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Our first experience with tissue culture was in the late 1960’s
with Dr. Wilbur Anderson of the Western Washington Research
Station in Mt. Vernon. Dr. Anderson (2,3), an early student of Dr.
Murashige (23) of the University of California at Riverside, was
anxious to do tissue culture research with woody plants. We were
very excited to have him in our area and spent many hours moon-
lighting with him and two other nurserymen to get a breakthrough
on growing woody plants using tissue culture.

My eldest son, who at that time was in junior high school, also
joined us as he was very interested in research, and we put him to
work making media. Along with fellow nurserymen, Les Clay and
Bob Hart, we worked first on trying to get plants established in
aseptic culture.

Among the problems in those early days was a lack ot
materials, such as the cytokinin, 2iP. Actually, it is amazing how
little we were off compared to research that was being done with
herbaceous plants. It was really a matter of adjusting techniques
and refining the medium (24]. |

Later Dr. Anderson received research grants, and through
many tests was able to refine the medium to determine the level of
nutrients in which rhododendrons grew best.

In those days it was certainly an aid to everyone to understand
how the plant that one is working with grows outside the laboratory,
and what its nutrient requirements are. Even with this knowledge,
we were frustrated in not being able to produce rhododendrons from
meristems. They turned brown almost immediately. Looking back,
it was fortunate that our first cultured rhododendron was a dwarf
hybrid, ‘Rose Elf’. With this plant, we could be way off on the
medium and the plant would still grow. After one gets the plant
started it is possible to refine the medium so that the plant grows
much better (21). This is true of many plants that are easily grown in
tissue culture.

In the early days when Lydiane Kyte (16) was with us, our work
involved developing the correct medium on which to grow rhodo-
dendrons. At that time, we found ourselves varying our growth
regulators trying to get the maximum number of shoots. Attimesthe
plants looked almost like moss on the medium. From this experi-
ence and others, we learned to always use the lowest cytokinin
concentration that will give the shoot production you wish. What
we are really concerned about is not how many shoots we get, or
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how many micro cuttings we can get from a jar, but how many
plants from a jar that grow into strong healthy plants outside it.

As we progressed, rhododendrons did come out of the lab
successfully. In addition to ourselves, three other nurserymen
worked on how to make them grow outside the laboratory. It was
interesting because we all took a different approach and each of us
succeeded in making our system work.

Our establishment system involved sticking micro cuttings into
a 4 in. pot using a well-drained soil. Almost all our plants are stuck,
and then these are graded when they are transplanted. Grading
should be done, since plants of one cultivar coming out of the lab do
not all grow at the same speed, nor are they all the same initial size.
We felt the pot size and drainage was important because we had two
things to accomplish. First we had to root the cutting, and then we
also had to continue growing that cutting, after it was rooted, within
the same medium. We prefer to root everything, if possible, outside
the lab. In most cases, it’s simply cheaper.

Within this area we would like to become more mechanized.
Although we feel we now have a very good system, perhaps a plug
system, more commonly used in the bedding plants industry, might
be more space and labor efficient. The problem that we have had
with plugsisthat they have a very small volume of soiland, if youdo
not follow good cultural practices, including growing on a capillary
mat or sand bed, you end up with them drying out. We are still trying
to devise methods of using a plug system. Whetheritisin the lab or
outside, we want to prevent stress in order to have the best produc-
tion from tissue culture. The key to producing a good final product is
to start with high quality, and keep the plant continuously
growing.

Many things have changed with time (10,18). In our lab we have
more and better chemicals, we have learned what types of growing
media to use (27,28), and we have learned how to refine our media.
For example, rhododendrons or other woody plants coming out of
the lab sometimes look vitreous or waterlogged, or even variable in
shoot quality and numbers. When these conditions exist, we do not
have the type of plant we really want. One needs a plant culture that
has reached the stage that produces quality shoots of uniform
growth, so that when the plant comes outside it will continue to
grow in a stabilized manner.

Shoot tip propagation from tissue culture is just another propa-
gation method, and in areas where it works it certainly has its place.
I feel many times the system is excellent, but problems may occur
caused by the people using the system.

When I compare the plants that we produced in the early 1970’s
with what we are now producing, I am amazed at how we have
improved the uniformity and growth of our cuttings. We try to keep
contamination at the lowest possible level but we have not found a
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way to be absolutely clean. Many times the bacteria that may be in
the tube is not that harmful, except that it becomes very evident
when you put it in cold storage, or when you fail to subculture often
enough. Perhaps in the future there will be an antibiotic (20) that
will control these things within the jar.

One of the greatest tools we have in our laboratory is our cool
room. We maintain a cold storage temperature of 5°C and 60 per-
cent relative humidity in aroom some 10 by 8 by 24 ft. Our cool room
acts as a stock block, in that when we produce enough plants for the
year they are held until we need more. Or if our production gets
ahead, we can store plants for a few weeks. It is true that certain
plants will not store very well. We are learning more all the time
about how to maintain plants through cold storage. For.example, a
few years ago when I was in Belgium, Dr. Boxus (5} had straw-
berries which seemed to be very easy to store, but I saw other plants
that he had stored four or five years which, although they survived,
did not store as well. |

We have used many types of growing containers and we still
use some test tubes when studying new plants. Our main growing
containers are still baby food jars. We try to streamline all our
production so that we can save man-hours in handling our product
and this area is a good example. We {fit the jars into a basket,
autoclave them, place them on carts to cool, transfer plants into
them, and finally place them on lighted shelves in the growing
room. They come out of this room in the same baskets, which saves
a lot of moving of jars. As another example, we sterilize disposable
paper towels in a towel holder in the autoclave. We then use the
towel as a sterile cutting surface in the laminar hood.

Over the years we have found certain things that can help the
process of rooting tissue-cultured plants, (6) but this still remains an
art as well as a science. You have to be able to look at a plant and
determine where you are in the range of media, you have to make
adjustments and continue to make them because a plant may change
with time on the same medium. You will find with some plants thata
small adjustment of the growing medium, perhaps lowering the
nutrient concentration, or eliminating some other element, or
maybe just lowering the amount of light, seems to help the initia-
tion of roots.

Researchers in Europe, particularly France and Belgium, have
done a lot of work with varying daylength to initiate roots. This has
helped rooting, especially with apples (14) and some kinds of trees.
We have not seen this positive response to light. I am not sure that
what we are doing is so different, but we don’t seem to get the same
response. Recently, Dr. Anderson at Mt. Vernon has published a
very interesting paper on his work with vegetable crops that refused
to root. By reducing the amount of light to less than 12 hrs they
responded very well to rooting in the greenhouse.
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We root and establish plants outside the lab using three dit-
ferent systems. We may go out to a plastic-tented area that is com-
pletely enclosed, especially in the winter. Inthe spring we may use a
mist system on an open bench. We find ourselves in the summer
using a fog system. Most of the time we like to use a mist system, in
conjunction with either fog or a closed tent, to make sure that the
small cutting coming out is not put under stress from lack of water.
Whatever system you choose, the important thing in rooting tissue-
cultured plants is to always keep the plant growing. Do not let it go
into a rest period because it may be difficult to get it back into active
growth. :

The main thing we have observed over the last 15 years has
been something we learned very early: do not stress a small plant
from tissue culture by plantingitin an openfield where it may be hot
or dry. The plant may not die, but it will not grow fast. Several years
ago we planted very small tissue-cultured rhododendrons in the
open field. They looked fine, they lived and eventually did well, but
they were very slow to grow. They were also slow in changing {from
the juvenile to the adult stage, in which the plant produces large
mature leaves and achieves a normal flushing growth pattern. Some
growers in the Portland, Oregon, area working with tissue-cultured
trees have found it helpful to grow the plants with drip irrigation.
The drip tube is placed beneath the trees when they are planted in
the field. It provides adequate water to the plant at all times and
allows the grower to control what they are doing. Here the results
were similar to those of a small beddlng plant sitting on a capillary
mat in a greenhouse.

This is the area in which nurserymen probably have the most
trouble—the transition from controlled conditions within a green-
house to the open field—specifically, when the plant is too small
and not ready to go there.

Another important point is to grade all plants for uniformity,
because growing conditions and waterrequirements will then be the
same for all plants in a row. We encourage the bedding of plantsata
small stage, or growing them in a greenhouse to develop a large
enough rootball so the plant can better sustain itself. As a result, we
now do not see a lack of growth or uniformity.

Many plants from tissue culture will grow faster than from a
cutting, but like all things there are exceptions. Some of the out-
standing plants that seem to respond for us from tissue culture are
Exbury and other deciduous azaleas. They can be produced the year
around, you do not have the loss you may experience when growing
them from conventional cuttings, they branch better, and they grow
faster. It does change your production schedule because you then
have to do more shearing. We shear many young plants—including

rhododendron, azaleas, lilacs and several others—very low to make
them compact. This is one of the major things that growers that are
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accustomed to producing cutting-grown plants need to learn. Youdo
need to learn to handle a plant in accordance with its pattern of

growth.
It is interesting why plants like lilacs from tissue culture seem

to grow much faster and branch more than cutting-grown plants.
Young’'s weeping birch seems to grow tremendously out of the lab.
However some trees, like Styrax japonicus, have been very hard for
us to get the uniformity and habit of growth that we can get from
others. We need to realize that not all things coming irom tissue cul-
ture respond the same. A tissue culture plant may grow faster or
slower as a juvenile plant than a normal cutting-grown plant. We
have to focus on those plants that respond well to tissue culture and
work on what is wrong with those that do not do as well. A good
example is Kalmia, which can be very difficult to grow. After years
of growing this plant, we found that it needs to be pruned very
heavily when it is small, fertilized often but not heavily, and that it
grows best in a well-drained soil.

We have advanced in the field of conifer tissue culture, thanks
to many people within the industry and universities. These
researchers are trying to answer questions as to why most conifers.
with episodic growth are more difficult to culture. Some of the
easiest conifers to grow in vitro, like Thuja, loblolly pine, and
Sequoia, respond very well, and production seems to be progressing
on these plants. Conifer tissue culture research worldwide includes
Weyerhaeuser in Washington (7), Dr. Boulay (4) in France, Les Clay
(15), Dr. Thorpe in Canada, and Dr. Aitken-Christie (1) in New
Zealand. *

Dr. Don Durzan from University of California at Davis (11),
with fellow researcher Dr. Gupta (12), has and is now continuing
research on embryogenesis of conifers (13). In the future this may
prove to be an economical way to propagate conifers. At present,
research continues in developing techniques to tissue culture these
hard-to-grow conifers, but I am sure we will advance in this area as
we did with non-conifer plants.

Tissue culture is an avenue to improve a plant, or possibly
stabilize it, as Dr. Mapes (22) did with plants in the pineapple or
Bromeliad family. She was able to improve stability using tissue-
cultured plants compared with plants from divisions of pineapple
growing in the {field.

h In the 1950’s, Dr. Mapes studied under Dr. Steward (26}, one of
the pioneers in single cell research on carrots. At a meeting, I
remember expressing my concern to him about how they would be
able to take a single cell and stabilize it to the point where one would
have good uniformity. He told me that genetic uniformity can be
greatly controlled by the medium and the chemicals that the plant is

Erown on.
Remember: grow the best plants that you can and refine the

222



growth medium enough to achieve quality. Always be aware of the
plants in culture and restart them if problems appear (19}). Many
times quality lines can be improved by adjusting culture practices in
the lab, such as light, heat, media, humidity, contamination, and the
upgrading of shoot tips to maintain the very best standards for

growing outside.

Quality begins in the lab and ends with the grower of the

product.
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NOTCUTTS’ EXPERIENCES WITH MICROPROPAGATION
DAVID C. HANNABY

Notcutts Nurseries Limited
Woodbridge, Suffolk

INTRODUCTION

Notcutts’ interest in micropropagation began in the late 1970’s
when the company realised the potential for the technique on a
modern nursery. What was less clear was what specific role would
develop for micropropagation in the nursery stock industry and
what production levels for the technique would be appropriate.

Initially micropropagated plants were brought in from com-
mercial laboratories and closer links were formed with one of the
UK laboratories. However, it soon became apparent that an on-site
laboratory was necessary and in 1980 a laboratory was constructed
within the propagation unit at Woodbridge.

The laboratory now produces approximately 120 subjects and
represents perhaps 10 to 15 percent of Notcutts’ production.
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