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Abstract

Plant tissue culture, an ecofriendly technology includes micropropagation which leads to mass propagation of true to type, high
quality planting material of ornamentals, medicinal crops plantation crops, fruit and forest trees etc within a limitett pasod
provided challenging opportunities in global trading of tissue culture saplings as well as cut flowers for export aswell as fo
domestic use in developing countries like Indiais area has created new avenues for entreprenureurs. But the main bottleneck

is the high cost of tissue cultysanting materials compared to the conventionally propagated saplings. It is a capital-intensive
industry, and in some cases the unit cost per plant becomes unaffordable. Hence, it is necessary to adopt strategies to reduc
production cost and lower the cost per plant. This paper deals with various low cost tissudemihigeies which can be

adopted by small scale entreprenures in Indian conditions Bioreactors provide more precise control of the plant growth gaseous
exchange, illumination, medium agitation, temperature and pH than the conventional culture vessels. However, to be cost-
effective, use of bioreactors requires indexed plant cultures, and attention to aseptic procedures during handling efiplant mat
otherwise culture contamination leads to massive economic loss. Plants hardened under natural light are sturdy, and withstanc
transplantation better in the field. Careful planning of a facility can make large savings both in the construction cst®and d

day operations in the facility. The primary application of micropropagation has been to produce elite planting matec@@respe

of season or crop, which in turn leads to increased productivity in agriculture as well as better economy to developlitgnations
India.

Keywords: Plant tissue culture, micropropagation, micropropagules, low cost tissue tedtunejues

Introduction Micropropagation allows rapid production of high quality,

Plant tissue culture refers to growing and multiplicatiolisease-free and true to type planting materials within a
of cells, tissues and organs of plants on defined solid §hort duration in limited space. The micropropagation
liquid media under aseptic and controlled environmentéading to mass propagation of high quality planting material
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of ornamentals, and forest and fruit trees has created néhese stages are universally applicable in large-scale
and challenging opportunities in global trading fomultiplication or mass propagation of plants. The delivery
producers, farmers, and nursery owners (FAO,2003a).0t hardened small plants / plantlets of tissue culture to
also leads to improvement of our economy particularly leagsowers and market also requires extra care. Low-cost
to rural employment. Tissue culturing has become a routitissue culture technology is the adoption of practices and
method for propagating plants in high technologyse of equipment to reduce the unit cost of plantlets and
laboratories (de Fossard,1976). The cost of productioverall plant production (FAO,1993). Low cost options
using conventional tissue culture is, however, high for moshould lower the cost of production without compromising
of the countries in the developing countries. Althougthe quality of the micropropagules and plants. In low cost
conventional Plant Tissue Culture (PTC) has been applissthnology cost reduction is achieved by improving process
for decades, the high cost of tissue production is edficiency and better utilization of resources. Low-cost
drawback for laboratories with limited resources, especialtissue-culture technology is high priority in agriculture,
in the developing countries. High production cost has beéorticulture, forestry, and floriculture of many developing
an impediment to tissue culture adoption especially ountries for the production of suitably priced high quality
developing countries such as India and sub-Saharan Afripéanting material.

In fact, the cost of the primary production precludes th&

adoption of the technology for large scale micropropagation number of low-cost alternatives can be used to simplify
P ay 9 Propagalioyrious operations and reduce the costs in a tissue culture

. . . facility. The physical components of a typical plant tissue
Role of low cost options in plant tissue culture cultu?/e faciIFi)ty include equipment and buildings with
Plant tissue culture is primarily based on rapid mump"caﬁoﬁreparation room, transfer room, culture or growth room,
of tiny stem cuttings, axillary buds, and to a limited eXterHardening and weaning area, soil-growing area
of somatic embryos, cell clumps in suspension culturggreenhouses, plastic tunnels), packaging and shipping area,
and bioreactors. The plants can be multiplied anywheggy re|ated facilities such as an office, and a store for
under controlled environmental conditions throughout thg,emicals, containers and supplies. The size of the physical
year irrespective of the season and weather (Etienne et@lmponents of a tissue culture facility will vary according

1999). The cultured cells and tissue can take sevefglits functional needs,e. the volume of production.
pathways. The pathways that lead to the production of

true-to-type plants in large numbers are the preferred orfedreful planning of a facility can make large savings both
for commercial multiplication. However, tissue culturdn the construction costs and day-to day operations in the
technology is more expensive than the conventional methtseility- It is recommended that an existing facility should

of plant propagation because of the initial capital inpl€ Visited to view the layout and operational needs before
followed by maintenance of the high- tech equipmerfttarting a new facility. Proper choice of media and

involved and the controlled conditions required in additioRontainers can reduce the cost of micropropagation
to the skilled labour. Therefore, it is a capital-intensiv€-AQ,2000b). The composition of culture media used for
industry, and in some cases the unit cost per plant becorRégliferation has a tremendous influence on production
unaffordable. Hence, it is necessary to adopt strategiescg$ts: The type of culture vessel influences the efficiency
reduce production cost and lower the cost per plant. TREtransfer during subculture and production of propagules

process of plant tissue culture is usually divided into seveR§" Unitarea. The replacement of expensive imported vessels
stages. with reusable glass jars and lids, alternatives to gelling

o ) ) agents, use of household sucrose, and some medium
1. Identification and maintenance of elite mother p|an§§0mponents can reduce costs of production. Bulk making

tissue culture. This reduces electricity and capital costs

2. Their pre-propagation, of media and storage as deep frozen stocks also reduces
L labour costs.
3. initiation of explants,
4. subculture of explants for proliferation, Artificial lighting pf cultur_es ir_m t_he growth rooms is one of
) _ the most expensive and inefficient methods in tissue culture
5. shooting and rooting, technology. Changing the method of illumination from
6. hardening followed by artificial to natural light is a decisive low cost option in
7.

Lab to land transfer
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and also improves the plant quality. Maintaining in vitrgpathogens in extremely low amounts. Quality control is
cultures at a regulated temperature with air conditionegessential to assure production of high quality plants and to
adds to the cost but does not contribute to specific plamive end-users confidence. Quality standards require the
quality. Many in vitro growing plants can tolerate wideestablishment of suitable tests to maintain quality control.
fluctuations in temperature, and adapt better to fieldhe choice of explant source, freedom of the donor plant
conditions than those grown under even temperature. from viruses, disease causing fungi, bacteria, viroids,

Plants can also be hardened in open shade. Plants hard@rrl]é{ctioplasmas’ vigour and CO”f‘?Tm'ty of th_e vz_;lr!ety, and
elimination of somaclones are critical for maintaining plant

under natural light are sturdy, and withstand transplantatlona”,[y (Ahloowalia, 2000). Variety identification by proper

better in the field. Production of plants based on '[iSSlI(I]EL!Jb . ) . . . .
: S abeling at all stages is essential to ensure varietal identity.
culture technology and their subsequent growing is a labor

intensive system. Even in developing countries, where labbissue-cultured propagules are produced under a controlled
is relatively less costly, hiring expertise from establishegnvironment. Such plantlets have small juvenile leaves with
R&D laboratories reduces overhead costs. reduced photosynthetic capacity, and malfunctioning

Bioreactor-based propagation of plants can increase rgf’?mata. Priming for rooting, shooting, and improved

C otosynthesis can be achieved with growth regulators
of multiplication and growth of cultures and reduce spac ) . -
. . ._ahd adjustment to the growing conditions that affect the
energy and labor requirements in commercia

micropropagation. They can therefore be attractive &fost-transplant_lng p_erf(_)rmancg .Of the propagules. Vented
sures with microbial filters facilitate gas exchange, reduce

. . . o
ri regards new or expanding pl .
developmg_qqunt €S as rega (_:is Ew or expa d 9 Pl ylene build-up that stunts plant growth, reduces leaf-
culture facilities, in combination with a conventional”. S .
. . . size, and causes leaf drop in tissue culture containers.
laboratory. Bioreactors provide more precise control of t .
. . .~ Plantlets produced under photo-autotrophic culture systems
plant growth gaseous exchange, illumination, medium T . )
e . on media with or without sucrose but Cénrichment,
agitation, temperature and pH than the conventional culture o .
. Increased light intensity, good gas exchange and reduced
vessels (Adelberg and Simpson,2002). However, to be cost- .
. f S umidity are more vigorous, have larger root-systems, and
effective, use of bioreactors requires indexed plant cultures, . . . L
. . : . are less susceptible to microbial contamination. Plants
and attention to aseptic procedures during handling of plan ! .
: . L .adapted gradually to the ex-vitro environment have
material otherwise culture contamination leads to massive ) . . :
economic loss improved survival upon transfer to soil. Plants in their

natural environment are colonized with many bacteria, fungi,
In plant tissue culture the health status of the donor mothetd mycorrhizaeln-vitro or ex-vitro biopriming of
plant and of the daughter plants multiplied from it are amongicropropagated plants with such organisms improves
the most critical factors, which determine the success pfant performance under stress environments, and
a tissue culture operation. Plants not originating fromonsequently enhances yield.

pathogen-tested material must be screened for the preselflgv% cost options can generally be incorporated into the

of viruses. The process termed |r_1dexmg of the .mOthgtrasign of the building, laboratories, working areas, layout
plants for freedom from viral, bacterial, and fungal d|sease§ . A . > .
of equipment, lighting, heating and production planning to

is a normal procedure in large-scale plant propagation . . L

. . rovide smooth and efficient operations. It is important to
through tissue culture. Batches of tissue cultured plants . . .

. . . select several plants that provide options for production

should be tested for freedom from diseases either in-house .
. : . around the year to allow cash flow and optimal use of
or by other laboratories. Laboratories, which do not have " o . . . -
. o . . .. equipment and facilities. It is essential to maintain sufficient
in-house facilities to carry out plant indexing, should either -
- o mother cultures, and limit the number of subcultures to
procure their indexed stock plants from organizations such . . . . .
. . . ... ___avoid variation, and plan production and shipment according
as Departments of Agriculture, agricultural universities ar ) . .
cE the customer’s demand. The price of the tissue culture

rivately own rtifi rmplasm r itori h : .
P ‘.”“ey owned certified ge plasm repos tories tha erived plants, tubers, bulbs, and cuttings must be
routinely produce such plant material or can get stoc

cultures indexed in certified laboratories For virus an%ompetltlve with those obtained from conventional

pathogen detection ELISA has been the most effecti péOp"?‘ga“of‘- Many tissue cultured plants are too expensive
X : - _Tor direct field planting. In such cases, the cost can be

method. Polymerase chain reaction (PCR) and nucleic acid . .
e . reduced by one or more conventional propagations of the
hybridization are more sensitive than ELISA, and can detect . . . . -
in vitro plants. The uniformity and consistency in field
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performance of tissue-cultured plants is important to builachieving maximum net profits from the crops or by
confidence of the farmers to integrate such plants in thecreasing the unit cost of production or both. The

production systems. technology is particularly relevant to the propagation of
ornamental plants. Despite high costs of production, trading
Adoption of Low-Cost Options of ornamental plants has thrived because they command

Low cost options should lower the cost of productiofRigh unit value. However, the market is limited. Over a
without compromising the quality of the micropropagulegeriod of time, many new tissue-culture companies in
and plants. The primary application of micropropagatiofeveral developing countries have entered to compete in
has been to produce high quality planting material, whidRe limited market. The inevitable result has been the
in turn leads to increased productivity in agriculture. Theeduction of net margins below viable limits (Table 1).
generated plants must be vigorous and capable of being _

successfully transplanted in the field, and must have higteW Cost Energy Options

field survival. In addition, they should be genetically uniform, se of natural light

free from diseases and viruses, and price competitive 0~ ) )
the plants produced through conventional methodArtificial lighting of cultures in the growth rooms is one of

Reducing the cost should not result in high contaminati¢h€ Most expensive and inefficient methods in tissue culture
of cultures or give plants with poor field performancetechnology. The lights, chokes, fixtures, timer controls,

The foremost requirement of micropropagation is th%quipmgntto handle high ele_ctrical load, and theirope_rati_on
aseptic culture and multiplication of plant material (Grosa"d maintenance add to high costs. Moreover, artificial

and Levin,1999) . lighting generates heat that has to be dissipated by cooling
and airconditioning further adding to the electrical load.
Importance of Low Cost Technology Although special fluorescent tubes are used to compensate

The potential of plant tissue culture in increasing agricultur]jrcfr the red and far-red part of natural daylight, artificial

. . . ght quality does not match that of natural light under which
production and generating rural employment is we .

. . ; he plants are ultimately grown. Also, the cool fluorescent
recognized by both investors and policy makers i

developing countries. However, in many developin ights used for illumination provide minimal energy required

countries, the establishment cost of facilities and ur’uﬁ?r photosynthesis. As a resuif vitro plants adapt to

production cost of micropropagated plants is high, anaw'hght intensity, and have a reduced growth rate.

often the return on investment is not in proportion to thiRlants can adapt to a wide range of conditions by changing
potential economic advantages of the technology. Thegeir metabolism and structures. They develop structural
problems can be addressed by standardizing agronoraitd anatomical features in leaves and stems, e.g. cuticle
practices more precisely (precision agriculture) and kgnd wax on leaves, thickness of the leaf, fewer and closed

Table 1: Substitution of plant tissue culturing equipment and facilities

Sl. No. Equipment Cosin KES Substitute low Costin KES (1 US$=80 % cost saving
(1 US$= 80 KES) cost equipment and facility KES)
1. Autoclave 70000.00 Pressumoker 10000.00 87.8
2. Culturebottles 450.00 Jam jar bottles 15.00 96.7
3. Micropipette 250.00 Irsulin syringes 10.00 96.0
4. Measuringcylinders 250.00 \ét syringes 10.00 96.0
5. Petri dish 7.00 Office waste papers 1.00 85.7
6. Aluminium foll 145.00 Ofice waste papers 1.00 99.3
7. Subtotal 71102.00 10037.00 85.9
8. Facility
9. Greenhouse 800000.00 Shade net 48000.00 94.0
10. Grand total 871102.00 58037.00 93.3

Source: Gitongaet al. African Crop Science Journal, Vol. 18, No. 4, pp. 243 — 251, 2010 Tissue culture materials for initiation and
multiplication of banana
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stomata, and thickening of epidermal cells of the stemk, Chemicals

that allow survival in the harsh environment. However, oncgjinerals nutrients, plant growth hormones, vitamins. The
they adapt to a set of conditions, re-adaptation t0 N@Wemicals which here focuses on the macronutrients,
conditions is rather slow or difficult. Plant tissues formeghicronutrients, vitamins, amino acids or nitrogen
and adapted to low light conditions are usually fragile a’%pplements, sources of carbon, growth regulators and
may become vitrified, leading to poor survival under fieldg|idifying agents. International Association for Plant
conditions. This can be a major disadvantage in the plaskysiology encompasses that, the concentrations of
hardening process, and later establishment in the field. glements greater than 0.5 mM. are defined as macroelements

Plants have low reserves, and a poor root system un@8#€ those required in concentrations less than 0.5 mM as
artificial light of low intensity. On transfer to soil, the Microelements (de Fossard,1976).
vitro formed roots have to adjust to soil solutes of varyin%I ]
pH. The usual response of timevitro formed roots is that Macronutrients
they stop functioning in soil and new roots are formedPlant tissue culture media contains macroelements: nitrogen
which take over the function of the original roots. If newWN), phosphorus (P), potassium (K), calcium (Ca),
roots do not emerge, the plant dies. One method mwagnesium (Mg) and sulphur (S) for better growth. At
circumvent these negative effects is to cultureithaétro least Culture media should contain 25-60 mM of inorganic
plants under natural light, during their last phase in liquiditrogen for good plant growth. Potassium (K) is required
medium, based on half- or quarter-strength MS saltsr proper cell growth of various plant species. Most of
without sugar and vitamins, under either aseptic or notlite media contains potassium (K) in the form of nitrate
aseptic conditions. If roots or root initials are not formed;hloride salts with a concentration ranging from 20 — 30mM.
the medium can be either supplemented with auxins (IAAhe optimum concentrations of P, Mg, S and Ca range
IBA), or shoots dipped in a solution of rooting hormonedrom 1-3 mM if other requirements for cell growth are
This procedure provides much stronger and healthier plapr®vided (Torres,1989).
with a high survival rate.

Micronutrients

Cost effective techniques of plant tissue culture in  The important micronutrients for plant tissue growth include
Indian conditions iron (Fe), manganese (Mn), zinc (Zn), boron (B), copper
Tissue culture is one of the boon to the agro based indus@u) and molybdenum (Mo). Iron is usually the most critical
throughout the world particularly India . Plant tissue culturef all the micronutrients. The element is used as either
techniques has been used for the production of diseadgate or tartarate salts in culture media, however, there
free plants in large scale also it has practiced forirthe exist some problems with these compounds for their
vitro and aseptic growth of the plant part in the nutrierdifficulty to dissolve and precipitate after media preparation.
medium for producing plantlets. The main objective of tissudurashige and Skoog 1962).

culture is to produce high yielding varieties of crops without

compromising the quality of the plantlets. Tissue culturéarbon and energy sources

(PTC) plays an important role for culturing both cash cropg tissue culture media, sucrose which is frequently used
and ornamental plants. Low cost technology means the carbon source at a concentration of 2-5%, other
adoption of technological practices and also the makirgrbohydrates are also used. In order to reduce the tissue
use of the equipment to reduce the propagating plantigfiture cost other sugar supplements such as sugar cane

cost as well as their production. molasses, banana extract and coconut water were added

to the basal media. The substrates in addition to sugars,
Components of tissue culture for cost reduction they are sources of vitamins and inorganic ions required
There are three important tissue culturing componengsowth (Dhamankar,1992; Zahed ,2000). (Vasil & Thorpe,
which involves in the reduction of the cost 1998).

1. Chemicals Vitamins and myo-inositol

2. Equipments Vitamins should be added in the culture media only when
3. Structures the concentration of thiamine is low (Murashige, 1974).
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Myo inositol (carbohydrate) is added in small quantitiestoe  High cost of nutrient media and sterilizing agents
igrgg)late cell growth of most plant cell (Vasil & Thorpe, High cost of facilities
e shortage of trained personnel

L Equments_ ) _ e Lack of systems for marketing/ delivering tissue
Culture containers, laminar flow, autoclave, instruments  cyjture products

used for micropropagation, pH meter etc ) )
The usage of a sterile hood was found satisfacton, for

Limitations of conventional tissue culture carrying nut all the culture manipulations involved in this
studv. However. compared to a laminar flow bench the

*  High cost of equipment hoods have confined space and restrict the hand movement

Fig.1: A-E Comparison between the low cost medium and the conventional medium sources
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of the operator. The use of PP bags for culture &nd replacing sucrose with sugar cane, because of low
particularly rendered more difficult. It requires repeatedost and easy availability (Gitonghal, 2011). Calcium
practice to reduce contamination rates in the bags. = ammonium nitrate, Single super phosphate Muriate of
potash and sugar cane were used as low cost media in
Low Cost Tissue Culture Technolgy of Cash Crops place of MS salts. The plants produced using LC media
was consistently better for shoot and proliferation. It is
1. Sweet potato (Ipomoea batatagL .) concluded that through reduction of the cost on the
In africa Sweet potatdgomoea batatas (L.) Lam) is the techniques, the cost of the product also be reduced and
second most important root crop after cassava. (Kwarfiemers get benefited using low cost, disease free and
Okinyi Ogeroet.al, 2012) has focused to reduce the cosflonal planting material with high production and also saving
of sweet potato tissue culture nutrients by using affordabiénd resources (Badoni and Chauhan, 2011).
alternative nutrient sources (Kodyenal., 2012). He
developed a new medium with conventional sources Gionclusion

Murashige and Skoog (MS) salts were substituted wWiiinas heen stressed time and again that in the long-term
Easygro® vegetative fertilizer containing both macro angyiculture and forestry need to be sustainable, use little or
micronutrients. Easygro® vegetative fertilizer, a locally,, crop-protection chemicals, have low energy inputs and
available foliar feed was used as the alternative sourcey%ft maintain high vyields, while producing high quality
MS nutrients. Two grams o_f the fertilizer which containg, aterial. Biotechnology-assisted plant breeding is an
both macro and micronutrients were used to make OBgsential step to achieve these goals. Plant tissue culture
litre of medium. This was supplemented with 30 g/L Ofechniques have a vast potential to produce plants of
table sugar and 9 g/L of agar. The use of Easygro vegetatijgerior quality, but this potential has been not been fully
fertilizer as the alternative source of MS nutrients reduc"é@(ploited in the developing countries. Durifgvitro
the cost of the nutrient medium by 96.2% while the use gfowth, plants can also be primed for optimal performance
table sugar led to 97.1% savings in regard to the sourcegfer transfer to soil. In most cases, tissue-cultured plants
carbon A total cost reduction of 96.9% was realized ht-perform those propagated conventionally. Tinwitro
shown in Table 1. (Kwame Okinyi Ogeenal, 2012). culture has a unique role in sustainable and competitive
. agriculture and forestry, and has been successfully applied
2. Low cost tissue culture technology for bananaplants iy piant breeding, and for the rapid introduction of improved
Low cost banana tissue culture was carried by substitutipgants.

the following ingredients such as normal tap water, tab

sugar, agar is replaced by isabgol in MS medium. In tr%mgmg new improved varieties to market can take several

case of root initiating MS medium some other ingredien%‘sears if the multiplication rate is slow. For example, it may
ge a lily breeder 15-20 years to produce sufficient

were substituted such as saw dust, groundnut husk, r}g

husk, coir pith and coconut fibre were used instead Bpmbers of b_UIbS ofa ”eW_'y bred cultiv_ar before it can be
agar. The growth seems to similar compared with origin grketedln vitro pr_opagatlon can considerably spee_d up
medium (Das & Gupta, 2009: Kodym and Zapata,1999t Jis process. Plant tissue culture has also become an integral
Kodym and Zapata,2001) part of plant breeding. For example, the development of

' pest- and disease-resistant plants through biotechnology
depends on a tissue culture based genetic transformation.
The improved resistance to diseases and pests enables

Erowers to reduce or eliminate the application of chemicals.

3. Low cost medium for sugar cane tissue culture
Norhayati et.al 201ised four kinds of commercial starch

or flour as alter_n_ativ_e gelling agents a_nd Cﬁconut water Bgstic tunnels (polytunnel) of low-cost with bio-fertilization
an organic add't“_/e in the culture_med|ur_n as reduced t &n also be used for hardening, especially in cooler climates.
CQSt of the medium and there_ IS No s_|gn|f|cant growth rectangular pit of desired and manageable size is dug on
difference compared to the original gelling agents. a site free of water logging. A frame of bamboo or any

: . o other available material is made above the pit with a gentle
4. Cheaper AlternativestoM SMediafor in vitro Culture slope to one side. The frame is then covered with a clear

of Potato _ _ _ polythene sheet, and tied using nylon ropes. The sheet is
In low cost media, tapioca was used as substitute of ag@led with mud on three sides, leaving one side free. The
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temperature and humidity inside these structures is gener&ify0, 1993. Agricultural Biotechnology in the Developing World. FAO
higher than the outside, and protects the plants from frost ~_Research and Technology _ rechnologi
under cold climate . As and when required the polytherll:@‘o’ 2000a. How appropriate are currently available biotechnologies

h b | d I ir circulati d in the crop sector for food production and agriculture in
sheet can be partly opened to allow air circulation an developing countries. Electronic forum on biotechnology in

sunlight. The added advantage of polypits is the carbon  fo0d and agriculture: Conference 1. Food and Agriculture
dioxide fertilization effect and reduced need for watering. Organization of the United Nations, Rome, Italy

Another low cost hardening alternative is to hang the plast60, 2000b. How appropriate are currently available biotechnologies
bags under tree shade which the farmers employed in for _the forestry sector in developing cou_ntries. Food and
hardening can adopt. Thus micropropagation has proved Agriculture Organization of the United Nations, Rome, Italy

. . . . . . http://www.fao.org/biotech/Conf2.htmFood and Agriculture
especially useful in producing high quality, disease-free Organization of the United Nations, Rome, ltaly

planting material for a wide range of crops. Tissue cultureslionga, N.M, 0. Ombori, K.S.D. Murithi and M. Ngugi Norhayati
based industry also generates much-needed rural Daud, RosnaMat Taha, Nor Nafizah Mohd Noor and Hasimah
employment, particularly for women. Alimon. Provision of low cost media options for in vitro culture
of Celosia sp. African Journal of Biotechnology Vol. 10(80),
pp. 18349-18355, 14 December, 2011
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