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ABSTRACT

Tissue culture, or micropropagation, is being used for the vegetative multiplication of several
hundred millions of superior plants annually for horticulture and forestry. It is often more
expensive than other forms of propagation using cuttings or seeds, because it is labor
intensive and more specialized. The aim of automation is to reduce the cost per plantlet by
reducing labor input, and finally, to yield profit, as business activity. Labor usually accounts for
70 . 80% of the in vitro and ex vitro cost.

This paper shows aspects of tissue culture automization, such as technical and economical
approaches in view of automization.

keywords : tissue culture, micropropagation, automation, in vitro

INTRODUCTION

Since de Bry's report in 1986, "What would happen if we used robots in micropropagation
laboratories? ", the study of automated micropropagation has been an important subject
seeking technical and economic solutions. This study was mainly derived from Hanning's
unembryo and the production of plantlets under virus-free conditions. It was the first such
attempt during the last 40 years following recognition and development of 'plant tissue cuiture’

The advantages of tissue cuitures are as follows: (also see fig. 1)

- Rapid clonal muitiplication

- Provision of disease indexed plants

- Preferential method for international distribution
- Cost reduction

- Year round production

- Germplasm storage.
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Compared with a general propagation method:

1) The procedure can be carried out in a relatively small place, and with certain level of
quality.

2) In vitro conditions such as nutrient, hormone and other physical environmental factors
are appropriate.

3) Microorganisms such as fungi, virus and other insects inhabiting higher plants can be
removed.

4) Botanical and biological characteristics make experiments using protoplast and
independent cell growing possible, which was almost impossible before.

Labor cost in tissue culture constitutes about 70 - 80% of the whole production cost. The
labor-intensive nature of this work requires extensive manpower. These factors pose an
important problem that must be solved. In theory, 70% of all plants on the earth couid be
propagated .by the tissue culture method. This method is the technical solution needed to solve
the food and environmental problems we now face. Automated tissue culture is one of the
most important means to provide plants or seeds consistently.

The purpose of this paper is to describe the specific techniques needed for automated tissue
culture, directing attention to this field by reviewing the status world wide.

WORLD POTENTIAL

World wide about 460 million plants are produced per year, and a half of world production
take place in the Western Europe. The Netherlands produces about 61.5 million plants, as
about 15% of world production. There is an increasing trend to use pots in Europe, while
crop methods are popular in Asia and other countries.

A production of more than 1 million plants per year is the objective of automation. We can
guess that there are about 200 laboratories in existence. The mean value of yearly increases
for the last 10-year period was significant; 30% every year in the Netherlands, especially.
Recently, due to amazing demand for flowering plants, as well as vegetables other than
ordinary crops, the new market requirement is getting bigger and bigger.

North America is the secondary micropropagation production area. This area is producing
more than 30% of the world’s production. Starting about 1965, orchids were the first crop
commercially produced by micropropagation in North America. About 47 million ornamental
plants were produced in 1985. Fruits were produced from about 1.2 million plants in 1984,
even though the fruits were smail.

Until recently, the production of plant tissue culture was not important in Asia, but more and
more the importance of production by micropropagation is increasing. Currently about 105
commercial laboratories are operating, producing about 74 miliion plants per year. Much of the
44 million plants produced, or, about 60%, is orchids. (see table 1)
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Though areas of South and Central America, Eastern Europe, Eastern Asia and Africa have
significant labor, production by micropropagation is feeble. In these areas large scale
complexes are operated. In 1988, more than 120 commercial micropropagation laboratories
were operating in Poland, with a total production of 15 million plants. The most popular plants
produced are Spathiphyllum, Philodendron, Dieffenbachia and Cordyline. Until now, because
micropropagation as a new technique is not well developed the National Complex is used for
the production of special crops in laboratories.

The development of an automated system was initiated by European countries and was
aimed at producing good quality crops and flowering plants. Geographically, European markets,
international airports, harbors and highways are well situated. The weather is mild, an important
condition for agriculture, producers competent and the farmland is developed for
micropropagation.

Europeans have set up commercial firms as a practical solution, i.e.;

- Phyto Nova (Netherlands): automated tissue culture process

- V.C.I. (Netherlands): automated manufacturing liquid medium in tissue culture

- Hawe (Netherlands): automated culturing of greenhouse tomato

- Agri Systems (Netherlands): plant factory system of tomato production

- Dummen (Germany): automated prune-technique

- Evirac Ltd (Taiwan): automated manufacturing of tissue culture in liquid medium
- Fides B.V. (Netherlands): cutter for transplant, automated prune-technique

- A.B.O. (Israel): automation of greenhouse, transfer, seeding, harvest

These techniques have not been completely developed yet. Another 10 years may be
needed for their completion.

Other notable research being conducted on automated tissue cuiture systems includes the
following:

- Automated feeding transfer (Suggs, C.W. et U.S.A)

- Air-pruned transplant production system for fully automated transplanting
(Huang, B.K. U.S.A, Aif. Japan)

- Optimization of containerized transplant production: The hybrid-float system
(Suggs, C.W. et US.A)

- Development of automatic transplanter using chain pots for vegetable crops
(Namba, T. ; Tanimura, M. Japan)

TECHNICAL CONSIDERATIONS IN AUTOMATION

The system requires full automation with stream lined flowing, except for batch style.

- Media preparation, sterilization and dispensing of recognized system and integration of a
controlled cutting system
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- Cutting system

Collection of required cut pieces of explants

Recognition of the explants

Pick and place new cuttings into new containers

- Controlled position for containers in, and their segmental recovery from, the growth
rooms

Mechanized plant system for transfer of cultures to in vivo

- Environment control system

Total system integration

- Container coding system

Sterilization

Sterilization in the system consists of two parts, the explant itself and the operational parts.
This sterilization is critical for successful culturing. Some chemicals, such as Alcide, NaOCL,
hypochlorites and mercuric chloride have been used widely, not only in the past but also in
recent days, because of ease of handling and cost effectiveness.

One of the most recent developments is the hot-air system which used a specific high
temperature with compressed air. in some situations where mechanical operations are used,
such as cutting plants by mechanical knives, the hot air system has strong advantage over
any other method. An automated system needs a fully automated sterilization system not only
for surface sterilization of explants but also for the whole system.

This may be a significant limitation of automization itself.

Media preparation

The batch system has been used widely since the beginning of micropropagation. Fari
(1987), PPS (1992), Hitach (1987) made significant guess towards automation, most of which
was focused on productivity increase through sterilization. Major consideration should be
focused on:

. Container: size, shape, material
- Medium: temperature, concentration, viscosity
- Other methods: autoclave

Contamination in process

System requirement

- Recycling

Liquid nutrient is most suitable for automation except for use with self standing structured
explants. Many researchers have reported widely on the use of this medium; however, results
of long-term effects are not yet revealed. Effects of aeration, contamination, survivability,
vitrification and cycling, for example, may be amongst subjects to be explored. The system
basically requires mixing, heating, cooling, dispensing, feeding, weighing, sterilizing and storing.
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Robotization

In de Bry (1986), the possibility of using robots was first explored. Following this, many
contributions have been made in this field as outlined in Miles (1989), Miwa (1987) and Fujita
(1989).

The cost of robots is considerably high, ranging from hundreds of thousands of dollars to
several million dollars. Despite their cost, robots can minimize unpleasant, boring or unsafe
work. They can effect reduced labor costs, increased productivity, reduced contamination and
can last a long time.

With the help of computer systems, robotization can be more easily adopted in vitro as well
as ex vitro as a future possibility. A robot hand (or gripper, or effector) is essential and the
most complicated tool to be developed. American researchers seem to be closer to middle
type finger, while Japanese to SMA (shape memory alloy). Recent developments have been
reported by PPS with soft-air-touch technique and a laser cutting system.

Future prospects for robots in tissue culture will depend on cost effectiveness. There may
be alternatives for using simple manipulators instead of full robotization in tissue culturing.

Laboratory design

The needs of tissue culture laboratories differ from the requirements of ordinary buildings.
Therefore, careful design is necessary to eliminate problems associated with plants. Something
like the 'clean room’, well known in semiconductor industries, is an example, to avoid biological
contamination of sensitive materials. Buildings need enough space for various types of work,
workers, preparation, storage, growing, washing, etc. Also, additional support facilities are
needed; e.g., electricity, water, gas, air-conditioning and compressed air. Details relating to
setting up a tissue culture laboratory have been published in many sources. One of the most
recent developments is that described by Hartmann et al., (1990).

IN KOREA

in Korea, rice, the staple food has supported itself since about the 1980’s. The importance
of vegetable plants is now secondary in importance. Cereals, which rank next to rice, are
easily available to local markets.

With regard to the general status of Korea, micropropagation is being studied as a small
scale constituent technique in Labs. Automation or mechanisation of tissue culture is not yet at
a practical level economically, and technologically.

Recently a national plan 'BIOTECH 2000° was established, indicating the nation’s efforts in
plant production. This plan is similar to that of the Biotech Research Initiative of U.S.A and the

Mobilization Program of France.

There have been some micropropagation achievements in potato microtuber prduction
techniques. One project is a totally automated operating system of micropropagation for potato
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microtuber production. The research of agricutural robots is another new subject of interest to
researchers exploring a robot system for plantlet production. Other automization project at
beginning stages, seem to have potential to be more active in the near future. (see table 2)

RESULT AND DISCUSSION

Automation of micropropagation will reduce labour costs, making plants more price
competive. Feasibility evaluation for up to 1 miflion plants per year wili be the first step, and
production capacity of more than 5 million plants should be a breakthrough benchmark for
serious automation.

More technological aspects in the future, conceming mechanical approaches must include
consideration of the following:

- Gas permeable container

- Shape and size of container

- Sterilization method

- Effective cutting method

- Liquid or liquified media

- System integration with a streamlined process
- Computer capacity and its adaptation

At this moment, there is no perfect system in the world for the automation of plant tissue
cultures. Future prospects will depend on a thorough understanding amongst interested
scientists in the matching of automation to plant growth and development.

Only standardized and automized plants can be objects for automation.
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Table 1. Total number of plants produced by micropropagation method in 1988

Western Europe 2125 248
(15)

Eastern Europe 15.0 120
(%)

North America 150.0 250
(2

Asia 74.0 145
(12)

South and Central 50.0° 100

America

(20)

Africa 2.0 50
(23)

Total = 460

( ) number of countries located in
* author’s estimate
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Table 2. Micropropagation research institution in Korea

culture of Chinese cabbage

Baeje medicine
Chungnam transformation, robot
Chungbuk flower, vegetables
Korea gene search
flower, gene transformation
Universities Kyungbuk gene regeneration, robot
Seoul transformation
swnctuniyang |7 et o e
Gaengsang flower, gene transfor.mation
gene regeneration
Research KIMM total system
Institute KGTRI ginseng and tobacco
(semi-government) KRIBB potato microtuber
Provincial RDA vegetable
F:::s:;tceh HRI, RDA flower, vegetable
(government) FGRI tree
AES, RDA popato, vegetable
Dongyang moolsan garlic
Companies Hungnong seed vegetable
Seoul seed vegetable

KIMM - Korea Institute of Machinery and Materials
KGTRI - Korea Ginseng and Tobacco Research Insfitute

KRIBB - Korea Research Institute of Bioscience and Biotechnology

FGRI - Forest Genetics Research Institute
Provincial RDA - Provinciai Rurai Development Administration
HRI, RDA - Horticultural Research Institute, RDA

AES, RDA - Alpine Experiment Station, RDA
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Figure. 1. Basic proces of micropropagation

! Ty
I clone selection |

PR S
iwash | sterilize |
N
i desease _indexing|

consumable
| _clean water
i . ‘ | containers
! culture initiation| i ; chemicals
| consumable {“media preparation |
T labware R
¢ cuttin
| transfer| < [ media storage \
. waste St A
| ] dispose
[ |
E | tcontamination check |
— ]
l growth rooml | sterilize

l_l_—r contaminated cultures
|

| | acclimatization |

| deliver F——’

I
| production plantingl

— 1054 —



