversant with the procedures.

Although formulation of new media and innovations in culture techniques is
not normally expected ofa person trained in the low-cost micropropagation
technique. some modifications in techniques especially for surface sterilisa-
tion and hardening of plantlets or optimization of hormone levels can be done,
rather than adhering to the protocols strictly. Only a person with some
experience could develop and put to practice a micropropagation protocol for
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a new species. from the information available in a typical report published in
scientific journals.

Setting up and operating a micropropagation unit successfully requires
involvement and more than a casual interest. The cost-effectiveness of
micropropagation of any species needs to be demonstrated before embarking
on it on a commercial scale. For that reason it perhaps can be recommended
only for entrepreneurs who have the patience and inclination to familiarise
with the techniques and then fine tune it for a particular plant species.

It will be beneficial to potential entrepreneurs if under the auspices of STEC
or the State Horticultural Development Corporation, small-scale ventures in
micropropagation are supported by easy loans and subsidies and help
provided for distribution of mother plants and buy-back arrangements.
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ABBREVIATIONS

AR - Analytical Reagent Grade
BAP - 6-Benzylaminopurine
Kin. - Kinetin

LR - Laboratory Reagent

PA - Project Assistant

PP - Polypropylene
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Fig. 2. Polypropylene bags used as culture container



Fig. 3. PP bags and other culture vessels kept under
ambient conditions near the window
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